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Abstract

Detecting anomalies in tabular data from various domains has become increasingly
important in deep learning research. Simultaneously, the development of genera-
tive models has advanced, offering powerful mechanisms for detecting anomalies
by modeling normal data. In this paper, we propose a novel method for anomaly
detection in a one-class classification setting using a noise conditional score net-
work (NCSN). NCSNs, which can learn the gradients of log probability density
functions over many noise-perturbed data distributions, are known for their diverse
sampling even in low-density regions of the training data. This effect can also be
utilized, and thus, the NCSN can be used directly as an anomaly indicator with an
anomaly score derived from a simplified loss function. This effect will be analyzed
in detail. Our method is trained on normal behavior data, enabling it to differ-
entiate between normal and anomalous behaviors in test scenarios. To evaluate
our approach extensively, we created the world’s largest benchmark for anomaly
detection in tabular data with 49 baseline methods consisting of the ADBench
benchmark and several more datasets from the literature. Overall, our approach
shows state-of-the-art performance across the benchmark.

1 Introduction

Anomaly detection, the process of identifying data points that deviate significantly from expected
patterns, is a critical task with applications spanning industries such as finance (Al-Hashedi &
Magalingam, 2021), healthcare (Fernando et al., 2021), manufacturing (Gupta et al., 2013), and
cybersecurity (Ahmad et al., 2021). While traditional machine learning techniques such as nearest
neighbors and density-based methods have historically dominated the anomaly detection landscape,
particularly in tabular data, their performance has shown limitations in high-dimensional, large-scale
datasets. This is especially true as data complexity increases and the demands for scalability and
real-time processing become more pressing. Despite advances, traditional methods often struggle
to cope with the intricate patterns present in modern data, making them less suitable for complex
applications (Ramaswamy et al., 2000).

The increasing availability of high-dimensional data has fueled research into more sophisticated
methods, particularly generative models, which have emerged as powerful tools for capturing the
underlying distributions of normal data. By learning the data manifold of normal behavior, generative
models provide a promising mechanism for anomaly detection by modeling deviations from this
manifold as potential anomalies. Among these approaches, score-based generative models, such as
Noise Conditional Score Networks (NCSN) (Song & Ermon, 2019), have gained significant attention
for their ability to learn the gradient of the log-likelihood functions across noisy data distributions.
Unlike traditional generative models like GANs and VAEs, which often face challenges in computing
exact probabilities, NCSNs excel at this task, making them a natural fit for detecting anomalies
(Dhariwal & Nichol, 2021). NCSN are also closely related to Denoising Diffusion Probabilistic
Models (DDPM) (Karras et al., 2022).

The anomaly detection problem is often framed as a one-class classification task, where the objective
is to learn a model that characterizes normal behavior from training data and can distinguish between
normal and anomalous observations during testing (Schölkopf et al., 1999). This is also often called
semi-supervised learning (Livernoche et al., 2024). Unlike traditional supervised learning tasks,
where labeled data is available for all classes, anomaly detection typically lacks labeled examples of
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anomalous data. This makes the task more difficult, as the model must generalize from normal data
alone and detect subtle deviations that indicate an anomaly. All the designations have in common
that the training is unsupervised, i.e., without labels, and the preselection only takes place in data
preprocessing.

In this paper, we propose a novel approach to anomaly detection in a Learning from Positive
Unlabelled Examples (LPUE) or one-class classification setting that leverages the inherent strengths
of score-based models. Our method introduces an NCSN-based diffusion network trained on normal
data, which learns in the training to differentiate between normal and anomalous behavior during
testing. The essential advantage of this approach lies in the ability of NCSNs to discriminate
perturbed samples on the data manifold through a score-based error. The score variation between
normal and anomalous samples provides a robust mechanism for anomaly detection. A well-trained
network enables the output of a direct score on which a sample can be assessed as an anomaly or
not, making this approach both intuitive and effective.

Our motivation for employing score-based models is rooted in the limitations of existing approaches.
Traditional methods, such as reconstruction-based techniques, rely on the assumption that anomalies
produce a higher reconstruction error. Still, these approaches often require external knowledge
(Tack et al., 2020) or pre-trained models (Fort et al., 2021), which limits their transferability and
scalability. Similarly, while embedding-based and synthetic anomaly-based methods have shown
strong performance on industrial benchmarks, they depend on large datasets and leverage external
knowledge, which may not always be available or transferable. In contrast, score-based models,
particularly NCSNs, offer a self-contained and mathematically sound approach to anomaly detection
that does not rely on external priors or complex architectures (Shin et al., 2023).

To demonstrate the effectiveness of our approach, we conduct extensive experiments on the largest
benchmark for tabular anomaly detection, ADBench benchmark (Han et al., 2022), which includes
57 datasets spanning diverse domains such as finance, healthcare, and industrial applications. This
benchmark contains 47 tabular datasets, as well as datasets consisting of extracted representations
from images and of extracted embeddings of natural language tasks, with a total of 121 sub-datasets,
providing a comprehensive evaluation of our method across different modalities. Moreover, we
add 15 further frequently used datasets from other studies. In this new benchmark, we compare
our approach against 49 baseline methods, including both classical and state-of-the-art techniques,
and we show that our NCSN-based model, called noise conditional score-based anomaly detection
(NCSBAD), outperforms existing methods in terms of detection accuracy and scalability.

Our key contributions are summarized as follows:

• We present a novel approach for one-class anomaly detection utilizing a score-based model
with a simplified loss function, which operates without needing external knowledge such as
external priors, pre-trained models or additional datasets.

• We perform the first empirical study of NCSN anomaly detection on tabular data, where
our adaptation approach shows a high performance and interpretability.

• We demonstrate the inherent capability of the trained score model to effectively identify
anomalies, and we provide a thorough analysis of how various parameters, including the
network architecture, impact its performance.

• Through comprehensive experiments on well-established public benchmarks, including
ADBench and other widely used tabular datasets, we demonstrate that our approach consis-
tently achieves state-of-the-art results in tabular anomaly detection, outperforming existing
methods across multiple metrics.

2 Background

In anomaly detection, the unsupervised setting is particularly challenging because anomalies typically
constitute only a small fraction of the overall data, and labels are unavailable during training. This
scenario assumes that the data consists of a mixture of normal and anomalous samples without access
to label information. Many methods in this category rely on assumptions about the underlying data-
generation process, making techniques such as embedding models and deep generative models
well-suited candidates. However, deep models often struggle with the tendency to inadvertently
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model the anomalies within the input data, thus complicating distinguishing them. In contrast, one-
class classification approaches within semi-supervised anomaly detection are specifically designed
to address this issue (Ruff et al., 2021). This idea relies on LPUE, where anomaly detectors are
trained on positive data only and then validated/tested on both normal and abnormal data (Golan &
El-Yaniv, 2018; Sabokrou et al., 2019; Chen et al., 2020).

In this work, we focus on detecting anomalies without prior knowledge of their distribution, thereby
avoiding reliance on labeled data for training. Various unsupervised methods aim to estimate the
density of the data distribution 𝑝(x) or its log-likelihood log 𝑝(x). Score matching, introduced
by Hyvärinen & Dayan (2005), provides a way to estimate data density by circumventing the
intractable computation of partition functions in parametric models. Vincent (2011) established a
critical connection between the denoising auto-encoder and score matching, demonstrating that the
denoising auto-encoder objective is equivalent to the score-matching objective. Building on this
principle, we adopt the denoising score-matching approach to learn an approximation of the score
introduced by Song & Ermon (2019), which forms the core of our method for anomaly detection.

The score of a probability density function 𝑝(x), is defined as ∇x log 𝑝(x). Score-based generative
models estimate this score, ∇x log 𝑝(x). Unlike likelihood-based models, score-based models do
not require normalization and simplifying parameterization. A non-normalized statistical model has
the form 𝑝𝜃 (x) = 𝑒−𝐸𝜃 (x)

𝑍𝜃
, where 𝐸𝜃 (x) ∈ R is known as the energy function, and 𝑍𝜃 is an unknown

normalizing constant that ensures 𝑝𝜃 (x) constitutes a valid probability density. In traditional
likelihood-based training, calculating the normalizing constant 𝑍𝜃 is intractable. Focusing on the
score ∇x log 𝑝𝜃 (x) = −∇x𝐸𝜃 (x), eliminates the need to compute the normalizing constant 𝑍𝜃 .

While diffusion models can be represented through various mathematical formulations, either discrete
or continuous, (Song et al., 2020b) offers a unified framework using Stochastic Differential Equations
(SDEs). In this framework, the forward diffusion process is defined as follows: Let {x𝑡 ∈ R𝑑}𝑇𝑡=0
represent a diffusion process indexed by the continuous time variable 𝑡 ∈ [0, 𝑇]. This diffusion
process is governed by an SDE, given by

𝑑x = f (x, 𝑡)𝑑𝑡 + 𝑔(𝑡)𝑑w𝑡 , (1)

where f (·, 𝑡) : R𝑑 → R𝑑 is the drift coefficient, 𝑔(𝑡) ∈ R is the diffusion coefficient, and w𝑡

represents Brownian motion or Wiener process.

The optimization problem is formulated as a weighted sum of Fisher divergences for all noise scales:

min
𝜃
E𝑡∼U(0,𝑇 )

[
𝜆(𝑡)Ex0∼𝑝 (x0 )Ex𝑡∼𝑝 (x𝑡 |x0 )

[
∥𝑆𝜃 (x𝑡 , 𝑡) − ∇x𝑡

log 𝑝(x𝑡 | x0)∥22
] ]

, (2)

where U(0, 𝑇) denotes the uniform distribution over the interval [0, 𝑇], and 𝑝(x𝑡 | x0) represents
the transition probability from x0 to x𝑡 . The weighting function 𝜆(𝑡), is a positive, time-dependent
function, 𝜆(𝑡) ∈ R>0. In this objective, the expectation over the initial data distribution 𝑝0 can be
efficiently estimated by computing empirical means over observed data samples. The expectation
over x𝑡 can be estimated by sampling from the transition probability 𝑝(x𝑡 | x0) (Song & Ermon,
2019; 2020; Song et al., 2020b).

3 Method

Figure 1 provides a general overview of our approach. In this section, we first define the tabular data
anomaly detection task and then describe the design of our method in detail. The algorithms for
training and inference are included in Appendix B.

Problem Statement Given a dataset of 𝑁 normal behavior samples S = {x1, ...,x𝑁 }, where each
sample x𝑛 is a vector in R𝑑 , our goal is to develop a scoring function 𝑦 : R𝑑 → R. This function
should assign lower scores to samples drawn from the same distribution as S, while higher scores
are assigned to samples that deviate from this distribution. This enables the distinction between
in-distribution and out-of-distribution samples. For interpretability purposes, we aim to ensure that
the scoring function 𝑦𝑖 : R𝑑 → R𝑑 can also provide direct, feature-wise access to the results.

Score Network for Tabular Anomaly Detection We modify the denoising score matching tech-
nique specifically for tabular data and introduce a noise-conditional score network that learns patterns
from the training data. It maps samples from the target distribution 𝑝(x0) to a prior distribution
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(a) Training Principle (b) Inference Principle

Figure 1: Overview of the proposed method. Each input data point x is transformed through a
diffusion process from x0 to x𝑇 . During the training phase, the model learns a vector field (the
score) that characterizes the underlying data distribution (shown on the right). In the inference
phase, the trained model evaluates each sample, assigning an anomaly score based on its likelihood
of residing within the learned vector field.

𝑝(x𝑇 ). To approximate the time-dependent score function ∇x𝑡
log 𝑝(x𝑡 ), we train a score-based

model 𝑆𝜃 (x𝑡 , 𝑡) using a simplified denoising score matching. The parameters of the score network
are trained by minimizing a simplified loss function where we directly predict the noise ε,

ℓ(𝜃) = E𝑡∼U(0,𝑇 )Ex0∼𝑝 (x0 )Eε∼N(0,I )
[
∥𝑆𝜃 (x𝑡 , 𝑡) − ε∥22

]
, (3)

where 𝑡 ∼ U(0, 𝑇) denotes the random drawn timestep, x𝑡 = x0 + 𝜎𝑡ε the perturbed sample at
timestep 𝑡 and ε ∼ N(0, I) denotes the Gaussian noise. The derivation is outlined in Appendix C.
Then 𝑆𝜃 (x𝑡 , 𝑡) is a neural network that learns the denoising function to approximate the Gaussian
noise using the perturbed data x𝑡 and the time 𝑡. We use the standard 𝐿2 loss for the denoising score
matching, without adding any of the in Section 2 described weighting adjustments.

In general, every neural network that maps an input vector x ∈ R𝑑 to an output vector y ∈ R𝑑 with
the same input and output dimensions can be used as a score-based model. This framework offers
significant flexibility in choosing model architectures. To design our conditional score network,
we use a simple multi-layer perceptron (MLP), a type of neural networks. While image-based
approaches often use U-Net architectures, MLPs are more commonly used for tabular data, as shown
in Section 6 and in the baseline methods. Our network architecture study, detailed in Appendix A,
confirms that MLPs are a good fit for this task, working well with the datasets we evaluated.

Network Architecture The MLP, hereafter referred to as MLP2048, approximates the de-
noising function ε𝜃 (𝑥𝑡 , 𝑡) and consists of three hidden layers, each using SiLU activation func-
tions. Time-step embeddings, represented as 𝑡𝑖𝑚𝑒emb, are created using Gaussian random features
[sin(2𝜋𝜔𝑡); cos(2𝜋𝜔𝑡)] (Tancik et al., 2020). These embeddings enable the network to capture the
time dimension.

The MLP2048 takes two inputs: the current time step 𝑡 and the input vector x𝑡 ∈ R1×𝑑𝑖𝑛 , with
𝑥𝑡 = x0 + 𝜎𝑡ε. First, 𝑥𝑡 is passed through a linear projection layer, which adjusts its dimension to
𝑑hidden, with ℎ0 = 𝐹𝐶in (𝑥𝑡 ) ∈ R1×𝑑hidden . Following the TabDDPM approach Kotelnikov et al. (2023),
we add the time-step embeddings 𝑡𝑖𝑚𝑒emb ∈ R1×𝑑hidden to ℎ0 to create the input for the hidden layers
ℎhidden1 = ℎ0 + 𝑡𝑖𝑚𝑒emb.

The network has three hidden layers that process the input, and the final output score is calculated
by the last linear layer ε𝜃 (x𝑡 , 𝑡) = ℎout = 𝐹𝐶out (ℎ3) ∈ R1×𝑑in . Specifically, the hidden layers of the
MLP2048 are fully connected, and the dimension is doubled in the first hidden layer and halved in
the last hidden layer to ensure the network can learn detailed patterns.

To avoid a reduction of the input dimensionality and, therefore, a compression after the input layer,
we use a large hidden dimension of 2048, which is bigger than the maximum number of features in
our datasets. This helps capture more information. More details about the network’s architecture,
including ablation studies and parameter choices, can be found in Appendix A and E.

Noise Scale Selection The choice of noise scale is crucial in score estimation, as it determines
how well low-density regions of the data distribution are captured. Therefore, it is the most crucial
hyperparameter in our method. While larger noise scales can effectively cover these regions, they
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tend to over-corrupt the data, distorting it significantly from the original distribution. On the other
hand, smaller noise scales preserve the data’s structure but fail to adequately represent the low-density
regions.

To strike a balance between these two extremes, we adopt a multi-scale noise perturbation approach
inspired by previous work (Song & Ermon, 2020). Specifically, we perturb the data using isotropic
Gaussian noise at timestep 𝑡 increasing standard deviations, 𝜎1 < 𝜎2 < · · · < 𝜎𝑇 , where each 𝜎𝑡

introduces a different level of perturbation. The data distribution 𝑝(x0) is perturbed with Gaussian
noise N(0, 𝜎2

𝑡 I), resulting in noise-perturbed distributions 𝑝(x𝑡 ) =
∫
𝑝(y)N (x0;y, 𝜎2

𝑡 I)𝑑y ≈
N(x0; 0, 𝜎2

𝑡 I).
Since we aim to model the original data distribution more accurately, especially for anomaly detection,
we prioritize learning from lower noise scales. We ensure minimal distortion while capturing enough
information from low-density regions by employing a moderate maximum noise scale. Therefore we
define the multiscale variance 𝜎2

𝑡 with 𝜎𝑡 =
√︁
(𝜎2𝑡 − 1)/2 log𝜎 and 𝑡 ∼ U(0, 𝑇) and set 𝜎 = 0.01.

This results in a maximum of 𝜎𝑡 of 𝜎𝑇 ≈ 0.5 and also a good approximation of low-density regions.
Our optimized NCSN 𝑆𝜃∗ (x𝑡 , 𝑡) estimates ∇x log 𝑝𝑡 (x), such that −𝑆𝜃∗ (x𝑡 , 𝑡)/𝜎𝑡 ≈ ∇x log 𝑝𝑡 (x)
in our simplified special case.

Anomaly Score Formulation We propose a novel anomaly score that is based on the simplified
score-based loss function, which serves as a robust discriminative measure for detecting anomalies.
The anomaly score evaluates how likely a perturbed sample matches the same data distribution as
the training data. This provides an effective way to distinguish anomalous data points from the
in-distribution samples.

Let 𝑥𝑡 𝑓 𝑖𝑥 = 𝑥0 + 𝜎𝑡 𝑓 𝑖𝑥ε represent the perturbed sample feed into the score-based model where
ε ∼ N(0, I). Here, the noise level 𝑡 𝑓 𝑖𝑥 is fixed during inference. To ensure that x𝑡 𝑓 𝑖𝑥 is close
to x0, the perturbations should be small. This ensures that the perturbation is not too large and
still sufficient for a neural network. To determine an appropriate fixed 𝑡 𝑓 𝑖𝑥 , we make the following
consideration, if we assume 1000 time steps for 𝑡, 𝑡 𝑓 𝑖𝑥 is chosen so that it corresponds to the first
time step. The anomaly score for a sample x is defined as:

𝐴𝐷𝑆 = Eε∼N(0,I )
[
∥𝑆𝜃∗ (x𝑡 𝑓 𝑖𝑥 , 𝑡 𝑓 𝑖𝑥) − ε∥22

]
, (4)

which corresponds to the summed error of each output neuron. Since the noise scale 𝑡 is fixed, the
only randomness comes from ε. To reduce the influence, we perform the calculation with 𝑁𝑈𝑀 = 70
randomly chosen values for ε.

In practical scenarios, especially for identifying anomalous regions within a sample x ∈ R𝑑 , we can
skip the summation and use the feature-wise error measure directly. This error, denoted by 𝐴𝐷𝑆𝑖 , is
computed as:

𝐴𝐷𝑆𝑖 = Eε∼N(0,I )
[
∥𝑆𝜃∗ (x𝑡 𝑓 𝑖𝑥 , 𝑡 𝑓 𝑖𝑥)𝑖 − ε𝑖 ∥22

]
, (5)

where 𝑖 refers to individual features of the data, and 𝐴𝐷𝑆𝑖 captures the element-wise anomaly score
for feature 𝑖. This feature-wise error provides an intuitive and interpretable measure for detecting
localized anomalies, as demonstrated in a toy example in Section 5.

Benefit of Validation Data Due to the stochastic nature of the NCSN training, it can significantly
benefit from using a validation dataset that is never used in training or inference. In general we
train our NCSN for 200 Epochs however, since 𝑡 and ε are randomly drawn from the respective
distributions 𝑡 ∼ U(0, 𝑇) and ε ∼ N(0, I), it cannot be guaranteed that this corresponds to the
optimal training endpoint in terms of anomaly detection. Therefore, if a validation set is available as
described in Section 4, a better training point based on the AUC-ROC on the validation data may be
chosen and used for inference. This broadly corresponds to the idea of early stopping but is evaluated
over the entire training process without causing a termination. We call this version NCSBADVAL.

Efficient Implementation and Inference Since we predict ε directly, it is important to highlight
that the anomaly score proposed here differs from the score function used in Section 2 of the
paper for denoising. Our anomaly detection framework is summarized in Algorithms 1 and 2,
which outlines the steps for calculating the anomaly detection score. Despite some computational
adjustments, the process is amenable to parallelization, as it does not require sequential operations.
This is a significant advantage over DDPMs, whose calculations based on a Markov chain can only
be performed sequentially and cannot be parallelized. This parallelism significantly accelerates
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inference, making the method suitable for real-time anomaly detection applications. Further studies
on the implementation can be found in Appendix A.

4 Experiments

Datasets To ensure optimal comparable results in our study, we use all datasets that were used in
the largest comparisons and parts of the code of previous works (Livernoche et al., 2024) 1, (Shenkar
& Wolf, 2022) 2, (Bouman et al., 2024) 3, (Han et al., 2022) 4, (Zhao et al., 2019) 5. In addition to
ADBench benchmark (Han et al., 2022), which includes a collection of widely-used tabular anomaly
detection datasets as well as newly generated datasets derived from images and natural language
tasks we include datasets from ODDS (Ray), ELKI (Schubert & Zimek, 2019), ex-AE (Shin & Kim,
2020), the comparison from Goldstein & Uchida (2016) and from ICL (Shenkar & Wolf, 2022). In
total, ADBench consists of 57 datasets with 121 sub-datasets, 47 from tabular datasets, five from
extracted image representations, five from extracted embeddings from NLP areas, and 15 additional
datasets. Please see Table 4 and the supplementary material for further information.

Experimental Setup In accordance with the previous approaches (Bergman & Hoshen, 2020;
Shenkar & Wolf, 2022; Livernoche et al., 2024), the training set is constructed by randomly selecting
50% of the normal samples. The remaining 50% of normal samples and the full set of anomalies
are divided into a test and a validation set at a ratio of 60% to 40%. In contrast to Livernoche
et al. (2024), this is done to be able to carry out the experiments with validation data and allows a
comparison between the choice of the optimal training time selected based on validation data never
used in training and testing and a fixed number of training epochs. Consistent with prior work
(Bergman & Hoshen, 2020), the decision threshold for the anomaly score is determined such that
the predicted number of anomalies aligns with the actual number of anomalies present in the data.
For each dataset, we apply a standardization based on the training samples.

Baseline Methods We compare our approach with a wide range of anomaly detection methods,
including classical and deep learning-based models. We evaluate against the unsupervised trainable
methods from PyOD (Zhao et al., 2019), ADBench benchmark, and from Bouman et al. (2024). The
classical approaches encompass CBLOF (He et al., 2003), INNE (Bandaragoda et al., 2018), KPCA
(Hoffmann, 2007), KDE (Latecki et al., 2007), GMM (Agarwal, 2007), SOD (Kriegel et al., 2009),
ALAD (Zenati et al., 2018), COPOD (Li et al., 2020), ECOD (Li et al., 2022), FeatureBagging
(Lazarevic & Kumar, 2005), HBOS (Goldstein & Dengel, 2012), IForest (Liu et al., 2008), kNN
(Ramaswamy et al., 2000), LODA (Pevnỳ, 2016), LOF (Breunig et al., 2000), MCD (Fauconnier &
Haesbroeck, 2009), OCSVM (Schölkopf et al., 1999), PCA (Shyu et al., 2003), EIF (Hariri et al.,
2019), Ensemble LOF (Breunig et al., 2000)(Bouman et al., 2024), GEN2OUT (Lee et al., 2021),
DynamicHOBS (Goldstein & Dengel, 2012; Bouman et al., 2024), COF (Tang et al., 2002), ABOD
(Kriegel et al., 2008), LMDD (Arning et al., 1996), ODIN (Hautamaki et al., 2004), CD (Cook,
1977), QMCD (Fang & Ma, 2001), and Sampling (Sugiyama & Borgwardt, 2013). Meanwhile,
the deep learning-based models include methods such as LUNAR (Goodge et al., 2022), SOGAAL
(Liu et al., 2019), AE (Aggarwal & Aggarwal, 2017; Ramaswamy et al., 2000), DeepSVDD (Ruff
et al., 2018), DAGMM (Zong et al., 2018), GANomaly (Akcay et al., 2019), and MOGAAL (Liu
et al., 2019). Additionally, we incorporate comparisons with other proposed deep learning methods
such as DROCC (Goyal et al., 2020), GOAD (Bergman & Hoshen, 2020), ICL (Shenkar & Wolf,
2022), PlanarFlow (Rezende & Mohamed, 2015), VAE (Kingma, 2013; Zhou et al., 2020), SLAD
(Xu et al., 2023b), and DIF (Xu et al., 2023a) from Livernoche et al. (2024). Furthermore, we
benchmark our approach against the latest techniques including DDPM, DTE-IG, DTE-C, and DTE-
NP, also proposed by Livernoche et al. (2024), as well as 3WNCROD (Zhang et al., 2023b) and
MCM (Yin et al., 2024). To ensure the scope of our comparisons is robust, we include a dedicated
evaluation of a Transformer-based model and NTP-AD proposed by Thimonier et al. (2023), which
is detailed in Appendix D. These models demand specialized hyperparameter tuning for each dataset,
making a direct comparison across all datasets infeasible in this work. Therefore, we provide results
for overlapping datasets where hyperparameter tuning was performed, allowing for meaningful

1Github: https://github.com/vicliv/DTE
2Code: Supplementary Material Zip https://openreview.net/forum?id=_hszZbt46bT
3Github: https://github.com/RoelBouman/outlierdetection/tree/master
4Github: https://github.com/Minqi824/ADBench/tree/main
5Github: https://github.com/yzhao062/pyod
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comparisons. We deliberately exclude certain methods from PyOD, such as LOCI (Papadimitriou
et al., 2003), due to their computational intractability 𝑂 (𝑛3), where 𝑛 represents the number of
data points. SOS (Janssens et al., 2011) was omitted due to its 𝑂 (𝑛2) memory requirements.
These methods did not show significant improvements over the algorithms included in our study.
Additionally, we exclude XGBod (Zhao & Hryniewicki, 2018), as it operates semi-supervised by
incorporating partially labeled data, which deviates from the One-Class setting that is the focus of
our work. Similarly, the methods presented in Pang et al. (2018) and Li et al. (2024) were not
considered, as they perform single sample comparisons and thus do not align with the unsupervised
and for the entire dataset automatic learning paradigm. The ATDAD method (Yang & Li, 2023)
requires special hyperparameters for specific datasets, and due to the limited number of datasets in
their experiments, a direct comparison with our method NCSBAD was not feasible. We provide
further details in Section 6 and Appendix E.3.

Please note: For all methods used, we apply the default hyperparameters provided by the authors
of the original publications and used their code directly, No additional hyperparameter tuning or
other adjustments to the code were made. We recommend doing this additionally when using one
of the baseline methods. A classification of which methods work in an inductive and which in a
transductive setting and a further discussion of the baseline methods can be found in Appendix E.4.

Main Results Figure 2 presents the overall performance of all methods across our benchmark,
each dataset constrained to a maximum of 50,000 data points; we provide more details for this in
Appendix E.2. We show box plots of the AUC-ROC and F1-scores averaged over five different random
seeds (0-4) used for the undersampling and data splitting over all datasets. Our proposed method
demonstrates state-of-the-art performance across the benchmark, outperforming existing techniques
on multiple metrics. Including a validation dataset further improves our approach, establishing it as

Figure 2: Box plots of AUC-ROC (top) and AUC-PR (bottom) across all datasets evaluated over five
different seeds, utilizing only normal samples for training. The methods are ordered according to their
mean performance, with the mean value highlighted in green. Our proposed method NCSBADVAL
outperforms all baseline models when validation data is used. Without validation data, NCSBAD
still achieves the highest performance in AUC-ROC and secures the second position in F1-Score.
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the top-performing model based on the mean values across all three evaluated metrics. Interestingly,
while our NCSN with validation data, NCSBADVAL, ranks first for overall mean scores, the version
without validation, NCSBAD, performs comparably, ranking just behind in AUC-ROC but falling
slightly short in F1-score and AUC-PR against the LUNAR model. The notable performance of
LUNAR, KPCA, and GMM—methods that are often overlooked in similar comparisons—should also
be highlighted here. Due to space limitations, Figure 2 only presents the summarized results. Detailed
results for the F1-Score, the performance on each dataset, and additional evaluation metrics proposed
by Campos et al. (2016) as well as rankings are reported in Appendix F. Nevertheless, a closer
inspection of the per-dataset results reveals a strong dependence on the specific dataset characteristics,
with different algorithms outperforming others in various scenarios. This observation suggests that no
single method universally dominates across all datasets. Consequently, we recommend practitioners
evaluate multiple algorithms when confronted with a new dataset to identify the most effective
approach. This highlights the importance of testing a diverse set of models to ensure optimal
performance for any given application. Figure 14 in Appendix F.3 compares our method’s training
and inference times against baseline models, alongside their computational requirements. Our
model leverages a straightforward neural network architecture and parallelized inference, reducing
inference time substantially. These results underscore the efficiency and robustness of NCSN for
anomaly detection. Refer to Appendix D for further comparisons with Transformer-based models.

5 Interpretability

In section 3, we mentioned that our proposed method possesses inherent and intuitive interpretability,
providing a distinct advantage in anomaly detection tasks. The anomaly score generated by our
model, initially aggregated as a single value for baseline experiments, can be flexibly evaluated
at both the aggregate and feature levels. We present a toy example demonstrating feature-level
anomaly localization to further illustrate this capability. We utilize the MLP2048 model and train
it for this demonstration using a one from the MNIST-C dataset. MNIST-C also contains images
with anomalies. Among other things, with an added zig-zag line. Given that the MNIST dataset
comprises grayscale images X ∈ R28×28, each image is flattened into a vector x ∈ R784 to conform
to the model’s input requirements. Training and testing images are standardized according to training
data distribution, as with all our experiments.

After training and inference, the result-
ing anomaly score—initially output as
a vector x ∈ R784 is reshaped into a
matrix X ∈ R28×28 to correspond to
the original image dimensions. This
reshaped anomaly map is subsequently
visualized as an image, as shown in
Figure 3. The figure depicts the origi-
nal training image, the test image (with
an added anomaly), and the difference
between the two. Additionally, the
anomaly score heatmap, reshaped to
mirror the original image structure, is
plotted. As evident from Figure 5,
the anomaly, represented by the added
zig-zag line, is identified and exhibits
strong alignment with the difference
image.

Figure 3: Interpretability of our method NCSBAD illus-
trated on MNIST-C and MNIST-C Zig-Zag datasets. The
first image displays the training image, followed by the sec-
ond image, highlighting the anomaly of the testing image.
The third image presents the difference between the train-
ing and testing images. Finally, the last image visualizes
the anomaly on the image, utilizing the feature-wise score
output of the model reshaped into a 28x28 format.

The visualization highlights the model’s natural interpretability, showcasing its ability to detect
outliers at the granular feature level. This approach offers a global anomaly score and facilitates fine-
grained insight into the specific features contributing to the anomaly, providing a more transparent
and interpretable anomaly detection process. While this is indeed a vision example, the flattened
matrix is converted to a vector format akin to tabular data, meaning that no extended spatial patterns
remain in 2D and also the MLP2048 is used. The visualization is merely a toy example selected for its
illustrative potential. Providing an intuitive example in the context of tabular data is challenging, as
noted by Shenkar & Wolf (2022). Beyond purely numerical statements we offer a tangible example.
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The requirements for this example are using a grayscale image with a manageable dimension for
ensuring comparability with tabular data. This example demonstrates that our method can localized
anomaly detection at the feature level, enhancing its applicability for tasks requiring detailed anomaly
diagnostics and offering robust interpretability.

6 Related Work

Anomaly detection has seen considerable advances, particularly in tabular data, with several key
studies focusing on method comparison (Bouman et al., 2024), The most comprehensive comparison
of unsupervised methods, the development of new techniques (Bergman & Hoshen, 2020; Shenkar &
Wolf, 2022; Livernoche et al., 2024; Thimonier et al., 2023; Li et al., 2024; Yin et al., 2024), and Zhao
et al. (2019) or Han et al. (2022) offer detailed benchmarks on various datasets. Interestingly, high-
performing GMM (Agarwal, 2007) and LUNAR (Goodge et al., 2022) are often omitted as baselines
in recent works, along with KPCA (Hoffmann, 2007). For one-class classification anomaly detection,
non-parametric methods are popular, like the historic kernel density estimation (Parzen, 1962) or
the modern COPOD (Li et al., 2020). At the same time, parametric approaches include Gaussian-
based methods (Agarwal, 2007) and adversarial learning (Zenati et al., 2018)or classical regularized
classifiers, particularly kernel-based methods (Schölkopf et al., 1999), also offer an alternative to
density estimation approaches by enforcing tighter fits around observed data. Recent developments
have been driven by deep learning. Early models focused on autoencoders (Sakurada & Yairi, 2014;
Aggarwal & Aggarwal, 2017; Kingma, 2013; Hawkins et al., 2002) and distance-based techniques
(Ramaswamy et al., 2000), with later methods integrating deep learning and one-class classification
(Pang et al., 2018; Sun et al., 2022). Many current methods adopt a self-supervised approach,
leveraging task-specific loss functions to improve anomaly detection without labeled anomalies
(Golan & El-Yaniv, 2018; Hendrycks et al., 2019; Li et al., 2023; Qiu et al., 2021; Schneider et al.,
2022; Sohn et al., 2020). A comprehensive review is presented in the following surveys Ruff et al.
(2021); Pang et al. (2021); Chalapathy & Chawla (2019); Chandola et al. (2009).

Score-based Models for Anomaly Detection There are two primary approaches for learning the
score of a probability density function: Denoising Diffusion Probabilistic Models (Ho et al., 2020)
and Noise Conditional Score-based Networks (Song & Ermon, 2019). While diffusion models have
been extensively applied for anomaly detection in image and video data in one-class semi-supervised
settings (Tur et al., 2023; Yan et al., 2023), their use in the context of tabular data and unsupervised
settings was explored in (Livernoche et al., 2024). In Wolleb et al. (2022), a diffusion-based encoding
method followed by a classifier-guided denoising procedure was proposed, and Zhang et al. (2023a)
introduced the synthesis of anomaly samples for training denoising networks focused on anomaly
repair. AnoDDPM (Wyatt et al., 2022) trains a denoising network using diffusion noise to reconstruct
normal images, while Graham et al. (2023) extends this approach by combining reconstructions across
multiple time steps to generate anomaly scores. On the other hand, NCSNs are less explored, and
only closely related work exists. Shin et al. (2023) leveraged perturbation resilience from a geometric
perspective for industrial image anomaly detection, while Cai & Fan (2022) perturbed normal data
and trained a classifier to differentiate normal from anomaly samples. NCSN-based sampling has
been applied to time-series anomaly detection Lim et al. (2023), combining reconstruction-based,
density-based, and gradient-based anomaly scores. Energy-based models closely related to NCSNs
have also been employed for manifold recovery in Yoon et al. (2023).

Score-based Models for Tabular Data Unlike image datasets, where pixel values typically
follow Gaussian distributions, tabular data exhibits more complex, heterogeneous distributions across
columns (Xu et al., 2019). This discrepancy for tabular data requires special consideration and
suggests that score-based models that can learn complex data distributions are well-suited (Kim
et al., 2022). Diffusion models have recently been adapted for this domain, such as applying DDPM
to tabular data (Livernoche et al., 2024), where a modified ResNet (Gorishniy et al., 2021) architecture
with time embeddings is incorporated before each block. Further advancements include TabDDPM
(Kotelnikov et al., 2023), which utilizes a simple MLP to model the reverse diffusion process, adapted
from prior work on diffusion models Gorishniy et al. (2021). Kim et al. (2022) employs an MLP
architecture inspired by Grathwohl et al. (2018) for a score-based stochastic differential equation
network tailored for tabular data synthesis. Additionally, Zhang et al. (2024) integrates variational
autoencoder (VAE) embeddings to synthesize new tabular samples using an MLP-based network
trained via denoising score matching.
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7 Conclusion

This work introduces a new paradigm in anomaly detection in a LPUE setting by utilizing the power
of score-based generative models with a general framework and a fixed architecture to effectively
differentiate normal from anomalous behavior. By leveraging an anomaly score based on an NCSN
only trained with normal behavior samples as a measure of anomaly, we present a robust, scalable,
and interpretable approach to detecting anomalies in tabular data. Our extensive evaluations on
ADBench and other widely used benchmarks validate the superiority of this method, positioning it
as a compelling alternative to existing deep learning and classical anomaly detection techniques.

The improvement of our method over DDPMs warrants particular emphasis, as it addresses key
limitations of DDPMs while enhancing both performance and efficiency. A major advantage of our
approach lies in its inherent parallelizability, which is absent in DDPMs. DDPMs rely on a stepwise
denoising process modeled as a Markov chain, requiring numerous sequential steps and significant
computational time for anomaly detection in a reconstruction-based framework. In contrast, as
detailed in Chapter 2, NCSNs learn SDEs that approximate the gradient of the log-likelihood. This
enables direct anomaly scoring without the need for reconstruction and allows multiple predictions
to be processed in parallel, drastically reducing inference times. Our method outperforms the DDPM
and DTE-NP proposed by Livernoche et al. (2024) both in terms of anomaly detection results and
computational efficiency. Additionally, we surpass the performance of DTE-IG and DTE-C, which
employ time estimation during inference to generate anomaly scores. While these demonstrate
faster inference times, they fall short of achieving the superior results delivered by our approach.
Regarding interpretability, the methods presented in Livernoche et al. (2024) are comparable, with
the restriction that they require an architecture specifically adapted to image data.

The significance of this work lies not only in its solid empirical results but also in its potential to
address key challenges in the anomaly detection landscape. As the data manifold hypothesis (Song
et al., 2020b) that data is supported on a lower-dimensional structure embedded in a high-dimensional
space—becomes more widely accepted, score-based models offer a principled way to exploit this.
While traditional methods such as locally linear embedding and manifold Parzen windows (Vincent
& Bengio, 2002) aim to approximate local regions of the manifold and reconstruction-based methods
like denoising autoencoders (Vincent et al., 2008) attempt to map between latent and data spaces,
our NCSN approach directly leverages the score function to capture the structure of the manifold and
its deviations. This makes it particularly suited for unsupervised one-class settings, where labeled
data is scarce, and the goal is to detect anomalies by modeling the normal data distribution alone.

8 Limitation and Future Work

While our approach NCSBAD, like other score-based models, demands substantial computational
resources and time during training, it offers a distinct advantage regarding inference efficiency. Unlike
traditional diffusion models such as DDPMs, our framework does not rely on a sequential Markov
chain process for inference. This allows us to parallelize the inference step, reducing inference time
compared to other diffusion-based techniques.

Our work is a foundational contribution to establishing NCSNs as a competitive method for anomaly
detection in a LPUE or one-class classification setting. We have proposed a robust and generalizable
framework, focusing on the fundamental principles, architectural design, and parameter settings
necessary for effective anomaly detection using NCSNs. Future research could explore advanced
training strategies, such as sliced score matching (Song et al., 2020a) and maximum likelihood
weighting (Song et al., 2021), to optimize training efficiency and potentially enhance performance
further.

9 Reproducibility Statement

To ensure full transparency and reproducibility of our results, we have made the experimental code
available with detailed instructions in a README file, in the supplementary material zip file. Further
information on models, hyperparameters, datasets, baselines, and experimental procedures can be
found in Sections E.1, E.2, and E.3. Additionally, Section F includes an exhaustive listing of all
results, including intermediate and partial outcomes, for further clarity and verification.
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Hans-Peter Kriegel, Peer Kröger, Erich Schubert, and Arthur Zimek. Outlier detection in axis-parallel
subspaces of high dimensional data. In Advances in Knowledge Discovery and Data Mining: 13th
Pacific-Asia Conference, PAKDD 2009 Bangkok, Thailand, April 27-30, 2009 Proceedings 13,
pp. 831–838. Springer, 2009.

Longin Jan Latecki, Aleksandar Lazarevic, and Dragoljub Pokrajac. Outlier detection with kernel
density functions. In International workshop on machine learning and data mining in pattern
recognition, pp. 61–75. Springer, 2007.

Aleksandar Lazarevic and Vipin Kumar. Feature bagging for outlier detection. In Proceedings of
the eleventh ACM SIGKDD international conference on Knowledge discovery in data mining, pp.
157–166, 2005.

Meng-Chieh Lee, Shubhranshu Shekhar, Christos Faloutsos, T Noah Hutson, and Leon Iasemidis.
Gen 2 out: Detecting and ranking generalized anomalies. In 2021 IEEE International Conference
on Big Data (Big Data), pp. 801–811. IEEE, 2021.

Aodong Li, Chen Qiu, Marius Kloft, Padhraic Smyth, Stephan Mandt, and Maja Rudolph. Deep
anomaly detection under labeling budget constraints. In International Conference on Machine
Learning, pp. 19882–19910. PMLR, 2023.

Aodong Li, Chen Qiu, Marius Kloft, Padhraic Smyth, Maja Rudolph, and Stephan Mandt. Zero-shot
anomaly detection via batch normalization. Advances in Neural Information Processing Systems,
36, 2024.

13



702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755

Under review as a conference paper at ICLR 2025

Zheng Li, Yue Zhao, Nicola Botta, Cezar Ionescu, and Xiyang Hu. Copod: copula-based outlier
detection. In 2020 IEEE international conference on data mining (ICDM), pp. 1118–1123. IEEE,
2020.

Zheng Li, Yue Zhao, Xiyang Hu, Nicola Botta, Cezar Ionescu, and George H Chen. Ecod: Unsu-
pervised outlier detection using empirical cumulative distribution functions. IEEE Transactions
on Knowledge and Data Engineering, 35(12):12181–12193, 2022.

Haksoo Lim, Sewon Park, Minjung Kim, Jaehoon Lee, Seonkyu Lim, and Noseong Park. Madsgm:
Multivariate anomaly detection with score-based generative models. In Proceedings of the 32nd
ACM International Conference on Information and Knowledge Management, pp. 1411–1420,
2023.

Fei Tony Liu, Kai Ming Ting, and Zhi-Hua Zhou. Isolation forest. In 2008 eighth ieee international
conference on data mining, pp. 413–422. IEEE, 2008.

Yezheng Liu, Zhe Li, Chong Zhou, Yuanchun Jiang, Jianshan Sun, Meng Wang, and Xiangnan He.
Generative adversarial active learning for unsupervised outlier detection. IEEE Transactions on
Knowledge and Data Engineering, 32(8):1517–1528, 2019.

Victor Livernoche, Vineet Jain, Yashar Hezaveh, and Siamak Ravanbakhsh. On diffusion modeling
for anomaly detection. In The Twelfth International Conference on Learning Representations,
2024. URL https://openreview.net/forum?id=lR3rk7ysXz.

Guansong Pang, Longbing Cao, Ling Chen, and Huan Liu. Learning representations of ultrahigh-
dimensional data for random distance-based outlier detection. In Proceedings of the 24th ACM
SIGKDD international conference on knowledge discovery & data mining, pp. 2041–2050, 2018.

Guansong Pang, Chunhua Shen, Longbing Cao, and Anton Van Den Hengel. Deep learning for
anomaly detection: A review. ACM computing surveys (CSUR), 54(2):1–38, 2021.

Spiros Papadimitriou, Hiroyuki Kitagawa, Phillip B Gibbons, and Christos Faloutsos. Loci: Fast
outlier detection using the local correlation integral. In Proceedings 19th international conference
on data engineering (Cat. No. 03CH37405), pp. 315–326. IEEE, 2003.

Emanuel Parzen. On estimation of a probability density function and mode. The annals of mathe-
matical statistics, 33(3):1065–1076, 1962.
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A Ablation, Parameters and Architecture Studies

We perform extensive ablation studies, parameter tuning, and architectural analyses to evaluate the
impact of various factors on our proposed method, thereby validating our theoretical assumptions.
All experiments were carried out using the ADBench benchmark, employing seed 1 for consistency,
and we report the mean AUC-ROC for the most influential parameters. The first shown experiments
were conducted using the MLP2048 architecture, as presented in Section 3.

(a) Influence of 𝜎 (b) Influence batch size (c) Influence embed dim (d) Influence of NUM

Figure 3: Mean AUC-ROC scores across the ADBench datasets using the MLP2048 model with
seed 1, evaluated under various parameter configurations. Results are presented for both settings:
without and using validation data.

Our first study investigates the effect of the noise standard deviation parameter 𝜎. As predicted by
theory, Figure 3a demonstrates our assumption that smaller 𝜎 values facilitate better learning of the
underlying data structure. This confirms the theoretical insights discussed in Section 3. Note this is
the parameter 𝜎 not 𝜎𝑡 .

Another critical parameter is the batch size, which, as shown in Figure Figure 3b, significantly affects
both convergence speed and overall model performance. The model consistently benefits from a
smaller batch size due to more frequent parameter updates and better adaptability to individual data
distributions—a batch size of 16 yields optimal results, balancing training efficiency and performance.
However, reducing the batch size further is not advisable as it may lead to unreasonably long training
times.

The embedding dimension, which directly influences model capacity, is another key factor, par-
ticularly for datasets with high feature counts. To avoid compressing the data, we set the embedding
dimension to be larger than the highest feature number across the benchmark. For example, since
the InternetAds dataset has the highest number of features (input x ∈ R1555 for InternetAds dataset),
we set the embedding dimension to 2048, as illustrated in Figure Figure 3c. This choice ensures
sufficient capacity for all datasets in ADBench.
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Finally, we explore the effect of multiple perturbations denoted by NUM in Algorithm 2 during
inference. As shown in Figure Figure 3d, the random effects of perturbations stabilize after ap-
proximately ten repetitions, indicating that additional perturbations do not significantly improve
performance beyond this point.

Additionally, we evaluate the impact of incorporating validation data across all experimental set-
tings. As depicted in the accompanying figures, the mean AUC-ROC performance gain with vali-
dation data ranges from approximately 1% in optimal settings to up to 3% in sub-optimal settings,
depending on the chosen hyperparameters and model configurations. This consistent enhancement
underscores the advantage of validation-based training in our framework and highlights its effective-
ness in achieving superior performance across various settings.

We have carried out a comprehensive analysis of various possible architectures. As mentioned
in Section 3, the only constraint is that the input dimension must match the output dimension.
Consequently, we included all models from our benchmark that satisfy this criterion: VAE, the
tabular ResNet of DDPM, the model used in ICL, the model used in DTE-C, DiffWave (Kong
et al., 2020), a reduced version of DiffWave, and TabSyn (Zhang et al., 2024). DiffWave is an

Figure 4: Comparison of various model architectures compatible with our proposed method, where
the input and output dimensions must be identical. Additionally, the original performance of each
architecture is included as a baseline (labeled as *Org*).

architecture frequently used in the literature, based on convolutional neural networks for diffusion
models, primarily used to generate sound waves. TabSyn, on the other hand, is explicitly designed to
generate tabular data. Additionally, our proposed MLP2048 architecture, as described in Section 3,
was included for comparison.

The results of these evaluations are presented in Figure Figure 4. We also report the original
benchmark results for each tested model for benchmarking purposes. The findings indicate that most
architectures either achieve better AUC-ROC scores with our approach or are at least comparable
to their original performances. Moreover, these results support our hypothesis that MLPs are
particularly well-suited for handling tabular data, outperforming other architectures in this context.
This is particularly evident in the results of the ResNet and DiffWave architectures. As we anticipated,
models designed for tabular data benefit more from the MLP approach, which emphasizes capturing
feature interactions, compared to convolutional neural networks (CNNs), which are better suited for
detecting spatial correlations. The insights gained from these architectural studies culminate in the
framework presented in Section 3, providing further validation of our proposed methodology.

B Algorithm

This section provides a detailed algorithmic illustration of the proposed method. Algorithm 1
outlines the diffusion phases involved in the training process, where the model learns complex
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underlying data distributions. Algorithm 2 demonstrates the inference procedure for anomaly
detection, where the anomalies are estimated based on the learned score model. This process
leverages the training loss from multiple perturbed samples to identify anomalies.

Algorithm 1 NCSBAD: Training
Parameter: Variance scale parameters (𝜎, 𝑡), Timestep 𝑇

Input: Batches of normal data x0
Output: Optimized score model 𝑆𝜃∗

Initialization:
1: Get number of features 𝑓 ← features of x
2: Get multiple scales of noise perturbations 𝜎𝑡 ←

√︁
(𝜎2𝑡 − 1)/2 log𝜎

3: while train do
4: Sample time steps 𝑡 from 𝑝(𝑡) ∼ U(0, 𝑇) in interval [0, 𝑇], get 𝜎𝑡

5: Sample noise vectors ε ∼ N(0, 𝐼) ∈ R( 𝑓 )
6: Get perturbed data x𝑡 = x0 + 𝜎𝑡ε
7: Calculate loss ℓ(𝜃) = ∥𝑆𝜃 (x𝑡 , 𝑡) − ε∥22
8: Update the network parameter 𝜃 via AdamW optimizer
9: end while

10: return 𝑆𝜃∗

Algorithm 2 AD Score Estimation
Parameter: Number of perturbations 𝑁𝑈𝑀 , Variance scale parameter 𝜎, Fixed timestep 𝑡 𝑓 𝑖𝑥
Input: Optimized score model 𝑆𝜃∗ , Target sample x0
Output: AD Score 𝐴𝐷𝑆

Initialization:
1: Get number of features 𝑓 ← features of x
2: Get fixed noise perturbations 𝜎𝑡 𝑓 𝑖𝑥 ←

√︁
(𝜎2𝑡 𝑓 𝑖𝑥 − 1)/2 log𝜎

3: Set initial AD score 𝐴𝐷𝑆 ← 0
4: for 𝑛 = 1 to 𝑁𝑈𝑀 do
5: Sample noise vectors ε ∼ N(0, 𝐼) ∈ R( 𝑓 )
6: Get perturbed data x𝑡 𝑓 𝑖𝑥 = x0 + 𝜎𝑡 𝑓 𝑖𝑥ε

7: Calculate AD Score 𝐴𝐷𝑆+ = ∥𝑆𝜃∗ (x𝑡 𝑓 𝑖𝑥 , 𝑡 𝑓 𝑖𝑥) − ε∥22
8: end for
9: return 𝐴𝐷𝑆

C Loss Function

Following Karras et al. (2022) the analytical solution for ∇x log 𝑝(x𝑡 |x0) is:

∇x log 𝑝(x𝑡 |x0) =
1

𝑝(x𝑡 |x0)
∇x𝑝(x𝑡 |x0)

=
1

𝑝(x𝑡 |x0)
·
(
− 1
𝜎2
𝑡

(x𝑡 − x0)
)
· 𝑝(x𝑡 |x0)

= − 1
𝜎2
𝑡

(x𝑡 − x0)

= − 1
𝜎2
𝑡

(x0 + 𝜎𝑡ε − x0)

= − ε

𝜎𝑡

.
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Final objective of the denoising score matching:

minEx0∼𝑝 (x0 )Ex𝑡∼𝑝 (x𝑡 |x0 )





𝑆𝜃 (x𝑡 , 𝑡) +
ε

𝜎𝑡





2

2

Because 𝑆𝜃 (x𝑡 , 𝑡) learns − ε
𝜎𝑡

, we can also train the neural network to directly predict the noise, this
simplifies the optimization to:

minEx0∼𝑝 (x0 )Ex𝑡∼𝑝 (x𝑡 |x0 ) ∥𝑆𝜃 (x𝑡 , 𝑡) − ε∥22

From a mathematical point of view, we then learn 𝜎𝑡∇x log 𝑝(x𝑡 |x0).

D Comparison of Results with Transformer Models

Since NPT-AD (Thimonier et al., 2023) utilizes distinct hyperparameters for training on each dataset
and a comprehensive search for these parameters is beyond the scope of this work, we omit NPT
in our comprehensive benchmark. Nonetheless, to provide a comparison against Transformer-based
models, we compare our results with those reported in their study. Generally, their approach aligns
with ours regarding training setup and evaluation protocol, following the methodology outlined in
(Shenkar & Wolf, 2022). A key difference in their evaluation lies in their use of multiple 5% T-tests
to calculate the mean and standard deviation rather than utilizing the entire test split across multiple
random seeds as we do. Despite this variation, we believe the results are sufficiently comparable to
be included here.

Method Transformer NPT-AD NCSBAD (Ours) NCSBADVAL (Ours)
wine 61.4 (6.7) 96.6 (0.5) 99.97 (0.07) 99.98 (0.02)
Lymphography 99.5 (0.4) 99.0 (1.1) 99.97 (0.06) 99.90 (0.13)
glass 61.2 (7.0) 82.8 (2.4) 98.16 (0.62) 97.48 (2.25)
vertebral 44.8 (5.2) 54.6 (3.9) 74.54 (2.28) 79.98 (3.97)
wbc 95.0 (1.1) 96.3 (3.3) 99.24 (1.04) 99.40 (1.03)
ecoli 84.8 (1.6) 88.7 (1.6) 93.95 (4.31) 94.10 (3.63)
Ionosphere 95.4 (1.9) 95.9 (0.8) 99.13 (0.09) 99.10 (0.12)
arrhythmia 81.7 (1.1) 91.5 (1.4) 93.58 (1.82) 93.41 (1.80)
breastw 99.6 (0.1) 98.6 (1.7) 98.72 (0.26) 98.60 (0.34)
Pima 67.2 (2.4) 73.4 (0.4) 78.42 (2.20) 75.85 (2.53)
vowels 78.4 (9.2) 99.3 (0.1) 88.20 (2.71) 89.98 (2.39)
letter 80.5 (4.8) 96.1 (0.2) 43.03 (1.52) 48.77 (2.88)
cardio 93.5 (1.3) 94.7 (0.4) 89.69 (1.07) 91.09 (1.54)
seismic-bumps 58.2 (7.9) 69.8 (3.0) 96.10 (0.86) 96.93 (0.52)
musk 100.0 (0.0) 100.0 (0.0) 100.00 (0.00) 100.00 (0.00)
speech 47.2 (0.7) 54.3 (0.3) 45.76 (3.42) 43.32 (5.89)
thyroid 93.8 (2.0) 95.7 (0.7) 93.63 (1.28) 95.59 (4.09)
abalone 88.3 (2.0) 91.6 (1.2) 74.46 (11.42) 90.03 (5.21)
optdigits 96.4 (4.7) 97.5 (0.3) 97.21 (0.35) 97.85 (0.72)
satimage-2 99.7 (0.1) 99.9 (0.1) 99.22 (0.38) 99.17 (0.37)
satellite 73.8 (2.5) 80.3 (9.0) 80.46 (0.66) 80.07 (0.89)
pendigits 93.8 (2.6) 99.0 (0.2) 99.82 (0.05) 99.79 (0.12)
annthyroid 65.4 (1.4) 86.7 (0.4) 87.03 (0.27) 86.11 (10.92)
mnist 93.2 (2.1) 94.8 (0.4) 92.60 (0.47) 92.37 (1.87)
mammography 77.6 (1.0) 88.0 (3.2) 81.48 (0.75) 84.98 (3.10)

Continued on next page
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Method Transformer NPT-AD NCSBAD (Ours) NCSBADVAL (Ours)
mullcross 100.0 (0.0) 100.0 (0.0) 100.00 (0.00) 100.00 (0.00)
shuttle 97.2 (2.2) 99.9 (0.0) 99.99 (0.00) 99.98 (0.02)
cover 95.1 (0.8) 95.8 (4.7) 95.49 (1.19) 99.42 (0.26)
campaign 75.3 (2.1) 79.1 (0.3) 70.46 (0.52) 75.29 (7.18)
fraud 94.7 (0.4) 95.7 (0.4) 95.03 (1.49) 95.18 (1.48)
backdoor 95.1 (0.2) 95.2 (0.1) 96.26 (0.35) 96.62 (0.78)

mean 83.4 (2.4) 89.8 (0.8) 89,08 (1,33) 90.33 (2,13)

Table 1: Mean and standard deviation AUC-ROC performance comparison of Transformer and
NPT-AD with our method across various datasets. The best performance is highlighted in bold and
the second best with underline.

Method Transformer NPT-AD NCSBAD (Ours) NCSBADVAL (Ours)
wine 23.5 (7.9) 72.5 (7.7) 25.71 (2.80) 46.62 (3.61)
Lymphography 88.3 (7.6) 94.2 (7.9) 98.40 (3.20) 95.79 (5.40)
glass 14.4 (6.1) 26.2 (10.9) 80.79 (4.02) 78.28 (10.61)
vertebral 12.3 (5.2) 15.1 (6.9) 47.50 (4.97) 53.70 (6.86)
wbc 66.4 (3.2) 67.3 (1.7) 88.27 (13.67) 91.65 (8.10)
ecoli 75.0 (9.9) 77.7 (10.1) 86.12 (4.37) 85.05 (7.92)
Ionosphere 88.1 (2.8) 92.7 (7.0) 93.94 (0.72) 94.13 (0.58)
arrhythmia 59.8 (8.2) 72.7 (10.6) 76.35 (5.86) 75.24 (5.91)
breastw 96.7 (0.3) 95.7 (0.3) 95.85 (0.68) 95.75 (0.61)
Pima 65.6 (2.0) 68.8 (0.6) 73.52 (1.05) 71.06 (3.01)
vowels 28.7 (8.8) 59.7 (7.0) 44.00 (2.49) 52.00 (3.40)
letter 41.5 (6.2) 71.4 (1.1) 4.67 (2.45) 10.00 (2.98)
cardio 68.8 (2.2) 78.1 (1.0) 66.04 (1.98) 64.53 (4.49)
seismic-bumps 19.1 (5.7) 26.2 (7.0) 71.37 (5.86) 77.45 (4.16)
musk 100.0 (0.0) 100.0 (0.0) 100.00 (0.00) 100.00 (0.00)
speech 6.8 (1.9) 9.3 (3.8) 4.86 (3.15) 1.62 (2.16)
thyroid 55.5 (4.8) 77.0 (0.6) 60.00 (4.60) 67.50 (13.57)
abalone 42.5 (7.8) 59.7 (7.0) 27.78 (7.03) 37.78 (12.86)
optdigits 61.1 (4.7) 73.2 (8.4) 57.11 (2.69) 66.22 (5.78)
satimage-2 89.0 (4.1) 94.8 (5.0) 90.23 (1.74) 85.58 (4.00)
satellite 65.1 (3.3) 74.6 (7.0) 72.18 (0.83) 72.55 (0.95)
pendigits 43.4 (10.9) 92.5 (1.7) 91.28 (1.24) 90.00 (4.59)
annthyroid 29.9 (1.4) 77.0 (6.1) 45.50 (1.43) 52.06 (16.99)
mnist 56.7 (5.7) 77.7 (1.6) 70.19 (1.31) 71.71 (1.65)
mammography 17.4 (2.2) 32.6 (1.7) 29.49 (1.62) 35.00 (8.21)
shuttle 85.3 (9.8) 98.2 (0.4) 98.93 (0.08) 98.96 (0.08)
mullcross 100.0 (0.0) 100.0 (0.0) 100.00 (0.00) 99.99 (0.01)
cover 21.3 (3.1) 57.7 (7.8) 78.80 (1.85) 87.13 (6.45)
campaign 47.0 (1.9) 49.8 (8.8) 39.50 (0.75) 45.52 (7.75)
fraud 54.3 (5.2) 58.1 (3.2) 56.69 (7.70) 63.11 (8.12)
backdoor 85.8 (0.6) 84.1 (1.0) 88.32 (0.97) 88.30 (0.94)

mean 56.2 (4.3) 68.8 (2.0) 66,56 (2,93) 69,49 (5,21)

Table 2: Mean and standard deviation F1-Score performance comparison of Transformer and NPT-
AD with our method across various datasets. The best performance is highlighted in bold and the
second best with underline.
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Overall, the NPT performance ends up between our proposed method with and without validation
data. Notably, the baseline Transformer used in their work as a baseline ranks the lowest among the
evaluated methods. The order of datasets presented follows their paper for consistency. We attribute
the higher standard deviation observed in our results to a more extensive experimental setup.

E Implementation Details

E.1 Hyperparameter and Network Architecture

Hyperparameter Value
Hidden layer size [2048,4096,2048]
Time embedding dimensions 2048
Activation function SiLU
Optimizer AdamW
Learning rate 0.0001
Batch size 16
Number of epochs 200

Table 3: Hyperparameters for MLP2048

Figure 5: Illustration of the network
architecture of the MLP2048

Input: x𝑡 ∈ R1×𝑑𝑖𝑛 ,

ℎ0 = 𝐹𝑢𝑙𝑙𝑦𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑in (𝑥𝑡 ) ∈ R1×2048, (6)

ℎin = ℎ0 + 𝑡𝑖𝑚𝑒emb. (7)

ℎ1 = SiLU(𝐹𝑢𝑙𝑙𝑦𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑1 (ℎ0) ∈ R1×4096), (8)
ℎ2 = SiLU(𝐹𝑢𝑙𝑙𝑦𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑2 (ℎ1) ∈ R1×4096), (9)
ℎ3 = SiLU(𝐹𝑢𝑙𝑙𝑦𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑3 (ℎ2) ∈ R1×2048). (10)

ℎout = 𝐹𝑢𝑙𝑙𝑦𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑out (ℎ3) ∈ R1×𝑑in . (11)

E.2 Datasets

We use all 57 datasets from the original ADBench benchmark (Han et al., 2022) benchmark as well
as 15 additional datasets commonly used in the literature (Ray; Shin & Kim, 2020; Goldstein &
Uchida, 2016; Shenkar & Wolf, 2022) for our experiments. Table 4 lists the names of the datasets,
the origin, the number of samples, the number of features, the number of anomalies, the anomaly
ratio, and the domain of the datasets.

Name Origin #Samples #Features #Anomaly (%) Category
ALOI ADBench 49534 27 1508 (3.04) Image
Abalone ICL 4177 9 29 (0.67) Biology
annthyroid ADBench 7200 6 534 (7.42) Healthcare
arrhythmia ODDS 452 257 66 (14.60) Healthcare
backdoor ADBench 95239 196 2362 (2.48) Network
breastw ADBench 683 9 239 (34.99) Healthcare
campaign ADBench 41188 62 4640 (11.27) Finance

Continued on next page

22



1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241

Under review as a conference paper at ICLR 2025

Name Origin #Samples #Features #Anomaly (%) Category
cardio ADBench 1831 21 176 (9.61) Healthcare
Cardiotocography ADBench 2114 21 466 (22.04) Healthcare
celeba ADBench 202599 39 4547 (2.24) Image
census ADBench 299285 500 18568 (6.20) Sociology
cover ADBench 286048 10 2747 (0.96) Botany
donors ADBench 619326 10 36710 (5.93) Sociology
Ecoli ICL 336 7 9 (2.67) Biology
fault ADBench 1941 27 673 (34.67) Physical
fraud ADBench 284807 29 492 (0.17) Finance
glass ADBench 214 7 9 (4.21) Forensic
Hepatitis ADBench 80 19 13 (16.25) Healthcare
hrss anomalous opt ex-AE 19634 18 4517 (23.01) Physical
hrss anomalous std ex-AE 23645 18 5670 (23.98) Physical
http ADBench 567498 3 2211 (0.39) Web
InternetAds ADBench 1966 1555 368 (18.72) Image
Ionosphere ADBench 351 32 126 (35.9) Oryctognosy
landstat ADBench 6435 36 1333 (20.71) Astronautics
letter ADBench 1600 32 100 (6.25) Image
Lymphography ADBench 148 18 6 (4.05) Healthcare
magic.gamma ADBench 19020 10 6688 (35.16) Physical
mammography ADBench 11183 6 260 (2.32) Healthcare
mi-f ex-AE 25286 40 2161 (8.55) Physical
mi-v ex-AE 25286 40 3942 (15.59) Physical
mnist ADBench 7603 100 700 (9.21) Image
mulcross ICL 286048 10 2747 (10.0) Synthetic
musk ADBench 3062 166 97 (3.17) Chemistry
NASA ex-AE 4687 32 755 (16.11) Astronautics
optdigits ADBench 5216 64 150 (2.87) Image
PageBlocks ADBench 5393 10 510 (9.46) Document
Parkinson ELKI 195 22 147 (75.38) Healthcare
pendigits ADBench 6870 16 156 (2.27) Image
pen-global Goldstein 808 16 90 (11.14) Image
pen-local Goldstein 6723 16 10 (0.15) Image
Pima ADBench 768 8 268 (34.91) Healthcare
satellite ADBench 6435 36 1333 (31.64) Astronautics
satimage-2 ADBench 5803 36 71 (1.22) Astronautics
seismic-bumps ODDS 2584 21 170 (6.58) Physical
shuttle ODDS 49097 9 3511 (7.15) Astronautics
skin ADBench 245057 3 50850 (20.75) Image
smtp ADBench 95156 3 30 (0.03) Web
SpamBase ADBench 4206 57 1678 (39.9) Document
speech ADBench 3686 400 31 (1.65) Linguistics
Stamps ADBench 340 9 31 (9.12) Document
thyroid ADBench 3772 6 93 (2.47) Healthcare
vertebral ADBench 240 6 30 (12.50) Biology
vowels ADBench 1456 12 50 (3.43) Linguistics
Waveform ADBench 3442 21 100 (2.91) Physics
WBC ADBench 223 9 10 (4.48) Healthcare
WBC2 ODDS 378 30 5 (1.32) Healthcare
WDBC ADBench 367 30 10 (2.72) Healthcare
Wilt ADBench 4819 5 257 (5.33) Botany
wine ADBench 129 13 10 (7.75) Chemistry
WPBC ADBench 198 33 47 (23.74) Healthcare
yeast ADBench 1484 8 507 (34.16) Biology
yeast6 ODDS 1484 8 35 (2.36) Biology
CIFAR10 ADBench 5263 512 263 (5.00) Image

Continued on next page
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Name Origin #Samples #Features #Anomaly (%) Category
FashionMNIST ADBench 6315 512 315 (5.00) Image
MNIST-C ADBench 10000 512 500 (5.00) Image
MVTec-AD ADBench 5354 512 1258 (23.50) Image
SVHN ADBench 5208 512 260 (5.00) Image
Agnews ADBench 10000 768 500 (5.00) NLP
Amazon ADBench 10000 768 500 (5.00) NLP
Imdb ADBench 10000 768 500 (5.00) NLP
Yelp ADBench 10000 768 500 (5.00) NLP
20newsgroups ADBench 11905 768 591 (4.96) NLP

Table 4: Summary of all multivariate datasets included in our benchmark: This table presents an
overview of each dataset, including its colloquial name, source, number of samples, number of
features, number of anomalies, and the corresponding application domain.

As described in Section 4 and following the ADBench Benchmark and previous work (Livernoche
et al., 2024) we subsample some datasets to 50.000 data points. For further transparency, we carried
out a statistical analysis for the data sets where the limitation to 50,000 samples applies. The study
was carried out with the seeds 0-4 used in the benchmark.

Dataset #Samples #Anomalies Anomalies % Anomalies % Abs
full dataset difference

backdoor 50000.00 1238.40 (24.39) 2.4768 2.48 0.0032
celeba 50000.00 1101.40 (23.16) 2.2028 2.24 0.0372
census 50000.00 3094.80 (55.33) 6.1896 6.20 0.0104
cover 50000.00 491.00 (17.20) 0.9820 0.96 0.0220
donors 50000.00 2965.20 (39.84) 5.9304 5.93 0.0004
fraud 50000.00 84.00 (7.62) 0.1680 0.17 0.0020
http 50000.00 186.40 (10.13) 0.3728 0.39 0.0172
mulcross 50000.00 5067.80 (32.91) 10.1356 10.0 0.1356
skin 50000.00 10393.00 (69.09) 20.786 20.75 0.0360
smtp 50000.00 17.60 (2.80) 0.0352 0.03 0.0052

Table 5: Statistical evaluation of subsampled datasets

The preprocessed dataset (without anomalies) is then used in the training data at 50% as explained
in Section 4. The remaining data is enriched with the anomalies and used as validation and test data
in a ratio of 40% to 60%. If rounding is necessary, it is rounded in favor of the test data.

E.3 Baseline Methods

Clustering Based Local Outlier Factor (CBLOF) (He et al., 2003). CBLOF calculates an outlier
score based on cluster size and distance to large clusters. Data points in small clusters are flagged
as anomalies if far from large clusters. Weights based on cluster size are optional but disabled
by default due to potential misbehavior. By default, K-means is used for clustering instead of the
original Squeezer algorithm for efficiency.

Isolation-based Anomaly Detection using Nearest-Neighbor Ensembles (INNE) (Bandaragoda
et al., 2018). INNE is a fast anomaly detector based on nearest neighbor ensembles, addressing
weaknesses of isolation forests, such as detecting local anomalies and handling high-dimensional
data. It achieves linear time complexity, making it significantly faster than traditional nearest-
neighbor methods, especially for large datasets.

Kernel Principal Component Analysis (KPCA) (Hoffmann, 2007). KPCA extends PCA to non-
linear spaces, using the reconstruction error in feature space as the anomaly score. Data is mapped
into an infinite-dimensional space, and anomalies are detected based on their distance from the
principal subspace, serving as a novelty detection method.
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Kernel Density Estimation (KDE) (Latecki et al., 2007). KDE detects outliers by comparing the
local density of a point to its neighbors. A robust local density estimate is calculated using a variable
kernel, and the negative log probability density is used as the anomaly score.

Gaussian Mixture Models (GMM) (Agarwal, 2007). GMM detects anomalies by fitting a two-
component Gaussian mixture to deviations in data over time. This approach reduces false positives
by mitigating the multiple testing problem and is scalable for real-time monitoring of large datasets.

Subspace Outlier Detection (SOD) (Kriegel et al., 2009). SOD aims to identify outliers in varying
subspaces of high-dimensional feature spaces. For each data point, SOD examines the axis-parallel
subspace defined by the point’s neighbors and measures how much it deviates from them in this
subspace.

Adversarially Learned Anomaly Detection (ALAD) (Zenati et al., 2018). ALAD leverages bi-
directional GANs to derive adversarially learned features. Anomalies are detected through recon-
struction errors of these features. ALAD ensures data-space and latent-space cycle consistencies to
stabilize GAN training, significantly improving detection performance.

Copula-Based Outlier Detection (COPOD) (Hoffmann, 2007). COPOD models multivariate data
distributions using copulas to estimate tail probabilities for each data point, which indicates its
level of extremeness or anomaly. COPOD is parameter-free, computationally efficient, and highly
interpretable. It has shown superior performance and offers a fast Python implementation for
reproducibility.

Empirical-Cumulative-distribution-based Outlier Detection (ECOD) (Li et al., 2022). ECOD
addresses challenges in unsupervised outlier detection, such as high computational cost and limited
interpretability. ECOD estimates the empirical cumulative distribution per dimension of the data
and computes tail probabilities. Outlier scores are then calculated by aggregating these probabilities
across dimensions. ECOD is parameter-free, easy to interpret, scalable, and efficient.

FeatureBagging (Lazarevic & Kumar, 2005). Feature Bagging for outlier detection combines results
from multiple outlier detection algorithms, each applied to different randomly selected feature subsets.
The outlier scores from these algorithms are aggregated to improve the overall detection quality. This
approach has shown non-trivial improvements.

Histogram-based Outlier Detection (HBOS) (Goldstein & Dengel, 2012). HBOS is an efficient
algorithm that scores records in linear time. It assumes feature independence, which allows for much
faster computations than multivariate methods, albeit at the cost of reduced precision. HBOS reliably
detects global outliers, performing comparably to state-of-the-art methods. However, it struggles
with local outlier problems. In experiments, HBOS is up to 5 times faster than clustering-based
algorithms and 7 times faster than nearest-neighbor-based methods.

Isolation Forest (iForest) (Liu et al., 2008). Isolation Forest introduces a fundamentally different
approach by isolating anomalies rather than profiling normal points. Isolation enables the method to
leverage sub-sampling extensively, making the algorithm highly scalable with linear time complexity,
low memory requirements, and favorable performance on large datasets.

k-th Nearest Neighbor (kNN) (Ramaswamy et al., 2000). This method identifies distance-based
outliers by ranking each point based on its distance to its k-th nearest neighbor. The top-n points
in this ranking are declared outliers. The algorithm uses classical nested-loop join and index join
techniques but also introduces a highly efficient partition-based algorithm that prunes partitions that
cannot contain outliers.

Lightweight Online Detector of Anomalies (LODA) (Pevnỳ, 2016). LODA demonstrates that an
ensemble of weak detectors can yield a robust anomaly detector, performing as well as or better than
state-of-the-art methods. LODA is particularly useful for real-time processing of large datasets or
in scenarios with concept drift, where the detector must update online. It operates efficiently even
with missing variables and can highlight features responsible for anomalies, making it practical for
sensor-outage domains.

Local Outlier Factor (LOF) (Breunig et al., 2000). The LOF algorithm assigns each object a score
of being an outlier based on how isolated it is relative to its neighborhood. This local approach
detects meaningful outliers that existing binary outlier methods cannot capture. LOF is practical and
effective at identifying meaningful outliers that existing approaches would miss.
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Minimum Covariance Determinant (MCD) (Fauconnier & Haesbroeck, 2009). The MCD co-
variance estimator is designed for Gaussian-distributed data but can also be applied to data from an
unimodal, symmetric distribution. It is unsuitable for multi-modal data, where the algorithm will
likely fail. For multi-modal datasets, projection pursuit methods are recommended. MCD fits a
minimum covariance determinant model and then computes the Mahalanobis distance as the outlier
score.

One-Class Support Vector Machine (OCSVM) (Schölkopf et al., 1999). The OCSVM estimates a
function 𝑓 positive on a subset 𝑆 of the data and negative on its complement. The function is based
on a kernel expansion from a subset of training data and is regularized by controlling the weight
vector in the associated feature space. OCSVM extends support vector algorithms to the case of
unlabeled data.

Principal Component Analysis (PCA) (Shyu et al., 2003). This approach utilizes a robust PCA
classifier for intrusion detection in unsupervised settings. Anomalies are treated as outliers, and
the intrusion predictive model is built using the major and minor principal components of normal
data instances. The distance in principal component space between the anomalous and normal data
determines the anomaly score.

Extended Isolation Forest (EIF) (Hariri et al., 2019). EIF addresses issues with anomaly score
assignment in the original Isolation Forest. The problem is demonstrated using heat maps, where
artifacts in anomaly scores result from binary tree branching operations. EIF resolves this by
introducing two methods: (1) random data transformation before tree creation, which averages out
bias, and (2) slicing the data using hyperplanes with random slopes, mitigating the artifacts. This
approach improves the algorithm’s robustness, as shown by reduced score variance for data points
along constant-level sets.

Ensemble LOF: (Breunig et al., 2000; Bouman et al., 2024). This is an ensemble version of the
LOF algorithm.

GEN2OUT (Lee et al., 2021). GEN2OUT handles both point and group anomalies in one framework,
ranking anomalies by suspiciousness. GEN2OUT’s main features include a principled anomaly
scoring that adheres to detection axioms, a dual capability to detect and rank generalized anomalies,
and scalability, as it runs in linear time concerning input size.

DynamicHOBS (Goldstein & Dengel, 2012; Bouman et al., 2024). A newer implementation of the
HBOS algorithm.

Connectivity-based Outlier Factor (COF) (Hoffmann, 2007). COF improves the effectiveness of
LOF when a pattern has a neighborhood density similar to that of an outlier. It is theoretical and
empirical, providing more effective outlier detection.

Angle-Based Outlier Detection (ABOD) (Tang et al., 2002). ABOD and its variants assess the
angle variance between the difference vectors of a point and the other points. A significant advantage
of ABOD is that it does not rely on any parameter selection that could influence the ranking quality.
ABOD performs exceptionally well on high-dimensional data.

Linear Method for Deviation Detection (LMDD) (Kriegel et al., 2008). LMDD approaches the
problem from within the data, using implicit redundancy. It formalizes the problem and proposes a
linear algorithm to detect deviations. The solution mimics human behavior. After observing a series
of similar data, a deviating element is recognized as an exception.

Outlier Detection using Indegree Number (ODIN) (Hautamaki et al., 2004). The ODIN algorithm
utilizes a k-nearest neighbor graph to detect outliers. It improves on existing kNN distance-based
methods. ODIN shows competitive results on synthetic data and outperforms other methods on real
datasets with smaller observation counts.

Cook’s Distance (CD) (Cook, 1977). CD identifies points negatively affecting a regression model.
It combines each observation’s leverage and residual values. Higher leverage and residual values
correspond to higher Cook’s Distance. This unsupervised method requires at least two features (for
𝑋) to calculate each data point’s mean Cook’s Distance.

Quasi-Monte Carlo Discrepancy (QMCD) (Fang & Ma, 2001). The Wrap-around QMCD is a
uniformity criterion used to evaluate the space-filling properties of samples within a hypercube. It
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measures the difference between the continuous uniform distribution on a hypercube and the discrete
uniform distribution of sample points. Lower discrepancy values indicate better parameter space
coverage. This kernel-based method assigns higher discrepancy scores to outlier candidates than the
other samples.

Sampling (Sugiyama & Borgwardt, 2013). A simple sampling-based scheme is an alternative to
distance-based approaches like k-nearest neighbor methods that are widely used in outlier detection
as they avoid the need to model underlying probability distributions, which is particularly challenging
in high-dimensional data and outperforms many techniques in both efficiency and effectiveness.

Learnable Unified Neighbourhood-based Anomaly Ranking (LUNAR) (Goodge et al., 2022).
LUNAR unifies local outlier methods by demonstrating that they are special cases of the more
general message-passing framework used in graph neural networks. This enables the introduction
of learnability into local outlier methods, allowing for greater flexibility and expressivity. LUNAR
uses a graph neural network-based anomaly detection technique that learns to leverage information
from each node’s nearest neighbors in a trainable manner.

Single-Objective Generative Adversarial Active Learning (SOGAAL) / Multiple Generators
with different Objectives (MO-GAAL) (Liu et al., 2019). The SOGAAL method for outlier
detection directly generates informative potential outliers based on the mini-max game between a
generator and a discriminator. To mitigate the mode-collapsing problem, SOGAAL must stop training
at the correct point. MOGAALL is an extension to provide a reasonable reference distribution across
the entire dataset.

Autoencoder (AE) (Aggarwal & Aggarwal, 2017; Ramaswamy et al., 2000). The AE method is
based on reconstruction. In this context, an AE is trained to minimize reconstruction errors, which
are used to measure anomaly detection.

Deep Support Vector Data Description (DeepSVDD) (Ruff et al., 2018). DeepSVDD is built
on kernel-based SVDD and minimum volume estimation by finding the smallest data-enclosing
hypersphere. In Deep SVDD, we learn helpful feature representations of the data and the one-class
classification objective. A neural network is trained jointly to map the data into a hypersphere of
minimum volume, capturing useful patterns for outlier detection.

Deep Autoencoding Gaussian Mixture Model (DAGMM) (Zong et al., 2018). DAGMM is a deep
autoencoder that produces a low-dimensional representation and reconstruction error for each input.
This output is further fed into a Gaussian Mixture Model (GMM). Instead of using a two-stage training
process and the standard Expectation-Maximization (EM) algorithm, DAGMM jointly optimizes the
deep autoencoder and the mixture model parameters in an end-to-end fashion, leveraging a separate
estimation network to aid in parameter learning.

Deep Robust One Class Classification (DROCC) (Goyal et al., 2020). DROCC is a method that
applies to standard domains without requiring side information and remains robust to representa-
tion collapse. The method assumes that points from the class of interest lie on a well-sampled,
locally linear, low-dimensional manifold. DROCC builds on this assumption to better capture class
structures.

GOAD (Bergman & Hoshen, 2020). GOAD is a method designed for generalization assumptions.
GOAD extends the applicability of transformation-based anomaly detection methods to non-image
data through random affine transformations.

Internal Contrastive Learning (ICL) (Shenkar & Wolf, 2022). ICL captures the internal structure
of the single training class by learning mappings that maximize the mutual information between each
sample and its masked-out portions. The mappings are optimized using contrastive loss, computed
one sample at a time. During inference, ICL scores a test sample by determining whether the
mappings result in small contrastive loss using the masked parts of the sample.

PlanarFlow (Rezende & Mohamed, 2015). Normalizing flows transform a simple initial density into
a more complex one by applying a sequence of invertible transformations. This method unifies the
finite and infinitesimal flow approaches, allowing for richer posterior approximations. PlanarFlow
combines theoretically sound posterior matching with scalable variational inference.

Variational Autoencoder (VAE) (Kingma, 2013; Zhou et al., 2020). VAE trained on normal data is
expected to reconstruct normal inputs accurately, while anomalies are detected through deviations.
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GANomaly (Akcay et al., 2019). GANomaly is a Generative Adversarial Network (GAN)-based
method for anomaly detection, using the reconstruction error of input instances as the anomaly score.
Tabular data is modified with dense layers using tanh activation functions. The encoder-decoder-
encoder structure of GANomaly is set to have a hidden size equal to half the input dimension, which
allows for more suitable evaluation on tabular datasets.

Scale Learning-based Anomaly Detection (SLAD) (Xu et al., 2023b). The SLAD considers the
relationship between the dimensionality of the original sub-vectors and their transformed representa-
tions. These scales serve as labels for converted representations, providing abundant labeled data for
neural network training. SLAD learns to align the scale distribution, enabling it to model inherent
regularities in the data.

Deep Isolation Forest (DIF) (Xu et al., 2023a). DIF is a representation scheme leveraging casually
initialized neural networks to map raw data into random ensemble representations. Subsequently,
random axis-parallel cuts are applied within these representations to partition the data. The synergy
between random representations and partition-based isolation gives a more efficient separation of
normal instances from anomalous ones.

Denoising Diffusion Probabilistic Models (DDPMs) (Livernoche et al., 2024). DDPMs utilize
the diffusion process to implicitly learn the score function of the underlying data distribution. By
simulating the reverse diffusion process, DDPMs reconstruct input samples and use the reconstruction
distance as a metric to identify anomalies. It provides a mechanism for uncovering abnormal patterns
in the data, leveraging the probabilistic framework to model intricate data distributions.

Diffusion Time Estimation (DTE) (Livernoche et al., 2024). DTE addresses anomaly detection by
estimating the distribution of diffusion times for a given input, utilizing either the mode or mean
of this distribution as the anomaly score. The analytical form for this density enhances inference
efficiency through a deep neural network. The DDPM-based anomaly detection can be viewed as
a distance estimation between an input and the denoised reconstruction. Given noisy inputs, the
distribution of diffusion times follows an inverse Gamma (DTE-IG) distribution. This insight forms
the foundation of the non-parametric (DTE-NP) method, which accurately predicts diffusion time
and produces anomaly rankings comparable to kNN. Furthermore, a categorical (DTE-C) approach
leverages a deep neural network for improved generalization and fast inference.

Three-Way Neighborhood Characteristic Regions Outlier Detection (3WNCROD) (Zhang et al.,
2023b). 3WNCROD is an outlier detection approach that advances three-way neighborhood charac-
teristic regions and corresponding fusion measurements. Building upon neighborhood rough sets,
the method leverages three-way decisions to define neighborhood structures across model bound-
aries, inner regions, and characteristic regions. These structures are then used to drive information
fusion and weight measurement across features and the development of a multiple neighborhood
outlier factor. The method integrates various sources of neighborhood information to enhance the
robustness and accuracy of outlier detection.

Masked Correlation Modeling (MCM) (Yin et al., 2024). MCM captures intrinsic correlations
between features in the training set, with deviations from these correlations indicating potential
anomalies. To generate multiple, diverse correlations, a masking strategy that learns to produce
several masks is guided by a diversity loss that minimizes similarity between the masks. The model
captures various feature correlations, increasing its robustness in detecting anomalous data points.
Individual features and the relationships between them provide interpretability.

Transformer / Non-Parametric Transformers (NPT) (Thimonier et al., 2023). NPT is a model
initially designed for supervised tasks to capture dependencies between features and samples. In a
reconstruction-based framework, the NPT reconstructs masked features of normal samples, leverag-
ing the entire training dataset during inference in a non-parametric manner. The model’s ability to
accurately reconstruct masked features is then used to generate an anomaly score. For comparison,
a baseline Transformer under similar conditions is stated.

E.4 Discussion of the Baseline Methods

The baseline methods, as outlined in Chapter X, including their hyperparameters, were adopted
exactly as implemented in the original code of their respective publications, as well as in the PyOD
and ADBench libraries. This approach may introduce potential biases in the overall results. For
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instance, in the case of the VAE model from the ADBench library, a sigmoid function is used as
the output activation function. We attribute this choice to the similarity between anomaly detection
and binary classification, which scales the output to a probability. However, to avoid restricting the
model’s learned distribution, other activation functions, such as a linear activation function, could
also be considered. This serves as an example of potential optimizations that could be applied to
the baseline methods and is representative of other similar opportunities. Consequently, it cannot be
ruled out that other models may also possess untapped optimization potential.

We strongly recommend optimizing baseline methods for the specific task at hand when applying
them in practical scenarios. This recommendation applies to all baseline methods and encompasses
all possible hyperparameters, including model architectures.

Furthermore, it should be noted that while the models from the ADBench library, as well as the deep
learning baseline models, are suitable for an inductive setting in line with the LUPE or one-class
classification framework described in this work, some models from PyOD or Bouman et al. (2024)
operate exclusively in a transductive manner. This means that these models do not have access to the
training data and make predictions solely based on the test data, which is not strictly in line with the
one-class classification paradigm. This is particularly true for some purely mathematical models that
do not involve training in the conventional sense. To avoid limiting the benchmark and to maintain
its generalizability, these models were nevertheless included.

To assist in selecting appropriate models, Table 6 provides an overview distinguishing the inductive
and transductive models and how they are included in the benchmark.

Model Inductive Transductive
IForest X
OCSVM X
COPOD X
ECOD X
FeatureBagging X
HBOS X
KNN X
LODA X
LOF X
MCD X
PCA X
DeepSVDD X
INNE X
KPCA X
KDE X
GMM X
CBLOF X
SOD X
LUNAR X
SOGAAL X
ALAD X
AE X
CD X
MOGAAL X
QMCD X
Sampling X
EIF X
Ensemble X
GEN2OUT X
DynamicHBOS X
COF X
ABOD X
LMDD X
DAGMM X

Continued on next page
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Model Inductive Transductive
DROCC X
GOAD X
ICL X
PlanarFlow X
VAE X
GANomaly X
SLAD X
DIF X
DDPM X
DTE-IG X
DTE-C X
DTENonParametric X
MCM X
3WNCROD X
ODIN X
NCSBAD (Ours) X
NCSBADVAL (Ours) X

Table 6: Inductive and transductive methods

E.5 Runtime

The experiments on the first five seeds (0-4) of all 136 sub-datasets and 49 baseline methods, as well
as one run each with score model with and without validation data, were performed on a server with
2x AMD EPYC™ GENOA 9654 processors, 2.40-3.70 GHz with 1.5TB RAM and 4x NVIDIA L40
GPUs with 48 GB GDDR6 VRAM on one GPU each. All benchmark results lasted a total of 702
GPU hours (stated over all methods. Note not all methods run on GPU).

F Additional Results

We present the complete results corresponding to the AUC-ROC and area under the precision-recall
curve (AUC-PR) box plots in Section 4, detailed in Tables 9-16 and Tabels 23-32. We report
all results from the 121 sub-datasets of the ADBench benchmark and the 15 additional datasets.
Moreover, performance metrics, including the F1-Score, are provided in Tables 17-24, with the
corresponding box plots shown in Figure 13. Furthermore, Figure 14 displays plots of the mean
training and inference times. A particular emphasis is placed on improving inference performance
compared to DDPM. Note that the y-axis is plotted on a logarithmic scale. Exact numerical values for
the box polts can be found in Table 8. All results are averaged over five random seeds, and standard
deviations are reported in parentheses for each dataset in our benchmark, ensuring a comprehensive
and reliable performance comparison.

F.1 F1-Score, Adjusted F1-Score and Adjusted AUC-PR

Campos et al. (2016) proposed adjusted metrics for AUC-PR and precision at n to account for biases
in the different anomaly proportions of the test data. They defined: For a dataset 𝐷𝐵 of size 𝑁 ,
consisting of outliers 𝑂 ⊂ 𝐷𝐵 and inliers 𝐼 ⊂ 𝐷𝐵 (𝐷𝐵 = 𝑂 ∪ 𝐼), 𝑃@𝑛 is formalized as:

𝑃@𝑛 =
|{𝑜 ∈ 𝑂 | rank(𝑜) ≤ 𝑛}|

𝑛
(6)

With the number of outliers 𝑛 and 𝑛 = |𝑂 |. Since in this work, following Bergman & Hoshen (2020),
the decision threshold is chosen according to the number of actually existing anomalies, in this case
the 𝑃@𝑛 corresponds to the F1-score.

𝑃@𝑛 = 𝐹1 − 𝑆𝑐𝑜𝑟𝑒 (7)
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Figure 6: Box plots of F1-Score across all datasets evaluated over five different seeds, utilizing only
normal samples for training. The methods are ordered according to their mean performance, with
the mean value highlighted in green.

They also use the average precision (AP):

𝐴𝑃 =
1
|𝑂 |

∑︁
𝑜∈𝑂

𝑃@rank(𝑜). (8)

This is called AUC-PR in our work.

Following Hubert & Arabie (1985), it is suggested to use the Adjusted Index:

Adjusted Index =
Index − Expected Index

Maximum Index − Expected Index
(9)

From this, they derive the following equations for Adjusted 𝑃@𝑛:

Adjusted 𝑃@𝑛 =
𝑃@𝑛 − |𝑂 |/𝑁

1 − |𝑂 |/𝑁 (10)

for consistency in the following denoted as ADJ F1-Score and Adjusted 𝐴𝑃:

Adjusted 𝐴𝑃 =
𝐴𝑃 − |𝑂 |/𝑁
1 − |𝑂 |/𝑁 . (11)

for consistency in the following denoted as ADJ AUC-PR. We also report utilization of these metrics
both in the form of the following boxplots for the overall performance and in the detailed results in
this Appendix, Table 33-40 for the adjusted F1-Score and Table 41-48 for the adjusted AUC-PR.
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Figure 7: Box plots of ADJ F1-Score across all datasets evaluated over five different seeds, utilizing
only normal samples for training. The methods are ordered according to their mean performance,
with the mean value highlighted in green.

Figure 8: Box plots of ADJ AUC-PR across all datasets evaluated over five different seeds, utilizing
only normal samples for training. The methods are ordered according to their mean performance,
with the mean value highlighted in green.

These adjusted metrics again confirm the superior overall performance of our method. While
NCSBADVAL maintains its top positions in both metrics, NCSBAD overtakes LUNAR in the ADJ
F1-Score. Regarding the ADJ AUC-PR, the result reported in the Main Results in Section 4 remains
mainly unchanged for the best models.

F.2 Ranking of the Anomaly Detectors

In order to take into account distortions of large outliers upwards and downwards, a ranking of the
anomaly detectors is also created for the individual data sets. The following boxplots show the
distribution of these rankings. The position is also listed in [...] in the tables 8-48.
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Figure 9: Box plots of rankings with AUC-ROC positions across all datasets evaluated over five
different seeds, utilizing only normal samples for training. The methods are ordered according to
their mean performance, with the mean value highlighted in green.

Figure 10: Box plots of rankings with F1-Score positions across all datasets evaluated over five
different seeds, utilizing only normal samples for training. The methods are ordered according to
their mean performance, with the mean value highlighted in green.

Figure 11: Box plots of rankings with AUC-PR positions across all datasets evaluated over five
different seeds, utilizing only normal samples for training. The methods are ordered according to
their mean performance, with the mean value highlighted in green.
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Figure 12: Box plots of rankings with ADJ F1-Score positions across all datasets evaluated over five
different seeds, utilizing only normal samples for training. The methods are ordered according to
their mean performance, with the mean value highlighted in green.

Figure 13: Box plots of rankings with ADJ AUC-PR positions across all datasets evaluated over five
different seeds, utilizing only normal samples for training. The methods are ordered according to
their mean performance, with the mean value highlighted in green.

This confirms the strong performance, with NCSBADVAL and NCSBAD at the top of the rankings for
AUC-ROC, ADJ F1-Score, while NCSBAD has to admit defeat to LUNAR in F1-Score, AUC-ROC
and ADJ AUC-ROC.
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F.3 Training and Inference Time

Figure 14: Mean training time (top) and mean inference (bottom) across all datasets and methods
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F.4 Counts best Performance per Dataset

Model AUC-ROC F1-Score AUC-PR ADJ F1-Score ADJ AUC-PR
IForest 0 1 0 1 0
OCSVM 4 5 3 5 3
COPOD 2 6 2 6 2
ECOD 1 7 2 7 2
FeatureBagging 6 8 6 8 7
HBOS 3 1 1 1 1
KNN 3 4 3 4 3
LODA 0 1 0 1 0
LOF 7 7 6 9 7
MCD 4 3 3 3 3
PCA 3 4 5 4 5
DeepSVDD 2 2 2 2 2
INNE 3 3 3 3 3
KPCA 13 15 13 13 12
KDE 7 7 4 6 4
GMM 11 5 6 4 6
CBLOF 1 1 2 1 2
SOD 0 0 0 0 0
LUNAR 23 27 33 30 34
SOGAAL 0 0 0 0 0
ALAD 0 0 0 0 0
AE 3 4 2 4 2
CD 1 2 0 1 0
MOGAAL 0 1 1 1 1
QMCD 2 1 1 1 1
Sampling 0 1 2 1 2
EIF 0 0 1 0 1
Ensemble 7 7 6 9 7
GEN2OUT 4 1 3 1 3
DynamicHBOS 0 4 0 4 0
COF 3 2 2 2 2

Continued on next page
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Model AUC-ROC F1-Score AUC-PR ADJ F1-Score ADJ AUC-PR
ABOD 3 7 5 7 6
LMDD 1 2 1 2 1
DAGMM 0 0 0 0 0
DROCC 1 1 1 1 2
GOAD 2 1 1 1 1
ICL 7 10 11 10 11
PlanarFlow 1 2 1 2 1
VAE 3 4 3 4 3
GANomaly 1 2 2 2 2
SLAD 7 6 7 6 6
DIF 1 1 1 1 1
DDPM 1 0 1 0 1
DTE-IG 2 3 3 3 3
DTE-C 3 4 4 5 5
DTENonParametric 3 2 2 2 2
MCM 5 2 2 2 2
3WNCROD 1 6 0 6 0
ODIN 0 1 0 1 0
NCSBAD (Ours) 29 (11) 26 (13) 23 (10) 24 (15) 19 (12)
NCSBADVAL (Ours) 36 (32) 27 (22) 26 (24) 22 (16) 23 (16)

Table 7: Count of best performances in terms of AUC-ROC, F1-Score, AUC-PR, ADJ F1-Score and ADJ AUCPR of all methods in the benchmark. The best
performance is highlighted in bold and the second best with underline. (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted
individually, results if both are included in the same count are reported in parentheses)

F.5 Metrics per Method

Model Mean AUC-ROC Mean F1-Score Mean AUC-PR Mean ADJ F1-Score Mean ADJ AUC-PR
IForest 74.00 (16.62) [23] 39.41 (27.63) [30] 40.71 (29.50) [30] 27.62 (28.30) [30] 30.05 (30.55) [30]
OCSVM 75.31 (16.70) [20] 44.49 (28.64) [17] 46.27 (31.03) [17] 33.20 (30.47) [18] 36.38 (33.07) [17]
COPOD 60.55 (17.52) [43] 27.02 (31.26) [43] 28.72 (25.88) [42] 13.55 (31.65) [42] 14.04 (25.95) [42]

Continued on next page
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Model Mean AUC-ROC Mean F1-Score Mean AUC-PR Mean ADJ F1-Score Mean ADJ AUC-PR
ECOD 60.39 (17.07) [44] 27.44 (31.04) [41] 29.35 (25.59) [41] 13.71 (31.81) [41] 14.30 (26.25) [41]
FeatureBagging 77.94 (15.72) [12] 46.45 (26.23) [15] 47.62 (28.40) [15] 35.28 (27.90) [16] 37.54 (30.57) [16]
HBOS 70.29 (17.04) [31] 34.88 (27.69) [35] 36.78 (28.99) [34] 22.47 (27.82) [35] 25.31 (29.72) [33]
KNN 78.53 (16.65) [9] 48.61 (28.82) [11] 50.16 (31.18) [8] 38.38 (31.28) [10] 41.18 (33.81) [8]
LODA 67.41 (16.42) [34] 36.78 (25.90) [34] 37.47 (27.54) [33] 23.99 (26.08) [34] 25.70 (27.81) [32]
LOF 78.46 (15.96) [10] 48.93 (26.53) [9] 49.71 (28.80) [10] 38.12 (28.79) [11] 40.00 (31.17) [11]
MCD 74.66 (16.09) [22] 38.01 (27.87) [32] 40.13 (29.69) [31] 26.57 (27.92) [32] 29.83 (30.51) [31]
PCA 73.00 (18.29) [26] 42.35 (28.09) [21] 43.92 (30.42) [22] 30.29 (29.99) [21] 33.39 (32.24) [22]
DeepSVDD 67.84 (18.42) [33] 40.89 (28.96) [26] 41.74 (31.58) [27] 29.87 (30.74) [23] 31.75 (33.74) [26]
INNE 77.04 (16.29) [16] 46.56 (27.91) [14] 47.42 (29.88) [16] 35.84 (29.75) [14] 37.93 (31.81) [15]
KPCA 81.79 (16.62) [3] 52.72 (31.22) [4] 53.86 (33.01) [4] 44.38 (34.13) [4] 46.46 (35.96) [4]
KDE 76.87 (18.52) [17] 50.33 (30.58) [7] 50.57 (33.39) [7] 41.39 (33.41) [7] 42.50 (36.34) [7]
GMM 81.07 (16.11) [5] 50.55 (29.03) [6] 51.34 (31.47) [6] 41.52 (31.45) [6] 43.18 (34.23) [6]
CBLOF 75.61 (17.62) [18] 44.42 (28.04) [18] 45.59 (30.39) [18] 33.46 (29.57) [17] 35.67 (32.35) [18]
SOD 66.43 (16.38) [35] 32.80 (21.07) [36] 32.57 (22.52) [36] 18.57 (20.80) [36] 19.04 (21.44) [37]
LUNAR 81.41 (16.60) [4] 54.94 (29.91) [2] 56.15 (32.22) [2] 46.23 (33.11) [3] 48.44 (35.44) [2]
SOGAAL 52.93 (15.38) [47] 23.09 (20.01) [48] 25.44 (20.63) [47] 6.57 (17.54) [48] 10.13 (16.44) [47]
ALAD 54.79 (9.73) [46] 22.61 (16.95) [49] 23.83 (18.35) [49] 6.35 (10.78) [49] 8.47 (12.62) [49]
AE 77.47 (16.11) [15] 47.06 (28.17) [13] 48.44 (30.59) [13] 36.30 (30.25) [13] 38.98 (32.87) [13]
CD 61.41 (15.66) [40] 26.12 (24.91) [45] 26.33 (20.00) [44] 11.95 (23.21) [44] 10.91 (18.87) [45]
MOGAAL 51.59 (17.13) [49] 23.72 (19.75) [47] 25.90 (20.87) [46] 7.12 (18.58) [47] 10.50 (17.87) [46]
QMCD 45.90 (25.15) [51] 20.72 (23.86) [50] 25.08 (23.97) [48] 2.89 (27.86) [51] 9.87 (23.76) [48]
Sampling 75.35 (16.37) [19] 43.71 (28.14) [19] 45.12 (30.52) [19] 32.67 (29.62) [19] 35.19 (32.39) [19]
EIF 74.92 (16.67) [21] 41.00 (28.68) [25] 42.77 (30.70) [25] 29.74 (29.62) [25] 32.73 (32.15) [23]
Ensemble 78.46 (15.96) [10] 48.93 (26.53) [9] 49.71 (28.80) [10] 38.12 (28.79) [11] 40.00 (31.17) [11]
GEN2OUT 73.88 (16.82) [24] 41.32 (28.47) [23] 43.01 (30.59) [23] 29.75 (29.57) [24] 32.72 (32.08) [24]
DynamicHBOS 62.71 (14.88) [39] 26.56 (27.40) [44] 26.31 (21.36) [45] 14.49 (24.51) [40] 12.09 (17.64) [43]
COF 60.93 (14.67) [42] 27.46 (16.82) [40] 27.47 (17.93) [43] 11.63 (14.66) [45] 12.09 (15.06) [43]
ABOD 70.05 (20.62) [32] 41.11 (27.75) [24] 37.70 (26.80) [32] 28.91 (29.43) [27] 23.25 (30.98) [34]
LMDD 65.62 (15.19) [37] 37.85 (26.78) [33] 36.01 (26.46) [35] 25.36 (27.19) [33] 22.80 (26.49) [35]
DAGMM 63.29 (13.71) [38] 31.53 (21.24) [37] 32.19 (23.11) [37] 17.32 (19.13) [37] 19.10 (20.88) [36]
DROCC 57.78 (14.59) [45] 30.60 (22.61) [39] 32.05 (24.18) [38] 15.99 (21.30) [39] 18.65 (22.05) [38]
GOAD 70.72 (18.38) [30] 40.77 (27.73) [27] 42.40 (30.28) [26] 28.72 (28.94) [28] 31.75 (31.90) [26]
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Model Mean AUC-ROC Mean F1-Score Mean AUC-PR Mean ADJ F1-Score Mean ADJ AUC-PR
ICL 79.30 (17.98) [7] 51.16 (30.03) [5] 52.20 (32.63) [5] 42.29 (33.04) [5] 44.35 (35.53) [5]
PlanarFlow 71.19 (17.32) [28] 38.73 (27.68) [31] 40.92 (29.78) [29] 26.91 (28.49) [31] 30.34 (31.07) [29]
VAE 73.73 (16.84) [25] 42.52 (27.97) [20] 44.03 (30.21) [21] 30.53 (29.69) [20] 33.56 (31.93) [21]
GANomaly 72.97 (15.68) [27] 41.83 (25.76) [22] 43.00 (28.49) [24] 30.03 (26.75) [22] 32.50 (29.84) [25]
SLAD 77.57 (18.40) [14] 48.04 (30.97) [12] 48.94 (33.21) [12] 38.92 (33.30) [9] 40.72 (35.79) [10]
DIF 65.72 (16.79) [36] 30.89 (25.85) [38] 31.31 (26.83) [39] 17.31 (24.46) [38] 18.06 (26.01) [39]
DDPM 70.86 (15.20) [29] 40.22 (26.34) [28] 41.43 (29.24) [28] 27.79 (27.40) [29] 30.40 (30.36) [28]
DTE-IG 47.95 (22.06) [50] 27.04 (24.74) [42] 30.21 (26.01) [40] 11.98 (23.77) [43] 16.21 (25.96) [40]
DTE-C 80.03 (15.76) [6] 49.91 (28.04) [8] 49.74 (29.74) [9] 40.45 (29.96) [8] 41.14 (31.77) [9]
DTENonParametric 79.18 (15.69) [8] 39.85 (30.84) [29] 44.49 (28.91) [20] 29.28 (31.90) [26] 35.06 (30.41) [20]
MCM 77.87 (15.92) [13] 45.99 (26.99) [16] 47.75 (30.02) [14] 35.40 (28.62) [15] 38.38 (32.08) [14]
3WNCROD 51.99 (13.37) [48] 19.79 (27.97) [51] 21.38 (18.51) [51] 5.01 (27.35) [50] 4.30 (15.56) [51]
ODIN 61.12 (11.34) [41] 24.02 (18.27) [46] 23.79 (18.31) [50] 8.31 (12.42) [46] 8.02 (13.22) [50]
NCSBAD (Ours) 82.19 (16.43) [2] 54.77 (29.54) [3] 54.99 (31.98) [3] 46.85 (32.02) [2] 47.83 (34.76) [3]
NCSBADVAL (Ours) 83.26 (15.25) [1] 56.17 (28.95) [1] 56.48 (31.33) [1] 48.29 (31.92) [1] 49.46 (34.45) [1]

Table 8: Mean, standard deviation and rank of AUC-ROC, F1-Score, AUC-PR, ADJ F1-Score and ADJ AUCPR performance comparison of all methods in the
benchmark. The best performance is highlighted in bold and the second best with underline.
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Model ALOI abalone annthyroid arrhythmia backdoor breastw campaign Cardiotocography cardio celeba census cover donors ecoli fault fraud glass Hepatitis

IForest 50.37 (0.97) [31] 91.39 (2.11) [18] 90.37 (1.62) [10] 82.15 (4.51) [16] 76.56 (0.97) [26] 99.34 (0.12) [2] 73.79 (1.73) [26] 73.22 (1.06) [8] 92.99 (1.83) [12] 71.29 (2.26) [21] 63.08 (1.26) [25] 86.91 (1.63) [29] 89.38 (2.06) [24] 89.03 (4.14) [29] 54.83 (1.70) [34] 95.47 (0.88) [17] 83.13 (1.80) [27] 82.62 (2.23) [28]

OCSVM 53.91 (0.92) [7] 92.06 (3.63) [16] 88.07 (0.52) [21] 81.65 (3.75) [19] 62.90 (0.84) [34] 99.13 (0.21) [9] 77.55 (0.21) [9] 74.96 (0.81) [6] 95.46 (0.60) [4] 79.78 (0.93) [6] 69.99 (0.30) [16] 96.22 (0.17) [13] 92.11 (0.24) [18] 89.74 (3.90) [26] 56.91 (1.18) [27] 96.39 (0.68) [3] 71.69 (6.48) [40] 90.78 (1.84) [18]

COPOD 49.16 (0.46) [43] 87.47 (4.01) [26] 78.25 (0.46) [34] 50.00 (0.00) [48] 50.00 (0.00) [44] 99.20 (0.23) [7] 78.54 (0.31) [5] 70.68 (0.48) [10] 93.57 (1.04) [7] 75.90 (0.78) [14] 50.00 (0.00) [45] 89.06 (0.35) [26] 82.89 (0.27) [30] 81.34 (4.85) [38] 47.71 (0.41) [46] 95.13 (0.89) [24] 75.69 (3.90) [34] 82.19 (0.76) [29]

ECOD 51.12 (0.77) [23] 85.98 (4.21) [30] 79.31 (0.52) [33] 50.00 (0.00) [48] 50.00 (0.00) [44] 99.19 (0.21) [8] 77.41 (0.29) [11] 79.47 (0.35) [1] 95.44 (0.71) [5] 76.57 (0.79) [13] 50.00 (0.00) [45] 92.36 (0.32) [23] 90.02 (0.32) [22] 80.74 (5.16) [40] 49.66 (1.20) [43] 95.74 (0.63) [14] 75.00 (3.03) [36] 77.08 (1.11) [31]

FeatureBagging 48.83 (0.79) [44] 94.19 (1.71) [8] 88.73 (1.83) [15] 80.88 (3.80) [28] 94.90 (0.77) [7] 61.28 (11.86) [41] 67.25 (3.26) [36] 63.89 (1.32) [21] 92.34 (0.67) [15] 45.29 (2.45) [45] 55.55 (1.17) [36] 99.13 (0.43) [4] 95.02 (1.42) [13] 90.36 (4.27) [24] 46.95 (1.18) [48] 94.94 (2.38) [27] 89.99 (1.44) [13] 68.49 (4.98) [38]

HBOS 51.74 (0.70) [18] 85.64 (3.74) [31] 65.82 (1.46) [45] 82.66 (3.46) [14] 71.30 (1.15) [29] 98.95 (0.36) [14] 76.93 (0.36) [17] 60.48 (0.64) [30] 81.06 (1.95) [38] 76.60 (0.65) [12] 62.52 (0.39) [26] 70.93 (0.97) [39] 80.99 (0.71) [33] 84.35 (3.45) [37] 53.37 (0.96) [38] 96.20 (0.88) [5] 84.45 (1.47) [26] 84.46 (0.98) [23]

KNN 50.62 (0.70) [25] 95.65 (1.34) [4] 92.54 (0.32) [5] 81.80 (3.43) [17] 93.82 (0.61) [11] 98.81 (0.24) [16] 78.25 (0.27) [6] 61.43 (0.75) [27] 91.89 (0.95) [18] 72.50 (1.01) [17] 72.18 (0.36) [3] 97.59 (0.34) [10] 99.49 (0.08) [7] 93.31 (3.72) [9] 58.39 (0.51) [19] 96.04 (1.18) [11] 92.54 (1.42) [8] 96.69 (1.16) [12]

LODA 49.53 (2.62) [41] 78.29 (10.48) [40] 75.65 (6.30) [36] 76.40 (6.27) [34] 48.07 (19.60) [49] 97.87 (0.54) [26] 58.32 (3.43) [43] 72.99 (7.18) [9] 90.65 (3.24) [24] 63.33 (11.91) [35] 54.40 (11.91) [39] 93.89 (2.93) [22] 66.06 (24.67) [39] 84.45 (10.24) [36] 50.14 (1.98) [42] 88.43 (7.50) [39] 69.99 (4.13) [42] 61.79 (15.52) [42]

LOF 48.63 (0.39) [47] 93.36 (1.86) [13] 88.61 (0.36) [16] 80.91 (3.97) [26] 95.42 (0.37) [5] 90.69 (3.95) [36] 70.53 (0.15) [31] 63.96 (0.93) [19] 92.13 (0.76) [16] 43.05 (0.42) [46] 58.66 (0.90) [31] 99.26 (0.12) [2] 97.07 (0.16) [10] 91.40 (4.06) [19] 46.59 (1.21) [49] 94.13 (2.32) [30] 90.13 (2.05) [11] 68.67 (6.41) [36]

MCD 48.65 (0.48) [46] 94.02 (1.23) [9] 90.03 (0.27) [12] 86.53 (3.10) [11] 85.39 (7.85) [18] 98.48 (0.90) [22] 77.73 (1.06) [8] 56.80 (1.63) [38] 82.90 (1.47) [36] 83.36 (2.43) [1] 74.28 (1.79) [1] 70.20 (0.74) [40] 80.86 (10.56) [34] 91.34 (4.33) [21] 59.62 (2.76) [13] 91.15 (2.61) [36] 81.08 (0.79) [28] 80.58 (3.16) [30]

PCA 53.63 (0.98) [9] 87.12 (4.06) [27] 84.65 (0.62) [28] 80.79 (3.69) [29] 64.98 (0.80) [32] 98.98 (0.15) [12] 76.93 (0.23) [17] 78.65 (0.67) [2] 96.37 (0.59) [1] 80.58 (0.87) [4] 70.47 (0.29) [12] 94.46 (0.16) [19] 88.29 (0.38) [27] 87.91 (3.54) [30] 55.88 (1.00) [31] 96.14 (0.68) [9] 75.70 (2.94) [33] 84.57 (1.97) [22]

DeepSVDD 51.18 (2.35) [22] 77.24 (5.82) [41] 55.52 (3.29) [49] 88.30 (3.72) [10] 88.49 (4.69) [17] 96.94 (0.70) [29] 57.04 (7.32) [46] 45.97 (8.87) [49] 64.32 (1.18) [47] 46.42 (17.75) [44] 54.83 (3.17) [37] 40.44 (10.16) [50] 60.32 (19.37) [42] 84.74 (6.38) [35] 53.45 (1.68) [36] 81.87 (9.36) [44] 86.69 (6.34) [20] 99.58 (0.32) [8]

INNE 53.70 (0.90) [8] 93.65 (2.40) [11] 92.44 (0.66) [6] 81.66 (3.96) [18] 69.17 (0.98) [30] 97.99 (0.65) [25] 76.98 (0.20) [15] 70.31 (1.30) [11] 93.36 (0.53) [9] 78.71 (0.95) [9] 70.91 (0.55) [9] 97.45 (0.24) [12] 91.94 (0.90) [19] 91.18 (4.30) [22] 58.04 (1.59) [23] 96.56 (0.73) [1] 85.47 (2.32) [22] 83.65 (2.64) [26]

KPCA 49.95 (0.61) [38] 95.84 (1.09) [2] 92.21 (0.34) [7] 93.89 (1.76) [1] 96.99 (0.42) [1] 99.27 (0.24) [5] 77.37 (0.24) [12] 60.52 (0.87) [29] 91.54 (1.02) [19] 72.35 (1.00) [18] 72.25 (0.28) [2] 97.84 (0.31) [9] 99.82 (0.06) [3] 97.91 (1.10) [1] 58.61 (0.86) [18] 96.36 (1.05) [4] 98.80 (0.63) [2] 99.89 (0.23) [5]

KDE 52.69 (0.84) [15] 93.52 (2.58) [12] 88.48 (0.52) [18] 91.64 (1.66) [7] 90.55 (0.82) [15] 99.27 (0.26) [5] 76.98 (0.18) [15] 61.45 (0.65) [26] 92.54 (0.90) [14] 68.79 (1.23) [26] 71.20 (0.47) [7] 95.60 (0.41) [15] 97.42 (0.14) [9] 92.97 (3.12) [11] 58.27 (0.71) [21] 96.10 (0.95) [10] 88.01 (1.47) [16] 99.89 (0.23) [5]

GMM 54.04 (0.88) [6] 94.65 (1.41) [6] 84.50 (0.59) [29] 92.24 (1.42) [6] 93.00 (0.80) [12] 98.53 (0.37) [21] 79.70 (0.31) [3] 63.77 (0.92) [22] 90.99 (0.87) [22] 81.09 (0.86) [3] 70.32 (0.30) [14] 94.93 (0.39) [18] 92.45 (0.19) [17] 92.13 (3.09) [16] 60.90 (1.00) [9] 96.45 (0.66) [2] 80.20 (1.90) [30] 94.68 (1.12) [16]

CBLOF 53.30 (0.77) [12] 91.18 (2.76) [21] 90.20 (0.65) [11] 81.17 (3.77) [23] 72.27 (4.56) [28] 98.89 (0.22) [15] 76.75 (0.34) [21] 68.39 (0.67) [13] 93.23 (0.84) [10] 79.37 (2.00) [7] 70.77 (0.23) [11] 94.20 (0.30) [21] 93.44 (0.11) [15] 92.13 (4.49) [16] 58.88 (1.29) [16] 95.40 (0.76) [19] 89.79 (1.31) [14] 86.45 (2.69) [20]

SOD 71.27 (0.37) [3] 56.52 (8.02) [50] 75.39 (0.73) [37] 62.21 (4.89) [42] 59.39 (1.25) [37] 91.82 (1.08) [35] 66.12 (0.35) [38] 52.03 (1.12) [45] 71.96 (1.73) [44] 64.27 (2.48) [33] 65.68 (0.48) [22] 58.30 (1.74) [43] 79.71 (6.14) [35] 67.78 (10.59) [42] 63.86 (1.07) [2] 94.66 (1.36) [29] 77.66 (8.31) [32] 35.74 (5.71) [48]

LUNAR 50.22 (0.66) [34] 93.77 (1.23) [10] 85.84 (0.59) [26] 89.72 (1.60) [9] 95.46 (0.56) [4] 99.00 (0.20) [11] 71.94 (0.30) [28] 60.66 (0.67) [28] 93.17 (0.90) [11] 63.44 (1.33) [34] 67.49 (0.16) [20] 98.22 (0.52) [7] 99.98 (0.02) [1] 96.55 (2.11) [2] 58.17 (0.95) [22] 96.18 (0.84) [6] 96.92 (0.74) [5] 99.92 (0.17) [1]

SOGAAL 54.57 (0.35) [5] 78.72 (2.86) [38] 73.26 (2.95) [41] 63.03 (4.87) [41] 62.79 (14.10) [35] 16.43 (13.85) [50] 69.43 (1.89) [34] 62.94 (6.97) [24] 80.85 (5.15) [39] 58.13 (5.68) [37] 59.80 (4.43) [30] 65.11 (3.77) [41] 35.74 (20.91) [47] 45.79 (30.34) [48] 47.53 (5.68) [47] 75.76 (5.40) [46] 71.82 (6.92) [39] 67.22 (11.06) [40]

ALAD 51.64 (2.01) [19] 72.26 (7.97) [46] 72.49 (13.35) [42] 57.21 (2.25) [46] 54.15 (15.96) [41] 79.14 (6.33) [39] 55.95 (3.31) [47] 58.55 (9.90) [32] 54.23 (16.41) [50] 55.98 (5.23) [39] 42.78 (4.20) [49] 53.66 (26.42) [47] 55.25 (21.12) [43] 81.09 (10.15) [39] 51.32 (3.92) [41] 83.19 (11.07) [42] 69.07 (12.48) [43] 60.96 (8.62) [43]

AE 52.94 (0.82) [13] 95.05 (1.75) [5] 79.38 (0.86) [32] 81.53 (4.09) [20] 84.41 (1.32) [19] 98.19 (0.40) [23] 80.09 (0.18) [2] 66.63 (0.93) [15] 89.20 (0.98) [27] 72.22 (0.97) [19] 71.95 (0.29) [5] 98.75 (0.37) [5] 95.67 (1.06) [12] 92.73 (3.68) [14] 62.14 (1.05) [5] 95.81 (1.14) [12] 87.90 (1.73) [17] 94.77 (1.59) [15]

CD 51.94 (0.76) [17] 92.96 (1.43) [15] 60.94 (0.73) [47] 50.00 (0.00) [48] 50.00 (0.00) [44] 97.14 (0.42) [27] 74.56 (3.65) [25] 58.51 (1.79) [33] 83.58 (1.99) [34] 70.59 (1.15) [23] 54.17 (5.50) [41] 72.42 (1.78) [37] 52.17 (3.15) [44] 86.43 (6.07) [33] 68.01 (2.22) [1] 95.58 (0.73) [16] 79.36 (2.34) [31] 41.53 (2.07) [47]

MOGAAL 55.30 (1.34) [4] 73.26 (6.55) [44] 68.18 (1.37) [43] 66.07 (4.86) [39] 80.78 (6.13) [23] 4.08 (3.73) [51] 62.53 (4.30) [40] 65.20 (3.99) [18] 81.72 (5.93) [37] 65.85 (2.66) [32] 56.44 (1.83) [34] 79.69 (3.25) [33] 7.02 (3.04) [51] 34.00 (34.15) [50] 48.05 (5.19) [45] 87.33 (2.77) [40] 75.19 (6.26) [35] 67.23 (9.82) [39]

QMCD 50.57 (0.75) [27] 85.55 (3.45) [32] 73.43 (0.86) [40] 59.42 (35.88) [45] 57.58 (0.59) [39] 35.97 (13.15) [48] 79.48 (0.24) [4] 45.03 (1.09) [50] 50.26 (2.52) [51] 56.76 (6.26) [38] 68.72 (0.68) [19] 80.84 (0.46) [32] 72.40 (0.55) [38] 53.51 (9.58) [47] 53.87 (0.70) [35] 94.96 (2.59) [26] 84.93 (1.98) [24] 75.55 (1.69) [32]

Sampling 52.52 (0.57) [16] 90.43 (3.03) [22] 88.18 (0.97) [20] 81.06 (3.56) [24] 75.04 (6.18) [27] 99.08 (0.15) [10] 74.93 (1.81) [24] 65.52 (3.46) [17] 90.84 (1.51) [23] 79.33 (2.05) [8] 70.84 (0.49) [10] 88.14 (4.02) [28] 89.49 (2.76) [23] 93.07 (2.40) [10] 61.66 (2.06) [8] 95.34 (1.96) [20] 86.87 (1.80) [19] 84.12 (5.45) [25]

EIF 51.64 (1.28) [19] 91.82 (2.64) [17] 90.45 (0.31) [9] 82.50 (3.78) [15] 78.20 (3.17) [25] 99.28 (0.07) [4] 76.14 (0.82) [22] 73.74 (3.32) [7] 93.55 (1.75) [8] 75.47 (1.14) [16] 65.05 (1.75) [23] 88.18 (1.61) [27] 93.80 (0.35) [14] 90.10 (2.76) [25] 57.23 (1.87) [25] 95.76 (0.58) [13] 84.81 (1.95) [25] 95.42 (1.11) [14]

Ensemble 48.63 (0.39) [47] 93.36 (1.86) [13] 88.61 (0.36) [16] 80.91 (3.97) [26] 95.42 (0.37) [5] 90.69 (3.95) [36] 70.53 (0.15) [31] 63.96 (0.93) [19] 92.13 (0.76) [16] 43.05 (0.42) [46] 58.66 (0.90) [31] 99.26 (0.12) [2] 97.07 (0.16) [10] 91.40 (4.06) [19] 46.59 (1.21) [49] 94.13 (2.32) [30] 90.13 (2.05) [11] 68.67 (6.41) [36]

GEN2OUT 49.74 (0.90) [40] 91.24 (2.63) [20] 87.87 (1.24) [22] 82.79 (3.78) [13] 81.43 (5.60) [22] 99.36 (0.13) [1] 72.54 (1.02) [27] 77.63 (1.89) [4] 94.72 (1.07) [6] 71.01 (10.25) [22] 50.08 (14.94) [44] 95.59 (0.40) [16] 90.65 (1.43) [20] 89.36 (4.34) [28] 56.34 (1.89) [28] 96.15 (0.48) [8] 84.95 (2.31) [23] 85.98 (2.45) [21]

DynamicHBOS 51.26 (0.39) [21] 78.69 (4.10) [39] 62.55 (0.93) [46] 72.64 (3.63) [37] 51.00 (0.54) [42] 94.25 (0.29) [33] 66.27 (0.39) [37] 54.72 (1.15) [43] 72.61 (1.71) [43] 67.00 (0.54) [29] 49.56 (0.33) [48] 59.19 (1.16) [42] 60.66 (1.55) [41] 79.99 (5.69) [41] 51.63 (1.13) [39] 90.43 (1.43) [38] 67.31 (3.44) [45] 63.74 (2.95) [41]

COF 80.09 (0.41) [1] 84.52 (1.85) [34] 52.80 (0.36) [50] 60.65 (4.55) [44] 68.84 (0.85) [31] 30.26 (2.93) [49] 58.05 (0.43) [44] 56.45 (1.92) [41] 55.18 (2.72) [49] 37.16 (1.01) [50] 54.34 (0.38) [40] 51.03 (0.81) [48] 77.43 (0.54) [36] 59.71 (23.16) [46] 58.66 (0.93) [17] 49.07 (6.22) [51] 65.09 (7.79) [47] 23.94 (2.85) [49]

ABOD 49.82 (0.45) [39] 96.78 (0.68) [1] 91.68 (0.45) [8] 67.14 (4.84) [38] 92.11 (0.56) [13] 42.23 (2.62) [47] 77.14 (0.26) [13] 58.47 (0.76) [34] 91.24 (0.56) [20] 55.83 (0.90) [40] 54.75 (0.28) [38] 98.23 (0.46) [6] 15.30 (0.86) [50] 64.55 (2.62) [44] 56.25 (1.09) [29] 95.34 (1.23) [20] 35.31 (1.99) [50] 18.54 (9.22) [51]

LMDD 50.58 (0.36) [26] 81.58 (5.85) [37] 74.47 (4.63) [39] 73.71 (3.50) [36] 58.72 (5.19) [38] 75.30 (9.66) [40] 68.87 (3.10) [35] 69.32 (3.46) [12] 90.14 (3.49) [25] 69.40 (1.39) [25] 60.21 (3.10) [29] 86.15 (8.44) [30] 81.64 (9.53) [31] 87.12 (4.72) [32] 55.23 (1.15) [33] 95.63 (1.02) [15] 68.41 (5.90) [44] 74.35 (4.89) [33]

DAGMM 50.22 (3.32) [34] 84.34 (3.58) [35] 76.17 (10.92) [35] 65.53 (4.15) [40] 45.75 (19.28) [50] 86.31 (8.36) [38] 61.85 (2.84) [41] 63.69 (4.69) [23] 84.29 (6.88) [33] 62.50 (3.27) [36] 53.05 (2.22) [43] 81.70 (9.72) [31] 65.60 (16.14) [40] 89.62 (4.04) [27] 53.45 (5.76) [36] 86.74 (7.90) [41] 65.89 (12.21) [46] 71.25 (4.62) [35]

DROCC 50.00 (0.00) [37] 33.58 (25.15) [51] 89.56 (3.15) [13] 53.29 (10.52) [47] 94.14 (0.83) [9] 60.27 (24.93) [42] 50.00 (0.00) [48] 48.69 (6.08) [46] 66.46 (6.13) [46] 67.99 (1.69) [27] 56.68 (2.59) [33] 95.63 (0.86) [14] 72.94 (18.76) [37] 60.86 (30.81) [45] 51.36 (6.24) [40] 50.00 (0.00) [50] 45.77 (27.81) [49] 41.67 (14.68) [46]

GOAD 47.45 (1.81) [49] 87.12 (3.32) [27] 86.49 (4.86) [24] 80.94 (3.48) [25] 50.20 (17.12) [43] 98.57 (0.40) [20] 46.52 (9.94) [50] 75.17 (1.16) [5] 95.68 (0.50) [3] 35.04 (10.64) [51] 38.25 (4.75) [51] 28.77 (11.97) [51] 32.24 (11.43) [48] 90.71 (4.16) [23] 58.95 (0.85) [14] 60.87 (28.62) [47] 60.24 (17.98) [48] 82.73 (2.31) [27]

ICL 46.94 (0.66) [51] 90.31 (3.46) [23] 79.39 (3.84) [31] 92.88 (1.47) [4] 93.83 (0.94) [10] 98.16 (0.37) [24] 81.17 (0.50) [1] 56.76 (2.66) [39] 80.80 (4.16) [40] 71.70 (1.03) [20] 70.94 (0.59) [8] 91.80 (2.11) [24] 99.90 (0.04) [2] 92.97 (5.21) [11] 60.45 (0.70) [10] 93.94 (2.86) [32] 99.28 (0.59) [1] 99.90 (0.19) [4]

PlanarFlow 48.68 (1.18) [45] 88.78 (4.49) [25] 92.83 (1.46) [3] 79.85 (4.05) [31] 78.76 (9.78) [24] 97.05 (1.15) [28] 65.75 (10.11) [39] 66.01 (2.18) [16] 87.90 (2.69) [29] 75.90 (3.66) [14] 61.56 (2.73) [27] 54.33 (10.68) [46] 93.03 (2.52) [16] 92.64 (3.47) [15] 60.10 (3.12) [12] 90.87 (3.13) [37] 85.66 (4.29) [21] 98.40 (0.95) [11]

VAE 53.63 (0.98) [9] 86.76 (4.27) [29] 84.92 (0.61) [27] 80.79 (3.69) [29] 64.96 (0.80) [33] 98.96 (0.17) [13] 76.93 (0.23) [17] 78.64 (0.67) [3] 96.37 (0.59) [1] 80.48 (0.86) [5] 70.47 (0.29) [12] 94.41 (0.17) [20] 88.56 (0.24) [26] 87.88 (3.53) [31] 55.87 (1.00) [32] 96.16 (0.67) [7] 74.37 (3.43) [38] 84.28 (2.07) [24]

GANomaly 53.44 (1.11) [11] 71.15 (17.86) [47] 67.89 (5.27) [44] 81.26 (3.71) [21] 88.80 (3.40) [16] 95.24 (0.69) [31] 70.56 (4.39) [30] 59.80 (9.56) [31] 86.75 (4.19) [31] 47.58 (18.41) [43] 65.93 (3.83) [21] 74.62 (20.52) [35] 50.33 (21.75) [45] 91.98 (5.45) [18] 56.96 (4.91) [26] 93.40 (1.10) [33] 80.56 (6.33) [29] 86.72 (5.93) [19]

SLAD 50.26 (0.60) [33] 73.14 (3.85) [45] 93.64 (0.41) [2] 92.64 (1.84) [5] 50.00 (0.00) [44] 99.33 (0.14) [3] 77.04 (0.29) [14] 46.69 (1.00) [48] 83.42 (1.22) [35] 66.93 (1.61) [30] 53.85 (7.71) [42] 72.34 (10.28) [38] 87.49 (6.09) [28] 93.85 (4.35) [7] 63.73 (0.67) [3] 95.29 (1.28) [22] 87.43 (4.17) [18] 99.92 (0.17) [1]

DIF 50.71 (0.77) [24] 68.40 (2.38) [48] 88.19 (0.61) [19] 74.82 (2.76) [35] 84.31 (1.10) [20] 53.72 (9.84) [44] 57.73 (0.21) [45] 40.99 (1.80) [51] 68.61 (0.63) [45] 66.85 (3.51) [31] 60.44 (0.97) [28] 57.94 (4.49) [44] 90.04 (1.40) [21] 93.72 (4.66) [8] 61.95 (1.43) [7] 82.98 (1.98) [43] 96.20 (1.76) [6] 96.16 (2.15) [13]

DDPM 50.52 (0.53) [29] 77.04 (3.54) [42] 75.07 (1.14) [38] 76.74 (5.16) [33] 61.00 (1.09) [36] 96.46 (1.09) [30] 71.40 (0.36) [29] 52.35 (3.34) [44] 75.70 (2.11) [41] 67.77 (0.81) [28] 63.34 (0.55) [24] 72.78 (0.95) [36] 81.05 (1.08) [32] 85.79 (3.65) [34] 58.36 (0.54) [20] 92.47 (1.76) [35] 74.94 (6.66) [37] 72.87 (3.39) [34]

DTE-IG 50.07 (0.84) [36] 60.17 (42.27) [49] 3.72 (1.49) [51] 79.47 (6.27) [32] 41.24 (43.68) [51] 46.54 (34.97) [46] 44.08 (16.67) [51] 48.40 (3.98) [47] 86.00 (1.22) [32] 39.12 (17.61) [49] 39.91 (14.53) [50] 78.73 (39.04) [34] 99.66 (0.21) [5] 37.19 (31.83) [49] 44.96 (9.81) [51] 78.84 (20.92) [45] 91.74 (5.02) [9] 21.80 (37.10) [50]

DTE-C 50.57 (0.61) [27] 94.54 (1.15) [7] 97.25 (0.15) [1] 89.78 (1.75) [8] 91.45 (0.81) [14] 93.41 (1.26) [34] 77.55 (1.06) [9] 58.16 (1.97) [37] 87.18 (1.34) [30] 83.36 (1.55) [1] 69.58 (0.63) [18] 97.46 (1.51) [11] 98.42 (0.22) [8] 92.97 (3.95) [11] 60.36 (0.76) [11] 95.43 (1.06) [18] 91.20 (2.65) [10] 98.49 (0.61) [10]

DTENonParametric 50.34 (0.66) [32] 95.70 (1.27) [3] 92.62 (0.32) [4] 83.92 (1.98) [12] 94.45 (0.57) [8] 94.80 (0.63) [32] 78.13 (0.25) [7] 58.21 (0.60) [36] 88.81 (0.88) [28] 70.58 (1.13) [24] 71.96 (0.39) [4] 97.90 (0.33) [8] 99.70 (0.06) [4] 94.66 (3.05) [4] 58.00 (0.68) [24] 94.70 (1.11) [28] 94.68 (0.95) [7] 99.38 (0.45) [9]

MCM 52.94 (0.78) [13] 91.27 (2.10) [19] 89.26 (0.22) [14] 81.23 (3.82) [22] 81.97 (4.71) [21] 98.76 (0.27) [17] 76.81 (0.24) [20] 58.35 (1.10) [35] 92.65 (0.99) [13] 78.65 (2.49) [10] 69.64 (1.66) [17] 90.58 (2.80) [25] 99.58 (0.36) [6] 95.13 (2.79) [3] 58.93 (1.03) [15] 92.84 (6.82) [34] 89.63 (5.18) [15] 94.59 (2.28) [17]

3WNCROD 47.35 (0.89) [50] 83.64 (4.65) [36] 81.33 (0.77) [30] 50.00 (0.00) [48] 50.00 (0.00) [44] 59.09 (3.74) [43] 50.00 (0.00) [48] 67.43 (0.66) [14] 73.35 (1.22) [42] 50.00 (0.00) [42] 50.00 (0.00) [45] 43.59 (1.35) [49] 47.06 (2.01) [46] 24.91 (12.47) [51] 48.37 (0.89) [44] 55.45 (4.70) [49] 21.37 (22.18) [51] 50.00 (0.00) [44]

ODIN 77.74 (0.51) [2] 85.22 (1.96) [33] 56.25 (1.02) [48] 61.57 (3.19) [43] 54.95 (0.41) [40] 52.20 (0.81) [45] 61.19 (0.18) [42] 56.58 (0.72) [40] 58.74 (1.98) [48] 42.91 (0.99) [48] 56.25 (0.60) [35] 56.51 (0.83) [45] 26.79 (0.09) [49] 65.20 (11.90) [43] 63.22 (1.06) [4] 58.81 (1.81) [48] 70.21 (4.18) [41] 45.07 (4.10) [45]

NCSBAD (Ours) 49.34 (1.01) [42] 74.46 (11.42) [43] 87.03 (0.27) [23] 93.58 (1.82) [2] 96.26 (0.35) [3] 98.72 (0.26) [18] 70.46 (0.52) [33] 54.90 (1.38) [42] 89.69 (1.07) [26] 53.19 (10.60) [41] 70.25 (0.60) [15] 95.49 (1.19) [17] 88.69 (0.33) [25] 93.95 (4.31) [6] 56.04 (0.92) [30] 95.03 (1.49) [25] 98.16 (0.62) [3] 99.91 (0.19) [3]

NCSBADVAL (Ours) 50.45 (0.91) [30] 90.03 (5.21) [24] 86.11 (10.92) [25] 93.41 (1.80) [3] 96.62 (0.78) [2] 98.60 (0.34) [19] 75.29 (7.18) [23] 61.94 (1.65) [25] 91.09 (1.54) [21] 77.43 (7.73) [11] 71.47 (1.64) [6] 99.42 (0.26) [1] 85.89 (12.06) [29] 94.10 (3.63) [5] 62.12 (2.48) [6] 95.18 (1.48) [23] 97.48 (2.25) [4] 99.85 (0.19) [7]

Table 9: Mean, standard deviation and rank AUC-ROC performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 1
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IForest 59.99 (0.57) [6] 55.55 (0.78) [34] 99.42 (0.24) [30] 47.99 (1.99) [46] 92.01 (0.93) [30] 58.29 (2.56) [21] 31.52 (1.64) [45] 99.32 (0.35) [27] 77.08 (1.13) [18] 87.47 (0.61) [11] 79.96 (1.43) [5] 77.72 (1.08) [10] 86.32 (2.04) [27] 99.94 (0.02) [27] 93.70 (3.98) [39] 57.68 (3.26) [24] 80.81 (3.24) [20] 82.95 (0.54) [34]

OCSVM 56.32 (0.38) [32] 60.17 (0.55) [6] 100.00 (0.00) [1] 65.40 (0.89) [23] 96.68 (0.78) [18] 47.65 (0.84) [42] 32.06 (1.15) [42] 100.00 (0.00) [1] 74.36 (0.34) [25] 88.08 (0.59) [7] 78.35 (0.29) [9] 76.55 (0.30) [14] 90.59 (0.41) [18] 100.00 (0.00) [1] 100.00 (0.00) [1] 51.87 (0.70) [37] 63.14 (0.53) [30] 88.69 (0.30) [15]

COPOD 60.15 (0.40) [5] 57.92 (0.55) [19] 99.20 (0.22) [33] 56.53 (8.01) [37] 80.24 (2.13) [38] 46.43 (0.71) [43] 34.46 (1.80) [39] 99.63 (0.27) [24] 68.49 (0.38) [37] 90.52 (0.94) [1] 50.00 (0.00) [32] 50.00 (0.00) [48] 50.00 (0.00) [48] 94.72 (0.12) [37] 99.62 (0.18) [31] 52.99 (0.57) [35] 50.00 (0.00) [38] 80.85 (0.41) [37]

ECOD 62.40 (0.32) [2] 61.43 (0.55) [3] 98.31 (0.13) [35] 56.56 (8.04) [35] 74.35 (1.55) [44] 42.29 (0.41) [49] 41.81 (2.18) [19] 99.48 (0.39) [25] 64.29 (0.37) [38] 90.49 (0.81) [2] 50.00 (0.00) [32] 50.00 (0.00) [48] 50.00 (0.00) [48] 96.98 (0.11) [34] 99.94 (0.02) [28] 42.52 (0.54) [50] 50.00 (0.00) [38] 88.16 (0.41) [20]

FeatureBagging 57.51 (1.07) [22] 58.42 (0.64) [14] 92.25 (0.41) [38] 73.63 (2.55) [10] 94.85 (1.51) [21] 65.79 (0.51) [8] 45.78 (1.37) [12] 96.22 (2.91) [36] 84.06 (0.33) [8] 85.87 (0.77) [17] 71.80 (0.44) [14] 77.28 (0.45) [12] 92.74 (0.22) [11] 100.00 (0.00) [1] 100.00 (0.00) [1] 62.16 (1.07) [17] 96.14 (0.57) [6] 91.46 (0.30) [2]

HBOS 55.43 (0.56) [38] 55.24 (0.38) [36] 98.51 (0.94) [34] 49.62 (1.55) [44] 70.58 (2.09) [46] 73.32 (0.47) [1] 34.57 (2.51) [38] 99.70 (0.17) [23] 74.65 (0.23) [24] 84.79 (0.96) [24] 81.09 (0.18) [1] 74.36 (0.14) [24] 61.92 (0.97) [42] 99.64 (0.11) [30] 100.00 (0.00) [1] 44.02 (0.61) [49] 89.48 (0.95) [14] 65.61 (0.82) [44]

KNN 57.88 (0.58) [18] 58.97 (0.36) [11] 100.00 (0.00) [1] 67.67 (0.86) [20] 97.57 (0.73) [11] 67.81 (0.64) [4] 35.61 (1.16) [33] 99.90 (0.09) [13] 83.41 (0.16) [12] 87.05 (0.93) [15] 40.16 (0.43) [42] 74.26 (0.42) [25] 93.86 (0.23) [5] 100.00 (0.00) [1] 100.00 (0.00) [1] 67.12 (0.89) [10] 93.63 (0.59) [10] 89.89 (0.29) [9]

LODA 54.13 (4.42) [42] 53.18 (2.29) [44] 56.99 (33.71) [45] 59.68 (3.18) [31] 86.20 (2.32) [34] 43.99 (3.05) [46] 30.75 (1.78) [49] 69.17 (12.58) [44] 70.78 (1.22) [32] 89.26 (1.53) [4] 74.61 (11.64) [11] 53.25 (13.09) [41] 64.93 (7.29) [40] 99.99 (0.01) [24] 99.69 (0.33) [30] 57.83 (3.11) [23] 36.59 (10.35) [46] 82.15 (2.78) [36]

LOF 56.63 (0.37) [27] 57.79 (0.39) [21] 99.98 (0.02) [10] 71.38 (0.94) [15] 94.67 (1.65) [23] 65.99 (0.41) [6] 45.60 (1.42) [13] 98.56 (0.69) [32] 83.52 (0.16) [10] 85.09 (0.67) [20] 71.70 (0.51) [15] 75.84 (0.18) [16] 92.89 (0.18) [9] 100.00 (0.00) [1] 100.00 (0.00) [1] 60.20 (0.92) [18] 96.40 (0.11) [3] 91.42 (0.24) [3]

MCD 56.02 (0.60) [34] 58.30 (1.80) [16] 99.95 (0.01) [15] 48.54 (1.77) [45] 96.27 (0.89) [19] 56.49 (6.45) [28] 31.94 (3.86) [43] 99.04 (0.44) [31] 73.83 (0.19) [27] 72.50 (1.00) [41] 39.54 (0.50) [45] 69.75 (1.28) [30] 87.84 (1.13) [26] 100.00 (0.00) [1] 93.25 (2.91) [40] 56.00 (0.49) [29] 65.32 (2.05) [29] 87.20 (0.40) [25]

PCA 56.33 (0.35) [31] 57.05 (0.62) [26] 99.94 (0.01) [16] 64.90 (0.89) [27] 90.15 (1.56) [32] 43.54 (0.46) [47] 29.97 (0.95) [50] 99.90 (0.04) [13] 70.76 (0.32) [33] 89.59 (0.71) [3] 80.50 (0.25) [3] 71.85 (0.12) [27] 90.26 (0.44) [20] 100.00 (0.00) [1] 100.00 (0.00) [1] 48.33 (0.59) [44] 57.99 (0.42) [33] 86.27 (0.33) [28]

DeepSVDD 48.62 (3.85) [51] 47.49 (2.81) [51] 61.02 (46.90) [44] 72.17 (3.46) [12] 97.92 (0.86) [10] 59.98 (1.39) [20] 36.12 (3.37) [30] 99.75 (0.25) [20] 63.08 (0.77) [44] 65.39 (10.62) [48] 49.10 (8.25) [35] 50.85 (13.04) [45] 68.09 (9.45) [36] 100.00 (0.00) [1] 100.00 (0.00) [1] 45.61 (8.64) [47] 52.12 (17.00) [35] 78.86 (2.57) [38]

INNE 57.95 (1.32) [16] 58.58 (0.78) [12] 99.98 (0.01) [10] 72.57 (0.89) [11] 96.94 (1.12) [16] 61.51 (1.55) [16] 36.02 (1.05) [31] 99.75 (0.16) [20] 77.99 (0.56) [16] 83.47 (1.24) [28] 72.20 (1.79) [13] 81.35 (0.43) [2] 92.21 (0.39) [14] 100.00 (0.00) [1] 99.99 (0.02) [25] 56.98 (0.93) [28] 75.66 (1.55) [24] 93.69 (0.39) [1]

KPCA 57.60 (0.34) [21] 57.21 (0.48) [25] 100.00 (0.00) [1] 76.05 (1.22) [7] 99.34 (0.20) [1] 60.64 (0.81) [18] 36.79 (1.32) [29] 100.00 (0.00) [1] 83.19 (0.13) [13] 88.50 (0.86) [6] 50.38 (0.29) [31] 78.57 (0.34) [8] 94.12 (0.28) [3] 100.00 (0.00) [1] 100.00 (0.00) [1] 66.91 (0.68) [11] 91.18 (0.61) [13] 89.33 (0.29) [12]

KDE 56.68 (0.44) [26] 57.89 (0.41) [20] 100.00 (0.00) [1] 75.38 (1.25) [8] 99.18 (0.42) [2] 63.91 (0.76) [12] 37.04 (1.15) [27] 100.00 (0.00) [1] 76.27 (0.30) [21] 87.41 (0.82) [12] 36.82 (0.38) [48] 74.57 (0.56) [23] 94.45 (0.24) [1] 100.00 (0.00) [1] 100.00 (0.00) [1] 67.33 (0.76) [8] 96.09 (0.34) [7] 89.53 (0.29) [11]

GMM 62.52 (0.26) [1] 61.42 (0.49) [4] 99.94 (0.01) [16] 80.11 (0.98) [3] 97.45 (0.77) [12] 44.95 (0.61) [44] 35.57 (1.11) [34] 99.98 (0.03) [7] 80.21 (0.19) [14] 87.66 (0.70) [10] 47.98 (0.35) [36] 74.95 (0.26) [21] 92.11 (0.35) [15] 100.00 (0.00) [1] 99.86 (0.05) [29] 65.59 (0.74) [14] 81.18 (0.87) [19] 88.62 (0.35) [16]

CBLOF 57.92 (0.30) [17] 57.66 (0.38) [23] 99.93 (0.01) [20] 64.95 (0.82) [25] 97.11 (0.65) [14] 56.84 (0.96) [26] 33.24 (1.05) [41] 99.85 (0.09) [19] 75.98 (0.32) [22] 84.19 (0.95) [25] 39.47 (0.29) [46] 72.29 (1.00) [26] 91.08 (0.59) [16] 0.00 (0.00) [51] 100.00 (0.00) [1] 59.58 (0.96) [21] 83.31 (1.69) [17] 91.31 (0.13) [5]

SOD 55.90 (0.36) [35] 51.08 (0.30) [49] 28.15 (30.32) [49] 56.56 (1.18) [35] 81.14 (2.63) [37] 53.56 (0.65) [33] 81.62 (0.88) [3] 64.17 (13.18) [45] 73.16 (0.38) [29] 79.19 (1.39) [33] 40.53 (0.39) [41] 57.15 (0.75) [37] 71.52 (0.60) [34] 15.80 (0.40) [50] 72.99 (4.59) [43] 60.19 (0.94) [20] 43.43 (1.01) [45] 66.27 (2.05) [42]

LUNAR 59.33 (0.49) [10] 59.90 (0.35) [8] 100.00 (0.00) [1] 78.10 (1.34) [5] 98.80 (0.40) [6] 68.55 (0.58) [2] 37.55 (1.00) [25] 100.00 (0.00) [1] 85.81 (0.15) [5] 87.91 (0.93) [9] 53.16 (0.30) [28] 75.26 (0.23) [19] 93.94 (0.20) [4] 99.99 (0.02) [24] 100.00 (0.00) [1] 62.77 (0.50) [16] 99.56 (0.15) [1] 88.93 (0.58) [13]

SOGAAL 54.65 (1.61) [40] 53.63 (0.68) [41] 78.65 (1.16) [42] 39.14 (6.29) [51] 75.86 (2.66) [43] 48.06 (3.28) [41] 35.27 (6.64) [35] 39.00 (21.52) [48] 50.22 (2.93) [49] 77.82 (3.58) [35] 75.41 (0.81) [10] 75.38 (4.46) [18] 65.83 (5.17) [39] 62.55 (8.13) [43] 98.58 (2.28) [34] 51.32 (6.11) [38] 30.86 (7.90) [47] 77.26 (5.02) [39]

ALAD 52.10 (5.58) [47] 51.76 (3.66) [47] 92.24 (8.77) [39] 51.89 (3.58) [38] 51.99 (13.65) [49] 42.63 (2.33) [48] 48.84 (6.25) [9] 73.60 (17.58) [43] 53.78 (7.39) [48] 59.04 (19.74) [49] 65.17 (15.51) [22] 55.01 (1.99) [40] 58.24 (10.33) [45] 66.56 (12.57) [42] 45.35 (10.47) [50] 49.05 (7.71) [42] 60.59 (17.41) [31] 67.99 (16.72) [41]

AE 52.42 (0.38) [46] 60.07 (0.29) [7] 100.00 (0.00) [1] 65.86 (0.87) [22] 98.01 (0.61) [9] 53.69 (0.67) [32] 35.26 (1.05) [36] 99.89 (0.11) [18] 84.30 (0.21) [7] 85.85 (1.00) [18] 46.50 (0.36) [38] 79.92 (0.23) [3] 93.18 (0.37) [8] 100.00 (0.00) [1] 100.00 (0.00) [1] 63.92 (0.94) [15] 87.61 (0.56) [15] 90.41 (0.25) [7]

CD 58.60 (0.49) [14] 53.46 (0.67) [42] 99.43 (0.08) [29] 50.00 (0.00) [41] 92.48 (1.58) [29] 44.94 (0.78) [45] 78.74 (1.10) [4] 79.17 (6.28) [41] 73.75 (0.34) [28] 83.48 (1.27) [27] 37.13 (1.15) [47] 50.45 (1.30) [47] 71.09 (6.75) [35] 99.62 (0.14) [32] 67.66 (5.35) [44] 57.63 (0.98) [25] 45.37 (6.14) [43] 86.79 (2.59) [26]

MOGAAL 54.39 (1.90) [41] 53.22 (0.59) [43] 68.36 (18.80) [43] 42.03 (6.03) [48] 76.14 (3.11) [42] 54.56 (2.86) [31] 38.62 (5.70) [24] 41.94 (15.63) [47] 43.98 (4.14) [50] 70.31 (2.54) [42] 71.17 (1.39) [18] 79.07 (4.33) [6] 66.58 (8.34) [38] 58.73 (8.84) [44] 98.62 (1.68) [33] 48.90 (4.96) [43] 29.08 (5.95) [48] 60.86 (9.54) [47]

QMCD 55.87 (0.46) [36] 54.81 (0.39) [37] 99.74 (0.06) [26] 50.00 (0.00) [41] 59.54 (4.43) [47] 62.95 (0.77) [14] 55.78 (1.53) [6] 8.52 (4.53) [50] 71.57 (0.29) [31] 69.49 (1.49) [44] 73.50 (0.21) [12] 81.38 (0.24) [1] 64.73 (0.77) [41] 99.93 (0.02) [28] 18.40 (3.07) [51] 53.45 (0.68) [34] 12.85 (1.22) [50] 42.44 (1.02) [50]

Sampling 56.31 (2.74) [33] 56.30 (3.69) [32] 99.93 (0.02) [20] 64.91 (1.92) [26] 97.07 (0.69) [15] 56.86 (6.90) [25] 31.17 (2.79) [46] 99.90 (0.10) [13] 75.95 (2.37) [23] 82.35 (4.59) [29] 57.01 (18.11) [25] 67.98 (5.28) [32] 89.10 (1.27) [23] 100.00 (0.00) [1] 100.00 (0.00) [1] 59.44 (5.11) [22] 71.51 (6.66) [27] 88.50 (2.08) [18]

EIF 59.21 (0.89) [11] 58.40 (0.97) [15] 99.45 (0.13) [28] 62.88 (5.56) [30] 94.91 (1.12) [20] 57.91 (1.18) [22] 31.64 (1.47) [44] 99.93 (0.11) [10] 77.53 (1.26) [17] 87.94 (0.70) [8] 79.20 (0.86) [6] 76.93 (1.13) [13] 87.94 (2.09) [25] 100.00 (0.01) [1] 96.40 (3.09) [37] 57.43 (2.19) [27] 79.14 (3.97) [23] 82.82 (0.94) [35]

Ensemble 56.63 (0.37) [27] 57.79 (0.39) [21] 99.98 (0.02) [10] 71.38 (0.94) [15] 94.67 (1.65) [23] 65.99 (0.41) [6] 45.60 (1.42) [13] 98.56 (0.69) [32] 83.52 (0.16) [10] 85.09 (0.67) [20] 71.70 (0.51) [15] 75.84 (0.18) [16] 92.89 (0.18) [9] 100.00 (0.00) [1] 100.00 (0.00) [1] 60.20 (0.92) [18] 96.40 (0.11) [3] 91.42 (0.24) [3]

GEN2OUT 59.65 (0.42) [9] 59.60 (1.39) [9] 99.94 (0.01) [16] 57.34 (5.48) [33] 89.86 (3.09) [33] 63.54 (2.00) [13] 31.04 (2.34) [47] 99.15 (0.28) [30] 74.32 (1.16) [26] 87.37 (1.31) [13] 78.50 (1.03) [8] 77.35 (1.10) [11] 72.21 (4.14) [33] 100.00 (0.00) [1] 100.00 (0.00) [1] 53.49 (0.91) [33] 72.72 (6.03) [26] 85.63 (0.57) [30]

DynamicHBOS 52.66 (0.23) [45] 52.92 (0.15) [45] 96.66 (0.73) [36] 50.23 (0.77) [40] 51.27 (1.41) [50] 60.04 (0.24) [19] 40.10 (2.16) [20] 94.89 (0.89) [37] 64.11 (0.32) [41] 66.45 (0.95) [46] 71.59 (0.40) [17] 58.12 (0.19) [36] 52.61 (0.39) [46] 94.89 (0.18) [36] 62.67 (0.34) [45] 47.94 (0.35) [46] 79.89 (1.45) [21] 58.43 (0.92) [48]

COF 55.45 (0.72) [37] 54.11 (0.47) [40] 5.18 (1.76) [50] 41.59 (2.37) [49] 82.59 (1.56) [36] 54.98 (0.68) [30] 88.05 (0.88) [1] 44.92 (7.06) [46] 64.20 (0.47) [40] 69.15 (1.91) [45] 51.10 (0.54) [30] 53.15 (0.30) [43] 61.79 (1.00) [43] 54.77 (0.47) [45] 57.88 (2.12) [47] 52.70 (1.30) [36] 45.17 (1.14) [44] 63.74 (2.62) [45]

ABOD 57.03 (0.26) [24] 56.95 (0.37) [29] 92.88 (0.20) [37] 76.25 (1.11) [6] 74.07 (4.83) [45] 67.19 (0.49) [5] 39.13 (1.62) [22] 15.70 (6.85) [49] 84.45 (0.12) [6] 58.88 (1.23) [50] 55.79 (0.29) [26] 79.83 (0.20) [4] 93.80 (0.37) [6] 100.00 (0.00) [1] 99.96 (0.02) [27] 66.88 (0.29) [12] 91.61 (0.22) [12] 88.60 (0.32) [17]

LMDD 50.51 (0.78) [50] 55.82 (1.51) [33] 99.93 (0.02) [20] 57.32 (0.86) [34] 78.02 (4.82) [39] 37.23 (3.46) [51] 35.17 (5.19) [37] 99.90 (0.06) [13] 59.75 (4.07) [45] 83.49 (0.40) [26] 62.47 (10.04) [23] 55.50 (3.68) [39] 67.65 (4.00) [37] 94.96 (9.61) [35] 100.00 (0.00) [1] 50.60 (3.82) [40] 50.59 (1.90) [37] 65.86 (1.37) [43]

DAGMM 51.51 (3.57) [48] 51.80 (1.24) [46] 91.74 (15.79) [40] 50.39 (4.68) [39] 77.09 (6.70) [40] 57.05 (2.72) [24] 37.33 (7.32) [26] 93.88 (5.47) [38] 56.88 (5.64) [47] 75.68 (13.42) [37] 69.87 (9.13) [19] 60.93 (4.48) [35] 73.93 (4.99) [32] 85.88 (18.60) [41] 91.48 (5.42) [41] 54.43 (5.64) [32] 46.93 (16.72) [42] 85.64 (4.71) [29]

DROCC 55.11 (1.09) [39] 54.54 (1.36) [38] 50.00 (0.00) [48] 58.36 (7.63) [32] 54.96 (13.32) [48] 52.64 (1.52) [34] 46.74 (12.97) [11] 6.34 (7.25) [51] 78.77 (0.52) [15] 81.17 (2.09) [31] 39.63 (1.72) [44] 56.00 (3.63) [38] 85.60 (2.16) [28] 100.00 (0.00) [1] 46.62 (33.78) [49] 65.76 (4.51) [13] 84.73 (8.54) [16] 90.14 (2.19) [8]

GOAD 53.91 (1.80) [43] 50.73 (0.61) [50] 99.69 (0.11) [27] 65.26 (0.81) [24] 92.97 (1.99) [28] 39.79 (2.52) [50] 30.81 (1.17) [48] 99.93 (0.06) [10] 69.88 (4.40) [36] 66.06 (7.81) [47] 32.77 (0.99) [51] 50.51 (3.05) [46] 90.88 (0.94) [17] 28.10 (6.57) [48] 100.00 (0.00) [1] 55.32 (3.36) [31] 67.36 (7.32) [28] 88.31 (1.29) [19]

ICL 57.81 (0.46) [19] 58.51 (1.01) [13] 99.99 (0.01) [9] 71.76 (1.35) [13] 98.88 (0.39) [5] 65.14 (0.73) [9] 42.69 (1.24) [17] 99.99 (0.02) [5] 76.71 (1.17) [20] 74.13 (5.40) [39] 47.47 (2.70) [37] 78.30 (0.27) [9] 89.42 (0.63) [22] 94.58 (6.11) [38] 99.39 (0.25) [32] 69.13 (1.48) [6] 96.38 (0.37) [5] 88.86 (0.62) [14]

PlanarFlow 59.92 (4.11) [7] 55.52 (0.95) [35] 99.37 (0.09) [31] 69.22 (1.28) [17] 97.31 (0.96) [13] 49.45 (1.65) [37] 39.22 (4.83) [21] 99.36 (0.65) [26] 77.00 (2.27) [19] 78.34 (5.78) [34] 78.69 (0.43) [7] 67.26 (0.94) [33] 82.97 (1.51) [29] 99.99 (0.02) [24] 76.80 (20.48) [42] 45.52 (3.77) [48] 27.15 (8.92) [49] 84.80 (2.17) [31]

VAE 56.40 (0.36) [30] 56.96 (0.63) [28] 99.94 (0.01) [16] 64.90 (0.89) [27] 90.28 (1.65) [31] 60.80 (0.78) [17] 29.87 (0.95) [51] 99.91 (0.06) [12] 70.76 (0.33) [33] 89.13 (0.70) [5] 80.50 (0.25) [3] 71.85 (0.13) [27] 90.26 (0.44) [20] 100.00 (0.00) [1] 100.00 (0.00) [1] 48.23 (0.75) [45] 57.99 (0.42) [33] 86.31 (0.33) [27]

GANomaly 57.81 (2.28) [19] 56.45 (2.14) [31] 54.00 (37.06) [46] 68.79 (0.67) [18] 94.08 (1.65) [26] 51.62 (6.56) [36] 34.11 (1.73) [40] 99.31 (0.70) [28] 59.54 (1.58) [46] 85.50 (5.86) [19] 80.58 (1.97) [2] 64.58 (0.49) [34] 78.11 (5.33) [31] 88.96 (22.06) [40] 100.00 (0.00) [1] 49.12 (2.96) [41] 73.18 (11.54) [25] 75.40 (9.24) [40]

SLAD 56.45 (0.50) [29] 58.16 (0.46) [17] 99.92 (0.06) [23] 75.19 (0.74) [9] 98.44 (0.51) [7] 64.15 (0.71) [10] 36.96 (1.08) [28] 99.99 (0.02) [5] 71.90 (0.16) [30] 74.64 (1.28) [38] 39.64 (0.48) [43] 71.61 (0.50) [29] 90.49 (0.49) [19] 99.63 (0.24) [31] 100.00 (0.00) [1] 70.83 (0.35) [4] 94.71 (0.37) [9] 87.90 (0.58) [21]

DIF 56.86 (0.51) [25] 56.65 (0.39) [30] 99.37 (0.08) [31] 42.34 (0.79) [47] 93.91 (1.88) [27] 56.50 (0.55) [27] 74.49 (1.13) [5] 99.72 (0.28) [22] 63.92 (0.39) [42] 73.24 (0.95) [40] 34.22 (0.45) [50] 53.24 (0.79) [42] 51.19 (1.35) [47] 93.43 (1.90) [39] 97.74 (0.34) [35] 67.23 (0.57) [9] 48.00 (1.07) [41] 87.88 (0.39) [22]

DDPM 53.07 (0.52) [44] 54.48 (0.52) [39] 100.00 (0.00) [1] 63.29 (1.42) [29] 94.51 (0.67) [25] 49.23 (0.58) [38] 42.14 (2.21) [18] 97.93 (1.67) [35] 70.03 (0.63) [35] 69.76 (0.88) [43] 68.80 (0.31) [21] 69.70 (0.69) [31] 81.83 (0.53) [30] 99.80 (0.12) [29] 99.98 (0.03) [26] 57.58 (0.47) [26] 59.66 (1.01) [32] 84.12 (0.91) [33]

DTE-IG 61.77 (0.56) [4] 51.42 (11.59) [48] 50.50 (43.90) [47] 71.61 (1.52) [14] 76.74 (37.46) [41] 48.26 (1.11) [40] 44.84 (3.05) [15] 79.96 (39.98) [40] 42.35 (36.43) [51] 86.09 (3.63) [16] 35.79 (4.89) [49] 23.56 (0.29) [51] 26.35 (29.31) [51] 20.00 (40.00) [49] 60.00 (48.99) [46] 55.69 (9.67) [30] 9.79 (1.80) [51] 46.42 (35.22) [49]

DTE-C 59.73 (0.91) [8] 61.64 (0.69) [2] 99.78 (0.25) [25] 78.39 (1.81) [4] 96.74 (1.25) [17] 51.94 (0.74) [35] 38.67 (1.46) [23] 99.22 (0.38) [29] 87.05 (0.35) [4] 84.91 (2.23) [23] 69.29 (1.69) [20] 78.73 (0.64) [7] 87.95 (0.71) [24] 100.00 (0.00) [1] 100.00 (0.00) [1] 70.40 (0.83) [5] 82.11 (3.30) [18] 90.63 (0.39) [6]

DTENonParametric 58.10 (0.52) [15] 59.30 (0.36) [10] 99.96 (0.01) [14] 67.69 (0.67) [19] 98.29 (0.53) [8] 68.48 (0.58) [3] 55.72 (0.51) [7] 98.30 (0.74) [34] 83.98 (0.15) [9] 87.16 (0.90) [14] 40.54 (0.43) [40] 74.88 (0.39) [22] 94.22 (0.24) [2] 100.00 (0.00) [1] 94.16 (0.24) [38] 68.31 (0.91) [7] 94.96 (0.42) [8] 87.83 (0.16) [23]

MCM 58.96 (0.51) [12] 61.78 (0.54) [1] 99.98 (0.02) [10] 66.89 (0.77) [21] 94.77 (1.79) [22] 57.90 (0.73) [23] 35.80 (1.19) [32] 99.96 (0.09) [9] 88.66 (0.06) [1] 79.81 (0.61) [32] 53.19 (0.27) [27] 75.04 (0.40) [20] 93.64 (0.35) [7] 99.05 (1.26) [33] 100.00 (0.00) [1] 73.72 (0.73) [3] 92.00 (0.64) [11] 89.75 (0.32) [10]

3WNCROD 51.29 (0.59) [49] 57.42 (0.25) [24] 4.01 (1.61) [51] 50.00 (0.00) [41] 33.32 (3.84) [51] 56.24 (0.75) [29] 54.56 (1.74) [8] 80.08 (3.69) [39] 64.21 (0.24) [39] 77.47 (0.68) [36] 50.00 (0.00) [32] 50.00 (0.00) [48] 50.00 (0.00) [48] 49.99 (0.01) [46] 96.49 (0.60) [36] 32.06 (2.12) [51] 50.00 (0.00) [38] 30.89 (0.78) [51]

ODIN 58.61 (0.32) [13] 57.00 (0.46) [27] 81.37 (1.06) [41] 39.19 (1.60) [50] 83.25 (0.81) [35] 48.87 (0.45) [39] 83.16 (0.92) [2] 78.74 (1.27) [42] 63.71 (0.35) [43] 41.81 (1.05) [51] 52.60 (0.43) [29] 52.38 (0.39) [44] 60.30 (0.47) [44] 47.92 (0.13) [47] 53.06 (2.39) [48] 50.91 (0.56) [39] 51.76 (0.67) [36] 62.95 (0.61) [46]

NCSBAD (Ours) 57.21 (0.47) [23] 58.06 (1.00) [18] 99.91 (0.16) [24] 82.91 (1.02) [2] 99.13 (0.09) [3] 64.07 (0.57) [11] 43.03 (1.52) [16] 99.97 (0.06) [8] 88.04 (0.11) [2] 81.48 (0.75) [30] 46.15 (1.05) [39] 76.32 (0.55) [15] 92.60 (0.47) [12] 100.00 (0.00) [1] 100.00 (0.00) [1] 76.98 (1.28) [2] 97.21 (0.35) [2] 84.76 (0.67) [32]

NCSBADVAL (Ours) 62.32 (1.63) [3] 61.26 (0.91) [5] 100.00 (0.00) [1] 82.97 (1.12) [1] 99.10 (0.12) [4] 62.47 (2.31) [15] 48.77 (2.88) [10] 99.90 (0.13) [13] 87.54 (2.14) [3] 84.98 (3.10) [22] 58.68 (8.90) [24] 79.71 (2.52) [5] 92.37 (1.87) [13] 100.00 (0.00) [1] 100.00 (0.00) [1] 77.12 (5.92) [1] 79.85 (0.72) [22] 87.81 (0.85) [24]

Table 10: Mean, standard deviation and rank AUC-ROC performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 2
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Model Parkinson pendigits pen-global pen-local Pima satellite satimage-2 seismic-bumps shuttle skin smtp SpamBase speech Stamps thyroid vertebral vowels Waveform

IForest 85.02 (2.10) [24] 96.83 (0.73) [18] 94.53 (1.07) [24] 82.46 (2.84) [27] 75.63 (1.42) [13] 76.76 (1.98) [25] 99.09 (0.20) [24] 60.44 (3.07) [36] 99.62 (0.08) [23] 89.22 (0.72) [15] 91.06 (2.37) [19] 83.63 (1.06) [7] 38.73 (3.09) [37] 94.45 (0.91) [18] 99.10 (0.23) [2] 43.67 (2.61) [38] 62.47 (4.30) [30] 72.13 (2.68) [16]

OCSVM 85.38 (1.69) [22] 96.04 (0.29) [20] 97.54 (0.20) [17] 64.99 (5.46) [38] 72.14 (1.66) [21] 73.72 (0.73) [31] 99.58 (0.12) [9] 62.28 (2.24) [31] 99.60 (0.02) [24] 90.10 (0.21) [12] 85.85 (4.97) [32] 81.56 (0.42) [17] 38.20 (2.11) [43] 94.74 (1.29) [14] 98.70 (0.17) [11] 49.03 (2.15) [23] 77.20 (2.63) [26] 71.39 (1.50) [19]

COPOD 55.62 (1.79) [39] 90.27 (0.55) [31] 79.03 (2.01) [36] 56.33 (3.63) [41] 69.09 (1.95) [29] 68.30 (0.74) [40] 97.83 (0.42) [32] 50.00 (0.00) [46] 99.58 (0.12) [25] 65.33 (0.26) [34] 92.32 (1.96) [15] 73.27 (0.77) [34] 38.39 (2.41) [41] 94.05 (0.53) [20] 94.86 (0.28) [33] 26.80 (3.02) [50] 49.14 (3.17) [42] 73.82 (1.28) [13]

ECOD 40.86 (2.24) [45] 92.55 (0.39) [29] 77.03 (2.95) [39] 57.79 (3.89) [40] 63.92 (1.29) [35] 62.55 (0.59) [45] 97.01 (0.44) [35] 50.00 (0.00) [46] 99.46 (0.05) [27] 50.73 (0.26) [45] 90.31 (3.34) [23] 70.62 (0.75) [35] 37.86 (2.31) [48] 89.44 (1.14) [30] 98.12 (0.16) [22] 42.77 (3.34) [39] 62.06 (2.91) [32] 61.65 (2.27) [35]

FeatureBagging 84.92 (3.00) [25] 99.45 (0.07) [9] 98.19 (1.00) [13] 98.81 (0.60) [3] 71.91 (2.37) [23] 80.11 (0.51) [12] 99.57 (0.24) [10] 71.44 (8.92) [23] 86.20 (7.80) [37] 78.52 (1.06) [27] 83.47 (3.09) [36] 68.88 (1.43) [37] 39.33 (2.18) [33] 94.92 (1.83) [13] 93.76 (1.99) [36] 60.55 (1.58) [12] 85.78 (2.23) [12] 76.84 (1.41) [3]

HBOS 94.41 (1.21) [14] 93.14 (0.43) [25] 78.28 (1.75) [38] 77.57 (4.42) [32] 75.88 (1.30) [11] 85.36 (0.43) [2] 97.86 (0.33) [31] 68.71 (2.37) [25] 98.57 (0.06) [33] 76.64 (0.25) [28] 87.47 (6.43) [28] 77.29 (0.63) [29] 38.43 (2.44) [40] 92.41 (0.36) [24] 98.78 (0.10) [8] 37.64 (2.88) [45] 54.43 (2.76) [38] 70.73 (1.38) [20]

KNN 92.94 (1.50) [15] 99.84 (0.03) [3] 99.92 (0.05) [6] 98.54 (1.02) [7] 78.10 (2.06) [7] 82.21 (0.60) [6] 99.77 (0.15) [5] 70.53 (1.10) [24] 99.92 (0.01) [10] 99.51 (0.07) [2] 93.51 (2.77) [12] 83.19 (0.35) [8] 38.00 (2.30) [46] 96.49 (1.26) [7] 98.87 (0.13) [5] 55.99 (3.84) [16] 82.88 (3.18) [16] 74.52 (1.25) [12]

LODA 75.67 (6.81) [34] 92.65 (2.18) [27] 85.53 (4.85) [34] 56.19 (8.57) [42] 65.46 (7.60) [33] 69.44 (1.34) [38] 98.62 (0.80) [28] 29.36 (10.92) [50] 65.45 (27.75) [43] 74.49 (5.26) [29] 75.86 (10.36) [44] 77.06 (5.83) [30] 40.08 (3.25) [29] 92.41 (2.18) [24] 96.07 (1.34) [29] 31.24 (4.46) [47] 57.18 (8.27) [35] 62.40 (5.03) [33]

LOF 82.84 (2.27) [28] 98.99 (0.14) [10] 98.10 (0.72) [15] 98.62 (0.69) [5] 70.41 (2.39) [24] 80.30 (0.52) [10] 99.49 (0.27) [14] 62.52 (0.66) [29] 99.98 (0.01) [3] 86.37 (1.68) [23] 95.48 (2.18) [4] 73.65 (0.73) [32] 39.16 (2.26) [34] 94.58 (1.83) [16] 93.44 (0.92) [38] 60.86 (1.30) [10] 86.64 (2.88) [9] 75.00 (1.57) [7]

MCD 85.37 (2.38) [23] 83.53 (0.87) [36] 87.31 (0.96) [31] 67.56 (2.19) [37] 74.28 (1.60) [16] 72.64 (3.83) [33] 99.91 (0.03) [1] 77.48 (2.84) [18] 98.99 (0.03) [31] 88.34 (0.28) [19] 95.17 (0.89) [7] 80.58 (1.24) [25] 40.45 (2.10) [27] 85.06 (1.79) [34] 98.65 (0.23) [14] 45.93 (1.47) [35] 26.53 (1.53) [48] 58.99 (1.73) [40]

PCA 79.50 (1.91) [31] 93.95 (0.34) [23] 86.17 (2.59) [33] 49.27 (4.19) [44] 73.75 (1.30) [19] 66.54 (0.79) [43] 97.91 (0.52) [30] 0.00 (0.00) [51] 99.32 (0.03) [29] 59.47 (0.22) [39] 85.52 (6.46) [33] 81.26 (0.39) [22] 38.02 (2.12) [45] 94.04 (1.14) [21] 98.70 (0.19) [11] 40.95 (2.79) [41] 54.28 (3.75) [39] 66.40 (1.98) [28]

DeepSVDD 98.88 (0.37) [9] 41.73 (6.48) [50] 91.66 (3.13) [28] 67.67 (11.76) [36] 57.57 (4.12) [42] 76.39 (1.99) [27] 93.96 (2.37) [40] 96.99 (0.77) [3] 99.83 (0.04) [14] 58.38 (3.91) [41] 88.98 (9.25) [25] 67.91 (3.70) [38] 52.41 (4.18) [4] 71.65 (2.13) [42] 87.52 (6.00) [46] 45.06 (2.12) [37] 56.40 (5.48) [36] 58.53 (3.86) [41]

INNE 91.19 (1.25) [18] 92.61 (1.09) [28] 98.16 (0.62) [14] 81.30 (2.15) [29] 74.35 (1.73) [15] 78.36 (1.05) [18] 99.78 (0.13) [4] 58.83 (2.11) [38] 99.86 (0.03) [13] 91.49 (1.00) [8] 92.72 (3.00) [13] 81.73 (0.45) [16] 40.08 (2.04) [29] 95.59 (1.60) [9] 98.79 (0.14) [7] 48.23 (2.42) [26] 86.09 (2.23) [11] 76.56 (0.96) [4]

KPCA 99.98 (0.04) [1] 99.65 (0.04) [7] 99.93 (0.02) [3] 97.60 (0.73) [12] 86.85 (1.35) [1] 78.98 (0.70) [15] 99.77 (0.12) [5] 88.36 (0.56) [11] 99.95 (0.01) [8] 99.33 (0.07) [3] 91.00 (3.32) [21] 84.42 (0.41) [4] 42.44 (2.03) [24] 99.25 (0.62) [1] 98.85 (0.13) [6] 93.47 (2.12) [1] 80.35 (3.29) [22] 77.24 (0.84) [2]

KDE 99.89 (0.04) [5] 99.82 (0.03) [4] 99.96 (0.02) [2] 97.92 (0.88) [9] 79.90 (1.71) [5] 81.71 (0.61) [8] 99.72 (0.10) [7] 66.90 (1.80) [27] 99.68 (0.03) [19] 88.87 (0.19) [16] 88.95 (3.85) [27] 84.00 (0.44) [6] 51.86 (3.72) [6] 98.98 (0.55) [2] 98.76 (0.13) [9] 39.61 (2.23) [43] 79.68 (3.59) [23] 76.23 (1.17) [6]

GMM 99.25 (0.35) [7] 84.77 (0.84) [35] 99.09 (0.32) [12] 82.97 (3.03) [25] 74.08 (1.62) [17] 78.44 (0.74) [17] 99.69 (0.03) [8] 97.38 (0.38) [2] 99.37 (0.03) [28] 88.76 (0.29) [17] 82.59 (5.96) [38] 80.56 (0.40) [26] 39.71 (2.12) [31] 93.73 (1.78) [23] 98.37 (0.29) [19] 46.73 (2.78) [32] 82.41 (3.23) [18] 59.12 (1.77) [39]

CBLOF 92.56 (0.78) [16] 96.53 (0.43) [19] 95.61 (0.97) [23] 89.79 (1.01) [20] 72.95 (1.83) [20] 72.57 (0.73) [34] 99.37 (0.18) [18] 61.60 (3.88) [34] 99.71 (0.03) [17] 91.69 (0.20) [7] 88.98 (4.96) [25] 81.36 (0.58) [20] 37.52 (2.01) [50] 94.09 (1.31) [19] 98.71 (0.27) [10] 53.05 (0.97) [20] 78.28 (3.41) [24] 71.49 (1.64) [18]

SOD 48.33 (3.63) [40] 61.76 (2.58) [45] 78.66 (4.51) [37] 97.16 (2.20) [14] 51.66 (1.71) [46] 54.04 (0.93) [49] 77.14 (1.57) [47] 78.03 (1.70) [17] 58.95 (0.88) [45] 60.39 (0.75) [38] 81.11 (12.10) [41] 63.74 (0.81) [40] 42.45 (1.31) [23] 59.27 (8.19) [46] 92.48 (1.11) [43] 30.78 (4.20) [48] 87.15 (0.82) [7] 60.67 (1.08) [37]

LUNAR 98.96 (0.91) [8] 99.94 (0.01) [1] 99.93 (0.05) [3] 99.09 (0.87) [1] 80.35 (3.26) [3] 82.31 (0.55) [5] 99.47 (0.29) [16] 94.98 (0.38) [6] 99.98 (0.00) [3] 98.89 (0.19) [4] 94.19 (2.47) [11] 81.52 (1.26) [18] 46.96 (4.89) [14] 98.10 (0.57) [4] 98.53 (0.22) [17] 77.13 (4.55) [3] 83.94 (3.70) [14] 73.69 (1.75) [15]

SOGAAL 43.58 (23.06) [42] 73.86 (9.48) [41] 40.77 (11.35) [50] 32.61 (7.89) [50] 33.02 (6.82) [50] 65.28 (2.15) [44] 90.23 (1.83) [45] 52.07 (11.54) [44] 7.26 (8.82) [50] 69.25 (0.92) [31] 68.34 (5.92) [48] 43.25 (7.06) [49] 42.47 (4.20) [22] 82.24 (9.08) [37] 96.39 (0.49) [26] 63.83 (6.44) [8] 18.56 (10.78) [49] 47.31 (5.11) [48]

ALAD 68.96 (6.88) [37] 42.24 (14.26) [49] 59.68 (7.97) [48] 41.70 (23.98) [47] 58.71 (3.68) [39] 48.50 (5.95) [51] 52.66 (17.80) [50] 56.37 (2.56) [42] 65.40 (18.10) [44] 63.83 (16.72) [36] 82.17 (9.99) [40] 61.66 (7.81) [42] 52.13 (2.01) [5] 60.27 (17.44) [45] 87.08 (12.55) [47] 53.50 (17.30) [18] 48.86 (14.96) [43] 58.29 (6.45) [42]

AE 85.71 (1.11) [21] 98.28 (0.16) [13] 99.76 (0.12) [9] 88.80 (1.34) [23] 70.07 (2.25) [27] 78.23 (0.65) [19] 99.90 (0.02) [2] 63.91 (1.68) [28] 99.53 (0.04) [26] 83.86 (1.46) [25] 87.44 (6.01) [29] 82.15 (0.36) [13] 38.37 (2.08) [42] 95.07 (1.32) [12] 96.23 (0.36) [28] 54.64 (2.22) [17] 82.10 (3.47) [19] 67.82 (1.36) [25]

CD 41.49 (3.63) [43] 56.16 (2.48) [46] 81.29 (2.98) [35] 81.43 (2.49) [28] 69.04 (1.64) [30] 55.84 (0.65) [47] 92.17 (0.46) [42] 93.00 (2.42) [9] 77.19 (1.12) [40] 73.19 (0.55) [30] 80.21 (5.76) [43] 54.00 (3.97) [45] 40.79 (1.82) [26] 76.84 (3.70) [40] 91.17 (0.44) [44] 46.46 (4.86) [33] 91.87 (1.68) [2] 55.96 (1.65) [43]

MOGAAL 39.92 (18.18) [46] 76.96 (5.61) [40] 46.10 (14.76) [49] 34.66 (5.27) [49] 29.26 (2.69) [51] 67.67 (1.45) [41] 90.76 (1.41) [44] 52.00 (10.53) [45] 1.92 (0.49) [51] 42.67 (14.46) [49] 70.50 (5.62) [46] 45.66 (7.71) [48] 42.69 (3.82) [21] 78.86 (3.41) [39] 88.25 (4.49) [45] 63.99 (9.23) [7] 14.78 (8.27) [50] 48.84 (4.67) [47]

QMCD 69.96 (1.85) [36] 90.40 (0.57) [30] 66.00 (3.80) [44] 89.39 (2.88) [22] 77.23 (1.95) [8] 79.60 (0.55) [14] 99.17 (0.22) [22] 79.37 (1.97) [16] 72.18 (0.42) [42] 62.07 (0.24) [37] 72.76 (17.50) [45] 70.48 (0.47) [36] 53.98 (2.20) [2] 88.86 (3.58) [32] 67.18 (3.36) [48] 38.56 (3.02) [44] 47.51 (2.63) [44] 74.77 (1.49) [10]

Sampling 91.87 (2.22) [17] 93.51 (2.76) [24] 95.84 (3.12) [22] 82.52 (9.96) [26] 71.96 (3.94) [22] 78.63 (2.41) [16] 99.37 (0.54) [18] 61.64 (4.52) [33] 99.65 (0.02) [22] 90.88 (0.49) [10] 91.82 (2.67) [17] 81.19 (0.71) [24] 38.46 (3.07) [39] 92.22 (3.28) [26] 98.56 (0.45) [16] 48.14 (5.32) [27] 59.62 (13.80) [34] 69.99 (4.83) [22]

EIF 90.70 (1.42) [19] 97.06 (0.60) [17] 96.17 (0.70) [21] 78.21 (4.67) [31] 76.70 (1.23) [9] 77.27 (1.03) [24] 99.50 (0.28) [13] 72.85 (1.64) [20] 99.68 (0.08) [19] 90.38 (0.58) [11] 90.34 (2.70) [22] 86.01 (1.01) [1] 38.56 (5.19) [38] 94.61 (1.10) [15] 98.94 (0.21) [3] 46.76 (2.85) [31] 65.53 (3.40) [29] 74.97 (2.70) [9]

Ensemble 82.84 (2.27) [28] 98.99 (0.14) [10] 98.10 (0.72) [15] 98.62 (0.69) [5] 70.41 (2.39) [24] 80.30 (0.52) [10] 99.49 (0.27) [14] 62.52 (0.66) [29] 99.98 (0.01) [3] 86.37 (1.68) [23] 95.48 (2.18) [4] 73.65 (0.73) [32] 39.16 (2.26) [34] 94.58 (1.83) [16] 93.44 (0.92) [38] 60.86 (1.30) [10] 86.64 (2.88) [9] 75.00 (1.57) [7]

GEN2OUT 87.80 (1.81) [20] 97.11 (0.40) [16] 92.37 (0.89) [26] 76.94 (4.39) [33] 76.42 (1.68) [10] 78.06 (0.95) [20] 99.03 (0.50) [25] 72.42 (3.68) [21] 99.70 (0.03) [18] 89.78 (0.86) [13] 91.03 (3.21) [20] 81.98 (2.11) [14] 37.99 (1.03) [47] 95.51 (0.39) [10] 99.15 (0.28) [1] 46.84 (2.47) [29] 66.70 (3.64) [28] 70.71 (2.76) [21]

DynamicHBOS 84.43 (1.24) [26] 85.30 (1.08) [33] 67.14 (3.00) [43] 59.72 (3.36) [39] 65.39 (1.28) [34] 76.36 (0.55) [28] 92.55 (0.74) [41] 58.56 (1.31) [39] 93.61 (0.07) [35] 57.77 (0.29) [42] 84.03 (3.67) [34] 62.30 (0.23) [41] 44.94 (1.77) [18] 83.43 (5.12) [35] 94.14 (0.30) [35] 46.32 (1.73) [34] 56.07 (2.69) [37] 52.77 (1.30) [44]

COF 32.84 (3.66) [48] 50.13 (1.88) [47] 63.40 (8.29) [47] 96.81 (2.91) [15] 48.19 (6.49) [48] 55.48 (0.84) [48] 49.47 (3.99) [51] 87.23 (0.90) [12] 53.24 (0.77) [46] 55.82 (0.34) [43] 91.72 (3.96) [18] 35.68 (1.18) [51] 33.09 (2.70) [51] 54.23 (7.22) [48] 47.69 (2.58) [51] 35.06 (7.61) [46] 93.57 (1.30) [1] 67.77 (1.32) [26]

ABOD 36.93 (7.88) [47] 99.46 (0.04) [8] 96.93 (0.54) [19] 97.25 (0.41) [13] 69.18 (1.60) [28] 82.09 (0.62) [7] 99.21 (0.20) [21] 80.75 (0.58) [14] 99.99 (0.00) [1] 37.31 (0.64) [50] 92.15 (2.61) [16] 83.08 (0.27) [9] 48.35 (3.64) [12] 68.91 (2.80) [44] 97.03 (0.28) [23] 24.40 (2.87) [51] 82.44 (2.85) [17] 74.76 (2.11) [11]

LMDD 64.28 (9.44) [38] 92.89 (0.92) [26] 74.40 (4.56) [40] 44.05 (9.11) [46] 58.56 (10.06) [40] 59.31 (4.77) [46] 68.79 (10.36) [48] 56.88 (3.00) [41] 98.79 (0.36) [32] 45.03 (6.29) [48] 80.87 (6.28) [42] 56.13 (0.82) [44] 47.44 (2.43) [13] 91.09 (1.71) [29] 98.19 (0.45) [21] 40.59 (5.75) [42] 45.10 (3.81) [46] 60.22 (4.09) [38]

DAGMM 73.15 (7.17) [35] 61.96 (24.59) [43] 71.75 (8.47) [41] 45.94 (11.67) [45] 55.74 (5.99) [44] 74.73 (4.42) [29] 94.03 (3.90) [39] 48.90 (6.39) [49] 88.79 (17.09) [36] 66.22 (29.14) [32] 90.21 (6.20) [24] 67.89 (5.87) [39] 49.06 (6.81) [11] 82.18 (9.94) [38] 94.46 (3.27) [34] 46.77 (8.26) [30] 40.89 (11.11) [47] 50.92 (7.78) [45]

DROCC 48.32 (18.85) [41] 61.96 (13.12) [43] 65.51 (14.46) [45] 90.80 (5.27) [18] 47.19 (13.68) [49] 71.49 (5.98) [36] 91.42 (9.01) [43] 58.23 (9.44) [40] 50.00 (0.00) [48] 89.28 (0.80) [14] 57.17 (14.34) [49] 74.13 (4.84) [31] 51.59 (2.32) [7] 46.64 (27.32) [50] 97.02 (1.98) [24] 52.78 (21.16) [21] 61.80 (15.26) [33] 71.83 (3.87) [17]

GOAD 82.87 (1.58) [27] 85.29 (8.59) [34] 91.98 (2.26) [27] 79.50 (2.63) [30] 66.90 (13.13) [32] 69.05 (1.35) [39] 98.96 (0.42) [26] 61.28 (2.18) [35] 85.01 (6.64) [38] 63.89 (4.42) [35] 82.26 (8.38) [39] 81.34 (0.30) [21] 38.90 (2.40) [36] 88.87 (7.03) [31] 96.93 (0.79) [25] 53.44 (9.58) [19] 69.61 (4.43) [27] 65.31 (5.37) [29]

ICL 99.88 (0.20) [6] 97.38 (0.95) [15] 99.34 (0.22) [11] 98.07 (1.26) [8] 79.92 (2.65) [4] 84.61 (0.79) [3] 99.55 (0.22) [11] 93.24 (2.18) [8] 99.94 (0.03) [9] 6.83 (0.71) [51] 69.63 (9.38) [47] 83.07 (0.74) [10] 46.40 (5.19) [15] 96.20 (1.01) [8] 93.39 (1.95) [40] 75.17 (5.44) [4] 84.71 (4.25) [13] 68.74 (4.54) [23]

PlanarFlow 96.80 (1.69) [10] 82.10 (12.47) [37] 93.80 (1.28) [25] 85.78 (4.53) [24] 75.16 (2.49) [14] 73.63 (4.13) [32] 97.10 (0.79) [34] 98.42 (0.93) [1] 80.17 (2.24) [39] 88.39 (2.96) [18] 86.99 (5.09) [30] 80.29 (1.85) [27] 49.28 (6.08) [9] 91.68 (3.43) [28] 98.59 (0.77) [15] 48.93 (5.72) [24] 45.98 (14.60) [45] 62.52 (2.67) [32]

VAE 79.42 (2.09) [32] 94.09 (0.32) [22] 86.30 (2.59) [32] 49.76 (3.89) [43] 73.97 (1.22) [18] 74.03 (0.83) [30] 98.70 (0.38) [27] 61.76 (2.53) [32] 99.32 (0.03) [29] 65.97 (0.12) [33] 83.00 (5.75) [37] 81.25 (0.39) [23] 38.03 (2.12) [44] 94.02 (1.07) [22] 98.70 (0.19) [11] 40.96 (2.82) [40] 54.18 (3.85) [40] 66.60 (1.95) [27]

GANomaly 80.53 (2.91) [30] 67.51 (18.22) [42] 87.34 (3.19) [30] 72.15 (14.29) [35] 61.62 (2.15) [36] 76.59 (3.12) [26] 98.22 (0.72) [29] 93.51 (4.27) [7] 95.45 (4.37) [34] 51.09 (4.51) [44] 56.71 (19.73) [50] 81.40 (1.20) [19] 39.58 (5.44) [32] 69.02 (10.13) [43] 95.58 (2.73) [32] 50.52 (9.94) [22] 62.20 (8.02) [31] 76.53 (6.36) [5]

SLAD 99.97 (0.02) [3] 94.29 (0.40) [21] 99.45 (0.39) [10] 95.31 (0.50) [16] 59.06 (4.02) [38] 87.25 (0.56) [1] 99.80 (0.08) [3] 80.60 (0.80) [15] 99.90 (0.01) [12] 90.98 (2.57) [9] 94.94 (2.58) [8] 84.80 (0.38) [3] 41.53 (1.84) [25] 83.34 (5.34) [36] 95.79 (0.95) [30] 45.65 (7.44) [36] 83.88 (2.43) [15] 46.35 (1.18) [49]

DIF 41.06 (6.86) [44] 89.37 (0.37) [32] 96.23 (1.41) [20] 90.40 (1.25) [19] 55.90 (4.37) [43] 66.69 (0.47) [42] 86.31 (0.86) [46] 72.36 (0.83) [22] 99.78 (0.02) [15] 87.55 (0.80) [21] 95.75 (1.25) [1] 40.99 (0.76) [50] 45.01 (2.16) [17] 85.92 (3.92) [33] 96.30 (0.55) [27] 56.20 (3.26) [15] 88.67 (1.45) [4] 50.61 (1.20) [46]

DDPM 75.89 (0.99) [33] 81.50 (0.80) [38] 90.28 (1.01) [29] 75.55 (13.06) [34] 59.96 (2.44) [37] 77.53 (0.70) [22] 96.87 (0.95) [36] 67.74 (0.96) [26] 99.66 (0.05) [21] 83.84 (0.42) [26] 86.74 (6.95) [31] 79.09 (0.15) [28] 53.74 (0.96) [3] 72.85 (3.11) [41] 92.50 (2.88) [42] 48.48 (2.71) [25] 77.62 (2.34) [25] 45.34 (1.24) [50]

DTE-IG 23.29 (35.46) [51] 4.57 (3.13) [51] 40.12 (48.63) [51] 11.45 (4.31) [51] 50.92 (15.24) [47] 77.44 (1.49) [23] 97.13 (0.84) [33] 59.22 (45.25) [37] 20.12 (39.87) [49] 59.43 (46.23) [40] 36.44 (31.11) [51] 58.18 (17.03) [43] 58.58 (2.26) [1] 51.84 (31.10) [49] 58.00 (14.03) [50] 56.77 (20.76) [14] 12.08 (2.09) [51] 31.29 (4.24) [51]

DTE-C 94.73 (3.68) [13] 98.10 (0.23) [14] 99.84 (0.07) [8] 89.59 (1.53) [21] 68.59 (3.64) [31] 77.76 (0.75) [21] 99.42 (0.16) [17] 92.99 (0.58) [10] 99.78 (0.02) [15] 92.01 (0.36) [6] 95.68 (1.61) [2] 82.94 (0.26) [12] 40.45 (1.51) [27] 92.21 (2.05) [27] 98.94 (0.31) [3] 62.31 (3.30) [9] 88.05 (1.93) [6] 68.06 (3.55) [24]

DTENonParametric 96.30 (1.61) [11] 99.88 (0.03) [2] 99.97 (0.02) [1] 98.74 (1.04) [4] 80.47 (2.04) [2] 82.32 (0.61) [4] 99.55 (0.14) [11] 73.20 (1.00) [19] 99.92 (0.01) [10] 99.63 (0.06) [1] 92.70 (4.30) [14] 82.97 (0.40) [11] 50.04 (0.02) [8] 97.82 (0.59) [5] 98.37 (0.17) [19] 69.64 (3.39) [6] 81.44 (3.59) [21] 73.81 (1.47) [14]

MCM 95.06 (1.20) [12] 98.32 (0.12) [12] 97.18 (1.51) [18] 97.76 (0.60) [10] 70.16 (3.06) [26] 71.02 (0.77) [37] 96.42 (0.55) [38] 54.37 (2.03) [43] 99.98 (0.01) [3] 87.59 (4.92) [20] 83.94 (8.98) [35] 81.87 (0.43) [15] 37.73 (2.08) [49] 95.44 (1.50) [11] 98.39 (0.34) [18] 57.35 (5.95) [13] 81.55 (2.60) [20] 85.19 (0.43) [1]

3WNCROD 23.41 (1.93) [50] 81.05 (0.97) [39] 69.65 (2.73) [42] 35.06 (5.02) [48] 52.72 (1.57) [45] 72.29 (0.87) [35] 96.72 (0.44) [37] 50.00 (0.00) [46] 72.52 (0.42) [41] 49.54 (0.59) [46] 95.67 (1.02) [3] 50.00 (0.00) [46] 49.13 (3.20) [10] 42.22 (4.49) [51] 93.10 (0.47) [41] 27.45 (8.09) [49] 49.55 (8.27) [41] 63.91 (1.30) [31]

ODIN 31.35 (3.99) [49] 49.98 (0.63) [48] 64.11 (3.87) [46] 93.80 (1.13) [17] 57.89 (3.93) [41] 50.23 (0.28) [50] 56.29 (0.82) [49] 84.36 (1.19) [13] 52.24 (0.25) [47] 46.27 (0.17) [47] 94.37 (1.99) [10] 49.27 (0.91) [47] 44.39 (1.74) [19] 56.33 (2.50) [47] 58.51 (1.39) [49] 46.85 (1.90) [28] 86.96 (1.67) [8] 61.36 (0.72) [36]

NCSBAD (Ours) 99.98 (0.03) [1] 99.82 (0.05) [4] 99.93 (0.07) [3] 98.85 (0.36) [2] 78.42 (2.20) [6] 80.46 (0.66) [9] 99.22 (0.38) [20] 96.10 (0.86) [5] 99.99 (0.00) [1] 97.88 (0.17) [5] 95.20 (0.45) [6] 84.39 (0.30) [5] 45.76 (3.42) [16] 98.39 (0.90) [3] 93.63 (1.28) [37] 74.54 (2.28) [5] 88.20 (2.71) [5] 64.12 (1.40) [30]

NCSBADVAL (Ours) 99.93 (0.06) [4] 99.79 (0.12) [6] 99.89 (0.20) [7] 97.63 (1.63) [11] 75.85 (2.53) [12] 80.07 (0.89) [13] 99.17 (0.37) [22] 96.93 (0.52) [4] 99.98 (0.02) [3] 87.27 (16.42) [22] 94.91 (1.96) [9] 85.07 (0.42) [2] 43.32 (5.89) [20] 97.24 (2.87) [6] 95.59 (4.09) [31] 79.98 (3.97) [2] 89.98 (2.39) [3] 62.17 (1.64) [34]

Table 11: Mean, standard deviation and rank AUC-ROC performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 3
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Model WBC wbc2 WDBC Wilt wine WPBC yeast yeast6 CIFAR10 0 CIFAR10 1 CIFAR10 2 CIFAR10 3 CIFAR10 4 CIFAR10 5 CIFAR10 6 CIFAR10 7 CIFAR10 8 CIFAR10 9

IForest 99.56 (0.29) [10] 95.11 (1.40) [21] 99.55 (0.09) [19] 47.54 (3.62) [30] 94.06 (2.15) [27] 57.71 (4.31) [27] 41.68 (1.17) [47] 74.38 (4.25) [10] 71.88 (0.70) [27] 53.99 (1.42) [34] 60.52 (0.50) [27] 55.46 (1.42) [30] 75.61 (1.18) [26] 52.99 (1.18) [38] 71.79 (0.94) [24] 62.98 (1.22) [31] 69.85 (1.50) [26] 67.15 (0.82) [31]

OCSVM 99.60 (0.24) [8] 95.69 (0.96) [17] 99.71 (0.15) [15] 34.81 (1.33) [48] 97.76 (1.00) [19] 55.20 (4.62) [32] 44.36 (0.89) [29] 75.38 (3.85) [6] 73.35 (0.95) [20] 63.74 (1.46) [22] 62.38 (0.56) [16] 59.55 (2.33) [8] 76.67 (1.35) [21] 59.17 (0.82) [8] 71.70 (0.93) [25] 67.80 (0.53) [8] 72.86 (0.64) [18] 72.37 (0.76) [13]

COPOD 99.56 (0.26) [10] 97.18 (0.44) [10] 99.74 (0.15) [12] 32.57 (0.78) [50] 88.14 (4.57) [34] 54.90 (4.74) [33] 39.08 (1.11) [50] 81.36 (3.82) [1] 70.21 (0.77) [31] 47.99 (1.64) [49] 58.80 (0.70) [34] 51.08 (2.32) [42] 50.00 (0.00) [47] 47.87 (1.10) [47] 68.20 (0.72) [33] 53.95 (4.84) [43] 50.00 (0.00) [44] 50.00 (0.00) [47]

ECOD 99.58 (0.25) [9] 91.57 (1.44) [32] 98.37 (0.32) [32] 38.15 (1.38) [43] 76.39 (6.06) [39] 51.98 (3.80) [39] 44.58 (0.85) [27] 70.41 (3.80) [20] 71.53 (0.73) [29] 52.48 (1.67) [36] 60.00 (0.63) [30] 54.51 (2.41) [34] 50.00 (0.00) [47] 51.57 (0.87) [40] 69.34 (0.65) [31] 55.31 (6.50) [39] 50.00 (0.00) [44] 50.00 (0.00) [47]

FeatureBagging 60.29 (17.53) [45] 95.43 (1.27) [18] 99.86 (0.09) [6] 73.37 (9.34) [11] 98.05 (1.18) [17] 58.57 (2.00) [26] 45.86 (0.93) [19] 69.62 (3.51) [23] 75.42 (0.96) [6] 71.88 (0.92) [3] 64.54 (0.95) [1] 60.84 (1.95) [2] 77.52 (1.22) [6] 60.13 (0.36) [4] 75.77 (1.33) [5] 69.41 (0.76) [3] 74.86 (0.46) [4] 75.27 (1.32) [3]

HBOS 99.32 (0.32) [15] 96.05 (0.82) [13] 99.27 (0.42) [28] 38.46 (1.38) [42] 95.58 (3.23) [24] 62.36 (3.99) [17] 42.91 (1.01) [40] 74.21 (3.94) [11] 69.48 (0.93) [32] 41.68 (1.44) [51] 57.51 (0.68) [37] 48.27 (2.06) [51] 74.83 (1.10) [30] 43.80 (0.19) [51] 66.29 (0.76) [35] 55.16 (0.81) [40] 65.88 (0.84) [35] 57.82 (0.89) [39]

KNN 99.00 (0.47) [18] 95.12 (1.75) [20] 99.52 (0.25) [22] 62.95 (1.09) [16] 99.23 (0.30) [13] 64.94 (2.47) [14] 44.16 (0.61) [30] 72.95 (2.80) [13] 74.85 (0.86) [10] 63.86 (1.01) [21] 62.34 (0.62) [17] 57.38 (2.17) [22] 77.37 (1.19) [11] 57.33 (0.40) [18] 73.90 (0.94) [13] 65.60 (0.64) [21] 73.30 (0.56) [15] 71.76 (0.87) [19]

LODA 98.06 (1.32) [23] 94.38 (1.35) [28] 98.23 (1.50) [33] 40.06 (5.65) [40] 91.65 (3.27) [32] 52.83 (5.04) [38] 45.87 (4.50) [18] 62.86 (5.49) [29] 65.89 (3.68) [39] 59.07 (5.10) [32] 58.55 (1.56) [36] 54.22 (3.93) [35] 67.42 (3.20) [38] 55.68 (5.06) [28] 59.83 (4.98) [40] 63.85 (3.08) [28] 64.18 (6.64) [36] 65.63 (3.47) [34]

LOF 79.02 (3.71) [40] 95.08 (1.28) [22] 99.84 (0.11) [9] 67.85 (1.30) [13] 98.44 (0.61) [15] 58.79 (1.99) [24] 45.39 (0.74) [23] 70.50 (1.51) [18] 75.41 (0.91) [7] 72.04 (0.81) [1] 64.43 (0.89) [3] 60.81 (1.94) [3] 77.46 (1.20) [8] 60.19 (0.43) [2] 75.58 (1.41) [7] 69.56 (0.74) [1] 74.82 (0.34) [5] 75.34 (1.09) [1]

MCD 98.48 (1.08) [21] 91.43 (1.30) [33] 97.88 (0.62) [35] 81.43 (0.63) [6] 96.61 (1.77) [23] 65.38 (2.64) [13] 42.91 (0.56) [40] 64.91 (3.82) [27] 72.67 (0.51) [24] 60.98 (1.74) [29] 59.93 (0.32) [31] 57.03 (1.14) [23] 75.56 (1.04) [27] 55.57 (0.79) [30] 69.83 (1.05) [29] 64.61 (1.28) [25] 67.78 (0.66) [32] 68.65 (0.42) [28]

PCA 99.38 (0.23) [13] 95.02 (1.13) [24] 99.52 (0.21) [22] 26.40 (1.86) [51] 93.85 (2.09) [28] 54.11 (4.18) [35] 42.68 (1.02) [42] 76.23 (4.20) [5] 73.40 (0.96) [18] 62.28 (1.48) [25] 62.08 (0.55) [20] 59.20 (2.34) [15] 76.81 (1.35) [18] 58.69 (0.79) [12] 71.80 (0.86) [22] 67.06 (0.54) [13] 72.80 (0.66) [20] 71.80 (0.72) [17]

DeepSVDD 91.72 (3.45) [36] 95.80 (2.59) [15] 99.54 (0.27) [20] 33.83 (1.25) [49] 94.36 (3.25) [25] 81.08 (3.90) [10] 46.56 (4.71) [16] 51.79 (24.37) [41] 59.67 (0.63) [42] 52.03 (1.87) [37] 53.24 (4.50) [41] 51.47 (3.52) [41] 61.08 (2.10) [41] 53.00 (2.75) [37] 57.95 (4.09) [42] 54.55 (1.66) [41] 57.99 (2.66) [39] 58.68 (3.37) [38]

INNE 96.11 (1.17) [30] 95.90 (0.97) [14] 99.90 (0.07) [3] 41.03 (1.31) [38] 97.43 (1.59) [20] 55.70 (2.80) [31] 42.97 (0.82) [39] 72.01 (3.05) [15] 74.19 (0.84) [11] 66.66 (1.02) [10] 63.26 (0.57) [11] 60.23 (2.40) [5] 77.12 (1.17) [15] 59.73 (0.66) [5] 73.69 (1.29) [15] 67.67 (0.67) [9] 74.62 (0.84) [7] 73.55 (0.95) [8]

KPCA 99.88 (0.25) [1] 98.91 (0.47) [3] 99.90 (0.06) [3] 74.93 (0.87) [9] 99.97 (0.05) [4] 96.37 (2.19) [3] 43.40 (0.68) [35] 70.28 (3.51) [21] 75.28 (0.89) [9] 65.68 (1.12) [14] 63.32 (0.65) [10] 58.81 (2.10) [17] 77.80 (1.20) [5] 58.37 (0.45) [15] 74.42 (0.95) [10] 67.04 (0.69) [15] 74.01 (0.59) [11] 72.85 (0.88) [11]

KDE 99.87 (0.19) [2] 98.74 (0.40) [5] 99.88 (0.08) [5] 37.84 (1.35) [46] 99.98 (0.04) [2] 96.34 (2.02) [4] 42.15 (0.86) [44] 75.13 (3.55) [7] 66.28 (1.79) [38] 59.92 (1.18) [31] 54.02 (0.74) [40] 54.11 (1.66) [36] 68.89 (1.33) [37] 55.89 (1.14) [27] 64.41 (1.63) [38] 59.15 (0.86) [37] 61.35 (1.56) [38] 65.51 (1.15) [35]

GMM 98.48 (0.59) [21] 96.96 (0.59) [11] 99.85 (0.08) [8] 84.74 (0.49) [4] 99.35 (0.50) [12] 61.73 (2.51) [18] 43.65 (0.61) [33] 70.77 (3.55) [16] 75.49 (0.78) [5] 69.53 (1.03) [5] 63.61 (0.62) [6] 61.00 (1.97) [1] 78.73 (1.14) [4] 60.40 (0.30) [1] 75.81 (1.00) [4] 69.30 (0.60) [4] 74.97 (0.50) [2] 74.85 (0.99) [4]

CBLOF 98.51 (1.18) [20] 94.85 (1.41) [25] 99.44 (0.33) [25] 43.31 (0.98) [37] 98.01 (0.68) [18] 61.19 (2.79) [20] 49.87 (0.46) [6] 62.51 (2.36) [31] 73.73 (1.14) [15] 64.14 (1.25) [20] 62.29 (0.68) [19] 59.50 (1.74) [9] 76.87 (1.23) [17] 58.65 (0.43) [14] 73.22 (0.96) [16] 66.37 (0.48) [19] 73.18 (0.60) [16] 72.32 (0.78) [15]

SOD 94.19 (3.27) [33] 87.40 (5.62) [37] 88.16 (3.76) [40] 52.13 (1.92) [25] 17.17 (3.24) [50] 32.81 (2.85) [49] 43.38 (1.75) [36] 58.14 (4.68) [36] 73.12 (1.22) [22] 61.98 (1.51) [27] 61.29 (1.15) [24] 54.81 (2.39) [33] 75.01 (0.95) [29] 54.14 (1.08) [35] 71.39 (0.81) [26] 64.19 (1.56) [26] 69.29 (1.09) [28] 69.99 (1.17) [26]

LUNAR 99.77 (0.21) [4] 97.83 (1.10) [7] 99.86 (0.09) [6] 60.13 (2.53) [19] 99.94 (0.11) [6] 93.25 (2.24) [7] 43.99 (1.40) [32] 69.58 (2.98) [24] 76.68 (0.95) [1] 64.39 (1.36) [19] 64.33 (0.46) [5] 58.16 (2.10) [21] 79.16 (1.39) [1] 55.24 (0.44) [32] 76.71 (0.72) [1] 66.15 (0.37) [20] 74.59 (0.53) [8] 72.55 (0.86) [12]

SOGAAL 19.88 (12.62) [49] 13.77 (11.33) [50] 25.63 (21.85) [49] 44.64 (6.22) [33] 21.43 (19.59) [49] 49.75 (5.24) [41] 46.63 (2.52) [15] 66.29 (7.73) [26] 51.84 (3.73) [47] 49.17 (2.47) [45] 53.03 (2.74) [43] 50.32 (5.16) [44] 56.78 (1.68) [43] 55.01 (5.71) [33] 51.52 (4.73) [45] 52.85 (3.65) [45] 49.80 (6.45) [47] 52.60 (3.13) [42]

ALAD 72.66 (13.68) [42] 59.83 (14.77) [47] 60.78 (11.42) [46] 40.32 (6.87) [39] 44.98 (21.95) [43] 44.27 (4.06) [46] 43.51 (5.15) [34] 53.55 (22.05) [40] 52.15 (1.53) [46] 49.11 (0.94) [46] 49.95 (1.81) [47] 49.91 (2.96) [46] 53.43 (3.00) [45] 48.16 (2.25) [46] 42.94 (6.17) [49] 54.19 (1.61) [42] 47.40 (2.75) [49] 50.27 (2.36) [46]

AE 98.04 (0.51) [24] 97.29 (0.93) [9] 99.72 (0.17) [14] 55.54 (0.94) [22] 99.52 (0.26) [10] 57.19 (2.76) [29] 45.06 (0.39) [25] 72.52 (2.53) [14] 73.97 (1.02) [14] 66.98 (1.26) [9] 63.61 (0.66) [6] 59.96 (1.98) [6] 77.48 (1.23) [7] 59.13 (0.50) [9] 74.05 (1.03) [11] 67.21 (0.63) [10] 74.17 (0.44) [9] 73.51 (0.96) [9]

CD 95.56 (1.16) [31] 88.25 (1.77) [36] 91.42 (2.22) [39] 58.85 (1.55) [21] 26.56 (2.91) [47] 39.41 (4.61) [47] 40.87 (0.45) [48] 62.85 (6.10) [30] 72.82 (0.76) [23] 65.75 (1.40) [13] 60.14 (1.24) [29] 58.35 (1.50) [20] 76.04 (2.96) [24] 56.38 (0.90) [24] 70.49 (3.15) [28] 65.44 (1.91) [23] 68.53 (3.16) [31] 70.90 (2.79) [22]

MOGAAL 6.23 (6.90) [51] 4.89 (4.59) [51] 8.23 (8.93) [51] 49.55 (4.19) [29] 10.16 (9.32) [51] 45.88 (5.75) [45] 45.90 (2.21) [17] 55.72 (10.28) [38] 51.17 (3.57) [49] 49.35 (2.20) [44] 53.12 (2.93) [42] 50.62 (5.47) [43] 56.28 (3.36) [44] 55.57 (5.93) [30] 50.02 (4.66) [46] 52.42 (3.47) [46] 48.65 (5.52) [48] 52.15 (3.17) [43]

QMCD 52.14 (4.52) [46] 64.95 (5.04) [44] 54.92 (12.00) [47] 37.88 (1.42) [45] 68.11 (6.32) [41] 63.52 (3.55) [16] 40.31 (0.87) [49] 78.57 (3.72) [2] 26.98 (0.73) [51] 49.40 (1.42) [43] 40.26 (0.78) [51] 49.44 (1.83) [49] 23.58 (1.15) [51] 54.26 (0.66) [34] 29.17 (0.81) [51] 42.25 (0.90) [51] 31.63 (0.73) [51] 37.15 (0.44) [50]

Sampling 97.86 (0.97) [25] 93.19 (1.17) [31] 99.22 (0.57) [29] 46.84 (3.53) [31] 97.20 (2.10) [21] 59.70 (2.11) [23] 45.49 (2.15) [22] 70.26 (6.43) [22] 73.60 (2.10) [16] 61.85 (3.22) [28] 61.11 (0.70) [25] 58.48 (1.31) [19] 77.25 (1.34) [12] 56.94 (0.98) [22] 72.43 (1.19) [18] 65.43 (1.10) [24] 72.60 (1.37) [22] 70.80 (1.09) [24]

EIF 99.80 (0.13) [3] 96.17 (1.05) [12] 99.74 (0.17) [12] 44.76 (3.03) [32] 96.98 (2.05) [22] 63.61 (3.01) [15] 42.05 (0.59) [45] 74.85 (4.10) [8] 71.50 (1.40) [30] 54.47 (1.16) [33] 60.19 (0.41) [28] 56.14 (1.80) [29] 76.20 (1.26) [23] 53.53 (1.36) [36] 71.10 (1.08) [27] 63.64 (1.16) [29] 69.91 (1.45) [25] 67.41 (2.17) [29]

Ensemble 79.02 (3.71) [40] 95.08 (1.28) [22] 99.84 (0.11) [9] 67.85 (1.30) [13] 98.44 (0.61) [15] 58.79 (1.99) [24] 45.39 (0.74) [23] 70.50 (1.51) [18] 75.41 (0.91) [7] 72.04 (0.81) [1] 64.43 (0.89) [3] 60.81 (1.94) [3] 77.46 (1.20) [8] 60.19 (0.43) [2] 75.58 (1.41) [7] 69.56 (0.74) [1] 74.82 (0.34) [5] 75.34 (1.09) [1]

GEN2OUT 99.75 (0.12) [5] 95.74 (1.28) [16] 99.69 (0.26) [16] 49.57 (0.92) [28] 92.13 (4.34) [31] 60.52 (3.33) [22] 43.07 (0.92) [38] 74.20 (4.27) [12] 69.27 (1.08) [33] 49.54 (2.07) [42] 58.58 (1.77) [35] 53.83 (2.31) [37] 75.28 (1.40) [28] 51.23 (2.30) [41] 68.40 (1.35) [32] 62.01 (0.94) [33] 67.69 (1.65) [33] 64.45 (1.32) [36]

DynamicHBOS 95.11 (1.16) [32] 86.78 (3.66) [38] 95.92 (0.38) [37] 43.70 (0.18) [36] 87.61 (5.70) [36] 48.99 (0.78) [42] 50.15 (0.46) [5] 59.51 (3.25) [34] 59.89 (0.55) [41] 47.70 (0.74) [50] 50.32 (0.80) [44] 49.90 (0.93) [47] 61.56 (0.86) [40] 47.30 (0.46) [48] 52.91 (0.29) [43] 56.04 (1.09) [38] 52.83 (0.76) [41] 56.27 (0.60) [41]

COF 47.18 (10.38) [47] 60.77 (10.07) [45] 62.73 (15.56) [45] 59.61 (1.21) [20] 40.48 (5.36) [45] 34.40 (3.55) [48] 44.58 (0.96) [27] 37.96 (2.21) [49] 73.55 (1.01) [17] 65.28 (1.04) [16] 62.97 (0.98) [13] 56.94 (2.21) [24] 77.15 (0.92) [14] 57.10 (0.88) [21] 72.36 (1.11) [19] 66.97 (0.92) [16] 72.32 (0.75) [24] 70.85 (1.08) [23]

ABOD 39.67 (3.21) [48] 73.90 (2.92) [40] 75.58 (3.52) [41] 75.84 (0.93) [8] 22.13 (12.07) [48] 19.57 (3.87) [51] 44.59 (0.70) [26] 62.31 (2.57) [32] 75.93 (0.63) [4] 66.34 (1.16) [11] 64.44 (0.71) [2] 59.78 (1.97) [7] 77.24 (0.75) [13] 56.36 (0.60) [25] 75.67 (0.95) [6] 67.13 (0.71) [12] 74.11 (0.52) [10] 72.35 (0.99) [14]

LMDD 97.56 (4.13) [26] 88.35 (6.78) [35] 99.59 (0.16) [17] 38.03 (3.21) [44] 87.92 (4.85) [35] 53.86 (3.19) [36] 46.89 (0.94) [14] 77.78 (5.84) [3] 63.03 (2.17) [40] 50.54 (1.38) [39] 55.35 (1.59) [39] 52.40 (1.53) [40] 69.57 (2.63) [36] 50.44 (0.78) [42] 59.58 (2.77) [41] 59.71 (1.07) [35] 61.72 (3.06) [37] 63.92 (0.93) [37]

DAGMM 83.31 (16.37) [38] 71.62 (11.23) [41] 72.56 (17.95) [42] 44.46 (8.55) [34] 68.08 (35.71) [42] 50.24 (1.86) [40] 50.84 (2.88) [4] 47.55 (19.18) [46] 58.53 (1.96) [43] 49.73 (3.38) [41] 50.15 (2.17) [45] 49.85 (1.46) [48] 59.65 (3.46) [42] 50.01 (3.20) [44] 52.88 (2.80) [44] 53.93 (1.84) [44] 55.87 (4.48) [40] 57.79 (2.24) [40]

DROCC 67.91 (24.13) [43] 27.01 (10.95) [49] 15.25 (23.19) [50] 39.07 (11.15) [41] 86.88 (14.49) [37] 47.30 (5.85) [43] 53.21 (6.50) [2] 58.40 (24.04) [35] 51.74 (1.75) [48] 48.69 (2.76) [47] 48.58 (3.58) [49] 48.69 (4.88) [50] 52.38 (4.17) [46] 50.08 (3.04) [43] 49.85 (1.44) [48] 47.29 (5.17) [50] 52.35 (5.51) [42] 50.53 (4.05) [45]

GOAD 99.09 (0.29) [17] 94.65 (1.45) [27] 99.50 (0.18) [24] 49.89 (5.90) [26] 93.78 (1.94) [29] 54.21 (6.16) [34] 53.36 (1.46) [1] 35.11 (15.01) [50] 74.07 (1.14) [13] 63.67 (1.63) [23] 62.04 (1.05) [23] 58.62 (2.24) [18] 77.09 (1.64) [16] 58.17 (1.36) [16] 72.26 (0.99) [20] 66.94 (0.51) [17] 72.86 (0.34) [18] 71.70 (0.63) [20]

ICL 99.68 (0.34) [7] 98.89 (0.32) [4] 99.91 (0.11) [2] 75.91 (6.51) [7] 99.93 (0.15) [7] 96.27 (1.48) [5] 49.10 (1.67) [9] 55.19 (3.85) [39] 68.67 (1.10) [35] 65.42 (0.70) [15] 59.43 (1.50) [32] 55.08 (1.76) [32] 71.90 (1.79) [34] 52.83 (1.95) [39] 69.78 (1.65) [30] 59.51 (1.74) [36] 67.07 (0.77) [34] 66.02 (1.39) [33]

PlanarFlow 97.18 (1.83) [28] 94.78 (0.96) [26] 99.38 (0.45) [26] 72.39 (3.61) [12] 92.45 (5.97) [30] 57.43 (4.05) [28] 45.63 (2.44) [21] 57.64 (17.36) [37] 69.11 (1.52) [34] 53.46 (2.40) [35] 58.85 (1.07) [33] 56.33 (2.79) [28] 74.19 (1.41) [31] 55.67 (1.49) [29] 65.16 (1.46) [37] 63.08 (1.15) [30] 69.39 (1.48) [27] 67.24 (0.87) [30]

VAE 99.35 (0.21) [14] 93.88 (1.47) [30] 99.53 (0.15) [21] 35.55 (1.68) [47] 94.23 (2.09) [26] 53.86 (3.19) [36] 41.93 (0.92) [46] 76.39 (4.15) [4] 73.40 (0.96) [18] 62.28 (1.48) [25] 62.08 (0.55) [20] 59.20 (2.34) [15] 76.81 (1.35) [18] 58.69 (0.79) [12] 71.80 (0.86) [22] 67.06 (0.54) [13] 72.80 (0.66) [20] 71.80 (0.72) [17]

GANomaly 93.01 (5.49) [34] 90.17 (2.53) [34] 96.61 (3.20) [36] 44.31 (5.41) [35] 74.03 (27.56) [40] 60.59 (4.30) [21] 48.35 (4.94) [11] 68.74 (18.03) [25] 72.12 (1.43) [25] 64.93 (0.75) [18] 62.06 (0.87) [22] 56.77 (2.75) [25] 76.78 (1.53) [20] 57.95 (1.33) [17] 72.14 (1.30) [21] 65.47 (1.32) [22] 73.95 (1.36) [13] 72.14 (1.08) [16]

SLAD 99.69 (0.24) [6] 97.94 (0.66) [6] 99.59 (0.32) [17] 62.27 (1.03) [17] 100.00 (0.00) [1] 95.40 (2.41) [6] 48.96 (1.14) [10] 22.58 (3.04) [51] 71.90 (1.13) [26] 65.18 (0.71) [17] 60.87 (1.39) [26] 55.43 (1.69) [31] 75.73 (0.99) [25] 56.35 (0.71) [26] 74.92 (1.20) [9] 62.37 (1.45) [32] 73.01 (0.49) [17] 71.29 (1.21) [21]

DIF 97.16 (1.36) [29] 65.09 (8.50) [43] 68.72 (6.69) [44] 54.44 (2.05) [23] 91.17 (3.30) [33] 83.04 (2.95) [8] 38.39 (0.57) [51] 50.35 (2.10) [43] 52.35 (1.10) [45] 51.19 (0.68) [38] 48.99 (0.46) [48] 52.76 (2.23) [39] 62.22 (1.60) [39] 47.08 (2.54) [49] 61.57 (1.46) [39] 51.79 (2.14) [47] 50.51 (0.53) [43] 51.60 (1.64) [44]

DDPM 92.29 (2.97) [35] 83.75 (2.92) [39] 92.65 (1.93) [38] 53.50 (1.30) [24] 82.89 (3.23) [38] 56.02 (1.13) [30] 48.20 (1.00) [12] 51.74 (1.91) [42] 67.99 (1.15) [36] 60.57 (0.94) [30] 56.55 (1.42) [38] 56.75 (0.42) [26] 72.56 (1.50) [33] 57.11 (1.02) [20] 67.02 (2.00) [34] 61.49 (1.24) [34] 68.79 (1.17) [30] 66.56 (1.28) [32]

DTE-IG 15.34 (9.60) [50] 60.22 (46.48) [46] 98.65 (1.30) [31] 88.99 (1.08) [1] 99.73 (0.54) [8] 61.72 (12.91) [19] 49.14 (2.39) [8] 62.28 (8.46) [33] 55.91 (10.59) [44] 48.15 (17.26) [48] 46.35 (9.60) [50] 52.80 (5.82) [38] 45.15 (20.15) [50] 43.96 (4.66) [50] 31.88 (1.57) [50] 51.54 (13.79) [48] 36.11 (1.82) [50] 33.60 (1.46) [51]

DTE-C 80.46 (7.58) [39] 97.66 (0.73) [8] 99.35 (0.23) [27] 84.19 (1.63) [5] 99.73 (0.29) [8] 70.27 (2.71) [12] 45.68 (0.47) [20] 44.39 (14.49) [48] 71.70 (0.96) [28] 69.52 (1.34) [6] 62.43 (2.15) [15] 59.40 (2.11) [11] 76.41 (1.46) [22] 59.51 (1.77) [6] 73.88 (1.34) [14] 68.46 (1.31) [5] 73.77 (1.12) [14] 74.05 (1.02) [6]

DTENonParametric 97.41 (1.34) [27] 95.35 (1.42) [19] 98.11 (0.62) [34] 65.96 (1.15) [15] 99.43 (0.20) [11] 82.68 (0.35) [9] 44.07 (0.62) [31] 70.61 (2.97) [17] 73.16 (0.83) [21] 63.02 (0.92) [24] 62.31 (0.45) [18] 56.61 (1.83) [27] 73.93 (1.08) [32] 56.41 (0.71) [23] 73.17 (0.87) [17] 63.88 (0.54) [27] 72.36 (0.59) [23] 69.24 (0.97) [27]

MCM 98.94 (0.73) [19] 94.15 (1.39) [29] 98.88 (0.70) [30] 88.51 (0.69) [2] 98.82 (0.89) [14] 71.28 (2.95) [11] 42.45 (0.77) [43] 74.85 (4.19) [8] 74.13 (1.02) [12] 66.27 (1.20) [12] 62.98 (0.54) [12] 59.37 (2.07) [13] 77.44 (1.13) [10] 59.12 (0.59) [10] 74.01 (1.09) [12] 66.86 (0.60) [18] 73.96 (0.51) [12] 73.07 (0.93) [10]

3WNCROD 91.05 (4.30) [37] 40.12 (4.72) [48] 38.10 (3.51) [48] 49.73 (0.90) [27] 31.87 (6.78) [46] 31.23 (5.00) [50] 49.23 (0.25) [7] 49.61 (0.28) [44] 50.00 (0.00) [50] 50.00 (0.00) [40] 50.00 (0.00) [46] 50.00 (0.00) [45] 50.00 (0.00) [47] 50.00 (0.00) [45] 50.00 (0.00) [47] 50.00 (0.00) [49] 50.00 (0.00) [44] 50.00 (0.00) [47]

ODIN 62.81 (7.12) [44] 70.10 (2.01) [42] 70.92 (6.90) [43] 62.00 (0.66) [18] 41.43 (1.83) [44] 46.38 (2.28) [44] 43.26 (1.33) [37] 49.51 (1.45) [45] 67.83 (0.93) [37] 69.96 (0.92) [4] 63.39 (0.93) [9] 59.45 (2.08) [10] 70.06 (0.90) [35] 57.27 (0.47) [19] 65.61 (1.63) [36] 67.17 (1.15) [11] 68.80 (0.82) [29] 70.17 (1.48) [25]

NCSBAD (Ours) 99.24 (1.04) [16] 99.24 (0.44) [2] 99.97 (0.04) [1] 74.16 (1.58) [10] 99.97 (0.07) [4] 96.82 (1.93) [1] 47.11 (0.73) [13] 44.92 (3.66) [47] 76.28 (0.82) [3] 67.47 (0.98) [8] 63.43 (0.57) [8] 59.38 (1.83) [12] 78.77 (0.99) [3] 58.77 (0.25) [11] 76.07 (1.01) [3] 67.84 (0.72) [7] 74.93 (0.59) [3] 74.02 (0.96) [7]

NCSBADVAL (Ours) 99.40 (1.03) [12] 99.34 (0.42) [1] 99.81 (0.16) [11] 85.22 (1.50) [3] 99.98 (0.02) [2] 96.63 (1.58) [2] 51.83 (4.48) [3] 63.64 (4.75) [28] 76.40 (0.75) [2] 69.06 (3.19) [7] 62.71 (1.02) [14] 59.30 (1.66) [14] 78.87 (1.01) [2] 59.45 (1.40) [7] 76.28 (0.92) [2] 68.04 (1.20) [6] 75.14 (0.58) [1] 74.13 (0.47) [5]

Table 12: Mean, standard deviation and rank AUC-ROC performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 4
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Model FashionMNIST 0 FashionMNIST 1 FashionMNIST 2 FashionMNIST 3 FashionMNIST 4 FashionMNIST 5 FashionMNIST 6 FashionMNIST 7 FashionMNIST 8 FashionMNIST 9 MNIST-C brightness MNIST-C canny edges MNIST-C dotted line MNIST-C fog MNIST-C glass blur

IForest 84.14 (0.66) [27] 95.47 (0.76) [27] 76.67 (1.89) [29] 86.35 (0.83) [27] 77.49 (1.53) [30] 93.54 (1.10) [28] 66.35 (1.25) [32] 95.94 (0.51) [21] 72.64 (1.17) [28] 95.05 (0.50) [26] 70.18 (2.10) [28] 74.65 (1.36) [23] 76.78 (0.55) [28] 86.43 (2.34) [26] 94.35 (0.40) [27]

OCSVM 88.19 (0.98) [21] 97.48 (0.23) [19] 84.06 (0.55) [21] 89.65 (0.56) [20] 83.81 (0.54) [19] 94.75 (0.64) [15] 73.95 (0.84) [21] 96.36 (0.46) [17] 77.80 (0.77) [20] 96.24 (0.49) [10] 74.07 (0.59) [22] 77.23 (0.77) [20] 81.33 (0.69) [23] 91.23 (0.46) [21] 96.74 (0.10) [20]

COPOD 50.00 (0.00) [46] 50.00 (0.00) [47] 50.00 (0.00) [44] 50.00 (0.00) [46] 50.00 (0.00) [46] 50.00 (0.00) [44] 50.00 (0.00) [42] 50.00 (0.00) [47] 50.00 (0.00) [44] 50.00 (0.00) [45] 50.00 (0.00) [44] 50.00 (0.00) [44] 50.00 (0.00) [44] 50.00 (0.00) [45] 50.00 (0.00) [45]

ECOD 50.00 (0.00) [46] 50.00 (0.00) [47] 50.00 (0.00) [44] 50.00 (0.00) [46] 50.00 (0.00) [46] 50.00 (0.00) [44] 50.00 (0.00) [42] 50.00 (0.00) [47] 50.00 (0.00) [44] 50.00 (0.00) [45] 50.00 (0.00) [44] 50.00 (0.00) [44] 50.00 (0.00) [44] 50.00 (0.00) [45] 50.00 (0.00) [45]

FeatureBagging 91.61 (0.90) [3] 98.51 (0.23) [4] 88.59 (0.49) [6] 92.85 (0.19) [5] 87.26 (0.75) [7] 95.29 (0.66) [6] 80.36 (1.20) [6] 96.92 (0.33) [6] 88.00 (0.73) [4] 96.79 (0.30) [1] 88.06 (0.45) [6] 92.54 (0.42) [4] 91.40 (0.24) [4] 97.92 (0.08) [5] 98.26 (0.10) [6]

HBOS 75.50 (1.23) [35] 87.83 (0.45) [36] 58.70 (1.01) [42] 79.19 (0.71) [33] 62.40 (0.62) [41] 90.51 (0.78) [33] 50.24 (0.84) [41] 94.45 (0.66) [31] 62.97 (1.56) [37] 92.68 (0.73) [31] 62.10 (0.51) [34] 69.86 (1.16) [32] 68.70 (1.09) [35] 71.39 (0.76) [35] 87.57 (0.23) [34]

KNN 90.16 (0.74) [14] 98.04 (0.23) [13] 86.77 (0.51) [11] 91.22 (0.43) [12] 85.78 (0.62) [12] 95.03 (0.65) [9] 77.61 (0.73) [13] 96.66 (0.40) [10] 81.92 (0.69) [16] 96.11 (0.51) [15] 82.59 (0.42) [14] 84.33 (0.53) [14] 87.66 (0.39) [13] 95.24 (0.28) [14] 97.85 (0.08) [10]

LODA 73.48 (5.31) [36] 92.51 (4.65) [32] 70.79 (5.42) [34] 77.49 (6.93) [35] 74.90 (4.06) [33] 90.33 (3.61) [34] 66.89 (1.74) [31] 92.25 (1.20) [33] 64.96 (8.78) [36] 88.98 (3.42) [36] 68.18 (8.74) [32] 57.31 (5.08) [40] 64.64 (6.65) [37] 83.25 (8.18) [31] 88.57 (5.97) [33]

LOF 91.47 (0.87) [6] 98.44 (0.22) [6] 88.61 (0.49) [4] 92.81 (0.21) [6] 87.30 (0.70) [5] 95.21 (0.67) [7] 80.32 (1.21) [7] 96.88 (0.30) [7] 87.83 (0.56) [6] 96.73 (0.37) [5] 87.74 (0.35) [9] 92.45 (0.23) [5] 91.19 (0.27) [5] 97.78 (0.15) [6] 98.18 (0.09) [7]

MCD 83.25 (1.14) [29] 91.11 (1.37) [34] 78.90 (2.12) [26] 85.14 (1.43) [29] 81.05 (1.48) [27] 93.00 (0.81) [31] 72.05 (0.55) [26] 93.07 (1.56) [32] 75.96 (0.28) [25] 92.52 (1.51) [32] 71.57 (0.63) [26] 71.54 (1.84) [29] 75.44 (2.20) [30] 83.87 (1.35) [29] 83.33 (1.97) [35]

PCA 87.77 (1.00) [22] 97.19 (0.24) [21] 83.21 (0.58) [23] 89.15 (0.57) [22] 83.23 (0.53) [23] 94.69 (0.66) [18] 72.87 (0.75) [23] 96.31 (0.49) [18] 76.16 (0.83) [23] 96.15 (0.50) [13] 72.37 (0.58) [23] 74.10 (0.88) [24] 79.64 (0.77) [25] 89.77 (0.52) [23] 96.37 (0.10) [22]

DeepSVDD 69.63 (4.42) [38] 90.13 (1.57) [35] 67.38 (1.70) [37] 73.26 (3.10) [37] 69.52 (2.86) [36] 90.79 (0.88) [32] 60.33 (1.51) [36] 91.84 (1.48) [34] 58.27 (5.15) [41] 90.12 (2.40) [34] 51.63 (6.07) [41] 58.44 (11.60) [37] 57.37 (4.63) [41] 66.17 (2.91) [37] 77.68 (4.51) [37]

INNE 90.32 (0.83) [12] 97.87 (0.31) [16] 86.55 (0.61) [12] 91.19 (0.49) [13] 84.69 (0.50) [17] 94.40 (0.63) [23] 77.38 (0.88) [15] 95.86 (0.40) [23] 82.65 (0.78) [13] 96.07 (0.35) [16] 78.99 (0.33) [17] 83.54 (0.53) [16] 85.47 (0.81) [16] 95.62 (0.43) [12] 97.83 (0.22) [11]

KPCA 90.43 (0.74) [10] 98.12 (0.21) [11] 87.09 (0.56) [9] 91.77 (0.41) [9] 86.36 (0.57) [10] 94.99 (0.61) [10] 78.34 (0.74) [11] 96.50 (0.41) [14] 83.22 (0.65) [12] 96.28 (0.49) [8] 83.93 (0.39) [11] 85.68 (0.49) [12] 88.26 (0.40) [10] 95.57 (0.27) [13] 98.09 (0.08) [9]

KDE 75.88 (1.59) [34] 92.63 (0.73) [31] 76.48 (0.47) [30] 82.57 (0.93) [32] 78.51 (0.86) [29] 93.76 (0.62) [27] 72.28 (1.42) [25] 95.42 (0.54) [29] 69.68 (0.90) [31] 93.19 (0.95) [30] 70.13 (1.37) [29] 70.13 (1.40) [31] 74.09 (0.60) [32] 83.44 (0.54) [30] 88.83 (0.78) [31]

GMM 91.53 (0.72) [5] 98.50 (0.22) [5] 89.15 (0.42) [1] 93.17 (0.30) [3] 88.70 (0.61) [1] 95.58 (0.55) [4] 80.50 (0.71) [5] 97.41 (0.37) [3] 87.92 (0.44) [5] 96.78 (0.42) [2] 89.11 (0.29) [4] 90.15 (0.30) [7] 90.92 (0.30) [7] 97.99 (0.16) [4] 98.73 (0.10) [4]

CBLOF 88.82 (0.93) [18] 97.90 (0.19) [14] 86.07 (0.51) [15] 90.37 (0.50) [17] 84.87 (0.55) [15] 94.78 (0.60) [14] 75.79 (0.97) [19] 96.57 (0.43) [12] 80.49 (0.54) [18] 96.03 (0.47) [17] 76.83 (0.47) [18] 79.82 (0.75) [19] 82.61 (0.49) [20] 93.02 (0.39) [19] 96.97 (0.08) [18]

SOD 83.45 (1.25) [28] 95.62 (0.27) [26] 78.82 (0.72) [27] 85.92 (0.49) [28] 81.40 (0.71) [25] 93.39 (0.47) [29] 69.67 (0.66) [28] 95.62 (0.48) [28] 73.77 (1.00) [26] 94.83 (0.47) [28] 71.63 (1.09) [25] 72.37 (0.56) [27] 83.39 (0.35) [19] 81.88 (1.25) [32] 92.90 (0.13) [30]

LUNAR 92.30 (0.43) [1] 98.84 (0.14) [1] 87.68 (0.85) [8] 93.11 (0.38) [4] 87.61 (0.64) [4] 95.44 (0.67) [5] 81.35 (0.72) [2] 97.31 (0.43) [4] 88.25 (0.67) [2] 96.60 (0.59) [7] 91.59 (0.37) [3] 94.03 (0.18) [2] 95.19 (0.19) [1] 99.26 (0.06) [1] 99.51 (0.06) [1]

SOGAAL 50.18 (3.51) [45] 61.41 (3.35) [45] 62.69 (2.29) [40] 55.22 (3.86) [44] 62.50 (5.24) [40] 41.93 (13.94) [50] 47.12 (6.24) [47] 56.27 (12.89) [46] 43.71 (5.70) [48] 59.57 (7.40) [43] 44.81 (7.34) [48] 28.74 (4.34) [49] 40.47 (3.32) [48] 58.90 (13.27) [38] 53.78 (5.42) [44]

ALAD 51.39 (5.65) [43] 53.46 (7.97) [46] 43.20 (5.73) [49] 47.33 (3.67) [49] 49.42 (8.85) [49] 57.33 (7.70) [42] 43.30 (3.94) [49] 58.24 (10.24) [44] 49.27 (8.92) [47] 63.29 (7.60) [42] 49.22 (7.07) [47] 46.64 (4.38) [47] 51.54 (6.93) [43] 53.08 (12.08) [43] 61.65 (7.74) [41]

AE 90.24 (0.82) [13] 97.88 (0.23) [15] 86.05 (0.57) [16] 91.07 (0.53) [14] 85.39 (0.66) [13] 94.69 (0.65) [18] 77.44 (0.81) [14] 96.81 (0.39) [9] 82.12 (0.65) [15] 96.28 (0.49) [8] 80.95 (0.36) [15] 84.27 (0.52) [15] 86.07 (0.49) [14] 95.05 (0.28) [15] 97.56 (0.08) [14]

CD 56.93 (13.85) [42] 63.51 (16.62) [42] 50.00 (0.00) [44] 65.15 (12.81) [41] 63.53 (11.38) [39] 50.00 (0.00) [44] 67.29 (3.58) [30] 50.00 (0.00) [47] 67.80 (5.47) [34] 50.00 (0.00) [45] 53.09 (3.87) [40] 58.04 (7.05) [38] 50.00 (0.00) [44] 52.54 (5.08) [44] 50.00 (0.00) [45]

MOGAAL 50.60 (3.45) [44] 62.30 (3.57) [44] 60.89 (2.65) [41] 54.69 (5.10) [45] 61.69 (4.40) [42] 42.84 (13.93) [49] 46.98 (6.84) [48] 59.46 (12.75) [43] 41.50 (4.61) [49] 59.34 (6.75) [44] 41.94 (7.29) [49] 28.71 (3.16) [50] 38.71 (4.17) [50] 55.25 (10.88) [41] 47.39 (12.11) [49]

QMCD 11.45 (0.62) [51] 5.98 (0.26) [51] 18.62 (0.93) [51] 10.54 (0.37) [51] 21.25 (0.38) [50] 44.55 (1.09) [48] 25.49 (0.25) [51] 70.11 (1.97) [40] 20.92 (1.05) [51] 24.64 (1.34) [50] 14.60 (0.42) [51] 10.68 (0.43) [51] 9.81 (0.39) [51] 7.21 (0.27) [50] 4.04 (0.15) [51]

Sampling 88.56 (1.05) [19] 97.56 (0.44) [18] 83.80 (1.22) [22] 89.91 (0.73) [19] 83.59 (0.98) [20] 94.69 (0.88) [18] 74.90 (0.92) [20] 96.57 (0.55) [12] 77.46 (2.05) [22] 95.71 (0.60) [20] 75.73 (0.97) [19] 76.40 (1.66) [22] 81.96 (1.65) [21] 91.57 (0.62) [20] 97.00 (0.26) [17]

EIF 84.77 (1.10) [26] 96.16 (0.24) [25] 78.63 (0.75) [28] 87.57 (1.19) [25] 79.00 (2.04) [28] 93.96 (0.67) [26] 68.05 (1.39) [29] 96.02 (0.79) [20] 73.60 (0.59) [27] 94.76 (0.76) [29] 69.86 (1.88) [30] 72.62 (4.59) [26] 78.43 (1.75) [27] 86.11 (0.42) [27] 94.96 (0.95) [25]

Ensemble 91.47 (0.87) [6] 98.44 (0.22) [6] 88.61 (0.49) [4] 92.81 (0.21) [6] 87.30 (0.70) [5] 95.21 (0.67) [7] 80.32 (1.21) [7] 96.88 (0.30) [7] 87.83 (0.56) [6] 96.73 (0.37) [5] 87.74 (0.35) [9] 92.45 (0.23) [5] 91.19 (0.27) [5] 97.78 (0.15) [6] 98.18 (0.09) [7]

GEN2OUT 82.28 (0.41) [30] 94.80 (0.46) [29] 75.23 (1.33) [32] 84.32 (1.99) [30] 76.81 (2.20) [31] 93.27 (0.83) [30] 63.05 (2.19) [34] 95.76 (0.39) [24] 69.08 (2.32) [32] 94.88 (0.94) [27] 66.93 (4.68) [33] 72.23 (6.24) [28] 75.34 (2.19) [31] 83.92 (3.98) [28] 94.18 (2.31) [28]

DynamicHBOS 61.75 (1.01) [41] 71.11 (1.16) [40] 47.44 (0.20) [48] 60.88 (0.70) [42] 51.93 (0.68) [45] 82.63 (0.95) [37] 47.91 (0.50) [46] 88.26 (0.54) [36] 54.08 (1.65) [42] 86.67 (0.77) [37] 50.72 (0.73) [42] 54.98 (0.85) [43] 54.86 (0.75) [42] 53.74 (0.41) [42] 70.63 (0.76) [39]

COF 76.90 (2.04) [32] 77.30 (1.61) [38] 69.80 (2.40) [35] 77.93 (1.81) [34] 73.36 (1.12) [35] 79.81 (1.34) [38] 62.90 (1.77) [35] 76.56 (1.76) [38] 71.65 (1.31) [30] 89.11 (0.75) [35] 70.46 (1.07) [27] 69.75 (1.23) [33] 84.12 (0.27) [18] 55.65 (1.15) [40] 73.05 (1.13) [38]

ABOD 90.42 (0.73) [11] 98.27 (0.24) [9] 86.94 (0.52) [10] 92.47 (0.45) [8] 86.74 (0.77) [8] 94.94 (0.72) [11] 78.44 (0.77) [10] 97.05 (0.42) [5] 84.65 (0.71) [9] 95.87 (0.58) [18] 87.78 (0.33) [8] 89.44 (0.27) [8] 90.86 (0.27) [8] 97.47 (0.15) [8] 98.55 (0.09) [5]

LMDD 76.65 (3.05) [33] 91.88 (3.02) [33] 71.26 (2.52) [33] 77.40 (3.61) [36] 73.97 (2.58) [34] 86.67 (3.33) [36] 58.11 (1.96) [38] 72.69 (4.15) [39] 62.94 (3.54) [38] 70.51 (6.32) [39] 61.65 (2.79) [36] 60.37 (4.12) [34] 68.83 (2.56) [34] 74.62 (1.27) [34] 88.72 (2.99) [32]

DAGMM 69.23 (4.68) [39] 81.82 (2.24) [37] 69.03 (3.12) [36] 70.88 (3.52) [38] 68.21 (4.52) [37] 78.37 (3.60) [39] 57.00 (4.91) [40] 85.34 (2.37) [37] 61.34 (8.07) [39] 82.20 (2.86) [38] 58.92 (5.69) [39] 57.27 (5.50) [41] 63.40 (6.58) [38] 71.01 (9.26) [36] 77.73 (7.85) [36]

DROCC 47.35 (8.88) [49] 62.71 (14.23) [43] 56.06 (8.55) [43] 57.01 (7.67) [43] 56.93 (7.85) [44] 55.35 (19.55) [43] 48.57 (8.13) [45] 65.64 (16.38) [41] 50.35 (9.57) [43] 48.77 (12.29) [49] 59.48 (10.42) [38] 59.20 (6.04) [36] 61.87 (10.41) [39] 57.15 (15.88) [39] 60.03 (17.90) [42]

GOAD 88.39 (0.81) [20] 97.40 (0.21) [20] 84.29 (0.66) [20] 89.63 (0.73) [21] 83.85 (0.64) [18] 94.72 (0.67) [17] 73.57 (0.68) [22] 96.38 (0.50) [16] 77.78 (0.54) [21] 96.17 (0.54) [12] 74.16 (1.09) [21] 76.68 (1.52) [21] 81.36 (0.81) [22] 91.14 (0.68) [22] 96.73 (0.27) [21]

ICL 91.01 (0.89) [8] 98.32 (0.27) [8] 88.17 (0.67) [7] 91.46 (0.47) [10] 86.45 (0.97) [9] 94.57 (0.73) [22] 80.66 (1.22) [4] 96.41 (0.46) [15] 84.04 (0.78) [10] 95.58 (0.41) [22] 88.30 (1.21) [5] 88.49 (0.25) [10] 88.15 (0.43) [11] 97.02 (0.10) [10] 97.73 (0.28) [12]

PlanarFlow 80.74 (1.03) [31] 94.88 (1.06) [28] 75.37 (1.83) [31] 84.31 (1.48) [31] 75.61 (1.18) [32] 94.16 (0.48) [25] 59.84 (1.57) [37] 95.76 (0.68) [24] 68.61 (1.20) [33] 95.45 (0.70) [23] 61.71 (1.80) [35] 57.99 (3.62) [39] 65.77 (1.97) [36] 77.98 (2.28) [33] 93.51 (1.27) [29]

VAE 87.77 (1.00) [22] 97.19 (0.24) [21] 83.21 (0.58) [23] 89.15 (0.57) [22] 83.23 (0.53) [23] 94.69 (0.66) [18] 72.87 (0.75) [23] 96.31 (0.49) [18] 76.16 (0.83) [23] 96.15 (0.50) [13] 72.37 (0.58) [23] 74.10 (0.88) [24] 79.64 (0.77) [25] 89.77 (0.52) [23] 96.37 (0.10) [22]

GANomaly 89.60 (0.68) [16] 98.09 (0.31) [12] 86.23 (1.03) [14] 90.19 (0.63) [18] 83.46 (0.72) [21] 95.68 (0.52) [3] 78.24 (0.51) [12] 95.74 (0.71) [26] 82.54 (1.21) [14] 95.70 (0.54) [21] 75.63 (1.01) [20] 81.02 (2.55) [18] 79.70 (1.82) [24] 93.73 (0.94) [17] 96.76 (0.48) [19]

SLAD 90.47 (0.62) [9] 98.21 (0.20) [10] 85.98 (0.60) [17] 90.86 (0.50) [15] 84.79 (0.89) [16] 94.90 (0.60) [12] 77.36 (0.90) [16] 95.69 (0.52) [27] 86.69 (0.48) [8] 95.26 (0.68) [25] 82.83 (0.25) [13] 86.78 (0.31) [11] 85.93 (0.13) [15] 96.78 (0.22) [11] 97.48 (0.10) [15]

DIF 68.67 (0.93) [40] 73.34 (0.87) [39] 66.26 (2.13) [38] 67.01 (1.25) [40] 60.12 (1.61) [43] 68.93 (1.10) [40] 57.79 (1.25) [39] 64.82 (0.64) [42] 61.33 (2.32) [40] 68.41 (1.84) [40] 50.02 (0.72) [43] 56.65 (0.56) [42] 58.80 (0.81) [40] 48.10 (1.03) [49] 66.73 (1.21) [40]

DDPM 84.93 (1.68) [25] 96.75 (0.35) [24] 80.31 (1.36) [25] 86.41 (1.63) [26] 81.22 (1.51) [26] 94.73 (0.56) [16] 69.84 (2.67) [27] 95.04 (0.77) [30] 72.02 (1.83) [29] 95.30 (0.92) [24] 68.79 (0.95) [31] 70.64 (1.25) [30] 76.76 (1.18) [29] 89.02 (1.13) [25] 95.03 (0.47) [24]

DTE-IG 16.08 (1.25) [50] 9.66 (0.76) [50] 19.28 (2.26) [50] 12.40 (1.09) [50] 19.98 (0.70) [51] 6.77 (1.41) [51] 26.73 (0.89) [50] 5.92 (0.93) [51] 22.22 (1.33) [50] 4.71 (0.76) [51] 19.90 (1.48) [50] 44.59 (29.26) [48] 38.76 (30.47) [49] 7.21 (5.48) [50] 40.90 (45.48) [50]

DTE-C 89.63 (0.69) [15] 97.17 (0.38) [23] 85.16 (0.44) [18] 91.31 (0.40) [11] 86.14 (0.85) [11] 94.17 (0.74) [24] 78.72 (0.82) [9] 95.89 (0.39) [22] 83.45 (0.83) [11] 95.77 (0.52) [19] 87.99 (1.40) [7] 89.34 (1.40) [9] 88.42 (1.01) [9] 97.27 (0.39) [9] 97.67 (0.19) [13]

DTENonParametric 86.97 (0.51) [24] 93.82 (0.39) [30] 84.57 (0.51) [19] 88.20 (0.44) [24] 83.27 (0.55) [22] 89.12 (0.66) [35] 76.14 (0.58) [18] 91.64 (0.51) [35] 81.61 (0.69) [17] 90.84 (0.57) [33] 83.34 (0.39) [12] 85.30 (0.48) [13] 87.93 (0.41) [12] 93.51 (0.24) [18] 94.60 (0.08) [26]

MCM 89.53 (0.85) [17] 97.76 (0.24) [17] 86.36 (0.62) [13] 90.83 (0.56) [16] 85.26 (0.61) [14] 94.79 (0.63) [13] 76.80 (0.77) [17] 96.64 (0.41) [11] 80.43 (0.73) [19] 96.20 (0.48) [11] 80.72 (0.35) [16] 82.09 (0.54) [17] 85.23 (0.47) [17] 94.32 (0.31) [16] 97.35 (0.09) [16]

3WNCROD 50.00 (0.00) [46] 50.00 (0.00) [47] 50.00 (0.00) [44] 50.00 (0.00) [46] 50.00 (0.00) [46] 50.00 (0.00) [44] 50.00 (0.00) [42] 50.00 (0.00) [47] 50.00 (0.00) [44] 50.00 (0.00) [45] 50.00 (0.00) [44] 50.00 (0.00) [44] 50.00 (0.00) [44] 50.00 (0.00) [45] 50.00 (0.00) [45]

ODIN 70.20 (0.35) [37] 64.55 (1.01) [41] 63.91 (1.29) [39] 67.13 (1.40) [39] 64.63 (0.80) [38] 58.01 (0.45) [41] 64.13 (0.89) [33] 57.28 (1.08) [45] 67.25 (0.52) [35] 65.12 (1.14) [41] 60.42 (0.54) [37] 60.28 (0.69) [35] 71.75 (0.33) [33] 49.02 (0.44) [48] 55.82 (0.46) [43]

NCSBAD (Ours) 91.60 (0.69) [4] 98.59 (0.17) [2] 88.97 (0.55) [3] 93.49 (0.29) [2] 88.60 (0.53) [2] 95.74 (0.62) [2] 81.02 (0.75) [3] 97.43 (0.41) [1] 88.09 (0.51) [3] 96.75 (0.42) [4] 93.00 (0.32) [2] 94.02 (0.24) [3] 94.33 (0.17) [3] 98.67 (0.13) [3] 98.97 (0.07) [3]

NCSBADVAL (Ours) 91.88 (0.80) [2] 98.55 (0.19) [3] 89.11 (0.46) [2] 93.55 (0.29) [1] 88.56 (0.85) [3] 95.82 (0.57) [1] 81.45 (1.00) [1] 97.42 (0.42) [2] 88.83 (0.59) [1] 96.78 (0.35) [2] 93.14 (0.41) [1] 94.29 (0.06) [1] 94.66 (0.26) [2] 98.80 (0.12) [2] 99.09 (0.15) [2]

Table 13: Mean, standard deviation and rank AUC-ROC performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 5
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Model MNIST-C identity MNIST-C impulse noise MNIST-C motion blur MNIST-C rotate MNIST-C scale MNIST-C shear MNIST-C shot noise MNIST-C spatter MNIST-C stripe MNIST-C translate MNIST-C zigzag MVTec-AD bottle MVTec-AD cable MVTec-AD capsule MVTec-AD carpet

IForest 48.87 (0.45) [30] 99.40 (0.25) [29] 82.79 (1.56) [31] 54.76 (0.96) [32] 67.42 (4.13) [30] 65.43 (1.18) [28] 78.19 (1.07) [27] 85.30 (1.68) [26] 99.02 (0.11) [29] 59.49 (0.88) [31] 84.35 (0.83) [27] 97.18 (1.14) [24] 70.57 (2.75) [27] 67.46 (2.70) [28] 72.26 (2.83) [29]

OCSVM 48.89 (0.62) [27] 99.88 (0.02) [23] 88.42 (0.48) [22] 55.75 (0.48) [24] 75.31 (0.52) [19] 66.58 (1.24) [24] 81.02 (1.15) [21] 87.04 (0.83) [20] 99.81 (0.04) [15] 62.82 (0.70) [26] 87.81 (0.46) [23] 97.17 (1.12) [25] 71.16 (2.75) [25] 66.24 (2.45) [29] 72.78 (2.38) [26]

COPOD 50.00 (0.00) [2] 50.00 (0.00) [44] 50.00 (0.00) [46] 50.00 (0.00) [42] 50.00 (0.00) [38] 50.00 (0.00) [43] 50.00 (0.00) [45] 50.00 (0.00) [45] 50.00 (0.00) [44] 50.00 (0.00) [43] 50.00 (0.00) [44] 50.00 (0.00) [48] 50.00 (0.00) [45] 50.00 (0.00) [47] 50.00 (0.00) [47]

ECOD 50.00 (0.00) [2] 50.00 (0.00) [44] 50.00 (0.00) [46] 50.00 (0.00) [42] 50.00 (0.00) [38] 50.00 (0.00) [43] 50.00 (0.00) [45] 50.00 (0.00) [45] 50.00 (0.00) [44] 50.00 (0.00) [43] 50.00 (0.00) [44] 50.00 (0.00) [48] 50.00 (0.00) [45] 50.00 (0.00) [47] 50.00 (0.00) [47]

FeatureBagging 48.68 (0.81) [35] 99.94 (0.02) [18] 94.65 (0.29) [7] 64.44 (0.60) [5] 87.07 (0.26) [4] 75.35 (1.24) [4] 91.02 (0.62) [4] 93.65 (0.55) [5] 99.88 (0.02) [6] 80.99 (0.62) [5] 94.12 (0.23) [6] 97.48 (1.06) [16] 74.64 (2.58) [17] 71.38 (2.57) [19] 74.09 (2.64) [19]

HBOS 49.14 (0.57) [18] 94.30 (0.22) [36] 76.44 (0.53) [36] 54.53 (0.49) [34] 54.34 (0.78) [37] 63.39 (1.58) [32] 70.15 (0.83) [34] 79.66 (0.95) [32] 97.01 (0.11) [32] 53.88 (0.86) [38] 76.23 (0.34) [32] 97.25 (1.17) [23] 71.29 (3.67) [24] 67.80 (1.98) [27] 74.23 (2.54) [18]

KNN 48.35 (0.69) [41] 99.96 (0.01) [11] 92.76 (0.34) [12] 62.07 (0.64) [15] 81.45 (0.46) [13] 71.43 (1.32) [14] 87.20 (0.80) [11] 91.00 (0.64) [11] 99.84 (0.03) [10] 72.84 (0.64) [17] 92.18 (0.37) [12] 97.40 (1.16) [20] 74.97 (2.39) [14] 72.77 (1.81) [15] 75.36 (2.57) [13]

LODA 48.24 (1.68) [43] 99.75 (0.33) [26] 76.46 (2.82) [35] 50.84 (3.70) [39] 65.64 (4.21) [31] 55.47 (2.48) [40] 64.60 (10.77) [37] 74.10 (5.60) [36] 96.91 (2.22) [33] 55.25 (2.67) [36] 69.00 (7.32) [37] 95.66 (1.38) [32] 65.63 (2.18) [33] 64.80 (3.53) [33] 67.92 (4.13) [36]

LOF 48.60 (0.82) [38] 99.94 (0.02) [18] 94.56 (0.24) [8] 64.36 (0.57) [6] 87.05 (0.36) [5] 75.30 (1.23) [5] 90.86 (0.56) [5] 93.46 (0.54) [6] 99.88 (0.01) [6] 80.80 (0.50) [6] 94.04 (0.24) [8] 97.40 (1.17) [20] 74.57 (2.40) [18] 71.58 (2.75) [17] 73.70 (2.47) [22]

MCD 48.80 (0.62) [33] 97.11 (1.01) [34] 82.04 (1.95) [32] 56.08 (0.98) [22] 72.83 (2.09) [25] 64.67 (1.48) [30] 74.98 (1.02) [30] 80.98 (0.85) [31] 97.06 (1.96) [31] 65.52 (0.62) [23] 80.12 (0.75) [31] 98.30 (0.76) [9] 81.54 (2.09) [12] 83.32 (1.79) [9] 78.15 (3.68) [12]

PCA 48.96 (0.63) [24] 99.96 (0.01) [11] 87.56 (0.52) [24] 55.23 (0.50) [29] 73.23 (0.58) [23] 65.57 (1.27) [26] 79.52 (1.23) [24] 85.79 (0.86) [23] 99.79 (0.03) [18] 60.86 (0.76) [28] 86.30 (0.48) [25] 97.04 (1.15) [27] 69.46 (2.88) [30] 65.95 (2.43) [31] 72.74 (2.58) [27]

DeepSVDD 49.06 (0.83) [19] 98.94 (0.84) [31] 73.19 (3.89) [37] 50.34 (1.83) [40] 56.44 (4.88) [35] 54.99 (3.08) [42] 54.77 (4.92) [42] 65.42 (7.20) [39] 94.90 (0.87) [35] 53.35 (2.48) [39] 58.07 (6.89) [41] 97.08 (1.22) [26] 86.60 (2.94) [9] 75.89 (6.24) [14] 88.49 (1.04) [8]

INNE 49.26 (0.71) [15] 99.34 (0.06) [30] 91.44 (0.26) [16] 56.83 (0.44) [21] 77.10 (0.72) [18] 68.37 (1.27) [21] 84.82 (1.06) [13] 90.46 (0.78) [13] 99.34 (0.17) [26] 65.62 (0.72) [21] 91.54 (0.69) [13] 97.57 (1.05) [13] 72.11 (2.59) [23] 68.96 (2.35) [25] 73.62 (2.52) [24]

KPCA 44.92 (0.45) [49] 99.76 (0.03) [25] 93.48 (0.27) [11] 62.22 (0.62) [13] 81.73 (0.40) [12] 72.46 (1.31) [11] 87.64 (0.79) [9] 91.48 (0.62) [10] 99.83 (0.03) [12] 74.64 (0.63) [14] 92.73 (0.33) [10] 99.47 (0.34) [2] 92.39 (1.62) [2] 93.34 (1.34) [2] 91.89 (0.96) [2]

KDE 44.44 (0.75) [51] 99.97 (0.01) [7] 84.02 (1.21) [28] 55.79 (0.95) [23] 67.90 (1.08) [29] 63.01 (0.55) [33] 71.01 (0.65) [32] 76.86 (0.80) [34] 99.12 (0.25) [28] 63.84 (0.51) [25] 76.09 (0.74) [33] 99.17 (0.38) [6] 89.80 (2.36) [7] 92.64 (1.30) [3] 91.62 (1.18) [4]

GMM 48.40 (0.81) [40] 99.97 (0.01) [7] 95.05 (0.20) [5] 64.10 (0.68) [9] 86.41 (0.37) [7] 74.19 (1.23) [7] 90.03 (0.64) [7] 92.90 (0.58) [8] 99.84 (0.04) [10] 81.81 (0.44) [4] 94.51 (0.31) [5] 99.51 (0.18) [1] 92.16 (1.87) [4] 93.46 (1.30) [1] 91.76 (1.14) [3]

CBLOF 48.82 (0.76) [32] 99.96 (0.01) [11] 89.78 (0.43) [19] 58.06 (0.52) [19] 78.48 (0.53) [16] 68.52 (1.11) [20] 83.18 (1.02) [18] 87.82 (0.86) [19] 99.81 (0.03) [15] 66.00 (0.64) [20] 88.80 (0.59) [19] 97.77 (1.06) [11] 73.83 (2.58) [21] 71.25 (2.23) [20] 74.37 (2.56) [17]

SOD 47.70 (0.92) [46] 98.19 (0.17) [32] 88.58 (0.68) [21] 60.28 (0.61) [16] 56.76 (0.70) [34] 70.42 (1.61) [18] 78.45 (1.25) [26] 88.43 (0.74) [18] 97.74 (0.27) [30] 74.04 (1.19) [16] 88.08 (0.74) [21] 92.97 (2.63) [34] 49.45 (3.21) [49] 52.77 (3.76) [45] 62.60 (3.86) [40]

LUNAR 48.89 (0.87) [27] 99.97 (0.04) [7] 97.11 (0.18) [2] 70.17 (0.59) [2] 89.40 (0.67) [2] 75.60 (1.41) [3] 93.79 (0.55) [1] 95.63 (0.37) [1] 99.94 (0.07) [1] 85.01 (0.57) [3] 96.91 (0.10) [1] 99.15 (0.47) [7] 86.21 (3.66) [10] 83.78 (3.97) [8] 82.75 (4.00) [10]

SOGAAL 49.25 (1.70) [16] 74.46 (23.92) [41] 55.99 (8.32) [44] 48.26 (1.58) [48] 44.88 (7.75) [47] 43.60 (2.91) [50] 47.96 (3.90) [48] 36.38 (7.74) [49] 27.03 (12.10) [49] 41.35 (0.56) [49] 33.48 (4.42) [49] 79.28 (6.25) [39] 50.93 (4.34) [43] 53.34 (5.47) [43] 53.73 (9.10) [46]

ALAD 48.88 (1.94) [29] 60.16 (15.21) [43] 56.43 (8.31) [43] 48.95 (3.24) [47] 49.07 (5.91) [43] 49.04 (1.81) [48] 53.66 (3.51) [43] 55.15 (8.05) [43] 60.87 (15.59) [42] 48.65 (2.70) [47] 55.22 (6.09) [43] 69.48 (11.94) [42] 51.50 (1.54) [41] 52.96 (5.73) [44] 55.17 (1.83) [45]

AE 48.98 (0.55) [22] 99.96 (0.01) [11] 92.07 (0.30) [13] 59.83 (0.58) [17] 79.13 (0.47) [15] 70.60 (1.33) [16] 84.70 (0.97) [14] 90.43 (0.70) [14] 99.83 (0.03) [12] 70.35 (0.70) [18] 91.12 (0.45) [15] 97.43 (0.86) [19] 74.19 (2.22) [20] 70.11 (2.64) [23] 73.73 (2.14) [21]

CD 50.00 (0.00) [2] 50.00 (0.00) [44] 50.00 (0.00) [46] 50.00 (0.00) [42] 50.00 (0.00) [38] 50.00 (0.00) [43] 52.51 (5.01) [44] 60.49 (12.95) [41] 80.07 (15.19) [39] 50.00 (0.00) [43] 50.00 (0.00) [44] 50.00 (0.00) [48] 50.00 (0.00) [45] 45.70 (8.59) [50] 44.41 (6.91) [50]

MOGAAL 49.46 (1.64) [12] 61.48 (26.61) [42] 54.70 (7.60) [45] 47.52 (1.44) [50] 40.90 (5.86) [50] 43.67 (1.84) [49] 44.77 (4.60) [49] 31.52 (7.67) [50] 20.58 (13.92) [50] 39.61 (1.40) [50] 33.16 (5.03) [50] 80.75 (6.66) [38] 51.16 (4.82) [42] 54.31 (6.24) [42] 55.41 (9.85) [44]

QMCD 56.10 (0.84) [1] 97.12 (0.42) [33] 7.76 (0.44) [51] 33.09 (0.55) [51] 18.19 (0.55) [51] 27.00 (1.51) [51] 10.24 (0.55) [51] 6.97 (0.48) [51] 30.79 (0.51) [48] 24.12 (0.76) [51] 6.48 (0.31) [51] 58.65 (0.76) [47] 6.62 (1.93) [51] 15.43 (1.79) [51] 23.81 (3.84) [51]

Sampling 49.71 (0.67) [9] 99.96 (0.01) [11] 89.42 (0.61) [20] 55.65 (0.43) [25] 74.06 (2.29) [21] 67.13 (1.15) [22] 81.89 (0.95) [19] 86.78 (1.37) [22] 99.80 (0.04) [17] 64.34 (1.37) [24] 87.73 (0.45) [24] 96.98 (1.14) [29] 70.09 (2.78) [29] 70.40 (1.44) [22] 75.04 (3.79) [15]

EIF 48.96 (0.53) [24] 99.63 (0.14) [27] 84.13 (1.32) [27] 55.65 (0.77) [25] 69.21 (3.46) [26] 65.18 (1.70) [29] 77.90 (1.75) [28] 85.16 (1.74) [27] 99.41 (0.08) [24] 58.85 (1.55) [33] 84.33 (1.67) [28] 97.51 (1.10) [14] 70.37 (2.95) [28] 68.01 (1.78) [26] 71.85 (3.34) [30]

Ensemble 48.60 (0.82) [38] 99.94 (0.02) [18] 94.56 (0.24) [8] 64.36 (0.57) [6] 87.05 (0.36) [5] 75.30 (1.23) [5] 90.86 (0.56) [5] 93.46 (0.54) [6] 99.88 (0.01) [6] 80.80 (0.50) [6] 94.04 (0.24) [8] 97.40 (1.17) [20] 74.57 (2.40) [18] 71.58 (2.75) [17] 73.70 (2.47) [22]

GEN2OUT 49.73 (0.74) [8] 99.88 (0.05) [23] 82.86 (2.95) [30] 54.95 (1.34) [31] 63.95 (4.22) [32] 64.27 (1.61) [31] 73.17 (2.25) [31] 83.78 (2.56) [29] 99.28 (0.55) [27] 57.99 (1.07) [35] 80.96 (2.73) [30] 97.44 (1.02) [18] 74.69 (4.81) [15] 71.01 (1.13) [21] 74.56 (2.81) [16]

DynamicHBOS 49.23 (0.19) [17] 87.76 (0.72) [37] 61.52 (0.49) [40] 51.05 (0.17) [38] 48.00 (0.46) [45] 55.68 (1.11) [39] 56.02 (0.71) [41] 63.83 (1.30) [40] 94.52 (0.24) [36] 50.06 (0.68) [42] 58.00 (0.50) [42] 90.55 (1.22) [35] 60.79 (3.44) [37] 60.65 (1.19) [37] 70.08 (1.23) [32]

COF 48.03 (0.74) [45] 43.89 (1.49) [49] 82.87 (1.65) [29] 62.36 (0.31) [12] 42.93 (0.82) [49] 71.32 (1.40) [15] 79.70 (0.73) [23] 84.67 (0.41) [28] 59.84 (0.84) [43] 75.81 (0.67) [13] 90.01 (0.71) [18] 62.63 (4.95) [43] 50.70 (6.26) [44] 54.65 (2.34) [41] 59.13 (3.29) [41]

ABOD 48.67 (0.41) [36] 99.98 (0.01) [3] 95.00 (0.21) [6] 64.85 (0.37) [4] 82.07 (0.37) [9] 73.76 (1.42) [8] 89.60 (0.74) [8] 93.84 (0.53) [4] 99.90 (0.03) [3] 80.39 (0.55) [10] 95.07 (0.21) [4] 59.26 (3.84) [46] 54.10 (2.32) [40] 51.94 (2.28) [46] 57.75 (3.29) [42]

LMDD 49.54 (0.62) [11] 85.29 (14.92) [38] 77.01 (2.05) [34] 51.46 (0.45) [36] 58.79 (4.36) [33] 61.35 (1.46) [35] 67.31 (5.80) [35] 74.57 (3.87) [35] 91.31 (12.10) [37] 54.64 (1.01) [37] 73.00 (7.43) [36] 77.89 (4.06) [40] 61.91 (6.38) [36] 58.96 (1.84) [38] 64.11 (1.89) [37]

DAGMM 49.45 (1.17) [13] 82.35 (10.18) [39] 70.06 (3.92) [38] 50.23 (1.09) [41] 55.51 (13.94) [36] 55.34 (0.80) [41] 61.45 (4.89) [38] 68.00 (5.96) [37] 86.58 (10.80) [38] 52.39 (1.02) [40] 65.48 (5.88) [38] 80.78 (5.56) [37] 56.61 (6.33) [38] 55.37 (5.73) [39] 62.62 (8.31) [39]

DROCC 48.05 (1.47) [44] 81.91 (20.78) [40] 59.43 (7.68) [41] 54.68 (3.78) [33] 49.02 (10.42) [44] 55.95 (3.00) [38] 59.43 (9.01) [40] 53.26 (9.51) [44] 74.50 (4.87) [40] 58.01 (6.12) [34] 62.26 (13.13) [39] 87.15 (10.24) [36] 55.23 (4.52) [39] 55.32 (6.98) [40] 63.06 (13.01) [38]

GOAD 48.86 (0.70) [31] 99.96 (0.01) [11] 88.42 (0.46) [22] 55.40 (0.70) [27] 74.33 (0.68) [20] 66.71 (1.17) [23] 81.25 (1.07) [20] 86.98 (1.03) [21] 99.79 (0.04) [18] 62.78 (0.62) [27] 87.89 (0.71) [22] 96.80 (1.38) [30] 71.06 (3.04) [26] 66.18 (2.57) [30] 73.78 (3.17) [20]

ICL 47.31 (0.70) [48] 99.98 (0.01) [3] 95.07 (0.33) [4] 62.95 (1.19) [10] 82.05 (1.26) [10] 71.77 (1.15) [13] 84.35 (1.13) [15] 90.47 (1.05) [12] 99.92 (0.02) [2] 80.41 (1.07) [9] 92.58 (0.54) [11] 99.03 (0.40) [8] 91.17 (1.13) [6] 92.09 (1.96) [4] 92.36 (1.84) [1]

PlanarFlow 49.77 (0.47) [7] 99.92 (0.03) [22] 80.49 (1.70) [33] 51.13 (1.13) [37] 68.00 (5.53) [28] 60.33 (1.66) [36] 70.53 (2.02) [33] 78.56 (1.07) [33] 99.39 (0.14) [25] 50.91 (0.56) [41] 74.52 (1.32) [34] 96.57 (1.33) [31] 64.60 (3.94) [34] 64.32 (2.38) [34] 69.35 (2.99) [33]

VAE 48.96 (0.63) [24] 99.96 (0.01) [11] 87.56 (0.52) [24] 55.23 (0.50) [29] 73.23 (0.58) [23] 65.57 (1.27) [26] 79.52 (1.23) [24] 85.79 (0.86) [23] 99.79 (0.03) [18] 60.86 (0.75) [28] 86.30 (0.48) [25] 97.04 (1.15) [27] 69.46 (2.88) [30] 65.95 (2.43) [31] 72.74 (2.58) [27]

GANomaly 48.66 (1.00) [37] 99.94 (0.02) [18] 90.33 (1.29) [18] 55.40 (1.24) [27] 74.04 (2.49) [22] 66.39 (1.11) [25] 80.88 (2.34) [22] 85.64 (1.94) [25] 99.78 (0.05) [22] 65.61 (0.47) [22] 88.73 (0.99) [20] 97.48 (0.84) [16] 75.45 (2.75) [13] 72.22 (2.67) [16] 75.32 (2.28) [14]

SLAD 48.97 (0.31) [23] 99.99 (0.00) [1] 91.85 (0.36) [14] 57.97 (1.20) [20] 79.66 (0.49) [14] 70.46 (1.14) [17] 83.58 (0.65) [16] 89.53 (0.82) [16] 99.86 (0.03) [9] 75.86 (0.31) [12] 90.81 (0.62) [16] 99.43 (0.27) [4] 91.39 (1.14) [5] 90.60 (0.84) [5] 89.93 (1.80) [7]

DIF 49.87 (0.96) [6] 37.08 (1.29) [50] 57.22 (0.63) [42] 49.27 (0.99) [46] 49.23 (1.57) [42] 56.62 (0.73) [37] 60.66 (0.94) [39] 58.54 (0.69) [42] 68.40 (0.33) [41] 58.92 (1.30) [32] 59.93 (0.50) [40] 70.95 (4.41) [41] 74.66 (2.07) [16] 81.95 (2.67) [11] 69.03 (11.42) [34]

DDPM 49.40 (0.93) [14] 99.97 (0.01) [7] 85.97 (1.25) [26] 52.06 (1.34) [35] 69.06 (1.24) [27] 62.86 (1.10) [34] 75.04 (0.46) [29] 81.64 (0.95) [30] 99.79 (0.04) [18] 60.65 (1.13) [30] 82.27 (0.81) [29] 95.50 (0.85) [33] 62.36 (4.65) [35] 61.33 (2.37) [36] 68.49 (2.17) [35]

DTE-IG 49.62 (1.25) [10] 20.01 (39.98) [51] 39.49 (38.33) [50] 48.06 (8.29) [49] 43.77 (23.71) [48] 49.48 (14.04) [47] 38.92 (19.32) [50] 40.99 (35.41) [48] 0.26 (0.12) [51] 43.91 (23.31) [48] 43.95 (38.01) [48] 59.44 (46.05) [45] 32.49 (24.22) [50] 80.11 (4.84) [12] 70.36 (26.53) [31]

DTE-C 48.80 (0.56) [33] 99.41 (0.06) [28] 94.46 (0.56) [10] 62.16 (1.31) [14] 82.16 (1.94) [8] 73.11 (1.69) [10] 86.60 (0.95) [12] 91.79 (0.58) [9] 99.53 (0.02) [23] 80.04 (1.19) [11] 94.06 (0.35) [7] 98.04 (1.05) [10] 87.54 (1.55) [8] 77.80 (5.08) [13] 81.25 (4.06) [11]

DTENonParametric 47.39 (0.62) [47] 95.13 (0.09) [35] 91.34 (0.26) [17] 62.91 (0.59) [11] 82.04 (0.37) [11] 71.90 (1.34) [12] 87.48 (0.65) [10] 90.06 (0.60) [15] 94.97 (0.13) [34] 74.39 (0.64) [15] 91.53 (0.34) [14] 97.63 (1.19) [12] 84.64 (2.90) [11] 82.21 (1.34) [10] 82.77 (2.24) [9]

MCM 49.02 (0.64) [20] 99.99 (0.00) [1] 91.63 (0.34) [15] 58.76 (0.54) [18] 77.28 (0.55) [17] 69.51 (1.32) [19] 83.25 (0.97) [17] 89.51 (0.68) [17] 99.82 (0.03) [14] 70.22 (0.65) [19] 90.40 (0.47) [17] 97.51 (0.99) [14] 73.49 (2.70) [22] 69.32 (2.20) [24] 73.57 (2.75) [25]

3WNCROD 50.00 (0.00) [2] 50.00 (0.00) [44] 50.00 (0.00) [46] 50.00 (0.00) [42] 50.00 (0.00) [38] 50.00 (0.00) [43] 50.00 (0.00) [45] 50.00 (0.00) [45] 50.00 (0.00) [44] 50.00 (0.00) [43] 50.00 (0.00) [44] 50.00 (0.00) [48] 50.00 (0.00) [45] 50.00 (0.00) [47] 50.00 (0.00) [47]

ODIN 48.30 (0.44) [42] 46.67 (0.36) [48] 62.52 (0.57) [39] 64.11 (0.42) [8] 46.83 (0.16) [46] 73.49 (0.86) [9] 64.68 (0.63) [36] 67.14 (0.71) [38] 46.48 (0.30) [47] 80.73 (1.03) [8] 73.35 (0.63) [35] 62.34 (2.56) [44] 68.61 (2.25) [32] 63.22 (1.96) [35] 56.18 (2.09) [43]

NCSBAD (Ours) 44.91 (0.40) [50] 99.98 (0.01) [3] 97.10 (0.14) [3] 68.53 (0.69) [3] 88.99 (0.37) [3] 78.21 (1.18) [2] 92.87 (0.46) [3] 94.67 (0.45) [2] 99.90 (0.03) [3] 88.12 (0.35) [2] 96.53 (0.21) [3] 99.44 (0.35) [3] 92.31 (1.72) [3] 90.30 (1.10) [6] 90.59 (1.76) [5]

NCSBADVAL (Ours) 49.00 (0.90) [21] 99.98 (0.00) [3] 97.28 (0.07) [1] 96.21 (0.87) [1] 90.18 (1.22) [1] 78.31 (1.10) [1] 92.93 (0.60) [2] 94.67 (0.43) [2] 99.90 (0.02) [3] 88.98 (1.11) [1] 96.81 (0.21) [2] 99.39 (0.37) [5] 92.44 (1.64) [1] 89.83 (1.93) [7] 90.31 (1.97) [6]

Table 14: Mean, standard deviation and rank AUC-ROC performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 6
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Model MVTec-AD grid MVTec-AD hazelnut MVTec-AD leather MVTec-AD metal nut MVTec-AD pill MVTec-AD screw MVTec-AD tile MVTec-AD toothbrush MVTec-AD transistor MVTec-AD wood MVTec-AD zipper SVHN 0 SVHN 1 SVHN 2 SVHN 3 SVHN 4

IForest 66.29 (1.82) [32] 75.36 (2.52) [22] 98.97 (0.55) [24] 69.12 (2.72) [31] 67.38 (3.20) [27] 59.84 (3.21) [31] 84.94 (0.71) [22] 90.14 (2.87) [24] 76.33 (4.20) [28] 77.70 (1.19) [30] 82.51 (2.96) [27] 60.70 (1.64) [29] 65.37 (0.78) [24] 61.16 (1.39) [30] 58.84 (1.07) [32] 61.37 (1.23) [17]

OCSVM 67.27 (0.46) [28] 72.82 (2.70) [29] 99.08 (0.36) [23] 71.43 (3.08) [23] 66.57 (2.33) [30] 61.35 (1.68) [25] 84.00 (0.87) [27] 86.60 (2.85) [28] 76.51 (3.12) [26] 79.55 (2.27) [26] 83.65 (2.56) [24] 64.24 (1.70) [19] 66.87 (0.93) [12] 63.04 (0.49) [21] 61.22 (0.80) [19] 60.62 (1.09) [24]

COPOD 50.00 (0.00) [46] 50.00 (0.00) [44] 50.00 (0.00) [48] 50.00 (0.00) [46] 50.00 (0.00) [46] 50.00 (0.00) [44] 50.00 (0.00) [47] 50.00 (0.00) [42] 50.00 (0.00) [45] 50.00 (0.00) [47] 50.00 (0.00) [47] 50.00 (0.00) [45] 50.00 (0.00) [46] 50.00 (0.00) [46] 50.00 (0.00) [46] 50.00 (0.00) [45]

ECOD 50.00 (0.00) [46] 50.00 (0.00) [44] 50.00 (0.00) [48] 50.00 (0.00) [46] 50.00 (0.00) [46] 50.00 (0.00) [44] 50.00 (0.00) [47] 50.00 (0.00) [42] 50.00 (0.00) [45] 50.00 (0.00) [47] 50.00 (0.00) [47] 50.00 (0.00) [45] 50.00 (0.00) [46] 50.00 (0.00) [46] 50.00 (0.00) [46] 50.00 (0.00) [45]

FeatureBagging 69.85 (1.31) [20] 75.70 (2.56) [19] 98.85 (0.23) [26] 73.05 (3.44) [19] 71.07 (3.16) [16] 66.97 (1.78) [15] 85.06 (0.68) [21] 92.80 (1.97) [18] 78.72 (3.02) [18] 82.97 (2.53) [16] 88.79 (2.50) [15] 68.59 (1.69) [3] 66.35 (0.70) [19] 66.74 (0.55) [4] 64.47 (0.65) [1] 62.76 (1.11) [8]

HBOS 59.95 (1.22) [37] 76.08 (2.09) [14] 98.42 (0.77) [32] 62.90 (2.04) [35] 67.51 (2.38) [26] 59.03 (2.94) [33] 84.57 (1.10) [26] 89.64 (4.27) [26] 74.61 (4.14) [31] 73.05 (1.89) [35] 80.40 (2.43) [31] 52.14 (1.91) [40] 63.81 (0.86) [27] 56.98 (1.12) [36] 54.81 (0.64) [39] 60.63 (1.13) [22]

KNN 74.90 (1.10) [14] 76.36 (2.24) [13] 99.32 (0.28) [12] 74.07 (1.94) [16] 72.12 (2.45) [15] 67.33 (2.67) [14] 85.78 (0.56) [17] 96.42 (1.62) [13] 79.67 (3.21) [15] 82.95 (1.93) [17] 87.79 (2.56) [18] 64.71 (1.94) [17] 66.97 (0.92) [11] 64.19 (0.70) [15] 61.78 (0.52) [14] 61.94 (1.00) [12]

LODA 64.22 (3.32) [33] 69.46 (4.33) [35] 97.84 (0.67) [33] 64.78 (5.58) [34] 66.88 (0.90) [29] 57.14 (3.05) [36] 81.10 (2.29) [33] 71.72 (4.69) [36] 69.50 (4.05) [36] 73.94 (1.41) [34] 78.91 (4.41) [32] 54.40 (5.94) [37] 57.01 (3.82) [38] 53.25 (2.53) [39] 52.09 (2.93) [44] 55.69 (3.75) [39]

LOF 69.55 (1.33) [21] 75.67 (2.46) [20] 98.69 (0.17) [29] 73.09 (3.24) [17] 70.91 (3.21) [17] 66.37 (1.62) [17] 84.88 (0.49) [23] 93.00 (1.90) [16] 78.81 (2.90) [16] 83.15 (2.26) [14] 88.66 (2.31) [16] 68.45 (1.76) [4] 65.94 (0.70) [20] 66.64 (0.52) [6] 64.28 (0.65) [2] 62.67 (1.41) [9]

MCD 84.01 (0.46) [10] 81.53 (1.97) [11] 98.86 (0.61) [25] 82.56 (2.93) [12] 80.07 (2.97) [9] 73.84 (2.87) [12] 89.86 (1.24) [12] 94.37 (2.79) [15] 86.61 (3.20) [11] 90.12 (1.87) [11] 93.70 (1.44) [10] 62.59 (2.07) [28] 62.94 (1.29) [28] 61.69 (0.54) [28] 59.92 (1.46) [28] 60.30 (0.85) [29]

PCA 66.51 (0.45) [30] 72.40 (2.39) [31] 99.15 (0.30) [17] 69.57 (2.69) [29] 66.10 (1.91) [31] 60.81 (1.20) [26] 83.81 (0.76) [29] 80.25 (1.63) [33] 75.66 (3.34) [29] 79.16 (2.12) [27] 82.21 (2.44) [28] 63.19 (1.70) [24] 67.06 (0.93) [8] 62.60 (0.51) [23] 60.92 (0.76) [23] 60.43 (1.08) [28]

DeepSVDD 87.44 (3.41) [8] 84.94 (2.60) [10] 99.39 (0.27) [11] 86.66 (3.29) [9] 78.17 (3.85) [12] 80.11 (2.82) [8] 94.14 (1.62) [8] 97.06 (2.36) [12] 88.58 (5.54) [10] 93.44 (0.91) [8] 93.60 (1.28) [11] 55.12 (1.74) [35] 56.98 (6.93) [39] 54.66 (3.28) [37] 52.79 (2.58) [41] 51.61 (3.50) [43]

INNE 69.03 (0.74) [24] 74.98 (2.18) [26] 98.82 (0.41) [28] 71.64 (2.82) [22] 69.31 (3.02) [23] 62.68 (1.23) [20] 85.75 (0.79) [18] 92.44 (2.11) [20] 78.56 (2.97) [20] 81.81 (2.44) [21] 89.07 (1.81) [14] 65.23 (1.96) [15] 66.73 (0.80) [14] 63.51 (0.53) [20] 62.26 (0.67) [12] 60.63 (1.04) [22]

KPCA 93.05 (1.40) [2] 91.42 (1.16) [2] 99.61 (0.23) [6] 93.56 (1.20) [3] 90.29 (2.64) [2] 88.60 (0.45) [3] 95.78 (1.29) [3] 99.93 (0.11) [4] 94.86 (1.72) [2] 96.13 (1.16) [2] 96.52 (1.30) [4] 65.98 (1.83) [12] 67.24 (0.91) [7] 64.78 (0.58) [12] 62.47 (0.63) [11] 62.52 (1.02) [11]

KDE 92.88 (1.59) [3] 90.81 (0.73) [6] 99.55 (0.19) [8] 92.78 (1.18) [6] 88.87 (2.56) [5] 89.12 (0.20) [2] 94.68 (1.10) [7] 99.91 (0.13) [6] 94.90 (1.95) [1] 96.28 (1.03) [1] 95.54 (1.87) [7] 54.56 (1.61) [36] 58.84 (1.43) [36] 60.15 (0.59) [32] 57.27 (1.28) [35] 54.67 (1.29) [40]

GMM 92.59 (1.35) [4] 91.08 (1.23) [4] 99.66 (0.21) [4] 93.86 (1.47) [1] 91.28 (2.26) [1] 88.28 (0.70) [4] 95.41 (1.06) [5] 99.92 (0.10) [5] 94.01 (1.59) [4] 96.04 (1.07) [3] 96.11 (0.79) [6] 68.88 (1.77) [1] 68.37 (0.95) [2] 66.66 (0.58) [5] 63.34 (0.75) [7] 63.95 (1.08) [6]

CBLOF 71.83 (0.79) [17] 75.99 (3.19) [16] 99.12 (0.31) [22] 71.31 (3.11) [24] 69.72 (2.86) [22] 64.23 (3.04) [19] 86.14 (0.69) [14] 91.31 (1.99) [21] 78.51 (3.19) [22] 81.83 (1.72) [20] 86.07 (1.56) [21] 63.92 (1.81) [20] 66.44 (0.90) [18] 62.81 (0.52) [22] 61.16 (0.72) [21] 60.79 (1.05) [21]

SOD 57.72 (1.25) [39] 63.00 (2.48) [39] 97.11 (0.64) [35] 54.31 (4.23) [40] 53.29 (4.98) [44] 55.86 (3.05) [39] 73.19 (3.34) [36] 64.11 (5.61) [39] 63.73 (4.94) [38] 75.38 (3.76) [33] 70.11 (2.95) [36] 63.13 (1.49) [26] 62.42 (0.71) [30] 64.31 (0.48) [14] 61.53 (1.03) [18] 61.14 (1.12) [19]

LUNAR 86.76 (2.97) [9] 85.89 (3.22) [8] 99.67 (0.12) [3] 85.91 (3.80) [10] 77.13 (6.61) [13] 79.08 (3.93) [10] 91.56 (2.68) [10] 99.86 (0.19) [8] 91.03 (3.55) [8] 91.65 (1.06) [9] 93.75 (1.61) [9] 68.64 (1.76) [2] 69.95 (1.21) [1] 67.18 (0.79) [2] 62.14 (0.42) [13] 65.85 (0.92) [1]

SOGAAL 49.35 (8.42) [50] 36.04 (5.43) [50] 52.27 (24.30) [47] 53.24 (2.20) [41] 54.85 (2.70) [42] 47.45 (4.64) [50] 58.19 (7.12) [46] 47.80 (6.18) [45] 48.22 (5.54) [50] 51.89 (13.77) [45] 51.71 (7.23) [45] 48.06 (3.60) [48] 54.10 (3.19) [42] 52.56 (1.87) [42] 54.50 (2.97) [40] 44.19 (2.89) [49]

ALAD 54.71 (3.09) [41] 48.72 (9.24) [48] 73.01 (8.75) [42] 47.84 (6.69) [50] 49.99 (3.47) [49] 49.90 (3.21) [48] 64.04 (3.45) [40] 28.93 (8.41) [49] 55.53 (2.25) [43] 51.22 (7.67) [46] 54.48 (5.90) [44] 53.03 (2.25) [39] 49.78 (4.95) [49] 52.74 (1.55) [41] 48.35 (3.58) [50] 49.11 (2.06) [48]

AE 70.32 (0.47) [19] 76.03 (2.58) [15] 99.16 (0.29) [16] 71.75 (2.95) [21] 70.23 (2.10) [20] 62.15 (1.74) [22] 85.93 (0.82) [16] 90.08 (1.92) [25] 78.57 (2.99) [19] 80.99 (2.24) [23] 87.18 (2.02) [20] 64.91 (1.75) [16] 66.73 (0.93) [14] 64.41 (0.55) [13] 61.73 (0.69) [15] 61.81 (1.09) [13]

CD 50.00 (0.00) [46] 50.00 (0.00) [44] 50.00 (0.00) [48] 50.00 (0.00) [46] 40.55 (9.22) [50] 50.00 (0.00) [44] 50.00 (0.00) [47] 43.79 (12.42) [48] 50.00 (0.00) [45] 50.00 (0.00) [47] 45.69 (5.37) [50] 53.29 (4.46) [38] 60.67 (5.05) [32] 50.00 (0.00) [46] 59.06 (3.07) [30] 53.52 (4.37) [41]

MOGAAL 53.28 (6.86) [44] 37.44 (5.89) [49] 56.58 (26.65) [46] 52.69 (2.62) [43] 55.58 (1.44) [41] 48.24 (4.99) [49] 59.47 (8.00) [43] 46.41 (5.33) [47] 48.85 (5.42) [49] 55.79 (14.09) [44] 50.52 (7.18) [46] 47.81 (2.95) [49] 51.77 (2.83) [44] 50.73 (1.08) [45] 55.85 (3.77) [37] 42.82 (2.23) [50]

QMCD 13.47 (2.81) [51] 20.83 (3.16) [51] 81.15 (2.67) [38] 7.15 (1.10) [51] 12.38 (3.66) [51] 12.09 (1.35) [51] 26.39 (5.66) [51] 23.35 (37.73) [50] 18.07 (3.36) [51] 30.74 (4.34) [51] 8.27 (2.77) [51] 40.75 (2.12) [50] 34.83 (0.83) [51] 39.15 (1.13) [51] 42.61 (0.48) [51] 37.12 (1.00) [51]

Sampling 71.52 (3.32) [18] 75.15 (2.61) [23] 99.22 (0.29) [14] 70.93 (2.12) [26] 70.58 (3.58) [19] 61.45 (2.80) [24] 85.32 (0.73) [20] 89.62 (2.18) [27] 78.53 (4.28) [21] 82.30 (1.50) [19] 85.05 (2.83) [22] 62.66 (2.73) [27] 66.79 (1.74) [13] 61.74 (0.98) [27] 60.58 (0.64) [26] 61.26 (0.95) [18]

EIF 66.88 (1.47) [29] 75.08 (2.43) [25] 99.14 (0.52) [20] 70.16 (2.57) [28] 67.80 (1.99) [25] 59.24 (4.22) [32] 84.66 (1.21) [25] 94.94 (2.64) [14] 76.38 (6.75) [27] 79.09 (2.18) [29] 82.68 (1.94) [26] 59.14 (1.46) [31] 65.54 (1.26) [22] 61.38 (0.69) [29] 59.42 (1.17) [29] 60.44 (1.45) [26]

Ensemble 69.55 (1.33) [21] 75.67 (2.46) [20] 98.69 (0.17) [29] 73.09 (3.24) [17] 70.91 (3.21) [17] 66.37 (1.62) [17] 84.88 (0.49) [23] 93.00 (1.90) [16] 78.81 (2.90) [16] 83.15 (2.26) [14] 88.66 (2.31) [16] 68.45 (1.76) [4] 65.94 (0.70) [20] 66.64 (0.52) [6] 64.28 (0.65) [2] 62.67 (1.41) [9]

GEN2OUT 73.41 (3.36) [15] 75.93 (2.98) [17] 99.13 (0.58) [21] 72.22 (3.55) [20] 69.17 (1.71) [24] 60.23 (3.52) [29] 85.74 (1.48) [19] 92.48 (2.14) [19] 77.85 (2.50) [24] 80.95 (1.44) [24] 84.68 (2.10) [23] 57.46 (2.74) [33] 65.50 (1.43) [23] 58.95 (1.15) [34] 57.77 (1.60) [34] 60.47 (1.67) [25]

DynamicHBOS 53.51 (1.44) [43] 69.70 (1.81) [34] 94.10 (1.50) [36] 54.35 (0.53) [39] 59.70 (0.58) [38] 53.69 (1.72) [43] 76.94 (1.62) [35] 81.31 (2.89) [31] 66.46 (3.90) [37] 60.86 (0.76) [41] 66.22 (2.71) [39] 51.01 (1.07) [41] 54.98 (0.52) [41] 53.48 (0.72) [38] 49.80 (0.24) [49] 56.10 (0.51) [38]

COF 52.83 (2.01) [45] 62.60 (5.02) [40] 68.90 (6.94) [43] 52.38 (3.26) [44] 50.57 (5.73) [45] 55.31 (3.30) [40] 67.17 (5.43) [38] 58.88 (3.28) [40] 61.38 (6.20) [41] 70.54 (2.55) [36] 63.90 (3.47) [41] 66.26 (1.23) [11] 59.93 (0.73) [34] 66.43 (0.70) [8] 63.64 (0.61) [6] 60.19 (1.14) [31]

ABOD 53.75 (4.16) [42] 65.97 (3.71) [37] 78.97 (3.00) [39] 51.01 (1.60) [45] 53.47 (2.21) [43] 54.59 (3.07) [41] 61.88 (1.71) [41] 22.09 (3.39) [51] 54.45 (3.19) [44] 59.72 (1.15) [42] 71.45 (3.26) [35] 67.62 (1.78) [8] 67.67 (0.82) [5] 65.55 (0.78) [10] 63.31 (0.94) [8] 64.09 (1.21) [5]

LMDD 57.68 (3.84) [40] 67.58 (1.64) [36] 73.18 (6.33) [41] 61.98 (2.13) [36] 61.80 (3.51) [36] 57.35 (1.18) [35] 58.92 (2.82) [44] 66.13 (2.05) [38] 61.20 (2.34) [42] 64.60 (4.05) [40] 66.95 (4.27) [37] 55.54 (3.46) [34] 59.10 (3.17) [35] 58.35 (1.31) [35] 55.05 (1.41) [38] 58.95 (0.63) [33]

DAGMM 60.07 (5.12) [36] 63.66 (5.12) [38] 86.14 (3.92) [37] 52.84 (4.73) [42] 55.88 (8.78) [40] 56.49 (2.89) [38] 71.96 (3.64) [37] 70.11 (5.41) [37] 62.57 (8.13) [39] 67.60 (4.71) [38] 65.88 (7.43) [40] 50.78 (2.57) [42] 52.48 (2.72) [43] 53.11 (1.14) [40] 57.14 (3.38) [36] 53.20 (1.54) [42]

DROCC 62.13 (5.69) [34] 56.97 (9.39) [42] 58.56 (15.45) [44] 57.13 (7.53) [38] 57.43 (5.84) [39] 62.08 (10.23) [23] 60.93 (16.92) [42] 58.38 (9.83) [41] 62.19 (14.20) [40] 66.72 (14.86) [39] 56.22 (3.25) [43] 50.43 (2.88) [44] 50.55 (3.02) [45] 51.54 (2.15) [44] 52.26 (3.19) [43] 50.12 (3.84) [44]

GOAD 67.68 (0.76) [27] 73.65 (2.70) [28] 99.15 (0.33) [17] 70.67 (2.73) [27] 67.22 (1.26) [28] 60.69 (2.05) [28] 83.89 (1.58) [28] 82.05 (2.71) [29] 76.72 (2.97) [25] 79.86 (1.79) [25] 83.48 (2.68) [25] 63.65 (1.52) [21] 67.36 (1.14) [6] 62.53 (0.69) [25] 60.91 (0.53) [25] 60.96 (1.04) [20]

ICL 93.65 (1.40) [1] 92.30 (1.92) [1] 99.51 (0.27) [9] 92.97 (0.66) [5] 89.59 (0.69) [4] 89.68 (0.96) [1] 95.31 (1.21) [6] 99.94 (0.08) [3] 94.52 (1.48) [3] 96.01 (1.29) [4] 96.57 (0.69) [3] 66.27 (2.88) [10] 60.01 (0.57) [33] 63.93 (1.86) [18] 62.83 (1.85) [10] 60.15 (1.51) [32]

PlanarFlow 61.22 (1.68) [35] 72.31 (3.93) [32] 98.85 (0.39) [26] 65.79 (2.91) [33] 63.52 (1.98) [34] 56.79 (1.72) [37] 81.13 (0.93) [32] 74.11 (4.16) [34] 71.02 (3.10) [33] 77.07 (2.37) [31] 73.04 (3.05) [34] 58.41 (1.24) [32] 64.81 (0.90) [26] 59.63 (1.50) [33] 59.03 (1.42) [31] 58.36 (1.24) [36]

VAE 66.51 (0.45) [30] 72.41 (2.38) [30] 99.15 (0.30) [17] 69.57 (2.69) [29] 66.10 (1.91) [31] 60.81 (1.20) [26] 83.81 (0.76) [29] 81.51 (2.22) [30] 75.66 (3.34) [29] 79.16 (2.12) [27] 82.21 (2.44) [28] 63.19 (1.71) [24] 67.06 (0.93) [8] 62.60 (0.51) [23] 60.92 (0.76) [23] 60.44 (1.09) [26]

GANomaly 72.42 (0.80) [16] 75.74 (3.32) [18] 99.27 (0.32) [13] 74.38 (2.72) [15] 74.70 (2.03) [14] 66.59 (2.37) [16] 86.73 (1.03) [13] 90.54 (2.82) [23] 80.46 (3.07) [14] 82.42 (2.20) [18] 89.74 (1.96) [13] 63.27 (2.50) [23] 64.93 (1.26) [25] 62.49 (0.86) [26] 61.11 (1.00) [22] 60.30 (1.69) [29]

SLAD 90.18 (1.39) [7] 89.50 (2.62) [7] 99.68 (0.15) [1] 90.74 (1.80) [7] 89.64 (2.31) [3] 84.32 (1.71) [7] 95.91 (1.20) [1] 99.90 (0.11) [7] 92.64 (1.75) [7] 94.72 (1.31) [7] 96.41 (0.93) [5] 63.30 (2.11) [22] 62.51 (0.70) [29] 63.93 (1.21) [18] 61.19 (0.82) [20] 62.80 (0.95) [7]

DIF 83.36 (1.30) [12] 74.80 (3.01) [27] 73.69 (4.18) [40] 83.47 (2.15) [11] 78.88 (1.75) [11] 80.01 (3.29) [9] 81.50 (3.12) [31] 98.79 (0.92) [9] 85.82 (2.60) [12] 87.45 (1.20) [12] 80.56 (2.54) [30] 50.63 (0.57) [43] 56.92 (1.04) [40] 52.23 (1.70) [43] 52.69 (1.50) [42] 57.31 (1.37) [37]

DDPM 67.97 (1.01) [26] 69.82 (0.99) [33] 97.67 (0.13) [34] 68.09 (1.53) [32] 61.87 (2.65) [35] 58.25 (2.27) [34] 77.48 (1.66) [34] 73.98 (3.63) [35] 71.71 (2.89) [32] 76.83 (1.44) [32] 66.92 (3.02) [38] 59.81 (2.48) [30] 61.95 (1.14) [31] 61.04 (2.21) [31] 58.01 (1.00) [33] 58.69 (1.33) [34]

DTE-IG 68.56 (20.51) [25] 57.38 (31.43) [41] 99.51 (0.26) [9] 79.07 (2.48) [14] 65.48 (20.22) [33] 54.18 (19.99) [42] 58.59 (41.17) [45] 46.48 (42.37) [46] 69.61 (30.61) [35] 56.96 (39.42) [43] 60.89 (43.82) [42] 37.02 (2.09) [51] 48.37 (11.99) [50] 45.79 (8.45) [50] 51.08 (5.84) [45] 61.71 (1.12) [14]

DTE-C 83.76 (1.52) [11] 85.39 (2.70) [9] 99.61 (0.22) [6] 87.02 (2.39) [8] 82.13 (3.70) [8] 74.66 (2.66) [11] 93.44 (1.93) [9] 97.99 (1.48) [11] 88.61 (3.08) [9] 90.50 (2.63) [10] 94.39 (1.71) [8] 65.54 (3.29) [13] 67.01 (0.42) [10] 65.74 (1.48) [9] 63.02 (1.26) [9] 64.33 (0.89) [4]

DTENonParametric 81.18 (1.25) [13] 80.81 (2.03) [12] 98.59 (0.76) [31] 81.10 (2.52) [13] 79.79 (2.04) [10] 71.98 (2.69) [13] 89.88 (0.49) [11] 98.74 (0.93) [10] 84.81 (2.50) [13] 86.15 (1.89) [13] 91.16 (2.63) [12] 65.25 (1.84) [14] 66.70 (0.90) [17] 64.09 (0.65) [16] 61.69 (0.45) [16] 61.71 (1.03) [14]

MCM 69.54 (0.69) [23] 75.10 (2.39) [24] 99.18 (0.31) [15] 71.11 (2.36) [25] 70.07 (2.15) [21] 62.43 (2.12) [21] 86.13 (0.70) [15] 90.71 (2.44) [22] 78.19 (3.16) [23] 81.24 (2.14) [22] 87.60 (2.45) [19] 64.30 (1.75) [18] 66.71 (0.93) [16] 64.03 (0.49) [17] 61.56 (0.68) [17] 61.47 (1.11) [16]

3WNCROD 50.00 (0.00) [46] 50.00 (0.00) [44] 50.00 (0.00) [48] 50.00 (0.00) [46] 50.00 (0.00) [46] 50.00 (0.00) [44] 50.00 (0.00) [47] 50.00 (0.00) [42] 50.00 (0.00) [45] 50.00 (0.00) [47] 50.00 (0.00) [47] 50.00 (0.00) [45] 50.00 (0.00) [46] 50.00 (0.00) [46] 50.00 (0.00) [46] 50.00 (0.00) [45]

ODIN 58.06 (1.89) [38] 56.59 (4.27) [43] 56.61 (0.73) [45] 60.24 (3.52) [37] 60.51 (2.50) [37] 59.97 (2.58) [30] 64.45 (2.09) [39] 80.94 (2.38) [32] 70.61 (3.99) [34] 68.38 (3.58) [37] 78.07 (2.02) [33] 66.68 (1.19) [9] 58.08 (0.35) [37] 64.84 (0.81) [11] 60.24 (0.92) [27] 58.45 (2.05) [35]

NCSBAD (Ours) 92.04 (1.27) [6] 91.06 (1.10) [5] 99.68 (0.19) [1] 93.55 (1.46) [4] 88.10 (1.75) [6] 86.96 (0.74) [5] 95.91 (1.09) [1] 99.96 (0.04) [2] 93.80 (1.79) [6] 95.82 (1.05) [6] 96.85 (0.91) [2] 68.22 (1.87) [6] 67.81 (0.93) [4] 67.12 (0.87) [3] 64.03 (0.74) [5] 64.92 (0.96) [3]

NCSBADVAL (Ours) 92.25 (1.43) [5] 91.24 (1.18) [3] 99.62 (0.31) [5] 93.65 (1.41) [2] 88.05 (1.83) [7] 86.90 (0.88) [6] 95.68 (1.54) [4] 99.97 (0.03) [1] 94.00 (1.51) [5] 95.91 (1.14) [5] 96.95 (0.90) [1] 67.96 (1.66) [7] 68.06 (1.07) [3] 67.21 (0.84) [1] 64.11 (0.74) [4] 65.19 (1.28) [2]

Table 15: Mean, standard deviation and rank AUC-ROC performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 7
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IForest 60.77 (1.50) [29] 54.12 (1.92) [34] 65.43 (1.06) [24] 53.00 (1.89) [33] 53.00 (1.68) [36] 55.34 (0.70) [28] 58.69 (1.54) [27] 63.93 (0.44) [29] 57.61 (0.55) [30] 56.10 (2.21) [25] 48.60 (1.00) [32] 61.22 (1.51) [26] 63.73 (1.04) [28] 47.04 (1.89) [40] 46.46 (3.85) [44] 69.46 (6.59) [26] 52.01 (1.49) [32] 53.08 (1.78) [29]

OCSVM 63.09 (0.83) [18] 56.65 (1.02) [21] 67.53 (0.36) [7] 57.22 (1.98) [23] 57.17 (1.95) [19] 56.79 (0.65) [26] 59.77 (0.87) [24] 67.16 (0.58) [23] 60.51 (0.68) [23] 56.41 (1.47) [22] 48.29 (0.48) [36] 62.24 (1.31) [23] 66.42 (0.84) [23] 47.62 (1.01) [34] 47.52 (2.67) [40] 71.00 (7.10) [20] 54.54 (1.93) [21] 54.17 (1.43) [20]

COPOD 50.00 (0.00) [46] 50.00 (0.00) [45] 50.00 (0.00) [44] 50.00 (0.00) [43] 50.00 (0.00) [43] 52.68 (0.51) [34] 52.29 (0.64) [40] 61.51 (0.52) [35] 55.99 (0.92) [35] 56.90 (1.21) [19] 50.40 (0.52) [12] 60.73 (1.32) [27] 59.98 (0.65) [33] 46.32 (1.74) [45] 44.42 (2.86) [50] 68.34 (5.59) [31] 50.74 (2.37) [41] 51.79 (1.77) [36]

ECOD 50.00 (0.00) [46] 50.00 (0.00) [45] 50.00 (0.00) [44] 50.00 (0.00) [43] 50.00 (0.00) [43] 50.84 (0.69) [41] 56.37 (0.72) [33] 60.09 (0.51) [38] 55.50 (0.61) [36] 53.66 (1.40) [36] 46.38 (0.53) [50] 57.69 (1.30) [35] 59.25 (1.18) [36] 45.32 (0.84) [47] 48.15 (2.61) [32] 70.07 (4.38) [24] 52.42 (2.37) [28] 53.18 (2.48) [27]

FeatureBagging 65.97 (1.04) [3] 58.85 (0.72) [5] 67.66 (0.74) [4] 62.48 (1.60) [1] 60.22 (1.92) [3] 67.47 (0.72) [6] 80.41 (0.81) [3] 78.35 (1.08) [5] 72.98 (0.87) [4] 57.75 (1.03) [14] 49.19 (0.74) [26] 66.32 (1.14) [13] 79.62 (1.55) [5] 52.93 (3.24) [22] 50.29 (1.91) [19] 71.24 (7.11) [19] 54.78 (2.79) [16] 55.43 (1.69) [11]

HBOS 54.88 (1.23) [41] 49.07 (0.96) [49] 62.53 (0.61) [33] 47.71 (1.97) [50] 47.67 (1.19) [48] 52.03 (0.41) [36] 56.73 (0.63) [32] 60.52 (0.49) [37] 55.32 (0.79) [37] 56.46 (1.31) [20] 49.23 (0.56) [25] 60.36 (1.42) [29] 59.68 (0.70) [34] 46.82 (1.80) [42] 45.04 (2.94) [49] 67.71 (5.58) [32] 52.36 (2.27) [29] 54.17 (2.26) [20]

KNN 63.54 (0.99) [16] 57.02 (0.72) [18] 66.41 (0.40) [19] 58.39 (1.57) [19] 57.12 (1.91) [20] 62.84 (0.48) [12] 66.12 (0.87) [18] 74.08 (0.63) [16] 65.84 (1.36) [17] 60.92 (1.09) [7] 49.70 (0.59) [20] 67.95 (1.45) [7] 72.85 (1.68) [16] 53.20 (3.47) [21] 47.86 (1.16) [36] 73.10 (8.22) [14] 49.92 (2.78) [45] 52.12 (2.53) [34]

LODA 55.19 (2.06) [37] 51.24 (4.03) [42] 59.07 (3.59) [37] 55.60 (5.38) [31] 53.67 (5.59) [31] 58.85 (2.85) [22] 53.30 (4.72) [37] 62.53 (2.60) [31] 56.02 (2.65) [34] 53.88 (3.44) [35] 46.73 (2.45) [45] 58.37 (5.55) [34] 54.03 (3.00) [40] 47.76 (5.10) [33] 47.90 (2.04) [35] 68.74 (8.12) [27] 55.14 (4.49) [14] 50.87 (6.00) [42]

LOF 66.03 (1.13) [1] 58.85 (0.67) [5] 67.63 (0.76) [5] 62.38 (1.61) [2] 60.16 (1.87) [4] 67.51 (0.69) [4] 80.19 (0.86) [4] 78.28 (1.13) [6] 72.92 (0.90) [5] 57.64 (1.05) [15] 49.25 (0.73) [23] 66.46 (1.02) [11] 80.50 (1.11) [1] 53.51 (3.09) [17] 50.45 (1.98) [17] 70.94 (7.14) [21] 54.61 (2.88) [19] 55.01 (1.93) [13]

MCD 59.68 (1.64) [32] 54.93 (0.59) [30] 60.15 (1.09) [36] 56.24 (1.47) [30] 55.74 (2.38) [28] 64.13 (0.27) [10] 68.28 (0.57) [15] 74.96 (0.46) [14] 64.86 (1.08) [18] 60.57 (1.39) [8] 50.79 (0.57) [8] 66.69 (0.90) [10] 71.32 (1.41) [19] 55.96 (2.66) [8] 51.48 (1.95) [10] 73.85 (10.23) [13] 57.97 (2.74) [8] 66.56 (2.51) [3]

PCA 62.65 (0.79) [24] 56.10 (1.05) [23] 67.31 (0.33) [10] 56.25 (1.92) [28] 56.46 (1.94) [25] 52.03 (0.70) [36] 58.55 (0.70) [28] 62.00 (0.48) [32] 57.02 (0.53) [32] 54.91 (1.48) [31] 47.30 (0.59) [42] 59.41 (1.38) [30] 61.73 (1.04) [31] 46.37 (1.01) [43] 47.56 (2.73) [38] 68.59 (5.77) [29] 51.67 (2.14) [34] 53.88 (1.93) [24]

DeepSVDD 54.92 (2.54) [40] 53.56 (3.57) [36] 52.35 (2.89) [41] 52.45 (2.08) [36] 53.16 (2.62) [34] 50.88 (3.22) [40] 46.72 (3.04) [50] 52.61 (4.94) [46] 48.71 (5.06) [49] 50.46 (3.94) [48] 46.66 (2.11) [46] 50.39 (3.14) [47] 56.64 (3.77) [38] 47.16 (3.56) [39] 50.55 (3.69) [16] 71.46 (10.66) [17] 53.17 (2.46) [25] 54.84 (3.25) [15]

INNE 64.61 (0.99) [8] 56.70 (0.78) [20] 67.41 (0.47) [9] 58.68 (1.79) [17] 57.56 (2.07) [16] 59.66 (0.70) [20] 65.75 (1.32) [19] 71.52 (0.95) [18] 62.97 (0.55) [19] 57.55 (1.60) [17] 48.74 (0.57) [31] 63.23 (1.17) [18] 71.41 (0.98) [18] 49.06 (1.68) [29] 46.53 (3.06) [43] 70.81 (7.78) [23] 54.75 (2.11) [17] 55.28 (1.69) [12]

KPCA 64.13 (0.94) [11] 57.71 (0.76) [9] 66.94 (0.48) [14] 59.03 (1.55) [15] 58.17 (1.98) [14] 65.35 (0.26) [7] 72.28 (0.72) [8] 77.10 (0.68) [8] 70.69 (1.16) [7] 61.35 (1.25) [5] 50.20 (0.42) [14] 68.47 (1.28) [5] 76.12 (1.58) [12] 55.57 (3.12) [10] 50.84 (1.56) [15] 88.27 (3.87) [4] 57.22 (2.43) [10] 58.16 (2.31) [8]

KDE 56.14 (0.58) [35] 55.59 (0.94) [28] 64.51 (0.78) [27] 57.80 (0.74) [22] 55.57 (2.02) [29] 52.88 (1.58) [33] 58.87 (0.94) [26] 60.94 (0.60) [36] 54.94 (0.99) [38] 52.37 (0.89) [40] 46.60 (0.62) [47] 56.27 (0.86) [37] 56.23 (0.94) [39] 53.37 (2.24) [20] 53.24 (2.03) [5] 83.72 (3.03) [5] 48.77 (3.95) [49] 54.17 (2.05) [20]

GMM 65.33 (1.00) [6] 59.30 (0.67) [4] 67.45 (0.59) [8] 60.95 (1.76) [8] 60.30 (2.03) [2] 69.78 (0.51) [3] 79.15 (0.28) [6] 81.96 (0.63) [3] 74.43 (0.94) [3] 61.37 (1.16) [4] 49.19 (0.47) [26] 68.67 (1.09) [3] 78.24 (1.57) [6] 58.73 (2.74) [5] 54.58 (1.80) [3] 89.30 (3.95) [3] 62.28 (2.04) [5] 63.48 (2.83) [6]

CBLOF 62.77 (0.84) [22] 55.72 (0.88) [27] 66.58 (0.45) [17] 57.15 (1.84) [24] 56.85 (2.00) [22] 60.59 (0.44) [17] 60.75 (0.94) [22] 70.00 (1.14) [21] 60.48 (1.28) [24] 58.36 (1.15) [13] 49.69 (0.67) [21] 63.78 (1.07) [17] 67.56 (1.92) [21] 53.42 (3.21) [19] 46.33 (3.29) [47] 74.06 (7.94) [11] 52.83 (2.36) [26] 52.77 (2.06) [31]

SOD 62.72 (1.08) [23] 55.93 (1.54) [26] 64.42 (1.02) [28] 57.87 (1.28) [21] 55.39 (1.96) [30] 58.03 (0.39) [24] 58.31 (0.79) [30] 70.71 (0.76) [20] 61.74 (1.63) [20] 58.61 (1.44) [12] 49.38 (0.62) [22] 65.21 (1.66) [15] 71.47 (1.38) [17] 54.91 (2.94) [13] 48.10 (0.97) [34] 57.48 (12.22) [42] 53.80 (2.63) [23] 49.34 (0.86) [46]

LUNAR 64.26 (1.29) [10] 60.12 (0.47) [1] 67.70 (0.72) [3] 60.25 (1.89) [11] 59.87 (1.96) [7] 62.48 (0.44) [14] 69.06 (0.81) [14] 75.43 (0.61) [11] 67.38 (1.29) [13] 59.97 (1.36) [10] 49.75 (0.80) [18] 68.38 (1.37) [6] 74.52 (2.00) [13] 56.18 (3.38) [7] 48.91 (0.79) [24] 80.07 (5.85) [7] 49.81 (2.98) [46] 53.09 (2.76) [28]

SOGAAL 54.06 (3.31) [42] 51.56 (3.61) [41] 47.07 (5.48) [49] 52.05 (4.07) [38] 51.71 (3.72) [38] 47.39 (1.24) [49] 50.72 (1.15) [44] 53.81 (0.42) [45] 51.79 (0.78) [44] 50.93 (0.93) [46] 47.54 (0.34) [39] 54.78 (1.71) [43] 51.83 (1.41) [43] 45.07 (2.24) [48] 48.85 (2.34) [25] 65.48 (3.11) [37] 50.83 (1.57) [40] 51.07 (4.16) [41]

ALAD 46.87 (1.81) [50] 54.48 (2.60) [31] 48.71 (4.74) [47] 51.06 (2.58) [41] 51.59 (1.46) [39] 46.64 (0.82) [50] 51.04 (2.48) [42] 49.59 (1.95) [48] 48.13 (1.35) [50] 47.71 (2.59) [50] 45.74 (1.93) [51] 49.41 (2.51) [48] 44.51 (1.29) [50] 51.64 (2.94) [24] 51.46 (2.56) [12] 58.98 (7.48) [41] 46.59 (2.55) [51] 48.72 (5.24) [47]

AE 63.76 (0.95) [14] 56.89 (0.76) [19] 67.03 (0.58) [13] 58.80 (1.86) [16] 57.49 (2.02) [17] 62.15 (0.58) [15] 69.22 (0.90) [12] 75.73 (0.74) [10] 66.53 (1.20) [16] 59.56 (1.35) [11] 50.65 (0.60) [11] 66.96 (1.11) [9] 76.25 (1.73) [11] 54.44 (3.13) [14] 46.41 (1.60) [45] 71.26 (7.81) [18] 58.31 (2.13) [7] 54.57 (1.94) [17]

CD 54.98 (6.68) [39] 51.63 (2.02) [40] 51.68 (3.36) [42] 50.00 (0.00) [43] 50.81 (1.62) [42] 64.35 (0.71) [9] 68.07 (0.37) [16] 79.53 (0.67) [4] 69.34 (1.25) [9] 56.08 (1.87) [26] 46.46 (0.64) [48] 62.42 (0.49) [22] 62.09 (6.44) [30] 50.00 (0.00) [28] 50.00 (0.00) [21] 50.00 (0.00) [49] 50.00 (0.00) [43] 50.00 (0.00) [45]

MOGAAL 53.74 (3.40) [43] 52.58 (3.67) [39] 47.12 (4.88) [48] 50.54 (2.80) [42] 51.24 (3.60) [41] 47.53 (1.63) [48] 50.76 (1.51) [43] 54.16 (0.64) [43] 51.90 (0.61) [42] 51.11 (1.23) [44] 47.51 (0.21) [40] 55.35 (1.34) [40] 51.46 (1.45) [46] 44.70 (2.32) [49] 48.56 (2.42) [27] 64.88 (3.57) [38] 51.42 (1.78) [37] 50.62 (4.26) [43]

QMCD 41.23 (1.33) [51] 46.81 (0.77) [50] 37.80 (1.01) [50] 47.88 (1.87) [49] 46.57 (1.42) [50] 38.50 (0.50) [51] 35.92 (0.98) [51] 27.03 (0.70) [51] 35.24 (1.42) [51] 39.35 (1.21) [51] 49.90 (0.66) [17] 31.08 (1.45) [51] 27.45 (2.13) [51] 44.40 (3.50) [50] 52.12 (0.93) [8] 13.05 (4.32) [51] 51.17 (2.84) [38] 48.48 (2.15) [48]

Sampling 63.04 (1.40) [19] 57.10 (0.86) [17] 65.91 (0.68) [22] 57.01 (1.77) [25] 56.64 (1.82) [23] 57.63 (1.58) [25] 57.81 (1.99) [31] 67.44 (1.30) [22] 59.09 (2.64) [26] 57.03 (2.46) [18] 48.54 (2.60) [33] 62.92 (1.74) [21] 66.14 (2.14) [25] 50.36 (3.47) [25] 48.18 (1.60) [30] 67.16 (9.30) [33] 49.78 (2.07) [47] 51.47 (3.01) [39]

EIF 60.63 (1.33) [30] 53.70 (2.27) [35] 64.96 (0.68) [26] 53.02 (1.47) [32] 53.10 (2.44) [35] 55.27 (0.36) [29] 59.85 (1.65) [23] 64.95 (0.62) [27] 58.52 (0.64) [27] 56.45 (1.29) [21] 49.18 (1.06) [28] 61.29 (1.18) [24] 64.77 (0.51) [26] 47.62 (2.30) [34] 46.34 (2.65) [46] 71.51 (9.29) [16] 51.60 (2.14) [36] 54.21 (1.56) [18]

Ensemble 66.03 (1.13) [1] 58.85 (0.67) [5] 67.63 (0.76) [5] 62.38 (1.61) [2] 60.16 (1.87) [4] 67.51 (0.69) [4] 80.19 (0.86) [4] 78.28 (1.13) [6] 72.92 (0.90) [5] 57.64 (1.05) [15] 49.25 (0.73) [23] 66.46 (1.02) [11] 80.50 (1.11) [1] 53.51 (3.09) [17] 50.45 (1.98) [17] 70.94 (7.14) [21] 54.61 (2.88) [19] 55.01 (1.93) [13]

GEN2OUT 59.38 (1.60) [33] 53.02 (1.22) [37] 63.90 (1.87) [31] 51.34 (1.80) [39] 51.55 (1.45) [40] 53.35 (1.88) [31] 59.44 (0.40) [25] 63.69 (0.51) [30] 57.73 (0.63) [28] 54.69 (2.25) [33] 48.38 (0.81) [34] 60.65 (1.40) [28] 62.74 (0.64) [29] 45.35 (1.66) [46] 46.74 (1.90) [41] 71.57 (6.27) [15] 53.52 (2.32) [24] 54.21 (2.23) [18]

DynamicHBOS 50.84 (0.87) [45] 50.19 (0.67) [44] 56.94 (1.16) [39] 49.27 (0.62) [47] 48.64 (0.33) [47] 50.35 (0.72) [44] 48.61 (0.20) [47] 53.90 (0.47) [44] 51.84 (0.54) [43] 51.31 (0.77) [43] 48.36 (0.48) [35] 54.48 (0.99) [44] 48.87 (1.17) [47] 47.33 (0.47) [38] 47.84 (1.03) [37] 56.89 (2.94) [45] 51.10 (1.04) [39] 47.48 (0.50) [50]

COF 64.36 (1.45) [9] 57.55 (0.84) [11] 65.86 (0.88) [23] 61.32 (2.36) [6] 58.86 (1.91) [11] 60.36 (0.87) [19] 70.80 (1.22) [9] 70.93 (0.88) [19] 67.78 (1.36) [11] 55.67 (1.82) [28] 48.07 (0.80) [37] 63.79 (1.12) [16] 73.93 (1.25) [14] 55.50 (3.55) [11] 51.96 (1.97) [9] 54.86 (13.51) [46] 57.06 (1.06) [11] 52.06 (2.46) [35]

ABOD 65.20 (1.07) [7] 59.82 (0.42) [2] 68.37 (0.62) [2] 61.48 (1.71) [5] 59.27 (1.52) [9] 65.19 (0.19) [8] 70.25 (0.69) [10] 76.02 (0.82) [9] 69.61 (1.37) [8] 61.61 (1.15) [3] 50.72 (0.47) [10] 65.80 (1.19) [14] 76.73 (1.06) [10] 55.38 (1.89) [12] 51.06 (1.65) [13] 59.55 (4.66) [40] 54.73 (2.27) [18] 51.48 (0.95) [38]

LMDD 55.07 (1.01) [38] 54.41 (1.69) [32] 60.68 (0.89) [35] 52.70 (1.31) [35] 51.80 (1.70) [37] 50.15 (1.05) [45] 52.45 (1.40) [39] 55.98 (1.07) [42] 52.11 (0.81) [41] 52.52 (1.40) [39] 47.38 (0.99) [41] 55.13 (1.13) [41] 52.57 (1.18) [41] 47.77 (0.33) [32] 48.18 (1.69) [30] 60.32 (6.76) [39] 52.10 (1.64) [30] 50.37 (2.95) [44]

DAGMM 56.17 (1.13) [34] 52.60 (2.89) [38] 53.86 (2.60) [40] 51.22 (1.37) [40] 53.33 (2.54) [32] 49.63 (3.62) [47] 51.91 (4.61) [41] 51.62 (3.44) [47] 49.81 (3.31) [48] 51.00 (1.61) [45] 49.11 (1.17) [29] 51.18 (3.51) [46] 51.92 (4.38) [42] 47.38 (1.63) [37] 48.71 (2.59) [26] 57.08 (6.92) [44] 50.47 (6.04) [42] 55.98 (3.68) [10]

DROCC 53.14 (0.69) [44] 51.13 (2.01) [43] 50.69 (4.26) [43] 49.10 (3.66) [48] 49.77 (3.50) [46] 49.87 (0.33) [46] 50.00 (0.00) [45] 49.19 (1.99) [50] 50.56 (1.12) [47] 49.44 (1.13) [49] 50.77 (1.00) [9] 48.84 (1.63) [49] 51.48 (4.90) [45] 44.36 (6.06) [51] 50.14 (2.61) [20] 53.54 (8.41) [48] 49.05 (5.65) [48] 51.18 (3.89) [40]

GOAD 62.95 (0.76) [21] 56.10 (1.03) [23] 66.92 (0.37) [15] 56.90 (1.94) [26] 56.61 (1.62) [24] 54.69 (1.25) [30] 61.47 (1.33) [20] 65.81 (1.00) [25] 59.47 (0.59) [25] 55.83 (1.69) [27] 47.97 (0.81) [38] 61.27 (1.55) [25] 64.56 (1.09) [27] 47.56 (1.17) [36] 46.68 (2.58) [42] 68.70 (6.92) [28] 51.68 (1.93) [33] 53.43 (1.67) [26]

ICL 63.99 (1.52) [12] 57.29 (0.54) [13] 63.53 (1.23) [32] 60.91 (1.00) [9] 61.24 (1.81) [1] 60.41 (1.00) [18] 60.78 (1.10) [21] 65.56 (0.62) [26] 61.60 (1.12) [21] 54.10 (1.07) [34] 52.52 (0.71) [3] 55.38 (0.65) [39] 68.07 (1.64) [20] 60.91 (1.96) [2] 53.04 (2.03) [6] 77.56 (3.03) [9] 55.37 (1.45) [12] 54.70 (2.59) [16]

PlanarFlow 61.22 (1.31) [28] 54.35 (1.96) [33] 65.14 (1.13) [25] 52.71 (1.24) [34] 53.32 (1.74) [33] 50.84 (0.94) [41] 49.30 (0.84) [46] 49.41 (0.99) [49] 50.96 (0.90) [46] 50.50 (1.87) [47] 50.11 (1.95) [15] 52.72 (1.23) [45] 48.49 (1.61) [48] 48.19 (3.04) [31] 48.14 (2.84) [33] 53.96 (8.89) [47] 48.20 (5.26) [50] 47.82 (5.05) [49]

VAE 62.65 (0.79) [24] 56.10 (1.05) [23] 67.31 (0.33) [10] 56.25 (1.92) [28] 56.46 (1.94) [25] 52.03 (0.70) [36] 58.55 (0.70) [28] 62.00 (0.48) [32] 57.04 (0.53) [31] 54.91 (1.48) [31] 47.30 (0.59) [42] 59.40 (1.38) [31] 61.73 (1.04) [31] 46.37 (1.01) [43] 47.56 (2.73) [38] 68.59 (5.77) [29] 51.67 (2.14) [34] 53.89 (1.92) [23]

GANomaly 63.99 (1.16) [12] 57.11 (1.59) [16] 65.98 (0.62) [20] 59.24 (2.39) [14] 59.00 (2.07) [10] 53.30 (1.29) [32] 55.46 (1.09) [35] 63.96 (0.72) [28] 61.55 (0.96) [22] 53.44 (1.00) [37] 51.82 (0.71) [7] 55.99 (1.65) [38] 66.15 (1.57) [24] 50.19 (1.47) [26] 50.00 (3.66) [21] 75.65 (5.97) [10] 57.25 (2.32) [9] 61.48 (3.41) [7]

SLAD 62.00 (1.26) [27] 57.19 (0.56) [14] 61.99 (1.17) [34] 59.76 (1.28) [13] 57.12 (1.97) [20] 58.26 (0.76) [23] 54.52 (0.92) [36] 61.68 (0.70) [34] 57.66 (1.02) [29] 52.08 (1.05) [41] 51.95 (0.69) [6] 54.86 (0.49) [42] 67.43 (2.23) [22] 59.24 (2.12) [4] 51.47 (2.02) [11] 73.92 (5.11) [12] 54.80 (1.38) [15] 52.14 (2.46) [33]

DIF 55.62 (1.47) [36] 49.86 (1.58) [48] 58.00 (0.92) [38] 52.33 (1.15) [37] 47.09 (0.67) [49] 52.32 (1.41) [35] 48.01 (0.97) [49] 56.35 (0.50) [41] 54.18 (1.07) [39] 51.78 (1.23) [42] 53.06 (0.80) [2] 48.77 (0.80) [50] 57.02 (1.45) [37] 54.38 (2.14) [16] 49.34 (1.91) [23] 65.82 (5.55) [36] 52.62 (2.10) [27] 46.77 (4.39) [51]

DDPM 60.34 (0.96) [31] 55.35 (1.19) [29] 64.03 (1.80) [30] 56.60 (1.81) [27] 56.46 (2.31) [25] 51.13 (1.44) [39] 55.72 (2.53) [34] 57.72 (1.26) [39] 53.08 (0.58) [40] 52.57 (1.08) [38] 46.89 (1.35) [44] 58.66 (2.08) [33] 59.43 (1.10) [35] 50.10 (1.11) [27] 51.03 (1.59) [14] 66.24 (6.21) [35] 52.07 (3.83) [31] 53.65 (1.87) [25]

DTE-IG 49.96 (6.28) [49] 46.59 (9.29) [51] 35.44 (3.45) [51] 42.25 (2.44) [51] 46.12 (4.03) [51] 55.93 (5.40) [27] 52.69 (9.60) [38] 66.30 (2.29) [24] 56.12 (4.14) [33] 55.29 (1.81) [29] 46.43 (1.29) [49] 56.54 (0.89) [36] 45.82 (19.76) [49] 48.36 (2.28) [30] 42.71 (1.35) [51] 57.35 (7.05) [43] 64.46 (4.70) [3] 65.12 (2.71) [5]

DTE-C 63.43 (2.29) [17] 58.59 (1.21) [8] 68.69 (0.84) [1] 61.13 (1.74) [7] 58.44 (2.13) [13] 59.46 (6.25) [21] 72.67 (1.42) [7] 71.94 (0.68) [17] 66.97 (0.90) [14] 56.16 (5.89) [24] 48.75 (2.62) [30] 63.03 (3.41) [20] 76.86 (2.09) [8] 57.13 (1.64) [6] 53.92 (3.35) [4] 81.22 (1.44) [6] 63.17 (2.79) [4] 68.29 (2.17) [1]

DTENonParametric 63.03 (1.05) [20] 57.18 (0.68) [15] 65.94 (0.35) [21] 58.02 (1.39) [20] 57.36 (1.75) [18] 63.50 (0.43) [11] 67.38 (0.88) [17] 74.76 (0.65) [15] 66.83 (1.35) [15] 61.13 (1.06) [6] 50.05 (0.66) [16] 68.51 (1.42) [4] 73.92 (1.77) [15] 54.43 (3.34) [15] 48.25 (1.17) [28] 79.23 (7.55) [8] 49.96 (2.88) [44] 52.83 (2.48) [30]

MCM 63.60 (0.97) [15] 56.33 (0.76) [22] 67.07 (0.50) [12] 58.45 (1.72) [18] 57.83 (2.05) [15] 62.83 (0.35) [13] 69.16 (0.73) [13] 75.32 (0.79) [12] 67.60 (1.39) [12] 60.19 (1.21) [9] 52.10 (0.53) [5] 67.93 (1.13) [8] 76.74 (0.75) [9] 55.83 (3.33) [9] 48.24 (2.11) [29] 69.91 (7.22) [25] 54.29 (0.91) [22] 51.53 (1.65) [37]

3WNCROD 50.00 (0.00) [46] 50.00 (0.00) [45] 50.00 (0.00) [44] 50.00 (0.00) [43] 50.00 (0.00) [43] 50.44 (1.12) [43] 48.36 (0.42) [48] 57.16 (0.50) [40] 51.09 (1.27) [45] 55.12 (1.62) [30] 53.10 (0.51) [1] 58.98 (0.44) [32] 51.71 (1.53) [44] 46.90 (2.14) [41] 45.70 (1.81) [48] 47.62 (14.62) [50] 55.35 (3.23) [13] 52.75 (2.41) [32]

ODIN 62.46 (1.10) [26] 57.34 (0.86) [12] 64.42 (0.70) [28] 61.62 (2.17) [4] 60.03 (1.61) [6] 62.08 (1.05) [16] 69.49 (1.29) [11] 75.31 (0.94) [13] 68.29 (0.47) [10] 56.29 (1.21) [23] 50.40 (0.44) [12] 63.05 (0.71) [19] 77.60 (1.23) [7] 52.41 (2.37) [23] 52.47 (2.00) [7] 66.64 (4.68) [34] 60.34 (2.20) [6] 57.14 (2.40) [9]

NCSBAD (Ours) 65.53 (0.94) [5] 59.45 (0.68) [3] 66.46 (0.86) [18] 60.66 (1.48) [10] 59.77 (1.89) [8] 71.30 (0.58) [2] 80.94 (0.31) [2] 82.86 (0.67) [2] 76.33 (1.12) [2] 62.57 (1.03) [1] 49.71 (0.57) [19] 70.58 (1.21) [1] 80.35 (1.68) [4] 60.33 (2.64) [3] 56.64 (1.84) [2] 89.43 (3.60) [2] 65.24 (2.39) [2] 66.40 (2.00) [4]

NCSBADVAL (Ours) 65.66 (0.76) [4] 57.63 (3.33) [10] 66.91 (1.18) [16] 60.18 (1.31) [12] 58.60 (1.66) [12] 72.67 (2.39) [1] 84.07 (2.34) [1] 83.52 (1.17) [1] 77.79 (2.37) [1] 61.69 (1.44) [2] 52.32 (2.31) [4] 70.36 (1.28) [2] 80.46 (3.24) [3] 61.33 (4.11) [1] 59.35 (5.00) [1] 89.44 (3.25) [1] 66.36 (2.57) [1] 68.23 (4.65) [2]

Table 16: Mean, standard deviation and rank AUC-ROC performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 8
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Model ALOI abalone annthyroid arrhythmia backdoor breastw campaign Cardiotocography cardio celeba census cover donors ecoli fault fraud glass Hepatitis

IForest 4.57 (0.28) [40] 58.89 (5.67) [14] 54.37 (2.10) [14] 60.51 (8.61) [17] 4.43 (2.47) [42] 96.44 (0.73) [4] 43.70 (1.51) [31] 55.64 (1.76) [10] 66.23 (3.65) [15] 17.90 (2.58) [18] 10.88 (1.13) [39] 11.34 (1.38) [35] 42.93 (3.03) [26] 63.06 (17.81) [32] 52.43 (1.61) [41] 32.60 (8.62) [35] 16.62 (5.96) [39] 52.05 (5.61) [31]

OCSVM 7.47 (0.50) [13] 62.22 (5.44) [10] 53.19 (1.30) [18] 59.80 (7.19) [20] 7.69 (0.37) [35] 96.38 (0.82) [5] 49.21 (0.29) [11] 58.14 (0.76) [7] 70.19 (2.20) [8] 27.04 (0.73) [1] 20.54 (0.64) [16] 24.98 (2.05) [21] 39.45 (0.85) [29] 79.86 (6.12) [4] 55.54 (0.64) [25] 44.33 (7.99) [25] 18.48 (8.78) [36] 65.47 (5.97) [19]

COPOD 4.38 (0.19) [42] 52.22 (7.54) [26] 32.75 (1.24) [45] 11.10 (7.60) [48] 0.00 (0.00) [47] 95.65 (0.64) [16] 49.50 (0.52) [9] 53.79 (1.05) [11] 71.13 (2.84) [6] 23.52 (0.96) [7] 0.00 (0.00) [49] 19.38 (0.75) [24] 42.58 (1.16) [27] 30.93 (6.73) [40] 49.46 (0.48) [47] 48.19 (4.27) [21] 21.02 (10.68) [28] 54.03 (2.66) [30]

ECOD 4.29 (0.37) [43] 58.89 (5.67) [14] 39.31 (1.69) [37] 11.10 (7.60) [48] 0.00 (0.00) [47] 95.36 (0.95) [20] 48.76 (0.44) [14] 62.14 (0.39) [1] 74.72 (2.63) [3] 23.46 (0.96) [8] 0.00 (0.00) [49] 24.96 (1.73) [22] 45.94 (0.98) [20] 35.34 (8.60) [39] 50.89 (0.81) [43] 41.42 (6.21) [29] 19.48 (8.01) [34] 41.42 (3.61) [38]

FeatureBagging 8.55 (1.03) [6] 70.00 (4.44) [4] 50.00 (6.81) [23] 59.34 (6.52) [21] 60.87 (8.31) [14] 61.77 (11.88) [42] 34.45 (5.31) [40] 48.43 (1.39) [18] 62.83 (3.41) [22] 2.08 (0.55) [43] 2.71 (1.32) [48] 77.95 (8.78) [5] 55.02 (11.63) [14] 76.86 (10.13) [24] 49.46 (0.29) [47] 70.24 (4.82) [3] 28.87 (9.32) [18] 39.45 (11.94) [42]

HBOS 7.09 (0.59) [14] 8.89 (2.72) [48] 36.38 (1.64) [41] 61.53 (6.89) [14] 7.30 (0.46) [36] 95.93 (0.98) [10] 47.67 (0.57) [21] 40.21 (1.29) [42] 57.17 (2.50) [34] 23.01 (1.15) [10] 10.81 (0.81) [40] 10.28 (1.08) [36] 23.05 (3.23) [41] 30.42 (6.85) [41] 53.56 (0.84) [38] 45.71 (6.07) [23] 28.53 (13.58) [19] 56.53 (1.45) [28]

KNN 5.79 (0.48) [29] 67.78 (6.48) [7] 61.81 (1.30) [6] 60.02 (6.66) [18] 52.33 (2.05) [16] 95.59 (0.50) [17] 50.17 (0.28) [5] 45.36 (1.08) [27] 61.89 (2.71) [27] 17.17 (1.01) [19] 22.54 (0.69) [6] 66.29 (3.08) [12] 94.83 (0.85) [5] 78.86 (7.16) [21] 54.90 (0.53) [30] 48.68 (4.90) [19] 32.63 (15.13) [16] 81.57 (2.85) [14]

LODA 6.34 (1.15) [22] 24.44 (16.70) [42] 45.50 (6.63) [33] 53.04 (9.47) [36] 4.24 (4.08) [43] 95.36 (0.69) [20] 30.28 (4.52) [44] 55.79 (7.71) [9] 64.91 (4.32) [18] 12.92 (7.30) [28] 16.25 (7.98) [29] 21.88 (10.50) [23] 24.60 (22.69) [40] 65.47 (29.07) [31] 51.88 (1.38) [42] 49.34 (10.91) [18] 12.80 (8.91) [47] 43.87 (13.14) [37]

LOF 7.87 (0.74) [8] 71.11 (2.22) [2] 49.88 (1.49) [24] 59.13 (6.38) [23] 71.94 (1.85) [10] 86.47 (3.07) [35] 42.16 (0.32) [34] 47.57 (1.45) [22] 62.26 (1.98) [24] 1.79 (0.26) [44] 12.90 (0.80) [37] 82.45 (2.90) [2] 75.15 (1.45) [9] 79.86 (6.12) [4] 50.20 (0.57) [44] 63.13 (5.61) [5] 27.67 (11.11) [22] 39.86 (8.17) [40]

MCD 3.71 (0.34) [46] 26.67 (11.86) [39] 49.88 (1.26) [24] 66.79 (5.82) [9] 20.11 (25.12) [21] 95.16 (1.23) [24] 46.89 (1.99) [23] 36.71 (2.63) [45] 60.38 (3.27) [30] 23.90 (4.90) [6] 29.72 (3.05) [1] 3.59 (0.79) [44] 33.89 (12.22) [33] 69.57 (8.15) [30] 56.39 (0.82) [18] 59.58 (5.52) [10] 22.48 (8.55) [26] 47.37 (10.24) [34]

PCA 7.65 (0.48) [11] 58.89 (5.67) [14] 49.75 (1.44) [28] 58.30 (7.27) [30] 8.43 (0.98) [31] 95.39 (0.46) [18] 48.56 (0.28) [15] 61.71 (0.83) [2] 75.09 (2.64) [1] 26.95 (0.99) [2] 20.74 (0.68) [14] 16.56 (1.77) [27] 37.73 (1.15) [30] 79.86 (6.12) [4] 55.30 (0.97) [27] 36.60 (4.45) [32] 18.48 (8.78) [36] 59.85 (8.51) [22]

DeepSVDD 5.30 (0.30) [34] 27.78 (7.86) [36] 22.44 (3.20) [48] 66.73 (8.67) [10] 68.72 (16.20) [12] 91.90 (0.85) [30] 32.86 (7.03) [41] 35.00 (6.61) [47] 38.30 (2.96) [45] 6.79 (5.28) [38] 21.82 (2.16) [9] 2.56 (2.40) [46] 27.16 (20.84) [36] 76.32 (6.45) [26] 53.96 (1.53) [35] 53.36 (21.85) [16] 48.36 (9.89) [8] 95.18 (3.10) [8]

INNE 6.28 (0.33) [23] 64.44 (5.67) [9] 62.94 (2.94) [3] 59.88 (7.34) [19] 9.34 (1.00) [29] 94.27 (0.99) [28] 49.32 (0.60) [10] 52.71 (1.59) [13] 64.53 (2.50) [19] 16.15 (2.41) [20] 21.03 (1.46) [12] 45.73 (4.79) [15] 44.97 (2.68) [22] 79.86 (6.12) [4] 55.79 (1.20) [22] 59.97 (6.34) [9] 15.82 (5.13) [42] 57.63 (7.45) [27]

KPCA 5.79 (0.59) [29] 56.67 (7.37) [23] 58.56 (0.90) [9] 75.43 (6.17) [2] 87.19 (1.28) [5] 96.94 (0.52) [3] 49.94 (0.32) [6] 42.86 (1.04) [32] 64.34 (1.62) [21] 15.86 (1.15) [22] 22.16 (0.59) [8] 63.86 (2.85) [13] 98.17 (0.45) [2] 79.86 (6.12) [4] 54.26 (0.63) [34] 46.82 (11.04) [22] 77.06 (9.19) [4] 99.60 (0.79) [1]

KDE 5.79 (0.41) [29] 62.22 (9.56) [10] 54.25 (1.36) [16] 66.62 (3.23) [11] 45.19 (1.84) [17] 97.12 (0.60) [2] 47.84 (0.29) [20] 42.86 (0.93) [32] 68.68 (1.10) [12] 14.24 (1.27) [25] 21.30 (0.90) [11] 43.18 (2.82) [17] 73.02 (0.69) [11] 79.86 (6.12) [4] 55.59 (0.87) [24] 43.95 (8.78) [26] 43.94 (12.04) [9] 99.60 (0.79) [1]

GMM 6.81 (0.40) [19] 58.89 (6.67) [14] 50.06 (1.13) [22] 72.08 (6.02) [5] 85.61 (0.94) [6] 95.30 (0.60) [22] 53.55 (0.35) [1] 45.43 (0.86) [26] 61.89 (2.57) [27] 21.39 (1.13) [12] 20.24 (0.81) [17] 18.41 (0.56) [26] 44.22 (0.43) [25] 79.86 (6.12) [4] 57.87 (0.53) [12] 62.55 (7.89) [8] 19.48 (8.01) [34] 78.10 (4.19) [16]

CBLOF 7.03 (0.57) [15] 68.89 (5.67) [5] 57.50 (2.14) [11] 59.34 (7.07) [21] 8.19 (1.43) [33] 95.19 (0.37) [23] 48.89 (0.18) [13] 53.07 (1.12) [12] 69.43 (2.64) [9] 26.10 (5.88) [5] 21.47 (0.60) [10] 14.04 (1.25) [30] 48.15 (1.25) [19] 79.86 (6.12) [4] 56.14 (0.83) [20] 37.32 (3.32) [30] 26.59 (7.22) [24] 64.57 (6.02) [20]

SOD 18.83 (0.78) [3] 12.22 (6.48) [46] 39.81 (1.35) [36] 35.68 (2.96) [45] 40.49 (1.85) [19] 85.74 (0.87) [37] 30.55 (0.59) [43] 41.21 (1.47) [40] 44.53 (1.39) [43] 8.24 (0.70) [36] 18.24 (0.60) [24] 5.12 (1.09) [41] 27.46 (4.33) [35] 18.54 (5.25) [43] 60.35 (0.92) [6] 18.04 (6.10) [41] 13.22 (3.03) [46] 13.24 (4.40) [48]

LUNAR 8.31 (0.37) [7] 68.89 (5.67) [5] 47.25 (0.85) [30] 70.08 (5.68) [8] 88.25 (1.14) [3] 96.17 (0.58) [8] 45.19 (0.50) [28] 46.50 (0.89) [25] 70.94 (1.83) [7] 9.50 (1.00) [34] 14.98 (0.42) [31] 77.85 (2.06) [6] 99.58 (0.16) [1] 79.86 (6.12) [4] 54.55 (0.76) [33] 56.81 (8.61) [12] 57.59 (13.17) [7] 99.60 (0.79) [1]

SOGAAL 1.44 (2.87) [49] 52.22 (7.54) [26] 33.63 (7.13) [44] 48.16 (6.69) [38] 2.98 (1.67) [44] 20.75 (11.33) [50] 43.20 (3.43) [33] 47.64 (8.87) [21] 50.19 (10.36) [41] 0.00 (0.00) [49] 19.39 (3.46) [22] 0.00 (0.00) [50] 2.40 (3.23) [47] 10.96 (10.97) [48] 48.37 (4.90) [50] 0.00 (0.00) [47] 32.19 (12.87) [17] 44.18 (11.29) [36]

ALAD 6.98 (2.01) [16] 25.56 (16.33) [40] 37.31 (20.38) [39] 31.81 (6.19) [46] 5.83 (3.43) [39] 73.15 (6.37) [41] 26.59 (3.92) [47] 42.71 (6.62) [34] 23.58 (13.99) [51] 7.59 (2.72) [37] 8.11 (4.66) [43] 13.38 (24.70) [31] 22.77 (23.57) [43] 50.55 (37.75) [34] 52.52 (3.18) [40] 12.73 (9.23) [42] 19.60 (18.35) [33] 37.69 (12.56) [43]

AE 4.82 (0.35) [37] 72.22 (4.97) [1] 52.12 (2.40) [20] 59.13 (6.74) [23] 13.37 (0.85) [25] 94.58 (0.30) [27] 49.19 (0.23) [12] 48.29 (0.99) [19] 62.83 (2.28) [22] 15.54 (0.96) [23] 22.84 (0.81) [4] 69.54 (6.58) [10] 64.38 (4.35) [13] 79.86 (6.12) [4] 58.71 (1.03) [9] 52.80 (4.90) [17] 40.07 (11.07) [12] 80.10 (4.01) [15]

CD 8.71 (0.21) [5] 31.11 (9.03) [33] 24.37 (1.10) [47] 11.10 (7.60) [48] 0.00 (0.00) [47] 92.62 (0.74) [29] 50.30 (3.64) [4] 44.57 (2.35) [28] 51.32 (2.28) [40] 11.87 (0.82) [30] 6.51 (8.02) [45] 3.42 (1.67) [45] 7.68 (0.48) [46] 36.03 (13.87) [38] 63.42 (1.81) [2] 36.15 (2.58) [34] 15.82 (5.13) [42] 8.33 (5.75) [50]

MOGAAL 0.97 (1.94) [50] 57.78 (5.67) [22] 37.00 (2.58) [40] 49.30 (6.49) [37] 19.78 (12.16) [23] 10.64 (3.38) [51] 37.60 (4.37) [37] 48.29 (6.42) [19] 51.51 (8.58) [39] 0.03 (0.06) [48] 17.29 (0.94) [27] 0.00 (0.00) [50] 1.50 (0.93) [49] 11.18 (19.54) [47] 49.16 (3.93) [49] 0.36 (0.73) [46] 35.43 (6.84) [13] 45.77 (9.65) [35]

QMCD 6.52 (0.74) [21] 30.00 (10.30) [34] 35.75 (1.71) [42] 43.10 (27.89) [40] 1.35 (0.36) [45] 38.87 (14.45) [48] 47.50 (0.61) [22] 32.71 (1.21) [50] 34.34 (2.84) [47] 10.58 (10.22) [32] 22.66 (0.90) [5] 11.81 (0.89) [32] 0.00 (0.00) [50] 17.57 (12.28) [44] 53.91 (0.88) [36] 42.40 (12.35) [27] 28.35 (11.91) [20] 39.88 (3.62) [39]

Sampling 6.85 (0.52) [18] 54.44 (6.48) [25] 53.69 (2.09) [17] 60.74 (6.95) [15] 8.76 (0.93) [30] 95.86 (0.24) [13] 48.53 (1.50) [17] 52.14 (3.98) [14] 65.66 (1.94) [17] 26.32 (3.28) [4] 20.96 (0.60) [13] 11.74 (4.33) [33] 39.68 (9.76) [28] 75.95 (10.58) [27] 57.82 (2.00) [13] 36.96 (3.86) [31] 23.39 (7.22) [25] 58.77 (7.19) [25]

EIF 5.92 (0.58) [27] 58.89 (5.67) [14] 54.37 (1.30) [14] 60.52 (7.12) [16] 8.11 (3.86) [34] 96.28 (0.71) [6] 46.20 (0.66) [25] 56.71 (3.38) [8] 66.79 (3.50) [14] 20.58 (1.48) [14] 13.22 (1.51) [36] 11.39 (1.46) [34] 48.79 (1.96) [18] 79.86 (6.12) [4] 54.75 (1.48) [31] 30.78 (5.30) [36] 20.73 (10.37) [29] 82.15 (3.20) [12]

Ensemble 7.87 (0.74) [8] 71.11 (2.22) [2] 49.88 (1.49) [24] 59.13 (6.38) [23] 71.94 (1.85) [10] 86.47 (3.07) [35] 42.16 (0.32) [34] 47.57 (1.45) [22] 62.26 (1.98) [24] 1.79 (0.26) [44] 12.90 (0.80) [37] 82.45 (2.90) [2] 75.15 (1.45) [9] 79.86 (6.12) [4] 50.20 (0.57) [44] 63.13 (5.61) [5] 27.67 (11.11) [22] 39.86 (8.17) [40]

GEN2OUT 5.10 (0.70) [36] 58.89 (5.67) [14] 52.94 (2.55) [19] 62.31 (5.05) [13] 10.78 (4.91) [28] 95.96 (0.74) [9] 46.23 (2.20) [24] 61.43 (1.55) [4] 69.43 (4.41) [9] 18.37 (4.64) [17] 13.92 (7.26) [33] 29.96 (1.91) [20] 45.09 (6.34) [21] 47.44 (11.14) [35] 55.69 (1.99) [23] 45.43 (9.92) [24] 16.22 (4.72) [40] 58.44 (3.78) [26]

DynamicHBOS 1.50 (1.55) [48] 1.11 (2.22) [51] 32.25 (1.61) [46] 55.73 (7.91) [35] 0.21 (0.42) [46] 95.91 (3.16) [12] 43.33 (0.82) [32] 49.14 (2.48) [16] 39.62 (5.75) [44] 0.00 (0.00) [49] 9.55 (1.31) [41] 0.07 (0.14) [49] 23.05 (3.23) [41] 6.30 (9.25) [49] 62.72 (4.05) [3] 0.00 (0.00) [47] 5.07 (6.22) [49] 37.39 (6.13) [44]

COF 24.77 (0.35) [2] 28.89 (6.48) [35] 15.69 (0.91) [50] 41.01 (3.17) [43] 17.04 (1.41) [24] 33.69 (5.67) [49] 27.10 (0.48) [45] 41.64 (1.80) [38] 24.53 (4.22) [50] 1.12 (0.21) [46] 8.47 (0.67) [42] 4.34 (0.41) [42] 17.06 (1.49) [44] 11.54 (19.46) [46] 57.77 (1.01) [14] 0.00 (0.00) [47] 10.93 (7.35) [48] 6.15 (5.24) [51]

ABOD 6.96 (0.44) [17] 61.11 (4.97) [12] 58.25 (1.35) [10] 41.84 (7.93) [42] 82.61 (0.74) [8] 84.62 (2.39) [38] 48.25 (0.48) [18] 41.79 (0.93) [36] 71.32 (0.75) [5] 1.04 (1.31) [47] 17.80 (0.75) [25] 75.58 (1.25) [7] 71.75 (1.54) [12] 0.00 (0.00) [50] 55.54 (1.11) [25] 19.56 (9.75) [40] 0.00 (0.00) [50] 66.54 (5.90) [18]

LMDD 7.69 (0.51) [10] 27.78 (21.37) [36] 46.00 (1.83) [31] 56.19 (7.50) [34] 7.21 (0.51) [37] 74.86 (10.12) [40] 44.71 (5.88) [30] 60.14 (2.48) [5] 69.43 (2.28) [9] 23.16 (0.93) [9] 19.22 (0.82) [23] 18.71 (9.49) [25] 44.23 (8.91) [24] 78.86 (7.16) [21] 73.47 (11.06) [1] 42.33 (5.20) [28] 19.73 (5.75) [32] 54.90 (3.80) [29]

DAGMM 5.94 (1.79) [26] 25.56 (13.88) [40] 49.81 (13.27) [27] 42.55 (6.47) [41] 5.64 (2.93) [40] 79.95 (9.52) [39] 35.18 (3.27) [39] 48.57 (5.75) [17] 60.38 (10.07) [30] 12.32 (3.81) [29] 13.33 (1.61) [35] 15.83 (9.03) [29] 25.33 (15.10) [37] 58.70 (18.56) [33] 53.91 (3.89) [36] 24.21 (19.34) [39] 15.07 (19.77) [45] 48.19 (6.89) [33]

DROCC 0.00 (0.00) [51] 10.00 (12.37) [47] 59.75 (4.72) [7] 36.15 (10.88) [44] 85.55 (0.89) [7] 58.61 (20.02) [44] 0.00 (0.00) [50] 35.86 (3.86) [46] 50.00 (8.48) [42] 8.25 (0.99) [35] 16.72 (0.51) [28] 46.26 (5.00) [14] 25.21 (21.32) [38] 41.67 (34.46) [37] 52.82 (2.86) [39] 0.00 (0.00) [47] 15.09 (19.12) [44] 22.95 (13.32) [45]

GOAD 4.60 (0.79) [38] 60.00 (4.16) [13] 62.56 (6.53) [4] 58.31 (6.17) [29] 4.51 (3.12) [41] 94.98 (0.37) [25] 20.76 (7.69) [49] 59.29 (1.08) [6] 73.21 (1.94) [4] 2.44 (1.83) [42] 7.56 (2.59) [44] 0.78 (1.56) [48] 2.26 (1.13) [48] 79.86 (6.12) [4] 56.68 (0.70) [17] 29.11 (19.82) [38] 20.48 (12.35) [30] 58.81 (8.55) [24]

ICL 4.53 (0.54) [41] 50.00 (10.54) [28] 45.81 (3.02) [32] 71.66 (3.41) [6] 87.38 (1.13) [4] 95.93 (0.80) [10] 51.50 (0.29) [3] 42.43 (2.83) [35] 52.83 (3.96) [37] 13.40 (1.28) [26] 24.23 (0.87) [2] 45.29 (11.30) [16] 97.03 (0.62) [4] 77.50 (4.50) [23] 57.62 (1.08) [15] 55.09 (11.53) [14] 87.95 (9.40) [1] 99.60 (0.79) [1]

PlanarFlow 3.65 (0.61) [47] 21.11 (8.16) [43] 57.44 (4.42) [12] 58.21 (8.59) [32] 56.94 (20.03) [15] 91.67 (2.35) [31] 36.78 (9.45) [38] 47.43 (1.65) [24] 59.25 (2.89) [33] 20.91 (4.93) [13] 14.26 (1.65) [32] 6.01 (7.59) [40] 52.89 (8.68) [15] 75.24 (8.88) [28] 58.12 (2.08) [11] 72.90 (6.50) [1] 20.41 (8.54) [31] 90.96 (4.25) [11]

VAE 7.65 (0.48) [11] 58.89 (5.67) [14] 49.75 (1.39) [28] 58.30 (7.27) [30] 8.43 (0.98) [31] 95.39 (0.46) [18] 48.56 (0.28) [15] 61.64 (0.86) [3] 75.09 (2.64) [1] 26.76 (0.92) [3] 20.74 (0.68) [14] 16.49 (1.85) [28] 37.51 (1.26) [31] 79.86 (6.12) [4] 55.20 (0.95) [28] 36.60 (4.45) [32] 18.48 (8.78) [36] 59.06 (8.48) [23]

GANomaly 9.66 (0.95) [4] 33.33 (23.31) [32] 34.62 (7.10) [43] 58.37 (7.31) [28] 41.64 (30.53) [18] 90.49 (2.44) [33] 44.87 (6.70) [29] 43.79 (10.16) [30] 60.57 (5.95) [29] 11.31 (10.59) [31] 20.06 (4.48) [18] 34.11 (34.25) [18] 12.37 (7.95) [45] 74.14 (16.26) [29] 55.05 (3.98) [29] 58.38 (15.95) [11] 22.20 (14.54) [27] 63.02 (7.55) [21]

SLAD 4.60 (0.27) [38] 15.56 (4.16) [44] 66.69 (1.20) [2] 74.82 (5.76) [4] 0.00 (0.00) [47] 96.18 (0.58) [7] 49.73 (0.39) [7] 33.71 (1.29) [49] 62.08 (3.24) [26] 13.35 (1.68) [27] 4.64 (9.29) [47] 7.61 (5.43) [38] 52.67 (10.59) [16] 79.86 (6.12) [4] 59.11 (0.29) [8] 48.57 (4.41) [20] 41.23 (11.51) [11] 99.60 (0.79) [1]

DIF 4.07 (0.48) [45] 6.67 (4.16) [49] 58.75 (1.63) [8] 46.50 (5.17) [39] 20.10 (2.25) [22] 54.47 (3.00) [45] 26.95 (0.24) [46] 31.00 (2.46) [51] 29.06 (2.82) [48] 10.47 (1.69) [33] 13.47 (1.24) [34] 0.95 (0.44) [47] 37.25 (4.63) [32] 79.86 (6.12) [4] 61.39 (1.19) [4] 3.10 (1.89) [44] 60.41 (15.56) [5] 81.87 (9.49) [13]

DDPM 5.97 (0.80) [25] 13.33 (4.44) [45] 42.12 (1.39) [35] 56.79 (7.24) [33] 11.63 (1.20) [26] 90.61 (1.28) [32] 45.68 (0.52) [26] 38.71 (3.70) [43] 52.08 (3.84) [38] 14.89 (1.22) [24] 19.64 (0.74) [20] 9.08 (1.30) [37] 30.67 (2.71) [34] 45.93 (8.85) [36] 56.93 (0.54) [16] 72.72 (4.58) [2] 28.30 (12.61) [21] 50.49 (6.86) [32]

DTE-IG 5.19 (0.71) [35] 35.56 (29.31) [31] 0.00 (0.00) [51] 59.01 (9.40) [27] 34.30 (41.96) [20] 48.26 (28.47) [47] 22.63 (14.72) [48] 34.07 (1.67) [48] 54.15 (5.68) [36] 5.15 (6.88) [40] 6.16 (7.70) [46] 68.25 (34.17) [11] 93.08 (2.59) [7] 26.78 (29.67) [42] 47.82 (6.32) [51] 54.58 (21.60) [15] 58.78 (7.95) [6] 17.43 (34.85) [47]

DTE-C 4.24 (0.37) [44] 55.56 (7.86) [24] 76.25 (1.12) [1] 70.66 (4.68) [7] 78.79 (2.45) [9] 88.61 (2.73) [34] 51.92 (0.41) [2] 37.36 (1.37) [44] 59.43 (2.98) [32] 20.51 (2.91) [15] 17.34 (0.88) [26] 72.83 (4.66) [8] 85.83 (1.78) [8] 79.86 (6.12) [4] 56.29 (0.89) [19] 65.29 (2.84) [4] 32.90 (7.47) [15] 92.86 (2.81) [10]

DTENonParametric 5.88 (0.43) [28] 65.56 (5.44) [8] 62.19 (0.93) [5] 64.44 (11.53) [12] 62.30 (1.58) [13] 97.82 (2.08) [1] 49.53 (0.26) [8] 43.07 (0.95) [31] 56.04 (3.51) [35] 16.06 (1.01) [21] 22.37 (0.54) [7] 69.97 (3.45) [9] 97.16 (0.53) [3] 76.68 (7.35) [25] 55.84 (0.78) [21] 0.00 (0.00) [47] 41.27 (11.25) [10] 93.83 (3.45) [9]

MCM 6.70 (0.51) [20] 47.78 (9.03) [29] 56.25 (1.89) [13] 59.06 (7.21) [26] 10.89 (2.55) [27] 94.91 (0.46) [26] 48.19 (0.38) [19] 41.14 (1.83) [41] 68.56 (2.14) [13] 22.57 (3.42) [11] 20.01 (3.03) [19] 33.47 (10.71) [19] 94.40 (3.19) [6] 80.53 (6.77) [3] 58.66 (0.94) [10] 29.80 (21.87) [37] 34.82 (22.30) [14] 76.24 (5.49) [17]

3WNCROD 6.19 (0.38) [24] 58.89 (5.67) [14] 38.19 (0.72) [38] 11.10 (7.60) [48] 0.00 (0.00) [47] 59.68 (3.36) [43] 0.00 (0.00) [50] 49.36 (1.16) [15] 34.91 (1.69) [46] 0.00 (0.00) [49] 0.00 (0.00) [49] 7.13 (1.58) [39] 24.80 (1.38) [39] 16.62 (12.68) [45] 50.00 (0.56) [46] 3.63 (1.87) [43] 0.00 (0.00) [50] 19.57 (10.77) [46]

ODIN 25.22 (1.42) [1] 6.67 (2.22) [49] 20.00 (0.71) [49] 31.01 (4.17) [47] 6.24 (0.46) [38] 52.32 (3.46) [46] 31.80 (0.24) [42] 41.71 (1.52) [37] 25.47 (4.09) [49] 2.82 (0.59) [41] 15.40 (0.92) [30] 3.61 (0.36) [43] 0.00 (0.00) [50] 0.00 (0.00) [50] 60.84 (0.90) [5] 2.09 (1.41) [45] 16.02 (4.02) [41] 13.00 (6.48) [49]

NCSBAD (Ours) 5.37 (0.62) [33] 27.78 (7.03) [36] 45.50 (1.43) [33] 76.35 (5.86) [1] 88.32 (0.97) [1] 95.85 (0.68) [14] 39.50 (0.75) [36] 41.29 (1.94) [39] 66.04 (1.98) [16] 5.97 (6.63) [39] 19.44 (0.62) [21] 78.80 (1.85) [4] 44.80 (1.33) [23] 86.12 (4.37) [1] 54.70 (0.73) [32] 56.69 (7.70) [13] 80.79 (4.02) [2] 99.60 (0.79) [1]

NCSBADVAL (Ours) 5.39 (1.27) [32] 37.78 (12.86) [30] 52.06 (16.99) [21] 75.24 (5.91) [3] 88.30 (0.94) [2] 95.85 (0.61) [14] 45.52 (7.75) [27] 44.36 (1.42) [29] 64.53 (4.49) [19] 19.40 (4.23) [16] 23.44 (3.07) [3] 87.13 (6.45) [1] 51.51 (17.13) [17] 85.05 (7.92) [2] 59.41 (2.37) [7] 63.11 (8.12) [7] 78.28 (10.61) [3] 98.38 (1.81) [7]

Table 17: Mean, standard deviation and rank F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 1
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IForest 45.25 (0.58) [13] 44.23 (0.79) [33] 28.89 (19.23) [32] 25.97 (3.12) [50] 85.10 (1.52) [30] 42.23 (1.62) [22] 4.67 (2.21) [22] 81.28 (7.49) [31] 69.70 (1.03) [22] 38.08 (2.61) [21] 32.00 (3.19) [3] 43.87 (3.46) [21] 53.10 (3.79) [30] 99.46 (0.12) [26] 45.86 (19.40) [41] 35.23 (1.91) [22] 12.00 (7.21) [17] 43.07 (2.16) [40]

OCSVM 42.56 (0.34) [36] 48.24 (0.48) [6] 99.44 (0.46) [6] 45.97 (1.66) [23] 92.92 (1.10) [11] 38.25 (1.05) [29] 0.67 (0.82) [39] 100.00 (0.00) [1] 68.45 (0.24) [27] 40.90 (1.74) [14] 31.24 (0.33) [7] 41.84 (0.75) [26] 65.00 (0.72) [19] 100.00 (0.00) [1] 100.00 (0.00) [1] 33.02 (0.41) [28] 0.22 (0.44) [40] 56.21 (0.72) [22]

COPOD 45.05 (0.38) [16] 46.03 (0.35) [20] 6.91 (5.02) [39] 45.70 (3.88) [25] 71.66 (2.02) [45] 37.28 (0.89) [33] 3.33 (2.36) [28] 90.44 (6.36) [22] 63.14 (0.43) [38] 51.54 (1.44) [1] 0.00 (0.00) [49] 14.71 (0.00) [48] 0.00 (0.00) [49] 69.71 (0.40) [39] 86.55 (4.55) [31] 30.91 (1.46) [34] 0.00 (0.00) [45] 37.71 (1.03) [44]

ECOD 49.37 (0.38) [2] 48.99 (0.25) [2] 2.69 (1.23) [42] 45.70 (3.88) [25] 65.82 (2.63) [47] 31.65 (0.60) [47] 6.00 (3.09) [16] 86.56 (10.14) [26] 60.30 (0.34) [44] 51.54 (1.65) [1] 0.00 (0.00) [49] 14.71 (0.00) [48] 0.00 (0.00) [49] 79.69 (0.55) [36] 95.52 (0.84) [28] 21.55 (0.88) [48] 0.00 (0.00) [45] 49.08 (0.76) [31]

FeatureBagging 43.90 (0.89) [23] 46.17 (1.05) [19] 0.00 (0.00) [46] 55.75 (2.78) [11] 87.46 (1.43) [26] 53.60 (0.69) [1] 9.00 (2.26) [12] 57.55 (22.66) [39] 76.64 (0.56) [11] 38.85 (2.42) [18] 22.82 (3.00) [27] 46.35 (0.50) [15] 70.24 (1.10) [12] 100.00 (0.00) [1] 100.00 (0.00) [1] 37.17 (1.34) [18] 45.78 (4.94) [7] 64.77 (0.81) [7]

HBOS 42.26 (0.75) [38] 43.43 (0.41) [38] 2.69 (1.23) [42] 27.69 (2.47) [47] 69.29 (0.89) [46] 51.95 (0.74) [5] 5.67 (2.26) [19] 89.64 (5.84) [24] 67.37 (0.14) [30] 17.18 (2.54) [43] 28.16 (0.77) [14] 38.84 (0.30) [31] 23.86 (1.08) [44] 95.65 (1.22) [32] 100.00 (0.00) [1] 19.74 (0.72) [49] 41.78 (1.13) [9] 13.01 (0.84) [49]

KNN 45.12 (0.63) [15] 47.48 (0.22) [11] 100.00 (0.00) [1] 50.86 (0.97) [18] 91.27 (2.12) [15] 50.92 (0.82) [8] 0.67 (0.82) [39] 94.25 (5.39) [15] 76.25 (0.12) [12] 39.62 (2.54) [16] 24.30 (0.41) [22] 46.46 (0.60) [14] 72.52 (0.68) [4] 100.00 (0.00) [1] 100.00 (0.00) [1] 39.21 (1.04) [14] 20.22 (5.98) [14] 59.54 (1.00) [17]

LODA 39.75 (4.12) [47] 40.49 (2.66) [46] 1.39 (1.03) [45] 43.08 (3.18) [32] 79.54 (4.02) [36] 35.97 (4.03) [35] 1.67 (1.05) [35] 28.77 (19.09) [43] 65.51 (1.00) [34] 48.59 (5.67) [3] 35.14 (9.62) [1] 26.22 (7.20) [47] 33.71 (7.42) [42] 99.90 (0.15) [23] 91.72 (5.50) [29] 35.01 (3.75) [23] 1.33 (1.63) [32] 44.84 (2.48) [37]

LOF 43.34 (0.33) [29] 45.39 (0.58) [27] 96.35 (2.42) [10] 54.75 (1.51) [13] 87.83 (2.27) [23] 53.08 (0.79) [2] 10.33 (1.94) [8] 76.44 (4.79) [34] 76.06 (0.15) [13] 38.46 (2.60) [19] 30.30 (0.62) [8] 45.03 (0.30) [18] 71.86 (1.24) [6] 100.00 (0.00) [1] 100.00 (0.00) [1] 37.35 (1.16) [15] 50.67 (1.13) [4] 65.56 (0.70) [3]

MCD 40.62 (2.03) [44] 45.36 (2.94) [29] 93.22 (1.30) [13] 34.30 (1.65) [42] 90.12 (1.74) [18] 47.20 (9.63) [14] 2.33 (1.70) [29] 83.46 (4.21) [29] 68.03 (0.27) [28] 2.56 (0.81) [49] 26.57 (1.61) [16] 48.26 (0.85) [10] 54.05 (2.35) [29] 100.00 (0.00) [1] 54.83 (15.63) [39] 23.13 (1.78) [47] 0.00 (0.00) [45] 57.25 (1.06) [21]

PCA 42.61 (0.30) [33] 45.51 (0.58) [25] 92.85 (0.98) [14] 45.34 (1.65) [27] 80.03 (2.64) [35] 33.60 (0.53) [43] 0.67 (0.82) [39] 93.54 (2.94) [18] 65.24 (0.43) [36] 43.33 (2.38) [10] 29.04 (0.47) [11] 28.59 (0.51) [44] 64.57 (1.05) [20] 100.00 (0.00) [1] 100.00 (0.00) [1] 29.80 (0.28) [37] 0.22 (0.44) [40] 46.54 (1.22) [35]

DeepSVDD 37.11 (3.96) [51] 37.39 (2.51) [51] 29.03 (29.77) [31] 54.57 (4.46) [16] 94.13 (0.68) [4] 42.95 (1.63) [19] 4.33 (2.26) [24] 88.74 (9.31) [25] 60.05 (0.85) [45] 26.41 (10.97) [35] 19.26 (7.51) [38] 29.51 (12.44) [41] 45.10 (8.85) [33] 100.00 (0.00) [1] 100.00 (0.00) [1] 24.59 (7.03) [46] 4.67 (8.27) [26] 54.84 (4.29) [25]

INNE 43.83 (1.08) [26] 46.52 (0.34) [17] 94.37 (2.10) [12] 59.64 (1.55) [9] 90.07 (1.91) [19] 47.20 (2.17) [14] 0.00 (0.00) [48] 90.48 (7.90) [21] 70.91 (0.54) [18] 38.08 (4.88) [21] 31.63 (0.26) [4] 52.36 (1.59) [5] 70.86 (2.36) [10] 100.00 (0.00) [1] 99.66 (0.69) [24] 32.89 (0.96) [30] 3.78 (0.54) [28] 70.72 (1.11) [1]

KPCA 45.96 (0.41) [9] 45.86 (0.32) [21] 99.44 (0.46) [6] 61.09 (1.51) [6] 95.52 (0.88) [1] 47.95 (0.94) [12] 0.67 (0.82) [39] 100.00 (0.00) [1] 75.79 (0.15) [15] 44.87 (3.42) [6] 24.09 (0.42) [23] 45.04 (0.62) [17] 73.52 (0.84) [2] 100.00 (0.00) [1] 100.00 (0.00) [1] 37.22 (0.90) [17] 9.11 (2.57) [20] 57.32 (1.11) [20]

KDE 42.61 (0.63) [33] 46.60 (0.36) [16] 99.64 (0.45) [3] 60.18 (1.25) [7] 95.35 (1.50) [2] 42.65 (1.03) [20] 1.67 (1.49) [35] 100.00 (0.00) [1] 68.86 (0.23) [26] 43.21 (2.28) [11] 26.49 (0.46) [17] 53.34 (0.67) [4] 74.33 (0.73) [1] 100.00 (0.00) [1] 100.00 (0.00) [1] 40.75 (1.20) [8] 41.11 (3.98) [10] 58.63 (0.94) [19]

GMM 47.93 (0.23) [5] 48.69 (0.39) [3] 92.34 (1.08) [15] 65.25 (1.58) [4] 93.19 (1.29) [10] 30.33 (0.35) [48] 1.00 (0.82) [38] 99.09 (1.82) [7] 73.13 (0.36) [16] 43.59 (1.67) [9] 17.52 (0.55) [43] 38.11 (0.55) [33] 69.14 (0.98) [16] 100.00 (0.00) [1] 91.72 (3.34) [29] 41.37 (0.82) [7] 2.44 (1.30) [30] 56.21 (1.15) [22]

CBLOF 43.92 (0.46) [22] 45.58 (1.43) [24] 91.44 (1.55) [17] 45.34 (1.65) [27] 92.55 (1.21) [12] 38.10 (0.83) [31] 0.67 (0.82) [39] 90.21 (4.80) [23] 69.40 (0.23) [24] 44.10 (7.63) [7] 31.46 (0.28) [6] 50.11 (0.69) [8] 66.62 (1.32) [17] 0.00 (0.00) [49] 100.00 (0.00) [1] 34.00 (1.25) [27] 0.89 (0.44) [34] 65.49 (1.12) [5]

SOD 43.90 (0.77) [23] 41.43 (0.55) [45] 3.73 (1.65) [41] 35.75 (1.40) [41] 76.82 (2.01) [39] 38.20 (1.23) [30] 41.67 (2.79) [2] 31.34 (16.11) [42] 67.94 (0.28) [29] 19.10 (2.85) [39] 20.20 (0.80) [36] 39.26 (0.51) [29] 45.90 (1.01) [31] 0.04 (0.02) [48] 25.86 (2.89) [45] 35.50 (2.04) [21] 2.67 (1.81) [29] 45.88 (1.53) [36]

LUNAR 47.03 (0.41) [6] 48.32 (0.19) [5] 99.83 (0.34) [2] 64.34 (1.60) [5] 93.76 (1.90) [7] 51.50 (0.79) [7] 0.00 (0.00) [48] 100.00 (0.00) [1] 78.37 (0.26) [7] 45.51 (1.22) [5] 15.90 (0.37) [46] 46.11 (0.36) [16] 72.29 (0.81) [5] 99.42 (0.47) [28] 100.00 (0.00) [1] 36.38 (0.85) [19] 85.56 (2.22) [1] 59.93 (2.59) [15]

SOGAAL 41.45 (2.79) [42] 41.75 (2.39) [43] 0.00 (0.00) [46] 26.52 (5.15) [48] 73.59 (2.78) [42] 32.17 (4.37) [45] 6.00 (4.03) [16] 27.94 (16.19) [44] 52.42 (1.78) [49] 5.26 (9.88) [47] 13.08 (11.47) [47] 47.76 (7.64) [11] 38.24 (3.33) [38] 6.45 (5.80) [47] 85.17 (20.74) [33] 28.04 (5.21) [41] 0.67 (0.89) [36] 53.79 (7.43) [28]

ALAD 40.59 (4.50) [45] 39.55 (3.29) [48] 23.16 (35.04) [34] 32.67 (3.02) [43] 55.08 (11.08) [49] 28.70 (5.26) [50] 14.00 (7.86) [7] 44.82 (17.46) [40] 53.79 (4.90) [48] 11.79 (12.23) [45] 30.22 (6.74) [10] 31.48 (2.97) [38] 28.24 (12.24) [43] 32.14 (23.15) [42] 0.69 (0.84) [50] 27.28 (7.36) [42] 14.67 (16.92) [16] 38.50 (17.37) [43]

AE 37.79 (0.50) [49] 47.33 (0.34) [12] 99.45 (0.75) [5] 46.79 (1.36) [21] 93.67 (1.02) [8] 39.98 (0.27) [27] 0.00 (0.00) [48] 93.28 (6.65) [19] 76.93 (0.24) [9] 36.67 (1.24) [26] 25.88 (0.50) [20] 44.60 (0.51) [20] 69.86 (1.18) [14] 100.00 (0.00) [1] 100.00 (0.00) [1] 40.26 (1.19) [13] 9.11 (2.37) [20] 59.93 (1.03) [15]

CD 45.80 (0.74) [10] 40.11 (0.75) [47] 21.20 (11.76) [35] 42.53 (0.00) [34] 86.25 (0.93) [28] 29.92 (0.74) [49] 37.67 (1.33) [4] 22.79 (3.77) [45] 68.94 (0.31) [25] 27.82 (5.71) [34] 22.07 (0.82) [31] 33.32 (1.06) [36] 38.90 (6.14) [37] 97.46 (0.86) [29] 20.34 (2.53) [46] 34.61 (1.46) [25] 1.56 (0.89) [31] 52.88 (7.37) [29]

MOGAAL 41.60 (3.49) [40] 42.37 (1.80) [42] 0.00 (0.00) [46] 28.69 (5.47) [45] 72.83 (3.15) [43] 34.50 (2.40) [39] 8.67 (4.40) [15] 32.27 (18.80) [41] 47.51 (2.40) [50] 37.82 (5.54) [23] 18.49 (5.35) [39] 59.11 (3.26) [1] 39.95 (7.34) [35] 19.35 (10.98) [46] 84.14 (19.73) [34] 25.17 (5.07) [44] 0.44 (0.54) [37] 43.07 (5.90) [40]

QMCD 42.58 (0.66) [35] 43.21 (0.57) [39] 64.06 (9.28) [26] 42.53 (0.00) [34] 61.70 (1.61) [48] 40.43 (1.14) [26] 21.00 (2.91) [6] 0.00 (0.00) [50] 64.24 (0.21) [37] 12.56 (1.12) [44] 31.49 (0.39) [5] 57.44 (0.36) [2] 35.76 (1.23) [39] 99.45 (0.11) [27] 2.41 (1.38) [49] 30.24 (0.34) [35] 0.00 (0.00) [45] 4.90 (0.77) [51]

Sampling 43.39 (2.43) [28] 43.70 (3.94) [36] 91.12 (2.43) [19] 45.07 (2.60) [31] 90.30 (2.11) [17] 35.77 (8.09) [37] 0.33 (0.67) [46] 94.25 (5.39) [15] 69.60 (2.07) [23] 36.92 (11.89) [24] 26.37 (4.73) [19] 50.43 (2.41) [7] 63.86 (3.84) [22] 99.99 (0.01) [19] 100.00 (0.00) [1] 35.67 (4.34) [20] 0.89 (1.30) [34] 55.42 (6.46) [24]

EIF 44.69 (0.87) [19] 46.65 (0.78) [15] 26.22 (16.42) [33] 45.16 (5.87) [30] 88.27 (0.96) [21] 43.35 (0.79) [18] 2.33 (1.33) [29] 95.95 (5.04) [10] 70.37 (1.27) [19] 41.92 (3.36) [13] 26.91 (4.80) [15] 41.04 (1.48) [28] 56.95 (4.69) [26] 99.87 (0.07) [24] 58.62 (20.46) [38] 34.92 (2.13) [24] 7.33 (3.03) [22] 44.44 (1.19) [38]

Ensemble 43.34 (0.33) [29] 45.39 (0.58) [27] 96.35 (2.42) [10] 54.75 (1.51) [13] 87.83 (2.27) [23] 53.08 (0.79) [2] 10.33 (1.94) [8] 76.44 (4.79) [34] 76.06 (0.15) [13] 38.46 (2.60) [19] 30.30 (0.62) [8] 45.03 (0.30) [18] 71.86 (1.24) [6] 100.00 (0.00) [1] 100.00 (0.00) [1] 37.35 (1.16) [15] 50.67 (1.13) [4] 65.56 (0.70) [3]

GEN2OUT 43.82 (0.89) [27] 47.53 (1.39) [9] 91.16 (2.25) [18] 38.10 (4.98) [38] 81.21 (4.17) [32] 43.40 (1.44) [17] 2.33 (2.26) [29] 79.34 (5.96) [32] 67.08 (1.13) [31] 42.05 (3.18) [12] 22.10 (1.38) [30] 42.05 (2.12) [24] 34.62 (5.56) [41] 99.99 (0.02) [19] 99.66 (0.69) [24] 29.80 (1.46) [37] 5.33 (4.84) [24] 47.52 (1.30) [33]

DynamicHBOS 59.28 (0.57) [1] 62.76 (0.18) [1] 0.00 (0.00) [46] 36.20 (0.86) [40] 85.24 (4.92) [29] 50.20 (0.22) [10] 0.33 (0.67) [46] 8.20 (4.73) [47] 86.56 (7.41) [1] 0.38 (0.31) [50] 18.12 (3.40) [40] 38.88 (0.31) [30] 15.00 (0.72) [47] 62.57 (5.17) [41] 0.00 (0.00) [51] 17.17 (2.04) [50] 0.44 (0.54) [37] 13.01 (3.34) [49]

COF 43.88 (0.83) [25] 43.97 (0.71) [34] 5.18 (1.76) [40] 27.87 (3.09) [46] 77.93 (1.77) [38] 41.08 (0.68) [25] 51.00 (3.89) [1] 18.21 (15.19) [46] 61.86 (0.47) [42] 19.87 (1.28) [38] 19.48 (0.57) [37] 29.71 (0.61) [40] 35.33 (1.01) [40] 24.26 (0.21) [44] 32.07 (6.77) [43] 31.52 (1.20) [33] 4.00 (2.18) [27] 37.65 (1.44) [45]

ABOD 44.69 (0.40) [19] 47.28 (0.32) [13] 0.00 (0.00) [46] 59.73 (1.28) [8] 80.48 (2.87) [33] 50.65 (0.69) [9] 5.33 (2.87) [20] 0.00 (0.00) [50] 77.43 (0.20) [8] 39.23 (2.24) [17] 22.41 (0.57) [29] 49.30 (0.17) [9] 71.48 (0.59) [9] 100.00 (0.00) [1] 96.21 (1.29) [27] 40.75 (0.81) [8] 43.11 (1.63) [8] 61.57 (1.03) [11]

LMDD 42.13 (9.18) [39] 47.51 (4.96) [10] 90.90 (2.06) [20] 36.47 (2.72) [39] 75.75 (3.21) [41] 19.25 (5.34) [51] 2.33 (2.00) [29] 95.78 (2.76) [13] 82.91 (17.04) [2] 46.67 (1.79) [4] 24.81 (6.90) [21] 27.69 (7.82) [46] 39.10 (6.43) [36] 88.26 (18.53) [34] 100.00 (0.00) [1] 29.05 (3.58) [40] 1.11 (0.70) [33] 39.28 (5.27) [42]

DAGMM 38.59 (4.24) [48] 39.52 (1.41) [49] 46.25 (36.29) [29] 32.04 (6.47) [44] 71.89 (5.75) [44] 41.73 (2.98) [23] 9.00 (7.27) [12] 64.45 (15.94) [37] 55.72 (4.03) [47] 26.15 (16.63) [36] 28.20 (7.63) [13] 33.72 (3.57) [35] 45.90 (6.73) [31] 76.64 (22.01) [37] 62.76 (18.78) [36] 32.45 (6.05) [31] 0.22 (0.44) [40] 59.54 (9.11) [17]

DROCC 41.24 (1.05) [43] 43.13 (1.94) [40] 0.00 (0.00) [46] 41.54 (6.83) [37] 55.01 (8.26) [50] 36.95 (2.78) [34] 9.00 (7.79) [12] 3.64 (7.27) [49] 72.75 (0.43) [17] 31.03 (3.10) [31] 17.98 (0.64) [41] 37.62 (1.86) [34] 62.19 (3.79) [24] 100.00 (0.00) [1] 33.45 (37.51) [42] 40.44 (3.28) [12] 22.22 (16.10) [13] 67.52 (2.09) [2]

GOAD 41.51 (1.32) [41] 39.27 (1.24) [50] 58.02 (14.45) [27] 45.88 (1.75) [24] 84.70 (4.29) [31] 32.88 (1.97) [44] 0.67 (0.82) [39] 95.91 (4.22) [11] 63.02 (2.80) [39] 33.59 (4.60) [30] 22.48 (1.34) [28] 30.53 (5.27) [39] 65.10 (2.03) [18] 0.00 (0.00) [49] 100.00 (0.00) [1] 32.19 (1.77) [32] 0.44 (0.54) [37] 50.33 (1.91) [30]

ICL 44.95 (0.60) [17] 45.84 (0.76) [22] 99.30 (0.64) [8] 55.11 (2.24) [12] 94.32 (0.50) [3] 52.70 (0.47) [4] 6.00 (2.26) [16] 99.13 (1.74) [5] 70.07 (1.07) [20] 18.72 (2.04) [40] 17.36 (0.47) [44] 47.01 (0.61) [13] 63.81 (0.94) [23] 75.62 (16.29) [38] 86.55 (1.29) [31] 42.60 (1.69) [6] 50.44 (5.52) [6] 65.03 (1.99) [6]

PlanarFlow 46.40 (3.65) [8] 43.50 (1.84) [37] 15.13 (11.38) [38] 51.95 (1.44) [17] 91.69 (0.96) [14] 35.88 (1.44) [36] 4.33 (4.03) [24] 82.02 (9.64) [30] 69.74 (1.95) [21] 17.44 (10.24) [42] 21.09 (3.71) [34] 28.62 (1.36) [43] 54.95 (2.01) [27] 99.85 (0.28) [25] 29.31 (23.87) [44] 26.80 (2.63) [43] 0.00 (0.00) [45] 53.92 (5.10) [27]

VAE 42.46 (0.33) [37] 45.50 (0.59) [26] 92.34 (1.08) [15] 45.34 (1.65) [27] 80.12 (2.63) [34] 39.70 (0.51) [28] 0.67 (0.82) [39] 94.31 (3.87) [14] 65.28 (0.44) [35] 43.85 (2.49) [8] 28.96 (0.41) [12] 28.59 (0.51) [44] 64.57 (1.05) [20] 100.00 (0.00) [1] 100.00 (0.00) [1] 29.18 (1.15) [39] 0.22 (0.44) [40] 46.67 (1.18) [34]

GANomaly 42.75 (1.67) [32] 43.72 (1.86) [35] 19.00 (36.70) [36] 50.68 (1.03) [19] 86.27 (2.07) [27] 32.07 (7.16) [46] 2.00 (1.25) [33] 84.96 (11.19) [27] 57.07 (1.08) [46] 36.79 (19.45) [25] 32.85 (9.21) [2] 41.47 (5.04) [27] 41.81 (4.16) [34] 82.41 (34.74) [35] 100.00 (0.00) [1] 24.86 (2.92) [45] 5.11 (4.13) [25] 43.14 (15.40) [39]

SLAD 44.79 (0.38) [18] 45.27 (0.40) [30] 89.66 (7.20) [23] 55.93 (0.61) [10] 93.48 (0.62) [9] 46.27 (0.48) [16] 1.67 (1.49) [35] 99.13 (1.74) [5] 66.09 (0.12) [32] 24.49 (2.38) [37] 26.49 (0.61) [17] 42.01 (0.53) [25] 69.48 (1.36) [15] 96.65 (2.27) [30] 100.00 (0.00) [1] 44.72 (0.26) [5] 35.78 (4.06) [11] 60.13 (1.15) [14]

DIF 42.90 (0.53) [31] 45.67 (0.35) [23] 15.50 (10.44) [37] 26.24 (1.28) [49] 87.58 (2.46) [25] 34.17 (0.30) [40] 30.67 (1.70) [5] 93.97 (5.20) [17] 62.04 (0.24) [41] 17.82 (1.88) [41] 21.70 (0.27) [33] 33.07 (0.67) [37] 21.71 (1.72) [46] 65.56 (7.83) [40] 70.69 (4.88) [35] 40.49 (1.10) [11] 0.22 (0.44) [40] 62.55 (0.87) [9]

DDPM 40.09 (0.60) [46] 42.55 (0.50) [41] 98.09 (1.45) [9] 42.71 (1.36) [33] 88.55 (0.68) [20] 33.77 (0.88) [42] 5.33 (4.00) [20] 91.14 (6.25) [20] 65.54 (0.79) [33] 11.15 (2.71) [46] 23.93 (0.47) [25] 38.53 (0.40) [32] 54.33 (0.86) [28] 95.74 (1.50) [31] 97.59 (0.84) [26] 34.35 (1.10) [26] 5.78 (1.91) [23] 54.77 (1.83) [26]

DTE-IG 48.25 (1.23) [4] 41.66 (8.30) [44] 40.72 (47.66) [30] 54.75 (2.74) [13] 75.95 (30.52) [40] 34.08 (0.79) [41] 3.67 (2.67) [27] 78.26 (39.28) [33] 45.69 (27.23) [51] 34.62 (11.30) [29] 2.53 (0.82) [48] 2.69 (0.30) [51] 13.10 (22.51) [48] 20.00 (40.00) [45] 60.00 (48.99) [37] 32.94 (7.43) [29] 0.00 (0.00) [45] 25.56 (27.30) [46]

DTE-C 46.81 (0.55) [7] 48.68 (0.53) [4] 70.13 (32.55) [25] 66.06 (1.81) [3] 91.06 (1.63) [16] 37.32 (0.52) [32] 4.33 (2.26) [24] 84.13 (6.50) [28] 80.58 (0.29) [5] 36.03 (2.96) [27] 17.16 (0.40) [45] 42.46 (2.07) [23] 58.86 (1.74) [25] 100.00 (0.00) [1] 100.00 (0.00) [1] 45.21 (0.73) [4] 9.33 (6.61) [18] 63.59 (1.86) [8]

DTENonParametric 45.33 (0.52) [12] 48.21 (0.29) [7] 90.54 (2.08) [21] 47.42 (5.78) [20] 92.08 (1.23) [13] 51.67 (0.86) [6] 0.00 (0.00) [48] 70.15 (12.13) [36] 76.82 (0.14) [10] 40.64 (2.05) [15] 23.25 (0.30) [26] 47.37 (0.55) [12] 73.29 (0.73) [3] 99.99 (0.01) [19] 10.00 (7.89) [48] 40.66 (1.46) [10] 31.56 (4.19) [12] 47.71 (5.01) [32]

MCM 44.64 (0.73) [21] 46.37 (0.52) [18] 46.97 (43.30) [28] 46.61 (1.07) [22] 88.01 (3.75) [22] 42.50 (0.74) [21] 2.00 (1.25) [33] 97.02 (5.96) [9] 81.68 (0.18) [3] 28.97 (2.41) [33] 24.06 (0.41) [24] 43.81 (0.86) [22] 70.52 (1.46) [11] 91.28 (11.23) [33] 100.00 (0.00) [1] 51.17 (0.78) [3] 18.89 (3.06) [15] 60.98 (1.35) [12]

3WNCROD 37.44 (0.48) [50] 44.60 (0.34) [31] 2.15 (1.11) [44] 42.53 (0.00) [34] 38.52 (3.67) [51] 41.68 (1.44) [24] 10.33 (2.21) [8] 60.78 (4.75) [38] 62.22 (0.40) [40] 2.69 (0.94) [48] 0.00 (0.00) [49] 14.71 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [49] 54.14 (4.44) [40] 14.83 (1.38) [51] 0.00 (0.00) [45] 13.07 (1.29) [48]

ODIN 45.39 (0.46) [11] 44.27 (0.54) [32] 77.67 (4.29) [24] 25.61 (2.62) [51] 79.46 (1.89) [37] 35.00 (0.72) [38] 40.67 (3.09) [3] 7.42 (9.31) [48] 61.32 (0.21) [43] 0.00 (0.00) [51] 21.91 (0.39) [32] 28.91 (0.68) [42] 23.33 (0.64) [45] 26.37 (0.56) [43] 14.48 (4.44) [47] 30.24 (0.78) [35] 9.33 (0.89) [18] 23.73 (1.69) [47]

NCSBAD (Ours) 45.19 (0.36) [14] 46.99 (0.62) [14] 89.93 (16.08) [22] 67.78 (1.12) [2] 93.94 (0.72) [6] 48.95 (0.57) [11] 4.67 (2.45) [22] 98.40 (3.20) [8] 80.72 (0.15) [4] 29.49 (1.62) [32] 20.34 (1.09) [35] 51.48 (1.02) [6] 70.19 (1.31) [13] 100.00 (0.00) [1] 100.00 (0.00) [1] 53.07 (1.84) [2] 57.11 (2.69) [3] 62.22 (2.24) [10]

NCSBADVAL (Ours) 48.73 (1.16) [3] 48.10 (0.57) [8] 99.64 (0.45) [3] 69.68 (1.88) [1] 94.13 (0.58) [4] 47.27 (2.03) [13] 10.00 (2.98) [11] 95.79 (5.40) [12] 80.49 (2.26) [6] 35.00 (8.21) [28] 17.92 (2.01) [42] 55.53 (1.27) [3] 71.71 (1.65) [8] 99.99 (0.01) [19] 100.00 (0.00) [1] 54.97 (6.49) [1] 66.22 (5.78) [2] 60.92 (0.76) [13]

Table 18: Mean, standard deviation and rank F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 2
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Model Parkinson pendigits pen-global pen-local Pima satellite satimage-2 seismic-bumps shuttle skin smtp SpamBase speech Stamps thyroid vertebral vowels Waveform

IForest 92.04 (0.55) [23] 56.17 (6.54) [17] 69.76 (4.46) [26] 0.00 (0.00) [18] 70.49 (1.86) [14] 66.73 (1.39) [28] 91.16 (0.93) [10] 15.49 (3.79) [27] 96.65 (0.50) [22] 77.68 (1.26) [16] 0.00 (0.00) [40] 79.32 (0.92) [15] 3.78 (2.76) [14] 67.08 (7.29) [20] 82.86 (1.82) [1] 14.28 (1.98) [35] 14.67 (6.18) [33] 11.00 (2.26) [26]

OCSVM 90.59 (1.25) [28] 51.70 (3.20) [18] 79.25 (1.28) [19] 0.00 (0.00) [18] 68.84 (1.41) [21] 67.35 (0.81) [24] 92.56 (1.74) [3] 10.59 (2.09) [42] 96.40 (0.06) [25] 79.72 (0.36) [10] 76.18 (8.32) [1] 78.59 (0.33) [22] 2.16 (2.02) [32] 67.55 (6.63) [19] 76.43 (3.07) [7] 15.97 (3.03) [29] 32.00 (2.67) [18] 12.67 (2.71) [20]

COPOD 87.47 (0.94) [37] 34.26 (2.64) [31] 43.95 (2.81) [42] 0.00 (0.00) [18] 64.85 (2.19) [32] 61.83 (0.57) [42] 82.33 (2.37) [29] 0.00 (0.00) [48] 96.63 (0.78) [23] 37.26 (0.48) [42] 0.00 (0.00) [40] 72.57 (0.39) [37] 3.24 (2.02) [22] 71.61 (3.95) [13] 35.71 (3.57) [45] 2.17 (4.34) [50] 4.00 (1.33) [45] 9.67 (1.63) [29]

ECOD 84.96 (0.97) [46] 44.26 (1.73) [21] 47.27 (3.84) [39] 0.00 (0.00) [18] 61.39 (2.16) [35] 57.86 (0.57) [45] 81.40 (2.08) [31] 0.00 (0.00) [48] 93.90 (0.25) [32] 22.83 (0.38) [50] 76.18 (8.32) [1] 70.94 (0.58) [39] 4.32 (1.32) [7] 56.99 (5.07) [33] 63.21 (1.82) [29] 13.28 (1.86) [37] 23.33 (4.22) [26] 8.33 (1.49) [39]

FeatureBagging 91.69 (1.44) [24] 82.77 (1.56) [8] 85.02 (6.01) [14] 33.33 (14.91) [4] 68.21 (2.31) [23] 72.70 (0.39) [6] 86.51 (0.93) [22] 21.57 (10.23) [21] 30.70 (37.23) [44] 59.41 (2.10) [28] 0.00 (0.00) [40] 70.88 (1.11) [40] 4.32 (1.32) [7] 70.42 (9.58) [15] 37.14 (14.79) [44] 29.23 (6.17) [12] 37.33 (3.89) [13] 28.67 (1.63) [3]

HBOS 96.09 (0.77) [12] 39.57 (3.46) [27] 49.82 (3.70) [37] 0.00 (0.00) [18] 70.85 (2.27) [10] 75.50 (0.60) [3] 82.79 (2.37) [28] 25.29 (1.90) [17] 94.92 (0.10) [31] 58.07 (0.28) [29] 0.00 (0.00) [40] 74.82 (0.20) [31] 5.95 (2.65) [5] 63.21 (4.65) [27] 78.93 (1.34) [3] 9.74 (3.87) [42] 9.33 (1.33) [39] 9.67 (1.25) [29]

KNN 95.29 (0.38) [17] 90.64 (1.83) [5] 97.33 (1.14) [5] 33.33 (0.00) [4] 71.58 (2.22) [8] 71.70 (0.57) [14] 91.16 (0.93) [10] 13.14 (2.02) [36] 98.31 (0.13) [12] 96.74 (0.45) [2] 76.18 (8.32) [1] 80.54 (0.51) [12] 2.16 (1.08) [32] 79.45 (8.07) [7] 76.07 (2.67) [8] 20.45 (4.69) [20] 31.33 (1.63) [21] 26.33 (2.45) [9]

LODA 89.11 (1.78) [31] 44.26 (7.17) [21] 54.73 (8.13) [33] 0.00 (0.00) [18] 63.69 (5.21) [34] 64.91 (1.09) [36] 90.70 (2.08) [13] 7.45 (5.87) [47] 42.58 (35.87) [39] 53.18 (9.32) [32] 9.71 (6.54) [36] 74.48 (4.31) [32] 3.78 (2.16) [14] 63.71 (8.09) [24] 72.14 (3.50) [23] 6.03 (3.88) [48] 14.00 (6.46) [35] 7.33 (1.70) [42]

LOF 91.16 (1.30) [26] 74.89 (1.97) [10] 84.53 (3.86) [16] 20.00 (6.67) [8] 66.54 (2.88) [26] 72.68 (0.60) [7] 83.26 (1.74) [26] 11.96 (0.39) [38] 98.49 (0.12) [8] 70.51 (1.93) [24] 74.18 (8.36) [13] 74.34 (0.53) [34] 4.32 (1.32) [7] 68.05 (10.26) [16] 53.21 (4.29) [35] 29.26 (3.10) [9] 38.00 (7.48) [11] 27.67 (2.49) [6]

MCD 94.11 (0.53) [19] 15.32 (2.19) [40] 51.33 (5.14) [35] 0.00 (0.00) [18] 70.70 (2.04) [12] 63.04 (5.16) [40] 95.35 (0.00) [1] 42.35 (6.24) [14] 84.76 (0.42) [33] 76.71 (0.44) [18] 0.00 (0.00) [40] 77.52 (1.31) [28] 2.16 (2.02) [32] 33.16 (7.80) [43] 75.36 (2.08) [10] 15.15 (5.36) [34] 0.00 (0.00) [49] 9.67 (1.25) [29]

PCA 88.43 (1.10) [33] 42.98 (2.74) [24] 65.22 (5.28) [30] 0.00 (0.00) [18] 70.66 (1.15) [13] 62.47 (0.83) [41] 88.37 (0.00) [20] 0.00 (0.00) [48] 95.68 (0.10) [29] 37.70 (0.49) [41] 76.18 (8.32) [1] 78.53 (0.40) [23] 4.32 (1.32) [7] 64.72 (6.44) [22] 75.36 (1.34) [10] 12.46 (2.37) [39] 14.67 (1.63) [33] 10.00 (1.49) [27]

DeepSVDD 98.11 (0.41) [9] 8.72 (5.61) [45] 70.44 (5.67) [25] 16.67 (10.54) [10] 55.19 (2.40) [43] 67.97 (2.42) [23] 73.49 (7.44) [33] 78.63 (6.06) [3] 98.22 (0.17) [13] 43.45 (3.14) [39] 50.18 (27.83) [24] 67.79 (2.84) [41] 3.24 (3.15) [22] 38.83 (7.00) [40] 64.29 (12.83) [28] 16.80 (5.23) [26] 21.33 (12.58) [28] 11.67 (5.06) [23]

INNE 93.71 (0.83) [20] 35.53 (3.66) [30] 84.89 (3.30) [15] 0.00 (0.00) [18] 68.59 (0.84) [22] 68.58 (1.03) [22] 93.02 (0.00) [2] 10.39 (1.82) [44] 97.01 (0.18) [19] 77.70 (1.65) [15] 69.06 (15.04) [17] 79.15 (0.61) [18] 0.00 (0.00) [48] 74.44 (9.01) [9] 73.93 (2.14) [17] 17.57 (2.71) [25] 35.33 (6.53) [16] 25.00 (2.11) [12]

KPCA 99.87 (0.18) [1] 86.17 (1.17) [7] 97.35 (1.05) [4] 3.33 (6.67) [16] 77.85 (1.06) [2] 69.53 (0.84) [20] 91.63 (1.14) [6] 21.37 (2.66) [22] 98.71 (0.15) [5] 96.27 (0.27) [3] 76.18 (8.32) [1] 81.63 (0.36) [5] 4.32 (1.32) [7] 94.58 (3.43) [1] 76.79 (1.96) [6] 69.99 (6.90) [1] 33.33 (2.11) [17] 23.33 (2.79) [14]

KDE 99.25 (0.23) [6] 92.34 (1.70) [3] 97.33 (1.14) [5] 43.33 (8.16) [3] 71.87 (0.50) [7] 69.79 (0.67) [17] 90.23 (1.74) [14] 14.90 (2.27) [33] 97.84 (0.15) [16] 75.32 (0.36) [19] 76.18 (8.32) [1] 81.55 (0.54) [6] 8.65 (2.02) [2] 91.15 (5.26) [2] 75.36 (2.62) [10] 9.63 (3.20) [43] 30.00 (0.00) [23] 25.33 (2.45) [10]

GMM 98.19 (0.39) [8] 18.09 (2.93) [39] 90.83 (2.67) [11] 0.00 (0.00) [18] 70.40 (2.38) [15] 71.23 (0.74) [15] 80.00 (2.79) [32] 81.37 (2.70) [2] 96.73 (0.05) [21] 78.06 (0.40) [14] 42.56 (9.30) [26] 77.86 (0.31) [27] 8.11 (2.42) [3] 66.63 (9.98) [21] 73.57 (3.27) [18] 10.47 (4.46) [41] 45.33 (4.52) [5] 9.67 (1.25) [29]

CBLOF 95.30 (0.32) [16] 49.79 (3.77) [20] 74.65 (4.70) [23] 0.00 (0.00) [18] 69.20 (2.52) [20] 63.78 (0.79) [39] 91.63 (1.14) [6] 16.47 (3.47) [25] 96.19 (0.17) [27] 81.17 (0.41) [8] 73.68 (10.00) [15] 78.77 (0.67) [21] 1.62 (1.32) [37] 70.97 (10.22) [14] 75.00 (2.99) [13] 23.51 (4.38) [17] 21.33 (2.67) [28] 25.33 (1.63) [10]

SOD 85.62 (1.03) [40] 7.66 (1.41) [46] 50.69 (6.45) [36] 16.67 (10.54) [10] 52.69 (2.60) [45] 51.15 (0.85) [49] 28.37 (2.28) [43] 37.45 (3.00) [16] 19.43 (0.38) [47] 42.44 (0.57) [40] 52.64 (7.32) [23] 64.51 (0.92) [44] 3.24 (2.65) [22] 23.19 (10.62) [50] 39.64 (2.86) [43] 7.34 (2.32) [45] 43.33 (3.65) [7] 10.00 (1.83) [27]

LUNAR 98.81 (0.57) [7] 95.53 (0.43) [1] 97.60 (0.80) [3] 50.00 (10.54) [1] 74.05 (2.08) [3] 72.03 (0.75) [12] 89.30 (1.14) [17] 64.12 (2.81) [6] 98.70 (0.08) [6] 93.54 (0.48) [4] 76.18 (8.32) [1] 79.05 (1.15) [19] 6.49 (2.16) [4] 88.09 (4.56) [3] 72.14 (2.67) [23] 40.20 (10.72) [5] 43.33 (2.98) [7] 27.67 (2.00) [6]

SOGAAL 85.04 (1.85) [45] 27.45 (8.73) [35] 22.22 (8.25) [51] 0.00 (0.00) [18] 39.55 (7.06) [50] 59.08 (1.60) [44] 0.47 (0.93) [49] 13.73 (12.07) [35] 0.70 (0.92) [50] 45.25 (10.62) [36] 0.00 (0.00) [40] 51.32 (5.68) [49] 1.08 (1.32) [43] 57.34 (15.44) [32] 35.36 (23.62) [46] 25.09 (9.93) [15] 2.00 (4.00) [47] 6.33 (2.67) [43]

ALAD 87.91 (0.54) [36] 1.49 (1.59) [49] 30.56 (5.45) [48] 3.33 (6.67) [16] 57.57 (2.91) [39] 47.58 (4.77) [51] 2.79 (2.28) [47] 15.10 (4.19) [32] 33.17 (29.38) [43] 43.95 (21.98) [38] 18.50 (15.62) [31] 64.75 (4.73) [43] 2.70 (2.42) [28] 26.34 (19.53) [49] 43.57 (22.46) [42] 29.24 (13.45) [11] 12.67 (10.20) [37] 5.67 (1.33) [45]

AE 91.39 (0.42) [25] 65.32 (1.73) [13] 95.90 (1.59) [8] 0.00 (0.00) [18] 66.54 (2.56) [26] 72.03 (0.68) [12] 90.23 (1.74) [14] 10.78 (1.64) [41] 97.76 (0.06) [17] 65.19 (2.72) [27] 76.18 (8.32) [1] 79.52 (0.45) [14] 1.62 (1.32) [37] 77.57 (3.07) [8] 55.71 (3.07) [34] 25.32 (2.91) [14] 42.00 (1.63) [9] 14.00 (0.82) [19]

CD 85.58 (0.86) [41] 5.11 (1.24) [48] 47.85 (4.34) [38] 0.00 (0.00) [18] 65.77 (1.32) [30] 51.52 (0.58) [48] 39.07 (3.72) [42] 50.98 (9.51) [10] 43.29 (4.32) [38] 51.36 (0.71) [33] 27.45 (11.47) [28] 60.08 (2.37) [46] 4.32 (3.24) [7] 35.07 (11.86) [42] 33.57 (3.64) [47] 20.59 (4.67) [19] 52.00 (2.67) [1] 8.67 (0.67) [37]

MOGAAL 85.10 (1.03) [44] 28.94 (10.77) [33] 25.89 (10.43) [50] 0.00 (0.00) [18] 35.12 (5.57) [51] 60.75 (0.85) [43] 15.35 (27.22) [45] 15.69 (14.13) [26] 1.59 (0.56) [49] 28.57 (2.78) [48] 0.00 (0.00) [40] 53.01 (5.93) [48] 1.08 (1.32) [43] 51.49 (8.58) [37] 51.79 (11.07) [39] 24.82 (11.33) [16] 0.67 (1.33) [48] 6.00 (2.26) [44]

QMCD 84.08 (0.83) [50] 31.06 (3.25) [32] 26.68 (5.28) [49] 0.00 (0.00) [18] 69.48 (3.02) [18] 65.79 (0.59) [33] 91.63 (1.14) [6] 43.14 (3.28) [12] 65.98 (0.26) [37] 29.78 (0.51) [47] 6.04 (5.16) [37] 71.30 (0.62) [38] 1.62 (1.32) [37] 63.27 (2.12) [26] 49.29 (4.60) [40] 12.89 (1.11) [38] 3.33 (0.00) [46] 9.67 (1.63) [29]

Sampling 95.73 (1.07) [15] 41.49 (8.93) [25] 75.38 (14.50) [22] 0.00 (0.00) [18] 68.10 (4.42) [24] 68.71 (2.53) [21] 92.09 (3.15) [5] 13.14 (4.28) [36] 96.34 (0.26) [26] 78.65 (0.65) [12] 66.18 (22.20) [19] 78.43 (0.64) [26] 3.78 (3.24) [14] 63.32 (9.58) [25] 72.50 (6.04) [22] 16.66 (8.74) [27] 11.33 (7.18) [38] 19.67 (2.87) [15]

EIF 94.47 (0.60) [18] 57.02 (5.89) [16] 75.62 (2.07) [21] 0.00 (0.00) [18] 70.23 (1.94) [16] 66.58 (1.22) [31] 92.56 (0.93) [3] 15.49 (2.43) [27] 97.10 (0.20) [18] 79.15 (0.72) [11] 0.00 (0.00) [40] 81.21 (1.15) [8] 2.70 (3.42) [28] 67.85 (5.77) [18] 78.93 (3.81) [3] 15.36 (4.35) [32] 17.33 (5.73) [31] 11.67 (4.08) [23]

Ensemble 91.16 (1.30) [26] 74.89 (1.97) [10] 84.53 (3.86) [16] 20.00 (6.67) [8] 66.54 (2.88) [26] 72.68 (0.60) [7] 83.26 (1.74) [26] 11.96 (0.39) [38] 98.49 (0.12) [8] 70.51 (1.93) [24] 74.18 (8.36) [13] 74.34 (0.53) [34] 4.32 (1.32) [7] 68.05 (10.26) [16] 53.21 (4.29) [35] 29.26 (3.10) [9] 38.00 (7.48) [11] 27.67 (2.49) [6]

GEN2OUT 92.79 (0.80) [21] 51.49 (4.18) [19] 64.94 (2.12) [31] 0.00 (0.00) [18] 69.39 (2.01) [19] 66.81 (0.90) [27] 91.16 (0.93) [10] 24.12 (5.14) [19] 96.63 (0.20) [23] 77.26 (1.68) [17] 76.18 (8.32) [1] 77.44 (1.67) [29] 2.70 (0.00) [28] 73.86 (4.92) [10] 81.79 (2.08) [2] 16.47 (3.36) [28] 22.00 (3.40) [27] 9.00 (1.33) [36]

DynamicHBOS 85.81 (0.76) [39] 0.85 (0.43) [50] 45.08 (6.20) [41] 0.00 (0.00) [18] 89.96 (0.72) [1] 75.94 (1.16) [2] 0.00 (0.00) [50] 24.51 (5.00) [18] 42.44 (1.16) [40] 47.38 (1.01) [35] 0.00 (0.00) [40] 85.92 (4.49) [3] 0.00 (0.00) [48] 56.33 (4.39) [34] 0.71 (0.87) [51] 3.04 (2.23) [49] 0.00 (0.00) [49] 0.33 (0.67) [51]

COF 84.66 (0.70) [48] 8.94 (1.08) [44] 39.73 (8.64) [44] 13.33 (12.47) [14] 50.73 (3.10) [49] 52.95 (1.35) [47] 16.74 (1.74) [44] 48.04 (3.77) [11] 21.41 (0.68) [45] 32.07 (0.57) [45] 12.54 (12.63) [35] 48.04 (1.12) [51] 1.08 (1.32) [43] 28.03 (8.60) [45] 10.71 (1.60) [50] 8.27 (3.34) [44] 52.00 (5.81) [1] 14.67 (2.45) [17]

ABOD 92.79 (1.43) [21] 80.85 (1.50) [9] 86.60 (3.54) [13] 16.67 (10.54) [10] 67.07 (0.78) [25] 73.03 (0.60) [5] 82.33 (2.37) [29] 15.49 (1.57) [27] 98.80 (0.16) [4] 81.93 (0.73) [7] 0.00 (0.00) [40] 80.95 (0.10) [10] 0.54 (1.08) [47] 6.05 (3.87) [51] 59.29 (2.86) [32] 1.33 (1.64) [51] 32.00 (2.67) [18] 19.00 (1.33) [16]

LMDD 84.17 (0.77) [49] 39.15 (3.95) [29] 52.03 (4.80) [34] 0.00 (0.00) [18] 55.86 (10.49) [41] 55.52 (5.57) [46] 1.86 (2.71) [48] 15.29 (2.29) [30] 95.84 (0.08) [28] 36.21 (7.83) [43] 21.23 (22.26) [30] 86.89 (1.65) [2] 3.78 (2.76) [14] 60.18 (1.73) [29] 70.00 (4.13) [26] 6.17 (3.02) [47] 6.67 (3.65) [40] 8.33 (1.83) [39]

DAGMM 88.22 (0.95) [35] 13.40 (14.72) [42] 47.08 (9.39) [40] 0.00 (0.00) [18] 54.74 (4.75) [44] 67.35 (4.58) [24] 54.88 (29.44) [39] 10.59 (3.89) [42] 73.18 (24.17) [35] 54.34 (27.53) [30] 22.04 (34.31) [29] 67.13 (4.54) [42] 3.24 (2.02) [22] 51.91 (19.39) [36] 71.07 (10.97) [25] 15.33 (5.92) [33] 4.67 (4.99) [44] 5.00 (2.79) [46]

DROCC 85.57 (2.39) [42] 12.55 (5.84) [43] 39.86 (15.66) [43] 0.00 (0.00) [18] 50.88 (9.04) [48] 65.45 (4.76) [34] 40.00 (19.81) [41] 15.29 (6.06) [30] 0.00 (0.00) [51] 78.09 (1.15) [13] 15.00 (30.00) [34] 73.01 (3.76) [36] 3.24 (2.02) [22] 27.60 (23.48) [47] 73.21 (5.05) [19] 18.41 (15.35) [24] 17.33 (9.04) [31] 30.33 (3.23) [2]

GOAD 90.32 (1.30) [29] 40.21 (5.05) [26] 68.24 (5.47) [28] 0.00 (0.00) [18] 64.66 (10.73) [33] 63.88 (1.07) [38] 91.63 (1.14) [6] 10.00 (0.96) [45] 72.85 (6.43) [36] 50.79 (2.91) [34] 42.56 (9.30) [26] 78.83 (0.37) [20] 2.16 (1.08) [32] 58.78 (13.42) [30] 75.71 (1.43) [9] 19.65 (4.61) [23] 25.33 (4.52) [24] 9.33 (3.74) [35]

ICL 99.78 (0.28) [3] 66.81 (7.86) [12] 89.77 (3.79) [12] 30.00 (22.11) [6] 73.57 (2.10) [4] 74.70 (1.04) [4] 88.84 (2.28) [18] 53.33 (11.17) [8] 99.03 (0.11) [1] 1.08 (1.31) [51] 15.04 (15.71) [33] 79.23 (0.78) [17] 3.78 (3.24) [14] 73.18 (3.27) [11] 52.50 (8.72) [38] 58.16 (7.32) [2] 32.00 (15.29) [18] 28.00 (5.10) [4]

PlanarFlow 96.74 (0.52) [10] 25.32 (16.93) [37] 73.33 (2.60) [24] 0.00 (0.00) [18] 69.81 (3.42) [17] 67.14 (3.80) [26] 64.65 (4.74) [36] 87.06 (6.57) [1] 37.85 (3.70) [41] 73.28 (3.75) [22] 2.00 (4.00) [39] 74.36 (2.95) [33] 1.08 (2.16) [43] 57.40 (13.14) [31] 72.86 (8.56) [21] 14.25 (5.87) [36] 5.33 (6.86) [43] 28.00 (4.88) [4]

VAE 88.26 (0.87) [34] 43.83 (3.46) [23] 65.25 (4.98) [29] 0.00 (0.00) [18] 70.84 (1.39) [11] 65.94 (1.03) [32] 88.84 (0.93) [18] 11.37 (2.20) [40] 95.68 (0.10) [29] 44.73 (0.63) [37] 76.18 (8.32) [1] 78.53 (0.45) [23] 3.78 (2.16) [14] 63.80 (5.57) [23] 75.00 (1.60) [13] 12.46 (2.37) [39] 13.33 (2.98) [36] 9.67 (1.25) [29]

GANomaly 89.90 (1.46) [30] 14.89 (16.18) [41] 64.71 (10.62) [32] 0.00 (0.00) [18] 59.79 (3.50) [36] 66.60 (2.62) [30] 87.44 (4.31) [21] 56.86 (23.64) [7] 84.75 (12.76) [34] 33.09 (4.06) [44] 16.00 (32.00) [32] 78.45 (1.17) [25] 2.70 (1.71) [28] 36.27 (14.35) [41] 57.86 (14.09) [33] 19.79 (4.46) [22] 18.67 (8.84) [30] 12.67 (6.55) [20]

SLAD 99.60 (0.22) [4] 39.57 (2.81) [27] 92.97 (3.04) [10] 0.00 (0.00) [18] 58.35 (2.56) [37] 78.07 (0.79) [1] 86.51 (1.74) [22] 17.84 (2.51) [24] 98.47 (0.05) [10] 74.41 (2.52) [20] 76.18 (8.32) [1] 81.71 (0.53) [4] 2.16 (2.02) [32] 54.50 (11.83) [35] 74.64 (2.62) [15] 15.76 (9.91) [31] 36.00 (3.27) [14] 2.67 (0.82) [49]

DIF 85.15 (1.02) [43] 28.09 (1.44) [34] 77.87 (6.74) [20] 0.00 (0.00) [18] 55.75 (2.47) [42] 63.94 (0.44) [37] 0.00 (0.00) [50] 22.16 (1.59) [20] 98.06 (0.14) [15] 72.68 (0.86) [23] 73.68 (10.00) [15] 50.86 (0.30) [50] 3.24 (2.02) [22] 49.31 (7.79) [38] 53.21 (3.07) [35] 28.79 (1.40) [13] 48.00 (2.67) [4] 5.00 (1.83) [46]

DDPM 88.70 (0.75) [32] 23.62 (1.83) [38] 69.47 (2.40) [27] 0.00 (0.00) [18] 58.28 (2.28) [38] 69.72 (0.87) [18] 64.19 (6.51) [37] 19.22 (2.45) [23] 97.01 (0.25) [19] 67.46 (0.72) [26] 46.97 (29.88) [25] 76.68 (0.28) [30] 3.78 (3.67) [14] 39.09 (7.26) [39] 74.64 (4.57) [15] 20.04 (2.80) [21] 25.33 (3.40) [24] 3.67 (1.63) [48]

DTE-IG 86.21 (4.67) [38] 0.00 (0.00) [51] 37.64 (46.13) [46] 0.00 (0.00) [18] 51.84 (7.50) [46] 69.67 (1.34) [19] 58.60 (6.14) [38] 41.96 (34.29) [15] 19.91 (39.54) [46] 54.04 (43.84) [31] 5.00 (10.00) [38] 61.27 (10.55) [45] 9.73 (4.39) [1] 27.94 (28.76) [46] 18.93 (4.32) [48] 30.04 (15.46) [8] 0.00 (0.00) [49] 2.00 (0.67) [50]

DTE-C 95.99 (1.53) [13] 62.77 (1.35) [14] 94.93 (1.25) [9] 0.00 (0.00) [18] 65.53 (3.27) [31] 70.98 (0.89) [16] 70.70 (4.05) [35] 52.94 (4.51) [9] 98.17 (0.14) [14] 82.50 (0.74) [6] 76.18 (8.32) [1] 80.12 (0.41) [13] 3.78 (2.76) [14] 60.83 (9.41) [28] 77.50 (3.85) [5] 35.15 (9.28) [7] 42.00 (5.42) [9] 14.67 (1.63) [17]

DTENonParametric 96.57 (0.59) [11] 93.19 (0.85) [2] 97.33 (1.14) [5] 46.67 (6.67) [2] 73.01 (1.78) [6] 72.16 (0.76) [11] 85.12 (2.37) [25] 14.12 (1.82) [34] 98.43 (0.13) [11] 97.06 (0.45) [1] 66.51 (6.34) [18] 80.79 (0.39) [11] 0.00 (0.00) [48] 85.52 (2.99) [5] 63.21 (0.87) [29] 35.41 (7.21) [6] 6.00 (8.00) [41] 25.00 (2.79) [12]

MCM 95.81 (0.67) [14] 58.72 (2.81) [15] 81.17 (8.88) [18] 13.33 (6.67) [14] 66.28 (3.14) [29] 66.73 (0.95) [28] 43.26 (3.78) [40] 8.82 (1.24) [46] 98.65 (0.08) [7] 73.59 (6.24) [21] 62.81 (21.10) [20] 79.29 (0.52) [16] 1.62 (1.32) [37] 72.94 (9.31) [12] 73.21 (1.13) [19] 23.02 (7.12) [18] 36.00 (2.49) [14] 43.33 (1.49) [1]

3WNCROD 84.08 (0.83) [50] 27.45 (3.25) [35] 36.31 (6.13) [47] 0.00 (0.00) [18] 51.09 (2.89) [47] 65.38 (1.19) [35] 73.49 (3.15) [33] 0.00 (0.00) [48] 34.90 (0.48) [42] 30.23 (0.39) [46] 0.00 (0.00) [40] 87.59 (0.00) [1] 1.62 (1.32) [37] 33.13 (6.70) [44] 48.93 (2.42) [41] 6.52 (1.04) [46] 6.00 (12.00) [41] 8.67 (3.23) [37]

ODIN 84.83 (0.88) [47] 7.45 (1.78) [47] 38.53 (4.77) [45] 0.00 (0.00) [18] 56.75 (2.38) [40] 49.07 (0.42) [50] 7.91 (4.31) [46] 43.14 (1.24) [12] 16.45 (0.69) [48] 28.43 (0.37) [49] 0.00 (0.00) [40] 57.18 (0.21) [47] 0.00 (0.00) [48] 27.15 (8.43) [48] 12.14 (1.34) [49] 15.84 (4.63) [30] 30.67 (3.27) [22] 8.33 (2.11) [39]

NCSBAD (Ours) 99.87 (0.18) [1] 91.28 (1.24) [4] 97.93 (1.21) [2] 23.33 (17.00) [7] 73.52 (1.05) [5] 72.18 (0.83) [10] 90.23 (1.74) [14] 71.37 (5.86) [5] 98.93 (0.08) [3] 91.15 (0.58) [5] 54.64 (22.93) [22] 80.97 (0.13) [9] 4.86 (3.15) [6] 86.44 (4.93) [4] 60.00 (4.60) [31] 47.50 (4.97) [4] 44.00 (2.49) [6] 12.33 (2.71) [22]

NCSBADVAL (Ours) 99.51 (0.30) [5] 90.00 (4.59) [6] 98.26 (1.40) [1] 16.67 (14.91) [10] 71.06 (3.01) [9] 72.55 (0.95) [9] 85.58 (4.00) [24] 77.45 (4.16) [4] 98.96 (0.08) [2] 80.33 (17.98) [9] 59.60 (17.82) [21] 81.47 (0.69) [7] 1.62 (2.16) [37] 84.94 (10.93) [6] 67.50 (13.57) [27] 53.70 (6.86) [3] 52.00 (3.40) [1] 11.67 (1.83) [23]

Table 19: Mean, standard deviation and rank F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 3
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Model WBC wbc2 WDBC Wilt wine WPBC yeast yeast6 CIFAR10 0 CIFAR10 1 CIFAR10 2 CIFAR10 3 CIFAR10 4 CIFAR10 5 CIFAR10 6 CIFAR10 7 CIFAR10 8 CIFAR10 9

IForest 91.96 (2.44) [4] 66.98 (3.70) [22] 84.71 (4.18) [20] 2.60 (0.92) [33] 71.76 (6.30) [26] 37.83 (5.20) [37] 44.80 (1.70) [43] 7.62 (3.81) [11] 26.20 (2.10) [26] 9.37 (1.57) [40] 13.92 (1.27) [34] 12.03 (1.13) [33] 33.80 (1.30) [27] 8.73 (1.01) [42] 18.61 (2.29) [33] 21.14 (1.82) [31] 18.86 (1.23) [32] 21.01 (1.72) [33]

OCSVM 90.53 (1.15) [10] 67.58 (2.81) [20] 87.56 (6.14) [16] 1.30 (0.41) [41] 78.71 (7.26) [21] 38.74 (5.67) [34] 46.18 (0.26) [34] 5.71 (3.56) [17] 29.37 (1.48) [16] 19.87 (2.55) [19] 15.19 (2.59) [23] 16.71 (2.39) [14] 35.06 (1.82) [17] 14.30 (1.30) [18] 23.67 (1.10) [19] 25.57 (1.68) [12] 21.14 (0.65) [24] 25.95 (1.74) [18]

COPOD 85.42 (6.45) [17] 73.94 (1.60) [11] 89.49 (3.68) [13] 1.95 (0.58) [38] 61.47 (7.63) [33] 38.52 (6.24) [35] 42.70 (1.05) [51] 23.81 (3.01) [1] 25.06 (1.48) [32] 8.10 (1.57) [45] 12.03 (0.80) [41] 10.00 (1.85) [41] 0.00 (0.00) [49] 4.56 (2.38) [48] 17.34 (0.86) [39] 8.61 (10.54) [48] 0.00 (0.00) [49] 0.00 (0.00) [49]

ECOD 85.42 (6.45) [17] 60.42 (5.54) [32] 66.04 (7.37) [33] 4.81 (0.97) [25] 44.96 (7.32) [41] 38.18 (2.38) [36] 46.38 (0.62) [31] 3.81 (1.90) [24] 25.95 (1.33) [29] 8.73 (1.76) [43] 12.41 (0.86) [40] 11.14 (1.68) [39] 0.00 (0.00) [49] 5.32 (2.73) [47] 18.10 (0.95) [34] 8.73 (10.70) [47] 0.00 (0.00) [49] 0.00 (0.00) [49]

FeatureBagging 6.67 (13.33) [47] 72.67 (2.66) [13] 91.14 (6.35) [8] 18.70 (11.12) [7] 83.40 (7.74) [15] 40.73 (5.23) [29] 47.37 (1.30) [24] 0.95 (1.90) [39] 32.15 (1.57) [1] 29.11 (2.62) [3] 18.35 (2.43) [6] 18.73 (1.86) [3] 35.82 (2.64) [10] 20.63 (1.36) [1] 29.62 (2.02) [1] 28.61 (2.13) [1] 28.61 (1.85) [2] 32.28 (2.62) [1]

HBOS 84.68 (5.26) [19] 66.36 (7.32) [25] 77.57 (8.43) [29] 0.00 (0.00) [50] 79.13 (7.46) [20] 47.61 (6.67) [17] 44.28 (1.40) [45] 5.71 (3.56) [17] 24.81 (1.57) [33] 5.57 (1.01) [47] 9.87 (1.42) [44] 8.99 (1.62) [45] 28.86 (1.63) [36] 4.18 (0.65) [49] 15.06 (0.74) [42] 20.00 (1.99) [34] 14.56 (1.44) [38] 20.38 (1.01) [36]

KNN 86.43 (4.15) [16] 67.58 (2.81) [20] 85.74 (4.71) [17] 2.47 (0.64) [35] 87.11 (2.69) [14] 50.39 (2.34) [15] 46.45 (0.73) [29] 5.71 (3.56) [17] 29.24 (1.72) [19] 18.61 (2.49) [22] 15.44 (2.14) [20] 16.58 (2.10) [18] 34.94 (1.62) [20] 13.67 (1.77) [25] 25.06 (1.03) [14] 24.81 (2.02) [19] 22.66 (0.25) [19] 27.72 (1.76) [12]

LODA 73.55 (14.24) [25] 62.97 (5.25) [30] 65.80 (20.38) [34] 0.78 (0.76) [46] 56.63 (10.94) [35] 38.76 (4.43) [33] 47.43 (2.42) [23] 4.76 (4.26) [20] 24.56 (2.90) [35] 15.32 (2.61) [30] 14.30 (2.21) [29] 11.77 (1.94) [36] 32.03 (3.22) [32] 13.54 (3.39) [26] 21.14 (3.24) [26] 25.70 (2.64) [10] 18.99 (4.16) [31] 24.30 (1.63) [28]

LOF 19.47 (8.21) [42] 72.08 (3.30) [14] 91.14 (6.35) [8] 16.36 (1.61) [9] 83.06 (7.21) [16] 43.08 (3.88) [23] 47.83 (0.79) [20] 3.81 (1.90) [24] 32.03 (1.73) [2] 29.75 (2.30) [1] 20.13 (2.06) [1] 19.37 (1.73) [1] 35.06 (2.32) [17] 19.62 (1.65) [2] 27.85 (2.74) [3] 28.61 (2.17) [1] 28.48 (0.69) [3] 32.28 (1.88) [1]

MCD 75.44 (13.37) [23] 60.08 (5.11) [33] 68.36 (4.50) [32] 7.01 (0.95) [21] 71.30 (15.40) [27] 43.00 (4.84) [26] 46.18 (0.49) [34] 0.00 (0.00) [41] 24.56 (2.02) [35] 14.30 (3.53) [31] 13.80 (1.09) [36] 11.90 (1.76) [35] 33.67 (1.41) [28] 12.53 (1.94) [33] 14.68 (1.41) [43] 19.87 (1.86) [35] 13.92 (2.08) [39] 19.24 (3.24) [37]

PCA 89.90 (1.66) [12] 65.72 (3.13) [27] 84.49 (6.30) [22] 1.82 (0.64) [40] 66.45 (10.85) [31] 35.14 (3.90) [42] 43.03 (0.32) [49] 3.81 (3.56) [24] 29.49 (1.73) [14] 18.48 (2.67) [23] 15.19 (2.50) [23] 16.71 (2.29) [14] 35.32 (1.57) [15] 14.05 (1.52) [19] 23.29 (1.01) [21] 25.44 (1.62) [13] 20.76 (0.47) [25] 25.70 (1.63) [20]

DeepSVDD 53.09 (14.95) [36] 79.83 (7.32) [6] 84.60 (8.98) [21] 0.52 (0.49) [47] 75.83 (10.24) [23] 69.10 (2.98) [9] 48.29 (3.72) [16] 11.43 (16.11) [4] 19.37 (2.67) [40] 10.13 (2.97) [38] 12.03 (0.90) [41] 11.01 (1.68) [40] 22.66 (1.57) [38] 13.04 (2.42) [31] 18.10 (1.94) [34] 16.08 (2.14) [39] 15.82 (3.80) [37] 18.86 (3.89) [38]

INNE 65.59 (6.83) [30] 72.77 (4.96) [12] 91.14 (6.35) [8] 1.04 (0.66) [43] 75.23 (7.16) [24] 38.98 (3.93) [32] 46.45 (0.64) [29] 3.81 (3.56) [24] 30.76 (2.90) [8] 27.09 (1.47) [4] 18.61 (2.29) [4] 18.61 (2.82) [4] 36.46 (1.82) [6] 18.48 (2.17) [4] 27.97 (1.47) [2] 27.97 (2.78) [4] 29.49 (2.18) [1] 30.00 (2.61) [5]

KPCA 97.50 (5.00) [1] 80.74 (3.48) [5] 93.64 (3.97) [2] 3.90 (0.41) [26] 99.62 (0.75) [2] 90.39 (3.33) [1] 45.39 (1.28) [38] 3.81 (3.56) [24] 30.89 (2.02) [7] 20.76 (2.45) [17] 16.33 (2.51) [16] 17.22 (2.21) [10] 35.82 (1.86) [10] 15.32 (1.29) [15] 26.20 (1.73) [11] 24.68 (1.92) [21] 23.54 (0.47) [16] 27.72 (1.29) [12]

KDE 94.72 (5.22) [2] 82.91 (1.66) [4] 91.49 (5.19) [5] 0.91 (0.32) [45] 99.62 (0.75) [2] 90.24 (4.11) [2] 45.39 (1.46) [38] 7.62 (3.81) [11] 26.20 (1.68) [26] 16.71 (2.06) [29] 16.46 (1.65) [15] 14.94 (1.68) [27] 33.42 (2.21) [30] 13.54 (1.24) [26] 22.15 (2.30) [25] 18.73 (1.17) [36] 21.39 (1.67) [23] 23.42 (2.00) [29]

GMM 78.61 (6.68) [22] 72.04 (3.30) [16] 91.31 (3.92) [6] 30.91 (0.88) [5] 90.61 (7.04) [12] 45.03 (3.76) [21] 46.25 (0.57) [33] 3.81 (3.56) [24] 31.39 (2.14) [4] 23.67 (2.55) [10] 17.85 (1.85) [9] 18.10 (2.42) [6] 37.22 (2.02) [4] 16.96 (2.02) [8] 26.58 (1.33) [8] 26.20 (1.68) [8] 24.30 (0.51) [11] 30.76 (1.10) [4]

CBLOF 83.03 (7.75) [21] 68.19 (2.04) [19] 82.56 (12.40) [25] 1.30 (0.41) [41] 80.31 (6.93) [18] 45.46 (3.66) [20] 51.38 (0.53) [8] 8.57 (1.90) [8] 29.37 (1.58) [16] 20.63 (2.35) [18] 16.08 (3.19) [17] 17.22 (2.10) [10] 35.44 (1.55) [13] 14.05 (1.57) [19] 24.81 (1.29) [15] 26.46 (1.67) [6] 24.56 (0.47) [10] 25.70 (1.73) [20]

SOD 61.10 (7.76) [33] 51.48 (5.98) [37] 29.79 (8.56) [41] 5.71 (1.12) [24] 2.37 (2.76) [49] 25.38 (4.33) [48] 46.32 (2.19) [32] 0.00 (0.00) [41] 27.34 (1.62) [23] 16.84 (2.03) [28] 15.95 (2.35) [19] 13.29 (2.26) [30] 32.91 (1.83) [31] 13.92 (1.74) [23] 19.62 (2.26) [29] 23.16 (0.95) [24] 19.75 (1.72) [28] 25.06 (0.95) [26]

LUNAR 91.75 (5.58) [7] 76.27 (4.22) [8] 89.89 (7.46) [12] 2.21 (1.06) [36] 98.11 (3.77) [7] 84.10 (3.52) [7] 45.92 (2.07) [36] 7.62 (2.33) [11] 29.75 (1.44) [10] 18.99 (2.08) [20] 18.48 (1.85) [5] 17.97 (2.18) [7] 37.09 (1.42) [5] 15.44 (1.03) [13] 26.96 (0.31) [6] 25.06 (2.73) [16] 27.09 (1.89) [5] 28.99 (1.47) [9]

SOGAAL 5.03 (5.37) [48] 1.88 (3.75) [50] 4.29 (8.57) [45] 8.44 (3.36) [17] 3.33 (6.67) [46] 37.04 (5.60) [40] 48.75 (2.22) [14] 9.52 (6.73) [6] 15.95 (3.14) [43] 10.89 (2.35) [34] 14.68 (3.76) [26] 8.35 (4.36) [49] 19.75 (3.14) [42] 13.04 (4.76) [31] 15.44 (4.17) [41] 14.18 (2.85) [42] 12.66 (3.28) [41] 13.54 (3.32) [43]

ALAD 33.56 (1.54) [41] 19.55 (5.65) [44] 18.03 (10.75) [42] 2.86 (2.31) [31] 5.28 (10.57) [44] 32.46 (3.80) [46] 46.97 (4.08) [27] 8.57 (12.56) [8] 12.66 (4.62) [47] 8.48 (0.86) [44] 10.63 (3.03) [43] 8.61 (0.65) [47] 14.18 (4.50) [44] 9.24 (1.10) [40] 6.46 (3.72) [47] 13.92 (1.88) [44] 7.97 (1.68) [45] 11.27 (1.72) [45]

AE 74.10 (7.96) [24] 75.42 (7.18) [9] 88.54 (6.22) [14] 3.38 (0.49) [28] 90.76 (3.69) [11] 40.54 (5.45) [31] 48.03 (0.55) [18] 11.43 (4.86) [4] 29.62 (1.85) [12] 23.92 (2.02) [9] 17.09 (2.26) [13] 17.59 (2.28) [9] 34.68 (1.67) [21] 16.58 (2.13) [10] 24.81 (1.23) [15] 26.46 (1.67) [6] 24.18 (0.47) [13] 27.59 (1.53) [14]

CD 55.51 (4.67) [35] 43.71 (8.00) [39] 34.60 (10.49) [38] 6.23 (1.51) [23] 1.33 (2.67) [50] 26.74 (5.79) [47] 44.54 (0.99) [44] 0.00 (0.00) [41] 26.20 (1.63) [26] 18.10 (1.94) [25] 14.30 (1.03) [29] 15.70 (1.72) [25] 33.92 (3.36) [25] 12.53 (1.47) [33] 19.49 (3.74) [30] 22.28 (1.67) [28] 19.87 (2.29) [27] 25.70 (1.82) [20]

MOGAAL 1.48 (2.96) [50] 0.62 (1.25) [51] 0.00 (0.00) [50] 9.61 (3.90) [16] 0.00 (0.00) [51] 32.54 (4.34) [45] 47.63 (2.05) [22] 7.62 (5.71) [11] 15.06 (3.33) [46] 10.63 (2.28) [36] 14.18 (2.18) [32] 9.62 (4.73) [43] 19.62 (3.23) [43] 13.42 (5.57) [28] 14.05 (3.93) [45] 14.43 (2.98) [41] 12.41 (4.03) [42] 13.80 (2.48) [42]

QMCD 35.78 (10.79) [40] 39.09 (5.26) [41] 33.07 (4.43) [40] 2.08 (0.49) [37] 37.66 (6.25) [42] 48.61 (4.95) [16] 42.96 (1.11) [50] 15.24 (3.56) [2] 1.01 (0.51) [50] 3.80 (0.69) [49] 4.05 (0.86) [50] 8.61 (0.65) [47] 0.63 (0.40) [48] 8.35 (1.16) [44] 0.38 (0.31) [50] 7.85 (1.53) [49] 2.41 (0.47) [48] 5.57 (0.62) [46]

Sampling 72.69 (10.04) [27] 66.64 (2.86) [23] 82.06 (5.83) [26] 2.73 (3.30) [32] 77.41 (8.81) [22] 42.55 (4.94) [27] 47.24 (1.47) [25] 3.81 (3.56) [24] 29.37 (2.18) [16] 17.72 (3.76) [26] 14.68 (2.31) [26] 16.71 (1.68) [14] 35.70 (1.82) [12] 14.05 (0.84) [19] 23.92 (1.35) [18] 24.68 (2.40) [21] 21.90 (0.65) [20] 25.95 (1.44) [18]

EIF 91.96 (2.44) [4] 69.81 (4.62) [18] 91.22 (4.82) [7] 1.04 (0.32) [43] 79.84 (4.46) [19] 46.02 (5.79) [19] 44.93 (0.85) [42] 7.62 (5.71) [11] 25.95 (1.44) [29] 9.11 (2.06) [41] 14.18 (2.10) [32] 11.65 (0.76) [37] 33.92 (1.17) [25] 10.00 (0.74) [38] 20.38 (1.09) [28] 21.14 (1.86) [31] 18.86 (1.76) [32] 21.77 (1.36) [32]

Ensemble 19.47 (8.21) [42] 72.08 (3.30) [14] 91.14 (6.35) [8] 16.36 (1.61) [9] 83.06 (7.21) [16] 43.08 (3.88) [23] 47.83 (0.79) [20] 3.81 (1.90) [24] 32.03 (1.73) [2] 29.75 (2.30) [1] 20.13 (2.06) [1] 19.37 (1.73) [1] 35.06 (2.32) [17] 19.62 (1.65) [2] 27.85 (2.74) [3] 28.61 (2.17) [1] 28.48 (0.69) [3] 32.28 (1.88) [1]

GEN2OUT 91.96 (2.44) [4] 70.00 (4.83) [17] 87.67 (6.17) [15] 3.25 (0.58) [29] 66.61 (13.96) [30] 40.59 (4.85) [30] 45.39 (1.21) [38] 8.57 (3.56) [8] 24.81 (1.23) [33] 7.59 (2.19) [46] 13.04 (1.53) [38] 12.78 (1.41) [31] 31.90 (2.25) [33] 7.97 (1.17) [45] 18.10 (2.29) [34] 21.90 (2.70) [29] 17.59 (1.52) [36] 20.63 (2.10) [34]

DynamicHBOS 14.30 (17.30) [45] 42.95 (3.73) [40] 6.58 (4.34) [44] 0.00 (0.00) [50] 47.84 (2.53) [39] 62.00 (2.73) [11] 88.82 (0.62) [2] 0.95 (1.90) [39] 16.58 (3.26) [42] 5.06 (1.92) [48] 9.49 (1.44) [46] 8.86 (1.55) [46] 21.01 (3.24) [39] 4.18 (0.65) [49] 14.43 (0.74) [44] 17.72 (1.33) [38] 10.89 (3.52) [43] 14.68 (4.83) [41]

COF 7.67 (6.27) [46] 24.40 (7.27) [43] 2.61 (3.22) [46] 11.04 (1.84) [14] 5.95 (4.49) [43] 22.85 (4.87) [50] 47.04 (1.18) [26] 1.90 (2.33) [37] 26.96 (2.18) [24] 22.28 (1.41) [11] 17.22 (2.17) [12] 17.09 (1.70) [13] 36.33 (1.73) [7] 16.71 (2.06) [9] 22.28 (1.29) [24] 26.58 (2.37) [5] 21.77 (2.82) [21] 25.44 (0.62) [25]

ABOD 0.00 (0.00) [51] 4.25 (5.89) [49] 0.00 (0.00) [50] 18.18 (1.69) [8] 2.55 (2.10) [48] 21.64 (7.84) [51] 45.53 (0.82) [37] 0.00 (0.00) [41] 31.39 (1.68) [4] 21.52 (2.89) [15] 17.09 (1.06) [13] 16.58 (1.85) [18] 36.08 (2.56) [8] 15.44 (1.24) [13] 26.20 (1.30) [11] 22.91 (1.01) [25] 23.80 (1.17) [15] 29.11 (0.90) [8]

LMDD 89.57 (2.25) [14] 56.22 (12.35) [35] 85.74 (4.71) [17] 3.51 (3.06) [27] 67.07 (4.43) [29] 44.77 (2.36) [22] 68.16 (3.08) [3] 4.76 (6.02) [20] 26.46 (1.35) [25] 10.25 (1.57) [37] 13.54 (1.82) [37] 12.03 (2.00) [33] 34.68 (1.81) [21] 9.75 (1.17) [39] 19.37 (1.30) [31] 21.90 (2.32) [29] 19.75 (1.16) [28] 22.78 (1.06) [31]

DAGMM 42.08 (25.61) [37] 35.55 (14.96) [42] 33.23 (25.27) [39] 7.53 (4.60) [18] 51.96 (36.59) [38] 36.45 (2.50) [41] 51.45 (2.06) [7] 2.86 (5.71) [34] 15.82 (2.47) [44] 9.11 (2.52) [41] 9.37 (1.76) [47] 9.37 (2.76) [44] 20.38 (4.34) [41] 10.38 (2.42) [37] 11.39 (3.78) [46] 15.32 (1.72) [40] 13.92 (3.20) [39] 15.06 (2.10) [40]

DROCC 40.01 (12.14) [38] 4.39 (4.27) [48] 1.25 (2.50) [49] 0.52 (0.76) [47] 57.52 (32.12) [34] 34.13 (4.99) [44] 53.75 (5.56) [5] 9.52 (6.02) [6] 17.34 (2.06) [41] 12.78 (3.45) [33] 12.78 (2.84) [39] 9.75 (3.50) [42] 20.63 (4.01) [40] 11.14 (1.73) [35] 17.97 (2.29) [37] 13.29 (3.65) [45] 17.72 (4.38) [35] 16.46 (4.74) [39]

GOAD 90.53 (1.15) [10] 66.54 (3.29) [24] 85.74 (4.71) [17] 13.90 (4.26) [13] 64.42 (9.30) [32] 37.29 (4.79) [39] 54.01 (0.76) [4] 3.81 (3.56) [24] 29.62 (1.47) [12] 18.86 (2.31) [21] 15.44 (2.45) [20] 16.46 (1.92) [20] 36.08 (2.16) [8] 13.92 (1.20) [23] 23.54 (1.41) [20] 25.06 (1.42) [16] 21.77 (1.10) [21] 25.70 (1.03) [20]

ICL 92.21 (6.66) [3] 84.72 (3.42) [3] 93.15 (3.91) [3] 33.12 (9.14) [4] 99.62 (0.75) [2] 89.49 (3.02) [4] 50.00 (1.86) [11] 1.90 (2.33) [37] 22.91 (1.29) [38] 21.90 (1.48) [13] 16.08 (2.55) [17] 12.78 (2.45) [31] 29.24 (1.52) [35] 13.29 (2.08) [29] 20.89 (1.55) [27] 20.25 (1.55) [33] 22.91 (1.09) [18] 26.84 (1.17) [16]

PlanarFlow 67.70 (8.82) [29] 65.78 (4.34) [26] 78.29 (11.04) [28] 0.52 (0.76) [47] 73.37 (10.50) [25] 42.07 (2.43) [28] 48.09 (1.94) [17] 2.86 (5.71) [34] 24.05 (1.44) [37] 9.87 (1.53) [39] 14.30 (1.53) [29] 11.52 (1.85) [38] 31.65 (2.62) [34] 10.63 (1.67) [36] 19.24 (1.90) [32] 18.10 (2.29) [37] 18.86 (1.47) [32] 23.16 (1.03) [30]

VAE 89.90 (1.66) [12] 63.13 (2.33) [29] 83.31 (4.75) [23] 1.95 (0.82) [38] 67.82 (11.12) [28] 37.53 (4.55) [38] 44.01 (0.57) [47] 3.81 (3.56) [24] 29.49 (1.73) [14] 18.48 (2.67) [23] 15.19 (2.50) [23] 16.71 (2.29) [14] 35.32 (1.57) [15] 14.05 (1.52) [19] 23.29 (1.01) [21] 25.44 (1.62) [13] 20.76 (0.47) [25] 25.70 (1.63) [20]

GANomaly 69.57 (10.84) [28] 56.51 (8.23) [34] 64.17 (11.66) [35] 6.75 (5.01) [22] 45.42 (30.16) [40] 47.08 (5.83) [18] 50.53 (2.80) [9] 12.38 (14.63) [3] 28.48 (2.08) [21] 25.19 (3.52) [6] 18.10 (3.04) [8] 15.82 (1.79) [24] 34.56 (2.21) [23] 17.59 (1.09) [7] 24.68 (1.44) [17] 25.19 (2.70) [15] 26.71 (2.61) [6] 28.73 (1.17) [10]

SLAD 90.79 (6.01) [9] 74.47 (4.11) [10] 82.70 (10.98) [24] 7.14 (0.92) [20] 100.00 (0.00) [1] 87.31 (3.72) [6] 48.82 (0.94) [13] 0.00 (0.00) [41] 29.24 (1.23) [19] 25.32 (2.66) [5] 18.86 (2.51) [3] 18.35 (2.30) [5] 37.59 (1.86) [3] 14.81 (1.82) [16] 27.72 (1.98) [5] 24.56 (1.47) [23] 25.06 (1.48) [8] 27.22 (1.55) [15]

DIF 72.98 (7.16) [26] 10.76 (5.54) [46] 8.85 (7.51) [43] 10.26 (1.61) [15] 56.40 (12.40) [36] 70.22 (4.10) [8] 43.49 (1.15) [48] 0.00 (0.00) [41] 11.14 (1.17) [48] 10.89 (1.47) [34] 8.10 (1.72) [48] 16.33 (1.57) [21] 12.66 (1.92) [46] 7.09 (1.67) [46] 17.47 (0.51) [38] 11.77 (1.03) [46] 10.00 (0.62) [44] 11.65 (1.17) [44]

DDPM 63.82 (6.56) [31] 52.28 (5.89) [36] 57.02 (9.52) [36] 7.53 (0.97) [18] 52.47 (3.35) [37] 43.06 (2.80) [25] 50.20 (1.15) [10] 2.86 (2.33) [34] 25.95 (2.30) [29] 17.47 (1.30) [27] 14.43 (2.17) [28] 16.08 (2.55) [23] 34.56 (1.68) [23] 14.56 (1.79) [17] 22.66 (1.35) [23] 22.91 (2.61) [25] 23.29 (1.16) [17] 24.56 (1.41) [27]

DTE-IG 2.07 (4.14) [49] 49.08 (40.08) [38] 71.21 (15.16) [31] 59.48 (2.23) [1] 96.60 (6.79) [8] 53.05 (13.84) [13] 49.41 (2.14) [12] 0.00 (0.00) [41] 15.32 (5.60) [45] 14.18 (10.92) [32] 9.62 (4.86) [45] 14.43 (3.95) [29] 12.91 (14.02) [45] 8.86 (2.23) [41] 2.78 (0.86) [48] 14.18 (8.04) [42] 3.54 (1.53) [47] 4.30 (0.74) [48]

DTE-C 35.80 (11.05) [39] 76.47 (5.70) [7] 82.03 (7.05) [27] 15.58 (2.82) [11] 94.02 (4.32) [9] 59.73 (2.21) [12] 48.42 (0.82) [15] 0.00 (0.00) [41] 27.47 (1.68) [22] 24.43 (2.06) [8] 17.59 (2.54) [11] 16.33 (2.24) [21] 33.67 (2.10) [28] 17.85 (0.74) [6] 26.33 (1.30) [9] 25.70 (1.63) [10] 25.06 (0.65) [8] 28.23 (1.68) [11]

DTENonParametric 61.43 (15.28) [32] 61.85 (6.40) [31] 42.01 (19.43) [37] 3.25 (0.58) [29] 92.45 (2.49) [10] 66.50 (3.46) [10] 45.39 (0.91) [38] 6.67 (3.81) [16] 5.95 (11.58) [49] 0.76 (1.52) [50] 6.20 (3.61) [49] 7.22 (6.74) [50] 5.57 (10.83) [47] 8.73 (8.11) [42] 2.15 (3.68) [49] 5.44 (6.61) [50] 5.57 (7.01) [46] 5.44 (10.89) [47]

MCM 83.87 (6.81) [20] 63.48 (2.85) [28] 74.36 (12.93) [30] 51.17 (1.50) [2] 87.61 (7.71) [13] 51.54 (3.36) [14] 44.14 (0.70) [46] 4.76 (3.01) [20] 29.75 (1.74) [10] 22.15 (2.12) [12] 15.32 (2.64) [22] 17.72 (2.26) [8] 35.44 (1.79) [13] 15.57 (1.68) [12] 25.44 (0.93) [13] 26.08 (1.47) [9] 24.30 (0.51) [11] 26.71 (1.01) [17]

3WNCROD 57.15 (5.28) [34] 7.27 (2.48) [47] 2.16 (2.70) [47] 2.60 (5.19) [33] 4.73 (6.68) [45] 22.88 (3.20) [49] 97.11 (0.25) [1] 0.00 (0.00) [41] 0.00 (0.00) [51] 0.00 (0.00) [51] 0.00 (0.00) [51] 0.00 (0.00) [51] 0.00 (0.00) [49] 0.00 (0.00) [51] 0.00 (0.00) [51] 0.00 (0.00) [51] 0.00 (0.00) [49] 0.00 (0.00) [49]

ODIN 19.07 (7.51) [44] 10.81 (4.84) [45] 1.82 (3.64) [48] 14.29 (0.71) [12] 3.14 (3.97) [47] 35.03 (4.49) [43] 46.58 (0.82) [28] 0.00 (0.00) [41] 22.15 (1.55) [39] 21.77 (2.67) [14] 13.92 (1.55) [34] 15.44 (1.53) [26] 24.18 (1.72) [37] 13.29 (0.69) [29] 16.08 (2.45) [40] 22.66 (2.87) [27] 19.62 (1.44) [30] 20.51 (1.10) [35]

NCSBAD (Ours) 88.27 (13.67) [15] 85.88 (2.69) [1] 97.84 (2.70) [1] 25.71 (2.80) [6] 99.62 (0.75) [2] 89.36 (3.50) [5] 48.03 (0.55) [18] 0.00 (0.00) [41] 30.38 (1.70) [9] 21.01 (2.10) [16] 18.35 (2.08) [6] 17.22 (2.28) [10] 38.35 (1.90) [2] 15.95 (1.57) [11] 26.84 (1.48) [7] 24.94 (2.35) [18] 23.92 (1.29) [14] 29.87 (1.67) [6]

NCSBADVAL (Ours) 91.65 (8.10) [8] 85.68 (2.30) [2] 92.48 (7.67) [4] 46.62 (3.61) [3] 99.18 (1.01) [6] 89.51 (2.76) [3] 51.71 (3.80) [6] 4.76 (3.01) [20] 31.01 (2.04) [6] 25.19 (4.83) [6] 17.72 (2.16) [10] 14.81 (2.93) [28] 39.49 (2.35) [1] 18.35 (2.30) [5] 26.33 (1.30) [9] 24.81 (2.84) [19] 25.95 (2.23) [7] 29.87 (1.35) [6]

Table 20: Mean, standard deviation and rank F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 4
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Model FashionMNIST 0 FashionMNIST 1 FashionMNIST 2 FashionMNIST 3 FashionMNIST 4 FashionMNIST 5 FashionMNIST 6 FashionMNIST 7 FashionMNIST 8 FashionMNIST 9 MNIST-C brightness MNIST-C canny edges MNIST-C dotted line MNIST-C fog MNIST-C glass blur

IForest 36.08 (2.75) [30] 62.33 (2.83) [32] 26.03 (3.13) [37] 41.16 (4.22) [30] 29.84 (2.83) [36] 73.54 (2.57) [31] 13.33 (2.35) [40] 81.38 (1.44) [29] 23.17 (1.93) [29] 70.79 (1.03) [30] 18.67 (3.04) [34] 20.53 (1.24) [32] 27.80 (2.24) [32] 38.87 (4.97) [32] 57.40 (2.24) [30]

OCSVM 49.10 (3.16) [20] 74.39 (1.40) [21] 46.35 (1.44) [21] 55.66 (0.40) [17] 48.57 (1.47) [19] 79.79 (1.40) [14] 33.02 (1.56) [20] 82.96 (1.55) [16] 25.61 (2.45) [23] 76.08 (1.47) [20] 24.67 (0.52) [25] 25.87 (1.15) [21] 39.20 (1.20) [19] 56.40 (1.06) [20] 70.60 (1.18) [20]

COPOD 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48]

ECOD 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48]

FeatureBagging 59.26 (3.38) [3] 78.52 (1.94) [7] 54.81 (2.63) [3] 61.48 (0.70) [4] 56.72 (0.62) [2] 79.15 (1.88) [21] 45.93 (2.23) [6] 82.96 (1.36) [16] 42.75 (2.15) [2] 79.15 (1.56) [3] 39.80 (1.67) [6] 51.47 (2.06) [3] 52.27 (1.34) [5] 73.40 (0.77) [5] 79.13 (0.96) [6]

HBOS 27.72 (1.48) [37] 41.27 (1.00) [40] 4.55 (0.42) [45] 28.04 (0.58) [38] 12.06 (1.31) [45] 62.86 (1.75) [35] 5.82 (0.75) [45] 73.76 (1.04) [33] 16.19 (3.00) [42] 66.98 (2.16) [32] 10.87 (1.24) [39] 17.27 (1.18) [34] 17.20 (1.19) [40] 15.20 (0.62) [42] 38.53 (1.72) [36]

KNN 53.86 (3.27) [12] 76.72 (1.74) [13] 49.31 (1.69) [17] 56.51 (0.70) [13] 51.53 (0.98) [14] 79.89 (1.21) [11] 38.41 (1.85) [15] 83.17 (1.62) [14] 30.69 (1.74) [15] 76.83 (1.08) [14] 30.27 (0.77) [15] 31.47 (1.33) [16] 44.60 (0.93) [14] 60.53 (1.56) [14] 74.27 (0.80) [13]

LODA 36.51 (9.48) [29] 70.37 (3.95) [27] 34.29 (5.85) [26] 44.02 (6.69) [29] 38.20 (3.23) [28] 73.86 (4.57) [29] 26.88 (5.02) [26] 80.95 (1.89) [30] 21.38 (4.13) [32] 66.35 (5.35) [33] 25.53 (8.02) [20] 16.07 (3.42) [36] 23.67 (3.35) [35] 49.73 (12.00) [26] 56.73 (8.69) [31]

LOF 58.62 (3.40) [4] 77.57 (1.59) [9] 54.71 (2.28) [4] 61.16 (1.40) [5] 56.61 (0.75) [3] 79.05 (1.48) [22] 45.93 (2.25) [6] 82.96 (1.36) [16] 40.53 (1.28) [4] 78.10 (1.36) [7] 39.40 (1.72) [8] 50.80 (0.98) [5] 52.13 (1.24) [6] 72.53 (1.24) [6] 78.40 (0.90) [7]

MCD 28.25 (5.63) [36] 42.96 (6.56) [38] 20.95 (9.25) [39] 35.87 (5.45) [34] 32.59 (6.78) [34] 67.41 (7.20) [34] 21.80 (0.52) [28] 59.79 (7.67) [35] 18.41 (1.31) [39] 54.50 (6.30) [35] 15.27 (2.28) [38] 15.93 (7.23) [37] 18.60 (5.30) [39] 30.40 (6.69) [37] 19.87 (6.64) [44]

PCA 48.04 (2.92) [23] 73.76 (1.40) [22] 45.50 (2.39) [23] 54.81 (0.72) [21] 47.94 (1.09) [23] 79.79 (1.40) [14] 29.84 (1.23) [23] 82.86 (1.59) [23] 23.70 (1.96) [27] 75.87 (1.66) [23] 23.73 (0.68) [27] 23.73 (0.98) [25] 37.27 (1.10) [24] 54.80 (1.19) [24] 69.47 (1.29) [24]

DeepSVDD 34.92 (3.60) [31] 67.94 (3.45) [30] 31.85 (2.42) [28] 40.85 (3.20) [31] 39.15 (3.45) [26] 73.86 (1.48) [29] 22.54 (2.43) [27] 80.32 (1.75) [31] 21.38 (2.65) [32] 68.99 (2.99) [31] 21.00 (2.23) [30] 22.07 (6.66) [28] 25.60 (3.68) [33] 43.67 (1.43) [29] 52.20 (5.48) [33]

INNE 56.40 (3.77) [8] 76.40 (1.97) [14] 53.44 (2.66) [9] 58.20 (2.19) [10] 53.44 (0.89) [9] 77.88 (1.99) [24] 43.39 (1.74) [10] 78.94 (1.08) [32] 36.19 (1.91) [9] 77.88 (1.40) [9] 33.40 (0.49) [12] 39.47 (2.14) [9] 49.07 (1.29) [9] 69.20 (2.12) [10] 76.60 (2.08) [10]

KPCA 54.60 (2.51) [10] 77.67 (1.78) [8] 50.58 (2.36) [10] 57.88 (0.72) [11] 53.12 (1.36) [11] 80.42 (1.11) [4] 40.42 (1.19) [14] 83.49 (1.55) [10] 31.96 (2.16) [13] 77.67 (1.44) [10] 32.47 (0.96) [14] 32.27 (1.53) [14] 46.67 (1.19) [11] 61.47 (1.53) [13] 76.13 (1.13) [11]

KDE 48.47 (2.28) [22] 75.87 (1.63) [17] 44.23 (1.82) [25] 52.49 (0.40) [25] 49.31 (0.78) [17] 80.85 (1.13) [2] 36.40 (2.10) [18] 83.60 (1.74) [6] 29.84 (1.04) [16] 76.83 (1.69) [14] 32.53 (1.82) [13] 32.13 (1.72) [15] 39.13 (1.02) [21] 58.53 (1.75) [18] 69.73 (1.10) [23]

GMM 58.52 (3.25) [6] 79.37 (1.98) [4] 53.76 (1.91) [8] 60.11 (0.42) [7] 55.87 (1.44) [6] 79.37 (1.30) [19] 47.72 (1.31) [5] 83.92 (1.79) [3] 38.52 (1.22) [8] 77.14 (1.44) [12] 39.60 (1.67) [7] 39.40 (1.51) [10] 50.73 (1.48) [8] 73.60 (1.58) [4] 81.20 (1.07) [4]

CBLOF 50.16 (2.66) [18] 75.98 (1.73) [16] 48.04 (2.07) [18] 54.39 (1.31) [23] 48.47 (1.40) [20] 80.11 (1.23) [7] 34.50 (1.22) [19] 83.28 (1.40) [13] 26.98 (2.55) [20] 76.19 (1.30) [19] 25.07 (0.33) [24] 26.53 (1.38) [19] 40.27 (1.48) [17] 57.20 (1.15) [19] 70.60 (0.98) [20]

SOD 32.49 (3.00) [34] 62.01 (1.69) [33] 30.90 (1.36) [31] 37.99 (1.36) [33] 37.46 (0.97) [30] 73.33 (1.09) [32] 20.74 (0.52) [29] 82.54 (1.38) [25] 27.20 (2.18) [18] 71.22 (2.23) [29] 22.67 (0.70) [29] 20.13 (1.60) [33] 39.80 (1.11) [18] 40.40 (1.98) [31] 54.07 (1.06) [32]

LUNAR 63.17 (1.28) [1] 82.22 (0.72) [1] 54.39 (1.65) [7] 62.96 (1.30) [1] 55.34 (2.05) [7] 80.21 (1.23) [5] 47.83 (0.98) [3] 84.23 (1.75) [2] 44.66 (1.44) [1] 81.06 (2.35) [1] 53.20 (1.07) [1] 56.73 (1.37) [1] 64.47 (1.13) [1] 86.60 (0.65) [1] 89.20 (1.07) [1]

SOGAAL 18.10 (4.58) [43] 41.59 (4.74) [39] 26.24 (5.40) [36] 22.86 (5.35) [40] 28.99 (3.69) [38] 28.04 (11.42) [41] 9.52 (3.70) [42] 44.55 (12.70) [40] 8.89 (2.98) [45] 43.60 (4.52) [37] 10.40 (2.09) [41] 3.07 (0.65) [46] 7.80 (2.02) [45] 33.33 (6.80) [36] 25.33 (6.08) [41]

ALAD 13.12 (4.70) [44] 15.87 (9.38) [46] 8.04 (4.20) [42] 10.37 (5.06) [45] 15.34 (9.06) [43] 16.51 (6.36) [45] 7.83 (2.62) [43] 17.57 (11.20) [43] 9.63 (4.61) [44] 22.75 (6.52) [42] 9.53 (5.94) [44] 8.73 (3.21) [45] 12.00 (5.32) [44] 18.53 (8.73) [41] 20.47 (8.57) [43]

AE 54.07 (3.20) [11] 76.30 (1.81) [15] 49.42 (1.79) [16] 56.51 (0.91) [13] 51.85 (1.34) [13] 80.11 (1.04) [7] 38.20 (1.96) [16] 83.60 (1.50) [6] 29.31 (1.14) [17] 77.57 (1.14) [11] 28.20 (0.96) [17] 31.40 (1.70) [17] 43.47 (1.42) [15] 59.93 (1.51) [16] 73.67 (0.92) [15]

CD 7.72 (15.45) [46] 18.52 (22.95) [44] 0.00 (0.00) [48] 15.45 (12.84) [44] 18.20 (15.23) [41] 0.00 (0.00) [48] 17.88 (2.98) [32] 0.00 (0.00) [48] 22.12 (1.58) [31] 0.00 (0.00) [48] 5.73 (7.07) [46] 9.73 (8.02) [44] 0.00 (0.00) [48] 3.40 (6.80) [46] 0.00 (0.00) [48]

MOGAAL 19.15 (5.04) [42] 43.28 (5.53) [37] 26.77 (4.75) [35] 23.60 (6.01) [39] 28.99 (3.23) [38] 28.78 (10.79) [40] 10.26 (4.11) [41] 48.15 (11.77) [38] 7.83 (3.30) [46] 43.17 (4.73) [38] 9.73 (1.65) [43] 3.07 (1.25) [46] 7.40 (0.68) [46] 29.80 (4.73) [39] 20.93 (8.91) [42]

QMCD 0.21 (0.26) [48] 0.42 (0.21) [47] 0.21 (0.26) [47] 0.00 (0.00) [48] 0.74 (0.26) [48] 26.24 (0.92) [42] 0.42 (0.21) [48] 61.06 (1.97) [34] 0.00 (0.00) [48] 11.01 (1.51) [45] 0.27 (0.13) [48] 0.00 (0.00) [48] 0.27 (0.13) [47] 1.60 (0.25) [47] 0.27 (0.13) [47]

Sampling 49.74 (2.61) [19] 74.71 (1.58) [20] 47.30 (2.00) [19] 55.13 (1.85) [19] 48.99 (1.09) [18] 79.79 (1.18) [14] 33.02 (1.48) [20] 82.96 (1.58) [16] 26.14 (2.60) [21] 75.98 (1.44) [21] 25.47 (0.54) [21] 26.00 (1.01) [20] 37.93 (1.77) [23] 56.20 (1.36) [21] 70.87 (1.67) [18]

EIF 38.41 (2.63) [26] 69.31 (2.12) [29] 29.52 (1.88) [33] 45.40 (4.12) [28] 33.76 (2.66) [32] 74.81 (1.23) [27] 17.46 (3.86) [33] 82.22 (1.56) [27] 24.02 (3.31) [26] 71.85 (2.20) [27] 19.13 (1.54) [33] 21.07 (3.65) [30] 30.87 (3.30) [28] 41.60 (2.82) [30] 61.47 (4.70) [29]

Ensemble 58.62 (3.40) [4] 77.57 (1.59) [9] 54.71 (2.28) [4] 61.16 (1.40) [5] 56.61 (0.75) [3] 79.05 (1.48) [22] 45.93 (2.25) [6] 82.96 (1.36) [16] 40.53 (1.28) [4] 78.10 (1.36) [7] 39.40 (1.72) [8] 50.80 (0.98) [5] 52.13 (1.24) [6] 72.53 (1.24) [6] 78.40 (0.90) [7]

GEN2OUT 34.60 (3.00) [32] 62.65 (3.29) [31] 25.61 (0.54) [38] 39.15 (4.14) [32] 29.52 (6.65) [37] 74.60 (2.80) [28] 13.44 (2.85) [39] 82.33 (2.02) [26] 21.27 (2.25) [34] 71.43 (2.04) [28] 17.60 (4.15) [37] 23.13 (6.32) [27] 29.47 (4.74) [30] 38.00 (6.12) [33] 61.67 (9.09) [28]

DynamicHBOS 21.38 (4.51) [39] 25.08 (4.37) [41] 4.97 (0.26) [44] 21.80 (1.93) [41] 10.37 (1.59) [46] 30.58 (4.57) [39] 4.87 (1.75) [46] 15.98 (2.56) [44] 15.56 (2.26) [43] 10.16 (3.59) [46] 7.00 (1.75) [45] 14.60 (3.17) [39] 15.07 (2.62) [42] 14.07 (1.60) [43] 26.40 (3.88) [40]

COF 36.72 (2.13) [28] 52.70 (1.44) [35] 27.09 (1.03) [34] 33.23 (1.75) [36] 34.07 (1.14) [31] 45.40 (1.93) [37] 19.89 (1.91) [30] 43.28 (1.51) [41] 25.71 (0.92) [22] 59.68 (2.18) [34] 18.20 (1.05) [36] 14.80 (0.75) [38] 34.40 (1.18) [27] 20.07 (0.74) [40] 27.60 (1.31) [39]

ABOD 53.44 (2.61) [15] 79.79 (1.47) [3] 50.48 (2.23) [12] 58.84 (1.58) [9] 53.33 (0.91) [10] 81.06 (1.08) [1] 40.53 (1.63) [13] 84.34 (1.59) [1] 35.13 (1.66) [10] 78.73 (1.03) [4] 41.67 (1.21) [5] 42.27 (0.39) [8] 52.93 (1.48) [4] 71.93 (1.12) [8] 80.27 (0.83) [5]

LMDD 37.57 (1.21) [27] 72.38 (1.62) [26] 31.43 (2.87) [29] 48.47 (1.73) [26] 39.05 (2.18) [27] 72.06 (5.12) [33] 15.24 (1.62) [37] 45.40 (8.32) [39] 22.33 (1.51) [30] 41.27 (12.88) [39] 19.73 (1.08) [32] 21.20 (1.31) [29] 28.20 (1.85) [31] 45.93 (0.93) [27] 64.40 (1.36) [27]

DAGMM 28.36 (4.72) [35] 48.57 (5.07) [36] 30.48 (4.99) [32] 32.49 (3.72) [37] 31.01 (5.76) [35] 45.50 (7.37) [36] 15.87 (4.53) [36] 55.77 (6.44) [37] 18.84 (6.39) [38] 47.09 (5.13) [36] 18.47 (4.60) [35] 16.53 (4.61) [35] 24.73 (5.73) [34] 34.00 (12.50) [35] 41.87 (13.07) [35]

DROCC 23.60 (6.63) [38] 53.12 (13.96) [34] 31.11 (7.84) [30] 33.86 (6.76) [35] 33.44 (8.07) [33] 45.40 (18.36) [37] 18.73 (6.70) [31] 58.62 (16.91) [36] 19.89 (5.28) [35] 37.46 (10.73) [40] 25.20 (8.01) [23] 25.73 (4.86) [22] 30.40 (9.30) [29] 37.40 (15.45) [34] 44.60 (15.83) [34]

GOAD 48.89 (3.50) [21] 73.76 (1.19) [22] 46.46 (1.65) [20] 55.34 (1.04) [18] 48.15 (1.25) [21] 79.79 (1.22) [14] 30.79 (1.75) [22] 82.96 (1.55) [16] 25.29 (2.02) [24] 76.30 (1.47) [18] 24.47 (0.27) [26] 24.93 (1.64) [24] 39.20 (1.22) [19] 55.87 (1.53) [23] 70.73 (1.99) [19]

ICL 55.87 (3.11) [9] 78.94 (1.31) [5] 55.98 (2.54) [2] 59.26 (1.38) [8] 57.46 (1.91) [1] 79.37 (1.86) [19] 47.83 (1.85) [3] 83.70 (1.51) [4] 38.62 (1.38) [7] 78.52 (1.52) [5] 47.60 (2.76) [4] 43.40 (1.97) [7] 47.47 (1.87) [10] 69.87 (0.40) [9] 77.27 (1.73) [9]

PlanarFlow 34.29 (1.13) [33] 70.26 (1.99) [28] 33.12 (4.01) [27] 45.82 (2.77) [27] 38.20 (2.62) [28] 77.35 (0.70) [25] 16.08 (2.47) [35] 82.96 (1.88) [16] 19.15 (2.91) [37] 73.12 (2.28) [26] 20.73 (1.29) [31] 11.07 (0.88) [43] 21.87 (4.63) [36] 44.40 (3.27) [28] 65.67 (3.15) [26]

VAE 48.04 (2.92) [23] 73.76 (1.40) [22] 45.50 (2.39) [23] 54.81 (0.72) [21] 47.94 (1.09) [23] 79.79 (1.40) [14] 29.84 (1.23) [23] 82.86 (1.59) [23] 23.70 (1.96) [27] 75.87 (1.66) [23] 23.73 (0.68) [27] 23.73 (0.98) [25] 37.27 (1.10) [24] 54.80 (1.19) [24] 69.47 (1.29) [24]

GANomaly 53.65 (2.89) [14] 77.14 (1.90) [11] 50.58 (3.02) [10] 56.08 (2.19) [15] 47.94 (1.04) [23] 80.53 (1.27) [3] 42.75 (0.91) [11] 83.49 (1.55) [10] 31.32 (2.66) [14] 76.72 (1.06) [16] 29.47 (1.82) [16] 33.67 (2.34) [13] 38.73 (2.72) [22] 60.27 (1.32) [15] 72.80 (1.90) [16]

SLAD 53.76 (2.93) [13] 77.04 (1.79) [12] 49.74 (2.04) [14] 57.46 (0.98) [12] 51.11 (1.04) [16] 80.11 (1.09) [7] 40.74 (2.01) [12] 83.60 (1.53) [6] 32.70 (1.81) [11] 77.04 (0.79) [13] 35.27 (1.65) [11] 36.67 (1.30) [12] 44.67 (0.92) [13] 63.93 (1.76) [12] 74.80 (1.09) [12]

DIF 21.38 (2.02) [39] 22.65 (1.58) [43] 17.46 (1.74) [40] 16.93 (0.89) [42] 14.29 (2.44) [44] 19.47 (0.97) [43] 13.97 (1.19) [38] 15.66 (1.09) [45] 17.88 (1.72) [40] 21.80 (1.27) [43] 9.87 (1.20) [42] 11.93 (0.90) [42] 15.73 (1.12) [41] 9.87 (1.24) [44] 19.33 (1.37) [45]

DDPM 46.35 (1.82) [25] 75.56 (1.62) [18] 46.14 (1.99) [22] 53.02 (2.18) [24] 48.04 (1.36) [22] 80.21 (1.28) [5] 29.84 (3.11) [23] 83.07 (1.74) [15] 25.29 (2.58) [24] 75.98 (1.56) [21] 25.27 (0.49) [22] 25.07 (1.53) [23] 36.40 (2.38) [26] 56.20 (1.77) [21] 70.13 (1.15) [22]

DTE-IG 1.06 (0.33) [47] 0.00 (0.00) [48] 1.16 (0.40) [46] 0.42 (0.40) [47] 2.33 (0.86) [47] 0.63 (1.03) [47] 3.07 (1.47) [47] 0.63 (0.52) [47] 1.16 (0.52) [47] 0.32 (0.26) [47] 0.87 (0.58) [47] 12.13 (14.18) [41] 14.53 (16.99) [43] 0.20 (0.40) [48] 29.93 (36.66) [38]

DTE-C 52.06 (2.52) [16] 73.65 (2.45) [25] 50.48 (2.52) [12] 54.92 (0.70) [20] 53.02 (1.44) [12] 77.25 (2.04) [26] 44.13 (2.31) [9] 82.22 (1.52) [27] 32.28 (0.89) [12] 73.97 (1.18) [25] 38.67 (2.71) [10] 38.87 (3.26) [11] 45.93 (2.17) [12] 65.40 (2.79) [11] 74.13 (1.54) [14]

DTENonParametric 8.04 (11.72) [45] 23.07 (9.71) [42] 5.40 (6.55) [43] 10.37 (14.31) [45] 27.72 (13.16) [40] 19.26 (17.06) [44] 6.14 (8.17) [44] 23.60 (16.05) [42] 17.78 (10.46) [41] 23.49 (15.40) [41] 26.00 (3.99) [19] 20.80 (10.17) [31] 21.60 (11.75) [37] 30.13 (15.60) [38] 35.20 (12.55) [37]

MCM 50.90 (3.30) [17] 74.92 (1.91) [19] 49.52 (1.73) [15] 56.08 (0.75) [15] 51.43 (1.22) [15] 79.89 (1.21) [11] 36.61 (1.47) [17] 83.49 (1.62) [10] 27.20 (2.33) [18] 76.61 (1.31) [17] 27.40 (0.49) [18] 28.53 (1.36) [18] 41.40 (1.06) [16] 58.67 (1.12) [17] 72.40 (1.16) [17]

3WNCROD 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48]

ODIN 19.89 (2.47) [41] 18.31 (1.04) [45] 15.34 (1.16) [41] 15.98 (2.42) [43] 16.83 (1.08) [42] 15.34 (1.42) [46] 16.83 (2.42) [34] 7.62 (1.79) [46] 19.68 (0.62) [36] 15.87 (1.42) [44] 10.47 (1.50) [40] 13.73 (1.14) [40] 21.00 (1.30) [38] 7.80 (1.00) [45] 11.40 (0.65) [46]

NCSBAD (Ours) 58.41 (3.13) [7] 78.94 (1.85) [5] 54.50 (2.22) [6] 61.59 (0.42) [3] 55.13 (1.65) [8] 79.89 (1.11) [11] 48.15 (1.67) [2] 83.70 (1.55) [4] 40.21 (1.11) [6] 78.20 (0.91) [6] 49.73 (1.20) [3] 51.47 (1.69) [3] 59.67 (1.28) [3] 79.80 (1.72) [3] 84.00 (0.76) [3]

NCSBADVAL (Ours) 59.47 (2.85) [2] 80.63 (1.52) [2] 56.93 (2.11) [1] 62.86 (1.08) [2] 56.30 (1.28) [5] 80.00 (1.27) [10] 49.95 (1.79) [1] 83.60 (1.77) [6] 42.54 (1.59) [3] 80.21 (0.54) [2] 50.93 (2.04) [2] 56.20 (3.70) [2] 60.93 (1.76) [2] 81.07 (2.26) [2] 85.87 (0.88) [2]

Table 21: Mean, standard deviation and rank F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 5
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Model MNIST-C identity MNIST-C impulse noise MNIST-C motion blur MNIST-C rotate MNIST-C scale MNIST-C shear MNIST-C shot noise MNIST-C spatter MNIST-C stripe MNIST-C translate MNIST-C zigzag MVTec-AD bottle MVTec-AD cable MVTec-AD capsule MVTec-AD carpet

IForest 7.73 (0.74) [42] 89.60 (2.95) [30] 37.53 (2.27) [33] 11.53 (0.81) [31] 15.87 (2.90) [35] 20.07 (1.53) [32] 25.33 (1.98) [33] 42.27 (3.22) [28] 83.73 (1.31) [30] 14.27 (0.25) [34] 35.87 (1.02) [30] 90.24 (1.50) [26] 57.80 (3.39) [32] 58.17 (2.70) [32] 58.88 (2.32) [31]

OCSVM 8.67 (1.07) [24] 97.80 (0.40) [11] 50.80 (1.44) [22] 12.80 (0.62) [21] 29.27 (1.14) [19] 22.73 (1.10) [25] 33.53 (1.96) [21] 47.93 (1.06) [19] 93.40 (0.44) [16] 19.27 (1.02) [24] 47.93 (1.42) [19] 90.73 (0.50) [23] 57.09 (2.97) [33] 57.05 (2.51) [36] 58.09 (4.05) [33]

COPOD 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [47] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [47] 0.00 (0.00) [47] 58.02 (5.96) [41] 71.80 (5.26) [11] 93.40 (1.79) [1] 68.41 (6.72) [10]

ECOD 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [47] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [47] 0.00 (0.00) [47] 58.02 (5.96) [41] 71.80 (5.26) [11] 93.40 (1.79) [1] 68.41 (6.72) [10]

FeatureBagging 8.53 (0.83) [30] 97.60 (0.33) [12] 64.53 (1.20) [8] 14.87 (0.50) [11] 40.80 (1.56) [7] 28.93 (1.12) [9] 47.87 (0.81) [4] 63.53 (1.71) [5] 95.20 (0.34) [8] 32.07 (1.88) [7] 61.67 (0.84) [7] 92.14 (0.55) [11] 60.07 (3.19) [25] 62.13 (3.23) [25] 61.20 (2.69) [19]

HBOS 7.67 (0.47) [43] 53.47 (1.50) [39] 26.20 (0.96) [39] 11.40 (0.49) [33] 6.20 (1.07) [43] 19.33 (1.92) [34] 19.87 (1.09) [38] 29.00 (1.41) [36] 66.27 (1.29) [36] 9.47 (1.22) [42] 21.93 (0.83) [40] 89.01 (1.80) [30] 60.24 (3.02) [24] 56.94 (1.71) [37] 61.75 (4.07) [18]

KNN 9.00 (0.60) [19] 97.27 (0.25) [18] 56.53 (1.09) [16] 13.87 (0.58) [18] 33.27 (1.47) [15] 26.20 (1.13) [15] 40.13 (2.35) [12] 53.80 (1.29) [14] 94.33 (0.42) [13] 22.67 (1.23) [19] 53.93 (1.29) [14] 91.53 (0.57) [16] 59.84 (3.34) [27] 62.94 (1.60) [22] 60.32 (2.46) [25]

LODA 8.13 (0.93) [39] 95.73 (3.34) [26] 42.00 (5.24) [30] 10.93 (1.54) [38] 16.33 (4.70) [33] 16.67 (2.92) [38] 24.93 (6.48) [34] 38.00 (6.21) [33] 83.93 (4.68) [29] 13.73 (2.48) [37] 31.47 (7.30) [34] 87.84 (2.80) [33] 52.84 (3.09) [39] 56.77 (3.32) [38] 54.34 (4.73) [37]

LOF 8.60 (0.77) [27] 97.20 (0.34) [22] 65.07 (1.10) [6] 15.20 (0.88) [9] 40.87 (1.61) [5] 29.07 (1.54) [6] 46.93 (1.53) [5] 63.07 (1.67) [6] 95.47 (0.16) [5] 32.13 (1.33) [5] 61.80 (1.20) [5] 91.67 (0.58) [14] 59.25 (3.37) [28] 62.25 (3.35) [23] 60.43 (3.03) [23]

MCD 9.20 (0.91) [16] 69.33 (8.61) [36] 30.07 (7.78) [37] 11.07 (1.42) [36] 16.93 (5.46) [32] 15.87 (1.89) [41] 18.47 (2.01) [39] 32.87 (2.75) [35] 72.20 (12.82) [34] 11.60 (1.34) [41] 24.87 (3.61) [38] 91.20 (0.67) [19] 65.44 (3.90) [16] 71.60 (2.31) [14] 61.10 (4.42) [20]

PCA 8.47 (1.56) [32] 97.27 (0.25) [18] 50.07 (1.82) [24] 11.93 (0.74) [29] 27.27 (0.98) [24] 22.73 (1.14) [25] 31.73 (1.69) [24] 46.60 (1.51) [23] 93.07 (0.39) [21] 18.47 (1.00) [28] 46.40 (1.47) [23] 89.18 (1.45) [28] 54.87 (2.68) [37] 56.07 (2.57) [39] 58.08 (4.47) [34]

DeepSVDD 9.53 (0.62) [7] 92.27 (4.24) [27] 44.53 (1.98) [27] 12.47 (1.76) [25] 23.93 (3.68) [27] 17.13 (2.43) [37] 23.20 (1.98) [36] 34.93 (5.36) [34] 81.80 (1.59) [31] 15.13 (3.00) [31] 28.13 (6.51) [36] 91.20 (1.65) [19] 71.93 (4.09) [10] 64.97 (4.76) [20] 73.32 (1.31) [8]

INNE 9.00 (1.25) [19] 88.67 (1.17) [32] 61.67 (1.65) [10] 14.07 (0.74) [17] 36.00 (1.41) [11] 26.00 (1.99) [16] 42.33 (2.66) [10] 59.60 (2.14) [9] 88.73 (2.89) [26] 23.00 (1.35) [16] 59.73 (1.22) [10] 92.31 (1.13) [8] 59.85 (1.96) [26] 58.92 (2.34) [31] 60.11 (3.73) [26]

KPCA 8.60 (0.74) [27] 95.93 (0.39) [24] 58.53 (0.88) [12] 14.33 (0.70) [13] 35.47 (1.57) [12] 27.07 (1.04) [12] 42.60 (1.90) [9] 55.60 (1.29) [12] 95.40 (0.57) [7] 24.20 (1.53) [15] 56.40 (1.02) [12] 94.07 (1.63) [4] 80.29 (3.06) [1] 83.49 (2.54) [6] 76.08 (1.54) [2]

KDE 8.53 (0.34) [30] 98.20 (0.27) [5] 58.00 (1.14) [14] 14.20 (0.86) [15] 28.60 (1.29) [22] 23.33 (1.05) [22] 36.60 (1.32) [16] 45.93 (1.02) [25] 94.53 (0.86) [10] 22.87 (1.51) [18] 45.40 (1.22) [26] 92.62 (2.12) [7] 74.12 (3.69) [8] 82.82 (2.07) [7] 74.85 (2.01) [5]

GMM 9.60 (0.88) [5] 97.93 (0.33) [8] 62.87 (1.07) [9] 16.73 (0.57) [7] 41.80 (1.22) [4] 30.00 (0.79) [5] 46.33 (1.86) [7] 61.80 (1.36) [8] 94.67 (0.56) [9] 30.87 (1.53) [10] 61.67 (1.32) [7] 94.25 (1.43) [1] 78.21 (2.23) [5] 83.71 (2.76) [5] 75.50 (1.16) [4]

CBLOF 8.93 (1.22) [21] 97.33 (0.21) [14] 51.87 (1.48) [19] 12.53 (0.45) [24] 31.80 (1.20) [17] 24.67 (1.14) [19] 34.93 (2.26) [18] 48.27 (1.48) [18] 93.40 (0.44) [16] 19.13 (1.31) [25] 48.73 (1.32) [18] 90.79 (1.45) [22] 62.20 (3.64) [18] 61.41 (1.70) [26] 60.53 (4.34) [22]

SOD 7.27 (0.68) [46] 75.60 (1.32) [34] 46.73 (1.60) [26] 12.60 (1.44) [23] 11.13 (1.85) [39] 23.00 (1.10) [24] 29.33 (1.75) [27] 45.40 (2.26) [26] 73.07 (1.81) [33] 25.93 (0.74) [13] 44.60 (2.24) [27] 84.70 (2.36) [34] 39.04 (2.36) [49] 47.90 (3.67) [50] 51.54 (3.77) [42]

LUNAR 9.53 (0.75) [7] 99.33 (0.30) [1] 76.00 (0.79) [1] 21.73 (1.00) [1] 48.73 (1.06) [2] 35.20 (1.95) [1] 61.27 (2.61) [1] 71.20 (1.17) [1] 98.40 (0.80) [1] 37.40 (0.68) [3] 70.20 (0.96) [2] 93.91 (1.76) [5] 72.43 (4.55) [9] 71.07 (3.61) [16] 68.02 (4.08) [13]

SOGAAL 9.27 (2.04) [14] 67.27 (20.98) [37] 25.80 (6.63) [40] 10.80 (0.96) [40] 7.93 (3.45) [41] 10.53 (1.67) [44] 10.13 (2.79) [45] 8.13 (1.67) [46] 23.67 (10.96) [41] 9.27 (1.85) [44] 8.07 (1.25) [46] 69.92 (5.76) [37] 40.56 (3.61) [47] 48.99 (3.91) [49] 43.24 (9.19) [49]

ALAD 10.07 (1.29) [3] 26.07 (14.29) [42] 18.40 (7.98) [43] 8.93 (1.81) [46] 11.27 (3.92) [38] 10.07 (1.91) [45] 11.60 (2.84) [43] 16.93 (7.40) [43] 24.87 (12.80) [40] 9.47 (1.31) [42] 16.13 (4.79) [43] 56.50 (12.25) [45] 39.34 (3.75) [48] 49.78 (5.30) [45] 43.38 (3.12) [48]

AE 9.47 (0.98) [9] 97.33 (0.21) [14] 55.20 (1.53) [17] 13.87 (0.58) [18] 33.87 (1.44) [14] 26.27 (1.10) [14] 37.93 (2.40) [15] 53.73 (1.69) [15] 93.80 (0.27) [14] 22.93 (1.02) [17] 53.80 (1.24) [15] 92.15 (0.38) [10] 60.66 (1.60) [23] 60.96 (2.45) [28] 59.28 (3.07) [28]

CD 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [47] 0.00 (0.00) [48] 4.40 (8.80) [47] 14.87 (18.21) [45] 37.33 (19.34) [38] 0.00 (0.00) [47] 0.00 (0.00) [47] 58.02 (5.96) [41] 71.80 (5.26) [11] 80.69 (25.19) [11] 49.86 (21.57) [44]

MOGAAL 9.47 (2.36) [9] 58.93 (25.49) [38] 25.00 (5.01) [41] 10.87 (1.53) [39] 7.33 (2.54) [42] 9.93 (0.61) [46] 8.80 (2.30) [46] 6.07 (1.06) [47] 17.67 (12.45) [45] 8.87 (0.81) [45] 8.20 (0.75) [45] 69.42 (5.56) [38] 40.60 (2.57) [46] 49.22 (3.97) [48] 44.75 (10.63) [47]

QMCD 17.80 (1.53) [1] 88.87 (1.33) [31] 0.73 (0.33) [47] 2.67 (0.21) [47] 0.00 (0.00) [47] 1.93 (0.57) [47] 0.33 (0.00) [48] 0.00 (0.00) [48] 20.13 (0.62) [44] 0.00 (0.00) [47] 0.00 (0.00) [47] 55.44 (1.86) [47] 0.26 (0.53) [51] 11.33 (3.77) [51] 13.18 (3.58) [51]

Sampling 8.93 (1.16) [21] 97.33 (0.21) [14] 51.27 (1.10) [20] 12.33 (0.42) [28] 28.80 (2.07) [20] 23.47 (0.88) [21] 33.73 (1.68) [20] 47.93 (0.85) [19] 93.40 (0.33) [16] 19.60 (0.74) [21] 47.80 (0.91) [20] 90.87 (0.59) [21] 57.92 (2.39) [31] 62.98 (1.96) [21] 59.80 (5.60) [27]

EIF 7.53 (0.62) [45] 92.00 (2.12) [28] 38.73 (2.45) [32] 11.00 (1.53) [37] 18.67 (4.27) [29] 21.20 (1.71) [30] 27.47 (3.03) [29] 41.67 (3.39) [29] 88.07 (1.84) [27] 14.20 (0.69) [35] 38.07 (3.05) [28] 89.95 (1.77) [27] 55.60 (3.44) [36] 57.06 (1.98) [35] 59.01 (2.97) [30]

Ensemble 8.60 (0.77) [27] 97.20 (0.34) [22] 65.07 (1.10) [6] 15.20 (0.88) [9] 40.87 (1.61) [5] 29.07 (1.54) [6] 46.93 (1.53) [5] 63.07 (1.67) [6] 95.47 (0.16) [5] 32.13 (1.33) [5] 61.80 (1.20) [5] 91.67 (0.58) [14] 59.25 (3.37) [28] 62.25 (3.35) [23] 60.43 (3.03) [23]

GEN2OUT 6.87 (0.81) [47] 95.87 (1.24) [25] 41.67 (6.22) [31] 11.53 (1.45) [31] 15.07 (5.50) [36] 21.40 (2.47) [29] 26.87 (2.05) [30] 42.53 (4.96) [27] 87.60 (5.79) [28] 14.13 (1.47) [36] 34.40 (6.14) [32] 90.73 (1.20) [23] 61.01 (4.96) [22] 60.98 (0.73) [27] 57.94 (3.08) [36]

DynamicHBOS 7.60 (0.71) [44] 19.13 (3.93) [44] 16.40 (5.12) [44] 11.13 (0.16) [34] 5.87 (1.07) [44] 16.00 (3.29) [40] 18.33 (0.76) [40] 19.60 (4.23) [42] 20.40 (5.69) [43] 8.60 (1.12) [46] 19.87 (1.41) [42] 80.39 (6.27) [36] 63.96 (4.56) [17] 88.15 (2.19) [4] 62.81 (7.35) [16]

COF 8.13 (0.81) [39] 15.67 (0.92) [45] 35.27 (1.91) [35] 14.27 (1.10) [14] 5.00 (1.28) [45] 27.27 (0.68) [11] 26.07 (1.27) [32] 38.80 (2.22) [31] 16.13 (2.09) [46] 27.47 (1.07) [12] 45.67 (2.03) [25] 48.67 (4.21) [49] 41.09 (6.05) [45] 49.73 (1.41) [46] 49.03 (3.91) [45]

ABOD 9.87 (0.72) [4] 97.93 (0.25) [8] 67.20 (0.98) [5] 15.93 (0.57) [8] 36.27 (1.90) [9] 28.53 (1.67) [10] 46.27 (1.81) [8] 63.87 (1.13) [4] 94.47 (0.81) [11] 30.67 (1.52) [11] 63.07 (0.44) [4] 46.28 (6.17) [50] 47.15 (2.50) [42] 55.28 (1.79) [42] 51.04 (4.67) [43]

LMDD 8.67 (0.70) [24] 70.07 (29.33) [35] 42.53 (1.26) [29] 11.13 (0.65) [34] 18.47 (1.31) [30] 20.40 (0.83) [31] 26.20 (1.68) [31] 40.07 (0.68) [30] 80.33 (22.86) [32] 14.87 (0.72) [32] 36.20 (1.72) [29] 59.15 (5.64) [40] 61.92 (7.91) [20] 80.28 (10.23) [12] 66.12 (9.13) [15]

DAGMM 9.40 (1.27) [13] 48.00 (20.49) [40] 33.27 (6.61) [36] 9.87 (0.69) [42] 16.27 (14.86) [34] 16.20 (0.58) [39] 20.47 (3.70) [37] 29.00 (6.26) [36] 57.67 (19.32) [37] 12.53 (1.13) [40] 26.13 (6.92) [37] 68.14 (9.49) [39] 44.15 (5.30) [44] 49.39 (3.41) [47] 47.81 (12.18) [46]

DROCC 8.27 (1.95) [36] 80.40 (20.39) [33] 36.47 (6.45) [34] 14.20 (2.37) [15] 19.80 (8.93) [28] 18.60 (3.23) [35] 31.27 (7.51) [26] 27.93 (6.28) [38] 68.00 (4.77) [35] 18.53 (3.86) [27] 34.40 (12.60) [32] 80.92 (10.19) [35] 45.51 (1.77) [43] 51.16 (6.30) [44] 53.18 (9.14) [40]

GOAD 8.67 (0.99) [24] 97.33 (0.30) [14] 50.53 (1.67) [23] 12.67 (0.87) [22] 28.80 (1.13) [20] 23.27 (1.27) [23] 33.27 (2.30) [23] 47.87 (1.38) [21] 92.87 (0.62) [23] 18.93 (1.06) [26] 47.80 (1.93) [20] 91.21 (0.74) [18] 56.85 (2.58) [34] 57.15 (2.97) [34] 58.53 (4.67) [32]

ICL 8.40 (0.53) [34] 98.67 (0.47) [2] 68.87 (1.82) [4] 18.27 (1.02) [4] 36.27 (3.52) [9] 29.07 (1.62) [6] 39.07 (2.07) [14] 57.07 (0.83) [10] 96.07 (0.65) [2] 34.33 (1.05) [4] 60.00 (1.10) [9] 92.21 (1.68) [9] 76.89 (1.74) [7] 82.41 (2.61) [8] 77.51 (3.14) [1]

PlanarFlow 8.20 (0.96) [37] 97.27 (0.53) [18] 43.73 (1.97) [28] 9.13 (1.71) [45] 17.87 (5.55) [31] 19.60 (2.35) [33] 24.27 (2.64) [35] 38.40 (1.98) [32] 91.27 (0.93) [25] 13.27 (1.02) [38] 29.80 (2.31) [35] 88.20 (1.35) [31] 50.94 (2.11) [41] 55.50 (2.28) [41] 54.20 (3.96) [38]

VAE 8.47 (1.56) [32] 97.27 (0.25) [18] 50.07 (1.82) [24] 11.93 (0.74) [29] 27.27 (0.98) [24] 22.73 (1.14) [25] 31.73 (1.69) [24] 46.60 (1.51) [23] 93.07 (0.39) [21] 18.47 (1.00) [28] 46.40 (1.47) [23] 89.18 (1.45) [28] 54.87 (2.68) [37] 56.07 (2.57) [39] 58.08 (4.47) [34]

GANomaly 9.47 (0.62) [9] 97.40 (0.13) [13] 58.47 (3.46) [13] 12.47 (1.13) [25] 29.47 (3.22) [18] 24.53 (2.38) [20] 35.93 (2.72) [17] 50.07 (3.47) [17] 93.13 (0.86) [20] 19.47 (0.69) [23] 52.13 (1.96) [17] 90.73 (0.84) [23] 62.10 (3.38) [19] 60.55 (2.14) [30] 61.87 (3.00) [17]

SLAD 9.07 (1.02) [18] 98.47 (0.27) [3] 57.20 (1.45) [15] 14.80 (0.83) [12] 34.67 (1.17) [13] 27.07 (1.18) [12] 39.87 (2.09) [13] 55.60 (1.37) [12] 94.40 (0.57) [12] 25.47 (0.72) [14] 55.20 (1.00) [13] 93.77 (1.67) [6] 78.35 (2.97) [4] 79.67 (0.57) [13] 73.95 (1.76) [7]

DIF 10.27 (0.88) [2] 4.93 (0.49) [46] 12.07 (0.74) [46] 10.20 (1.07) [41] 8.93 (1.53) [40] 12.87 (1.24) [43] 13.87 (1.73) [41] 15.13 (1.26) [44] 21.53 (1.34) [42] 14.33 (0.94) [33] 14.73 (1.64) [44] 51.50 (3.53) [48] 58.23 (2.00) [30] 71.32 (2.77) [15] 52.06 (8.11) [41]

DDPM 8.73 (1.32) [23] 97.87 (0.34) [10] 50.87 (2.41) [21] 12.40 (1.88) [27] 28.40 (1.25) [23] 22.33 (1.89) [28] 33.47 (1.34) [22] 47.47 (1.24) [22] 93.33 (0.42) [19] 18.40 (0.88) [30] 46.80 (1.24) [22] 88.18 (1.88) [32] 51.05 (3.17) [40] 53.13 (2.09) [43] 53.96 (3.41) [39]

DTE-IG 9.27 (0.39) [14] 19.47 (38.93) [43] 20.53 (25.15) [42] 9.27 (4.71) [44] 13.20 (13.87) [37] 13.67 (11.03) [42] 10.60 (11.66) [44] 20.53 (24.88) [40] 0.00 (0.00) [48] 13.27 (14.25) [38] 24.00 (29.41) [39] 56.35 (44.38) [46] 27.09 (21.99) [50] 70.67 (4.77) [18] 59.07 (24.03) [29]

DTE-C 9.60 (1.00) [5] 91.87 (0.69) [29] 59.67 (2.93) [11] 16.87 (1.05) [6] 38.00 (3.29) [8] 30.47 (3.24) [4] 40.40 (3.57) [11] 55.73 (1.51) [11] 92.20 (0.34) [24] 31.93 (2.22) [8] 59.47 (1.38) [11] 91.69 (0.95) [13] 77.11 (2.58) [6] 70.67 (4.95) [18] 68.73 (2.21) [9]

DTENonParametric 8.20 (1.65) [37] 37.47 (13.22) [41] 26.60 (8.70) [38] 9.47 (2.90) [43] 24.13 (7.62) [26] 18.60 (5.37) [35] 27.93 (10.26) [28] 24.40 (12.23) [39] 34.27 (13.48) [39] 19.53 (4.44) [22] 35.87 (9.54) [30] 92.08 (2.54) [12] 70.47 (3.98) [15] 70.84 (1.17) [17] 67.50 (1.97) [14]

MCM 9.13 (0.86) [17] 98.07 (0.33) [7] 53.93 (1.64) [18] 13.27 (0.39) [20] 32.60 (1.84) [16] 25.13 (1.20) [18] 34.93 (2.22) [18] 50.60 (1.64) [16] 93.80 (0.27) [14] 21.60 (0.83) [20] 52.40 (0.98) [16] 91.40 (0.47) [17] 61.53 (2.94) [21] 60.93 (1.73) [29] 60.87 (3.25) [21]

3WNCROD 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [47] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [48] 0.00 (0.00) [47] 0.00 (0.00) [47] 58.02 (5.96) [41] 71.80 (5.26) [11] 93.40 (1.79) [1] 68.41 (6.72) [10]

ODIN 8.13 (1.34) [39] 4.20 (0.62) [47] 13.13 (0.72) [45] 17.33 (1.15) [5] 3.87 (0.54) [46] 25.33 (1.52) [17] 13.47 (1.42) [42] 20.13 (1.36) [41] 4.33 (0.56) [47] 31.07 (1.90) [9] 21.73 (1.70) [41] 42.10 (2.35) [51] 56.52 (6.11) [35] 58.05 (1.55) [33] 41.45 (3.44) [50]

NCSBAD (Ours) 8.33 (0.63) [35] 98.13 (0.34) [6] 72.20 (1.44) [3] 19.33 (0.76) [2] 46.33 (1.25) [3] 34.13 (1.31) [3] 53.07 (1.61) [3] 65.07 (1.37) [3] 95.87 (0.62) [3] 38.00 (1.19) [2] 68.33 (0.89) [3] 94.14 (2.43) [2] 80.18 (2.72) [2] 81.43 (1.40) [10] 74.84 (1.34) [6]

NCSBADVAL (Ours) 9.47 (0.69) [9] 98.33 (0.60) [4] 73.93 (0.83) [2] 19.27 (1.10) [3] 51.60 (5.76) [1] 34.67 (1.63) [2] 54.33 (1.86) [2] 66.87 (2.88) [2] 95.60 (0.57) [4] 42.13 (4.54) [1] 70.27 (1.16) [1] 94.14 (1.93) [2] 79.86 (2.85) [3] 81.57 (3.07) [9] 75.65 (2.19) [3]

Table 22: Mean, standard deviation and rank F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 6
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Model MVTec-AD grid MVTec-AD hazelnut MVTec-AD leather MVTec-AD metal nut MVTec-AD pill MVTec-AD screw MVTec-AD tile MVTec-AD toothbrush MVTec-AD transistor MVTec-AD wood MVTec-AD zipper SVHN 0 SVHN 1 SVHN 2 SVHN 3 SVHN 4

IForest 50.89 (3.68) [28] 52.81 (2.21) [20] 95.74 (1.61) [13] 60.22 (2.21) [34] 62.35 (2.54) [36] 45.10 (5.65) [41] 73.02 (2.41) [26] 78.61 (4.45) [31] 47.44 (5.90) [22] 60.68 (2.30) [27] 73.49 (3.45) [32] 15.00 (1.32) [27] 18.33 (1.28) [16] 19.60 (1.88) [30] 13.13 (0.50) [41] 20.00 (1.29) [6]

OCSVM 52.00 (2.77) [26] 51.87 (2.06) [26] 95.08 (2.34) [21] 60.93 (2.45) [30] 62.83 (3.18) [33] 48.78 (3.38) [31] 73.12 (2.82) [25] 76.40 (2.37) [32] 46.38 (4.64) [28] 60.14 (4.33) [29] 74.00 (3.04) [30] 15.51 (1.54) [25] 18.60 (0.98) [13] 21.20 (2.15) [22] 18.13 (1.63) [23] 19.32 (0.21) [16]

COPOD 31.14 (4.23) [44] 4.64 (8.11) [48] 78.68 (3.95) [39] 86.87 (1.57) [1] 96.80 (2.58) [1] 71.26 (6.32) [7] 70.80 (3.84) [32] 86.30 (1.85) [15] 0.24 (0.47) [48] 44.18 (7.07) [43] 94.43 (2.89) [1] 0.00 (0.00) [49] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [49]

ECOD 31.14 (4.23) [44] 4.64 (8.11) [48] 78.68 (3.95) [39] 86.87 (1.57) [1] 96.80 (2.58) [1] 71.26 (6.32) [7] 70.80 (3.84) [32] 86.30 (1.85) [15] 0.24 (0.47) [48] 44.18 (7.07) [43] 94.43 (2.89) [1] 0.00 (0.00) [49] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [49]

FeatureBagging 53.37 (1.41) [21] 53.51 (1.67) [19] 94.57 (2.12) [27] 62.35 (1.99) [22] 65.14 (3.60) [21] 52.60 (5.08) [20] 73.97 (2.21) [19] 83.99 (4.58) [19] 45.22 (5.24) [32] 66.11 (2.28) [16] 79.29 (4.49) [20] 18.21 (1.44) [12] 14.93 (1.73) [33] 22.40 (1.55) [5] 21.04 (0.96) [6] 18.81 (1.24) [25]

HBOS 37.25 (2.62) [39] 54.23 (3.53) [14] 93.24 (3.02) [32] 52.29 (1.69) [43] 63.13 (2.94) [32] 45.92 (5.43) [34] 72.91 (2.04) [28] 80.37 (4.93) [27] 46.67 (6.30) [27] 53.65 (2.04) [36] 72.07 (3.75) [35] 11.15 (2.17) [39] 17.67 (0.84) [21] 16.00 (1.28) [36] 8.58 (0.41) [46] 20.51 (0.91) [4]

KNN 53.76 (1.13) [18] 52.73 (3.07) [22] 95.47 (2.18) [16] 61.43 (2.31) [28] 65.52 (1.96) [20] 51.12 (4.67) [24] 74.54 (1.66) [14] 89.20 (4.33) [13] 46.36 (5.06) [29] 61.15 (2.62) [25] 77.83 (3.81) [25] 16.28 (1.84) [20] 18.07 (1.22) [17] 21.20 (2.12) [22] 19.25 (1.85) [18] 20.00 (0.47) [6]

LODA 44.09 (4.46) [35] 49.83 (3.29) [32] 93.25 (1.60) [31] 56.94 (4.13) [39] 61.95 (1.35) [37] 44.72 (5.28) [43] 68.41 (4.62) [37] 64.20 (5.31) [40] 44.79 (4.62) [34] 57.75 (1.54) [34] 71.26 (3.80) [38] 13.97 (1.37) [33] 17.00 (2.80) [25] 15.40 (2.69) [38] 13.73 (2.85) [37] 15.83 (2.09) [36]

LOF 53.19 (1.22) [23] 53.95 (1.56) [15] 94.31 (2.15) [28] 61.65 (1.91) [25] 65.14 (3.49) [21] 51.95 (4.45) [22] 73.97 (2.29) [19] 83.40 (5.20) [20] 45.47 (5.40) [30] 67.09 (1.95) [14] 79.17 (3.69) [21] 17.95 (0.91) [13] 14.80 (1.00) [34] 22.00 (1.70) [8] 21.27 (0.94) [3] 18.64 (1.30) [26]

MCD 62.07 (4.14) [11] 55.69 (1.07) [11] 93.05 (2.26) [33] 70.48 (3.04) [17] 70.48 (2.75) [13] 58.33 (6.22) [17] 76.54 (2.86) [12] 87.06 (2.79) [14] 61.06 (5.38) [11] 71.49 (2.60) [11] 85.54 (3.40) [15] 13.46 (1.40) [35] 14.47 (3.45) [36] 17.87 (2.24) [33] 13.73 (2.79) [37] 16.43 (1.76) [34]

PCA 50.86 (1.59) [29] 50.00 (2.97) [30] 95.07 (2.67) [22] 59.16 (2.35) [36] 63.16 (1.93) [30] 45.55 (2.66) [36] 73.13 (2.66) [23] 70.23 (2.72) [35] 47.20 (3.84) [25] 59.03 (3.91) [31] 72.77 (2.78) [33] 14.62 (0.63) [28] 18.67 (1.01) [9] 21.60 (1.81) [12] 17.31 (1.50) [26] 18.98 (0.21) [20]

DeepSVDD 67.87 (4.00) [9] 61.11 (4.91) [10] 96.09 (1.42) [10] 73.71 (3.52) [14] 68.57 (3.07) [17] 64.01 (3.01) [14] 81.59 (2.26) [8] 90.81 (4.87) [12] 64.66 (7.03) [10] 78.01 (2.09) [9] 85.16 (2.32) [16] 14.62 (1.48) [28] 16.60 (3.13) [28] 17.60 (1.29) [34] 14.93 (1.63) [34] 14.21 (1.25) [40]

INNE 52.79 (1.48) [25] 53.75 (1.84) [17] 97.03 (0.69) [6] 60.82 (2.22) [31] 64.07 (2.83) [27] 48.90 (4.18) [28] 74.52 (2.47) [15] 81.25 (3.89) [24] 49.50 (5.68) [15] 65.57 (3.72) [17] 79.85 (3.64) [19] 19.49 (1.04) [5] 17.47 (2.42) [22] 21.07 (2.36) [24] 20.67 (0.90) [8] 18.89 (1.03) [24]

KPCA 74.18 (2.91) [6] 66.43 (3.91) [7] 96.89 (1.09) [7] 82.87 (1.96) [8] 79.82 (2.49) [8] 73.62 (2.82) [4] 85.06 (1.64) [2] 99.41 (0.75) [1] 76.40 (3.87) [1] 82.70 (2.72) [4] 91.43 (2.16) [7] 16.67 (1.86) [19] 18.87 (1.28) [7] 21.53 (2.14) [17] 19.55 (1.59) [15] 20.00 (0.54) [6]

KDE 74.40 (3.17) [5] 67.21 (2.58) [4] 95.85 (1.77) [12] 81.83 (2.32) [9] 78.62 (3.08) [10] 74.51 (1.88) [2] 81.05 (1.97) [10] 99.41 (0.75) [1] 75.24 (3.81) [4] 82.32 (2.33) [5] 89.60 (3.68) [9] 18.33 (1.65) [10] 14.07 (1.51) [37] 19.87 (1.20) [28] 18.06 (1.31) [25] 16.09 (1.36) [35]

GMM 75.10 (3.73) [4] 64.77 (4.20) [8] 97.13 (1.91) [5] 84.07 (2.89) [5] 82.20 (2.10) [5] 73.74 (3.60) [3] 83.56 (3.26) [6] 99.41 (0.75) [1] 73.30 (2.23) [6] 83.04 (3.37) [1] 90.22 (2.89) [8] 19.23 (1.46) [7] 19.07 (1.47) [6] 22.93 (2.06) [3] 21.19 (0.98) [5] 19.66 (0.50) [13]

CBLOF 54.37 (2.56) [16] 53.70 (2.99) [18] 95.47 (2.06) [16] 61.41 (3.13) [29] 64.02 (2.97) [28] 50.51 (4.04) [26] 73.38 (2.90) [22] 80.41 (3.42) [25] 47.46 (5.14) [21] 63.56 (2.38) [18] 76.96 (1.91) [26] 16.79 (0.94) [17] 17.80 (0.96) [20] 20.93 (2.14) [25] 18.81 (1.68) [19] 18.98 (0.43) [20]

SOD 43.32 (2.73) [36] 47.56 (4.35) [35] 90.84 (2.16) [35] 50.32 (4.51) [44] 49.98 (3.14) [48] 45.46 (2.30) [38] 62.08 (5.07) [41] 57.82 (3.97) [44] 39.65 (6.46) [39] 62.56 (2.78) [21] 62.42 (2.28) [42] 18.46 (1.88) [9] 13.87 (1.42) [38] 21.27 (1.58) [21] 18.73 (1.54) [20] 18.38 (0.91) [30]

LUNAR 65.91 (5.67) [10] 62.13 (3.37) [9] 97.16 (0.50) [3] 72.42 (5.34) [15] 67.68 (6.71) [18] 64.06 (3.94) [13] 81.32 (3.50) [9] 98.82 (1.10) [7] 68.41 (6.35) [9] 74.86 (1.49) [10] 86.22 (4.17) [13] 21.54 (1.65) [2] 23.80 (0.98) [1] 23.00 (1.28) [2] 19.33 (1.32) [17] 21.62 (1.77) [2]

SOGAAL 30.91 (8.17) [48] 16.82 (7.94) [46] 49.57 (19.63) [50] 44.95 (1.80) [49] 51.63 (3.32) [46] 39.01 (3.51) [48] 50.80 (6.44) [48] 45.60 (5.62) [48] 30.91 (3.91) [43] 37.19 (11.18) [49] 47.26 (4.54) [50] 10.26 (2.90) [43] 11.13 (3.74) [42] 11.47 (2.07) [42] 13.96 (1.50) [36] 8.77 (1.90) [45]

ALAD 32.33 (5.01) [43] 23.17 (10.93) [44] 63.02 (7.21) [45] 42.35 (6.05) [50] 49.13 (2.84) [50] 37.41 (4.36) [50] 52.04 (3.21) [46] 31.53 (10.10) [50] 25.24 (2.13) [45] 35.15 (10.14) [50] 50.86 (7.24) [48] 11.67 (1.79) [38] 11.07 (3.59) [43] 11.13 (2.28) [44] 8.81 (2.09) [44] 10.55 (2.63) [43]

AE 53.55 (1.61) [19] 52.56 (1.93) [23] 95.72 (1.95) [14] 62.34 (2.50) [23] 64.31 (2.03) [26] 51.06 (3.51) [25] 74.37 (2.75) [16] 80.41 (3.58) [25] 45.20 (2.04) [33] 62.55 (1.81) [22] 77.84 (3.16) [24] 15.77 (1.84) [23] 17.47 (1.13) [22] 22.00 (1.92) [8] 19.48 (1.40) [16] 19.74 (0.34) [12]

CD 31.14 (4.23) [44] 4.64 (8.11) [48] 78.68 (3.95) [39] 86.87 (1.57) [1] 59.17 (31.40) [39] 71.26 (6.32) [7] 70.80 (3.84) [32] 71.63 (29.07) [33] 0.24 (0.47) [48] 44.18 (7.07) [43] 71.68 (28.26) [36] 5.26 (6.52) [47] 15.53 (4.64) [30] 0.00 (0.00) [48] 18.28 (3.12) [22] 6.72 (8.24) [46]

MOGAAL 34.62 (5.54) [41] 18.31 (8.27) [45] 52.10 (20.51) [49] 45.54 (2.58) [48] 51.25 (1.56) [47] 38.55 (3.20) [49] 50.66 (6.17) [49] 43.08 (5.39) [49] 31.19 (4.15) [42] 41.25 (12.29) [47] 47.41 (4.65) [49] 10.00 (2.97) [45] 10.07 (0.65) [46] 11.40 (2.50) [43] 15.90 (3.52) [31] 8.94 (1.42) [44]

QMCD 4.89 (2.21) [51] 11.41 (2.36) [47] 80.18 (2.79) [37] 2.09 (1.80) [51] 18.35 (4.81) [51] 0.38 (0.75) [51] 17.47 (5.89) [51] 23.16 (37.82) [51] 11.75 (3.36) [47] 25.12 (4.65) [51] 8.60 (4.85) [51] 6.79 (1.55) [46] 2.40 (0.25) [48] 5.33 (1.01) [47] 5.97 (0.24) [47] 5.45 (0.32) [47]

Sampling 53.54 (2.32) [20] 51.38 (4.02) [28] 95.21 (2.12) [19] 60.35 (1.53) [33] 64.92 (2.80) [24] 46.03 (2.22) [33] 74.00 (1.81) [18] 79.65 (2.89) [28] 47.98 (5.03) [20] 61.52 (3.05) [24] 75.41 (4.00) [27] 15.77 (1.88) [23] 18.53 (1.47) [15] 20.47 (1.50) [27] 18.13 (1.90) [23] 19.23 (0.50) [17]

EIF 49.17 (3.15) [32] 52.75 (4.24) [21] 94.94 (2.80) [26] 61.50 (1.78) [27] 62.56 (2.65) [35] 45.26 (6.22) [40] 72.93 (2.01) [27] 85.04 (6.00) [18] 48.47 (8.50) [16] 60.95 (2.05) [26] 74.64 (3.22) [29] 13.46 (1.46) [35] 17.87 (1.81) [19] 19.27 (2.15) [31] 14.63 (1.04) [35] 19.83 (1.22) [10]

Ensemble 53.19 (1.22) [23] 53.95 (1.56) [15] 94.31 (2.15) [28] 61.65 (1.91) [25] 65.14 (3.49) [21] 51.95 (4.45) [22] 73.97 (2.29) [19] 83.40 (5.20) [20] 45.47 (5.40) [30] 67.09 (1.95) [14] 79.17 (3.69) [21] 17.95 (0.91) [13] 14.80 (1.00) [34] 22.00 (1.70) [8] 21.27 (0.94) [3] 18.64 (1.30) [26]

GEN2OUT 53.88 (4.26) [17] 55.22 (3.20) [12] 94.96 (2.05) [25] 63.32 (4.17) [20] 63.55 (2.29) [29] 45.75 (6.28) [35] 72.90 (4.34) [29] 83.23 (4.97) [22] 48.21 (6.04) [18] 62.62 (2.28) [20] 74.92 (2.41) [28] 14.23 (1.48) [32] 18.67 (2.32) [9] 19.80 (2.26) [29] 13.13 (1.62) [41] 20.60 (1.67) [3]

DynamicHBOS 27.50 (3.00) [50] 49.32 (4.57) [33] 88.66 (5.66) [36] 80.83 (2.97) [10] 87.61 (2.27) [4] 62.55 (7.87) [15] 67.08 (3.01) [38] 81.43 (2.67) [23] 44.59 (5.60) [35] 39.45 (3.39) [48] 86.32 (3.13) [12] 11.03 (2.08) [40] 16.67 (1.67) [27] 14.47 (2.04) [39] 8.66 (0.86) [45] 20.00 (0.60) [6]

COF 37.13 (2.41) [40] 45.93 (7.68) [36] 58.69 (7.96) [47] 45.93 (2.01) [46] 49.88 (3.55) [49] 43.13 (3.04) [46] 57.35 (7.01) [44] 49.88 (6.86) [46] 36.40 (8.28) [41] 51.76 (2.79) [37] 57.23 (4.22) [46] 17.18 (0.94) [16] 11.20 (1.38) [41] 21.80 (2.11) [11] 20.67 (1.33) [8] 15.06 (1.54) [38]

ABOD 34.07 (5.74) [42] 44.31 (5.45) [37] 76.74 (5.37) [43] 53.40 (1.75) [42] 56.77 (2.06) [42] 43.33 (5.35) [45] 57.94 (3.62) [43] 68.50 (7.80) [38] 21.11 (11.63) [46] 49.29 (2.54) [39] 69.67 (4.96) [40] 19.49 (1.93) [5] 19.67 (1.12) [4] 21.60 (1.61) [12] 19.93 (1.91) [11] 22.21 (0.83) [1]

LMDD 30.82 (9.71) [49] 40.65 (4.75) [40] 79.32 (3.92) [38] 61.70 (6.87) [24] 69.65 (10.48) [15] 55.72 (9.42) [19] 70.93 (4.13) [31] 69.77 (12.26) [36] 25.78 (7.98) [44] 44.46 (5.53) [42] 85.62 (10.83) [14] 13.97 (1.59) [33] 19.40 (1.45) [5] 19.27 (2.00) [31] 13.21 (0.90) [40] 19.83 (0.99) [10]

DAGMM 40.03 (6.25) [38] 40.15 (7.25) [41] 75.13 (5.20) [44] 45.79 (4.32) [47] 52.00 (5.06) [45] 43.49 (2.61) [44] 58.45 (4.00) [42] 61.79 (7.19) [43] 37.60 (8.77) [40] 50.56 (8.06) [38] 60.97 (6.54) [43] 10.77 (2.54) [41] 12.87 (1.33) [40] 13.07 (1.64) [40] 15.00 (3.47) [33] 13.79 (1.19) [41]

DROCC 45.49 (6.17) [33] 38.00 (7.79) [42] 56.65 (15.29) [48] 49.62 (6.90) [45] 54.54 (4.46) [44] 48.82 (8.35) [29] 53.26 (14.41) [45] 50.49 (9.84) [45] 40.83 (15.76) [38] 54.88 (13.39) [35] 53.41 (3.72) [47] 14.36 (2.97) [31] 13.80 (1.71) [39] 15.60 (2.24) [37] 15.82 (2.76) [32] 15.32 (3.01) [37]

GOAD 51.24 (2.56) [27] 51.48 (2.51) [27] 95.07 (2.67) [22] 60.00 (2.96) [35] 62.65 (1.66) [34] 47.66 (3.38) [32] 71.56 (4.29) [30] 71.53 (3.49) [34] 48.36 (3.39) [17] 60.26 (3.74) [28] 73.79 (4.17) [31] 15.90 (0.75) [22] 18.60 (0.80) [13] 21.47 (1.67) [19] 18.43 (1.56) [21] 19.40 (0.43) [15]

ICL 77.44 (3.90) [1] 69.26 (6.42) [1] 96.00 (1.82) [11] 79.46 (1.47) [11] 80.19 (1.60) [7] 76.44 (3.06) [1] 83.39 (1.53) [7] 99.18 (1.16) [4] 72.95 (3.56) [7] 80.96 (3.57) [7] 89.33 (0.87) [10] 21.67 (1.83) [1] 15.40 (0.53) [31] 21.53 (2.86) [17] 20.97 (1.69) [7] 17.02 (1.64) [33]

PlanarFlow 44.81 (3.10) [34] 51.36 (2.35) [29] 93.65 (1.41) [30] 54.19 (1.34) [41] 59.14 (2.64) [40] 45.29 (3.43) [39] 70.22 (1.07) [36] 63.69 (2.77) [42] 43.73 (5.80) [36] 59.02 (1.03) [33] 65.14 (3.25) [41] 12.56 (0.96) [37] 16.80 (0.78) [26] 21.60 (2.29) [12] 16.12 (1.76) [30] 17.96 (1.60) [32]

VAE 50.86 (1.59) [29] 50.00 (2.97) [30] 95.07 (2.67) [22] 59.16 (2.35) [36] 63.16 (1.93) [30] 45.55 (2.66) [36] 73.13 (2.66) [23] 67.60 (1.52) [39] 47.20 (3.84) [25] 59.03 (3.91) [31] 72.77 (2.78) [33] 14.62 (0.63) [28] 18.67 (1.01) [9] 21.60 (1.81) [12] 17.31 (1.50) [26] 18.98 (0.21) [20]

GANomaly 55.71 (1.64) [14] 52.05 (2.90) [25] 95.20 (1.45) [20] 63.28 (2.81) [21] 67.24 (2.43) [19] 51.96 (2.89) [21] 75.50 (2.46) [13] 78.72 (2.89) [30] 48.14 (4.30) [19] 63.28 (4.91) [19] 81.36 (3.65) [18] 18.97 (2.49) [8] 16.13 (1.71) [29] 20.87 (1.73) [26] 19.78 (0.53) [13] 18.30 (0.54) [31]

SLAD 71.27 (3.73) [7] 69.12 (7.10) [2] 97.14 (1.64) [4] 78.87 (2.74) [13] 81.49 (1.65) [6] 69.71 (3.25) [11] 85.30 (2.06) [1] 98.82 (1.13) [7] 74.60 (3.48) [5] 82.28 (4.28) [6] 91.67 (1.71) [6] 17.31 (1.67) [15] 18.67 (1.23) [9] 22.27 (2.23) [7] 20.00 (1.31) [10] 19.06 (0.50) [19]

DIF 60.90 (3.80) [12] 43.40 (5.92) [38] 59.17 (4.02) [46] 70.70 (2.28) [16] 69.90 (3.17) [14] 65.10 (4.72) [12] 64.63 (5.63) [40] 93.38 (2.59) [9] 57.06 (4.47) [12] 68.46 (3.50) [12] 71.43 (2.83) [37] 10.26 (1.62) [43] 15.20 (1.39) [32] 8.87 (1.22) [46] 10.67 (1.33) [43] 13.36 (1.16) [42]

DDPM 50.86 (0.82) [29] 48.54 (3.52) [34] 92.37 (0.64) [34] 58.22 (1.77) [38] 56.28 (2.86) [43] 44.98 (3.03) [42] 65.13 (2.74) [39] 64.02 (4.30) [41] 47.37 (5.63) [23] 59.88 (2.15) [30] 59.01 (4.09) [44] 16.28 (2.38) [20] 18.80 (1.34) [8] 21.60 (1.88) [12] 17.16 (1.49) [28] 18.64 (1.12) [26]

DTE-IG 55.19 (16.31) [15] 41.52 (26.34) [39] 96.51 (0.81) [8] 69.19 (2.07) [18] 60.82 (15.51) [38] 42.33 (15.56) [47] 51.67 (36.39) [47] 46.23 (40.50) [47] 54.77 (27.83) [13] 47.53 (35.16) [40] 59.01 (38.57) [44] 4.62 (1.18) [48] 10.73 (6.51) [44] 9.40 (5.97) [45] 13.36 (4.72) [39] 18.64 (1.69) [26]

DTE-C 69.15 (2.29) [8] 66.92 (4.99) [5] 96.48 (1.38) [9] 79.08 (3.56) [12] 72.23 (3.93) [12] 59.20 (5.90) [16] 84.33 (1.34) [4] 91.77 (3.83) [11] 71.62 (4.43) [8] 80.43 (3.24) [8] 87.20 (3.14) [11] 16.79 (1.96) [17] 17.40 (0.88) [24] 22.33 (2.34) [6] 19.93 (1.12) [11] 20.09 (1.41) [5]

DTENonParametric 59.01 (1.88) [13] 54.27 (2.69) [13] 95.60 (1.96) [15] 67.32 (2.26) [19] 69.60 (2.26) [16] 56.02 (4.24) [18] 78.47 (0.94) [11] 93.33 (2.97) [10] 54.31 (3.83) [14] 67.84 (4.64) [13] 82.64 (4.65) [17] 10.64 (6.80) [42] 5.80 (6.29) [47] 13.00 (4.98) [41] 5.75 (6.74) [48] 1.02 (1.84) [48]

MCM 53.24 (0.95) [22] 52.41 (2.13) [24] 95.35 (2.06) [18] 60.36 (2.63) [32] 64.39 (2.46) [25] 49.91 (3.33) [27] 74.28 (2.45) [17] 78.98 (2.50) [29] 47.37 (5.38) [23] 62.34 (2.81) [23] 78.40 (3.14) [23] 15.38 (2.15) [26] 18.07 (1.16) [17] 21.40 (2.02) [20] 19.78 (1.49) [13] 19.15 (0.38) [18]

3WNCROD 31.14 (4.23) [44] 4.64 (8.11) [48] 78.68 (3.95) [39] 86.87 (1.57) [1] 96.80 (2.58) [1] 71.26 (6.32) [7] 70.80 (3.84) [32] 86.30 (1.85) [15] 0.24 (0.47) [48] 44.18 (7.07) [43] 94.43 (2.89) [1] 0.00 (0.00) [49] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [49] 0.00 (0.00) [49]

ODIN 40.77 (1.52) [37] 26.17 (4.54) [43] 43.80 (2.17) [51] 54.85 (3.73) [40] 57.10 (2.05) [41] 48.81 (3.85) [30] 47.08 (3.05) [50] 69.02 (2.84) [37] 40.91 (6.22) [37] 46.70 (5.78) [41] 70.50 (2.18) [39] 19.87 (1.90) [3] 10.60 (0.39) [45] 16.73 (2.99) [35] 16.72 (1.28) [29] 14.89 (1.76) [39]

NCSBAD (Ours) 76.11 (3.18) [2] 66.83 (3.48) [6] 97.27 (1.69) [1] 83.70 (2.02) [6] 77.71 (2.33) [11] 72.88 (4.06) [6] 84.21 (1.29) [5] 98.93 (0.96) [6] 75.85 (4.95) [2] 82.89 (3.07) [2] 92.31 (2.15) [5] 18.33 (1.60) [10] 20.40 (1.44) [3] 23.13 (1.95) [1] 21.49 (0.65) [2] 19.49 (1.02) [14]

NCSBADVAL (Ours) 75.92 (2.91) [3] 67.35 (3.68) [3] 97.27 (1.32) [1] 83.34 (2.40) [7] 78.71 (2.74) [9] 72.89 (3.19) [5] 84.89 (2.08) [3] 99.17 (0.71) [5] 75.85 (4.95) [2] 82.71 (3.13) [3] 93.03 (2.27) [4] 19.87 (3.09) [3] 20.67 (1.59) [2] 22.87 (1.92) [4] 22.61 (1.02) [1] 18.98 (0.64) [20]

Table 23: Mean, standard deviation and rank F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 7
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Model SVHN 5 SVHN 6 SVHN 7 SVHN 8 SVHN 9 agnews 0 agnews 1 agnews 2 agnews 3 amazon imdb yelp 20news 0 20news 1 20news 2 20news 3 20news 4 20news 5

IForest 16.13 (0.65) [34] 14.36 (2.01) [32] 22.84 (1.85) [12] 13.08 (1.34) [36] 11.97 (2.13) [36] 9.73 (1.81) [35] 10.87 (1.09) [30] 17.00 (0.52) [34] 11.73 (0.80) [38] 11.20 (2.11) [17] 6.20 (0.75) [27] 16.33 (0.89) [22] 11.30 (1.63) [37] 6.13 (2.00) [46] 8.38 (1.99) [30] 18.63 (5.48) [27] 13.88 (3.27) [12] 7.39 (3.53) [37]

OCSVM 19.82 (1.40) [21] 17.35 (1.66) [19] 23.30 (2.00) [5] 16.48 (1.56) [26] 15.24 (2.42) [24] 11.33 (1.69) [29] 11.07 (0.39) [28] 19.00 (1.37) [25] 13.67 (0.87) [24] 12.40 (1.61) [3] 6.00 (0.56) [34] 16.00 (1.58) [27] 14.35 (1.74) [26] 6.93 (1.77) [36] 8.92 (1.83) [24] 22.34 (7.08) [18] 13.47 (2.08) [15] 6.09 (2.13) [46]

COPOD 0.00 (0.00) [49] 0.00 (0.00) [49] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [49] 9.67 (1.45) [37] 6.47 (0.34) [47] 17.60 (0.88) [31] 12.80 (0.69) [29] 11.53 (1.29) [10] 6.20 (0.78) [27] 17.40 (1.65) [16] 9.35 (2.63) [41] 6.40 (0.53) [42] 8.65 (2.20) [27] 22.34 (7.08) [18] 11.84 (2.00) [29] 6.52 (2.38) [44]

ECOD 0.00 (0.00) [49] 0.00 (0.00) [49] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [49] 8.73 (1.10) [45] 12.27 (1.25) [25] 14.27 (1.06) [40] 10.13 (1.20) [44] 10.00 (1.46) [34] 5.47 (1.00) [42] 14.80 (2.24) [34] 11.30 (1.11) [37] 8.00 (1.46) [28] 7.03 (1.58) [43] 16.13 (9.51) [37] 11.43 (1.63) [35] 8.26 (2.54) [34]

FeatureBagging 22.67 (0.61) [6] 19.01 (1.42) [7] 21.48 (0.98) [24] 20.50 (1.76) [5] 17.69 (3.13) [4] 20.87 (0.81) [3] 36.27 (1.65) [4] 33.20 (1.44) [5] 30.87 (1.13) [6] 9.47 (1.24) [40] 6.93 (0.77) [14] 19.47 (1.64) [7] 34.13 (1.77) [5] 9.60 (2.29) [22] 9.19 (1.01) [18] 23.69 (10.24) [14] 14.29 (3.87) [11] 13.48 (2.54) [17]

HBOS 10.97 (1.35) [43] 9.72 (1.14) [43] 21.14 (1.95) [29] 8.18 (1.38) [44] 7.21 (0.82) [44] 10.27 (1.42) [33] 6.73 (0.33) [45] 16.13 (1.11) [37] 12.87 (0.86) [28] 11.27 (1.22) [16] 6.40 (0.77) [23] 17.07 (1.69) [19] 6.96 (2.24) [47] 4.00 (1.46) [50] 7.30 (1.83) [41] 21.92 (7.88) [20] 12.65 (2.38) [22] 5.65 (1.06) [49]

KNN 20.18 (1.47) [17] 17.68 (1.64) [16] 22.95 (2.37) [10] 17.36 (1.30) [22] 16.05 (2.53) [16] 16.80 (1.28) [12] 16.67 (0.87) [20] 26.47 (0.78) [16] 21.07 (0.57) [15] 11.60 (1.20) [9] 5.00 (0.56) [44] 18.87 (1.72) [12] 24.78 (0.81) [16] 9.60 (1.55) [22] 8.38 (1.32) [30] 26.99 (9.50) [10] 11.84 (4.16) [29] 12.17 (1.06) [20]

LODA 16.50 (1.96) [31] 12.04 (3.01) [40] 20.23 (2.26) [32] 14.47 (3.75) [32] 12.52 (2.13) [34] 13.20 (2.22) [25] 8.40 (2.64) [42] 18.53 (1.77) [26] 12.80 (1.59) [29] 11.33 (1.03) [14] 6.93 (1.02) [14] 14.93 (2.56) [33] 8.04 (1.47) [43] 7.20 (2.00) [32] 8.11 (1.71) [34] 19.29 (7.05) [25] 13.88 (2.00) [12] 6.09 (2.54) [46]

LOF 22.86 (1.19) [3] 18.56 (1.14) [11] 21.36 (1.37) [25] 20.63 (1.84) [3] 17.01 (2.82) [9] 20.73 (0.68) [4] 36.67 (1.52) [2] 33.07 (1.54) [6] 31.40 (1.22) [4] 9.40 (1.24) [41] 6.47 (0.78) [21] 19.80 (1.78) [4] 34.78 (2.17) [3] 10.13 (2.17) [16] 9.73 (1.58) [11] 23.69 (10.24) [14] 14.69 (4.16) [9] 14.78 (2.13) [9]

MCD 12.81 (2.51) [41] 12.93 (1.62) [34] 12.16 (1.42) [41] 16.23 (2.30) [29] 13.06 (3.08) [31] 9.73 (1.32) [35] 9.53 (0.58) [40] 19.67 (1.12) [24] 11.73 (0.90) [38] 11.13 (1.28) [19] 7.20 (1.13) [11] 13.60 (0.90) [38] 13.91 (1.06) [28] 6.67 (1.19) [41] 8.65 (2.36) [27] 27.64 (8.98) [9] 11.43 (2.77) [35] 17.83 (3.48) [4]

PCA 19.72 (1.53) [22] 17.13 (1.56) [23] 23.18 (2.20) [7] 16.35 (1.54) [27] 15.37 (2.49) [21] 9.67 (1.38) [37] 10.87 (1.42) [30] 16.73 (0.85) [35] 12.20 (0.54) [35] 11.07 (1.91) [20] 5.73 (0.85) [36] 17.27 (1.37) [17] 12.39 (1.47) [32] 6.40 (2.13) [42] 8.11 (2.42) [34] 16.83 (10.75) [33] 13.47 (2.08) [15] 6.96 (2.88) [41]

DeepSVDD 19.08 (0.55) [28] 14.48 (1.80) [30] 15.11 (1.85) [36] 15.85 (1.71) [30] 13.47 (2.21) [29] 9.47 (2.29) [41] 9.73 (2.92) [38] 12.87 (1.96) [42] 9.13 (1.88) [46] 11.20 (2.24) [17] 6.73 (1.32) [19] 10.87 (0.65) [42] 12.39 (5.31) [32] 6.93 (1.77) [36] 11.08 (4.13) [8] 25.64 (10.59) [11] 12.65 (4.36) [22] 11.74 (4.03) [25]

INNE 21.47 (1.26) [13] 19.12 (1.47) [5] 22.27 (1.27) [19] 21.01 (1.57) [2] 16.19 (2.83) [14] 14.07 (1.81) [21] 18.73 (0.57) [14] 22.00 (1.05) [22] 14.87 (0.65) [22] 10.80 (1.94) [25] 5.87 (0.81) [35] 15.27 (1.57) [31] 16.52 (2.32) [22] 6.13 (1.81) [46] 9.19 (1.79) [18] 21.44 (9.90) [21] 13.47 (1.63) [15] 10.00 (1.74) [30]

KPCA 20.92 (0.99) [15] 18.78 (1.44) [9] 22.84 (2.53) [12] 17.86 (1.72) [18] 17.41 (2.87) [7] 17.00 (1.05) [11] 18.20 (0.78) [16] 27.40 (0.80) [14] 24.87 (1.07) [9] 11.87 (1.28) [6] 4.87 (0.45) [46] 18.67 (1.65) [13] 27.83 (0.87) [11] 12.00 (1.89) [11] 9.46 (0.85) [14] 46.65 (9.20) [1] 11.84 (3.27) [29] 16.09 (2.61) [6]

KDE 18.89 (1.54) [29] 16.69 (1.07) [27] 23.41 (1.81) [4] 18.11 (1.34) [17] 15.92 (3.12) [18] 14.47 (1.28) [19] 18.07 (0.98) [18] 25.47 (0.72) [19] 19.47 (1.47) [17] 12.47 (1.38) [2] 6.87 (0.91) [17] 16.07 (1.32) [25] 25.00 (1.94) [15] 13.33 (3.68) [9] 11.35 (2.51) [6] 40.02 (5.75) [5] 10.20 (2.89) [45] 12.17 (2.22) [20]

GMM 23.50 (1.20) [2] 19.67 (1.14) [2] 22.16 (2.62) [23] 19.62 (1.75) [8] 18.10 (2.81) [3] 20.47 (1.42) [6] 29.00 (1.21) [6] 34.80 (0.65) [3] 32.40 (1.40) [3] 9.33 (1.86) [44] 6.13 (0.45) [31] 19.53 (2.07) [6] 27.83 (0.53) [11] 14.40 (2.29) [5] 12.97 (2.02) [4] 46.02 (9.98) [3] 15.10 (2.77) [7] 17.39 (3.07) [5]

CBLOF 19.91 (1.50) [20] 17.46 (1.70) [18] 22.50 (2.05) [18] 17.86 (1.67) [18] 15.10 (2.49) [26] 14.27 (1.37) [20] 15.47 (0.86) [21] 20.33 (0.94) [23] 12.60 (0.65) [31] 11.53 (1.24) [10] 7.47 (0.62) [8] 13.87 (1.59) [37] 18.91 (0.87) [21] 7.73 (1.55) [29] 8.38 (0.54) [30] 23.93 (10.50) [13] 11.43 (3.32) [35] 8.26 (2.54) [34]

SOD 19.35 (0.50) [26] 17.68 (1.85) [16] 18.52 (1.28) [35] 19.37 (1.28) [11] 16.05 (2.38) [16] 13.67 (1.32) [22] 14.87 (0.34) [22] 26.33 (1.01) [17] 17.80 (1.00) [20] 10.40 (1.31) [30] 6.20 (0.58) [27] 18.27 (1.39) [14] 22.17 (2.44) [18] 9.87 (2.47) [19] 9.19 (1.32) [18] 11.95 (3.79) [43] 11.02 (3.32) [40] 12.17 (3.25) [20]

LUNAR 19.72 (1.58) [22] 19.45 (1.46) [3] 24.32 (1.81) [1] 19.12 (2.05) [14] 16.46 (2.49) [12] 17.73 (1.16) [8] 21.07 (0.65) [10] 28.47 (0.69) [11] 22.40 (1.04) [11] 10.60 (0.83) [29] 4.73 (0.65) [47] 20.07 (1.68) [3] 28.48 (0.43) [10] 11.47 (2.00) [15] 10.00 (1.83) [9] 36.78 (7.23) [6] 12.65 (2.71) [22] 14.35 (1.74) [12]

SOGAAL 14.10 (3.15) [39] 12.15 (2.52) [39] 10.45 (2.91) [44] 13.58 (3.48) [35] 10.48 (2.87) [41] 1.13 (2.27) [51] 4.20 (5.43) [49] 5.33 (6.44) [49] 2.67 (5.33) [51] 2.13 (3.94) [49] 1.27 (2.53) [51] 9.20 (5.10) [44] 2.17 (3.00) [51] 4.27 (2.85) [48] 4.05 (2.26) [50] 13.15 (9.53) [42] 9.39 (6.14) [47] 6.96 (4.64) [41]

ALAD 9.22 (2.02) [46] 12.82 (1.83) [37] 11.14 (3.46) [42] 10.82 (2.80) [41] 11.43 (1.69) [37] 7.53 (0.78) [46] 10.00 (1.85) [35] 10.27 (2.16) [46] 8.40 (1.60) [47] 7.53 (1.75) [47] 7.40 (1.72) [9] 8.87 (2.32) [46] 6.09 (2.72) [48] 11.73 (3.31) [14] 9.46 (2.70) [14] 13.51 (5.63) [40] 10.61 (5.97) [43] 9.57 (6.24) [32]

AE 21.29 (1.14) [14] 18.23 (1.68) [13] 23.52 (2.26) [3] 18.62 (2.16) [16] 15.10 (2.52) [26] 16.13 (0.81) [16] 18.27 (1.16) [15] 30.40 (0.83) [8] 21.47 (0.69) [13] 10.13 (1.81) [32] 5.33 (0.76) [43] 18.93 (1.95) [11] 29.78 (1.77) [9] 14.13 (2.61) [6] 8.11 (0.85) [34] 23.16 (6.66) [17] 11.84 (3.74) [29] 13.04 (1.37) [19]

CD 7.56 (9.55) [47] 5.08 (6.26) [48] 2.16 (4.32) [48] 0.00 (0.00) [48] 2.99 (5.99) [48] 17.53 (1.19) [9] 18.20 (0.78) [16] 29.07 (0.68) [10] 21.13 (0.98) [14] 9.87 (1.77) [36] 5.73 (0.71) [36] 15.27 (0.90) [31] 15.65 (8.35) [23] 0.00 (0.00) [51] 0.00 (0.00) [51] 0.00 (0.00) [50] 0.00 (0.00) [51] 0.00 (0.00) [51]

MOGAAL 13.82 (2.42) [40] 11.82 (2.63) [41] 10.57 (3.23) [43] 11.95 (3.35) [38] 9.93 (2.18) [43] 3.67 (5.04) [49] 5.67 (4.80) [48] 4.73 (5.66) [50] 3.07 (4.12) [49] 4.87 (4.97) [48] 3.13 (1.73) [50] 10.13 (5.23) [43] 7.17 (3.04) [46] 7.47 (1.36) [30] 6.49 (2.32) [45] 19.49 (6.64) [23] 13.47 (3.05) [15] 10.00 (4.48) [30]

QMCD 5.81 (1.03) [48] 9.61 (0.56) [44] 4.55 (1.02) [45] 9.18 (0.75) [42] 10.75 (1.57) [40] 3.33 (0.56) [50] 3.07 (0.61) [50] 1.33 (0.21) [51] 5.33 (0.76) [48] 1.33 (0.60) [51] 5.00 (0.63) [44] 0.67 (0.47) [51] 4.35 (1.54) [50] 6.40 (1.55) [42] 4.86 (0.66) [48] 0.00 (0.00) [50] 12.65 (2.00) [22] 11.30 (4.84) [26]

Sampling 20.18 (1.53) [17] 17.24 (1.89) [21] 22.73 (2.19) [16] 16.86 (1.80) [24] 15.37 (2.57) [21] 12.20 (2.34) [26] 10.67 (1.61) [33] 22.13 (1.07) [21] 13.67 (1.25) [24] 11.47 (1.67) [12] 6.13 (1.50) [31] 16.07 (2.56) [25] 13.48 (2.63) [30] 7.47 (2.17) [30] 9.46 (1.48) [14] 19.48 (4.28) [24] 11.02 (2.77) [40] 7.39 (2.22) [37]

EIF 15.39 (0.85) [37] 14.03 (1.08) [33] 22.27 (1.85) [19] 14.47 (2.42) [32] 12.93 (3.07) [32] 10.73 (1.24) [31] 10.00 (0.76) [35] 18.07 (1.06) [28] 12.53 (1.02) [32] 11.33 (1.51) [14] 6.20 (0.86) [27] 16.40 (1.57) [20] 14.35 (2.11) [26] 6.93 (2.59) [36] 7.57 (1.83) [39] 17.60 (10.48) [30] 10.61 (3.00) [43] 6.09 (2.54) [46]

Ensemble 22.86 (1.19) [3] 18.56 (1.14) [11] 21.36 (1.37) [25] 20.63 (1.84) [3] 17.01 (2.82) [9] 20.73 (0.68) [4] 36.67 (1.52) [2] 33.07 (1.54) [6] 31.40 (1.22) [4] 9.40 (1.24) [41] 6.47 (0.78) [21] 19.80 (1.78) [4] 34.78 (2.17) [3] 10.13 (2.17) [16] 9.73 (1.58) [11] 23.69 (10.24) [14] 14.69 (4.16) [9] 14.78 (2.13) [9]

GEN2OUT 15.58 (1.32) [36] 12.93 (0.83) [34] 21.25 (2.29) [28] 12.96 (2.05) [37] 11.43 (1.99) [37] 11.40 (1.82) [28] 12.80 (0.88) [23] 17.67 (1.28) [30] 12.47 (0.62) [33] 10.13 (2.12) [32] 6.27 (1.39) [26] 15.87 (1.38) [28] 12.61 (1.90) [31] 7.20 (1.36) [32] 8.38 (3.01) [30] 18.37 (10.43) [28] 11.02 (2.77) [40] 8.26 (2.54) [34]

DynamicHBOS 10.05 (1.63) [44] 9.39 (1.10) [46] 19.09 (1.17) [33] 8.05 (1.01) [45] 6.39 (1.02) [45] 9.33 (1.48) [42] 6.60 (0.53) [46] 15.27 (1.85) [39] 11.87 (0.96) [37] 10.73 (1.29) [26] 6.40 (0.77) [23] 14.13 (1.64) [36] 5.43 (2.66) [49] 4.27 (2.29) [48] 4.32 (1.58) [49] 16.17 (9.50) [36] 6.12 (3.65) [50] 4.78 (1.63) [50]

COF 21.84 (1.29) [10] 18.01 (1.90) [14] 18.64 (1.10) [34] 18.74 (1.92) [15] 16.33 (2.98) [13] 16.47 (1.82) [14] 24.60 (2.02) [7] 26.00 (1.17) [18] 20.80 (0.50) [16] 9.67 (2.40) [39] 6.73 (0.83) [19] 18.13 (1.78) [15] 27.61 (2.44) [13] 12.00 (2.23) [11] 8.65 (2.20) [27] 9.70 (4.52) [46] 12.24 (2.58) [27] 10.87 (3.89) [28]

ABOD 22.76 (0.95) [5] 20.00 (2.11) [1] 22.73 (2.10) [16] 21.13 (2.24) [1] 17.69 (2.89) [4] 19.27 (1.12) [7] 22.93 (0.49) [8] 33.47 (1.75) [4] 27.20 (1.31) [7] 14.13 (1.77) [1] 7.27 (0.77) [10] 19.27 (0.39) [9] 31.09 (1.47) [8] 17.07 (3.09) [3] 8.92 (1.08) [24] 1.48 (2.96) [49] 12.65 (3.96) [22] 13.91 (1.74) [14]

LMDD 16.04 (0.98) [35] 14.59 (1.38) [29] 22.84 (2.31) [12] 14.34 (1.34) [34] 12.93 (2.32) [32] 8.93 (0.90) [44] 10.93 (1.22) [29] 15.53 (0.78) [38] 12.00 (1.12) [36] 10.73 (1.67) [26] 5.53 (0.88) [40] 16.40 (1.57) [20] 10.65 (2.22) [40] 6.93 (1.96) [36] 7.30 (2.36) [41] 15.14 (12.87) [38] 11.43 (2.08) [35] 7.39 (2.95) [37]

DAGMM 16.59 (1.37) [30] 12.93 (2.85) [34] 14.20 (1.30) [38] 11.82 (0.47) [39] 11.43 (1.57) [37] 10.80 (0.86) [30] 10.00 (2.72) [35] 11.27 (3.66) [45] 9.53 (3.61) [45] 9.80 (1.07) [37] 8.07 (1.29) [7] 9.00 (2.52) [45] 11.09 (3.73) [39] 9.60 (2.29) [22] 9.19 (2.32) [18] 6.68 (4.62) [48] 11.43 (3.79) [35] 14.35 (4.48) [12]

DROCC 16.22 (0.79) [33] 14.48 (1.96) [30] 14.77 (2.81) [37] 11.32 (3.28) [40] 12.24 (2.06) [35] 5.07 (6.21) [48] 0.00 (0.00) [51] 8.27 (6.75) [48] 2.87 (5.73) [50] 1.80 (3.60) [50] 4.13 (5.08) [49] 8.87 (4.54) [46] 14.78 (6.47) [25] 8.27 (3.20) [26] 5.68 (2.48) [47] 10.25 (8.25) [45] 9.39 (4.40) [47] 7.39 (4.48) [37]

GOAD 20.00 (1.50) [19] 17.24 (1.62) [21] 23.30 (1.69) [5] 16.60 (1.62) [25] 15.24 (2.77) [24] 10.40 (1.65) [32] 11.67 (1.03) [26] 18.07 (1.53) [28] 13.07 (0.74) [27] 11.87 (1.44) [6] 6.07 (1.00) [33] 16.33 (1.67) [22] 13.70 (2.02) [29] 6.93 (1.77) [36] 9.19 (1.99) [18] 19.08 (10.50) [26] 13.47 (2.08) [15] 6.52 (2.75) [44]

ICL 23.87 (2.03) [1] 17.02 (1.37) [25] 20.68 (1.28) [31] 20.50 (1.67) [5] 16.60 (3.35) [11] 15.13 (0.86) [18] 19.20 (1.19) [13] 17.40 (1.32) [32] 17.20 (2.65) [21] 9.73 (0.95) [38] 10.80 (1.24) [2] 8.33 (0.87) [48] 20.87 (1.74) [19] 17.07 (2.13) [3] 11.35 (2.51) [6] 20.17 (5.95) [22] 15.10 (2.77) [7] 15.22 (4.35) [8]

PlanarFlow 19.17 (0.99) [27] 15.80 (1.77) [28] 24.20 (1.96) [2] 14.72 (1.47) [31] 13.47 (1.17) [29] 9.27 (0.65) [43] 7.87 (1.77) [43] 8.47 (1.50) [47] 10.33 (1.41) [43] 9.40 (0.49) [41] 9.07 (1.65) [6] 11.27 (1.44) [41] 7.61 (2.06) [45] 9.07 (5.23) [25] 9.73 (1.58) [11] 9.60 (6.90) [47] 8.57 (5.54) [49] 11.30 (3.74) [26]

VAE 19.72 (1.53) [22] 17.13 (1.56) [23] 23.18 (2.20) [7] 16.35 (1.54) [27] 15.37 (2.49) [21] 9.67 (1.38) [37] 10.87 (1.42) [30] 16.73 (0.85) [35] 12.27 (0.53) [34] 11.07 (1.91) [20] 5.73 (0.85) [36] 17.20 (1.36) [18] 12.39 (1.47) [32] 6.40 (2.13) [42] 8.11 (2.42) [34] 16.83 (10.75) [33] 13.47 (2.08) [15] 6.96 (2.88) [41]

GANomaly 21.57 (1.71) [12] 18.67 (1.99) [10] 21.36 (1.96) [25] 19.62 (1.96) [8] 19.18 (2.77) [1] 12.13 (1.05) [27] 9.07 (0.88) [41] 18.13 (1.78) [27] 18.33 (1.59) [18] 8.93 (0.61) [46] 6.40 (0.77) [23] 14.40 (2.93) [35] 19.35 (2.52) [20] 7.20 (1.36) [32] 10.00 (2.20) [9] 25.40 (8.93) [12] 13.47 (2.77) [15] 13.91 (3.25) [14]

SLAD 21.84 (1.42) [10] 19.12 (1.51) [5] 20.80 (2.26) [30] 19.25 (1.72) [13] 16.19 (2.73) [14] 13.60 (1.27) [23] 12.33 (1.14) [24] 12.33 (0.21) [43] 13.80 (1.44) [23] 10.33 (0.42) [31] 10.73 (0.68) [3] 7.13 (0.27) [50] 15.22 (1.82) [24] 12.00 (0.84) [11] 7.57 (1.08) [39] 17.18 (9.48) [32] 15.51 (2.08) [6] 13.48 (4.22) [17]

DIF 12.35 (1.92) [42] 9.61 (0.56) [44] 13.18 (0.66) [40] 8.68 (1.22) [43] 5.85 (0.92) [46] 10.27 (1.39) [33] 11.60 (1.18) [27] 11.87 (0.98) [44] 11.40 (0.90) [41] 10.87 (1.28) [24] 11.13 (0.96) [1] 7.67 (0.63) [49] 11.74 (1.87) [36] 10.13 (1.81) [16] 9.46 (2.26) [14] 13.30 (7.40) [41] 12.24 (2.89) [27] 12.17 (4.26) [20]

DDPM 19.54 (2.03) [25] 16.91 (2.06) [26] 22.27 (2.53) [19] 17.61 (1.26) [20] 14.97 (3.52) [28] 9.60 (1.00) [40] 10.33 (1.03) [34] 17.33 (1.43) [33] 11.60 (0.33) [40] 11.47 (1.67) [12] 6.87 (1.13) [17] 16.13 (2.28) [24] 12.39 (1.47) [32] 8.27 (1.31) [26] 9.19 (1.58) [18] 16.34 (6.66) [35] 13.88 (2.38) [12] 10.43 (1.63) [29]

DTE-IG 14.75 (6.82) [38] 9.94 (5.88) [42] 4.55 (1.97) [45] 7.42 (2.16) [46] 10.20 (5.13) [42] 13.33 (5.13) [24] 9.73 (6.81) [38] 23.20 (1.26) [20] 13.60 (3.86) [26] 11.80 (0.78) [8] 7.13 (2.61) [12] 12.33 (1.12) [40] 8.91 (6.99) [42] 13.87 (3.83) [8] 5.95 (1.62) [46] 15.11 (5.37) [39] 15.92 (2.38) [4] 21.74 (1.37) [1]

DTE-C 22.21 (1.47) [9] 18.90 (1.28) [8] 23.18 (1.88) [7] 20.13 (1.59) [7] 17.41 (2.53) [7] 16.20 (5.44) [15] 22.27 (1.57) [9] 27.73 (1.53) [13] 24.00 (2.77) [10] 12.33 (1.65) [4] 6.93 (1.27) [14] 15.33 (1.52) [30] 33.48 (3.40) [6] 14.13 (3.92) [6] 13.24 (1.58) [3] 33.11 (7.50) [8] 17.14 (2.08) [2] 15.65 (2.54) [7]

DTENonParametric 9.95 (5.66) [45] 8.18 (2.87) [47] 2.50 (5.00) [47] 2.52 (5.03) [47] 5.03 (6.27) [47] 17.13 (0.98) [10] 17.93 (0.88) [19] 27.00 (0.42) [15] 21.53 (0.62) [12] 11.93 (1.37) [5] 4.67 (0.56) [48] 19.13 (1.92) [10] 26.30 (0.81) [14] 9.87 (1.81) [19] 8.92 (1.38) [24] 35.23 (11.75) [7] 11.84 (4.16) [29] 13.91 (1.74) [14]

MCM 20.83 (1.35) [16] 17.79 (1.46) [15] 22.27 (2.14) [19] 17.48 (1.80) [21] 15.65 (2.62) [20] 16.60 (0.39) [13] 21.07 (1.02) [10] 30.07 (0.98) [9] 24.93 (0.93) [8] 9.13 (1.41) [45] 5.73 (0.57) [36] 19.33 (1.41) [8] 22.83 (1.54) [17] 9.87 (2.32) [19] 8.11 (1.21) [34] 17.38 (6.60) [31] 9.69 (1.76) [46] 12.17 (1.74) [20]

3WNCROD 0.00 (0.00) [49] 0.00 (0.00) [49] 0.00 (0.00) [49] 0.00 (0.00) [48] 0.00 (0.00) [49] 7.27 (1.24) [47] 7.20 (0.54) [44] 14.07 (1.20) [41] 10.60 (0.65) [42] 10.67 (1.25) [28] 9.73 (0.57) [4] 12.60 (0.93) [39] 8.04 (0.87) [43] 7.20 (1.36) [32] 6.76 (1.21) [44] 10.47 (5.06) [44] 11.84 (2.71) [29] 9.57 (1.06) [32]

ODIN 16.31 (1.99) [32] 12.27 (2.28) [38] 13.64 (1.94) [39] 16.98 (2.35) [23] 18.91 (2.08) [2] 15.73 (1.91) [17] 20.73 (1.16) [12] 28.27 (1.02) [12] 18.07 (0.83) [19] 9.93 (1.18) [35] 9.13 (0.91) [5] 15.60 (1.24) [29] 31.52 (4.96) [7] 12.80 (1.81) [10] 12.43 (2.62) [5] 17.91 (6.80) [29] 16.33 (3.41) [3] 14.78 (3.74) [9]

NCSBAD (Ours) 22.58 (1.13) [7] 19.23 (1.89) [4] 22.95 (2.56) [10] 19.37 (1.75) [11] 17.69 (2.98) [4] 26.00 (0.87) [2] 34.80 (1.05) [5] 39.07 (1.02) [2] 37.13 (1.98) [2] 11.00 (1.90) [23] 5.53 (0.69) [40] 20.47 (2.07) [2] 37.39 (0.87) [1] 18.13 (3.54) [1] 14.59 (1.99) [2] 46.07 (10.04) [2] 15.92 (2.71) [4] 20.43 (2.95) [3]

NCSBADVAL (Ours) 22.30 (1.39) [8] 17.35 (4.05) [19] 22.84 (2.58) [12] 19.62 (1.75) [8] 15.92 (2.00) [18] 27.13 (2.85) [1] 39.13 (7.93) [1] 39.40 (1.44) [1] 38.33 (3.39) [1] 11.07 (2.69) [20] 7.07 (1.77) [13] 21.07 (2.37) [1] 36.74 (7.45) [2] 17.60 (4.87) [2] 16.76 (3.48) [1] 45.30 (10.15) [4] 20.82 (2.00) [1] 20.87 (6.09 ) [2]

Table 24: Mean, standard deviation and rank F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 8

55



2550
2551
2552
2553
2554
2555
2556
2557
2558
2559
2560
2561
2562
2563
2564
2565
2566
2567
2568
2569
2570
2571
2572
2573
2574
2575
2576
2577
2578
2579
2580
2581
2582

U
nderreview

asa
conference

paperatIC
LR

2025

Model ALOI abalone annthyroid arrhythmia backdoor breastw campaign Cardiotocography cardio celeba census cover donors ecoli fault fraud glass Hepatitis

IForest 5.81 (0.15) [42] 44.87 (7.35) [27] 59.03 (5.50) [19] 62.72 (8.50) [30] 10.00 (0.84) [31] 99.30 (0.16) [2] 45.41 (1.94) [25] 61.32 (1.90) [9] 78.37 (5.04) [12] 12.44 (1.99) [19] 14.32 (0.56) [33] 9.00 (1.48) [34] 40.61 (4.20) [25] 53.82 (12.54) [33] 57.98 (1.46) [31] 22.16 (8.10) [37] 23.97 (5.15) [35] 56.52 (5.59) [29]

OCSVM 6.49 (0.17) [13] 61.63 (11.63) [12] 59.50 (1.57) [16] 66.28 (8.37) [12] 7.79 (0.17) [37] 98.99 (0.35) [9] 49.17 (0.20) [7] 65.52 (1.26) [6] 83.41 (1.72) [4] 20.54 (1.41) [3] 20.05 (0.49) [12] 22.62 (1.16) [21] 42.93 (1.09) [23] 81.50 (6.02) [10] 61.16 (1.74) [18] 32.99 (6.14) [29] 31.33 (8.02) [26] 77.67 (3.57) [18]

COPOD 5.67 (0.07) [47] 38.13 (6.23) [29] 31.58 (0.55) [44] 26.02 (1.46) [48] 4.83 (0.09) [47] 99.13 (0.33) [5] 51.29 (0.51) [1] 59.54 (1.23) [14] 77.04 (2.69) [19] 17.07 (1.37) [9] 11.66 (0.20) [44] 13.31 (0.62) [30] 35.68 (1.26) [31] 36.63 (10.40) [39] 52.53 (0.63) [44] 42.23 (4.78) [20] 21.44 (6.47) [40] 59.03 (4.80) [28]

ECOD 5.96 (0.12) [34] 60.57 (4.99) [13] 42.41 (1.00) [36] 26.02 (1.46) [48] 4.83 (0.09) [47] 99.13 (0.28) [5] 49.91 (0.47) [3] 69.09 (1.11) [3] 80.91 (2.38) [6] 17.51 (1.37) [7] 11.66 (0.20) [44] 20.71 (1.08) [22] 43.72 (1.32) [19] 30.56 (5.37) [41] 51.12 (0.86) [46] 36.74 (5.41) [25] 29.70 (6.76) [31] 51.77 (3.43) [34]

FeatureBagging 6.74 (0.35) [7] 65.81 (8.31) [5] 49.12 (7.19) [30] 62.77 (8.75) [29] 49.21 (9.27) [14] 52.54 (8.35) [45] 30.20 (5.31) [42] 57.05 (2.14) [17] 72.19 (3.17) [25] 3.70 (0.23) [46] 11.84 (0.43) [42] 77.41 (11.17) [5] 64.05 (8.45) [12] 66.62 (15.31) [28] 49.97 (1.32) [49] 67.60 (4.64) [3] 42.59 (11.26) [17] 46.48 (8.00) [39]

HBOS 6.35 (0.17) [20] 20.65 (3.72) [41] 39.15 (1.72) [38] 64.85 (7.10) [18] 8.66 (0.32) [34] 98.67 (0.60) [15] 49.26 (0.55) [6] 49.94 (1.60) [38] 60.98 (3.11) [34] 17.16 (1.40) [8] 13.97 (0.26) [35] 5.34 (0.44) [38] 35.39 (1.42) [32] 31.23 (5.81) [40] 54.18 (0.67) [41] 35.11 (6.26) [28] 30.76 (6.80) [28] 63.01 (6.94) [26]

KNN 6.00 (0.14) [30] 66.22 (10.84) [3] 67.44 (1.24) [4] 64.86 (8.08) [17] 46.14 (1.79) [15] 98.66 (0.27) [16] 48.65 (0.38) [8] 56.50 (1.18) [21] 77.52 (1.86) [15] 11.93 (0.71) [20] 21.37 (0.79) [5] 56.49 (4.06) [12] 89.24 (1.54) [7] 81.12 (6.05) [11] 61.76 (1.19) [16] 43.07 (6.56) [19] 45.95 (9.89) [11] 91.01 (3.19) [12]

LODA 5.94 (0.41) [36] 19.36 (10.02) [44] 46.83 (5.81) [31] 59.86 (8.98) [33] 6.04 (3.51) [42] 95.95 (1.48) [29] 29.35 (4.81) [43] 59.88 (5.92) [13] 73.01 (6.14) [23] 9.57 (6.39) [27] 15.45 (4.91) [26] 19.76 (8.52) [23] 26.53 (17.98) [39] 62.08 (25.19) [30] 54.45 (2.46) [39] 39.99 (15.42) [22] 17.71 (4.48) [47] 47.52 (9.65) [38]

LOF 6.46 (0.19) [15] 62.67 (5.82) [9] 53.79 (1.41) [26] 63.16 (8.80) [27] 53.30 (1.93) [12] 81.75 (6.88) [38] 40.29 (0.18) [32] 56.57 (1.27) [19] 70.54 (1.91) [27] 3.57 (0.08) [48] 13.60 (0.52) [37] 83.65 (3.37) [2] 64.24 (1.27) [10] 73.03 (9.22) [23] 49.82 (1.20) [50] 61.05 (5.43) [7] 43.88 (10.67) [14] 45.49 (9.35) [40]

MCD 5.61 (0.18) [48] 26.83 (4.85) [35] 59.09 (1.33) [18] 71.99 (7.90) [10] 22.58 (12.54) [20] 98.04 (1.53) [22] 47.16 (2.03) [18] 51.89 (1.60) [32] 67.34 (2.72) [31] 18.71 (3.25) [6] 30.20 (2.36) [1] 3.35 (0.33) [42] 31.06 (12.42) [33] 61.41 (10.04) [31] 63.37 (4.92) [7] 62.24 (5.35) [5] 22.54 (3.37) [38] 55.94 (7.47) [30]

PCA 6.51 (0.18) [11] 56.30 (10.14) [16] 55.87 (1.55) [24] 64.47 (7.94) [21] 8.05 (0.21) [35] 98.90 (0.17) [11] 48.59 (0.18) [10] 69.11 (1.11) [1] 85.91 (1.95) [1] 21.25 (1.54) [1] 19.81 (0.39) [15] 16.40 (0.82) [25] 35.70 (0.92) [30] 70.65 (11.93) [25] 60.40 (1.78) [25] 29.55 (3.80) [33] 24.73 (6.35) [34] 65.20 (4.87) [20]

DeepSVDD 6.34 (0.34) [21] 27.22 (7.68) [34] 25.62 (3.27) [46] 70.18 (9.34) [11] 70.96 (15.48) [8] 95.84 (1.30) [30] 31.69 (6.40) [40] 44.96 (5.42) [44] 38.44 (2.91) [45] 5.26 (2.56) [42] 16.64 (1.76) [24] 1.98 (0.49) [50] 29.65 (16.39) [35] 79.59 (5.84) [13] 54.26 (1.51) [40] 46.42 (21.04) [17] 53.49 (8.21) [8] 98.76 (1.12) [8]

INNE 6.43 (0.18) [17] 62.19 (9.72) [11] 68.13 (2.79) [3] 64.41 (7.48) [23] 10.49 (0.55) [30] 97.19 (1.43) [24] 46.66 (0.82) [22] 60.43 (1.62) [10] 77.57 (1.57) [14] 13.27 (1.03) [18] 20.44 (0.78) [9] 39.06 (4.12) [15] 43.05 (1.86) [21] 75.09 (8.29) [18] 60.93 (1.56) [20] 51.13 (6.13) [12] 35.48 (6.52) [20] 64.60 (5.65) [23]

KPCA 5.89 (0.12) [41] 53.93 (10.28) [19] 65.66 (1.30) [5] 81.28 (6.79) [1] 81.97 (2.58) [7] 99.12 (0.37) [7] 48.47 (0.40) [12] 56.01 (1.09) [23] 78.03 (1.59) [13] 11.70 (0.73) [21] 21.53 (0.41) [3] 54.09 (3.51) [13] 95.23 (1.56) [4] 87.90 (4.79) [1] 64.22 (1.20) [6] 36.85 (8.18) [24] 81.71 (9.65) [2] 99.58 (0.84) [5]

KDE 6.33 (0.16) [22] 62.94 (11.54) [8] 60.74 (1.53) [12] 76.98 (6.65) [6] 42.48 (2.56) [16] 99.11 (0.40) [8] 46.60 (0.42) [23] 56.61 (0.87) [18] 79.59 (1.48) [11] 9.45 (0.55) [28] 20.48 (0.57) [8] 35.47 (2.61) [17] 70.65 (1.47) [9] 82.35 (5.36) [8] 62.29 (1.14) [14] 36.32 (7.35) [26] 50.26 (9.92) [9] 99.58 (0.84) [5]

GMM 6.49 (0.18) [13] 52.44 (8.06) [22] 55.39 (1.39) [25] 72.44 (7.59) [8] 86.44 (1.41) [3] 98.15 (0.49) [20] 51.13 (0.37) [2] 54.98 (0.98) [26] 73.22 (1.91) [22] 16.53 (0.72) [10] 19.57 (0.41) [17] 19.42 (0.99) [24] 43.19 (0.84) [20] 83.16 (4.65) [7] 62.68 (1.30) [12] 61.11 (7.22) [6] 31.09 (8.84) [27] 88.11 (2.33) [14]

CBLOF 6.38 (0.16) [18] 68.71 (10.85) [1] 64.48 (2.69) [9] 64.72 (8.12) [19] 9.86 (1.32) [32] 98.80 (0.20) [13] 48.18 (0.55) [14] 61.92 (1.24) [8] 80.62 (1.66) [7] 19.13 (4.07) [5] 20.10 (0.42) [11] 16.26 (0.66) [27] 46.49 (0.79) [17] 74.96 (11.35) [20] 61.07 (1.70) [19] 30.17 (3.61) [31] 33.50 (3.69) [23] 65.10 (7.51) [21]

SOD 14.30 (0.23) [3] 7.72 (2.03) [50] 35.44 (1.02) [40] 35.95 (2.64) [44] 22.32 (1.02) [21] 87.91 (2.10) [35] 31.24 (0.24) [41] 45.72 (1.07) [43] 41.90 (1.94) [44] 6.87 (0.38) [37] 16.83 (0.25) [23] 3.10 (0.35) [43] 27.26 (4.84) [38] 19.41 (6.85) [45] 62.93 (0.70) [9] 12.84 (2.19) [40] 20.64 (3.54) [42] 22.41 (1.75) [49]

LUNAR 6.72 (0.17) [8] 65.97 (9.08) [4] 52.85 (0.89) [28] 72.70 (8.47) [7] 89.45 (2.03) [1] 98.72 (0.35) [14] 41.20 (0.58) [29] 57.33 (0.76) [16] 80.61 (1.92) [8] 6.87 (0.40) [37] 16.44 (0.31) [25] 76.03 (2.84) [7] 99.38 (0.69) [1] 83.86 (7.32) [6] 62.31 (1.43) [13] 51.12 (8.04) [13] 68.21 (8.41) [6] 99.74 (0.52) [1]

SOGAAL 6.68 (0.13) [10] 45.10 (15.00) [26] 29.74 (2.47) [45] 50.77 (7.00) [38] 7.06 (2.56) [38] 41.90 (9.93) [49] 39.37 (2.53) [34] 52.39 (8.92) [30] 52.89 (8.49) [42] 5.39 (0.81) [41] 16.91 (2.41) [22] 2.80 (0.35) [46] 9.87 (3.97) [47] 13.08 (9.81) [49] 53.12 (5.79) [43] 0.75 (0.18) [48] 34.54 (10.86) [21] 52.35 (8.83) [32]

ALAD 6.70 (0.69) [9] 26.37 (15.65) [36] 39.90 (18.44) [37] 35.08 (2.86) [45] 6.27 (1.32) [41] 80.64 (3.93) [40] 25.41 (2.89) [45] 46.20 (7.38) [42] 24.78 (11.06) [50] 5.71 (1.28) [40] 10.33 (1.38) [49] 15.54 (27.34) [28] 21.80 (20.18) [42] 54.03 (34.70) [32] 54.71 (3.22) [38] 8.72 (7.64) [42] 18.50 (7.18) [45] 40.81 (9.16) [42]

AE 6.18 (0.15) [25] 67.40 (9.73) [2] 56.07 (1.92) [22] 65.49 (8.42) [14] 17.19 (1.17) [24] 97.65 (0.50) [23] 46.71 (0.26) [21] 60.07 (1.27) [12] 74.39 (1.67) [21] 11.18 (0.69) [22] 21.12 (0.38) [7] 66.85 (8.48) [9] 60.51 (5.33) [13] 79.69 (6.40) [12] 66.05 (1.39) [3] 47.27 (5.63) [16] 44.91 (7.77) [13] 84.97 (3.08) [17]

CD 6.84 (0.17) [6] 29.22 (6.08) [32] 22.26 (0.80) [47] 26.02 (1.46) [48] 4.83 (0.09) [47] 96.93 (0.48) [26] 47.00 (4.14) [20] 51.14 (1.52) [34] 55.50 (1.90) [38] 9.20 (0.26) [29] 12.94 (1.47) [41] 3.86 (0.25) [41] 11.95 (0.54) [46] 37.24 (9.30) [38] 66.69 (2.07) [2] 25.40 (3.24) [35] 22.63 (2.85) [36] 24.01 (1.21) [48]

MOGAAL 6.89 (0.20) [5] 59.66 (5.62) [15] 34.00 (3.43) [43] 53.29 (6.11) [37] 17.99 (6.90) [22] 32.68 (0.72) [51] 35.08 (4.94) [37] 55.50 (8.27) [25] 57.25 (9.71) [36] 7.85 (0.68) [33] 15.31 (0.70) [29] 5.16 (0.82) [39] 5.98 (0.16) [51] 14.20 (15.49) [48] 53.52 (5.76) [42] 1.67 (0.43) [46] 33.81 (10.27) [22] 49.78 (9.69) [37]

QMCD 5.92 (0.13) [38] 20.06 (5.80) [42] 35.17 (1.62) [41] 54.19 (24.90) [36] 5.30 (0.17) [45] 54.51 (9.71) [44] 48.18 (0.31) [14] 35.59 (0.21) [50] 34.79 (2.47) [46] 7.85 (4.20) [33] 21.73 (0.88) [2] 7.22 (0.47) [35] 16.90 (0.40) [44] 18.73 (6.39) [46] 54.97 (0.50) [37] 36.25 (11.65) [27] 30.12 (7.54) [29] 49.79 (4.61) [36]

Sampling 6.30 (0.14) [23] 52.86 (13.60) [21] 60.70 (1.53) [13] 64.54 (8.12) [20] 11.54 (2.79) [28] 98.99 (0.25) [9] 48.03 (1.47) [16] 60.24 (2.51) [11] 77.34 (1.11) [17] 19.27 (1.87) [4] 20.00 (0.51) [13] 10.79 (2.63) [32] 38.56 (7.16) [26] 77.53 (7.70) [16] 62.83 (1.84) [10] 31.00 (4.16) [30] 33.26 (5.92) [24] 62.13 (12.21) [27]

EIF 6.01 (0.18) [28] 46.31 (9.32) [25] 59.44 (2.35) [17] 65.42 (7.65) [15] 11.63 (2.19) [27] 99.22 (0.11) [4] 48.61 (0.98) [9] 62.88 (2.73) [7] 81.22 (3.47) [5] 15.01 (1.37) [14] 15.39 (0.99) [27] 9.07 (1.22) [33] 51.78 (1.24) [14] 73.43 (11.95) [22] 60.65 (1.50) [21] 20.81 (4.80) [38] 29.22 (8.52) [32] 87.91 (3.08) [15]

Ensemble 6.46 (0.19) [15] 62.67 (5.82) [9] 53.79 (1.41) [26] 63.16 (8.80) [27] 53.30 (1.93) [12] 81.75 (6.88) [38] 40.29 (0.18) [32] 56.57 (1.27) [19] 70.54 (1.91) [27] 3.57 (0.08) [48] 13.60 (0.52) [37] 83.65 (3.37) [2] 64.24 (1.27) [10] 73.03 (9.22) [23] 49.82 (1.20) [50] 61.05 (5.43) [7] 43.88 (10.67) [14] 45.49 (9.35) [40]

GEN2OUT 5.71 (0.15) [46] 65.56 (5.18) [6] 57.51 (2.20) [20] 66.16 (7.59) [13] 13.49 (2.96) [26] 99.32 (0.19) [1] 43.73 (1.95) [28] 65.59 (2.77) [5] 80.24 (2.43) [9] 13.33 (5.00) [17] 13.65 (5.40) [36] 25.24 (1.65) [20] 42.96 (3.62) [22] 50.80 (12.14) [35] 57.00 (1.12) [32] 41.59 (7.28) [21] 30.10 (6.88) [30] 63.73 (8.86) [24]

DynamicHBOS 6.09 (0.06) [26] 12.18 (2.40) [45] 21.10 (0.81) [48] 48.34 (5.84) [39] 4.95 (0.06) [46] 90.07 (0.80) [33] 33.49 (0.51) [39] 38.93 (0.79) [48] 34.30 (1.83) [47] 9.70 (0.39) [25] 11.58 (0.19) [47] 2.90 (0.14) [45] 23.08 (1.99) [40] 22.95 (6.12) [43] 52.40 (0.61) [45] 2.78 (0.36) [44] 16.04 (3.32) [48] 39.42 (4.70) [43]

COF 21.55 (0.27) [1] 21.65 (4.99) [39] 16.15 (0.57) [50] 40.99 (1.98) [42] 11.21 (0.31) [29] 38.07 (2.09) [50] 25.27 (0.35) [46] 44.37 (1.46) [46] 26.11 (3.12) [49] 3.12 (0.10) [51] 11.72 (0.27) [43] 2.31 (0.19) [48] 20.86 (0.56) [43] 15.37 (15.60) [47] 58.65 (1.15) [29] 0.37 (0.08) [50] 15.70 (2.02) [49] 20.17 (0.86) [50]

ABOD 6.25 (0.10) [24] 56.12 (7.83) [18] 60.45 (1.87) [14] 34.26 (5.22) [46] 29.41 (1.19) [19] 42.71 (1.86) [48] 47.12 (0.54) [19] 54.37 (0.81) [27] 77.29 (1.32) [18] 4.52 (0.17) [44] 11.54 (0.18) [48] 77.30 (2.84) [6] 6.76 (0.07) [50] 8.34 (2.13) [51] 56.44 (1.18) [35] 12.09 (2.86) [41] 6.70 (1.04) [50] 19.02 (2.24) [51]

LMDD 6.00 (0.05) [30] 25.26 (16.93) [37] 46.18 (3.92) [34] 56.93 (7.39) [35] 5.79 (0.34) [43] 86.63 (5.81) [37] 40.95 (2.97) [30] 59.32 (3.04) [15] 77.50 (4.48) [16] 14.52 (1.55) [16] 15.36 (0.95) [28] 14.03 (8.08) [29] 38.02 (7.87) [27] 67.55 (8.22) [27] 56.66 (0.85) [33] 37.40 (3.11) [23] 22.16 (4.82) [39] 54.74 (8.07) [31]

DAGMM 6.01 (0.57) [28] 19.77 (4.36) [43] 52.46 (13.87) [29] 46.39 (6.58) [40] 6.69 (3.59) [39] 87.93 (6.68) [34] 34.18 (4.87) [38] 56.40 (4.14) [22] 63.39 (9.35) [33] 8.02 (1.66) [31] 13.07 (0.75) [40] 11.92 (8.38) [31] 22.09 (10.79) [41] 51.15 (16.36) [34] 56.59 (5.40) [34] 16.73 (16.40) [39] 20.45 (15.63) [43] 52.35 (6.99) [32]

DROCC 5.91 (0.00) [40] 8.42 (8.70) [49] 65.53 (5.33) [6] 40.88 (12.40) [43] 85.00 (1.47) [6] 72.53 (16.00) [42] 20.25 (0.00) [50] 47.66 (4.44) [41] 53.35 (9.70) [41] 7.36 (0.34) [36] 14.69 (0.61) [31] 34.41 (4.63) [18] 27.59 (14.10) [37] 43.75 (32.99) [37] 55.02 (6.97) [36] 0.34 (0.03) [51] 19.32 (19.26) [44] 29.16 (5.89) [45]

GOAD 5.52 (0.26) [49] 59.72 (10.63) [14] 65.05 (6.96) [7] 64.42 (7.61) [22] 6.49 (2.08) [40] 98.48 (0.37) [17] 21.18 (5.58) [49] 66.44 (1.47) [4] 84.43 (1.57) [3] 3.23 (0.60) [50] 9.44 (1.07) [51] 1.38 (0.35) [51] 8.76 (1.48) [48] 73.46 (10.20) [21] 62.27 (1.58) [15] 24.77 (20.15) [36] 22.60 (8.35) [37] 65.07 (6.01) [22]

ICL 5.43 (0.08) [51] 48.30 (6.91) [24] 42.66 (4.39) [35] 79.27 (5.49) [4] 89.13 (1.51) [2] 97.11 (0.73) [25] 49.37 (0.47) [5] 49.96 (3.32) [37] 54.63 (6.70) [39] 9.65 (0.34) [26] 21.16 (0.35) [6] 41.81 (13.68) [14] 98.29 (1.01) [2] 77.46 (13.90) [17] 62.81 (1.26) [11] 51.57 (10.57) [11] 90.63 (7.29) [1] 99.67 (0.66) [3]

PlanarFlow 5.48 (0.20) [50] 21.39 (9.27) [40] 64.79 (5.56) [8] 60.54 (10.54) [32] 54.09 (22.48) [10] 96.32 (1.53) [28] 37.31 (10.51) [36] 55.85 (1.89) [24] 66.28 (7.51) [32] 15.36 (2.44) [13] 14.97 (0.90) [30] 4.04 (4.06) [40] 51.53 (15.02) [15] 78.18 (6.03) [15] 61.69 (1.91) [17] 68.48 (4.50) [2] 37.90 (4.82) [19] 96.27 (1.77) [10]

VAE 6.51 (0.18) [11] 56.22 (10.17) [17] 56.05 (1.54) [23] 64.22 (7.95) [24] 8.04 (0.21) [36] 98.89 (0.17) [12] 48.59 (0.18) [10] 69.11 (1.11) [1] 85.87 (1.94) [2] 21.17 (1.51) [2] 19.81 (0.39) [15] 16.27 (0.84) [26] 36.05 (0.87) [29] 69.18 (12.55) [26] 60.39 (1.78) [26] 29.65 (3.82) [32] 21.31 (5.09) [41] 63.48 (4.89) [25]

GANomaly 7.47 (0.55) [4] 28.24 (22.69) [33] 34.87 (9.63) [42] 64.02 (9.73) [25] 37.40 (15.63) [17] 93.26 (0.84) [31] 40.56 (6.10) [31] 52.97 (5.27) [29] 69.11 (5.58) [30] 7.74 (6.43) [35] 17.12 (2.16) [21] 36.20 (40.04) [16] 13.52 (4.63) [45] 66.59 (16.98) [29] 60.18 (3.95) [27] 55.31 (18.46) [10] 27.70 (9.92) [33] 70.94 (13.37) [19]

SLAD 5.92 (0.08) [38] 9.72 (0.94) [48] 71.08 (1.61) [2] 80.14 (6.86) [2] 4.83 (0.09) [47] 99.25 (0.26) [3] 48.26 (0.33) [13] 48.16 (1.40) [40] 70.67 (2.10) [26] 9.10 (0.91) [30] 13.32 (3.17) [39] 5.83 (3.42) [36] 44.94 (10.76) [18] 79.34 (7.93) [14] 66.76 (0.73) [1] 46.27 (6.46) [18] 43.77 (10.24) [16] 99.73 (0.54) [2]

DIF 5.79 (0.14) [43] 5.87 (1.12) [51] 60.77 (1.41) [11] 45.90 (4.17) [41] 17.98 (1.83) [23] 50.41 (4.02) [47] 24.85 (0.16) [47] 33.13 (1.25) [51] 30.47 (1.12) [48] 8.01 (1.06) [32] 14.11 (0.54) [34] 2.24 (0.28) [49] 37.23 (3.25) [28] 87.65 (4.82) [2] 60.55 (1.04) [22] 1.91 (0.66) [45] 68.25 (12.70) [5] 88.74 (6.28) [13]

DDPM 5.98 (0.12) [32] 11.73 (2.36) [46] 46.43 (1.70) [33] 62.08 (8.25) [31] 8.84 (0.57) [33] 96.75 (0.87) [27] 44.77 (0.55) [26] 48.21 (2.33) [39] 56.72 (2.68) [37] 10.09 (0.41) [24] 17.57 (0.31) [20] 5.45 (0.50) [37] 29.38 (2.78) [36] 49.48 (10.00) [36] 60.45 (0.81) [24] 69.80 (5.48) [1] 32.68 (9.82) [25] 51.40 (5.24) [35]

DTE-IG 5.95 (0.16) [35] 31.57 (24.41) [31] 7.40 (0.07) [51] 64.00 (12.80) [26] 36.24 (41.37) [18] 62.15 (24.72) [43] 22.32 (11.89) [48] 38.74 (6.97) [49] 60.80 (5.48) [35] 5.06 (4.28) [43] 10.29 (4.49) [50] 67.73 (33.42) [8] 95.59 (1.62) [3] 27.38 (30.94) [42] 51.02 (8.01) [47] 48.34 (23.57) [15] 62.12 (14.39) [7] 31.37 (30.17) [44]

DTE-C 5.79 (0.11) [43] 51.31 (10.36) [23] 81.58 (0.88) [1] 72.02 (6.43) [9] 60.99 (2.36) [9] 87.23 (1.92) [36] 49.69 (0.62) [4] 51.83 (1.90) [33] 69.95 (2.17) [29] 15.60 (1.73) [12] 17.91 (0.64) [19] 65.48 (5.52) [10] 73.63 (2.10) [8] 82.11 (3.26) [9] 65.13 (0.54) [4] 63.56 (6.40) [4] 39.15 (7.71) [18] 93.90 (3.26) [11]

DTENonParametric 5.94 (0.13) [36] 64.20 (9.18) [7] 63.50 (1.09) [10] 57.08 (5.31) [34] 53.63 (1.61) [11] 90.79 (0.91) [32] 48.01 (0.39) [17] 44.60 (0.83) [45] 53.45 (1.46) [40] 10.44 (0.42) [23] 20.28 (0.35) [10] 63.27 (3.66) [11] 92.81 (1.38) [5] 75.02 (10.30) [19] 60.52 (1.09) [23] 6.34 (0.92) [43] 46.66 (7.72) [10] 97.85 (1.82) [9]

MCM 6.38 (0.14) [18] 39.18 (7.66) [28] 59.85 (1.09) [15] 65.06 (8.14) [16] 16.53 (5.01) [25] 98.46 (0.54) [18] 46.48 (0.29) [24] 53.57 (1.44) [28] 79.77 (2.11) [10] 15.99 (2.89) [11] 19.97 (1.80) [14] 28.00 (9.39) [19] 91.96 (6.08) [6] 86.13 (4.38) [4] 58.18 (1.51) [30] 27.31 (17.54) [34] 45.25 (17.22) [12] 86.72 (3.64) [16]

3WNCROD 5.74 (0.12) [45] 53.03 (5.48) [20] 38.92 (0.89) [39] 26.02 (1.46) [48] 4.83 (0.09) [47] 74.27 (2.59) [41] 20.25 (0.00) [50] 50.91 (0.70) [36] 45.10 (2.86) [43] 4.31 (0.09) [45] 11.66 (0.20) [44] 3.00 (0.35) [44] 29.91 (1.21) [34] 20.54 (11.76) [44] 50.54 (1.86) [48] 1.52 (0.33) [47] 6.69 (2.76) [51] 27.43 (1.73) [46]

ODIN 20.44 (0.56) [2] 10.41 (1.21) [47] 16.97 (0.61) [49] 31.49 (2.62) [47] 5.75 (0.09) [44] 50.64 (1.56) [46] 29.01 (0.24) [44] 42.41 (0.41) [47] 23.49 (1.45) [51] 3.62 (0.08) [47] 14.39 (0.29) [32] 2.45 (0.05) [47] 7.51 (0.09) [49] 12.21 (2.08) [50] 63.34 (1.09) [8] 0.50 (0.04) [49] 18.20 (1.52) [46] 24.51 (2.64) [47]

NCSBAD (Ours) 5.98 (0.17) [32] 23.65 (8.39) [38] 46.62 (1.05) [32] 79.46 (7.88) [3] 85.80 (1.76) [4] 98.29 (0.45) [19] 38.34 (0.54) [35] 51.00 (1.60) [35] 74.76 (1.41) [20] 5.76 (3.51) [39] 18.48 (0.41) [18] 80.39 (2.47) [4] 41.16 (1.38) [24] 86.38 (8.24) [3] 59.26 (1.11) [28] 50.37 (10.66) [14] 80.33 (7.70) [3] 99.67 (0.67) [3]

NCSBADVAL (Ours) 6.02 (0.09) [27] 36.13 (14.41) [30] 56.58 (18.41) [21] 78.69 (8.18) [5] 85.14 (3.33) [5] 98.08 (0.78) [21] 44.72 (9.91) [27] 52.36 (2.49) [31] 72.94 (4.67) [24] 14.72 (3.73) [15] 21.44 (1.57) [4] 88.39 (9.55) [1] 48.63 (19.59) [16] 85.04 (10.40) [5] 64.64 (2.11) [5] 57.60 (11.14) [9] 78.07 (13.57) [4] 99.57 (0.53) [7]

Table 25: Mean, standard deviation and rank AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 1
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IForest 45.66 (0.31) [20] 43.29 (0.70) [40] 56.48 (9.43) [29] 28.86 (1.12) [48] 92.71 (1.64) [30] 47.47 (3.22) [14] 8.35 (0.23) [42] 93.22 (3.07) [28] 80.20 (1.00) [22] 37.31 (3.37) [19] 34.98 (2.21) [2] 45.36 (1.36) [13] 54.13 (6.26) [29] 99.15 (0.44) [27] 50.33 (20.17) [41] 35.06 (2.16) [23] 15.20 (3.20) [19] 44.46 (1.27) [40]

OCSVM 43.51 (0.42) [29] 46.97 (0.54) [21] 99.80 (0.38) [6] 48.06 (1.34) [21] 97.72 (0.39) [15] 36.87 (0.37) [32] 8.31 (0.10) [43] 100.00 (0.00) [1] 79.23 (0.29) [24] 40.26 (2.33) [13] 34.54 (0.36) [7] 44.64 (0.58) [14] 66.94 (1.81) [19] 100.00 (0.00) [1] 100.00 (0.00) [1] 32.98 (0.56) [32] 6.92 (0.09) [34] 64.62 (1.21) [17]

COPOD 46.88 (0.33) [17] 48.05 (0.46) [16] 47.95 (5.96) [34] 44.11 (15.35) [33] 80.64 (3.26) [41] 34.66 (0.54) [39] 8.67 (0.41) [38] 95.59 (3.11) [23] 72.62 (0.34) [37] 54.62 (1.36) [2] 15.75 (0.00) [47] 26.97 (0.00) [48] 16.86 (0.00) [49] 72.68 (0.42) [38] 94.67 (2.36) [30] 30.70 (0.39) [37] 5.59 (0.00) [37] 41.74 (1.20) [41]

ECOD 50.69 (0.27) [6] 52.24 (0.39) [8] 29.18 (1.34) [40] 44.15 (15.41) [32] 78.07 (2.25) [44] 31.87 (0.40) [46] 10.04 (0.70) [23] 94.58 (3.55) [25] 68.52 (0.34) [39] 55.08 (1.32) [1] 15.75 (0.00) [47] 26.97 (0.00) [48] 16.86 (0.00) [49] 77.60 (0.63) [37] 99.17 (0.36) [28] 24.20 (0.18) [50] 5.59 (0.00) [37] 59.13 (1.42) [30]

FeatureBagging 48.15 (3.60) [11] 52.49 (1.94) [7] 8.43 (0.80) [44] 51.33 (3.27) [14] 95.18 (1.11) [23] 61.45 (0.75) [1] 11.93 (1.12) [14] 67.79 (20.28) [38] 86.79 (0.28) [8] 29.95 (2.86) [27] 25.99 (0.42) [21] 41.67 (0.54) [23] 70.14 (1.13) [16] 100.00 (0.00) [1] 100.00 (0.00) [1] 35.71 (0.79) [19] 40.73 (3.28) [8] 70.83 (0.56) [6]

HBOS 42.14 (0.52) [39] 43.86 (0.31) [35] 37.29 (9.56) [38] 31.21 (1.51) [46] 64.91 (2.55) [46] 60.32 (0.67) [4] 8.78 (0.49) [33] 96.75 (1.93) [21] 77.22 (0.24) [27] 21.31 (1.67) [34] 34.76 (0.20) [5] 43.13 (0.31) [20] 22.16 (0.48) [44] 97.87 (0.88) [30] 100.00 (0.00) [1] 24.47 (0.41) [49] 43.99 (1.66) [4] 22.49 (0.93) [48]

KNN 45.43 (0.41) [22] 49.51 (0.29) [13] 100.00 (0.00) [1] 49.07 (1.31) [20] 98.06 (0.53) [12] 54.96 (1.03) [8] 8.78 (0.12) [33] 98.95 (0.93) [13] 85.96 (0.17) [12] 40.30 (3.10) [12] 21.70 (0.48) [31] 47.50 (0.59) [6] 73.13 (1.42) [8] 100.00 (0.00) [1] 100.00 (0.00) [1] 40.00 (0.54) [12] 29.12 (1.90) [13] 67.93 (1.13) [10]

LODA 41.56 (2.63) [44] 42.29 (2.76) [46] 7.81 (8.75) [45] 41.27 (2.48) [36] 85.20 (2.17) [37] 35.82 (5.41) [38] 8.07 (0.15) [49] 28.86 (14.96) [45] 75.96 (0.88) [31] 43.85 (5.68) [6] 34.67 (7.19) [6] 28.67 (4.78) [45] 34.39 (7.75) [41] 99.81 (0.23) [26] 91.99 (10.38) [32] 34.38 (3.55) [26] 4.27 (0.64) [46] 47.22 (2.30) [35]

LOF 47.94 (0.58) [12] 52.51 (0.47) [5] 97.18 (3.50) [10] 50.09 (1.15) [16] 94.81 (1.23) [26] 61.30 (0.71) [2] 11.60 (1.30) [15] 86.76 (3.72) [33] 86.44 (0.17) [9] 34.12 (3.34) [23] 26.80 (0.30) [18] 40.71 (0.19) [26] 71.19 (1.30) [10] 100.00 (0.00) [1] 100.00 (0.00) [1] 35.51 (0.62) [20] 42.28 (0.83) [6] 71.09 (1.08) [3]

MCD 42.04 (0.95) [40] 44.66 (1.43) [32] 92.02 (1.57) [14] 35.73 (1.75) [37] 97.28 (0.64) [19] 39.62 (4.88) [27] 8.25 (0.40) [44] 88.00 (5.57) [32] 77.35 (0.23) [26] 7.92 (0.40) [49] 19.90 (0.37) [35] 39.99 (0.93) [28] 54.04 (7.25) [30] 100.00 (0.00) [1] 65.43 (14.34) [36] 29.02 (0.36) [42] 7.24 (0.38) [31] 63.13 (1.62) [21]

PCA 42.66 (0.40) [33] 45.04 (0.63) [30] 91.42 (1.24) [15] 47.01 (1.32) [27] 91.88 (1.73) [32] 32.68 (0.38) [44] 8.06 (0.11) [50] 98.91 (0.44) [15] 75.28 (0.28) [35] 41.06 (1.80) [11] 34.95 (0.30) [3] 38.19 (0.24) [30] 65.72 (1.69) [21] 100.00 (0.00) [1] 100.00 (0.00) [1] 30.09 (0.56) [40] 6.04 (0.05) [35] 59.91 (1.13) [28]

DeepSVDD 42.23 (1.97) [38] 41.02 (2.08) [47] 40.67 (32.37) [37] 49.57 (5.08) [19] 98.57 (0.56) [9] 50.34 (2.01) [12] 8.98 (0.70) [30] 97.21 (2.91) [20] 69.32 (0.65) [38] 21.06 (12.97) [36] 17.76 (5.51) [40] 28.87 (8.43) [44] 47.29 (7.97) [32] 100.00 (0.00) [1] 100.00 (0.00) [1] 26.59 (4.83) [48] 7.59 (6.09) [30] 53.62 (4.92) [32]

INNE 45.06 (0.74) [23] 45.58 (0.47) [24] 94.17 (2.29) [13] 59.54 (4.38) [8] 97.61 (0.70) [16] 51.27 (2.83) [11] 8.72 (0.10) [37] 95.49 (3.00) [24] 82.10 (0.32) [16] 36.35 (3.75) [20] 29.47 (0.94) [11] 49.87 (0.72) [4] 70.35 (1.66) [14] 100.00 (0.00) [1] 99.66 (0.68) [25] 35.87 (0.72) [18] 10.55 (0.62) [26] 75.21 (1.90) [1]

KPCA 49.49 (0.28) [7] 49.97 (0.44) [11] 99.80 (0.39) [6] 64.96 (1.73) [5] 99.41 (0.18) [1] 46.97 (0.81) [16] 8.98 (0.13) [30] 100.00 (0.00) [1] 85.75 (0.15) [13] 44.65 (2.94) [4] 23.47 (0.38) [25] 45.62 (0.57) [11] 74.76 (1.51) [6] 100.00 (0.00) [1] 100.00 (0.00) [1] 40.26 (0.51) [10] 23.04 (1.22) [15] 65.02 (1.02) [15]

KDE 44.00 (0.38) [28] 45.39 (0.37) [25] 99.99 (0.01) [3] 64.25 (2.33) [6] 99.32 (0.30) [2] 49.02 (1.07) [13] 8.98 (0.12) [30] 100.00 (0.00) [1] 80.91 (0.25) [19] 42.24 (2.85) [8] 22.27 (0.41) [28] 50.60 (0.82) [3] 76.14 (1.00) [2] 100.00 (0.00) [1] 100.00 (0.00) [1] 40.50 (0.61) [9] 39.76 (2.08) [9] 67.98 (1.13) [9]

GMM 55.29 (0.17) [2] 53.39 (0.48) [3] 90.73 (1.42) [18] 66.52 (1.90) [3] 98.22 (0.42) [11] 31.48 (0.30) [47] 8.78 (0.10) [33] 99.83 (0.34) [7] 83.35 (0.25) [14] 40.21 (2.08) [14] 15.23 (0.14) [50] 38.35 (0.24) [29] 70.19 (1.67) [15] 100.00 (0.00) [1] 98.25 (0.66) [29] 40.25 (0.40) [11] 13.22 (0.55) [24] 62.83 (1.44) [22]

CBLOF 43.10 (0.38) [32] 45.14 (0.71) [28] 90.01 (1.67) [19] 47.11 (1.31) [25] 97.45 (0.69) [18] 36.77 (0.82) [33] 8.42 (0.12) [41] 98.39 (0.90) [19] 80.33 (0.28) [21] 37.93 (5.87) [17] 22.28 (0.41) [27] 43.33 (0.79) [18] 67.13 (1.82) [18] 0.00 (0.00) [51] 100.00 (0.00) [1] 37.31 (0.96) [16] 13.92 (1.20) [21] 70.90 (0.91) [5]

SOD 44.72 (0.34) [26] 42.78 (0.20) [44] 4.00 (1.66) [47] 34.86 (1.09) [38] 85.77 (2.18) [35] 37.59 (0.69) [28] 40.76 (2.99) [2] 26.64 (5.03) [46] 76.97 (0.43) [29] 17.11 (2.03) [41] 16.62 (0.39) [44] 35.25 (0.73) [34] 42.98 (2.06) [34] 10.98 (0.04) [50] 19.79 (2.71) [47] 34.91 (1.25) [24] 4.78 (0.26) [45] 46.88 (1.38) [36]

LUNAR 48.57 (0.39) [10] 51.76 (0.36) [9] 100.00 (0.01) [1] 65.59 (4.03) [4] 99.01 (0.33) [5] 56.61 (1.08) [5] 9.00 (0.12) [29] 100.00 (0.00) [1] 87.99 (0.10) [5] 46.21 (1.97) [3] 16.61 (0.17) [45] 41.33 (0.20) [24] 79.32 (0.77) [1] 99.93 (0.08) [25] 100.00 (0.00) [1] 36.58 (0.57) [17] 88.09 (5.55) [1] 69.11 (1.75) [8]

SOGAAL 41.45 (1.14) [45] 43.03 (1.12) [41] 1.83 (0.11) [49] 31.02 (5.33) [47] 80.94 (4.24) [40] 32.21 (2.14) [45] 9.44 (1.42) [25] 29.16 (17.05) [44] 53.70 (2.46) [50] 17.70 (2.11) [38] 30.20 (0.77) [10] 46.11 (3.86) [10] 38.88 (3.51) [37] 23.50 (4.53) [44] 89.84 (17.18) [33] 30.95 (3.88) [34] 3.82 (0.43) [47] 46.02 (7.15) [37]

ALAD 39.53 (3.44) [48] 40.13 (2.46) [51] 34.75 (32.37) [39] 33.68 (4.09) [39] 56.43 (12.06) [49] 31.28 (1.95) [48] 14.36 (5.26) [8] 42.93 (16.85) [41] 59.40 (7.19) [48] 11.01 (9.77) [45] 27.25 (7.40) [16] 30.86 (1.84) [38] 28.44 (12.87) [43] 46.09 (22.72) [42] 5.65 (1.27) [50] 28.50 (4.87) [44] 13.71 (13.02) [22] 38.93 (17.24) [44]

AE 41.82 (0.35) [43] 48.23 (0.19) [15] 99.93 (0.13) [5] 47.18 (1.22) [23] 98.56 (0.32) [10] 40.01 (0.30) [25] 8.62 (0.10) [39] 98.79 (1.18) [16] 87.08 (0.25) [7] 35.28 (2.04) [22] 21.83 (0.38) [30] 46.88 (0.54) [8] 70.57 (1.68) [12] 100.00 (0.00) [1] 100.00 (0.00) [1] 40.96 (0.78) [7] 18.20 (0.75) [18] 67.01 (1.17) [14]

CD 47.79 (0.19) [16] 42.52 (0.71) [45] 54.63 (3.97) [31] 31.57 (0.00) [43] 94.33 (0.71) [29] 31.25 (0.44) [49] 36.91 (2.65) [4] 30.24 (4.11) [43] 75.85 (0.89) [32] 24.20 (3.38) [32] 17.06 (0.32) [42] 30.19 (0.78) [41] 36.76 (6.92) [40] 93.93 (1.76) [33] 21.92 (2.78) [46] 33.26 (0.73) [30] 4.86 (0.61) [44] 57.82 (6.95) [31]

MOGAAL 41.85 (1.40) [42] 42.93 (0.74) [43] 1.91 (0.51) [48] 31.67 (5.09) [42] 81.09 (4.42) [39] 36.45 (4.28) [34] 10.66 (2.20) [19] 36.33 (17.24) [42] 51.94 (4.09) [51] 25.69 (3.83) [31] 25.45 (1.40) [23] 55.33 (4.04) [1] 41.65 (7.33) [35] 22.83 (2.33) [45] 89.78 (14.58) [34] 28.70 (3.13) [43] 3.69 (0.28) [48] 40.46 (6.24) [42]

QMCD 42.24 (0.39) [37] 42.99 (0.32) [42] 73.66 (4.70) [27] 31.57 (0.00) [43] 62.94 (4.23) [47] 46.21 (0.63) [18] 18.66 (1.49) [6] 5.18 (0.38) [51] 75.43 (0.24) [33] 13.74 (1.45) [42] 29.45 (0.12) [12] 51.02 (0.42) [2] 37.14 (1.47) [39] 98.59 (0.41) [29] 3.76 (0.22) [51] 30.81 (0.80) [36] 3.06 (0.03) [50] 14.72 (0.24) [51]

Sampling 42.33 (1.88) [36] 43.37 (2.22) [39] 89.74 (2.34) [21] 47.27 (1.51) [22] 97.61 (0.57) [16] 36.32 (5.10) [35] 8.16 (0.29) [48] 98.97 (0.95) [12] 79.75 (1.58) [23] 31.13 (10.40) [26] 26.60 (5.79) [20] 42.34 (2.58) [22] 64.39 (2.98) [23] 100.00 (0.00) [1] 100.00 (0.00) [1] 35.28 (3.78) [22] 9.01 (1.73) [28] 64.70 (4.10) [16]

EIF 44.46 (0.49) [27] 45.16 (0.68) [27] 56.28 (6.36) [30] 52.24 (7.56) [13] 95.53 (1.37) [21] 43.68 (2.62) [20] 8.24 (0.22) [46] 99.37 (0.95) [10] 80.79 (1.16) [20] 42.22 (2.98) [9] 34.50 (1.93) [8] 43.68 (1.49) [17] 60.23 (5.93) [25] 99.97 (0.05) [23] 64.24 (25.30) [37] 34.88 (1.38) [25] 13.33 (2.72) [23] 45.63 (1.50) [39]

Ensemble 47.94 (0.58) [12] 52.51 (0.47) [5] 97.18 (3.50) [10] 50.09 (1.15) [16] 94.81 (1.23) [26] 61.30 (0.71) [2] 11.60 (1.30) [15] 86.76 (3.72) [33] 86.44 (0.17) [9] 34.12 (3.34) [23] 26.80 (0.30) [18] 40.71 (0.19) [26] 71.19 (1.30) [10] 100.00 (0.00) [1] 100.00 (0.00) [1] 35.51 (0.62) [20] 42.28 (0.83) [6] 71.09 (1.08) [3]

GEN2OUT 46.04 (0.58) [18] 47.85 (0.85) [18] 91.30 (2.28) [16] 42.37 (7.36) [35] 90.77 (3.80) [33] 53.20 (1.34) [9] 8.21 (0.34) [47] 90.09 (3.59) [31] 78.14 (0.55) [25] 43.22 (3.81) [7] 33.01 (0.70) [9] 44.60 (1.64) [15] 33.85 (6.32) [42] 100.00 (0.00) [1] 99.98 (0.05) [24] 30.84 (0.67) [35] 9.86 (2.45) [27] 50.77 (1.93) [34]

DynamicHBOS 39.01 (0.17) [50] 40.42 (0.11) [49] 10.37 (1.50) [42] 31.72 (0.35) [41] 53.51 (1.64) [50] 43.65 (0.25) [21] 10.31 (0.17) [22] 45.73 (4.09) [40] 62.84 (0.32) [47] 9.96 (0.60) [46] 29.18 (0.41) [13] 31.59 (0.14) [37] 17.90 (0.20) [48] 68.84 (0.76) [39] 8.03 (0.07) [49] 27.10 (0.08) [47] 22.81 (1.10) [16] 20.59 (0.46) [49]

COF 45.04 (0.57) [24] 46.23 (0.41) [23] 5.67 (1.74) [46] 27.95 (1.27) [50] 85.66 (1.97) [36] 39.84 (0.91) [26] 48.10 (4.97) [1] 14.43 (7.28) [48] 65.61 (0.58) [42] 12.21 (1.02) [43] 17.64 (0.28) [41] 28.61 (0.25) [46] 37.19 (0.80) [38] 22.30 (0.29) [46] 29.82 (5.14) [45] 31.93 (1.00) [33] 5.15 (0.35) [42] 34.90 (2.03) [45]

ABOD 42.61 (0.13) [35] 43.66 (0.44) [37] 9.06 (0.55) [43] 59.46 (1.39) [9] 62.78 (4.87) [48] 55.09 (1.25) [7] 10.67 (0.74) [18] 5.59 (0.49) [50] 87.26 (0.12) [6] 5.12 (0.13) [50] 22.23 (0.41) [29] 46.14 (0.23) [9] 75.95 (1.19) [3] 100.00 (0.00) [1] 99.34 (0.30) [27] 39.86 (0.62) [13] 32.01 (0.87) [12] 67.79 (1.12) [11]

LMDD 38.81 (0.45) [51] 43.71 (1.06) [36] 89.79 (2.62) [20] 43.51 (1.12) [34] 79.71 (5.05) [43] 30.08 (7.80) [51] 11.04 (0.88) [17] 98.78 (0.79) [17] 63.93 (2.47) [45] 44.09 (2.42) [5] 25.72 (5.30) [22] 29.39 (1.48) [43] 41.10 (4.10) [36] 91.01 (15.31) [34] 100.00 (0.00) [1] 30.35 (2.66) [39] 5.27 (0.17) [41] 40.43 (1.94) [43]

DAGMM 39.23 (2.23) [49] 40.24 (0.49) [50] 52.90 (29.69) [32] 31.99 (4.21) [40] 80.39 (5.37) [42] 40.93 (1.87) [23] 10.57 (2.50) [20] 71.37 (17.76) [37] 63.06 (4.90) [46] 20.09 (13.04) [37] 28.52 (5.50) [14] 34.30 (2.03) [35] 47.00 (6.88) [33] 68.35 (28.90) [40] 60.59 (21.65) [39] 33.45 (5.97) [29] 5.46 (1.87) [40] 63.49 (7.60) [20]

DROCC 43.36 (1.14) [30] 44.06 (1.29) [34] 0.74 (0.04) [51] 46.83 (8.55) [28] 67.54 (9.86) [45] 36.13 (1.49) [36] 12.03 (3.98) [13] 7.82 (5.55) [49] 82.90 (0.52) [15] 25.81 (2.77) [30] 16.95 (0.53) [43] 30.19 (1.85) [41] 63.26 (3.27) [24] 100.00 (0.00) [1] 34.13 (36.45) [43] 39.39 (3.61) [15] 20.75 (8.40) [17] 72.40 (3.30) [2]

GOAD 41.98 (1.16) [41] 40.73 (0.72) [48] 66.08 (7.70) [28] 47.18 (1.70) [23] 94.40 (1.88) [28] 31.14 (1.06) [50] 8.25 (0.27) [44] 99.28 (0.63) [11] 76.15 (3.71) [30] 26.39 (2.90) [28] 19.20 (0.35) [37] 30.49 (2.05) [40] 66.38 (2.14) [20] 12.64 (0.91) [49] 100.00 (0.00) [1] 33.19 (1.91) [31] 7.95 (1.43) [29] 63.73 (1.96) [19]

ICL 49.28 (0.29) [8] 50.27 (1.17) [10] 99.25 (0.74) [9] 59.39 (1.93) [10] 98.88 (0.59) [6] 52.72 (1.89) [10] 12.87 (2.55) [10] 99.86 (0.29) [5] 82.09 (0.92) [17] 17.39 (4.05) [40] 19.55 (0.92) [36] 43.19 (0.84) [19] 67.36 (1.34) [17] 86.49 (11.76) [35] 93.71 (1.80) [31] 41.93 (2.64) [6] 43.76 (2.31) [5] 69.72 (1.60) [7]

PlanarFlow 53.90 (2.09) [3] 48.03 (1.35) [17] 52.48 (3.89) [33] 45.65 (1.16) [30] 97.93 (0.69) [13] 34.60 (1.13) [40] 9.25 (0.84) [27] 93.75 (5.44) [27] 80.98 (1.69) [18] 17.49 (9.20) [39] 28.47 (0.52) [15] 32.67 (0.49) [36] 58.04 (2.01) [27] 99.96 (0.09) [24] 33.03 (27.98) [44] 27.89 (2.03) [45] 3.62 (0.39) [49] 60.00 (5.76) [26]

VAE 42.64 (0.41) [34] 44.84 (0.63) [31] 86.33 (2.23) [24] 47.02 (1.33) [26] 91.92 (1.76) [31] 40.79 (0.44) [24] 8.04 (0.10) [51] 98.93 (0.61) [14] 75.35 (0.29) [34] 41.11 (1.90) [10] 34.93 (0.30) [4] 38.19 (0.24) [30] 65.72 (1.68) [21] 100.00 (0.00) [1] 100.00 (0.00) [1] 29.90 (0.77) [41] 6.03 (0.05) [36] 59.94 (1.13) [27]

GANomaly 43.28 (1.91) [31] 44.54 (1.93) [33] 19.65 (35.70) [41] 49.61 (0.76) [18] 95.52 (1.02) [22] 34.19 (5.70) [41] 8.59 (0.26) [40] 92.45 (7.52) [29] 65.92 (2.06) [40] 37.46 (20.43) [18] 35.92 (4.20) [1] 38.13 (2.41) [32] 48.56 (3.74) [31] 83.32 (33.12) [36] 100.00 (0.00) [1] 27.32 (1.73) [46] 11.40 (3.90) [25] 45.73 (13.00) [38]

SLAD 45.60 (0.42) [21] 47.69 (0.47) [19] 89.28 (5.79) [22] 57.30 (1.42) [12] 98.76 (0.36) [7] 44.48 (0.73) [19] 9.04 (0.19) [28] 99.86 (0.29) [5] 77.14 (0.20) [28] 21.32 (2.70) [33] 21.32 (0.44) [32] 41.25 (0.52) [25] 70.43 (1.34) [13] 96.00 (2.01) [31] 100.00 (0.00) [1] 44.62 (0.57) [4] 34.22 (1.57) [10] 64.08 (1.37) [18]

DIF 44.96 (0.52) [25] 45.05 (0.36) [29] 47.21 (2.70) [35] 28.04 (0.83) [49] 94.87 (1.31) [25] 37.28 (0.52) [30] 26.63 (1.65) [5] 96.19 (3.82) [22] 65.76 (0.47) [41] 11.35 (0.84) [44] 16.35 (0.39) [46] 30.55 (0.56) [39] 21.12 (1.22) [46] 61.55 (5.12) [41] 74.42 (4.06) [35] 39.75 (0.82) [14] 5.07 (0.13) [43] 59.82 (0.85) [29]

DDPM 41.42 (0.68) [46] 43.42 (0.61) [38] 99.29 (0.78) [8] 46.47 (2.00) [29] 96.16 (0.43) [20] 33.07 (0.25) [43] 10.48 (0.93) [21] 94.45 (4.57) [26] 73.69 (0.36) [36] 8.80 (0.31) [48] 27.01 (0.31) [17] 37.09 (0.46) [33] 55.53 (1.00) [28] 99.14 (0.53) [28] 99.65 (0.44) [26] 33.67 (0.35) [27] 7.10 (0.22) [32] 62.03 (1.51) [23]

DTE-IG 56.05 (0.86) [1] 46.66 (11.99) [22] 40.87 (47.37) [36] 57.47 (2.54) [11] 84.53 (25.18) [38] 35.95 (2.08) [37] 12.40 (1.55) [12] 80.36 (37.99) [35] 56.04 (26.90) [49] 35.59 (13.54) [21] 11.73 (0.83) [51] 17.92 (0.12) [51] 20.14 (21.43) [47] 27.85 (36.08) [43] 61.27 (47.43) [38] 33.66 (7.11) [28] 3.04 (0.03) [51] 31.43 (23.80) [46]

DTE-C 52.50 (0.68) [4] 53.41 (0.97) [2] 81.09 (18.76) [25] 62.16 (3.23) [7] 97.75 (0.65) [14] 37.13 (0.36) [31] 9.30 (0.26) [26] 90.65 (6.22) [30] 89.46 (0.17) [4] 38.04 (3.22) [16] 23.81 (0.89) [24] 43.86 (0.67) [16] 58.07 (1.54) [26] 100.00 (0.00) [1] 100.00 (0.00) [1] 44.55 (0.68) [5] 14.87 (3.18) [20] 67.26 (1.91) [13]

DTENonParametric 45.70 (0.32) [19] 49.96 (0.29) [12] 91.08 (1.47) [17] 45.08 (0.48) [31] 98.62 (0.41) [8] 56.24 (1.02) [6] 12.90 (0.15) [9] 72.32 (7.14) [36] 86.12 (0.11) [11] 40.12 (2.42) [15] 20.18 (0.45) [33] 48.24 (0.55) [5] 73.30 (1.36) [7] 99.99 (0.01) [22] 35.83 (0.94) [42] 40.92 (0.53) [8] 34.07 (1.85) [11] 51.77 (0.49) [33]

MCM 47.86 (0.41) [15] 47.37 (0.61) [20] 96.27 (2.73) [12] 50.95 (0.69) [15] 94.99 (2.63) [24] 40.97 (0.70) [22] 8.76 (0.13) [36] 99.49 (1.03) [9] 90.19 (0.07) [2] 21.22 (1.63) [35] 22.36 (0.46) [26] 43.01 (0.55) [21] 71.94 (1.56) [9] 95.09 (5.96) [32] 100.00 (0.00) [1] 50.29 (0.55) [2] 25.53 (1.52) [14] 67.53 (1.19) [12]

3WNCROD 40.80 (0.58) [47] 45.30 (0.44) [26] 0.84 (0.09) [50] 31.57 (0.00) [43] 43.41 (1.14) [51] 37.59 (0.72) [28] 12.87 (0.91) [10] 51.84 (6.81) [39] 65.61 (0.25) [42] 9.53 (0.16) [47] 15.75 (0.00) [47] 26.97 (0.00) [48] 16.86 (0.00) [49] 18.40 (0.11) [48] 58.53 (3.38) [40] 20.62 (0.66) [51] 5.59 (0.00) [37] 14.74 (0.73) [50]

ODIN 47.93 (0.42) [14] 48.57 (0.38) [14] 76.85 (2.82) [26] 27.77 (0.99) [51] 88.11 (0.86) [34] 33.47 (0.40) [42] 39.18 (4.12) [3] 21.23 (1.48) [47] 64.67 (0.41) [44] 3.63 (0.07) [51] 19.19 (0.27) [38] 27.99 (0.28) [47] 22.07 (0.42) [45] 21.54 (0.14) [47] 14.92 (1.82) [48] 30.61 (0.85) [38] 6.97 (0.54) [33] 24.67 (0.62) [47]

NCSBAD (Ours) 48.80 (0.77) [9] 53.20 (1.02) [4] 88.82 (21.45) [23] 69.58 (1.90) [2] 99.24 (0.08) [3] 47.24 (0.95) [15] 9.99 (0.47) [24] 99.68 (0.64) [8] 90.28 (0.12) [1] 26.37 (2.23) [29] 17.90 (0.51) [39] 45.61 (0.79) [12] 75.40 (0.97) [4] 100.00 (0.00) [1] 100.00 (0.00) [1] 49.66 (2.10) [3] 50.81 (3.18) [3] 60.07 (1.39) [25]

NCSBADVAL (Ours) 51.78 (0.97) [5] 53.52 (0.91) [1] 99.98 (0.03) [4] 71.90 (1.98) [1] 99.22 (0.11) [4] 46.33 (0.97) [17] 14.68 (2.44) [7] 98.67 (1.63) [18] 90.11 (1.48) [3] 32.17 (11.26) [25] 20.10 (3.57) [34] 47.01 (1.56) [7] 75.31 (1.70) [5] 100.00 (0.00) [1] 100.00 (0.00) [1] 53.54 (7.55) [1] 60.07 (6.79) [2] 61.16 (1.25) [24]

Table 26: Mean, standard deviation and rank AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 2
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Model Parkinson pendigits pen-global pen-local Pima satellite satimage-2 seismic-bumps shuttle skin smtp SpamBase speech Stamps thyroid vertebral vowels Waveform

IForest 97.02 (0.50) [24] 57.17 (7.18) [16] 80.30 (3.50) [23] 1.16 (0.29) [31] 75.58 (1.48) [13] 81.94 (1.12) [24] 95.25 (0.54) [16] 16.87 (1.64) [30] 98.54 (0.37) [14] 64.28 (1.25) [21] 1.18 (0.10) [45] 87.18 (0.93) [3] 3.73 (1.14) [12] 64.00 (6.25) [21] 80.57 (5.33) [13] 19.52 (2.08) [38] 12.85 (2.48) [34] 11.09 (1.70) [24]

OCSVM 97.51 (0.38) [21] 51.24 (3.48) [20] 91.46 (0.78) [17] 0.57 (0.08) [38] 73.26 (2.67) [14] 80.70 (0.60) [28] 97.03 (0.59) [4] 16.14 (1.13) [32] 97.81 (0.28) [20] 66.05 (0.36) [17] 70.66 (14.52) [3] 82.20 (0.42) [19] 3.18 (0.47) [34] 70.21 (6.98) [13] 80.09 (2.13) [17] 20.95 (1.90) [29] 30.52 (3.37) [21] 11.65 (1.02) [22]

COPOD 89.77 (0.84) [39] 31.79 (3.01) [31] 42.60 (3.02) [44] 0.38 (0.03) [43] 72.21 (1.25) [19] 74.72 (0.34) [39] 88.10 (1.09) [29] 12.35 (0.00) [47] 98.46 (0.15) [15] 38.48 (0.25) [39] 1.17 (0.14) [46] 75.84 (0.78) [33] 2.94 (0.38) [47] 61.03 (2.33) [25] 35.53 (1.46) [45] 15.00 (1.92) [50] 6.56 (0.42) [47] 10.74 (0.75) [26]

ECOD 83.78 (1.24) [46] 42.41 (3.49) [21] 42.74 (3.24) [43] 0.40 (0.04) [41] 67.83 (1.58) [31] 70.90 (0.47) [43] 83.94 (1.69) [31] 12.35 (0.00) [47] 96.31 (0.20) [29] 31.16 (0.21) [46] 75.58 (9.11) [1] 73.86 (0.80) [35] 3.37 (0.59) [26] 54.96 (4.71) [33] 69.50 (1.19) [27] 19.48 (1.25) [39] 20.54 (1.68) [28] 8.18 (0.69) [39]

FeatureBagging 97.18 (0.66) [23] 83.60 (1.96) [9] 94.66 (2.42) [15] 42.13 (7.47) [2] 69.19 (2.89) [25] 85.78 (0.38) [8] 91.79 (1.61) [22] 25.44 (12.07) [18] 45.64 (23.74) [39] 49.39 (1.27) [31] 0.27 (0.05) [49] 67.51 (1.43) [41] 3.48 (0.51) [22] 70.44 (6.87) [12] 37.86 (17.83) [44] 29.52 (3.21) [12] 37.21 (5.13) [14] 30.87 (4.42) [2]

HBOS 98.98 (0.23) [13] 41.71 (4.19) [23] 47.21 (4.06) [37] 0.81 (0.12) [37] 77.70 (1.75) [8] 86.33 (0.37) [3] 88.66 (1.03) [27] 24.46 (2.25) [21] 97.42 (0.07) [21] 52.99 (0.44) [28] 1.39 (0.20) [42] 77.96 (0.84) [31] 3.83 (0.92) [10] 55.58 (2.93) [31] 78.19 (2.26) [20] 17.57 (2.44) [44] 8.57 (0.28) [40] 9.89 (0.62) [29]

KNN 98.63 (0.41) [15] 96.48 (0.64) [4] 99.69 (0.21) [7] 29.30 (5.87) [7] 77.16 (1.76) [10] 85.92 (0.53) [4] 97.12 (0.69) [3] 18.48 (0.88) [26] 98.04 (0.39) [19] 98.35 (0.36) [2] 57.95 (9.63) [8] 83.36 (0.42) [13] 3.19 (0.46) [32] 75.56 (8.29) [8] 82.77 (1.83) [2] 24.53 (2.98) [19] 31.33 (2.58) [19] 26.15 (2.59) [7]

LODA 95.11 (1.43) [34] 40.34 (9.76) [24] 53.95 (13.46) [33] 0.39 (0.06) [42] 62.47 (8.14) [37] 79.46 (0.98) [30] 94.19 (0.92) [18] 9.55 (2.48) [50] 45.35 (33.62) [40] 52.05 (6.93) [29] 9.59 (7.71) [34] 83.49 (3.46) [12] 3.47 (1.11) [23] 59.32 (7.45) [27] 67.68 (6.01) [28] 16.00 (1.71) [47] 12.20 (3.97) [37] 8.52 (1.16) [35]

LOF 96.88 (0.58) [26] 76.67 (2.24) [10] 94.82 (1.59) [13] 31.49 (7.99) [4] 68.07 (2.60) [28] 85.82 (0.41) [5] 89.61 (1.40) [25] 15.30 (0.19) [39] 99.81 (0.11) [4] 61.68 (1.82) [26] 57.36 (9.87) [14] 73.29 (0.61) [37] 3.68 (0.76) [13] 69.45 (7.92) [14] 61.93 (3.11) [33] 30.59 (2.07) [9] 37.78 (5.60) [12] 29.86 (2.76) [3]

MCD 96.38 (0.89) [30] 13.84 (1.04) [41] 53.08 (4.61) [34] 0.51 (0.03) [39] 69.31 (2.49) [24] 79.79 (3.04) [29] 98.21 (0.42) [1] 37.16 (5.28) [15] 91.36 (0.49) [33] 62.34 (0.44) [24] 1.26 (0.20) [44] 81.87 (0.49) [26] 3.16 (0.39) [40] 43.80 (5.73) [40] 81.78 (1.92) [9] 19.82 (2.24) [37] 4.37 (0.09) [48] 8.32 (0.79) [38]

PCA 96.39 (0.50) [29] 38.18 (2.97) [26] 56.60 (4.90) [31] 0.33 (0.03) [44] 73.06 (2.43) [16] 77.72 (0.54) [36] 92.26 (0.67) [21] 0.00 (0.00) [51] 96.41 (0.37) [27] 36.24 (0.22) [42] 57.50 (9.33) [12] 81.90 (0.47) [24] 3.17 (0.47) [37] 64.62 (6.44) [20] 82.69 (2.19) [4] 18.18 (1.70) [41] 12.21 (2.88) [36] 9.26 (0.82) [33]

DeepSVDD 99.81 (0.06) [8] 8.12 (3.59) [46] 81.47 (5.31) [22] 11.51 (12.15) [16] 60.17 (2.49) [41] 81.29 (1.42) [26] 79.17 (7.14) [33] 63.77 (4.56) [3] 98.13 (0.25) [18] 42.49 (1.29) [35] 43.45 (24.10) [25] 74.08 (2.26) [34] 3.90 (0.70) [8] 44.25 (7.85) [39] 65.56 (13.05) [30] 23.78 (3.30) [21] 17.51 (8.17) [31] 10.92 (4.63) [25]

INNE 98.40 (0.28) [18] 34.37 (4.29) [27] 93.64 (1.85) [16] 1.01 (0.10) [33] 72.61 (1.83) [18] 82.94 (0.91) [18] 96.90 (1.13) [6] 13.99 (0.74) [44] 98.86 (0.35) [11] 70.65 (2.72) [9] 58.08 (15.76) [7] 81.93 (0.50) [23] 2.79 (0.14) [50] 73.86 (9.53) [10] 80.48 (1.61) [15] 21.49 (1.49) [26] 42.80 (4.71) [8] 20.23 (2.27) [14]

KPCA 100.00 (0.01) [1] 93.17 (0.82) [7] 99.72 (0.08) [5] 14.22 (4.99) [15] 85.13 (1.03) [1] 84.25 (0.60) [15] 96.97 (0.59) [5] 34.57 (0.71) [16] 98.90 (0.29) [10] 96.96 (0.34) [3] 70.27 (15.22) [4] 84.36 (0.44) [8] 3.58 (0.57) [18] 93.71 (5.16) [1] 80.52 (1.91) [14] 66.99 (6.26) [1] 30.76 (2.50) [20] 20.58 (1.78) [13]

KDE 99.98 (0.01) [5] 96.85 (0.63) [3] 99.85 (0.06) [2] 29.90 (3.05) [6] 80.84 (1.16) [2] 85.20 (0.57) [11] 96.00 (0.75) [10] 18.07 (1.26) [28] 98.35 (0.25) [16] 64.68 (0.31) [19] 70.24 (15.22) [5] 83.90 (0.57) [9] 4.66 (0.40) [3] 93.28 (4.69) [2] 81.41 (1.33) [11] 18.17 (1.92) [42] 29.40 (2.45) [23] 27.55 (2.43) [5]

GMM 99.88 (0.07) [7] 16.47 (1.15) [40] 97.04 (0.97) [11] 1.23 (0.20) [29] 73.19 (2.07) [15] 84.31 (0.62) [14] 86.64 (1.22) [30] 66.06 (2.64) [2] 96.92 (0.32) [24] 64.45 (0.50) [20] 45.48 (10.48) [23] 81.30 (0.49) [28] 3.59 (0.59) [17] 66.33 (7.81) [18] 81.76 (2.37) [10] 20.38 (1.89) [32] 40.47 (4.52) [11] 8.49 (0.83) [37]

CBLOF 98.51 (0.30) [16] 51.66 (4.60) [19] 77.93 (4.30) [26] 1.95 (0.27) [24] 71.55 (3.17) [21] 76.92 (0.54) [37] 96.82 (0.63) [7] 15.86 (1.86) [34] 96.92 (0.49) [24] 69.18 (0.39) [12] 56.98 (10.99) [17] 82.07 (0.61) [21] 3.06 (0.41) [43] 68.17 (9.02) [17] 82.74 (2.38) [3] 24.07 (2.56) [20] 23.24 (5.09) [24] 22.51 (3.82) [11]

SOD 86.89 (0.94) [41] 9.01 (1.10) [45] 50.83 (5.86) [35] 15.03 (6.53) [13] 55.53 (1.52) [47] 54.63 (0.71) [49] 25.20 (2.72) [44] 31.92 (3.05) [17] 20.04 (0.41) [46] 37.77 (0.42) [40] 44.41 (10.38) [24] 69.47 (0.51) [39] 3.36 (0.83) [27] 25.90 (6.24) [48] 33.73 (0.80) [46] 15.63 (1.25) [48] 44.94 (3.33) [6] 9.39 (1.11) [32]

LUNAR 99.80 (0.19) [9] 98.91 (0.19) [1] 99.76 (0.14) [3] 54.43 (10.08) [1] 78.75 (2.04) [6] 85.81 (0.50) [7] 95.50 (1.16) [14] 52.81 (1.68) [7] 99.88 (0.02) [2] 96.83 (0.76) [4] 70.21 (15.22) [6] 81.61 (1.01) [27] 3.93 (0.58) [7] 84.94 (5.49) [5] 80.58 (1.49) [12] 40.03 (5.69) [5] 41.36 (2.49) [10] 26.72 (3.66) [6]

SOGAAL 85.30 (8.40) [43] 18.90 (6.88) [38] 26.10 (8.55) [51] 0.25 (0.03) [48] 44.51 (6.29) [50] 72.97 (2.85) [40] 17.24 (4.12) [46] 15.26 (7.03) [41] 7.66 (1.26) [50] 44.25 (1.85) [34] 0.15 (0.03) [51] 59.09 (4.17) [46] 2.96 (0.61) [46] 57.83 (13.62) [30] 49.75 (6.49) [37] 28.51 (3.66) [14] 4.30 (0.97) [49] 6.15 (0.77) [45]

ALAD 93.26 (2.64) [37] 4.25 (2.06) [50] 32.07 (5.54) [48] 4.50 (8.50) [18] 60.89 (4.39) [40] 50.99 (3.91) [50] 4.46 (2.44) [50] 15.24 (1.54) [42] 37.95 (28.56) [43] 48.48 (14.52) [32] 15.69 (12.20) [32] 68.06 (6.93) [40] 3.82 (0.58) [11] 30.89 (13.36) [45] 42.60 (20.43) [42] 29.61 (13.08) [11] 11.15 (6.54) [39] 8.08 (1.78) [40]

AE 97.46 (0.37) [22] 71.62 (1.84) [12] 99.13 (0.45) [9] 1.85 (0.29) [25] 70.46 (1.79) [23] 84.02 (0.53) [16] 97.14 (0.54) [2] 15.77 (0.76) [37] 97.22 (0.34) [23] 63.06 (5.10) [22] 57.46 (9.13) [13] 82.62 (0.40) [17] 3.17 (0.41) [37] 74.06 (6.18) [9] 60.51 (0.83) [35] 26.36 (2.09) [17] 45.44 (3.34) [5] 13.06 (0.86) [20]

CD 83.89 (1.23) [45] 5.45 (0.26) [49] 46.97 (3.86) [38] 1.14 (0.16) [32] 67.97 (1.91) [30] 57.11 (0.56) [47] 32.78 (1.71) [42] 53.12 (9.44) [6] 45.18 (1.45) [41] 44.68 (0.39) [33] 18.37 (12.57) [29] 57.05 (2.94) [47] 3.53 (0.57) [20] 36.67 (7.38) [42] 30.89 (0.86) [47] 20.68 (2.48) [30] 47.53 (5.58) [4] 7.88 (1.07) [42]

MOGAAL 84.05 (7.29) [44] 23.79 (7.70) [33] 28.48 (11.81) [49] 0.25 (0.02) [48] 41.61 (3.92) [51] 72.13 (2.80) [42] 30.44 (16.45) [43] 17.48 (11.01) [29] 7.44 (0.45) [51] 29.68 (4.98) [50] 0.19 (0.02) [50] 60.70 (4.82) [45] 2.90 (0.43) [49] 47.95 (8.96) [38] 48.20 (16.49) [38] 29.38 (5.61) [13] 3.95 (0.44) [50] 6.70 (0.66) [44]

QMCD 94.58 (0.59) [35] 27.26 (2.77) [32] 27.83 (2.36) [50] 1.98 (0.34) [23] 79.08 (2.59) [4] 82.34 (0.51) [22] 95.04 (0.43) [17] 41.46 (4.10) [12] 69.49 (0.55) [37] 36.44 (0.29) [41] 5.27 (4.07) [37] 77.71 (0.64) [32] 3.95 (0.30) [6] 54.98 (0.63) [32] 39.16 (3.49) [43] 17.64 (1.79) [43] 6.62 (0.29) [46] 11.30 (0.88) [23]

Sampling 98.41 (0.49) [17] 42.03 (9.92) [22] 83.15 (11.82) [21] 1.38 (0.57) [27] 71.32 (5.04) [22] 81.56 (2.67) [25] 95.45 (3.65) [15] 15.86 (1.89) [34] 96.63 (0.46) [26] 69.12 (2.26) [13] 51.04 (21.16) [19] 82.16 (0.79) [20] 3.33 (0.67) [28] 63.52 (9.28) [22] 80.17 (5.05) [16] 20.66 (3.06) [31] 12.08 (4.09) [38] 15.19 (1.92) [16]

EIF 98.18 (0.27) [19] 56.36 (5.51) [17] 87.08 (2.37) [19] 0.98 (0.41) [34] 76.32 (2.32) [12] 82.07 (0.72) [23] 96.13 (1.12) [9] 21.66 (0.72) [23] 98.78 (0.55) [12] 66.85 (1.36) [14] 1.32 (0.43) [43] 89.15 (0.74) [1] 3.21 (0.72) [31] 65.79 (5.03) [19] 82.33 (3.42) [7] 20.14 (1.78) [35] 16.37 (2.67) [32] 12.89 (2.43) [21]

Ensemble 96.88 (0.58) [26] 76.67 (2.24) [10] 94.82 (1.59) [13] 31.49 (7.99) [4] 68.07 (2.60) [28] 85.82 (0.41) [5] 89.61 (1.40) [25] 15.30 (0.19) [39] 99.81 (0.11) [4] 61.68 (1.82) [26] 57.36 (9.87) [14] 73.29 (0.61) [37] 3.68 (0.76) [13] 69.45 (7.92) [14] 61.93 (3.11) [33] 30.59 (2.07) [9] 37.78 (5.60) [12] 29.86 (2.76) [3]

GEN2OUT 97.59 (0.41) [20] 58.03 (4.83) [15] 74.77 (3.02) [28] 0.96 (0.32) [35] 77.48 (1.78) [9] 82.74 (0.44) [20] 95.57 (0.64) [11] 22.99 (3.52) [22] 98.72 (0.11) [13] 66.31 (1.72) [16] 75.07 (9.86) [2] 87.38 (1.68) [2] 3.00 (0.21) [45] 69.34 (2.93) [16] 83.38 (4.81) [1] 20.21 (2.18) [34] 19.09 (4.05) [29] 10.48 (1.27) [27]

DynamicHBOS 95.54 (0.35) [32] 22.91 (1.48) [34] 34.26 (3.73) [47] 0.47 (0.07) [40] 63.58 (2.49) [35] 68.93 (0.57) [44] 19.25 (1.02) [45] 16.19 (0.81) [31] 58.77 (0.35) [38] 40.31 (0.39) [37] 0.45 (0.09) [48] 66.30 (0.21) [43] 3.08 (0.05) [42] 51.93 (5.66) [35] 30.28 (1.07) [48] 21.33 (2.25) [28] 7.72 (0.60) [43] 6.08 (0.25) [47]

COF 79.65 (0.82) [48] 5.69 (0.44) [47] 43.50 (8.78) [41] 21.62 (4.51) [9] 52.43 (3.81) [49] 55.10 (0.87) [48] 8.13 (0.86) [47] 46.03 (4.39) [10] 19.45 (0.59) [47] 33.71 (0.28) [43] 14.39 (6.49) [33] 48.71 (0.79) [51] 2.37 (0.14) [51] 26.84 (6.13) [47] 12.42 (1.09) [50] 17.36 (1.90) [46] 47.76 (5.16) [3] 13.10 (1.96) [19]

ABOD 77.62 (3.54) [49] 89.23 (1.76) [8] 75.16 (3.00) [27] 18.98 (9.07) [11] 64.75 (0.73) [33] 85.57 (0.51) [9] 88.44 (1.58) [28] 24.56 (0.52) [20] 99.86 (0.10) [3] 27.33 (0.20) [51] 1.53 (0.23) [41] 82.79 (0.42) [15] 3.33 (0.33) [28] 24.06 (2.16) [50] 44.31 (2.45) [40] 14.72 (1.59) [51] 31.46 (3.09) [18] 16.75 (1.21) [15]

LMDD 91.18 (1.41) [38] 33.92 (4.32) [29] 43.14 (5.33) [42] 0.31 (0.06) [47] 64.30 (7.61) [34] 62.98 (8.83) [46] 4.91 (1.57) [49] 14.72 (1.14) [43] 95.99 (0.76) [30] 33.13 (6.29) [44] 18.10 (20.88) [30] 61.23 (0.51) [44] 4.03 (0.88) [5] 59.28 (4.83) [28] 78.26 (3.62) [19] 18.25 (1.15) [40] 7.04 (0.68) [45] 7.96 (1.03) [41]

DAGMM 93.83 (3.47) [36] 13.20 (10.50) [43] 47.65 (11.32) [36] 0.33 (0.09) [44] 57.59 (6.39) [44] 77.91 (4.87) [35] 52.54 (22.65) [39] 12.55 (1.84) [46] 71.55 (24.55) [36] 49.92 (20.16) [30] 19.23 (29.02) [28] 73.61 (3.35) [36] 3.68 (0.68) [13] 50.13 (18.33) [37] 69.78 (10.38) [26] 21.39 (2.04) [27] 7.06 (1.99) [44] 6.13 (1.32) [46]

DROCC 87.03 (6.02) [40] 9.06 (3.70) [44] 45.13 (15.69) [40] 3.84 (2.17) [19] 52.69 (9.26) [48] 75.00 (8.04) [38] 45.89 (24.33) [40] 15.86 (4.13) [34] 13.35 (0.00) [49] 65.25 (1.45) [18] 8.98 (17.80) [35] 78.77 (2.90) [30] 3.65 (0.35) [16] 28.55 (15.17) [46] 78.68 (6.14) [18] 26.98 (11.94) [16] 16.00 (11.03) [33] 24.33 (3.02) [8]

GOAD 96.93 (0.48) [25] 32.28 (6.03) [30] 69.47 (5.51) [30] 0.87 (0.09) [36] 68.48 (8.79) [27] 79.16 (0.83) [32] 96.22 (0.53) [8] 15.44 (0.85) [38] 76.73 (6.68) [35] 40.94 (2.51) [36] 30.82 (11.15) [27] 82.01 (0.27) [22] 2.94 (0.20) [47] 58.94 (11.84) [29] 82.52 (1.75) [6] 22.71 (2.38) [23] 22.85 (4.22) [25] 9.78 (1.84) [30]

ICL 99.98 (0.04) [5] 70.53 (8.28) [13] 96.95 (1.19) [12] 25.44 (13.14) [8] 79.73 (2.72) [3] 87.28 (0.76) [2] 95.52 (0.90) [13] 47.65 (7.12) [9] 99.62 (0.16) [8] 30.74 (1.96) [48] 8.68 (7.22) [36] 85.82 (0.43) [5] 4.07 (1.49) [4] 80.17 (5.02) [7] 46.75 (9.25) [39] 54.63 (5.75) [3] 31.57 (12.76) [17] 22.21 (2.25) [12]

PlanarFlow 99.29 (0.58) [10] 21.72 (14.16) [36] 78.37 (5.08) [24] 3.74 (3.53) [21] 71.90 (4.82) [20] 79.18 (1.96) [31] 62.75 (8.20) [38] 78.97 (12.73) [1] 40.91 (3.67) [42] 66.40 (8.45) [15] 1.14 (0.51) [47] 83.61 (1.27) [10] 3.50 (0.59) [21] 61.58 (8.53) [24] 76.12 (10.71) [23] 21.51 (4.31) [25] 7.93 (3.85) [42] 24.13 (1.14) [9]

VAE 96.36 (0.52) [31] 38.81 (3.17) [25] 56.47 (4.94) [32] 0.33 (0.03) [44] 72.74 (2.64) [17] 80.96 (0.56) [27] 93.06 (0.62) [20] 15.95 (1.03) [33] 96.41 (0.37) [27] 40.09 (0.27) [38] 57.74 (9.67) [10] 81.90 (0.47) [24] 3.17 (0.47) [37] 63.39 (6.39) [23] 82.66 (2.19) [5] 17.50 (1.55) [45] 12.22 (2.73) [35] 9.26 (0.80) [33]

GANomaly 96.56 (0.37) [28] 13.83 (12.17) [42] 72.76 (8.81) [29] 1.28 (0.89) [28] 63.37 (2.30) [36] 78.37 (3.09) [34] 90.79 (3.10) [24] 50.56 (10.54) [8] 88.29 (11.42) [34] 33.06 (2.83) [45] 16.08 (31.98) [31] 82.73 (1.12) [16] 3.57 (0.96) [19] 36.28 (11.15) [43] 59.58 (20.42) [36] 22.86 (3.29) [22] 18.70 (10.67) [30] 14.14 (4.29) [17]

SLAD 100.00 (0.00) [1] 34.27 (2.12) [28] 97.82 (1.50) [10] 4.58 (0.53) [17] 61.67 (4.34) [38] 88.29 (0.52) [1] 95.53 (0.77) [12] 24.72 (0.62) [19] 98.24 (0.23) [17] 78.82 (8.12) [7] 57.80 (9.67) [9] 85.87 (0.56) [4] 3.18 (0.30) [34] 53.07 (10.87) [34] 76.62 (3.52) [22] 20.38 (4.15) [32] 33.24 (1.30) [15] 5.12 (0.10) [50]

DIF 86.24 (2.28) [42] 22.42 (0.78) [35] 83.92 (5.48) [20] 1.74 (0.22) [26] 57.77 (1.64) [43] 63.39 (0.57) [45] 7.83 (0.43) [48] 21.14 (0.43) [24] 95.36 (0.54) [31] 63.05 (1.79) [23] 57.03 (9.73) [16] 50.31 (0.50) [50] 3.45 (0.46) [24] 51.11 (8.04) [36] 62.72 (3.73) [31] 27.13 (2.33) [15] 43.45 (3.16) [7] 5.88 (0.30) [48]

DDPM 95.52 (0.40) [33] 18.30 (1.14) [39] 78.17 (1.80) [25] 1.19 (0.54) [30] 61.48 (1.82) [39] 82.81 (0.63) [19] 68.77 (2.14) [36] 18.38 (0.54) [27] 97.40 (0.39) [22] 70.12 (0.88) [10] 37.41 (23.34) [26] 80.96 (0.42) [29] 4.88 (1.64) [2] 42.20 (7.09) [41] 75.13 (5.05) [24] 22.05 (2.31) [24] 22.61 (3.59) [26] 5.34 (0.35) [49]

DTE-IG 75.74 (11.66) [51] 2.33 (0.02) [51] 46.23 (42.81) [39] 0.19 (0.01) [51] 56.88 (11.88) [45] 82.45 (0.94) [21] 63.73 (10.16) [37] 38.19 (25.71) [14] 25.61 (37.12) [45] 61.78 (34.58) [25] 2.84 (4.32) [38] 66.42 (11.91) [42] 7.26 (1.33) [1] 33.35 (24.99) [44] 13.22 (5.19) [49] 36.30 (12.79) [6] 3.75 (0.06) [51] 3.92 (0.33) [51]

DTE-C 98.93 (1.01) [14] 53.67 (1.53) [18] 99.36 (0.38) [8] 3.77 (0.72) [20] 67.24 (3.02) [32] 83.98 (0.56) [17] 70.62 (5.90) [35] 45.46 (1.74) [11] 94.70 (0.59) [32] 69.67 (0.78) [11] 57.74 (9.69) [10] 83.52 (0.35) [11] 3.11 (0.30) [41] 60.96 (7.92) [26] 82.25 (5.54) [8] 31.32 (5.93) [8] 42.49 (3.62) [9] 13.11 (1.46) [18]

DTENonParametric 99.08 (0.54) [12] 97.37 (0.73) [2] 99.87 (0.05) [1] 41.45 (6.03) [3] 78.90 (1.41) [5] 85.53 (0.62) [10] 83.73 (0.99) [32] 19.32 (0.67) [25] 98.97 (0.16) [9] 98.79 (0.31) [1] 50.90 (6.86) [20] 82.88 (0.30) [14] 3.29 (0.00) [30] 82.60 (6.01) [6] 66.10 (1.48) [29] 34.04 (3.79) [7] 22.02 (3.06) [27] 23.60 (2.48) [10]

MCM 99.12 (0.22) [11] 62.67 (2.19) [14] 90.50 (4.78) [18] 14.73 (2.89) [14] 69.08 (2.96) [26] 78.57 (0.67) [33] 38.46 (1.31) [41] 12.73 (0.64) [45] 99.80 (0.06) [6] 73.99 (2.75) [8] 54.18 (15.44) [18] 82.29 (0.48) [18] 3.02 (0.38) [44] 71.48 (7.18) [11] 76.75 (2.67) [21] 25.67 (2.90) [18] 32.61 (1.18) [16] 48.72 (1.50) [1]

3WNCROD 77.30 (0.80) [50] 21.61 (2.32) [37] 37.17 (1.62) [46] 0.25 (0.02) [48] 56.49 (2.86) [46] 72.83 (0.72) [41] 77.63 (2.70) [34] 12.35 (0.00) [47] 37.41 (0.80) [44] 31.13 (0.12) [47] 1.93 (0.18) [39] 57.05 (0.00) [47] 3.43 (0.31) [25] 20.14 (2.13) [51] 43.49 (2.49) [41] 15.35 (0.84) [49] 8.46 (4.61) [41] 8.51 (0.40) [36]

ODIN 80.14 (1.70) [47] 5.58 (0.39) [48] 39.01 (1.88) [45] 2.80 (0.66) [22] 59.01 (3.02) [42] 47.33 (0.21) [51] 4.29 (0.69) [51] 40.88 (2.00) [13] 14.60 (0.11) [48] 30.30 (0.18) [49] 1.71 (0.35) [40] 54.64 (0.77) [49] 3.18 (0.12) [34] 24.50 (4.52) [49] 7.26 (0.41) [51] 20.03 (1.52) [36] 29.69 (5.04) [22] 7.49 (0.23) [43]

NCSBAD (Ours) 100.00 (0.00) [1] 94.77 (1.54) [6] 99.72 (0.30) [5] 20.80 (5.87) [10] 78.33 (1.32) [7] 84.67 (0.63) [13] 93.84 (0.91) [19] 58.56 (4.85) [5] 99.93 (0.02) [1] 93.01 (0.56) [5] 49.01 (20.87) [22] 85.21 (0.45) [7] 3.86 (0.64) [9] 88.26 (6.52) [3] 61.94 (6.01) [32] 51.66 (5.49) [4] 51.82 (3.53) [2] 10.37 (1.24) [28]

NCSBADVAL (Ours) 99.99 (0.01) [4] 94.94 (2.35) [5] 99.74 (0.41) [4] 17.82 (7.73) [12] 76.82 (2.49) [11] 84.80 (0.80) [12] 91.39 (1.11) [23] 63.37 (3.47) [4] 99.66 (0.54) [7] 81.47 (19.21) [6] 50.87 (17.73) [21] 85.81 (0.66) [6] 3.19 (0.44) [32] 85.38 (11.52) [4] 70.76 (15.46) [25] 57.44 (4.94) [2] 54.87 (7.63) [1] 9.62 (1.12) [31]

Table 27: Mean, standard deviation and rank AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 3
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Model WBC wbc2 WDBC Wilt wine WPBC yeast yeast6 CIFAR10 0 CIFAR10 1 CIFAR10 2 CIFAR10 3 CIFAR10 4 CIFAR10 5 CIFAR10 6 CIFAR10 7 CIFAR10 8 CIFAR10 9

IForest 96.32 (2.47) [9] 74.01 (8.71) [27] 90.03 (4.00) [25] 8.80 (0.61) [35] 68.76 (9.98) [30] 42.69 (4.34) [31] 46.72 (0.73) [45] 9.89 (1.23) [9] 22.16 (1.62) [26] 10.16 (0.40) [39] 12.72 (0.36) [29] 11.53 (0.70) [34] 28.15 (1.30) [29] 10.37 (0.21) [40] 17.53 (1.12) [28] 19.21 (0.99) [29] 17.61 (0.65) [30] 19.43 (0.99) [32]

OCSVM 96.97 (1.41) [7] 80.32 (3.45) [17] 95.03 (2.49) [12] 7.15 (0.14) [48] 88.18 (4.84) [18] 42.97 (4.04) [28] 47.82 (0.76) [30] 9.62 (1.17) [14] 24.41 (1.11) [16] 14.70 (1.15) [22] 13.59 (0.48) [19] 13.50 (1.39) [16] 31.70 (2.09) [19] 13.31 (0.44) [16] 19.68 (0.92) [18] 21.53 (1.06) [11] 20.38 (0.53) [21] 23.55 (0.88) [15]

COPOD 95.74 (2.18) [11] 85.64 (2.23) [8] 94.99 (3.22) [13] 6.93 (0.07) [50] 59.40 (6.60) [35] 40.96 (3.83) [36] 46.78 (0.60) [43] 16.11 (3.26) [1] 21.34 (0.85) [31] 8.87 (0.41) [49] 11.94 (0.30) [37] 10.15 (0.85) [43] 9.53 (0.00) [48] 9.03 (0.35) [49] 15.18 (0.41) [37] 12.88 (4.10) [43] 9.53 (0.00) [46] 9.53 (0.00) [47]

ECOD 96.00 (1.83) [10] 68.08 (4.57) [31] 76.67 (2.59) [32] 7.90 (0.16) [41] 37.92 (6.41) [41] 38.18 (2.86) [42] 49.39 (0.57) [16] 8.01 (0.98) [29] 22.02 (0.85) [27] 9.70 (0.49) [43] 12.36 (0.30) [33] 10.93 (0.96) [40] 9.53 (0.00) [48] 9.77 (0.31) [44] 15.95 (0.43) [35] 13.41 (4.75) [40] 9.53 (0.00) [46] 9.53 (0.00) [47]

FeatureBagging 14.72 (7.78) [46] 81.89 (4.34) [13] 97.60 (1.63) [7] 19.27 (6.60) [9] 89.71 (5.05) [17] 42.77 (2.37) [30] 49.63 (0.89) [14] 8.03 (1.02) [28] 25.86 (1.23) [6] 22.08 (1.96) [3] 15.20 (0.74) [3] 15.01 (1.46) [1] 32.50 (2.11) [8] 16.09 (0.80) [3] 23.67 (1.30) [3] 23.77 (1.43) [3] 23.68 (0.65) [2] 26.77 (1.74) [1]

HBOS 92.59 (3.43) [17] 78.98 (5.94) [19] 89.89 (4.39) [26] 7.82 (0.17) [44] 78.28 (11.86) [25] 44.69 (3.88) [23] 49.76 (0.65) [13] 9.67 (1.40) [11] 20.86 (0.96) [32] 7.77 (0.27) [51] 11.43 (0.28) [41] 9.58 (0.74) [48] 25.56 (1.58) [35] 8.08 (0.11) [51] 13.63 (0.33) [41] 15.43 (0.60) [37] 14.79 (0.58) [36] 15.20 (0.88) [39]

KNN 90.61 (5.46) [19] 78.32 (4.87) [21] 91.99 (3.99) [19] 12.08 (0.33) [19] 95.42 (2.55) [12] 47.86 (3.07) [17] 47.97 (0.73) [28] 8.98 (0.84) [19] 25.11 (1.00) [11] 14.82 (1.07) [21] 13.77 (0.57) [17] 13.13 (1.29) [22] 32.77 (1.89) [6] 12.87 (0.45) [22] 20.70 (0.98) [15] 21.31 (1.22) [16] 20.71 (0.81) [17] 23.46 (0.86) [17]

LODA 77.21 (16.35) [28] 66.49 (8.13) [32] 72.00 (18.45) [33] 7.84 (0.72) [43] 60.58 (12.40) [34] 40.45 (3.88) [38] 48.51 (2.78) [23] 6.95 (1.46) [34] 20.52 (2.96) [34] 12.90 (1.87) [32] 12.63 (0.54) [30] 11.10 (0.98) [37] 25.66 (1.95) [34] 12.21 (1.77) [28] 16.01 (2.14) [32] 20.76 (1.77) [23] 17.15 (3.14) [33] 20.84 (2.37) [28]

LOF 25.72 (3.55) [42] 81.45 (4.14) [15] 97.24 (1.77) [8] 15.35 (0.78) [13] 91.04 (3.74) [15] 43.05 (2.36) [26] 48.71 (0.83) [19] 8.30 (0.33) [24] 25.70 (0.91) [8] 22.35 (1.69) [1] 15.27 (0.77) [1] 14.89 (1.43) [2] 31.90 (1.95) [16] 16.16 (0.91) [1] 23.32 (1.36) [4] 23.79 (1.19) [1] 23.62 (0.62) [3] 26.74 (1.30) [2]

MCD 88.60 (7.64) [22] 61.43 (8.79) [34] 69.78 (4.57) [34] 21.28 (0.55) [7] 79.89 (8.96) [24] 47.04 (3.50) [18] 46.23 (0.59) [48] 6.42 (0.65) [37] 20.72 (0.76) [33] 14.21 (2.19) [24] 12.42 (0.28) [32] 11.61 (0.37) [33] 25.28 (1.04) [36] 11.63 (0.50) [34] 15.44 (0.80) [36] 16.76 (1.21) [35] 14.39 (0.58) [38] 17.71 (1.89) [35]

PCA 94.80 (1.57) [13] 76.70 (5.60) [25] 90.73 (3.95) [24] 6.48 (0.15) [51] 70.60 (8.42) [27] 41.92 (3.99) [33] 46.79 (0.73) [42] 9.82 (1.39) [10] 24.27 (1.06) [18] 14.02 (1.07) [27] 13.46 (0.46) [22] 13.24 (1.28) [19] 31.99 (1.85) [14] 13.03 (0.39) [19] 19.47 (0.88) [22] 21.19 (1.09) [18] 20.52 (0.70) [19] 23.21 (0.87) [19]

DeepSVDD 60.88 (9.78) [35] 85.27 (5.23) [10] 91.21 (5.19) [21] 7.03 (0.12) [49] 84.03 (7.95) [22] 72.55 (3.17) [8] 48.50 (3.23) [24] 11.75 (13.77) [5] 15.99 (0.64) [41] 10.42 (0.36) [36] 10.92 (1.16) [43] 11.07 (0.61) [38] 20.99 (1.18) [37] 11.76 (0.81) [33] 14.86 (2.04) [38] 13.73 (1.04) [39] 13.82 (1.86) [40] 16.67 (3.08) [37]

INNE 74.30 (8.07) [30] 82.90 (3.27) [12] 98.51 (1.01) [2] 7.86 (0.17) [42] 84.21 (10.17) [21] 42.49 (3.01) [32] 47.85 (0.59) [29] 8.45 (0.87) [23] 25.17 (1.27) [10] 19.92 (1.66) [4] 14.79 (0.81) [5] 14.61 (1.42) [4] 29.77 (1.76) [24] 14.82 (0.93) [4] 21.55 (0.83) [10] 20.89 (1.65) [22] 23.99 (1.17) [1] 24.49 (1.23) [9]

KPCA 98.83 (2.34) [1] 92.13 (3.74) [3] 98.05 (1.27) [4] 16.82 (0.49) [11] 99.84 (0.31) [4] 89.15 (6.01) [4] 47.76 (0.81) [31] 8.09 (0.80) [27] 25.97 (1.17) [5] 15.75 (1.16) [17] 14.08 (0.62) [14] 13.82 (1.47) [11] 32.38 (2.13) [9] 13.58 (0.53) [14] 21.47 (1.00) [11] 21.68 (1.30) [9] 20.78 (0.53) [15] 24.22 (0.64) [11]

KDE 98.80 (1.77) [2] 91.64 (2.94) [5] 97.88 (1.34) [5] 7.48 (0.15) [46] 99.90 (0.20) [3] 89.11 (5.49) [5] 47.16 (0.78) [37] 9.67 (0.97) [11] 22.02 (1.20) [27] 13.46 (1.01) [30] 11.72 (0.66) [38] 12.73 (1.27) [27] 28.29 (2.07) [27] 12.42 (0.42) [26] 18.18 (1.29) [25] 17.07 (1.22) [34] 16.37 (1.22) [34] 19.96 (1.14) [30]

GMM 85.79 (6.34) [23] 83.85 (2.76) [11] 97.22 (1.55) [10] 27.11 (0.54) [5] 95.56 (3.15) [11] 49.08 (3.01) [15] 46.87 (0.66) [40] 8.12 (0.84) [26] 25.76 (1.12) [7] 17.90 (1.34) [7] 14.29 (0.64) [11] 14.51 (1.44) [5] 34.46 (2.10) [4] 14.31 (0.57) [6] 23.10 (1.17) [6] 21.90 (0.73) [8] 21.78 (0.67) [11] 25.96 (1.15) [7]

CBLOF 89.72 (5.11) [21] 77.82 (4.33) [23] 89.73 (5.59) [27] 8.18 (0.14) [38] 88.07 (3.77) [19] 46.46 (2.92) [19] 50.61 (0.47) [9] 7.79 (0.80) [30] 24.73 (1.26) [14] 15.18 (1.14) [19] 13.71 (0.66) [18] 13.87 (1.12) [10] 32.37 (2.03) [10] 13.37 (0.54) [15] 20.19 (0.93) [17] 21.34 (1.20) [14] 21.16 (0.70) [14] 23.52 (0.91) [16]

SOD 59.51 (4.78) [36] 52.00 (3.77) [38] 28.32 (4.31) [41] 10.17 (0.43) [26] 9.68 (0.60) [50] 29.32 (1.00) [49] 46.41 (1.11) [47] 5.72 (0.74) [40] 22.52 (1.86) [24] 14.14 (1.35) [25] 13.34 (0.74) [25] 12.33 (1.18) [29] 27.71 (1.44) [31] 11.77 (0.19) [32] 17.21 (0.71) [31] 19.59 (1.22) [27] 18.11 (1.40) [27] 21.84 (0.91) [24]

LUNAR 98.14 (1.58) [4] 88.47 (4.03) [6] 97.76 (1.44) [6] 11.47 (0.85) [21] 99.73 (0.54) [6] 80.57 (6.00) [7] 47.54 (1.11) [33] 8.88 (0.84) [20] 26.98 (1.27) [1] 15.41 (1.41) [18] 14.94 (0.50) [4] 14.40 (1.58) [6] 34.86 (2.48) [1] 12.36 (0.59) [27] 22.73 (0.72) [8] 22.61 (1.42) [5] 23.42 (1.27) [5] 26.73 (0.57) [4]

SOGAAL 10.50 (5.21) [47] 7.84 (2.76) [50] 8.68 (7.92) [48] 9.28 (1.36) [31] 11.68 (3.97) [47] 40.85 (3.84) [37] 48.14 (2.02) [25] 9.29 (2.32) [17] 12.29 (1.77) [46] 9.95 (1.00) [41] 11.66 (1.09) [40] 10.07 (2.06) [44] 16.61 (1.38) [43] 12.43 (3.29) [25] 12.34 (2.80) [44] 12.25 (1.44) [45] 11.22 (2.47) [42] 12.24 (1.53) [43]

ALAD 34.58 (3.23) [40] 20.38 (6.53) [43] 17.74 (9.67) [43] 8.08 (1.05) [39] 16.77 (8.46) [43] 35.54 (2.27) [45] 45.99 (3.66) [49] 8.78 (7.14) [21] 11.43 (1.61) [49] 9.34 (0.16) [46] 10.27 (0.85) [45] 9.53 (0.64) [50] 12.57 (2.33) [47] 9.49 (0.76) [46] 8.45 (1.36) [49] 12.09 (0.68) [46] 9.20 (0.52) [49] 10.65 (1.06) [45]

AE 81.87 (5.25) [25] 85.47 (4.49) [9] 94.36 (4.03) [14] 10.46 (0.21) [24] 97.06 (1.70) [10] 42.85 (2.79) [29] 47.24 (0.58) [36] 9.67 (0.84) [11] 24.96 (1.02) [12] 16.79 (1.35) [14] 14.30 (0.62) [9] 14.39 (1.40) [7] 32.72 (1.96) [7] 14.08 (0.68) [9] 21.07 (1.05) [13] 22.02 (1.26) [7] 22.03 (0.67) [8] 24.28 (1.06) [10]

CD 67.30 (5.89) [33] 42.98 (3.29) [40] 31.10 (5.44) [39] 11.57 (0.43) [20] 10.86 (0.76) [48] 30.98 (2.08) [47] 44.59 (0.29) [50] 6.61 (1.28) [36] 22.32 (0.99) [25] 15.02 (1.22) [20] 12.99 (0.44) [27] 12.95 (0.90) [25] 28.49 (2.63) [26] 12.15 (0.70) [29] 17.56 (2.06) [27] 18.90 (1.29) [30] 17.57 (1.73) [31] 22.44 (2.56) [23]

MOGAAL 5.30 (0.72) [51] 6.30 (0.38) [51] 3.73 (0.89) [51] 10.08 (1.23) [28] 9.43 (0.79) [51] 36.55 (3.02) [44] 47.00 (1.86) [38] 7.15 (3.10) [33] 12.24 (1.69) [47] 10.10 (0.94) [40] 11.72 (1.06) [38] 10.36 (2.33) [42] 16.82 (2.64) [42] 13.14 (4.07) [18] 11.92 (2.83) [45] 12.32 (1.46) [44] 10.89 (2.07) [43] 12.25 (1.30) [42]

QMCD 22.96 (5.56) [44] 36.28 (4.95) [42] 27.98 (5.04) [42] 7.51 (0.16) [45] 36.01 (7.56) [42] 46.41 (4.11) [20] 47.69 (0.39) [32] 12.47 (1.70) [3] 6.06 (0.07) [51] 8.87 (0.26) [49] 7.55 (0.12) [51] 9.70 (0.35) [47] 5.81 (0.08) [51] 10.14 (0.16) [41] 6.23 (0.06) [51] 8.14 (0.12) [51] 6.45 (0.07) [51] 7.23 (0.06) [50]

Sampling 83.35 (6.88) [24] 74.01 (3.17) [27] 89.08 (5.72) [28] 8.83 (0.73) [34] 83.53 (11.11) [23] 43.33 (2.33) [25] 48.11 (1.43) [26] 9.21 (2.41) [18] 24.40 (1.54) [17] 14.03 (1.86) [26] 13.20 (0.53) [26] 13.10 (1.09) [24] 32.28 (1.91) [11] 12.67 (0.34) [24] 19.68 (1.01) [18] 20.75 (1.16) [24] 20.28 (1.10) [23] 22.89 (1.08) [22]

EIF 98.21 (0.98) [3] 79.48 (6.28) [18] 92.46 (6.04) [17] 8.36 (0.42) [37] 84.27 (12.47) [20] 49.32 (4.77) [14] 46.90 (0.57) [39] 10.00 (1.40) [6] 21.85 (1.11) [30] 10.30 (0.40) [38] 12.63 (0.33) [30] 11.51 (0.72) [35] 29.51 (1.98) [25] 10.58 (0.40) [39] 17.31 (0.88) [30] 19.61 (1.07) [26] 17.71 (0.90) [29] 20.40 (1.30) [29]

Ensemble 25.72 (3.55) [42] 81.45 (4.14) [15] 97.24 (1.77) [8] 15.35 (0.78) [13] 91.04 (3.74) [15] 43.05 (2.36) [26] 48.71 (0.83) [19] 8.30 (0.33) [24] 25.70 (0.91) [8] 22.35 (1.69) [1] 15.27 (0.77) [1] 14.89 (1.43) [2] 31.90 (1.95) [16] 16.16 (0.91) [1] 23.32 (1.36) [4] 23.79 (1.19) [1] 23.62 (0.62) [3] 26.74 (1.30) [2]

GEN2OUT 97.65 (1.21) [6] 78.45 (6.79) [20] 93.18 (6.44) [15] 9.13 (0.12) [32] 62.37 (13.06) [33] 44.49 (4.74) [24] 48.69 (0.87) [22] 9.60 (1.42) [15] 20.33 (0.95) [35] 9.21 (0.58) [48] 12.07 (0.56) [36] 10.99 (0.78) [39] 28.19 (2.15) [28] 9.97 (0.64) [42] 16.00 (1.22) [34] 19.47 (1.26) [28] 15.89 (1.13) [35] 17.92 (1.47) [34]

DynamicHBOS 50.06 (7.76) [37] 45.72 (4.02) [39] 41.56 (4.76) [38] 10.11 (0.00) [27] 52.88 (8.43) [39] 37.32 (0.72) [43] 51.01 (0.24) [6] 6.83 (1.09) [35] 13.57 (0.36) [44] 9.31 (0.03) [47] 9.61 (0.14) [47] 9.54 (0.17) [49] 15.27 (0.76) [44] 9.32 (0.01) [47] 10.32 (0.10) [47] 11.69 (0.54) [47] 10.26 (0.27) [44] 11.64 (0.25) [44]

COF 10.38 (2.01) [48] 20.30 (3.79) [44] 9.57 (3.97) [47] 12.19 (0.27) [18] 13.55 (2.24) [44] 29.68 (1.80) [48] 46.75 (0.62) [44] 3.90 (0.14) [50] 23.75 (1.13) [21] 16.94 (1.24) [12] 14.41 (0.80) [6] 13.76 (1.30) [13] 31.28 (1.51) [20] 13.59 (0.69) [13] 19.50 (1.20) [21] 23.07 (1.64) [4] 20.35 (1.44) [22] 21.80 (0.91) [25]

ABOD 7.95 (1.14) [49] 19.17 (2.08) [45] 11.93 (2.42) [46] 18.71 (0.55) [10] 10.42 (0.93) [49] 25.21 (1.28) [51] 48.70 (0.97) [21] 6.28 (0.42) [39] 26.28 (1.22) [2] 16.54 (1.28) [15] 14.41 (0.65) [6] 13.76 (1.30) [13] 32.10 (2.00) [13] 13.61 (0.49) [12] 23.04 (1.18) [7] 21.53 (0.81) [11] 21.89 (1.02) [9] 25.11 (0.64) [8]

LMDD 95.00 (3.57) [12] 68.47 (10.62) [30] 92.26 (2.72) [18] 8.75 (0.65) [36] 62.77 (9.77) [32] 41.47 (3.55) [34] 50.11 (0.73) [11] 12.23 (3.09) [4] 18.22 (0.87) [39] 9.82 (0.23) [42] 10.78 (0.71) [44] 10.45 (0.72) [41] 27.14 (2.63) [32] 9.89 (0.35) [43] 13.18 (1.17) [43] 17.67 (0.56) [31] 14.77 (1.61) [37] 19.05 (0.47) [33]

DAGMM 49.56 (25.07) [38] 36.81 (17.63) [41] 29.16 (18.92) [40] 9.46 (2.20) [30] 55.27 (37.13) [38] 40.25 (3.61) [39] 52.53 (2.56) [3] 5.59 (2.85) [42] 13.49 (1.14) [45] 9.68 (0.91) [44] 9.81 (0.56) [46] 9.93 (0.76) [45] 17.02 (2.11) [40] 10.60 (1.02) [38] 10.91 (1.29) [46] 13.09 (1.32) [42] 12.40 (2.28) [41] 13.09 (1.41) [41]

DROCC 35.66 (13.85) [39] 8.62 (1.98) [49] 4.25 (1.91) [50] 7.95 (1.62) [40] 67.07 (30.98) [31] 38.61 (3.46) [41] 53.64 (5.38) [2] 9.52 (4.47) [16] 13.83 (1.75) [43] 11.29 (2.10) [34] 11.36 (1.21) [42] 9.86 (1.43) [46] 16.92 (2.40) [41] 11.05 (1.40) [36] 13.31 (1.57) [42] 11.53 (2.32) [48] 14.06 (3.37) [39] 13.28 (1.98) [40]

GOAD 91.84 (3.46) [18] 77.06 (4.25) [24] 90.77 (3.35) [23] 10.91 (1.63) [23] 69.25 (7.28) [29] 41.25 (4.80) [35] 51.07 (0.98) [5] 4.56 (1.81) [47] 24.76 (0.97) [13] 14.64 (1.23) [23] 13.49 (0.63) [21] 13.19 (1.25) [21] 32.23 (2.12) [12] 12.92 (0.26) [21] 19.68 (1.04) [18] 21.35 (1.19) [13] 20.67 (0.54) [18] 23.11 (0.78) [21]

ICL 96.81 (3.21) [8] 92.09 (3.24) [4] 98.23 (2.35) [3] 30.29 (9.81) [4] 99.02 (1.96) [7] 89.48 (3.32) [3] 49.23 (1.33) [17] 5.46 (0.52) [43] 19.16 (1.01) [37] 17.58 (0.82) [9] 12.89 (0.89) [28] 11.99 (1.50) [30] 26.78 (0.95) [33] 11.96 (1.07) [30] 17.44 (1.07) [29] 17.28 (0.69) [33] 18.54 (0.91) [25] 21.33 (1.17) [27]

PlanarFlow 79.59 (11.34) [26] 78.10 (3.69) [22] 91.27 (5.19) [20] 15.90 (1.87) [12] 76.51 (11.43) [26] 45.90 (3.69) [21] 48.01 (2.18) [27] 7.60 (4.65) [31] 19.19 (1.26) [36] 10.35 (0.81) [37] 12.32 (0.24) [34] 11.76 (0.98) [31] 27.78 (1.82) [30] 10.98 (0.59) [37] 16.01 (1.34) [32] 16.72 (0.91) [36] 17.95 (0.65) [28] 19.86 (1.41) [31]

VAE 94.20 (1.75) [15] 74.51 (5.41) [26] 91.18 (3.83) [22] 7.32 (0.18) [47] 70.10 (8.99) [28] 40.16 (3.31) [40] 46.48 (0.63) [46] 9.94 (1.40) [7] 24.27 (1.06) [18] 14.01 (1.07) [28] 13.46 (0.46) [22] 13.24 (1.28) [19] 31.99 (1.85) [14] 13.03 (0.39) [19] 19.47 (0.88) [22] 21.19 (1.09) [18] 20.52 (0.70) [19] 23.21 (0.87) [19]

GANomaly 77.31 (13.19) [27] 60.74 (12.68) [35] 67.16 (13.74) [35] 9.07 (1.38) [33] 49.71 (28.01) [40] 48.05 (4.33) [16] 49.55 (4.15) [15] 13.05 (9.95) [2] 23.30 (1.22) [22] 17.80 (1.60) [8] 14.30 (0.55) [9] 13.35 (1.55) [18] 30.93 (2.03) [21] 14.19 (0.42) [7] 20.34 (1.18) [16] 21.00 (2.11) [21] 22.51 (1.48) [7] 23.82 (0.85) [14]

SLAD 97.71 (1.53) [5] 86.99 (4.56) [7] 92.84 (4.42) [16] 12.40 (0.33) [17] 100.00 (0.00) [1] 87.56 (6.27) [6] 50.80 (0.92) [7] 2.92 (0.10) [51] 24.15 (1.00) [20] 17.25 (1.37) [11] 13.88 (0.99) [15] 13.38 (1.11) [17] 31.75 (2.05) [18] 13.23 (0.67) [17] 22.30 (1.22) [9] 21.34 (1.06) [14] 21.23 (0.81) [13] 23.25 (0.69) [18]

DIF 76.92 (10.95) [29] 16.15 (3.67) [47] 12.06 (3.13) [44] 10.98 (0.52) [22] 58.38 (9.03) [36] 70.69 (6.58) [9] 43.94 (0.67) [51] 4.83 (0.44) [45] 11.85 (0.52) [48] 11.09 (0.36) [35] 9.06 (0.19) [50] 12.48 (1.26) [28] 13.06 (0.75) [46] 9.01 (0.64) [50] 13.79 (0.39) [40] 11.50 (0.71) [49] 9.79 (0.24) [45] 10.33 (0.58) [46]

DDPM 72.12 (8.30) [31] 60.51 (6.56) [36] 61.86 (8.76) [36] 10.37 (0.31) [25] 56.22 (4.38) [37] 44.89 (2.66) [22] 49.92 (1.06) [12] 5.61 (0.17) [41] 21.90 (0.83) [29] 13.86 (0.93) [29] 12.22 (0.65) [35] 12.86 (0.90) [26] 30.54 (1.96) [22] 12.76 (0.61) [23] 18.55 (1.12) [24] 19.65 (1.71) [25] 19.14 (0.95) [24] 21.37 (0.88) [26]

DTE-IG 6.50 (2.70) [50] 55.42 (40.70) [37] 82.83 (15.44) [30] 43.71 (2.18) [1] 98.30 (3.39) [9] 55.61 (12.80) [13] 51.86 (1.85) [4] 6.41 (1.39) [38] 14.15 (3.61) [42] 12.37 (6.62) [33] 9.54 (2.71) [48] 11.66 (2.46) [32] 14.45 (10.11) [45] 9.10 (1.07) [48] 6.52 (0.15) [50] 13.19 (4.78) [41] 7.49 (0.87) [50] 6.94 (0.36) [51]

DTE-C 33.57 (7.27) [41] 81.84 (5.78) [14] 83.29 (7.08) [29] 24.62 (1.72) [6] 98.45 (1.60) [8] 61.67 (2.19) [11] 48.73 (0.82) [18] 4.33 (1.05) [48] 23.15 (0.95) [23] 18.54 (1.34) [6] 14.21 (1.27) [12] 13.63 (1.05) [15] 30.39 (2.56) [23] 14.18 (0.30) [8] 21.14 (1.36) [12] 21.02 (0.42) [20] 20.77 (0.72) [16] 23.94 (1.60) [12]

DTENonParametric 66.89 (10.14) [34] 61.57 (6.14) [33] 61.18 (10.69) [37] 13.13 (0.40) [16] 93.98 (2.55) [14] 65.02 (2.16) [10] 47.54 (0.69) [33] 8.65 (0.79) [22] 18.58 (0.47) [38] 13.09 (0.46) [31] 13.43 (0.23) [24] 11.41 (0.60) [36] 18.91 (0.84) [38] 11.42 (0.19) [35] 17.83 (0.51) [26] 14.06 (0.43) [38] 18.15 (0.37) [26] 16.44 (0.48) [38]

MCM 89.76 (6.42) [20] 70.11 (11.10) [29] 79.86 (12.03) [31] 38.82 (1.45) [2] 94.53 (4.09) [13] 59.25 (4.12) [12] 47.26 (0.57) [35] 9.93 (1.61) [8] 24.63 (0.94) [15] 16.08 (1.23) [16] 13.87 (0.57) [16] 14.02 (1.35) [9] 32.80 (1.80) [5] 13.89 (0.62) [10] 20.93 (1.06) [14] 21.61 (1.17) [10] 21.57 (0.67) [12] 23.91 (0.97) [13]

3WNCROD 67.87 (4.65) [32] 10.10 (0.64) [48] 4.89 (0.58) [49] 10.06 (0.16) [29] 12.27 (1.04) [46] 29.07 (1.43) [50] 50.79 (0.05) [8] 4.61 (0.00) [46] 9.53 (0.00) [50] 9.53 (0.00) [45] 9.53 (0.00) [49] 9.53 (0.00) [50] 9.53 (0.00) [48] 9.53 (0.00) [45] 9.53 (0.00) [48] 9.53 (0.00) [50] 9.53 (0.00) [46] 9.53 (0.00) [47]

ODIN 16.51 (3.04) [45] 18.98 (0.89) [46] 12.05 (3.10) [45] 13.56 (0.23) [15] 13.15 (1.08) [45] 35.07 (1.75) [46] 46.81 (0.91) [41] 4.97 (0.22) [44] 17.15 (0.49) [40] 17.36 (0.68) [10] 13.53 (0.57) [20] 13.12 (1.00) [23] 18.60 (0.40) [39] 11.93 (0.36) [31] 14.80 (0.30) [39] 17.29 (1.28) [32] 17.16 (1.01) [32] 17.60 (0.71) [36]

NCSBAD (Ours) 93.23 (10.44) [16] 93.54 (4.90) [2] 99.51 (0.65) [1] 20.53 (1.45) [8] 99.77 (0.46) [5] 89.85 (6.28) [1] 50.37 (0.64) [10] 4.06 (0.30) [49] 26.09 (1.00) [4] 16.92 (1.30) [13] 14.38 (0.71) [8] 14.28 (1.51) [8] 34.61 (2.11) [3] 13.77 (0.60) [11] 23.71 (1.43) [2] 22.41 (1.35) [6] 21.87 (0.76) [10] 26.01 (0.85) [6]

NCSBADVAL (Ours) 94.33 (9.58) [14] 94.91 (3.19) [1] 96.24 (3.54) [11] 37.88 (5.71) [3] 99.91 (0.11) [2] 89.68 (4.77) [2] 54.49 (4.06) [1] 7.52 (1.42) [32] 26.23 (0.87) [3] 19.60 (2.81) [5] 14.15 (0.50) [13] 13.79 (1.19) [12] 34.76 (2.27) [2] 14.65 (1.20) [5] 23.97 (1.39) [1] 21.24 (1.71) [17] 23.34 (0.66) [6] 26.20 (0.88) [5]

Table 28: Mean, standard deviation and rank AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 4
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Model FashionMNIST 0 FashionMNIST 1 FashionMNIST 2 FashionMNIST 3 FashionMNIST 4 FashionMNIST 5 FashionMNIST 6 FashionMNIST 7 FashionMNIST 8 FashionMNIST 9 MNIST-C brightness MNIST-C canny edges MNIST-C dotted line MNIST-C fog MNIST-C glass blur

IForest 32.59 (1.40) [27] 65.23 (3.25) [31] 21.39 (2.20) [38] 35.94 (2.01) [29] 24.58 (1.30) [38] 78.78 (2.37) [27] 14.48 (1.08) [35] 84.83 (1.63) [27] 18.61 (0.83) [30] 76.71 (2.42) [26] 16.75 (1.63) [34] 19.06 (1.13) [29] 22.88 (1.08) [32] 36.32 (4.34) [34] 55.27 (1.50) [31]

OCSVM 42.73 (3.22) [20] 83.86 (2.06) [15] 44.11 (3.49) [17] 52.18 (1.27) [19] 51.29 (0.96) [17] 83.11 (1.36) [23] 23.13 (0.95) [21] 87.17 (1.48) [22] 24.14 (0.70) [21] 81.59 (2.15) [22] 23.40 (0.49) [22] 23.31 (0.99) [21] 32.03 (1.51) [21] 60.40 (1.24) [21] 76.69 (1.11) [16]

COPOD 9.50 (0.00) [47] 9.50 (0.00) [47] 9.50 (0.00) [45] 9.50 (0.00) [47] 9.50 (0.00) [47] 9.50 (0.00) [47] 9.50 (0.00) [44] 9.50 (0.00) [47] 9.50 (0.00) [46] 9.50 (0.00) [47] 9.52 (0.00) [44] 9.52 (0.00) [45] 9.52 (0.00) [45] 9.52 (0.00) [45] 9.52 (0.00) [47]

ECOD 9.50 (0.00) [47] 9.50 (0.00) [47] 9.50 (0.00) [45] 9.50 (0.00) [47] 9.50 (0.00) [47] 9.50 (0.00) [47] 9.50 (0.00) [44] 9.50 (0.00) [47] 9.50 (0.00) [46] 9.50 (0.00) [47] 9.52 (0.00) [44] 9.52 (0.00) [45] 9.52 (0.00) [45] 9.52 (0.00) [45] 9.52 (0.00) [47]

FeatureBagging 52.09 (3.77) [5] 86.71 (2.71) [5] 53.42 (2.59) [6] 60.69 (1.11) [3] 58.83 (1.71) [2] 85.66 (1.46) [13] 34.15 (2.22) [5] 89.41 (0.94) [4] 38.86 (1.80) [2] 84.86 (1.27) [5] 38.90 (1.29) [6] 46.85 (1.38) [4] 47.24 (1.63) [5] 78.37 (0.69) [5] 80.81 (1.97) [8]

HBOS 23.83 (1.47) [37] 42.19 (0.79) [40] 10.50 (0.26) [43] 24.21 (0.61) [39] 12.61 (0.37) [43] 66.03 (1.70) [35] 9.20 (0.28) [48] 78.26 (1.58) [31] 13.53 (0.87) [42] 71.19 (1.83) [33] 12.34 (0.24) [39] 16.01 (0.67) [34] 15.45 (0.70) [40] 15.71 (0.42) [42] 33.62 (0.67) [38]

KNN 46.14 (3.38) [16] 84.87 (2.77) [10] 46.22 (3.22) [15] 54.57 (1.31) [15] 53.24 (1.38) [12] 85.96 (1.26) [7] 27.00 (1.22) [16] 89.15 (1.10) [11] 27.98 (0.96) [15] 83.84 (1.45) [10] 30.26 (0.84) [13] 29.89 (1.01) [16] 38.99 (1.45) [14] 68.42 (1.28) [13] 79.47 (1.53) [11]

LODA 31.55 (10.51) [30] 72.16 (4.15) [28] 28.32 (5.64) [27] 37.87 (6.42) [27] 35.44 (4.21) [26] 77.36 (5.32) [29] 20.29 (2.27) [27] 85.48 (1.46) [26] 17.57 (3.96) [33] 71.79 (5.65) [32] 21.97 (6.58) [26] 13.89 (2.79) [38] 19.45 (2.49) [36] 49.09 (12.92) [26] 58.93 (10.11) [30]

LOF 51.36 (3.47) [6] 86.14 (2.99) [6] 53.52 (2.81) [4] 60.38 (1.21) [6] 58.62 (1.70) [4] 85.58 (1.53) [16] 33.79 (2.29) [8] 89.23 (0.95) [7] 38.44 (1.49) [4] 84.52 (1.46) [7] 38.67 (1.43) [8] 46.73 (1.05) [5] 46.79 (1.84) [6] 77.90 (0.96) [6] 80.57 (1.78) [9]

MCD 25.61 (2.50) [36] 44.01 (5.77) [38] 22.56 (4.78) [35] 32.09 (3.92) [35] 31.90 (10.61) [30] 71.26 (10.61) [34] 18.50 (0.78) [28] 61.01 (12.47) [36] 18.20 (1.24) [31] 55.52 (9.53) [35] 15.80 (0.81) [36] 16.38 (2.56) [32] 19.66 (3.30) [35] 27.69 (3.12) [38] 24.91 (5.47) [39]

PCA 41.67 (3.13) [22] 82.10 (2.72) [21] 42.27 (3.46) [21] 50.84 (1.41) [22] 50.13 (1.27) [21] 85.64 (1.22) [14] 21.84 (0.89) [24] 88.67 (1.21) [17] 22.98 (0.70) [24] 83.36 (1.51) [15] 22.34 (0.57) [24] 21.17 (0.94) [25] 30.26 (1.45) [26] 58.84 (1.13) [23] 74.27 (1.30) [22]

DeepSVDD 25.72 (3.05) [35] 69.28 (6.11) [30] 24.42 (2.46) [31] 33.52 (2.90) [33] 33.90 (3.84) [27] 77.74 (2.11) [28] 16.35 (1.45) [31] 84.52 (1.81) [28] 16.81 (2.41) [36] 73.87 (3.43) [31] 18.00 (2.47) [32] 16.23 (5.03) [33] 18.75 (3.31) [37] 40.83 (3.08) [30] 47.26 (4.77) [34]

INNE 53.92 (3.56) [3] 78.56 (3.44) [24] 51.84 (2.59) [7] 58.66 (1.62) [10] 49.44 (1.37) [24] 71.93 (2.30) [33] 33.84 (1.68) [7] 72.58 (1.82) [33] 30.27 (1.54) [11] 74.85 (2.34) [29] 29.60 (0.81) [14] 35.12 (1.58) [11] 45.21 (2.09) [8] 68.19 (1.19) [14] 77.73 (1.88) [14]

KPCA 47.38 (3.52) [11] 84.50 (2.08) [12] 49.50 (3.41) [11] 57.15 (1.36) [11] 53.75 (1.18) [10] 81.76 (1.16) [24] 28.22 (1.16) [14] 82.38 (1.48) [30] 28.97 (1.30) [14] 81.82 (1.93) [20] 32.00 (0.89) [12] 31.76 (1.11) [13] 41.27 (1.52) [11] 69.18 (1.38) [12] 82.45 (1.00) [6]

KDE 35.01 (2.54) [25] 79.81 (2.77) [23] 40.71 (3.28) [24] 47.52 (1.84) [25] 49.26 (1.06) [25] 85.28 (1.17) [19] 24.96 (1.54) [18] 88.87 (1.14) [14] 23.22 (1.14) [23] 81.27 (1.86) [23] 26.17 (1.68) [19] 24.50 (0.95) [20] 31.15 (1.17) [24] 58.82 (1.36) [25] 70.56 (0.27) [25]

GMM 49.42 (3.39) [9] 83.44 (3.14) [17] 51.37 (3.08) [8] 59.60 (1.23) [8] 55.49 (2.34) [8] 85.28 (1.19) [19] 34.15 (1.48) [5] 89.21 (1.07) [9] 34.64 (0.89) [8] 82.67 (2.19) [18] 38.34 (1.22) [10] 37.73 (0.95) [9] 45.05 (1.49) [9] 78.50 (1.39) [4] 84.86 (1.04) [5]

CBLOF 43.03 (3.17) [18] 84.09 (2.64) [13] 45.40 (3.25) [16] 52.90 (1.39) [18] 51.34 (1.30) [16] 85.72 (1.16) [10] 24.51 (1.28) [19] 89.02 (1.07) [12] 25.79 (0.48) [18] 83.51 (1.44) [12] 24.71 (0.76) [20] 24.98 (1.02) [19] 33.10 (1.42) [19] 63.04 (1.14) [18] 75.90 (1.41) [19]

SOD 29.47 (1.87) [33] 62.66 (2.33) [33] 25.27 (1.22) [30] 33.55 (1.13) [32] 33.47 (2.14) [28] 74.72 (2.79) [30] 17.68 (0.54) [29] 84.44 (1.29) [29] 22.90 (1.08) [26] 76.01 (2.37) [28] 20.05 (0.95) [30] 18.05 (0.69) [31] 33.82 (1.28) [18] 36.65 (2.06) [32] 52.72 (1.61) [32]

LUNAR 57.07 (1.64) [1] 89.67 (2.85) [1] 56.44 (2.80) [2] 61.33 (2.09) [2] 59.43 (0.42) [1] 86.20 (0.75) [5] 36.53 (1.75) [3] 89.35 (3.22) [5] 41.34 (2.01) [1] 85.66 (3.72) [1] 50.56 (2.37) [1] 56.50 (1.45) [1] 62.87 (1.72) [1] 89.82 (1.18) [1] 93.13 (1.25) [1]

SOGAAL 13.08 (2.61) [45] 39.65 (6.75) [41] 22.07 (6.66) [37] 19.64 (4.72) [41] 21.29 (5.00) [40] 26.86 (13.44) [43] 10.05 (2.55) [43] 45.74 (13.46) [41] 9.38 (1.49) [49] 41.61 (5.93) [39] 9.29 (1.39) [48] 6.33 (0.38) [50] 8.29 (0.54) [49] 26.17 (7.12) [39] 19.13 (4.48) [43]

ALAD 12.43 (3.11) [46] 15.35 (5.69) [46] 9.92 (2.83) [44] 10.43 (2.82) [46] 12.13 (4.58) [45] 14.46 (4.40) [45] 8.72 (1.06) [49] 17.06 (8.75) [44] 9.80 (2.08) [44] 19.47 (4.85) [43] 10.23 (2.62) [42] 9.41 (1.46) [48] 11.69 (3.58) [43] 16.14 (5.73) [41] 18.22 (6.71) [44]

AE 47.18 (3.49) [14] 84.08 (2.79) [14] 47.46 (3.35) [13] 54.92 (1.50) [13] 53.71 (1.26) [11] 85.72 (1.24) [10] 27.52 (1.35) [15] 89.29 (1.10) [6] 27.69 (0.87) [16] 84.16 (1.39) [9] 28.59 (0.81) [15] 30.06 (1.06) [15] 37.70 (1.52) [15] 67.77 (1.22) [15] 78.50 (1.45) [13]

CD 14.47 (9.93) [44] 21.89 (15.92) [43] 9.50 (0.00) [45] 17.16 (6.35) [42] 19.13 (8.55) [41] 9.50 (0.00) [47] 16.39 (1.80) [30] 9.50 (0.00) [47] 18.15 (2.47) [32] 9.50 (0.00) [47] 10.67 (1.44) [41] 12.41 (2.65) [40] 9.52 (0.00) [45] 10.54 (2.03) [44] 9.52 (0.00) [47]

MOGAAL 14.49 (3.78) [43] 43.53 (8.09) [39] 22.84 (7.65) [34] 20.52 (5.51) [40] 23.76 (5.58) [39] 28.53 (13.54) [42] 10.48 (3.19) [42] 50.64 (12.25) [38] 9.53 (1.50) [45] 42.93 (5.46) [38] 9.28 (1.49) [49] 6.56 (0.34) [49] 8.21 (0.45) [50] 30.11 (4.10) [37] 19.92 (8.39) [42]

QMCD 5.21 (0.02) [51] 5.31 (0.17) [50] 5.55 (0.04) [50] 5.20 (0.01) [51] 5.66 (0.03) [51] 31.75 (0.92) [41] 5.92 (0.02) [51] 65.17 (1.92) [34] 5.66 (0.06) [51] 14.94 (1.53) [45] 5.32 (0.01) [51] 5.22 (0.01) [51] 5.19 (0.02) [51] 5.93 (0.28) [50] 5.01 (0.00) [51]

Sampling 42.96 (3.40) [19] 83.10 (2.93) [18] 43.58 (3.27) [20] 51.68 (1.91) [21] 50.57 (0.77) [20] 85.75 (1.21) [9] 23.95 (0.92) [20] 89.01 (1.11) [13] 23.90 (1.75) [22] 83.40 (1.50) [14] 24.45 (0.45) [21] 23.10 (0.76) [22] 32.13 (2.65) [20] 61.44 (1.21) [19] 76.17 (1.54) [18]

EIF 34.85 (3.22) [26] 70.22 (3.32) [29] 23.72 (0.77) [32] 38.04 (3.08) [26] 27.16 (2.12) [36] 80.11 (1.48) [25] 15.94 (1.20) [33] 86.73 (1.57) [24] 20.40 (1.81) [29] 77.34 (2.20) [25] 16.79 (0.94) [33] 18.60 (2.88) [30] 25.41 (1.97) [29] 38.58 (2.75) [31] 60.59 (5.11) [29]

Ensemble 51.36 (3.47) [6] 86.14 (2.99) [6] 53.52 (2.81) [4] 60.38 (1.21) [6] 58.62 (1.70) [4] 85.58 (1.53) [16] 33.79 (2.29) [8] 89.23 (0.95) [7] 38.44 (1.49) [4] 84.52 (1.46) [7] 38.67 (1.43) [8] 46.73 (1.05) [5] 46.79 (1.84) [6] 77.90 (0.96) [6] 80.57 (1.78) [9]

GEN2OUT 32.19 (1.78) [29] 65.07 (2.44) [32] 20.93 (1.15) [39] 33.52 (4.04) [33] 25.43 (5.62) [37] 79.61 (2.61) [26] 13.46 (1.48) [38] 86.72 (2.35) [25] 17.03 (1.73) [35] 76.50 (3.21) [27] 15.85 (2.40) [35] 21.26 (5.74) [24] 24.60 (3.61) [30] 36.34 (6.04) [33] 62.51 (10.15) [27]

DynamicHBOS 14.99 (0.77) [42] 23.32 (1.20) [42] 9.28 (0.01) [49] 14.41 (0.40) [45] 9.96 (0.19) [46] 36.60 (1.40) [40] 9.28 (0.02) [47] 41.80 (0.68) [42] 10.78 (0.70) [43] 38.32 (0.71) [41] 9.68 (0.14) [43] 11.07 (0.37) [44] 11.02 (0.32) [44] 10.57 (0.15) [43] 23.39 (0.81) [41]

COF 29.91 (1.74) [31] 44.40 (1.95) [37] 20.55 (1.04) [40] 28.04 (1.94) [36] 28.93 (2.12) [34] 41.44 (2.85) [38] 16.00 (0.92) [32] 46.74 (1.94) [40] 21.35 (0.91) [28] 58.59 (3.63) [34] 18.42 (0.80) [31] 15.63 (0.33) [35] 30.64 (0.82) [25] 17.51 (0.61) [40] 24.72 (0.74) [40]

ABOD 48.77 (3.57) [10] 86.79 (2.49) [4] 50.86 (3.10) [10] 58.89 (1.32) [9] 54.84 (1.42) [9] 86.60 (1.32) [2] 30.68 (1.62) [12] 90.34 (0.94) [1] 32.70 (1.05) [9] 84.90 (1.32) [4] 39.50 (1.33) [5] 39.29 (1.03) [8] 48.04 (1.67) [4] 76.98 (1.00) [8] 85.11 (1.26) [4]

LMDD 29.52 (1.90) [32] 74.94 (3.84) [26] 22.95 (2.33) [33] 34.51 (2.82) [30] 31.83 (2.01) [31] 74.11 (5.27) [31] 12.01 (0.83) [40] 50.48 (7.48) [39] 15.96 (1.76) [38] 46.34 (10.91) [36] 15.52 (1.15) [38] 14.34 (1.67) [36] 20.65 (1.53) [33] 41.91 (1.09) [29] 61.48 (3.80) [28]

DAGMM 22.40 (4.88) [38] 46.20 (7.55) [36] 26.34 (7.90) [29] 26.14 (4.80) [37] 28.18 (8.82) [35] 41.53 (8.74) [37] 13.30 (2.80) [39] 56.47 (8.78) [37] 16.45 (6.57) [37] 45.48 (10.04) [37] 15.78 (3.60) [37] 14.03 (2.70) [37] 20.27 (6.05) [34] 32.53 (14.96) [36] 40.08 (15.36) [36]

DROCC 17.27 (5.81) [41] 52.92 (16.41) [34] 27.32 (9.99) [28] 26.01 (7.75) [38] 31.75 (9.86) [32] 46.67 (20.02) [36] 14.56 (5.05) [34] 61.59 (16.29) [35] 15.27 (4.49) [40] 37.38 (10.93) [42] 20.36 (7.28) [29] 19.63 (5.46) [28] 24.00 (8.13) [31] 34.30 (14.79) [35] 43.43 (16.06) [35]

GOAD 42.51 (2.94) [21] 82.56 (2.61) [20] 43.67 (3.42) [18] 51.86 (1.86) [20] 50.79 (1.39) [19] 85.72 (1.17) [10] 22.59 (0.95) [22] 88.76 (1.21) [16] 24.16 (0.75) [20] 83.49 (1.52) [13] 23.28 (0.86) [23] 22.74 (1.47) [23] 31.96 (1.29) [22] 60.54 (1.30) [20] 75.52 (1.38) [21]

ICL 55.31 (3.31) [2] 85.03 (3.87) [9] 57.78 (2.86) [1] 60.41 (2.35) [5] 58.49 (1.02) [6] 84.47 (1.35) [21] 38.86 (2.62) [1] 87.05 (2.26) [23] 35.54 (0.84) [7] 82.21 (2.62) [19] 44.27 (3.38) [4] 40.04 (0.91) [7] 44.88 (0.54) [10] 76.32 (0.38) [9] 82.20 (2.62) [7]

PlanarFlow 29.39 (1.35) [34] 72.70 (4.10) [27] 22.49 (2.08) [36] 37.75 (2.12) [28] 32.75 (3.76) [29] 83.33 (0.55) [22] 13.94 (0.89) [37] 87.20 (1.17) [21] 17.49 (0.84) [34] 79.71 (2.30) [24] 21.23 (1.15) [28] 12.20 (0.89) [41] 18.01 (3.54) [39] 45.77 (2.84) [28] 64.87 (4.05) [26]

VAE 41.67 (3.13) [22] 82.10 (2.72) [21] 42.27 (3.46) [21] 50.84 (1.41) [22] 50.13 (1.27) [21] 85.64 (1.22) [14] 21.84 (0.89) [24] 88.67 (1.21) [17] 22.98 (0.70) [24] 83.36 (1.51) [15] 22.34 (0.57) [24] 21.17 (0.94) [25] 30.26 (1.45) [26] 58.84 (1.13) [23] 74.27 (1.30) [22]

GANomaly 46.84 (2.53) [15] 84.80 (3.51) [11] 49.47 (3.55) [12] 56.71 (1.34) [12] 50.84 (1.79) [18] 86.45 (1.82) [4] 32.02 (0.70) [10] 87.63 (1.77) [20] 29.24 (1.46) [12] 81.62 (1.96) [21] 27.76 (0.94) [17] 30.45 (1.99) [14] 31.95 (2.88) [23] 66.09 (2.24) [16] 76.67 (2.63) [17]

SLAD 47.26 (3.17) [13] 86.04 (2.33) [8] 43.61 (2.75) [19] 54.17 (1.31) [16] 51.78 (1.07) [14] 85.97 (1.17) [6] 28.94 (1.42) [13] 88.79 (1.09) [15] 31.67 (0.92) [10] 84.58 (1.32) [6] 32.12 (0.98) [11] 33.57 (0.99) [12] 39.21 (1.34) [13] 73.27 (1.33) [10] 79.32 (1.02) [12]

DIF 17.90 (0.69) [40] 19.55 (0.98) [44] 15.86 (1.25) [41] 15.38 (0.47) [43] 12.40 (0.75) [44] 16.43 (0.67) [44] 11.94 (0.59) [41] 14.28 (0.51) [45] 14.54 (1.15) [41] 17.86 (1.06) [44] 9.51 (0.23) [47] 11.20 (0.20) [43] 13.47 (0.50) [42] 9.45 (0.44) [48] 16.19 (0.60) [45]

DDPM 39.63 (2.95) [24] 82.69 (2.55) [19] 41.11 (3.03) [23] 49.50 (1.92) [24] 49.67 (1.75) [23] 85.39 (1.30) [18] 21.19 (2.15) [26] 88.10 (1.22) [19] 22.08 (0.70) [27] 83.24 (1.82) [17] 21.90 (0.74) [27] 21.09 (0.89) [27] 29.26 (1.71) [28] 60.18 (1.39) [22] 73.39 (1.62) [24]

DTE-IG 5.38 (0.06) [50] 5.09 (0.02) [51] 5.54 (0.15) [51] 5.21 (0.04) [50] 5.88 (0.18) [50] 5.05 (0.08) [51] 6.10 (0.12) [50] 5.01 (0.03) [51] 5.70 (0.08) [50] 4.99 (0.01) [51] 5.57 (0.07) [50] 13.77 (10.00) [39] 14.13 (10.84) [41] 5.10 (0.16) [51] 34.18 (35.76) [37]

DTE-C 47.31 (3.32) [12] 76.89 (2.95) [25] 40.71 (1.96) [24] 54.59 (0.69) [14] 51.44 (1.99) [15] 73.78 (1.86) [32] 31.96 (1.55) [11] 77.32 (1.64) [32] 29.04 (1.03) [13] 74.12 (2.24) [30] 38.85 (2.90) [7] 37.03 (4.11) [10] 39.40 (2.02) [12] 71.75 (1.95) [11] 75.79 (1.80) [20]

DTENonParametric 32.39 (0.73) [28] 46.60 (1.52) [35] 30.61 (0.68) [26] 34.03 (0.74) [31] 29.71 (0.44) [33] 37.21 (0.76) [39] 22.13 (0.37) [23] 41.68 (1.30) [43] 24.39 (0.71) [19] 39.89 (1.13) [40] 27.25 (0.53) [18] 29.13 (0.85) [17] 35.72 (0.75) [17] 46.11 (0.96) [27] 49.50 (0.40) [33]

MCM 44.34 (3.31) [17] 83.63 (2.78) [16] 46.92 (3.34) [14] 53.65 (1.48) [17] 52.63 (1.23) [13] 85.79 (1.22) [8] 26.56 (1.34) [17] 89.20 (1.11) [10] 26.06 (0.86) [17] 83.69 (1.47) [11] 28.04 (0.76) [16] 26.86 (0.96) [18] 35.88 (1.39) [16] 65.23 (1.25) [17] 77.52 (1.46) [15]

3WNCROD 9.50 (0.00) [47] 9.50 (0.00) [47] 9.50 (0.00) [45] 9.50 (0.00) [47] 9.50 (0.00) [47] 9.50 (0.00) [47] 9.50 (0.00) [44] 9.50 (0.00) [47] 9.50 (0.00) [46] 9.50 (0.00) [47] 9.52 (0.00) [44] 9.52 (0.00) [45] 9.52 (0.00) [45] 9.52 (0.00) [45] 9.52 (0.00) [47]

ODIN 17.95 (0.65) [39] 15.95 (0.55) [45] 13.82 (0.62) [42] 14.94 (0.59) [44] 14.53 (0.63) [42] 12.38 (0.33) [46] 14.29 (0.71) [36] 10.79 (0.39) [46] 15.67 (0.19) [39] 14.41 (0.78) [46] 11.67 (0.32) [40] 12.13 (0.36) [42] 18.44 (0.51) [38] 9.08 (0.12) [49] 11.22 (0.17) [46]

NCSBAD (Ours) 50.24 (3.18) [8] 87.60 (2.27) [3] 51.25 (3.01) [9] 60.61 (1.21) [4] 58.48 (1.41) [7] 86.63 (1.27) [1] 35.37 (1.33) [4] 90.20 (1.06) [2] 36.00 (1.02) [6] 85.55 (1.58) [3] 48.48 (1.80) [2] 48.36 (1.18) [3] 55.32 (1.44) [3] 83.04 (1.30) [3] 86.38 (1.55) [3]

NCSBADVAL (Ours) 52.14 (3.63) [4] 88.04 (2.46) [2] 54.23 (1.92) [3] 62.34 (1.69) [1] 58.74 (2.96) [3] 86.48 (1.34) [3] 38.56 (2.42) [2] 90.15 (1.04) [3] 38.45 (1.93) [3] 85.58 (1.55) [2] 48.48 (2.06) [2] 52.00 (2.86) [2] 57.92 (2.28) [2] 84.22 (0.87) [2] 89.35 (1.46) [2]

Table 29: Mean, standard deviation and rank AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 5
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Model MNIST-C identity MNIST-C impulse noise MNIST-C motion blur MNIST-C rotate MNIST-C scale MNIST-C shear MNIST-C shot noise MNIST-C spatter MNIST-C stripe MNIST-C translate MNIST-C zigzag MVTec-AD bottle MVTec-AD cable MVTec-AD capsule MVTec-AD carpet

IForest 9.15 (0.09) [40] 90.28 (3.77) [31] 32.23 (2.18) [36] 10.70 (0.36) [35] 15.20 (1.80) [32] 16.39 (0.71) [32] 24.63 (1.55) [30] 38.62 (3.91) [30] 87.41 (1.63) [30] 12.23 (0.39) [36] 31.25 (1.13) [30] 96.63 (1.05) [21] 61.14 (4.37) [28] 68.04 (2.67) [29] 68.66 (4.97) [31]

OCSVM 9.22 (0.22) [31] 97.81 (0.39) [24] 56.52 (2.00) [21] 11.66 (0.39) [24] 23.85 (0.85) [19] 19.07 (0.97) [23] 31.07 (1.83) [21] 47.04 (1.61) [19] 97.98 (0.50) [20] 14.99 (0.56) [25] 45.25 (1.68) [21] 96.60 (1.02) [23] 62.46 (4.38) [23] 68.55 (2.06) [27] 70.81 (4.22) [24]

COPOD 9.52 (0.00) [6] 9.52 (0.00) [46] 9.52 (0.00) [47] 9.52 (0.00) [46] 9.52 (0.00) [41] 9.52 (0.00) [45] 9.52 (0.00) [48] 9.52 (0.00) [46] 9.52 (0.00) [47] 9.52 (0.00) [45] 9.52 (0.00) [45] 34.95 (1.53) [48] 38.81 (1.60) [45] 46.73 (0.78) [46] 37.81 (2.05) [47]

ECOD 9.52 (0.00) [6] 9.52 (0.00) [46] 9.52 (0.00) [47] 9.52 (0.00) [46] 9.52 (0.00) [41] 9.52 (0.00) [45] 9.52 (0.00) [48] 9.52 (0.00) [46] 9.52 (0.00) [47] 9.52 (0.00) [45] 9.52 (0.00) [45] 34.95 (1.53) [48] 38.81 (1.60) [45] 46.73 (0.78) [46] 37.81 (2.05) [47]

FeatureBagging 9.18 (0.22) [36] 99.23 (0.25) [17] 70.00 (2.27) [6] 14.73 (0.52) [6] 35.41 (1.20) [7] 24.94 (1.22) [4] 45.97 (1.72) [4] 62.83 (0.66) [6] 98.67 (0.27) [7] 26.39 (1.03) [5] 59.38 (1.35) [9] 97.08 (0.81) [10] 66.38 (4.29) [15] 73.21 (2.63) [18] 71.90 (4.21) [18]

HBOS 9.25 (0.21) [26] 48.08 (1.33) [41] 22.90 (0.63) [40] 10.86 (0.25) [34] 9.77 (0.24) [40] 15.34 (0.84) [34] 16.75 (0.52) [39] 25.37 (0.98) [38] 65.69 (1.38) [36] 10.26 (0.24) [42] 19.32 (0.39) [40] 96.54 (1.15) [25] 62.20 (4.63) [25] 67.93 (1.63) [31] 70.60 (4.67) [27]

KNN 9.13 (0.21) [42] 99.51 (0.19) [12] 63.55 (1.87) [14] 13.46 (0.45) [14] 28.35 (1.01) [12] 21.57 (1.14) [14] 38.58 (1.84) [10] 53.34 (1.33) [13] 98.34 (0.32) [9] 19.29 (0.55) [17] 52.91 (1.72) [14] 96.96 (1.04) [13] 65.96 (4.34) [19] 73.51 (2.04) [15] 72.34 (4.19) [15]

LODA 9.03 (0.42) [46] 97.14 (2.97) [25] 41.00 (5.74) [30] 10.04 (0.95) [38] 15.20 (2.54) [32] 13.35 (1.62) [38] 20.38 (5.11) [35] 36.02 (7.34) [32] 89.02 (4.40) [29] 12.03 (0.85) [38] 26.76 (6.97) [34] 94.48 (0.62) [32] 56.06 (7.01) [33] 66.00 (4.14) [34] 62.38 (3.37) [34]

LOF 9.18 (0.22) [36] 99.17 (0.29) [19] 70.00 (1.80) [6] 14.72 (0.42) [7] 36.03 (1.46) [4] 24.70 (1.32) [5] 45.77 (1.77) [5] 61.77 (0.76) [7] 98.72 (0.14) [5] 26.03 (0.68) [8] 59.48 (1.30) [7] 96.95 (0.96) [14] 66.24 (4.14) [17] 73.40 (2.73) [16] 71.58 (4.02) [22]

MCD 9.58 (0.28) [4] 67.99 (9.08) [36] 29.42 (7.51) [38] 11.12 (0.62) [30] 17.38 (2.53) [28] 14.20 (0.96) [37] 18.31 (0.93) [36] 31.99 (5.04) [35] 77.49 (16.80) [33] 12.83 (0.30) [33] 23.82 (1.90) [37] 97.10 (1.86) [9] 71.46 (4.59) [12] 80.68 (1.65) [11] 72.49 (5.30) [14]

PCA 9.22 (0.22) [31] 99.51 (0.19) [12] 54.58 (1.83) [24] 11.45 (0.37) [28] 22.03 (0.81) [23] 18.50 (0.95) [26] 29.25 (1.77) [24] 44.51 (1.54) [22] 97.99 (0.36) [16] 14.30 (0.49) [30] 42.97 (1.78) [22] 96.37 (1.03) [26] 60.77 (4.29) [29] 67.94 (2.13) [30] 70.64 (4.26) [25]

DeepSVDD 9.41 (0.17) [14] 95.44 (2.10) [27] 43.80 (1.65) [28] 10.68 (0.69) [36] 16.22 (2.45) [30] 13.24 (0.92) [39] 17.74 (2.33) [37] 28.68 (4.32) [36] 85.96 (1.92) [31] 12.09 (1.17) [37] 21.73 (4.76) [39] 95.89 (2.42) [29] 77.61 (3.43) [10] 76.57 (4.67) [14] 83.63 (1.86) [8]

INNE 9.30 (0.23) [22] 88.82 (0.85) [32] 59.97 (1.34) [17] 12.14 (0.39) [20] 28.31 (1.82) [13] 21.37 (1.42) [16] 36.99 (2.49) [13] 58.70 (2.63) [9] 89.04 (2.47) [28] 17.94 (0.92) [20] 58.87 (2.00) [10] 96.81 (1.12) [19] 65.62 (4.01) [20] 71.44 (2.08) [22] 71.87 (4.00) [19]

KPCA 8.66 (0.13) [51] 95.71 (0.53) [26] 66.10 (1.60) [10] 13.72 (0.50) [12] 29.55 (0.93) [10] 22.25 (1.28) [11] 40.19 (1.81) [9] 56.25 (1.88) [11] 97.37 (0.49) [22] 20.63 (0.65) [15] 55.46 (1.66) [12] 99.06 (0.63) [2] 83.72 (3.35) [1] 91.10 (2.06) [2] 86.82 (1.75) [3]

KDE 8.70 (0.18) [49] 99.62 (0.18) [7] 58.57 (2.23) [18] 12.13 (0.35) [21] 20.15 (0.79) [26] 17.44 (0.49) [29] 29.35 (1.27) [23] 41.97 (1.28) [26] 97.15 (0.72) [23] 16.79 (0.59) [21] 39.09 (1.53) [27] 98.53 (0.62) [7] 79.89 (4.79) [8] 89.87 (1.71) [3] 86.33 (1.68) [4]

GMM 9.18 (0.17) [36] 99.45 (0.31) [16] 69.66 (1.71) [9] 14.54 (0.55) [9] 35.42 (1.02) [6] 24.28 (1.32) [7] 43.75 (1.81) [8] 64.94 (1.31) [4] 97.99 (0.79) [16] 26.29 (0.73) [6] 59.74 (1.79) [6] 99.17 (0.26) [1] 83.28 (3.91) [3] 91.30 (1.80) [1] 86.91 (1.77) [2]

CBLOF 9.22 (0.20) [31] 99.51 (0.19) [12] 57.64 (1.84) [19] 12.09 (0.38) [23] 26.35 (0.95) [18] 19.60 (0.99) [20] 32.51 (1.80) [19] 47.30 (1.49) [18] 98.10 (0.35) [13] 15.91 (0.43) [23] 46.12 (1.81) [18] 97.05 (1.07) [11] 65.04 (4.30) [22] 72.33 (2.33) [20] 71.95 (4.25) [16]

SOD 8.93 (0.19) [47] 79.17 (2.33) [34] 46.72 (2.26) [26] 12.72 (0.52) [17] 11.22 (0.54) [38] 18.93 (0.87) [24] 25.18 (1.26) [27] 43.34 (1.03) [25] 75.12 (2.06) [34] 21.14 (0.65) [14] 39.05 (2.12) [28] 91.99 (1.32) [34] 43.66 (2.97) [41] 58.17 (2.91) [40] 58.47 (2.93) [36]

LUNAR 9.48 (0.16) [11] 99.09 (1.11) [21] 80.60 (1.49) [1] 18.21 (0.57) [1] 44.36 (1.47) [2] 28.65 (1.96) [1] 61.18 (2.15) [1] 75.29 (2.06) [1] 98.28 (2.52) [10] 33.25 (0.53) [3] 73.53 (1.48) [1] 98.74 (0.60) [6] 77.87 (6.50) [9] 82.45 (3.01) [8] 78.69 (4.83) [10]

SOGAAL 9.48 (0.62) [11] 58.62 (19.63) [38] 20.15 (5.88) [42] 9.63 (0.31) [45] 8.87 (1.68) [47] 9.06 (0.65) [50] 10.04 (1.56) [46] 7.96 (0.77) [49] 17.54 (9.96) [45] 8.45 (0.22) [50] 7.62 (0.57) [50] 78.03 (4.86) [37] 43.37 (2.98) [43] 56.35 (5.87) [43] 50.24 (9.73) [43]

ALAD 9.45 (0.53) [13] 23.32 (12.99) [44] 17.27 (6.04) [43] 9.29 (0.83) [50] 10.72 (2.67) [39] 10.00 (0.87) [44] 11.25 (1.40) [44] 15.05 (4.40) [44] 25.18 (13.16) [41] 9.73 (0.79) [43] 13.59 (2.85) [42] 63.76 (13.39) [43] 42.67 (1.93) [44] 52.61 (4.14) [45] 47.89 (3.26) [44]

AE 9.27 (0.22) [23] 99.52 (0.19) [10] 62.34 (1.81) [15] 13.03 (0.41) [16] 28.10 (0.94) [14] 21.49 (1.14) [15] 35.33 (1.89) [15] 52.63 (1.35) [15] 98.28 (0.32) [10] 18.54 (0.53) [18] 51.56 (1.72) [15] 97.02 (0.87) [12] 66.34 (4.45) [16] 71.76 (2.52) [21] 71.92 (3.60) [17]

CD 9.52 (0.00) [6] 9.52 (0.00) [46] 9.52 (0.00) [47] 9.52 (0.00) [46] 9.52 (0.00) [41] 9.52 (0.00) [45] 10.78 (2.52) [45] 18.36 (10.83) [41] 35.62 (14.34) [40] 9.52 (0.00) [45] 9.52 (0.00) [45] 34.95 (1.53) [48] 38.81 (1.60) [45] 45.08 (3.27) [49] 36.66 (1.87) [50]

MOGAAL 9.55 (0.65) [5] 58.75 (25.00) [37] 22.90 (4.43) [40] 9.92 (0.44) [40] 8.13 (1.02) [49] 9.27 (0.17) [49] 9.53 (1.32) [47] 7.43 (0.37) [50] 17.89 (12.75) [44] 8.60 (0.69) [49] 8.35 (0.86) [49] 80.03 (6.13) [36] 43.52 (3.37) [42] 57.32 (6.37) [41] 52.91 (9.72) [42]

QMCD 20.91 (1.14) [1] 93.89 (0.92) [29] 5.27 (0.17) [51] 6.71 (0.13) [51] 5.50 (0.03) [51] 6.05 (0.12) [51] 5.17 (0.02) [51] 5.06 (0.01) [51] 22.87 (0.69) [42] 5.83 (0.04) [51] 5.09 (0.01) [51] 69.03 (1.45) [41] 23.64 (1.26) [51] 37.45 (0.77) [51] 34.63 (3.67) [51]

Sampling 9.41 (0.25) [14] 99.52 (0.19) [10] 57.27 (1.34) [20] 11.58 (0.25) [26] 23.10 (1.77) [22] 19.18 (0.68) [22] 31.47 (1.29) [20] 46.08 (1.43) [21] 98.09 (0.37) [14] 15.70 (0.78) [24] 45.50 (1.54) [19] 96.55 (0.98) [24] 61.99 (4.61) [27] 71.31 (1.44) [23] 72.59 (4.85) [13]

EIF 9.15 (0.17) [40] 94.27 (2.73) [28] 35.01 (3.08) [34] 10.90 (0.37) [33] 16.75 (2.68) [29] 16.84 (1.42) [30] 24.91 (2.06) [28] 40.87 (5.74) [28] 92.32 (1.02) [25] 12.39 (0.57) [35] 33.55 (3.51) [29] 96.84 (1.09) [17] 62.29 (4.84) [24] 69.13 (1.82) [26] 69.43 (4.84) [29]

Ensemble 9.18 (0.22) [36] 99.17 (0.29) [19] 70.00 (1.80) [6] 14.72 (0.42) [7] 36.03 (1.46) [4] 24.70 (1.32) [5] 45.77 (1.77) [5] 61.77 (0.76) [7] 98.72 (0.14) [5] 26.03 (0.68) [8] 59.48 (1.30) [7] 96.95 (0.96) [14] 66.24 (4.14) [17] 73.40 (2.73) [16] 71.58 (4.02) [22]

GEN2OUT 9.21 (0.19) [35] 97.98 (1.13) [23] 38.79 (6.36) [32] 11.01 (0.73) [31] 14.24 (2.61) [35] 16.81 (1.59) [31] 23.87 (1.93) [32] 41.79 (6.48) [27] 91.75 (5.22) [27] 12.41 (0.61) [34] 30.70 (5.99) [31] 96.84 (0.93) [17] 66.60 (6.21) [13] 70.78 (0.63) [25] 69.36 (5.29) [30]

DynamicHBOS 9.41 (0.02) [14] 42.41 (0.97) [42] 14.69 (0.40) [44] 9.74 (0.04) [42] 9.32 (0.02) [45] 11.48 (0.56) [43] 11.62 (0.37) [43] 16.36 (0.95) [42] 51.33 (0.96) [38] 9.55 (0.12) [44] 12.68 (0.26) [44] 76.52 (1.98) [39] 47.27 (3.39) [39] 55.21 (1.24) [44] 57.24 (2.68) [37]

COF 9.09 (0.11) [43] 12.33 (0.36) [45] 33.94 (1.69) [35] 13.69 (0.23) [13] 7.93 (0.15) [50] 22.01 (0.84) [12] 24.70 (1.25) [29] 36.28 (1.38) [31] 13.51 (0.77) [46] 22.21 (0.56) [12] 42.81 (2.03) [24] 57.92 (5.72) [44] 45.43 (5.80) [40] 59.52 (2.38) [38] 55.84 (3.09) [40]

ABOD 9.36 (0.11) [19] 99.76 (0.12) [5] 72.41 (1.60) [5] 14.91 (0.39) [5] 29.96 (1.06) [9] 23.64 (1.35) [9] 44.99 (1.84) [7] 64.59 (1.03) [5] 98.99 (0.26) [1] 26.14 (0.80) [7] 62.75 (1.91) [4] 37.00 (2.63) [47] 38.26 (2.20) [49] 44.80 (2.04) [50] 40.84 (4.24) [46]

LMDD 9.25 (0.12) [26] 73.32 (26.94) [35] 40.24 (2.65) [31] 10.01 (0.15) [39] 12.44 (1.83) [37] 15.28 (0.73) [35] 21.39 (3.23) [34] 34.38 (2.07) [34] 83.41 (21.42) [32] 11.25 (0.46) [39] 28.49 (5.46) [33] 71.13 (5.84) [40] 51.06 (6.72) [36] 58.80 (1.77) [39] 56.11 (3.11) [39]

DAGMM 9.52 (0.45) [6] 50.20 (25.32) [40] 29.79 (6.95) [37] 9.88 (0.38) [41] 17.98 (16.25) [27] 13.23 (0.59) [40] 17.05 (3.14) [38] 26.01 (6.72) [37] 61.14 (25.37) [37] 11.25 (0.27) [39] 21.92 (6.74) [38] 76.87 (8.15) [38] 48.11 (5.47) [38] 56.97 (5.13) [42] 57.05 (9.93) [38]

DROCC 9.05 (0.42) [44] 82.06 (19.77) [33] 35.42 (5.94) [33] 12.13 (1.43) [21] 14.86 (6.30) [34] 14.92 (2.02) [36] 24.32 (6.67) [31] 24.60 (7.18) [39] 71.08 (4.92) [35] 14.75 (2.38) [27] 29.24 (11.22) [32] 89.33 (7.84) [35] 49.99 (5.33) [37] 60.24 (5.57) [36] 61.47 (11.03) [35]

GOAD 9.23 (0.22) [28] 99.53 (0.18) [9] 55.68 (1.85) [22] 11.55 (0.45) [27] 23.20 (1.09) [21] 18.91 (0.89) [25] 30.93 (1.52) [22] 46.21 (1.57) [20] 97.99 (0.42) [16] 14.80 (0.54) [26] 45.39 (2.36) [20] 96.29 (1.14) [28] 62.03 (4.42) [26] 68.40 (1.97) [28] 71.66 (4.20) [21]

ICL 8.90 (0.10) [48] 99.71 (0.13) [6] 74.54 (1.69) [4] 15.12 (0.71) [4] 30.61 (3.21) [8] 23.99 (0.89) [8] 38.03 (2.77) [12] 57.34 (1.17) [10] 98.91 (0.33) [2] 29.01 (1.17) [4] 60.49 (1.78) [5] 98.26 (0.74) [8] 82.72 (2.68) [6] 89.27 (2.56) [4] 87.93 (2.65) [1]

PlanarFlow 9.39 (0.15) [18] 98.70 (0.49) [22] 45.54 (1.46) [27] 10.12 (0.47) [37] 15.57 (3.03) [31] 16.33 (0.99) [33] 21.71 (2.38) [33] 35.42 (1.95) [33] 94.42 (2.16) [24] 10.80 (0.54) [41] 25.90 (1.67) [36] 95.47 (1.65) [30] 54.19 (4.40) [35] 66.18 (1.53) [33] 65.72 (4.69) [33]

VAE 9.22 (0.22) [31] 99.51 (0.19) [12] 54.58 (1.83) [24] 11.45 (0.37) [28] 22.03 (0.81) [23] 18.50 (0.95) [26] 29.25 (1.77) [24] 44.51 (1.54) [22] 97.99 (0.36) [16] 14.31 (0.49) [29] 42.97 (1.78) [22] 96.36 (1.04) [27] 60.71 (4.23) [30] 67.91 (2.16) [32] 70.62 (4.26) [26]

GANomaly 9.27 (0.25) [23] 99.18 (0.55) [18] 63.57 (3.48) [13] 11.66 (0.47) [24] 23.67 (1.80) [20] 19.35 (0.94) [21] 32.88 (3.12) [18] 47.31 (2.70) [17] 97.84 (0.41) [21] 15.97 (0.42) [22] 49.19 (2.10) [17] 96.63 (0.81) [21] 66.40 (4.88) [14] 72.93 (2.01) [19] 72.84 (3.42) [12]

SLAD 9.23 (0.13) [28] 99.87 (0.02) [1] 64.37 (1.76) [11] 12.64 (0.52) [18] 27.01 (0.95) [16] 21.81 (0.97) [13] 36.35 (1.53) [14] 54.59 (1.52) [12] 98.53 (0.36) [8] 21.68 (0.61) [13] 53.25 (1.85) [13] 99.03 (0.43) [3] 83.19 (2.28) [4] 88.63 (1.58) [7] 85.47 (2.32) [7]

DIF 9.71 (0.21) [3] 7.12 (0.17) [51] 11.69 (0.19) [46] 9.66 (0.37) [43] 9.14 (0.43) [46] 11.63 (0.38) [42] 13.29 (0.81) [41] 12.60 (0.40) [45] 19.49 (0.61) [43] 13.15 (0.88) [31] 12.95 (0.38) [43] 51.66 (4.21) [45] 58.99 (3.13) [31] 76.64 (2.25) [13] 53.44 (8.12) [41]

DDPM 9.32 (0.28) [21] 99.62 (0.13) [7] 54.88 (2.54) [23] 10.93 (0.71) [32] 20.83 (0.66) [25] 17.63 (0.71) [28] 28.42 (1.10) [26] 43.55 (1.48) [24] 98.00 (0.38) [15] 14.57 (0.36) [28] 42.10 (1.81) [26] 95.02 (0.89) [31] 55.07 (5.69) [34] 65.21 (1.85) [35] 66.78 (3.52) [32]

DTE-IG 9.78 (0.34) [2] 23.89 (37.90) [43] 25.23 (24.66) [39] 9.65 (2.45) [44] 13.54 (9.42) [36] 12.53 (6.30) [41] 12.31 (8.02) [42] 22.57 (21.27) [40] 4.94 (0.00) [51] 12.88 (8.62) [32] 26.00 (25.47) [35] 66.57 (37.35) [42] 36.77 (17.78) [50] 81.26 (3.34) [9] 70.58 (23.56) [28]

DTE-C 9.40 (0.14) [17] 91.62 (0.46) [30] 63.58 (1.62) [12] 14.26 (0.56) [11] 29.24 (2.78) [11] 23.14 (2.10) [10] 38.48 (2.99) [11] 52.85 (1.55) [14] 91.95 (0.72) [26] 25.03 (1.25) [11] 56.21 (1.14) [11] 96.66 (2.57) [20] 80.01 (4.17) [7] 80.83 (3.41) [10] 79.31 (3.54) [9]

DTENonParametric 9.04 (0.19) [45] 51.96 (0.45) [39] 42.57 (0.79) [29] 13.20 (0.26) [15] 27.92 (0.81) [15] 20.12 (1.07) [19] 34.30 (1.06) [16] 40.24 (1.22) [29] 51.15 (0.63) [39] 19.76 (0.51) [16] 42.56 (1.16) [25] 94.04 (4.05) [33] 73.88 (5.04) [11] 79.04 (1.63) [12] 75.46 (4.81) [11]

MCM 9.27 (0.23) [23] 99.86 (0.04) [2] 60.84 (1.85) [16] 12.60 (0.44) [19] 26.54 (0.98) [17] 20.27 (1.07) [18] 33.07 (1.81) [17] 49.80 (1.40) [16] 98.27 (0.32) [12] 17.98 (0.51) [19] 49.70 (1.80) [16] 96.95 (0.97) [14] 65.31 (4.49) [21] 71.17 (1.78) [24] 71.82 (3.86) [20]

3WNCROD 9.52 (0.00) [6] 9.52 (0.00) [46] 9.52 (0.00) [47] 9.52 (0.00) [46] 9.52 (0.00) [41] 9.52 (0.00) [45] 9.52 (0.00) [48] 9.52 (0.00) [46] 9.52 (0.00) [47] 9.52 (0.00) [45] 9.52 (0.00) [45] 34.95 (1.53) [48] 38.81 (1.60) [45] 46.73 (0.78) [46] 37.81 (2.05) [47]

ODIN 9.23 (0.22) [28] 8.32 (0.07) [50] 12.71 (0.07) [45] 14.51 (0.25) [10] 8.30 (0.04) [48] 20.60 (0.77) [17] 13.54 (0.25) [40] 16.33 (0.38) [43] 8.27 (0.07) [50] 25.66 (1.02) [10] 18.43 (0.44) [41] 46.41 (1.67) [46] 57.87 (4.05) [32] 60.02 (2.62) [37] 41.66 (2.80) [45]

NCSBAD (Ours) 8.70 (0.10) [49] 99.79 (0.06) [4] 78.33 (1.53) [3] 16.49 (0.53) [3] 40.25 (1.17) [3] 27.84 (1.50) [3] 52.39 (2.02) [3] 66.11 (1.45) [3] 98.84 (0.31) [3] 34.31 (0.86) [2] 68.55 (1.91) [3] 99.00 (0.62) [4] 83.17 (3.56) [5] 89.25 (1.68) [5] 86.02 (2.52) [5]

NCSBADVAL (Ours) 9.34 (0.14) [20] 99.85 (0.04) [3] 80.20 (1.50) [2] 17.06 (0.82) [2] 46.09 (6.16) [1] 28.06 (1.60) [2] 53.99 (1.64) [2] 69.02 (3.00) [2] 98.79 (0.19) [4] 38.38 (4.36) [1] 71.68 (1.70) [2] 98.92 (0.64) [5] 83.52 (3.32) [2] 88.96 (2.26) [6] 85.95 (2.53) [6]

Table 30: Mean, standard deviation and rank AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 6
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Model MVTec-AD grid MVTec-AD hazelnut MVTec-AD leather MVTec-AD metal nut MVTec-AD pill MVTec-AD screw MVTec-AD tile MVTec-AD toothbrush MVTec-AD transistor MVTec-AD wood MVTec-AD zipper SVHN 0 SVHN 1 SVHN 2 SVHN 3 SVHN 4

IForest 49.51 (3.90) [33] 62.54 (3.21) [22] 98.44 (1.00) [29] 62.28 (3.54) [33] 67.09 (2.69) [32] 48.09 (3.12) [36] 82.69 (1.71) [18] 83.58 (5.26) [29] 52.20 (6.17) [32] 66.31 (2.59) [33] 76.50 (4.65) [29] 13.51 (0.95) [30] 16.24 (0.78) [16] 16.97 (1.36) [27] 12.58 (0.49) [36] 16.40 (0.74) [6]

OCSVM 56.36 (2.58) [26] 61.38 (3.07) [26] 98.67 (0.69) [23] 69.91 (2.95) [25] 67.85 (2.29) [28] 54.92 (1.10) [23] 81.25 (1.51) [29] 87.90 (1.81) [25] 57.02 (5.57) [24] 73.92 (1.91) [24] 80.33 (3.73) [24] 14.57 (0.97) [24] 16.53 (0.85) [12] 17.58 (1.22) [17] 14.88 (0.63) [21] 15.04 (0.31) [19]

COPOD 29.31 (0.72) [47] 24.54 (1.96) [48] 41.04 (1.34) [48] 44.04 (0.65) [46] 48.90 (1.77) [46] 38.68 (2.02) [47] 38.53 (1.23) [48] 43.83 (0.74) [46] 22.14 (1.82) [48] 31.83 (1.40) [48] 47.67 (1.92) [47] 9.51 (0.00) [47] 9.52 (0.00) [48] 9.52 (0.00) [47] 9.51 (0.00) [47] 9.51 (0.00) [46]

ECOD 29.31 (0.72) [47] 24.54 (1.96) [48] 41.04 (1.34) [48] 44.04 (0.65) [46] 48.90 (1.77) [46] 38.68 (2.02) [47] 38.53 (1.23) [48] 43.83 (0.74) [46] 22.14 (1.82) [48] 31.83 (1.40) [48] 47.67 (1.92) [47] 9.51 (0.00) [47] 9.52 (0.00) [48] 9.52 (0.00) [47] 9.51 (0.00) [47] 9.51 (0.00) [46]

FeatureBagging 59.37 (2.25) [22] 63.11 (3.51) [14] 98.61 (0.42) [24] 73.01 (2.97) [15] 71.75 (3.27) [15] 58.01 (1.74) [14] 81.97 (1.47) [23] 92.63 (2.11) [18] 59.38 (5.14) [18] 76.95 (2.75) [14] 86.83 (3.37) [13] 17.59 (1.22) [2] 15.08 (0.76) [24] 18.22 (0.95) [6] 17.52 (0.95) [1] 14.76 (0.42) [24]

HBOS 36.52 (0.79) [42] 62.84 (3.48) [18] 97.28 (1.62) [32] 56.29 (1.85) [37] 67.40 (2.24) [29] 47.46 (2.80) [39] 82.01 (1.65) [22] 87.29 (4.80) [26] 47.44 (6.82) [35] 55.28 (2.52) [39] 73.53 (4.02) [32] 10.61 (0.62) [41] 14.43 (0.24) [29] 14.96 (1.11) [36] 10.33 (0.17) [45] 17.29 (0.56) [2]

KNN 61.25 (2.29) [15] 62.94 (3.03) [17] 99.03 (0.43) [12] 71.87 (2.47) [20] 70.84 (2.38) [19] 57.98 (0.89) [15] 82.51 (1.23) [19] 95.36 (2.07) [13] 59.36 (5.56) [19] 75.67 (2.05) [18] 84.47 (3.58) [19] 15.50 (1.11) [17] 16.51 (0.88) [13] 17.97 (1.23) [11] 15.51 (0.79) [15] 15.39 (0.29) [13]

LODA 48.92 (3.93) [34] 56.21 (7.27) [32] 95.66 (1.92) [35] 59.28 (5.87) [34] 66.47 (2.86) [33] 47.21 (3.33) [40] 78.20 (2.91) [32] 64.81 (4.35) [39] 47.79 (3.69) [34] 65.48 (3.03) [34] 75.57 (5.93) [30] 11.74 (1.30) [36] 13.90 (2.02) [31] 13.12 (1.80) [38] 12.12 (1.58) [39] 12.98 (2.12) [37]

LOF 59.67 (2.71) [20] 62.99 (3.43) [15] 98.48 (0.33) [25] 72.89 (3.02) [16] 71.56 (3.12) [16] 57.95 (1.76) [16] 81.47 (1.42) [26] 92.79 (2.09) [16] 59.43 (5.12) [15] 77.09 (2.58) [12] 86.66 (3.30) [14] 17.54 (1.25) [3] 14.76 (0.66) [26] 18.11 (1.01) [8] 17.43 (1.06) [2] 14.80 (0.60) [22]

MCD 72.18 (1.49) [9] 67.46 (1.70) [11] 98.46 (0.77) [28] 77.96 (4.28) [12] 76.98 (4.30) [10] 63.03 (1.89) [12] 85.71 (2.53) [11] 94.19 (2.61) [14] 69.15 (5.01) [11] 83.06 (3.22) [11] 91.37 (2.23) [11] 14.19 (0.73) [28] 13.20 (1.09) [37] 15.02 (1.46) [35] 12.72 (0.99) [35] 13.59 (0.96) [33]

PCA 56.23 (1.88) [28] 60.55 (3.26) [28] 98.88 (0.42) [16] 68.23 (2.88) [27] 67.18 (2.00) [30] 54.31 (0.73) [26] 81.64 (1.11) [24] 82.57 (1.02) [31] 56.34 (5.57) [26] 73.64 (1.66) [25] 78.84 (3.64) [26] 14.41 (0.95) [26] 16.65 (0.85) [10] 17.32 (1.24) [19] 14.68 (0.71) [25] 15.06 (0.27) [17]

DeepSVDD 71.76 (4.21) [10] 69.48 (5.29) [10] 99.10 (0.40) [11] 82.99 (4.37) [9] 77.76 (4.16) [9] 68.97 (2.45) [8] 90.37 (2.80) [8] 97.35 (2.06) [12] 70.92 (10.45) [10] 86.51 (3.53) [8] 92.81 (1.23) [9] 12.03 (0.53) [35] 13.81 (2.66) [32] 13.51 (1.59) [37] 11.99 (1.20) [40] 11.53 (0.81) [42]

INNE 60.43 (3.00) [16] 60.70 (4.21) [27] 97.66 (1.27) [30] 72.11 (2.94) [19] 71.22 (3.19) [18] 55.80 (0.85) [22] 83.46 (1.93) [12] 92.30 (1.81) [19] 57.68 (3.72) [23] 76.90 (3.10) [15] 87.82 (2.76) [12] 16.67 (1.10) [10] 15.63 (0.72) [21] 16.53 (1.06) [31] 15.52 (0.74) [14] 14.68 (0.37) [25]

KPCA 80.18 (4.06) [3] 78.11 (3.02) [2] 99.26 (0.53) [8] 89.67 (2.47) [5] 87.15 (4.51) [2] 77.72 (1.63) [3] 91.48 (3.52) [5] 99.90 (0.15) [4] 81.08 (5.75) [1] 90.68 (3.73) [5] 94.71 (1.91) [5] 15.64 (1.05) [16] 16.68 (0.88) [8] 18.21 (1.28) [7] 15.33 (0.67) [19] 15.77 (0.36) [11]

KDE 80.68 (3.98) [2] 77.44 (2.55) [7] 99.31 (0.30) [7] 88.79 (1.94) [6] 85.43 (3.75) [7] 78.54 (1.38) [2] 90.44 (2.29) [7] 99.87 (0.20) [6] 80.94 (6.27) [2] 91.27 (3.44) [1] 93.14 (2.71) [8] 13.11 (0.91) [31] 13.55 (0.84) [34] 16.58 (1.09) [30] 14.02 (0.87) [27] 13.17 (0.62) [35]

GMM 78.93 (4.36) [6] 77.61 (2.06) [5] 99.43 (0.34) [5] 90.20 (2.75) [1] 88.15 (4.16) [1] 76.47 (2.33) [4] 92.43 (1.49) [4] 99.89 (0.14) [5] 77.37 (6.29) [7] 91.04 (2.67) [3] 94.04 (1.11) [6] 17.05 (1.20) [7] 17.55 (1.01) [2] 18.85 (1.23) [4] 16.42 (0.96) [7] 15.85 (0.43) [9]

CBLOF 59.98 (2.09) [18] 64.10 (3.26) [12] 98.84 (0.45) [20] 70.22 (3.14) [23] 69.63 (2.15) [23] 56.57 (2.29) [19] 82.79 (1.37) [17] 90.34 (1.72) [22] 58.65 (5.68) [21] 75.75 (2.15) [17] 82.75 (2.12) [21] 15.27 (1.06) [19] 16.21 (0.89) [17] 17.35 (1.21) [18] 15.07 (0.77) [20] 14.99 (0.32) [21]

SOD 45.23 (2.57) [36] 52.28 (3.84) [35] 96.27 (0.78) [34] 51.39 (4.26) [42] 56.92 (4.01) [42] 47.13 (1.62) [41] 69.09 (3.17) [34] 66.50 (3.91) [37] 42.01 (6.29) [39] 67.35 (2.65) [32] 68.69 (4.76) [37] 15.24 (1.04) [20] 13.53 (0.50) [35] 17.90 (1.19) [12] 15.62 (0.91) [12] 14.01 (0.45) [30]

LUNAR 73.55 (4.81) [8] 73.48 (2.32) [9] 99.50 (0.18) [1] 82.36 (3.14) [10] 75.89 (6.57) [12] 68.60 (4.22) [9] 87.54 (2.33) [10] 99.82 (0.26) [8] 76.59 (6.66) [8] 84.95 (2.42) [10] 92.11 (1.91) [10] 18.00 (1.37) [1] 18.78 (0.84) [1] 20.70 (1.34) [1] 16.02 (0.90) [11] 18.15 (0.62) [1]

SOGAAL 38.03 (8.08) [41] 26.67 (5.88) [46] 62.39 (18.97) [44] 54.24 (3.45) [38] 57.88 (2.26) [40] 44.91 (6.33) [43] 57.60 (6.35) [43] 53.97 (5.71) [44] 35.19 (8.05) [43] 46.47 (12.39) [43] 55.99 (4.97) [44] 10.05 (1.59) [43] 10.99 (1.54) [44] 10.74 (0.79) [42] 11.79 (1.01) [41] 8.85 (0.73) [49]

ALAD 36.26 (2.99) [44] 27.72 (6.84) [43] 71.74 (9.50) [39] 46.28 (7.07) [45] 52.23 (3.51) [45] 39.88 (4.00) [45] 58.82 (5.43) [42] 35.67 (4.39) [50] 28.78 (3.44) [45] 39.14 (9.20) [46] 55.52 (5.15) [45] 10.88 (1.05) [39] 10.27 (1.46) [46] 11.31 (1.25) [41] 9.63 (1.41) [46] 10.01 (0.89) [45]

AE 59.84 (1.89) [19] 63.26 (3.50) [13] 98.89 (0.42) [15] 70.89 (3.00) [22] 70.52 (2.14) [20] 56.05 (1.19) [21] 82.92 (1.35) [15] 89.61 (1.76) [23] 59.41 (5.04) [17] 75.52 (2.00) [20] 84.19 (3.43) [20] 15.43 (1.07) [18] 16.33 (0.94) [15] 17.83 (1.20) [15] 15.50 (0.81) [16] 15.26 (0.35) [14]

CD 29.31 (0.72) [47] 24.54 (1.96) [48] 41.04 (1.34) [48] 44.04 (0.65) [46] 46.17 (3.02) [50] 38.68 (2.02) [47] 38.53 (1.23) [48] 41.03 (5.55) [49] 22.14 (1.82) [48] 31.83 (1.40) [48] 47.08 (2.32) [50] 10.75 (1.56) [40] 13.77 (2.89) [33] 9.52 (0.00) [47] 14.74 (2.62) [24] 11.03 (1.88) [44]

MOGAAL 41.47 (7.63) [39] 27.33 (7.14) [45] 66.02 (20.30) [42] 53.46 (2.80) [39] 58.29 (1.39) [39] 45.71 (6.47) [42] 59.28 (7.55) [41] 54.68 (4.95) [43] 34.90 (8.54) [44] 50.84 (12.84) [41] 54.62 (4.67) [46] 10.02 (1.42) [44] 10.00 (0.57) [47] 10.47 (0.72) [44] 13.02 (2.13) [33] 8.79 (0.92) [50]

QMCD 21.86 (1.99) [51] 25.04 (2.41) [47] 88.06 (1.94) [36] 27.52 (0.50) [51] 33.82 (2.05) [51] 24.41 (1.23) [51] 39.00 (5.38) [47] 44.88 (27.24) [45] 22.83 (3.29) [46] 41.71 (4.05) [44] 32.66 (3.00) [51] 8.02 (0.38) [50] 6.74 (0.09) [51] 7.52 (0.16) [51] 7.98 (0.13) [51] 7.28 (0.18) [51]

Sampling 59.16 (3.40) [23] 61.91 (3.77) [24] 98.93 (0.44) [14] 69.99 (2.02) [24] 69.87 (2.74) [22] 54.48 (1.23) [24] 82.26 (1.00) [21] 89.09 (2.07) [24] 58.23 (6.21) [22] 75.39 (1.50) [21] 81.98 (4.11) [22] 14.50 (1.17) [25] 16.67 (1.21) [9] 17.05 (1.15) [24] 14.76 (0.70) [23] 15.25 (0.31) [15]

EIF 50.99 (1.47) [31] 62.47 (3.52) [23] 98.84 (0.77) [20] 64.65 (3.10) [31] 68.17 (1.90) [25] 48.53 (4.02) [35] 82.90 (1.43) [16] 92.92 (3.76) [15] 54.65 (8.56) [30] 70.06 (2.23) [31] 77.66 (3.29) [28] 12.82 (0.41) [32] 16.11 (0.81) [18] 17.06 (1.16) [23] 13.11 (0.68) [32] 15.98 (0.71) [8]

Ensemble 59.67 (2.71) [20] 62.99 (3.43) [15] 98.48 (0.33) [25] 72.89 (3.02) [16] 71.56 (3.12) [16] 57.95 (1.76) [16] 81.47 (1.42) [26] 92.79 (2.09) [16] 59.43 (5.12) [15] 77.09 (2.58) [12] 86.66 (3.30) [14] 17.54 (1.25) [3] 14.76 (0.66) [26] 18.11 (1.01) [8] 17.43 (1.06) [2] 14.80 (0.60) [22]

GEN2OUT 53.94 (4.03) [30] 62.57 (3.47) [20] 98.75 (0.93) [22] 65.29 (4.34) [30] 69.38 (2.63) [24] 48.57 (3.26) [34] 82.30 (2.86) [20] 86.87 (3.66) [27] 55.04 (5.54) [29] 72.02 (3.11) [28] 80.54 (3.04) [23] 12.15 (0.95) [33] 17.23 (1.97) [5] 16.73 (1.20) [29] 12.29 (0.53) [38] 16.72 (1.23) [4]

DynamicHBOS 31.33 (0.71) [45] 43.06 (3.87) [40] 86.23 (3.78) [37] 46.95 (0.81) [44] 56.12 (1.46) [43] 41.05 (2.37) [44] 64.94 (2.71) [37] 74.16 (4.53) [35] 36.16 (5.43) [42] 40.75 (2.47) [45] 60.87 (3.20) [42] 9.76 (0.21) [45] 11.12 (0.25) [43] 10.52 (0.28) [43] 9.48 (0.04) [50] 11.75 (0.27) [40]

COF 43.02 (1.67) [38] 52.40 (5.34) [34] 65.65 (8.02) [43] 52.97 (3.72) [40] 54.12 (3.46) [44] 48.94 (1.72) [33] 63.86 (7.40) [38] 60.06 (4.29) [41] 44.79 (6.99) [37] 61.53 (4.51) [36] 64.40 (5.11) [40] 16.21 (0.91) [12] 11.92 (0.48) [39] 17.85 (1.50) [14] 16.22 (0.84) [9] 13.01 (0.26) [36]

ABOD 29.42 (2.59) [46] 33.77 (4.46) [42] 56.87 (3.94) [46] 41.61 (0.97) [50] 47.82 (2.65) [49] 38.73 (2.59) [46] 42.30 (2.29) [46] 31.49 (1.34) [51] 22.65 (2.12) [47] 34.53 (1.19) [47] 56.89 (4.00) [43] 17.00 (1.32) [8] 16.73 (0.71) [7] 18.84 (1.00) [5] 16.36 (1.05) [8] 16.74 (0.62) [3]

LMDD 39.06 (4.43) [40] 51.74 (1.68) [36] 68.29 (7.77) [41] 56.73 (3.94) [35] 61.16 (3.35) [36] 47.49 (1.74) [38] 49.65 (4.11) [44] 65.65 (2.39) [38] 39.36 (4.15) [40] 51.84 (5.30) [40] 65.04 (3.38) [39] 11.60 (1.13) [37] 14.01 (1.09) [30] 15.38 (1.37) [32] 11.52 (0.49) [43] 14.23 (0.17) [28]

DAGMM 43.74 (5.18) [37] 42.99 (6.15) [41] 84.44 (4.73) [38] 49.97 (4.02) [43] 57.12 (6.53) [41] 47.69 (3.06) [37] 67.68 (5.22) [36] 73.89 (3.49) [36] 42.86 (7.44) [38] 57.01 (7.58) [38] 65.34 (8.40) [38] 10.47 (1.57) [42] 11.16 (0.69) [42] 11.51 (0.42) [40] 12.89 (1.83) [34] 11.51 (0.49) [43]

DROCC 50.65 (5.85) [32] 46.47 (10.06) [38] 70.21 (11.85) [40] 56.46 (9.08) [36] 59.87 (4.02) [37] 54.42 (9.52) [25] 62.65 (15.39) [40] 63.67 (10.25) [40] 45.57 (17.41) [36] 63.84 (14.22) [35] 61.45 (4.77) [41] 11.37 (1.37) [38] 11.59 (1.35) [40] 12.31 (0.95) [39] 12.33 (1.22) [37] 11.72 (1.79) [41]

GOAD 56.96 (1.89) [25] 61.46 (3.35) [25] 98.87 (0.46) [18] 68.96 (2.94) [26] 67.89 (1.75) [27] 54.31 (1.45) [26] 81.37 (1.70) [28] 84.03 (1.29) [28] 57.00 (5.17) [25] 74.13 (1.64) [22] 80.26 (3.86) [25] 14.69 (0.83) [23] 16.83 (0.83) [6] 17.32 (1.25) [19] 14.82 (0.71) [22] 15.13 (0.33) [16]

ICL 82.54 (3.73) [1] 80.44 (5.34) [1] 99.23 (0.48) [10] 90.14 (1.48) [2] 85.48 (1.57) [6] 79.95 (2.49) [1] 90.56 (2.22) [6] 99.92 (0.10) [3] 79.91 (6.04) [3] 90.29 (5.06) [6] 95.62 (1.21) [1] 17.26 (1.63) [5] 13.28 (0.50) [36] 17.02 (1.68) [26] 16.54 (1.50) [6] 13.69 (0.74) [32]

PlanarFlow 47.01 (1.74) [35] 58.86 (4.96) [30] 98.47 (0.55) [27] 64.30 (3.29) [32] 64.47 (1.84) [34] 49.55 (2.69) [31] 80.74 (1.02) [31] 76.18 (3.23) [32] 50.88 (6.32) [33] 71.21 (1.43) [29] 71.33 (4.48) [34] 12.08 (0.69) [34] 15.69 (0.72) [19] 17.21 (1.24) [22] 14.01 (1.07) [28] 13.80 (0.75) [31]

VAE 56.22 (1.87) [29] 60.50 (3.31) [29] 98.88 (0.42) [16] 68.17 (2.90) [29] 67.13 (1.94) [31] 54.30 (0.73) [28] 81.64 (1.11) [24] 83.14 (1.27) [30] 56.27 (5.56) [27] 73.63 (1.65) [26] 78.81 (3.65) [27] 14.41 (0.95) [26] 16.65 (0.85) [10] 17.32 (1.24) [19] 14.68 (0.71) [25] 15.06 (0.28) [17]

GANomaly 61.33 (1.86) [14] 62.57 (3.83) [20] 98.96 (0.49) [13] 72.84 (3.28) [18] 73.19 (2.94) [14] 57.89 (0.85) [18] 83.05 (0.39) [13] 90.44 (2.13) [21] 60.36 (5.90) [13] 75.90 (2.95) [16] 86.47 (3.20) [17] 15.67 (1.52) [15] 14.65 (1.01) [28] 16.92 (0.97) [28] 15.56 (0.73) [13] 14.12 (0.70) [29]

SLAD 78.22 (3.00) [7] 77.76 (4.52) [4] 99.50 (0.25) [1] 87.80 (2.58) [7] 86.68 (3.99) [3] 74.22 (1.27) [7] 92.56 (2.48) [2] 99.86 (0.16) [7] 78.77 (5.35) [6] 89.76 (2.90) [7] 94.92 (1.36) [4] 15.70 (1.17) [14] 15.09 (0.70) [23] 18.02 (1.27) [10] 16.03 (0.75) [10] 15.67 (0.36) [12]

DIF 64.01 (3.58) [12] 44.22 (7.60) [39] 61.44 (5.48) [45] 77.45 (3.68) [13] 73.75 (4.23) [13] 67.99 (4.74) [10] 68.40 (3.93) [35] 98.49 (1.08) [9] 60.95 (5.37) [12] 74.04 (4.28) [23] 73.58 (5.85) [31] 9.67 (0.25) [46] 12.62 (0.77) [38] 9.95 (0.43) [46] 10.37 (0.57) [44] 12.26 (0.66) [39]

DDPM 56.36 (2.20) [26] 58.82 (3.82) [31] 97.58 (0.26) [31] 68.21 (1.90) [28] 63.80 (2.49) [35] 52.68 (1.32) [29] 76.58 (0.92) [33] 76.01 (3.33) [33] 54.61 (5.63) [31] 72.36 (1.03) [27] 69.02 (4.30) [36] 13.78 (1.11) [29] 15.46 (0.85) [22] 17.05 (1.56) [24] 13.91 (0.71) [30] 14.49 (0.35) [27]

DTE-IG 60.14 (19.34) [17] 49.46 (28.41) [37] 99.24 (0.42) [9] 80.04 (3.28) [11] 68.11 (17.37) [26] 50.04 (16.40) [30] 63.03 (32.20) [39] 59.50 (32.18) [42] 60.31 (24.55) [14] 58.50 (31.50) [37] 69.90 (32.23) [35] 7.13 (0.27) [51] 10.38 (3.68) [45] 10.11 (3.44) [45] 11.70 (2.86) [42] 14.59 (0.56) [26]

DTE-C 71.44 (2.71) [11] 73.68 (3.89) [8] 99.36 (0.35) [6] 85.69 (3.30) [8] 81.21 (4.69) [8] 66.98 (3.80) [11] 89.26 (3.90) [9] 98.06 (1.18) [11] 74.17 (5.75) [9] 86.15 (3.80) [9] 93.16 (2.45) [7] 15.89 (1.46) [13] 15.64 (0.35) [20] 17.88 (1.39) [13] 15.36 (0.86) [18] 15.78 (0.28) [10]

DTENonParametric 63.25 (2.65) [13] 54.59 (3.03) [33] 96.34 (2.15) [33] 74.11 (4.09) [14] 76.02 (3.67) [11] 58.23 (2.90) [13] 81.25 (2.38) [29] 98.29 (1.29) [10] 55.53 (3.63) [28] 70.74 (3.84) [30] 86.66 (4.57) [14] 15.03 (0.91) [22] 14.91 (0.55) [25] 15.05 (0.45) [34] 13.94 (0.28) [29] 13.59 (0.42) [33]

MCM 58.84 (1.77) [24] 62.84 (3.27) [18] 98.86 (0.47) [19] 71.05 (1.79) [21] 70.41 (2.10) [21] 56.13 (1.10) [20] 82.99 (1.34) [14] 90.54 (2.20) [20] 59.22 (5.41) [20] 75.57 (1.88) [19] 84.64 (3.42) [18] 15.19 (1.04) [21] 16.44 (0.92) [14] 17.67 (1.19) [16] 15.44 (0.78) [17] 15.03 (0.36) [20]

3WNCROD 29.31 (0.72) [47] 24.54 (1.96) [48] 41.04 (1.34) [48] 44.04 (0.65) [46] 48.90 (1.77) [46] 38.68 (2.02) [47] 38.53 (1.23) [48] 43.83 (0.74) [46] 22.14 (1.82) [48] 31.83 (1.40) [48] 47.67 (1.92) [47] 9.51 (0.00) [47] 9.52 (0.00) [48] 9.52 (0.00) [47] 9.51 (0.00) [47] 9.51 (0.00) [46]

ODIN 36.36 (1.78) [43] 27.41 (2.73) [44] 44.40 (2.30) [47] 51.89 (3.02) [41] 58.71 (2.13) [38] 49.36 (3.34) [32] 47.52 (1.80) [45] 74.84 (3.19) [34] 36.60 (4.54) [41] 48.09 (4.63) [42] 71.47 (2.57) [33] 16.35 (0.60) [11] 11.48 (0.18) [41] 15.08 (0.53) [33] 13.59 (0.43) [31] 12.36 (0.74) [38]

NCSBAD (Ours) 78.96 (3.74) [5] 77.52 (2.21) [6] 99.48 (0.30) [3] 89.95 (2.61) [4] 86.00 (3.61) [5] 76.35 (2.03) [5] 92.71 (2.11) [1] 99.95 (0.05) [2] 79.16 (5.80) [5] 90.97 (2.85) [4] 95.29 (1.42) [3] 17.00 (1.20) [8] 17.36 (0.99) [3] 19.42 (1.32) [3] 16.61 (1.03) [5] 16.51 (0.39) [5]

NCSBADVAL (Ours) 79.06 (3.79) [4] 77.92 (2.34) [3] 99.46 (0.34) [4] 90.05 (2.62) [3] 86.10 (3.71) [4] 76.20 (1.91) [6] 92.52 (2.44) [3] 99.96 (0.04) [1] 79.30 (5.43) [4] 91.07 (3.00) [2] 95.40 (1.44) [2] 17.09 (1.24) [6] 17.29 (0.90) [4] 19.50 (1.33) [2] 16.77 (1.08) [4] 16.31 (0.22) [7]

Table 31: Mean, standard deviation and rank AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 7
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IForest 14.39 (0.86) [31] 11.58 (0.89) [33] 17.50 (1.32) [11] 11.73 (0.85) [36] 10.71 (0.75) [36] 10.70 (0.27) [30] 11.41 (0.48) [29] 14.79 (0.34) [31] 11.58 (0.19) [32] 11.15 (0.81) [22] 8.90 (0.24) [35] 13.68 (0.82) [27] 12.97 (0.60) [30] 9.01 (0.45) [42] 8.93 (0.73) [44] 17.88 (3.65) [28] 12.49 (1.35) [21] 11.68 (1.68) [35]

OCSVM 16.63 (0.70) [19] 12.98 (0.75) [22] 17.50 (1.03) [11] 14.50 (0.80) [25] 12.32 (1.07) [22] 11.18 (0.36) [28] 11.83 (0.33) [26] 16.31 (0.46) [25] 12.59 (0.26) [24] 11.20 (0.70) [20] 8.89 (0.15) [37] 13.98 (0.90) [19] 14.03 (0.44) [27] 9.11 (0.35) [39] 9.06 (0.60) [37] 19.52 (5.55) [22] 12.23 (1.34) [24] 11.82 (1.40) [32]

COPOD 9.51 (0.00) [47] 9.53 (0.00) [47] 9.49 (0.00) [47] 9.50 (0.00) [44] 9.52 (0.00) [45] 10.05 (0.25) [37] 9.53 (0.17) [45] 14.09 (0.41) [35] 11.18 (0.32) [36] 11.35 (0.64) [16] 9.26 (0.10) [14] 13.87 (0.82) [23] 11.97 (0.54) [37] 9.03 (0.41) [41] 8.54 (0.62) [50] 18.43 (5.08) [26] 11.83 (1.32) [30] 11.22 (1.57) [39]

ECOD 9.51 (0.00) [47] 9.53 (0.00) [47] 9.49 (0.00) [47] 9.50 (0.00) [44] 9.52 (0.00) [45] 9.57 (0.29) [45] 11.35 (0.44) [33] 12.71 (0.45) [39] 10.87 (0.29) [38] 10.46 (0.67) [36] 8.50 (0.15) [50] 12.48 (0.74) [35] 11.85 (0.75) [38] 8.67 (0.21) [48] 9.17 (0.71) [34] 17.03 (3.12) [33] 11.81 (0.92) [31] 12.28 (2.05) [24]

FeatureBagging 18.49 (1.02) [5] 13.79 (0.61) [5] 17.42 (1.01) [14] 16.43 (0.76) [2] 13.50 (1.18) [7] 18.07 (0.73) [5] 31.58 (1.04) [2] 29.82 (1.66) [3] 24.48 (1.40) [3] 11.03 (0.49) [24] 9.09 (0.15) [22] 15.85 (1.03) [12] 26.93 (2.05) [5] 10.69 (1.01) [23] 10.10 (0.49) [12] 21.14 (4.84) [15] 12.86 (1.52) [16] 13.76 (1.81) [9]

HBOS 10.85 (0.41) [45] 9.46 (0.34) [50] 16.40 (1.30) [28] 8.95 (0.52) [50] 9.04 (0.37) [50] 9.95 (0.26) [40] 10.46 (0.21) [37] 13.67 (0.43) [36] 11.08 (0.32) [37] 11.32 (0.78) [17] 8.94 (0.09) [31] 13.57 (0.85) [28] 11.69 (0.42) [39] 8.97 (0.43) [43] 8.58 (0.61) [49] 17.56 (4.40) [31] 12.89 (1.67) [15] 11.71 (1.49) [34]

KNN 16.99 (0.78) [15] 13.28 (0.76) [15] 17.31 (1.01) [18] 15.15 (0.92) [14] 12.56 (1.08) [19] 13.52 (0.26) [16] 14.87 (0.39) [19] 21.86 (0.54) [17] 16.87 (0.63) [16] 11.90 (0.59) [6] 8.96 (0.16) [30] 16.27 (1.13) [7] 19.90 (0.87) [16] 11.15 (1.26) [16] 9.19 (0.29) [32] 23.51 (6.47) [11] 11.20 (1.51) [41] 11.99 (1.83) [26]

LODA 14.05 (1.53) [33] 10.67 (1.39) [41] 15.76 (1.33) [31] 13.00 (2.22) [30] 11.00 (1.49) [34] 12.15 (0.94) [22] 10.11 (1.31) [39] 15.04 (1.48) [30] 11.57 (0.82) [33] 10.72 (0.94) [34] 8.65 (0.38) [47] 13.00 (2.46) [34] 10.57 (0.81) [41] 9.32 (1.06) [34] 9.08 (0.39) [36] 19.09 (5.41) [23] 13.07 (1.58) [10] 11.04 (2.27) [41]

LOF 18.52 (1.07) [3] 13.78 (0.58) [6] 17.31 (0.96) [18] 16.19 (0.93) [3] 13.49 (1.14) [8] 18.12 (0.69) [3] 31.50 (1.07) [3] 29.75 (1.72) [4] 24.48 (1.37) [3] 11.01 (0.50) [25] 9.10 (0.13) [19] 15.91 (0.98) [10] 27.16 (1.88) [3] 10.79 (0.95) [19] 10.14 (0.52) [10] 20.96 (4.91) [17] 12.83 (1.53) [17] 13.72 (1.87) [10]

MCD 12.37 (0.84) [39] 11.40 (0.51) [35] 12.29 (0.59) [38] 13.05 (1.43) [29] 12.45 (1.85) [20] 12.71 (0.17) [19] 13.92 (0.23) [21] 18.71 (0.29) [20] 13.25 (0.37) [23] 11.84 (0.68) [8] 9.48 (0.28) [10] 14.25 (0.56) [17] 16.40 (0.47) [20] 10.75 (0.70) [21] 9.85 (0.52) [17] 24.50 (6.72) [9] 13.78 (1.84) [6] 19.44 (2.68) [4]

PCA 16.30 (0.67) [23] 12.90 (0.80) [23] 17.58 (1.03) [8] 14.35 (0.90) [26] 12.08 (1.05) [27] 10.03 (0.34) [38] 11.39 (0.27) [30] 14.26 (0.46) [33] 11.40 (0.29) [34] 10.87 (0.68) [29] 8.72 (0.15) [44] 13.34 (0.85) [30] 12.63 (0.77) [33] 8.96 (0.33) [44] 8.98 (0.62) [38] 17.62 (4.46) [29] 11.72 (1.33) [32] 11.96 (1.54) [27]

DeepSVDD 14.51 (0.75) [29] 11.84 (1.28) [30] 11.87 (0.46) [40] 12.47 (0.54) [31] 11.24 (1.08) [31] 10.22 (1.51) [34] 9.38 (0.93) [48] 11.36 (1.23) [42] 9.71 (1.15) [48] 10.03 (1.19) [41] 8.64 (0.50) [48] 10.13 (0.50) [46] 12.39 (1.66) [35] 9.06 (0.88) [40] 10.59 (1.49) [7] 22.98 (9.13) [12] 12.05 (1.20) [26] 12.35 (1.28) [22]

INNE 16.94 (0.96) [17] 13.71 (0.98) [9] 17.74 (0.94) [6] 14.92 (1.11) [19] 12.92 (1.20) [12] 12.41 (0.50) [21] 15.61 (0.55) [17] 18.64 (0.64) [21] 13.62 (0.26) [22] 11.24 (0.73) [18] 8.92 (0.16) [33] 13.88 (0.79) [22] 16.82 (0.57) [19] 9.40 (0.36) [33] 9.22 (0.73) [30] 19.90 (4.92) [19] 12.01 (1.39) [27] 12.66 (1.73) [19]

KPCA 17.19 (0.70) [13] 13.60 (0.77) [11] 17.45 (1.13) [13] 15.10 (0.86) [16] 12.97 (1.15) [11] 14.25 (0.27) [9] 17.11 (0.44) [12] 23.44 (0.49) [11] 20.50 (0.84) [8] 12.05 (0.68) [4] 9.08 (0.15) [23] 16.68 (1.14) [5] 22.41 (0.88) [11] 12.03 (1.43) [9] 9.88 (0.43) [15] 39.87 (10.43) [3] 13.00 (1.57) [12] 13.33 (1.78) [14]

KDE 14.91 (0.83) [28] 13.08 (0.81) [20] 16.70 (1.08) [25] 14.95 (0.72) [18] 12.06 (0.96) [30] 11.25 (0.56) [27] 14.37 (0.61) [20] 17.72 (0.55) [23] 14.32 (0.68) [21] 10.76 (0.55) [32] 8.80 (0.22) [42] 13.04 (0.48) [33] 15.26 (1.30) [24] 11.59 (1.37) [12] 10.81 (0.72) [6] 32.62 (8.38) [5] 11.52 (1.42) [36] 13.06 (1.14) [15]

GMM 18.56 (1.16) [2] 14.39 (0.75) [2] 17.81 (1.18) [5] 15.14 (0.97) [15] 13.63 (1.20) [5] 17.16 (0.40) [6] 23.32 (0.28) [6] 28.60 (0.37) [6] 23.51 (0.99) [6] 12.00 (0.66) [5] 8.94 (0.19) [31] 16.74 (1.02) [3] 25.30 (0.68) [8] 12.66 (1.17) [5] 11.17 (0.70) [5] 41.21 (9.73) [1] 15.78 (1.60) [3] 16.05 (2.28) [6]

CBLOF 16.56 (0.66) [21] 12.89 (0.76) [25] 17.40 (1.03) [16] 14.91 (0.99) [20] 12.44 (1.10) [21] 12.48 (0.36) [20] 12.80 (0.30) [22] 17.87 (0.61) [22] 12.58 (0.36) [25] 11.66 (0.54) [9] 9.03 (0.20) [24] 14.08 (0.76) [18] 16.07 (1.30) [21] 10.84 (1.01) [18] 8.95 (0.64) [42] 22.41 (7.50) [13] 11.47 (1.67) [38] 11.53 (1.41) [36]

SOD 16.00 (0.69) [27] 12.72 (0.88) [27] 15.34 (1.10) [34] 15.03 (0.83) [17] 12.32 (1.04) [22] 12.06 (0.21) [23] 12.41 (0.43) [23] 20.48 (0.40) [18] 14.65 (0.46) [19] 11.36 (0.61) [15] 9.23 (0.26) [16] 15.03 (0.90) [14] 18.69 (0.91) [17] 11.51 (1.08) [14] 9.34 (0.36) [28] 12.66 (3.53) [41] 12.38 (1.31) [23] 12.55 (2.04) [20]

LUNAR 17.24 (0.82) [12] 14.11 (0.73) [4] 18.70 (0.80) [2] 16.02 (1.23) [8] 13.96 (1.36) [2] 14.14 (0.41) [10] 17.08 (0.39) [13] 24.28 (0.56) [8] 18.67 (0.86) [10] 11.59 (0.58) [11] 8.97 (0.23) [28] 16.73 (0.96) [4] 23.24 (1.27) [10] 12.50 (1.49) [6] 9.48 (0.28) [25] 29.39 (5.96) [7] 11.61 (1.55) [35] 12.80 (1.74) [17]

SOGAAL 12.19 (1.76) [41] 10.58 (1.36) [42] 10.05 (1.70) [43] 11.42 (1.52) [37] 10.43 (1.42) [40] 9.03 (0.26) [49] 9.86 (0.21) [43] 10.56 (0.17) [46] 9.97 (0.27) [44] 9.67 (0.26) [48] 8.81 (0.12) [41] 10.94 (0.56) [41] 9.93 (0.35) [45] 8.61 (0.39) [49] 8.97 (0.51) [40] 15.27 (2.47) [37] 10.20 (0.72) [47] 10.23 (1.33) [45]

ALAD 9.50 (0.54) [50] 11.76 (0.58) [31] 9.94 (1.52) [46] 10.77 (0.41) [41] 10.56 (0.55) [38] 8.83 (0.15) [50] 10.03 (0.75) [40] 10.02 (0.89) [49] 9.33 (0.49) [50] 8.92 (0.60) [50] 8.64 (0.61) [48] 9.71 (0.96) [49] 8.47 (0.63) [50] 11.87 (1.88) [10] 10.36 (0.87) [8] 12.55 (2.75) [42] 9.55 (1.18) [50] 10.80 (3.29) [43]

AE 17.16 (0.76) [14] 13.36 (0.74) [14] 17.56 (1.09) [10] 15.37 (0.96) [12] 12.64 (1.14) [18] 13.32 (0.25) [18] 16.33 (0.51) [14] 23.53 (0.63) [10] 17.15 (0.45) [13] 11.49 (0.63) [13] 9.19 (0.17) [18] 15.66 (0.83) [13] 23.89 (1.53) [9] 12.13 (1.21) [8] 8.96 (0.27) [41] 21.09 (4.48) [16] 12.98 (1.41) [13] 13.00 (1.52) [16]

CD 12.32 (3.87) [40] 10.14 (0.77) [44] 9.98 (0.97) [45] 9.50 (0.00) [44] 9.98 (0.91) [43] 14.56 (0.40) [8] 15.67 (0.14) [16] 24.26 (0.51) [9] 17.11 (0.86) [14] 10.93 (0.82) [28] 8.39 (0.15) [51] 13.70 (0.39) [25] 14.15 (2.46) [26] 9.47 (0.00) [32] 9.41 (0.00) [26] 8.43 (0.49) [50] 9.40 (0.00) [51] 9.52 (0.00) [50]

MOGAAL 11.91 (1.25) [43] 10.89 (1.47) [40] 10.02 (1.51) [44] 10.55 (1.06) [42] 10.24 (1.32) [42] 9.11 (0.44) [48] 9.95 (0.40) [41] 10.85 (0.20) [44] 10.06 (0.22) [42] 9.76 (0.45) [45] 8.74 (0.11) [43] 11.30 (0.43) [40] 9.73 (0.46) [47] 8.46 (0.37) [51] 8.84 (0.53) [46] 15.90 (2.32) [34] 10.83 (0.74) [44] 10.31 (1.38) [44]

QMCD 7.74 (0.26) [51] 9.20 (0.10) [51] 7.23 (0.17) [50] 9.21 (0.33) [49] 9.51 (0.46) [48] 7.18 (0.08) [51] 6.91 (0.13) [51] 6.03 (0.05) [51] 6.94 (0.20) [51] 7.17 (0.14) [51] 8.82 (0.13) [40] 6.34 (0.12) [51] 6.89 (0.84) [51] 8.50 (0.75) [50] 9.90 (0.20) [14] 5.03 (0.32) [51] 10.78 (1.16) [45] 10.04 (0.97) [48]

Sampling 16.60 (0.70) [20] 13.11 (0.59) [18] 17.22 (1.08) [22] 14.69 (0.99) [22] 12.28 (0.99) [24] 11.45 (0.65) [26] 11.29 (0.42) [34] 17.33 (0.39) [24] 12.52 (0.77) [26] 11.24 (0.72) [18] 8.92 (0.53) [33] 13.90 (0.94) [21] 14.47 (0.82) [25] 9.70 (0.66) [27] 9.31 (0.37) [29] 17.33 (4.02) [32] 11.19 (1.82) [42] 11.49 (1.28) [37]

EIF 14.50 (0.61) [30] 11.52 (0.55) [34] 16.73 (1.28) [24] 11.77 (0.90) [35] 11.20 (1.05) [32] 10.74 (0.18) [29] 11.62 (0.49) [27] 15.40 (0.36) [28] 11.90 (0.34) [30] 11.16 (0.63) [21] 9.02 (0.20) [25] 13.69 (0.82) [26] 13.91 (0.71) [28] 9.23 (0.61) [36] 8.78 (0.52) [47] 21.30 (9.14) [14] 12.49 (1.52) [21] 11.84 (1.66) [31]

Ensemble 18.52 (1.07) [3] 13.78 (0.58) [6] 17.31 (0.96) [18] 16.19 (0.93) [3] 13.49 (1.14) [8] 18.12 (0.69) [3] 31.50 (1.07) [3] 29.75 (1.72) [4] 24.48 (1.37) [3] 11.01 (0.50) [25] 9.10 (0.13) [19] 15.91 (0.98) [10] 27.16 (1.88) [3] 10.79 (0.95) [19] 10.14 (0.52) [10] 20.96 (4.91) [17] 12.83 (1.53) [17] 13.72 (1.87) [10]

GEN2OUT 13.93 (0.56) [35] 11.05 (0.49) [39] 16.53 (2.08) [26] 11.04 (1.15) [40] 10.44 (0.57) [39] 10.46 (0.61) [33] 11.86 (0.25) [25] 14.70 (0.53) [32] 11.67 (0.24) [31] 10.75 (0.84) [33] 8.97 (0.21) [28] 13.41 (0.75) [29] 12.90 (0.52) [31] 8.76 (0.42) [47] 8.94 (0.57) [43] 19.58 (4.95) [21] 12.77 (1.26) [19] 12.03 (1.53) [25]

DynamicHBOS 9.69 (0.18) [46] 9.58 (0.11) [46] 12.14 (0.67) [39] 9.41 (0.08) [48] 9.36 (0.03) [49] 9.60 (0.14) [44] 9.35 (0.02) [49] 10.66 (0.19) [45] 9.95 (0.15) [45] 9.82 (0.19) [43] 9.33 (0.03) [12] 10.84 (0.39) [42] 9.33 (0.15) [49] 9.23 (0.01) [36] 9.20 (0.04) [31] 11.29 (2.17) [47] 9.65 (0.23) [48] 9.31 (0.04) [51]

COF 17.71 (1.02) [10] 13.13 (0.79) [17] 15.57 (0.74) [32] 16.19 (1.01) [3] 12.79 (1.13) [15] 13.96 (0.49) [12] 20.82 (1.34) [7] 22.25 (1.10) [15] 17.57 (0.83) [12] 10.54 (0.80) [35] 9.01 (0.26) [26] 14.46 (0.69) [15] 22.15 (1.38) [12] 11.61 (1.40) [11] 9.88 (0.49) [15] 11.94 (4.66) [44] 13.18 (0.66) [7] 11.90 (1.80) [29]

ABOD 18.32 (0.74) [7] 14.79 (0.70) [1] 17.95 (1.23) [3] 16.15 (1.11) [6] 13.61 (1.06) [6] 16.01 (0.45) [7] 18.81 (0.43) [8] 27.15 (1.07) [7] 22.31 (1.08) [7] 12.55 (0.65) [1] 9.26 (0.15) [14] 16.14 (0.62) [8] 21.43 (0.87) [13] 11.56 (0.69) [13] 9.80 (0.62) [19] 10.96 (1.70) [49] 11.94 (0.80) [28] 11.30 (0.46) [38]

LMDD 12.68 (0.53) [38] 11.35 (0.73) [36] 14.96 (1.40) [35] 11.87 (0.82) [34] 10.34 (0.44) [41] 9.54 (0.25) [46] 9.92 (0.40) [42] 12.12 (0.22) [41] 10.12 (0.37) [41] 10.05 (0.52) [40] 9.20 (0.23) [17] 11.64 (0.32) [38] 10.34 (0.87) [44] 9.52 (0.29) [31] 9.16 (0.34) [35] 13.49 (5.12) [40] 11.48 (0.94) [37] 11.09 (1.26) [40]

DAGMM 13.25 (0.62) [37] 11.22 (1.40) [38] 11.75 (0.82) [41] 11.11 (0.52) [39] 10.91 (0.92) [35] 10.07 (0.55) [35] 10.14 (1.32) [38] 10.50 (1.60) [47] 9.61 (1.15) [49] 9.76 (0.44) [45] 9.27 (0.37) [13] 9.84 (1.08) [48] 10.56 (1.49) [42] 9.57 (1.01) [29] 9.84 (0.80) [18] 11.29 (1.97) [47] 10.53 (1.72) [46] 12.42 (1.74) [21]

DROCC 13.60 (0.53) [36] 11.28 (0.94) [37] 11.64 (1.67) [42] 11.16 (1.73) [38] 10.71 (0.91) [36] 9.74 (0.29) [43] 9.52 (0.00) [46] 10.50 (1.21) [47] 9.92 (0.80) [46] 9.38 (0.29) [49] 9.83 (0.39) [5] 10.07 (0.70) [47] 12.78 (4.09) [32] 9.24 (1.51) [35] 9.61 (1.03) [23] 12.05 (2.54) [43] 11.38 (2.65) [39] 9.89 (0.94) [49]

GOAD 16.51 (0.65) [22] 12.99 (0.84) [21] 17.41 (1.02) [15] 14.61 (0.86) [23] 12.17 (0.97) [26] 10.66 (0.47) [32] 12.20 (0.53) [24] 15.54 (0.60) [26] 12.03 (0.29) [29] 11.04 (0.73) [23] 8.83 (0.18) [39] 13.72 (0.87) [24] 13.58 (0.88) [29] 9.16 (0.30) [38] 8.90 (0.61) [45] 18.16 (5.12) [27] 11.62 (1.32) [34] 11.85 (1.69) [30]

ICL 19.15 (1.30) [1] 13.15 (0.69) [16] 16.34 (1.14) [29] 16.59 (0.89) [1] 14.09 (1.26) [1] 13.68 (0.53) [14] 16.19 (1.00) [15] 15.40 (0.35) [28] 15.80 (0.53) [18] 10.26 (0.31) [38] 10.45 (0.37) [2] 10.37 (0.18) [44] 17.33 (1.21) [18] 14.04 (0.67) [3] 10.27 (0.62) [9] 19.89 (3.01) [20] 12.71 (0.96) [20] 14.68 (1.86) [7]

PlanarFlow 16.03 (0.84) [25] 12.35 (0.97) [28] 17.91 (1.49) [4] 12.30 (0.60) [33] 11.11 (0.58) [33] 9.93 (0.38) [41] 9.45 (0.46) [47] 9.47 (0.48) [50] 9.91 (0.41) [47] 9.74 (0.41) [47] 9.75 (0.52) [7] 10.55 (0.57) [43] 9.39 (0.35) [48] 9.55 (1.09) [30] 9.94 (1.25) [13] 11.53 (3.03) [46] 9.60 (1.45) [49] 10.06 (1.72) [47]

VAE 16.30 (0.67) [23] 12.90 (0.80) [23] 17.58 (1.03) [8] 14.35 (0.90) [26] 12.08 (1.05) [27] 10.03 (0.34) [38] 11.39 (0.27) [30] 14.26 (0.46) [33] 11.40 (0.29) [34] 10.87 (0.68) [29] 8.72 (0.15) [44] 13.34 (0.84) [30] 12.63 (0.77) [33] 8.96 (0.33) [44] 8.98 (0.62) [38] 17.58 (4.42) [30] 11.70 (1.33) [33] 11.96 (1.54) [27]

GANomaly 17.82 (1.16) [9] 13.43 (0.95) [13] 16.98 (0.82) [23] 15.72 (0.93) [11] 13.78 (0.99) [3] 10.70 (0.26) [30] 10.75 (0.39) [36] 15.41 (0.64) [27] 14.58 (0.96) [20] 9.94 (0.24) [42] 9.53 (0.21) [9] 11.55 (0.78) [39] 15.91 (1.16) [23] 9.66 (0.42) [28] 9.63 (0.89) [22] 23.77 (6.67) [10] 13.08 (1.34) [9] 14.67 (2.12) [8]

SLAD 17.49 (0.91) [11] 13.68 (0.72) [10] 15.79 (1.11) [30] 16.11 (0.80) [7] 12.78 (1.01) [16] 11.98 (0.45) [25] 11.57 (0.55) [28] 13.08 (0.24) [38] 12.15 (0.28) [27] 9.81 (0.23) [44] 10.11 (0.29) [4] 10.21 (0.15) [45] 16.02 (1.21) [22] 12.49 (0.58) [7] 9.69 (0.45) [20] 18.72 (2.81) [24] 12.98 (0.71) [13] 13.50 (2.53) [12]

DIF 11.33 (0.63) [44] 10.24 (0.26) [43] 12.32 (0.52) [37] 10.35 (0.39) [43] 8.65 (0.13) [51] 10.06 (0.47) [36] 9.72 (0.40) [44] 11.02 (0.20) [43] 10.67 (0.28) [39] 10.15 (0.40) [39] 10.62 (0.36) [1] 9.15 (0.11) [50] 11.58 (0.49) [40] 10.61 (0.55) [25] 9.61 (0.60) [23] 14.59 (3.70) [39] 11.94 (1.68) [28] 10.20 (1.66) [46]

DDPM 16.02 (0.75) [26] 12.89 (0.92) [25] 16.49 (1.72) [27] 14.54 (0.75) [24] 12.08 (1.15) [27] 9.88 (0.45) [42] 10.84 (0.69) [35] 13.53 (0.31) [37] 10.65 (0.26) [40] 10.42 (0.53) [37] 8.68 (0.23) [46] 13.10 (0.87) [32] 12.33 (0.89) [36] 9.77 (0.36) [26] 9.66 (0.46) [21] 14.99 (2.72) [38] 12.10 (1.45) [25] 12.29 (0.95) [23]

DTE-IG 11.92 (3.14) [42] 9.99 (3.06) [45] 7.03 (0.47) [51] 8.35 (0.78) [51] 9.63 (1.20) [44] 12.04 (2.48) [24] 11.37 (4.10) [32] 18.86 (1.27) [19] 12.11 (2.18) [28] 11.50 (0.22) [12] 8.86 (0.29) [38] 11.79 (0.30) [36] 10.35 (4.82) [43] 10.66 (0.81) [24] 8.02 (0.27) [51] 15.82 (5.58) [35] 15.59 (1.19) [4] 20.02 (3.18) [2]

DTE-C 16.99 (0.95) [15] 13.74 (0.85) [8] 19.17 (1.65) [1] 15.16 (0.98) [13] 12.84 (1.01) [14] 13.44 (2.91) [17] 18.71 (1.19) [9] 22.19 (1.27) [16] 20.41 (2.86) [9] 11.60 (1.74) [10] 9.10 (0.55) [19] 14.30 (1.87) [16] 26.13 (2.62) [6] 13.97 (1.37) [4] 11.46 (0.69) [3] 29.33 (7.01) [8] 15.39 (1.34) [5] 17.95 (1.30) [5]

DTENonParametric 14.06 (0.60) [32] 12.33 (0.42) [29] 15.41 (0.31) [33] 12.32 (0.69) [32] 12.27 (0.89) [25] 13.72 (0.22) [13] 15.26 (0.32) [18] 22.63 (0.48) [13] 17.07 (0.67) [15] 11.90 (0.56) [6] 8.90 (0.13) [35] 16.43 (1.13) [6] 21.07 (0.98) [14] 11.12 (1.03) [17] 9.18 (0.31) [33] 29.74 (8.80) [6] 10.86 (1.31) [43] 10.83 (0.64) [42]

MCM 16.91 (0.74) [18] 13.10 (0.72) [19] 17.29 (1.05) [21] 14.73 (1.04) [21] 12.68 (1.14) [17] 13.63 (0.23) [15] 17.14 (0.50) [11] 23.40 (0.64) [12] 18.10 (0.64) [11] 11.46 (0.54) [14] 9.45 (0.19) [11] 16.06 (0.92) [9] 20.83 (1.05) [15] 11.46 (1.00) [15] 9.39 (0.59) [27] 18.60 (4.55) [25] 11.36 (0.89) [40] 12.77 (1.71) [18]

3WNCROD 9.51 (0.00) [47] 9.53 (0.00) [47] 9.49 (0.00) [47] 9.50 (0.00) [44] 9.52 (0.00) [45] 9.35 (0.27) [47] 9.18 (0.11) [50] 12.44 (0.58) [40] 10.03 (0.34) [43] 10.81 (0.58) [31] 10.26 (0.23) [3] 11.69 (0.27) [37] 9.88 (0.60) [46] 8.86 (0.38) [46] 8.64 (0.42) [48] 11.73 (3.18) [45] 13.07 (1.81) [10] 11.82 (0.85) [32]

ODIN 13.96 (0.63) [34] 11.76 (0.40) [31] 13.87 (0.38) [36] 13.88 (1.03) [28] 13.70 (0.94) [4] 13.99 (0.77) [11] 17.87 (0.67) [10] 22.32 (1.06) [14] 16.05 (0.31) [17] 10.99 (0.43) [27] 9.56 (0.12) [8] 13.92 (0.65) [20] 25.76 (2.39) [7] 10.72 (0.67) [22] 11.22 (1.06) [4] 15.69 (2.51) [36] 13.10 (0.72) [8] 13.40 (1.15) [13]

NCSBAD (Ours) 18.32 (0.86) [7] 14.38 (0.86) [3] 17.32 (1.22) [17] 15.89 (1.04) [9] 13.43 (1.16) [10] 19.47 (0.48) [2] 27.93 (0.49) [5] 33.25 (0.41) [2] 31.37 (1.48) [2] 12.32 (0.73) [2] 9.01 (0.20) [26] 17.89 (1.08) [2] 29.98 (1.27) [1] 15.12 (2.53) [2] 12.08 (0.83) [2] 40.62 (8.67) [2] 16.50 (2.02) [2] 19.87 (2.40) [3]

NCSBADVAL (Ours) 18.38 (0.94) [6] 13.57 (2.03) [12] 17.63 (1.30) [7] 15.82 (0.86) [10] 12.91 (0.78) [13] 22.45 (4.36) [1] 33.91 (7.65) [1] 35.79 (3.40) [1] 35.32 (6.09) [1] 12.26 (0.88) [3] 9.81 (0.76) [6] 18.20 (1.58) [1] 29.42 (4.95) [2] 16.22 (2.64) [1] 14.11 (3.40) [1] 39.71 (8.67) [4] 17.26 (2.27) [1] 22.43 (3.46) [1]

Table 32: Mean, standard deviation and rank AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 8
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Model ALOI abalone annthyroid arrhythmia backdoor breastw campaign Cardiotocography cardio celeba census cover donors ecoli fault fraud glass Hepatitis

IForest -1.42 (0.30) [39] 57.59 (5.85) [14] 47.07 (2.44) [15] 46.64 (11.64) [17] -0.42 (2.59) [42] 92.80 (1.48) [4] 29.41 (1.89) [31] 30.56 (2.74) [10] 59.04 (4.42) [15] 14.21 (2.70) [18] -0.88 (1.28) [39] 9.58 (1.41) [35] 35.73 (3.41) [26] 61.05 (18.78) [32] 1.93 (3.31) [41] 32.38 (8.65) [35] 9.52 (6.47) [39] 33.89 (7.74) [31]

OCSVM 1.66 (0.53) [13] 61.03 (5.62) [10] 45.69 (1.51) [19] 45.67 (9.71) [20] 3.01 (0.39) [35] 92.67 (1.67) [5] 36.31 (0.36) [12] 34.47 (1.19) [7] 63.85 (2.67) [8] 23.75 (0.76) [1] 10.05 (0.72) [16] 23.50 (2.09) [21] 31.82 (0.96) [29] 78.76 (6.46) [3] 8.36 (1.31) [25] 44.14 (8.02) [25] 11.55 (9.52) [36] 52.39 (8.24) [19]

COPOD -1.63 (0.20) [41] 50.70 (7.78) [27] 21.97 (1.44) [45] -20.12 (10.27) [48] -5.08 (0.00) [47] 91.18 (1.29) [15] 36.67 (0.65) [10] 27.65 (1.64) [11] 64.99 (3.44) [6] 20.08 (1.01) [8] -13.20 (0.00) [49] 17.78 (0.77) [24] 35.34 (1.30) [27] 27.15 (7.10) [40] -4.20 (0.99) [47] 48.02 (4.28) [21] 14.30 (11.58) [28] 36.62 (3.67) [30]

ECOD -1.72 (0.39) [42] 57.59 (5.85) [14] 29.59 (1.97) [37] -20.12 (10.27) [48] -5.08 (0.00) [47] 90.61 (1.93) [20] 35.75 (0.54) [15] 40.74 (0.61) [1] 69.34 (3.19) [3] 20.02 (1.00) [9] -13.20 (0.00) [49] 23.48 (1.76) [22] 39.12 (1.10) [20] 31.81 (9.06) [39] -1.24 (1.67) [43] 41.23 (6.23) [29] 12.63 (8.69) [34] 19.23 (4.97) [38]

FeatureBagging 2.81 (1.10) [6] 69.05 (4.59) [4] 41.99 (7.91) [23] 45.05 (8.81) [22] 58.88 (8.73) [14] 22.58 (24.06) [42] 17.80 (6.66) [40] 19.26 (2.17) [18] 54.92 (4.13) [21] -2.33 (0.57) [43] -10.12 (1.50) [48] 77.51 (8.96) [4] 49.35 (13.10) [15] 75.59 (10.69) [24] -4.20 (0.59) [47] 70.15 (4.83) [3] 22.82 (10.11) [18] 16.52 (16.46) [42]

HBOS 1.26 (0.63) [14] 6.00 (2.81) [48] 26.18 (1.90) [41] 48.02 (9.31) [14] 2.59 (0.48) [36] 91.75 (1.98) [12] 34.38 (0.71) [22] 6.40 (2.02) [41] 48.06 (3.04) [34] 19.54 (1.20) [11] -0.96 (0.92) [40] 8.50 (1.10) [36] 13.34 (3.64) [41] 26.61 (7.23) [41] 4.27 (1.73) [38] 45.53 (6.09) [23] 22.45 (14.73) [19] 40.07 (1.99) [28]

KNN -0.12 (0.51) [30] 66.76 (6.69) [7] 55.69 (1.51) [7] 45.97 (9.00) [18] 49.91 (2.16) [16] 91.08 (1.01) [16] 37.52 (0.35) [6] 14.46 (1.70) [27] 53.78 (3.28) [26] 13.44 (1.06) [19] 12.32 (0.78) [5] 65.62 (3.14) [12] 94.18 (0.96) [5] 77.70 (7.55) [21] 7.03 (1.09) [31] 48.51 (4.92) [19] 26.90 (16.42) [16] 74.59 (3.93) [14]

LODA 0.46 (1.22) [23] 22.05 (17.23) [42] 36.77 (7.69) [33] 36.54 (12.80) [36] -0.62 (4.29) [43] 90.61 (1.40) [20] 12.58 (5.67) [44] 30.78 (12.08) [9] 57.44 (5.24) [18] 9.00 (7.63) [29] 5.20 (9.03) [29] 20.33 (10.71) [23] 15.10 (25.55) [40] 63.59 (30.66) [31] 0.80 (2.85) [42] 49.17 (10.95) [18] 5.38 (9.67) [47] 22.61 (18.11) [37]

LOF 2.08 (0.79) [8] 70.19 (2.29) [2] 41.84 (1.73) [24] 44.78 (8.62) [23] 70.51 (1.95) [10] 72.59 (6.21) [35] 27.47 (0.41) [35] 17.92 (2.27) [22] 54.24 (2.40) [23] -2.64 (0.27) [44] 1.41 (0.90) [37] 82.11 (2.95) [1] 72.01 (1.64) [9] 78.76 (6.46) [3] -2.67 (1.18) [44] 63.00 (5.63) [5] 21.52 (12.06) [22] 17.08 (11.26) [40]

MCD -2.33 (0.36) [46] 24.34 (12.24) [38] 41.84 (1.46) [24] 55.13 (7.87) [9] 16.05 (26.39) [21] 90.20 (2.48) [24] 33.40 (2.50) [24] 0.92 (4.11) [45] 51.95 (3.96) [29] 20.48 (5.12) [7] 20.44 (3.45) [1] 1.68 (0.81) [44] 25.55 (13.76) [33] 67.90 (8.59) [30] 10.09 (1.69) [18] 59.44 (5.54) [10] 15.89 (9.28) [26] 27.43 (14.12) [34]

PCA 1.85 (0.51) [11] 57.59 (5.85) [14] 41.70 (1.68) [28] 43.65 (9.83) [30] 3.77 (1.03) [31] 90.67 (0.92) [18] 35.50 (0.35) [16] 40.06 (1.29) [2] 69.80 (3.20) [1] 23.66 (1.04) [2] 10.28 (0.77) [14] 14.91 (1.80) [27] 29.88 (1.29) [30] 78.76 (6.46) [3] 7.85 (2.00) [27] 36.38 (4.47) [32] 11.55 (9.52) [36] 44.64 (11.73) [22]

DeepSVDD -0.64 (0.32) [33] 25.49 (8.11) [36] 10.01 (3.70) [48] 55.05 (11.72) [10] 67.14 (17.02) [12] 83.61 (1.72) [30] 15.81 (8.81) [41] -1.76 (10.35) [47] 25.18 (3.59) [45] 2.59 (5.52) [39] 11.50 (2.45) [8] 0.63 (2.45) [46] 17.98 (23.47) [36] 75.02 (6.80) [26] 5.09 (3.15) [35] 53.21 (21.93) [16] 43.97 (10.73) [8] 93.36 (4.27) [8]

INNE 0.39 (0.35) [24] 63.32 (5.84) [9] 57.00 (3.41) [4] 45.78 (9.92) [19] 4.74 (1.05) [29] 88.39 (2.00) [28] 36.46 (0.75) [11] 25.97 (2.49) [13] 56.98 (3.04) [19] 12.37 (2.52) [20] 10.61 (1.65) [12] 44.65 (4.88) [15] 38.03 (3.01) [22] 78.76 (6.46) [3] 8.86 (2.47) [22] 59.83 (6.36) [9] 8.66 (5.57) [42] 41.59 (10.28) [27]

KPCA -0.13 (0.63) [31] 55.29 (7.61) [23] 51.93 (1.04) [10] 66.80 (8.34) [3] 86.54 (1.35) [5] 93.80 (1.06) [3] 37.22 (0.39) [7] 10.54 (1.62) [32] 56.75 (1.97) [20] 12.07 (1.21) [22] 11.89 (0.67) [7] 63.14 (2.91) [13] 97.94 (0.52) [2] 78.76 (6.46) [3] 5.70 (1.31) [34] 46.63 (11.08) [22] 75.11 (9.97) [4] 99.45 (1.09) [1]

KDE -0.13 (0.43) [31] 61.03 (9.86) [10] 46.92 (1.58) [17] 54.89 (4.37) [11] 42.41 (1.93) [17] 94.18 (1.21) [2] 34.60 (0.36) [21] 10.54 (1.46) [32] 62.01 (1.33) [12] 10.38 (1.32) [25] 10.91 (1.02) [11] 42.05 (2.87) [17] 69.62 (0.78) [11] 78.76 (6.46) [3] 8.46 (1.79) [24] 43.76 (8.81) [26] 39.17 (13.07) [9] 99.45 (1.09) [1]

GMM 0.95 (0.42) [20] 57.59 (6.88) [14] 42.06 (1.31) [22] 62.27 (8.13) [5] 84.88 (0.99) [6] 90.49 (1.21) [22] 41.76 (0.43) [1] 14.57 (1.34) [26] 53.78 (3.12) [26] 17.84 (1.18) [13] 9.71 (0.91) [17] 16.79 (0.56) [26] 37.18 (0.48) [24] 78.76 (6.46) [3] 13.15 (1.09) [11] 62.42 (7.91) [7] 12.63 (8.69) [34] 69.81 (5.78) [16]

CBLOF 1.19 (0.60) [15] 67.90 (5.85) [5] 50.69 (2.48) [12] 45.06 (9.55) [21] 3.52 (1.50) [33] 90.26 (0.75) [23] 35.91 (0.23) [14] 26.53 (1.76) [12] 62.93 (3.20) [9] 22.77 (6.15) [5] 11.11 (0.68) [9] 12.34 (1.27) [30] 41.61 (1.41) [19] 78.76 (6.46) [3] 9.58 (1.72) [20] 37.11 (3.33) [30] 20.35 (7.84) [24] 51.16 (8.30) [20]

SOD 13.73 (0.83) [3] 9.44 (6.68) [46] 30.17 (1.56) [36] 13.09 (4.00) [45] 37.47 (1.94) [19] 71.11 (1.76) [37] 12.92 (0.75) [43] 7.97 (2.31) [39] 32.73 (1.68) [43] 4.11 (0.73) [37] 7.45 (0.68) [24] 3.24 (1.11) [41] 18.32 (4.88) [35] 14.09 (5.54) [43] 18.25 (1.90) [6] 17.76 (6.12) [41] 5.84 (3.29) [46] -19.62 (6.07) [48]

LUNAR 2.55 (0.39) [7] 67.90 (5.85) [5] 38.80 (0.98) [30] 59.57 (7.67) [8] 87.65 (1.19) [2] 92.23 (1.17) [8] 31.27 (0.63) [28] 16.25 (1.39) [25] 64.76 (2.22) [7] 5.42 (1.05) [35] 3.76 (0.48) [31] 77.41 (2.10) [5] 99.53 (0.18) [1] 78.76 (6.46) [3] 6.31 (1.57) [33] 56.67 (8.64) [13] 53.99 (14.29) [7] 99.45 (1.09) [1]

SOGAAL -4.75 (3.05) [49] 50.71 (7.78) [26] 22.99 (8.27) [44] 29.94 (9.04) [38] -1.95 (1.76) [44] -60.47 (22.95) [50] 28.79 (4.31) [33] 18.03 (13.88) [21] 39.59 (12.56) [41] -4.50 (0.00) [49] 8.75 (3.92) [21] -1.98 (0.00) [50] -9.91 (3.64) [47] 6.09 (11.56) [48] -6.45 (10.10) [50] -0.34 (0.00) [47] 26.43 (13.96) [17] 23.04 (15.57) [36]

ALAD 1.14 (2.13) [17] 23.19 (16.85) [39] 27.27 (23.65) [39] 7.86 (8.36) [46] 1.05 (3.61) [39] 45.64 (12.90) [41] 7.96 (4.92) [47] 10.32 (10.37) [34] 7.33 (16.97) [51] 3.43 (2.84) [38] -4.01 (5.28) [43] 11.66 (25.19) [31] 13.03 (26.54) [43] 47.85 (39.81) [34] 2.13 (6.55) [40] 12.43 (9.26) [42] 12.76 (19.91) [33] 14.09 (17.31) [43]

AE -1.16 (0.37) [36] 71.34 (5.13) [1] 44.45 (2.78) [21] 44.77 (9.11) [25] 8.97 (0.89) [25] 89.03 (0.61) [27] 36.29 (0.29) [13] 19.04 (1.56) [19] 54.92 (2.77) [21] 11.74 (1.00) [23] 12.66 (0.91) [3] 68.94 (6.72) [10] 59.89 (4.90) [14] 78.76 (6.46) [3] 14.89 (2.13) [8] 52.64 (4.91) [17] 34.97 (12.02) [12] 72.57 (5.53) [15]

CD 2.97 (0.23) [5] 28.92 (9.31) [33] 12.26 (1.28) [47] -20.12 (10.27) [48] -5.08 (0.00) [47] 85.04 (1.49) [29] 37.68 (4.56) [5] 13.23 (3.68) [29] 40.97 (2.76) [40] 7.89 (0.86) [31] -5.82 (9.08) [45] 1.50 (1.71) [45] -3.96 (0.54) [46] 32.53 (14.63) [38] 24.59 (3.73) [2] 35.93 (2.59) [34] 8.66 (5.57) [42] -26.39 (7.93) [50]

MOGAAL -5.25 (2.07) [50] 56.44 (5.85) [22] 26.91 (2.99) [40] 31.49 (8.76) [37] 15.70 (12.78) [23] -80.93 (6.84) [51] 21.76 (5.48) [37] 19.04 (10.04) [19] 41.20 (10.40) [39] -4.47 (0.07) [48] 6.38 (1.06) [27] -1.98 (0.00) [50] -10.92 (1.05) [49] 6.32 (20.61) [47] -4.81 (8.10) [49] 0.03 (0.73) [46] 29.94 (7.42) [13] 25.23 (13.31) [35]

QMCD 0.65 (0.79) [22] 27.78 (10.63) [34] 25.46 (1.98) [42] 23.11 (37.68) [40] -3.66 (0.38) [45] -23.77 (29.25) [48] 34.17 (0.77) [23] -5.34 (1.89) [50] 20.38 (3.44) [47] 6.55 (10.68) [33] 12.46 (1.02) [4] 10.06 (0.91) [32] -12.61 (0.00) [50] 13.07 (12.95) [44] 4.99 (1.81) [36] 42.20 (12.39) [27] 22.26 (12.93) [20] 17.11 (4.99) [39]

Sampling 1.00 (0.55) [19] 53.00 (6.69) [25] 46.27 (2.42) [18] 46.94 (9.39) [15] 4.13 (0.97) [30] 91.62 (0.49) [14] 35.46 (1.88) [18] 25.08 (6.23) [14] 58.35 (2.36) [17] 23.00 (3.43) [4] 10.53 (0.67) [13] 9.99 (4.41) [33] 32.08 (10.99) [28] 74.64 (11.16) [27] 13.05 (4.11) [12] 36.75 (3.87) [31] 16.88 (7.83) [25] 43.16 (9.91) [25]

EIF 0.02 (0.61) [28] 57.59 (5.85) [14] 47.06 (1.50) [16] 46.65 (9.62) [16] 3.44 (4.06) [34] 92.46 (1.43) [6] 32.54 (0.82) [26] 32.23 (5.29) [8] 59.73 (4.25) [14] 17.00 (1.55) [15] 1.78 (1.71) [36] 9.63 (1.49) [34] 42.33 (2.20) [18] 78.76 (6.46) [3] 6.72 (3.05) [32] 30.55 (5.32) [36] 13.98 (11.25) [29] 75.38 (4.41) [12]

Ensemble 2.08 (0.79) [8] 70.19 (2.29) [2] 41.84 (1.73) [24] 44.78 (8.62) [23] 70.51 (1.95) [10] 72.59 (6.21) [35] 27.47 (0.41) [35] 17.92 (2.27) [22] 54.24 (2.40) [23] -2.64 (0.27) [44] 1.41 (0.90) [37] 82.11 (2.95) [1] 72.01 (1.64) [9] 78.76 (6.46) [3] -2.67 (1.18) [44] 63.00 (5.63) [5] 21.52 (12.06) [22] 17.08 (11.26) [40]

GEN2OUT -0.86 (0.74) [35] 57.59 (5.85) [14] 45.40 (2.96) [20] 49.07 (6.82) [13] 6.24 (5.15) [28] 91.81 (1.49) [10] 32.57 (2.76) [25] 39.61 (2.42) [4] 62.93 (5.35) [9] 14.69 (4.85) [17] 2.56 (8.21) [33] 28.57 (1.94) [20] 38.16 (7.14) [21] 44.57 (11.75) [35] 8.66 (4.11) [23] 45.25 (9.96) [24] 9.09 (5.12) [40] 42.70 (5.21) [26]

DynamicHBOS -4.68 (1.64) [48] -2.03 (2.29) [51] 21.39 (1.87) [46] 40.18 (10.69) [35] -4.86 (0.44) [46] 91.72 (6.39) [13] 28.95 (1.02) [32] 20.38 (3.89) [16] 26.78 (6.98) [44] -4.50 (0.00) [49] -2.38 (1.48) [41] -1.91 (0.14) [49] 13.34 (3.64) [41] 1.18 (9.75) [49] 23.15 (8.36) [3] -0.34 (0.00) [47] -3.01 (6.75) [49] 13.68 (8.45) [44]

COF 20.05 (0.37) [2] 26.63 (6.69) [35] 2.18 (1.06) [50] 20.28 (4.28) [43] 12.82 (1.48) [24] -34.26 (11.48) [49] 8.59 (0.60) [45] 8.64 (2.82) [38] 8.47 (5.12) [50] -3.34 (0.23) [46] -3.61 (0.75) [42] 2.44 (0.41) [42] 6.60 (1.68) [44] 6.70 (20.52) [46] 12.95 (2.08) [13] -0.34 (0.00) [47] 3.35 (7.97) [48] -29.39 (7.23) [51]

ABOD 1.12 (0.47) [18] 59.88 (5.13) [12] 51.56 (1.56) [11] 21.40 (10.72) [42] 81.73 (0.78) [8] 68.86 (4.85) [38] 35.12 (0.60) [19] 8.86 (1.46) [36] 65.22 (0.92) [5] -3.42 (1.37) [47] 6.96 (0.85) [25] 75.10 (1.28) [7] 68.19 (1.73) [12] -5.47 (0.00) [50] 8.36 (2.29) [25] 19.29 (9.79) [40] -8.51 (0.00) [50] 53.86 (8.14) [18]

LMDD 1.89 (0.55) [10] 25.49 (22.05) [36] 37.35 (2.12) [31] 40.80 (10.14) [34] 2.49 (0.53) [37] 49.11 (20.48) [40] 30.67 (7.37) [30] 37.60 (3.89) [5] 62.93 (2.76) [9] 19.70 (0.97) [10] 8.55 (0.93) [23] 17.10 (9.67) [25] 37.20 (10.03) [23] 77.70 (7.55) [21] 45.30 (22.81) [1] 42.14 (5.22) [28] 12.90 (6.23) [32] 37.82 (5.25) [29]

DAGMM 0.04 (1.90) [27] 23.19 (14.32) [39] 41.77 (15.40) [27] 22.37 (8.74) [41] 0.84 (3.08) [40] 59.39 (19.26) [39] 18.72 (4.11) [39] 19.49 (9.00) [17] 51.95 (12.21) [29] 8.37 (3.98) [30] 1.90 (1.82) [35] 14.16 (9.21) [29] 15.91 (17.01) [37] 56.44 (19.57) [33] 4.99 (8.02) [36] 23.95 (19.41) [39] 7.84 (21.45) [45] 28.58 (9.50) [33]

DROCC -6.28 (0.00) [51] 7.14 (12.76) [47] 53.30 (5.47) [8] 13.72 (14.71) [44] 84.82 (0.93) [7] 16.19 (40.54) [44] -25.39 (0.00) [50] -0.42 (6.05) [46] 39.37 (10.28) [42] 4.12 (1.04) [36] 5.73 (0.57) [28] 45.20 (5.10) [14] 15.78 (24.01) [38] 38.48 (36.34) [37] 2.74 (5.90) [39] -0.34 (0.00) [47] 7.87 (20.74) [44] -6.23 (18.36) [45]

GOAD -1.39 (0.84) [37] 58.73 (4.29) [13] 56.57 (7.57) [5] 43.67 (8.33) [29] -0.34 (3.28) [41] 89.84 (0.75) [25] 0.64 (9.64) [49] 36.26 (1.69) [6] 67.51 (2.36) [4] -1.95 (1.91) [42] -4.64 (2.93) [44] -1.19 (1.59) [48] -10.06 (1.27) [48] 78.76 (6.46) [3] 10.70 (1.44) [17] 28.87 (19.89) [38] 13.72 (13.40) [30] 43.22 (11.79) [24]

ICL -1.47 (0.57) [40] 48.41 (10.88) [28] 37.13 (3.51) [32] 61.70 (4.61) [6] 86.74 (1.19) [4] 91.76 (1.63) [11] 39.19 (0.37) [3] 9.87 (4.44) [35] 42.80 (4.80) [37] 9.50 (1.34) [27] 14.23 (0.98) [2] 44.20 (11.52) [16] 96.66 (0.69) [4] 76.27 (4.74) [23] 12.65 (2.22) [14] 54.93 (11.57) [14] 86.92 (10.20) [1] 99.45 (1.09) [1]

PlanarFlow -2.40 (0.65) [47] 18.61 (8.42) [43] 50.62 (5.12) [13] 43.53 (11.60) [32] 54.75 (21.04) [15] 83.13 (4.75) [31] 20.73 (11.84) [38] 17.70 (2.59) [24] 50.58 (3.50) [32] 17.35 (5.15) [14] 2.95 (1.87) [32] 4.15 (7.74) [40] 46.95 (9.77) [16] 73.89 (9.36) [28] 13.66 (4.29) [10] 72.81 (6.52) [1] 13.64 (9.26) [31] 87.54 (5.86) [11]

VAE 1.85 (0.51) [11] 57.59 (5.85) [14] 41.70 (1.61) [28] 43.65 (9.83) [30] 3.77 (1.03) [31] 90.67 (0.92) [18] 35.50 (0.35) [16] 39.95 (1.35) [3] 69.80 (3.20) [1] 23.47 (0.96) [3] 10.28 (0.77) [14] 14.84 (1.89) [28] 29.63 (1.42) [31] 78.76 (6.46) [3] 7.64 (1.96) [28] 36.38 (4.47) [32] 11.55 (9.52) [36] 43.56 (11.69) [23]

GANomaly 3.99 (1.01) [4] 31.22 (24.05) [32] 24.15 (8.24) [43] 43.75 (9.88) [28] 38.68 (32.08) [18] 80.75 (4.94) [33] 30.87 (8.40) [29] 12.00 (15.90) [30] 52.18 (7.21) [28] 7.32 (11.07) [32] 9.52 (5.08) [18] 32.81 (34.94) [18] 1.33 (8.95) [45] 72.73 (17.15) [29] 7.33 (8.21) [29] 58.24 (16.01) [12] 15.58 (15.78) [27] 49.02 (10.42) [21]

SLAD -1.40 (0.28) [38] 12.88 (4.29) [44] 61.35 (1.39) [2] 65.97 (7.79) [4] -5.08 (0.00) [47] 92.26 (1.18) [7] 36.97 (0.49) [8] -3.77 (2.02) [49] 54.01 (3.92) [25] 9.44 (1.76) [28] -7.94 (10.51) [47] 5.77 (5.54) [38] 46.70 (11.93) [17] 78.76 (6.46) [3] 15.70 (0.60) [7] 48.39 (4.43) [20] 36.23 (12.49) [11] 99.45 (1.09) [1]

DIF -1.96 (0.51) [44] 3.71 (4.29) [49] 52.14 (1.89) [9] 27.70 (6.98) [39] 16.04 (2.37) [22] 7.81 (6.07) [45] 8.41 (0.30) [46] -8.02 (3.85) [51] 13.97 (3.42) [48] 6.45 (1.76) [34] 2.05 (1.40) [34] -1.02 (0.45) [47] 29.34 (5.22) [32] 78.76 (6.46) [3] 20.40 (2.46) [4] 2.77 (1.90) [44] 57.04 (16.88) [5] 75.00 (13.08) [13]

DDPM 0.06 (0.85) [26] 10.59 (4.59) [45] 32.85 (1.61) [35] 41.61 (9.79) [33] 7.14 (1.26) [26] 80.98 (2.59) [32] 31.88 (0.65) [27] 4.05 (5.79) [43] 41.88 (4.66) [38] 11.05 (1.28) [24] 9.03 (0.84) [20] 7.27 (1.32) [37] 21.93 (3.05) [34] 42.97 (9.33) [36] 11.21 (1.12) [16] 72.63 (4.59) [2] 22.20 (13.68) [21] 31.74 (9.46) [32]

DTE-IG -0.76 (0.76) [34] 33.51 (30.25) [31] -16.02 (0.00) [51] 44.61 (12.70) [27] 30.96 (44.10) [20] -4.77 (57.64) [47] 2.98 (18.45) [48] -3.21 (2.61) [48] 44.40 (6.89) [36] 0.88 (7.19) [40] -6.22 (8.72) [46] 67.62 (34.85) [11] 92.20 (2.92) [7] 22.78 (31.30) [42] -7.57 (13.02) [51] 54.43 (21.68) [15] 55.27 (8.62) [6] -13.84 (48.05) [47]

DTE-C -1.77 (0.39) [43] 54.15 (8.11) [24] 72.44 (1.30) [1] 60.36 (6.32) [7] 77.71 (2.58) [9] 76.93 (5.53) [34] 39.71 (0.52) [2] 1.93 (2.14) [44] 50.81 (3.62) [31] 16.93 (3.04) [16] 6.43 (0.99) [26] 72.30 (4.75) [8] 84.05 (2.01) [8] 78.76 (6.46) [3] 9.89 (1.85) [19] 65.17 (2.85) [4] 27.19 (8.11) [15] 90.16 (3.87) [10]

DTENonParametric -0.03 (0.46) [29] 64.46 (5.62) [8] 56.13 (1.07) [6] 51.95 (15.57) [12] 60.39 (1.66) [13] 95.59 (4.21) [1] 36.72 (0.32) [9] 10.87 (1.48) [31] 46.69 (4.26) [35] 12.28 (1.05) [21] 12.13 (0.62) [6] 69.37 (3.52) [9] 96.80 (0.60) [3] 75.41 (7.75) [25] 8.97 (1.60) [21] -0.34 (0.00) [47] 36.28 (12.21) [10] 91.50 (4.76) [9]

MCM 0.84 (0.54) [21] 46.12 (9.31) [29] 49.24 (2.19) [14] 44.67 (9.75) [26] 6.37 (2.67) [27] 89.70 (0.93) [26] 35.03 (0.48) [20] 7.85 (2.86) [40] 61.87 (2.60) [13] 19.09 (3.58) [12] 9.46 (3.43) [19] 32.15 (10.92) [19] 93.70 (3.60) [6] 79.47 (7.14) [2] 14.79 (1.94) [9] 29.57 (21.94) [37] 29.28 (24.20) [14] 67.25 (7.57) [17]

3WNCROD 0.30 (0.40) [25] 57.59 (5.85) [14] 28.28 (0.84) [38] -20.12 (10.27) [48] -5.08 (0.00) [47] 18.35 (6.80) [43] -25.39 (0.00) [50] 20.72 (1.82) [15] 21.06 (2.04) [46] -4.50 (0.00) [49] -13.20 (0.00) [49] 5.29 (1.62) [39] 15.32 (1.55) [39] 12.06 (13.37) [45] -3.08 (1.17) [46] 3.30 (1.87) [43] -8.51 (0.00) [50] -10.90 (14.84) [46]

ODIN 20.52 (1.51) [1] 3.71 (2.29) [49] 7.18 (0.83) [49] 6.78 (5.63) [47] 1.48 (0.48) [38] 3.46 (7.01) [46] 14.48 (0.30) [42] 8.75 (2.38) [37] 9.62 (4.96) [49] -1.56 (0.61) [41] 4.23 (1.04) [30] 1.70 (0.37) [43] -12.61 (0.00) [50] -5.47 (0.00) [50] 19.28 (1.87) [5] 1.76 (1.42) [45] 8.87 (4.36) [41] -19.95 (8.93) [49]

NCSBAD 1.16 (0.37) [16] 23.19 (5.84) [39] 35.75 (1.56) [34] 67.74 (8.21) [2] 87.90 (1.06) [1] 91.82 (1.47) [9] 28.23 (0.50) [34] 5.73 (2.31) [42] 59.04 (1.68) [15] 9.64 (9.56) [26] 8.66 (1.26) [22] 77.24 (3.60) [6] 36.85 (1.56) [25] 81.06 (4.60) [1] 7.13 (0.91) [30] 58.70 (9.39) [11] 78.29 (4.00) [3] 99.45 (1.09) [1]

NCSBADVAL -2.29 (0.36) [45] 39.24 (7.78) [30] 59.03 (1.50) [3] 68.69 (8.11) [1] 87.37 (0.79) [3] 90.87 (1.81) [17] 38.93 (0.26) [4] 13.56 (1.35) [28] 49.21 (4.38) [33] 22.66 (2.41) [6] 11.06 (0.91) [10] 78.48 (6.09) [3] 61.57 (4.19) [13] 77.82 (9.91) [20] 11.92 (2.97) [15] 62.19 (14.46) [8] 81.01 (2.77) [2] 98.08 (2.02) [7]

Table 33: Mean, standard deviation and rank ADJ F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 1
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IForest 12.54 (0.92) [13] 9.05 (1.30) [33] 28.35 (19.38) [32] -8.12 (4.55) [50] 68.41 (3.21) [30] 12.04 (2.47) [22] -8.05 (2.50) [22] 79.70 (8.12) [31] 36.83 (2.14) [22] 35.13 (2.74) [22] 19.29 (3.79) [3] 23.14 (4.74) [21] 43.58 (4.56) [30] 99.34 (0.15) [26] 42.32 (20.67) [41] 10.36 (2.64) [22] 6.79 (7.64) [17] 31.18 (2.61) [40]

OCSVM 8.23 (0.55) [36] 15.58 (0.79) [7] 99.44 (0.46) [5] 21.09 (2.42) [23] 84.99 (2.32) [11] 5.99 (1.59) [29] -12.58 (0.93) [39] 100.00 (0.00) [1] 34.22 (0.51) [27] 38.08 (1.82) [14] 18.39 (0.39) [8] 20.36 (1.03) [26] 57.90 (0.87) [19] 100.00 (0.00) [1] 100.00 (0.00) [1] 7.30 (0.56) [28] -5.69 (0.47) [40] 47.06 (0.87) [22]

COPOD 12.21 (0.60) [15] 11.98 (0.57) [20] 6.21 (5.05) [39] 20.69 (5.67) [25] 39.91 (4.29) [45] 4.50 (1.36) [33] -9.55 (2.67) [28] 89.63 (6.90) [22] 23.17 (0.90) [38] 49.23 (1.51) [1] -18.69 (0.00) [49] -16.79 (0.00) [48] -20.28 (0.00) [49] 62.88 (0.49) [39] 85.67 (4.85) [31] 4.37 (2.03) [34] -5.92 (0.00) [45] 24.70 (1.24) [44]

ECOD 19.11 (0.60) [2] 16.82 (0.41) [2] 1.96 (1.24) [42] 20.69 (5.67) [25] 27.54 (5.58) [47] -4.07 (0.92) [47] -6.53 (3.50) [16] 85.42 (11.00) [26] 17.25 (0.70) [44] 49.23 (1.73) [1] -18.69 (0.00) [49] -16.79 (0.00) [48] -20.28 (0.00) [49] 75.11 (0.68) [36] 95.22 (0.90) [28] -8.58 (1.22) [48] -5.92 (0.00) [45] 38.45 (0.91) [31]

FeatureBagging 10.36 (1.43) [24] 12.22 (1.71) [19] -0.75 (0.00) [46] 35.36 (4.06) [11] 73.41 (3.03) [26] 29.35 (1.05) [1] -3.14 (2.56) [12] 53.95 (24.58) [39] 51.29 (1.17) [11] 35.94 (2.53) [19] 8.40 (3.56) [29] 26.54 (0.68) [15] 64.20 (1.32) [13] 100.00 (0.00) [1] 100.00 (0.00) [1] 13.05 (1.86) [18] 42.56 (5.23) [7] 57.41 (0.98) [8]

HBOS 7.75 (1.19) [38] 7.74 (0.67) [38] 1.96 (1.24) [42] -5.61 (3.61) [47] 34.89 (1.89) [46] 26.84 (1.12) [5] -6.91 (2.56) [19] 88.76 (6.33) [24] 31.97 (0.30) [30] 13.24 (2.67) [43] 14.73 (0.91) [15] 16.25 (0.41) [31] 8.41 (1.30) [44] 94.66 (1.50) [32] 100.00 (0.00) [1] -11.09 (1.00) [49] 38.33 (1.20) [9] -5.17 (1.01) [50]

KNN 12.33 (1.01) [14] 14.35 (0.35) [11] 100.00 (0.00) [1] 28.23 (1.42) [18] 81.50 (4.49) [15] 25.29 (1.25) [8] -12.58 (0.93) [39] 93.76 (5.84) [15] 50.49 (0.25) [12] 36.74 (2.67) [17] 10.16 (0.48) [24] 26.68 (0.82) [14] 66.95 (0.82) [4] 100.00 (0.00) [1] 100.00 (0.00) [1] 15.86 (1.44) [14] 15.50 (6.33) [14] 51.09 (1.21) [17]

LODA 3.74 (6.59) [47] 2.96 (4.34) [46] 0.65 (1.04) [45] 16.86 (4.65) [32] 56.62 (8.53) [36] 2.52 (6.13) [35] -11.44 (1.19) [35] 22.75 (20.71) [43] 28.10 (2.08) [34] 46.14 (5.94) [3] 23.02 (11.42) [1] -1.04 (9.86) [47] 20.27 (8.92) [42] 99.88 (0.19) [23] 91.18 (5.85) [30] 10.05 (5.19) [23] -4.51 (1.73) [32] 33.32 (2.99) [37]

LOF 9.49 (0.53) [29] 10.94 (0.94) [27] 96.32 (2.44) [10] 33.91 (2.21) [13] 74.19 (4.81) [23] 28.55 (1.21) [2] -1.62 (2.20) [8] 74.44 (5.20) [34] 50.08 (0.32) [13] 35.53 (2.72) [20] 17.27 (0.74) [9] 24.73 (0.42) [18] 66.15 (1.49) [6] 100.00 (0.00) [1] 100.00 (0.00) [1] 13.29 (1.61) [15] 47.74 (1.20) [4] 58.36 (0.85) [4]

MCD 5.13 (3.25) [44] 10.89 (4.80) [29] 93.17 (1.31) [13] 4.03 (2.42) [42] 79.06 (3.69) [18] 19.61 (14.67) [14] -10.69 (1.93) [29] 82.06 (4.57) [29] 33.35 (0.57) [28] -2.07 (0.85) [49] 12.84 (1.92) [18] 29.15 (1.16) [10] 44.72 (2.82) [29] 100.00 (0.00) [1] 51.87 (16.65) [39] -6.38 (2.46) [47] -5.92 (0.00) [45] 48.32 (1.28) [21]

PCA 8.30 (0.48) [33] 11.13 (0.94) [25] 92.80 (0.98) [14] 20.16 (2.42) [27] 57.66 (5.61) [35] -1.09 (0.81) [43] -12.58 (0.93) [39] 93.00 (3.18) [18] 27.53 (0.90) [36] 40.63 (2.50) [10] 15.78 (0.55) [12] 2.22 (0.69) [44] 57.39 (1.26) [20] 100.00 (0.00) [1] 100.00 (0.00) [1] 2.84 (0.39) [37] -5.69 (0.47) [40] 35.37 (1.47) [35]

DeepSVDD -0.48 (6.33) [51] -2.11 (4.10) [51] 28.50 (29.99) [31] 33.65 (6.51) [16] 87.56 (1.44) [6] 13.14 (2.49) [19] -8.42 (2.56) [23] 87.78 (10.10) [25] 16.72 (1.77) [45] 22.90 (11.49) [35] 4.17 (8.91) [39] 3.48 (17.03) [41] 33.96 (10.64) [33] 100.00 (0.00) [1] 100.00 (0.00) [1] -4.36 (9.73) [46] -0.98 (8.76) [26] 45.40 (5.19) [25]

INNE 10.26 (1.72) [26] 12.78 (0.55) [16] 94.32 (2.12) [12] 41.05 (2.27) [9] 78.95 (4.05) [19] 19.61 (3.30) [14] -13.33 (0.00) [48] 89.67 (8.57) [21] 39.36 (1.13) [18] 35.13 (5.11) [22] 18.85 (0.31) [5] 34.75 (2.17) [6] 64.95 (2.83) [11] 100.00 (0.00) [1] 99.63 (0.73) [24] 7.12 (1.33) [30] -1.92 (0.58) [28] 64.60 (1.34) [1]

KPCA 13.67 (0.66) [9] 11.70 (0.52) [21] 99.44 (0.46) [5] 43.17 (2.21) [6] 90.51 (1.87) [1] 20.75 (1.42) [13] -12.58 (0.93) [39] 100.00 (0.00) [1] 49.53 (0.32) [15] 42.25 (3.58) [6] 9.90 (0.50) [25] 24.74 (0.85) [17] 68.15 (1.01) [2] 100.00 (0.00) [1] 100.00 (0.00) [1] 13.11 (1.25) [17] 3.73 (2.72) [20] 48.41 (1.34) [20]

KDE 8.30 (1.01) [33] 12.90 (0.60) [15] 99.63 (0.45) [4] 41.84 (1.82) [7] 90.15 (3.18) [2] 12.69 (1.56) [20] -11.45 (1.69) [36] 100.00 (0.00) [1] 35.09 (0.48) [26] 40.50 (2.39) [11] 12.75 (0.55) [20] 36.11 (0.92) [5] 69.13 (0.88) [1] 100.00 (0.00) [1] 100.00 (0.00) [1] 18.00 (1.66) [8] 37.62 (4.21) [10] 49.99 (1.13) [19]

GMM 16.82 (0.37) [4] 16.33 (0.64) [3] 92.28 (1.09) [15] 49.24 (2.30) [4] 85.56 (2.75) [10] -6.08 (0.53) [48] -12.20 (0.93) [38] 99.01 (1.97) [7] 43.99 (0.76) [16] 40.90 (1.75) [9] 2.10 (0.66) [43] 15.25 (0.75) [33] 62.89 (1.18) [16] 100.00 (0.00) [1] 91.19 (3.56) [29] 18.85 (1.14) [7] -3.34 (1.37) [30] 47.06 (1.39) [22]

CBLOF 10.40 (0.74) [22] 11.24 (2.33) [24] 91.38 (1.56) [17] 20.16 (2.42) [27] 84.20 (2.56) [12] 5.76 (1.26) [31] -12.58 (0.93) [39] 89.37 (5.20) [23] 36.21 (0.47) [24] 41.44 (7.99) [7] 18.65 (0.33) [7] 31.68 (0.95) [8] 59.85 (1.59) [17] -22.56 (0.00) [49] 100.00 (0.00) [1] 8.65 (1.73) [27] -4.98 (0.47) [34] 58.28 (1.36) [6]

SOD 10.38 (1.22) [23] 4.48 (0.90) [45] 3.01 (1.66) [41] 6.15 (2.05) [41] 50.86 (4.25) [39] 5.90 (1.87) [30] 33.89 (3.16) [2] 25.53 (17.47) [42] 33.16 (0.59) [29] 15.25 (2.98) [39] 5.28 (0.95) [37] 16.82 (0.71) [29] 34.93 (1.22) [31] -22.51 (0.03) [48] 21.01 (3.07) [45] 10.73 (2.82) [21] -3.10 (1.91) [29] 34.58 (1.84) [36]

LUNAR 15.38 (0.65) [6] 15.72 (0.31) [6] 99.83 (0.34) [2] 47.92 (2.34) [5] 86.76 (4.03) [7] 26.15 (1.20) [7] -13.33 (0.00) [48] 100.00 (0.00) [1] 54.90 (0.55) [7] 42.92 (1.28) [5] 0.18 (0.44) [46] 26.21 (0.50) [16] 66.67 (0.97) [5] 99.28 (0.58) [28] 100.00 (0.00) [1] 11.95 (1.18) [19] 84.70 (2.36) [1] 51.57 (3.14) [15]

SOGAAL 6.46 (4.45) [42] 5.00 (3.89) [43] -0.75 (0.00) [46] -7.33 (7.52) [48] 44.01 (5.89) [42] -3.26 (6.66) [45] -6.53 (4.57) [16] 21.84 (17.56) [44] 0.81 (3.72) [49] 0.75 (10.35) [47] -3.17 (13.61) [47] 28.47 (10.47) [11] 25.71 (4.00) [38] -14.66 (7.11) [47] 84.20 (22.09) [33] 0.40 (7.20) [41] -5.22 (0.94) [36] 44.14 (8.98) [28]

ALAD 5.09 (7.19) [45] 1.41 (5.36) [48] 22.58 (35.30) [34] 1.66 (4.41) [43] 4.77 (23.49) [49] -8.55 (8.01) [50] 2.53 (8.91) [7] 40.15 (18.93) [40] 3.66 (10.21) [48] 7.60 (12.81) [45] 17.18 (8.00) [11] 6.16 (4.06) [38] 13.68 (14.73) [43] 16.83 (28.37) [42] -5.81 (0.90) [50] -0.64 (10.19) [42] 9.61 (17.92) [16] 25.65 (21.00) [43]

AE 0.62 (0.80) [49] 14.11 (0.55) [12] 99.44 (0.76) [5] 22.28 (1.99) [21] 86.58 (2.16) [8] 8.61 (0.41) [27] -13.33 (0.00) [48] 92.71 (7.21) [19] 51.92 (0.50) [9] 33.65 (1.30) [27] 12.02 (0.60) [22] 24.14 (0.70) [20] 63.74 (1.42) [14] 100.00 (0.00) [1] 100.00 (0.00) [1] 17.33 (1.65) [13] 3.73 (2.51) [20] 51.56 (1.24) [16]

CD 13.41 (1.19) [10] 2.32 (1.21) [47] 20.61 (11.85) [35] 16.06 (0.00) [34] 70.84 (1.97) [28] -6.69 (1.13) [49] 29.36 (1.51) [4] 16.26 (4.09) [45] 35.25 (0.65) [25] 24.38 (5.99) [34] 7.50 (0.97) [33] 8.68 (1.45) [36] 26.52 (7.39) [37] 96.89 (1.06) [29] 15.13 (2.70) [46] 9.51 (2.02) [25] -4.28 (0.94) [31] 43.03 (8.91) [29]

MOGAAL 6.70 (5.57) [40] 6.01 (2.94) [42] -0.75 (0.00) [46] -4.16 (7.99) [45] 42.39 (6.69) [43] 0.28 (3.65) [39] -3.51 (4.98) [14] 26.54 (20.38) [41] -9.42 (5.01) [50] 34.86 (5.81) [24] 3.26 (6.35) [40] 44.01 (4.47) [1] 27.77 (8.83) [35] 1.16 (13.46) [46] 83.10 (21.02) [34] -3.57 (7.02) [44] -5.45 (0.58) [37] 31.18 (7.13) [40]

QMCD 8.26 (1.06) [35] 7.38 (0.93) [39] 63.79 (9.34) [26] 16.06 (0.00) [34] 18.80 (3.41) [48] 9.29 (1.73) [26] 10.46 (3.29) [6] -8.46 (0.00) [50] 25.45 (0.43) [37] 8.40 (1.17) [44] 18.68 (0.46) [6] 41.71 (0.50) [2] 22.74 (1.48) [39] 99.32 (0.14) [27] -3.97 (1.47) [49] 3.45 (0.47) [35] -5.92 (0.00) [45] -14.96 (0.93) [51]

Sampling 9.57 (3.89) [28] 8.19 (6.43) [36] 91.05 (2.45) [19] 19.77 (3.80) [31] 79.44 (4.48) [17] 2.21 (12.32) [37] -12.95 (0.76) [46] 93.76 (5.84) [15] 36.63 (4.32) [23] 33.92 (12.46) [25] 12.61 (5.61) [21] 32.12 (3.30) [7] 56.52 (4.61) [22] 99.99 (0.01) [20] 100.00 (0.00) [1] 10.97 (6.01) [20] -4.98 (1.37) [34] 46.11 (7.81) [24]

EIF 11.63 (1.39) [20] 13.00 (1.27) [14] 25.67 (16.55) [33] 19.90 (8.57) [30] 75.14 (2.04) [21] 13.75 (1.21) [18] -10.69 (1.51) [29] 95.61 (5.46) [11] 38.22 (2.65) [19] 39.16 (3.52) [13] 13.25 (5.70) [17] 19.26 (2.03) [28] 48.22 (5.63) [26] 99.84 (0.08) [24] 55.91 (21.80) [38] 9.93 (2.95) [24] 1.85 (3.21) [22] 32.84 (1.44) [38]

Ensemble 9.49 (0.53) [29] 10.94 (0.94) [27] 96.32 (2.44) [10] 33.91 (2.21) [13] 74.19 (4.81) [23] 28.55 (1.21) [2] -1.62 (2.20) [8] 74.44 (5.20) [34] 50.08 (0.32) [13] 35.53 (2.72) [20] 17.27 (0.74) [9] 24.73 (0.42) [18] 66.15 (1.49) [6] 100.00 (0.00) [1] 100.00 (0.00) [1] 13.29 (1.61) [15] 47.74 (1.20) [4] 58.36 (0.85) [4]

GEN2OUT 10.25 (1.42) [27] 14.43 (2.26) [9] 91.09 (2.26) [18] 9.59 (7.27) [38] 60.15 (8.84) [32] 13.83 (2.20) [17] -10.69 (2.56) [29] 77.60 (6.47) [32] 31.36 (2.36) [31] 39.29 (3.33) [12] 7.54 (1.63) [32] 20.64 (2.90) [24] 21.36 (6.69) [41] 99.99 (0.02) [20] 99.63 (0.73) [24] 2.84 (2.03) [37] -0.28 (5.12) [24] 36.55 (1.57) [33]

DynamicHBOS 34.94 (0.92) [1] 39.26 (0.30) [1] -0.75 (0.00) [46] 6.81 (1.25) [40] 68.72 (10.42) [29] 24.18 (0.33) [11] -12.95 (0.76) [46] 0.43 (5.13) [47] 71.98 (15.46) [1] -4.36 (0.33) [50] 2.81 (4.04) [41] 16.31 (0.43) [30] -2.24 (0.87) [47] 54.13 (6.34) [41] -6.54 (0.00) [51] -14.64 (2.82) [50] -5.45 (0.58) [37] -5.16 (4.04) [49]

COF 10.35 (1.33) [25] 8.62 (1.15) [34] 4.47 (1.77) [40] -5.35 (4.51) [46] 53.20 (3.75) [38] 10.28 (1.04) [25] 44.46 (4.41) [1] 11.29 (16.48) [46] 20.49 (0.98) [42] 16.06 (1.34) [38] 4.43 (0.68) [38] 3.74 (0.83) [40] 22.22 (1.21) [40] 7.17 (0.25) [44] 27.63 (7.22) [43] 5.23 (1.65) [33] -1.69 (2.31) [27] 24.62 (1.74) [45]

ABOD 11.64 (0.64) [19] 14.03 (0.52) [13] -0.75 (0.00) [46] 41.18 (1.87) [8] 58.62 (6.09) [33] 24.86 (1.04) [9] -7.29 (3.25) [20] -8.46 (0.00) [50] 52.95 (0.41) [8] 36.34 (2.34) [18] 7.90 (0.68) [31] 30.58 (0.24) [9] 65.69 (0.71) [9] 100.00 (0.00) [1] 95.96 (1.37) [27] 18.00 (1.12) [8] 39.74 (1.73) [8] 53.54 (1.24) [11]

LMDD 7.55 (14.68) [39] 14.39 (8.09) [10] 90.83 (2.07) [20] 7.21 (3.98) [39] 48.58 (6.80) [41] -22.95 (8.13) [51] -10.69 (2.27) [29] 95.42 (3.00) [13] 64.37 (35.51) [2] 44.13 (1.87) [4] 10.76 (8.19) [23] 0.98 (10.71) [46] 26.74 (7.74) [36] 85.62 (22.71) [34] 100.00 (0.00) [1] 1.80 (4.96) [40] -4.75 (0.74) [33] 26.60 (6.37) [42]

DAGMM 1.89 (6.78) [48] 1.37 (2.30) [49] 45.85 (36.57) [29] 0.73 (9.45) [44] 40.40 (12.20) [44] 11.27 (4.54) [23] -3.13 (8.24) [11] 61.44 (17.29) [37] 7.70 (8.39) [47] 22.64 (17.42) [36] 14.79 (9.06) [14] 9.23 (4.89) [35] 34.93 (8.10) [31] 71.37 (26.97) [37] 60.32 (20.01) [36] 6.51 (8.37) [31] -5.69 (0.47) [40] 51.09 (11.01) [17]

DROCC 6.12 (1.68) [43] 7.25 (3.16) [40] -0.75 (0.00) [46] 14.61 (9.97) [37] 4.61 (17.52) [50] 4.00 (4.23) [34] -3.14 (8.83) [12] -4.52 (7.89) [49] 43.20 (0.90) [17] 27.74 (3.25) [31] 2.65 (0.76) [42] 14.58 (2.55) [34] 54.52 (4.56) [24] 100.00 (0.00) [1] 29.09 (39.97) [42] 17.57 (4.53) [12] 17.62 (17.06) [13] 60.73 (2.53) [3]

GOAD 6.56 (2.11) [41] 0.96 (2.03) [50] 57.71 (14.56) [27] 20.95 (2.56) [24] 67.56 (9.10) [31] -2.20 (3.00) [44] -12.58 (0.93) [39] 95.57 (4.58) [12] 22.91 (5.84) [39] 30.43 (4.82) [30] 7.99 (1.59) [30] 4.87 (7.21) [39] 58.02 (2.44) [18] -22.56 (0.00) [49] 100.00 (0.00) [1] 6.14 (2.45) [32] -5.45 (0.58) [37] 39.95 (2.30) [30]

ICL 12.06 (0.95) [16] 11.67 (1.24) [22] 99.30 (0.64) [8] 34.44 (3.27) [12] 87.95 (1.06) [3] 27.98 (0.71) [4] -6.53 (2.56) [16] 99.06 (1.89) [5] 37.61 (2.22) [20] 14.85 (2.14) [40] 1.92 (0.55) [44] 27.44 (0.84) [13] 56.47 (1.13) [23] 70.12 (19.96) [38] 85.67 (1.37) [31] 20.57 (2.34) [6] 47.51 (5.84) [6] 57.73 (2.41) [7]

PlanarFlow 14.37 (5.82) [8] 7.86 (3.01) [37] 14.50 (11.47) [38] 29.81 (2.11) [17] 82.39 (2.03) [14] 2.37 (2.20) [36] -8.42 (4.57) [23] 80.49 (10.46) [30] 36.91 (4.06) [21] 13.50 (10.73) [42] 6.35 (4.40) [36] 2.25 (1.86) [43] 45.82 (2.41) [27] 99.82 (0.35) [25] 24.68 (25.43) [44] -1.31 (3.64) [43] -5.92 (0.00) [45] 44.30 (6.17) [27]

VAE 8.07 (0.53) [37] 11.12 (0.95) [26] 92.28 (1.09) [15] 20.16 (2.42) [27] 57.85 (5.58) [34] 8.19 (0.77) [28] -12.58 (0.93) [39] 93.83 (4.20) [14] 27.62 (0.91) [35] 41.17 (2.61) [8] 15.68 (0.49) [13] 2.22 (0.69) [44] 57.39 (1.26) [20] 100.00 (0.00) [1] 100.00 (0.00) [1] 1.99 (1.60) [39] -5.69 (0.47) [40] 35.53 (1.42) [34]

GANomaly 8.53 (2.68) [32] 8.22 (3.03) [35] 18.39 (36.97) [36] 27.96 (1.51) [19] 70.89 (4.38) [27] -3.42 (10.90) [46] -11.07 (1.41) [33] 83.69 (12.14) [27] 10.51 (2.25) [46] 33.79 (20.38) [26] 20.29 (10.93) [2] 19.85 (6.90) [27] 30.01 (5.00) [34] 78.44 (42.57) [35] 100.00 (0.00) [1] -4.00 (4.05) [45] -0.51 (4.38) [25] 31.26 (18.62) [39]

SLAD 11.79 (0.61) [18] 10.75 (0.66) [30] 89.58 (7.25) [22] 35.63 (0.90) [10] 86.18 (1.32) [9] 18.20 (0.74) [16] -11.45 (1.69) [36] 99.06 (1.89) [5] 29.31 (0.25) [32] 20.89 (2.49) [37] 12.76 (0.73) [19] 20.59 (0.73) [25] 63.29 (1.64) [15] 95.89 (2.78) [30] 100.00 (0.00) [1] 23.49 (0.37) [5] 31.97 (4.30) [11] 51.80 (1.39) [14]

DIF 8.78 (0.84) [31] 11.39 (0.58) [23] 14.87 (10.52) [37] -7.73 (1.87) [49] 73.67 (5.22) [25] -0.22 (0.46) [40] 21.42 (1.93) [5] 93.46 (5.64) [17] 20.86 (0.49) [41] 13.91 (1.96) [41] 7.06 (0.33) [35] 8.34 (0.92) [37] 5.84 (2.07) [46] 57.79 (9.59) [40] 68.77 (5.19) [35] 17.63 (1.52) [11] -5.69 (0.47) [40] 54.73 (1.05) [10]

DDPM 4.28 (0.95) [46] 6.31 (0.82) [41] 98.08 (1.46) [9] 16.33 (1.99) [33] 75.73 (1.45) [20] -0.83 (1.34) [42] -7.29 (4.53) [20] 90.39 (6.78) [20] 28.17 (1.64) [33] 6.92 (2.84) [46] 9.72 (0.56) [27] 15.82 (0.55) [32] 45.07 (1.03) [28] 94.78 (1.84) [31] 97.43 (0.90) [26] 9.14 (1.53) [26] 0.20 (2.03) [23] 45.32 (2.22) [26]

DTE-IG 17.32 (1.96) [3] 4.86 (13.54) [44] 40.28 (48.02) [30] 33.91 (4.01) [13] 49.00 (64.70) [40] -0.37 (1.19) [41] -9.18 (3.02) [27] 76.42 (42.60) [33] -13.23 (56.76) [51] 31.50 (11.84) [29] -15.69 (0.97) [48] -33.25 (0.41) [51] -4.53 (27.07) [48] 1.95 (49.02) [45] 57.38 (52.20) [37] 7.18 (10.28) [29] -5.92 (0.00) [45] 10.01 (33.01) [46]

DTE-C 15.02 (0.89) [7] 16.31 (0.86) [4] 69.90 (32.79) [25] 50.44 (2.64) [3] 81.04 (3.46) [16] 4.58 (0.79) [32] -8.42 (2.56) [23] 82.79 (7.05) [28] 59.52 (0.61) [6] 32.98 (3.10) [28] 1.68 (0.48) [45] 21.21 (2.83) [23] 50.51 (2.09) [25] 100.00 (0.00) [1] 100.00 (0.00) [1] 24.17 (1.01) [4] 3.96 (7.01) [18] 55.99 (2.24) [9]

DTENonParametric 12.66 (0.83) [12] 15.53 (0.47) [8] 90.47 (2.10) [21] 23.20 (8.43) [20] 83.21 (2.62) [13] 26.42 (1.30) [6] -13.33 (0.00) [48] 67.63 (13.15) [36] 51.68 (0.29) [10] 37.81 (2.15) [16] 8.91 (0.36) [28] 27.93 (0.75) [12] 67.87 (0.88) [3] 99.99 (0.01) [20] 4.11 (8.41) [48] 17.87 (2.02) [10] 27.50 (4.44) [12] 36.79 (6.05) [32]

MCM 11.55 (1.16) [21] 12.53 (0.84) [17] 46.58 (43.62) [28] 22.01 (1.56) [22] 74.59 (7.94) [22] 12.46 (1.13) [21] -11.07 (1.41) [33] 96.77 (6.46) [9] 61.81 (0.38) [4] 25.59 (2.53) [33] 9.86 (0.48) [26] 23.05 (1.17) [22] 64.54 (1.76) [12] 89.31 (13.76) [33] 100.00 (0.00) [1] 32.42 (1.08) [3] 14.08 (3.25) [15] 52.83 (1.63) [13]

3WNCROD 0.05 (0.77) [50] 9.66 (0.55) [31] 1.42 (1.11) [44] 16.06 (0.00) [34] -30.35 (7.79) [51] 11.20 (2.19) [24] -1.62 (2.50) [8] 57.46 (5.16) [38] 21.25 (0.83) [40] -1.94 (0.99) [48] -18.69 (0.00) [49] -16.79 (0.00) [48] -20.28 (0.00) [49] -22.56 (0.00) [49] 51.14 (4.73) [40] -17.87 (1.91) [51] -5.92 (0.00) [45] -5.08 (1.56) [48]

ODIN 12.76 (0.74) [11] 9.12 (0.88) [32] 77.50 (4.32) [23] -8.65 (3.82) [51] 56.45 (4.01) [37] 1.03 (1.09) [38] 32.75 (3.51) [3] -0.41 (10.10) [48] 19.37 (0.43) [43] -4.76 (0.00) [51] 7.32 (0.46) [34] 2.65 (0.93) [42] 7.78 (0.77) [45] 9.76 (0.69) [43] 8.88 (4.73) [47] 3.45 (1.08) [35] 3.96 (0.94) [18] 7.79 (2.04) [47]

NCSBAD 11.84 (1.07) [17] 12.24 (0.70) [18] 77.08 (32.61) [24] 54.27 (1.28) [2] 87.76 (0.99) [4] 22.35 (0.78) [12] -8.42 (2.56) [23] 96.38 (4.44) [10] 59.53 (0.35) [5] 27.61 (3.16) [32] 14.56 (0.64) [16] 39.10 (0.70) [3] 65.12 (2.07) [10] 100.00 (0.00) [1] 100.00 (0.00) [1] 34.31 (2.38) [2] 55.51 (3.44) [3] 53.54 (2.06) [11]

NCSBADVAL 16.73 (1.06) [5] 15.92 (0.35) [5] 99.81 (0.38) [3] 55.19 (2.06) [1] 87.76 (0.99) [4] 24.21 (1.13) [10] -5.78 (2.07) [15] 97.20 (2.29) [8] 62.56 (0.29) [3] 37.95 (9.71) [15] 18.98 (0.72) [4] 38.81 (0.82) [4] 66.03 (1.74) [8] 100.00 (0.00) [1] 100.00 (0.00) [1] 39.81 (1.93) [1] 62.57 (2.03) [2] 64.21 (0.69) [2]

Table 34: Mean, standard deviation and rank ADJ F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 2
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Model Parkinson pendigits pen-global pen-local Pima satellite satimage-2 seismic-bumps shuttle skin smtp SpamBase speech Stamps thyroid vertebral vowels Waveform

IForest 42.03 (3.98) [23] 54.14 (6.84) [17] 62.12 (5.58) [26] -0.30 (0.00) [18] 39.07 (3.85) [14] 35.93 (2.67) [28] 90.95 (0.95) [10] 3.59 (4.33) [27] 96.13 (0.57) [22] 65.96 (1.92) [16] -0.07 (0.00) [40] 51.86 (2.14) [15] 0.55 (2.85) [14] 60.17 (8.82) [20] 81.99 (1.91) [1] -9.32 (2.52) [35] 8.60 (6.62) [33] 5.68 (2.39) [26]

OCSVM 31.43 (9.13) [28] 49.46 (3.35) [18] 74.01 (1.60) [19] -0.30 (0.00) [18] 35.67 (2.90) [21] 37.12 (1.55) [24] 92.37 (1.78) [3] -2.01 (2.39) [42] 95.85 (0.06) [25] 69.08 (0.55) [10] 76.16 (8.32) [1] 50.15 (0.77) [22] -1.13 (2.09) [32] 60.73 (8.02) [19] 75.24 (3.23) [7] -7.17 (3.87) [29] 27.16 (2.85) [19] 7.44 (2.87) [21]

COPOD 8.69 (6.82) [37] 31.20 (2.77) [31] 29.78 (3.52) [42] -0.30 (0.00) [18] 27.43 (4.53) [32] 26.51 (1.10) [42] 81.89 (2.43) [29] -14.08 (0.00) [48] 96.11 (0.90) [23] 4.34 (0.74) [42] -0.07 (0.00) [40] 36.14 (0.92) [37] -0.01 (2.09) [22] 65.65 (4.78) [13] 32.46 (3.75) [45] -24.77 (5.53) [50] -2.83 (1.43) [45] 4.26 (1.73) [29]

ECOD -9.54 (7.04) [46] 41.66 (1.81) [22] 33.94 (4.81) [39] -0.30 (0.00) [18] 20.28 (4.45) [35] 18.85 (1.10) [45] 80.94 (2.13) [31] -14.08 (0.00) [48] 92.96 (0.28) [32] -17.66 (0.58) [50] 76.16 (8.32) [1] 32.35 (1.36) [39] 1.11 (1.37) [6] 47.96 (6.13) [33] 61.35 (1.91) [31] -10.59 (2.37) [37] 17.88 (4.52) [26] 2.85 (1.58) [39]

FeatureBagging 39.42 (10.52) [24] 81.96 (1.64) [8] 81.23 (7.53) [14] 33.14 (14.95) [4] 34.37 (4.78) [23] 47.43 (0.76) [6] 86.18 (0.95) [22] 10.52 (11.67) [21] 20.02 (42.96) [44] 38.11 (3.20) [28] -0.07 (0.00) [40] 32.20 (2.59) [40] 1.11 (1.37) [6] 64.21 (11.60) [15] 33.97 (15.53) [44] 9.75 (7.86) [12] 32.88 (4.16) [13] 24.40 (1.73) [3]

HBOS 71.50 (5.59) [12] 36.77 (3.62) [27] 37.13 (4.64) [37] -0.30 (0.00) [18] 39.81 (4.68) [10] 52.82 (1.15) [3] 82.37 (2.43) [28] 14.77 (2.17) [17] 94.14 (0.11) [31] 36.07 (0.42) [29] -0.07 (0.00) [40] 41.37 (0.47) [31] 2.78 (2.74) [5] 55.48 (5.63) [27] 77.86 (1.40) [3] -15.11 (4.94) [42] 2.89 (1.43) [39] 4.26 (1.32) [29]

KNN 65.72 (2.73) [17] 90.20 (1.92) [6] 96.65 (1.43) [5] 33.13 (0.00) [5] 41.33 (4.58) [9] 45.51 (1.11) [14] 90.95 (0.95) [10] 0.90 (2.31) [36] 98.05 (0.15) [12] 95.03 (0.68) [2] 76.16 (8.32) [1] 54.69 (1.20) [12] -1.13 (1.12) [32] 75.14 (9.76) [7] 74.86 (2.81) [8] -1.45 (5.99) [20] 26.45 (1.75) [21] 21.92 (2.60) [9]

LODA 20.64 (12.99) [31] 41.67 (7.51) [21] 43.29 (10.18) [33] -0.30 (0.00) [18] 25.02 (10.76) [34] 32.42 (2.11) [36] 90.47 (2.13) [13] -5.59 (6.70) [47] 33.74 (41.40) [39] 28.61 (14.20) [32] 9.64 (6.55) [36] 40.58 (10.05) [32] 0.55 (2.24) [14] 56.09 (9.79) [24] 70.74 (3.67) [24] -19.84 (4.95) [48] 7.88 (6.92) [35] 1.79 (1.80) [42]

LOF 35.62 (9.48) [26] 73.73 (2.07) [10] 80.61 (4.84) [16] 19.76 (6.68) [8] 30.91 (5.96) [26] 47.40 (1.15) [7] 82.84 (1.78) [26] -0.44 (0.45) [38] 98.26 (0.14) [8] 55.03 (2.94) [24] 74.16 (8.36) [13] 40.25 (1.24) [34] 1.11 (1.37) [6] 61.34 (12.42) [16] 50.85 (4.50) [35] 9.79 (3.95) [9] 33.59 (8.01) [11] 23.34 (2.64) [6]

MCD 57.09 (3.85) [19] 11.38 (2.29) [40] 39.03 (6.44) [35] -0.30 (0.00) [18] 39.51 (4.22) [12] 28.84 (9.93) [40] 95.23 (0.00) [1] 34.23 (7.12) [14] 82.41 (0.48) [33] 64.49 (0.67) [18] -0.07 (0.00) [40] 47.65 (3.05) [28] -1.13 (2.09) [32] 19.13 (9.44) [43] 74.11 (2.19) [10] -8.21 (6.84) [34] -7.11 (0.00) [49] 4.26 (1.32) [29]

PCA 15.71 (8.03) [33] 40.33 (2.87) [24] 56.43 (6.62) [30] -0.30 (0.00) [18] 39.41 (2.38) [13] 27.73 (1.59) [41] 88.08 (0.00) [20] -14.08 (0.00) [48] 95.02 (0.12) [29] 5.00 (0.75) [41] 76.16 (8.32) [1] 50.01 (0.95) [23] 1.11 (1.37) [6] 57.31 (7.79) [22] 74.11 (1.41) [10] -11.65 (3.03) [39] 8.60 (1.75) [33] 4.62 (1.58) [27]

DeepSVDD 86.25 (3.02) [9] 4.48 (5.86) [45] 62.98 (7.10) [25] 16.42 (10.57) [10] 7.48 (4.95) [43] 38.32 (4.66) [23] 72.83 (7.63) [33] 75.62 (6.91) [3] 97.95 (0.19) [13] 13.77 (4.79) [39] 50.14 (27.85) [24] 24.99 (6.60) [41] -0.01 (3.26) [22] 25.99 (8.47) [40] 62.48 (13.48) [29] -6.11 (6.67) [26] 15.74 (13.48) [28] 6.38 (5.36) [23]

INNE 54.18 (6.01) [20] 32.54 (3.83) [30] 81.07 (4.14) [15] -0.30 (0.00) [18] 35.15 (1.72) [22] 39.49 (1.98) [22] 92.85 (0.00) [2] -2.23 (2.08) [44] 96.55 (0.21) [19] 66.00 (2.52) [15] 69.04 (15.06) [17] 51.44 (1.42) [18] -3.37 (0.00) [48] 69.07 (10.91) [9] 72.61 (2.25) [17] -5.12 (3.45) [25] 30.73 (7.00) [16] 20.51 (2.23) [13]

KPCA 99.02 (1.31) [2] 85.53 (1.22) [7] 96.68 (1.31) [4] 3.05 (6.69) [16] 54.26 (2.20) [2] 41.31 (1.62) [20] 91.42 (1.16) [6] 10.30 (3.03) [22] 98.51 (0.17) [5] 94.31 (0.41) [3] 76.16 (8.32) [1] 57.23 (0.83) [6] 1.11 (1.37) [6] 93.44 (4.15) [1] 75.61 (2.06) [6] 61.73 (8.80) [1] 28.59 (2.26) [17] 18.75 (2.96) [14]

KDE 94.55 (1.69) [6] 91.99 (1.78) [4] 96.65 (1.43) [5] 43.16 (8.19) [3] 41.93 (1.04) [8] 41.82 (1.29) [17] 89.99 (1.78) [14] 2.92 (2.59) [33] 97.50 (0.17) [16] 62.37 (0.55) [19] 76.16 (8.32) [1] 57.04 (1.26) [7] 5.58 (2.09) [2] 89.29 (6.36) [2] 74.11 (2.76) [10] -15.26 (4.08) [43] 25.02 (0.00) [23] 20.87 (2.60) [10]

GMM 86.84 (2.87) [8] 14.28 (3.07) [39] 88.51 (3.35) [11] -0.30 (0.00) [18] 38.89 (4.92) [15] 44.59 (1.42) [15] 79.51 (2.86) [32] 78.75 (3.08) [2] 96.22 (0.06) [21] 66.55 (0.61) [14] 42.52 (9.31) [26] 48.44 (0.73) [27] 5.02 (2.50) [3] 59.62 (12.08) [21] 72.24 (3.44) [18] -14.18 (5.69) [41] 41.44 (4.84) [5] 4.26 (1.32) [29]

CBLOF 65.78 (2.35) [16] 47.45 (3.94) [20] 68.24 (5.89) [23] -0.30 (0.00) [18] 36.40 (5.21) [20] 30.26 (1.51) [39] 91.42 (1.16) [6] 4.71 (3.96) [25] 95.61 (0.20) [27] 71.28 (0.62) [9] 73.66 (10.01) [15] 50.57 (1.56) [21] -1.69 (1.37) [37] 64.87 (12.36) [14] 73.74 (3.14) [13] 2.45 (5.59) [17] 15.74 (2.85) [28] 20.87 (1.73) [10]

SOD -4.76 (7.48) [40] 3.37 (1.48) [46] 38.22 (8.08) [36] 16.42 (10.57) [10] 2.31 (5.36) [45] 5.92 (1.63) [49] 26.60 (2.34) [43] 28.64 (3.42) [16] 7.02 (0.43) [47] 12.23 (0.87) [40] 52.61 (7.32) [23] 17.36 (2.14) [44] -0.01 (2.74) [22] 7.06 (12.85) [50] 36.59 (3.00) [43] -18.17 (2.95) [45] 39.30 (3.91) [6] 4.62 (1.93) [27]

LUNAR 91.35 (4.14) [7] 95.32 (0.44) [1] 96.99 (1.01) [3] 49.85 (10.57) [1] 46.41 (4.30) [3] 46.14 (1.44) [12] 89.04 (1.17) [17] 59.06 (3.21) [6] 98.50 (0.09) [6] 90.15 (0.73) [4] 76.16 (8.32) [1] 51.22 (2.68) [19] 3.34 (2.24) [4] 85.59 (5.52) [3] 70.73 (2.81) [25] 23.73 (13.67) [5] 39.30 (3.20) [6] 23.34 (2.12) [6]

SOGAAL -8.97 (13.45) [45] 24.07 (9.14) [35] 2.56 (10.33) [51] -0.30 (0.00) [18] -24.80 (14.57) [50] 21.21 (3.08) [44] -2.00 (0.96) [49] 1.57 (13.77) [35] -14.59 (1.06) [50] 16.52 (16.19) [36] -0.07 (0.00) [40] -13.34 (13.21) [49] -2.25 (1.37) [42] 48.38 (18.68) [32] 32.09 (24.81) [46] 4.46 (12.67) [15] -4.97 (4.28) [47] 0.73 (2.82) [43]

ALAD 11.95 (3.90) [36] -3.09 (1.67) [49] 13.01 (6.82) [48] 3.05 (6.69) [16] 12.39 (6.02) [39] -0.95 (9.18) [51] 0.39 (2.34) [47] 3.14 (4.78) [32] 22.87 (33.91) [43] 14.53 (33.51) [38] 18.44 (15.63) [31] 17.92 (11.01) [43] -0.57 (2.50) [28] 10.87 (23.63) [49] 40.72 (23.60) [42] 9.76 (17.15) [11] 6.45 (10.92) [37] 0.02 (1.42) [45]

AE 37.26 (3.09) [25] 63.71 (1.81) [13] 94.87 (1.98) [8] -0.30 (0.00) [18] 30.91 (5.29) [26] 46.14 (1.31) [12] 89.99 (1.78) [14] -1.78 (1.87) [41] 97.41 (0.07) [17] 46.92 (4.15) [27] 76.16 (8.32) [1] 52.32 (1.05) [14] -1.69 (1.37) [37] 72.86 (3.72) [8] 53.48 (3.22) [34] 4.75 (3.72) [14] 37.87 (1.75) [10] 8.85 (0.87) [19]

CD -5.05 (6.23) [41] 0.70 (1.30) [48] 34.66 (5.44) [38] -0.30 (0.00) [18] 29.33 (2.72) [30] 6.65 (1.11) [48] 37.56 (3.82) [42] 44.08 (10.84) [10] 34.56 (4.98) [38] 25.83 (1.08) [33] 27.40 (11.48) [28] 7.05 (5.52) [46] 1.10 (3.35) [13] 21.44 (14.35) [42] 30.21 (3.83) [47] -1.27 (5.95) [19] 48.59 (2.86) [1] 3.20 (0.71) [37]

MOGAAL -8.55 (7.49) [44] 25.64 (11.28) [33] 7.16 (13.07) [50] -0.30 (0.00) [18] -33.97 (11.51) [51] 24.43 (1.65) [43] 13.25 (27.90) [45] 3.81 (16.12) [26] -13.56 (0.65) [49] -8.92 (4.24) [48] -0.07 (0.00) [40] -9.41 (13.82) [48] -2.25 (1.37) [42] 41.30 (10.38) [37] 49.35 (11.62) [39] 4.13 (14.46) [16] -6.40 (1.43) [48] 0.38 (2.40) [44]

QMCD -15.95 (6.00) [50] 27.86 (3.40) [32] 8.15 (6.62) [49] -0.30 (0.00) [18] 36.99 (6.24) [18] 34.13 (1.13) [33] 91.42 (1.16) [6] 35.13 (3.74) [12] 60.74 (0.30) [37] -7.07 (0.78) [47] 5.97 (5.16) [37] 33.18 (1.44) [38] -1.69 (1.37) [37] 55.56 (2.57) [26] 46.72 (4.83) [40] -11.09 (1.42) [38] -3.55 (0.00) [46] 4.26 (1.73) [29]

Sampling 68.89 (7.81) [15] 38.77 (9.34) [25] 69.16 (18.16) [22] -0.30 (0.00) [18] 34.13 (9.12) [24] 39.73 (4.87) [21] 91.90 (3.23) [5] 0.90 (4.88) [36] 95.77 (0.30) [26] 67.45 (0.98) [12] 66.16 (22.21) [19] 49.78 (1.48) [26] 0.55 (3.35) [14] 55.62 (11.59) [25] 71.11 (6.35) [23] -6.28 (11.14) [27] 5.03 (7.69) [38] 14.86 (3.04) [15]

EIF 59.71 (4.37) [18] 55.02 (6.17) [16] 69.45 (2.59) [21] -0.30 (0.00) [18] 38.55 (4.01) [16] 35.64 (2.34) [31] 92.37 (0.95) [3] 3.59 (2.77) [27] 96.66 (0.23) [18] 68.21 (1.10) [11] -0.07 (0.00) [40] 56.26 (2.69) [8] -0.57 (3.54) [28] 61.09 (6.98) [18] 77.86 (4.01) [3] -7.94 (5.55) [32] 11.45 (6.14) [31] 6.38 (4.33) [23]

Ensemble 35.62 (9.48) [26] 73.73 (2.07) [10] 80.61 (4.84) [16] 19.76 (6.68) [8] 30.91 (5.96) [26] 47.40 (1.15) [7] 82.84 (1.78) [26] -0.44 (0.45) [38] 98.26 (0.14) [8] 55.03 (2.94) [24] 74.16 (8.36) [13] 40.25 (1.24) [34] 1.11 (1.37) [6] 61.34 (12.42) [16] 50.85 (4.50) [35] 9.79 (3.95) [9] 33.59 (8.01) [11] 23.34 (2.64) [6]

GEN2OUT 47.45 (5.80) [22] 49.24 (4.37) [19] 56.08 (2.66) [31] -0.30 (0.00) [18] 36.80 (4.16) [19] 36.08 (1.73) [27] 90.95 (0.95) [10] 13.43 (5.86) [19] 96.11 (0.23) [23] 65.33 (2.56) [17] 76.16 (8.32) [1] 47.47 (3.90) [29] -0.57 (0.00) [28] 68.37 (5.95) [10] 80.87 (2.19) [2] -6.52 (4.29) [28] 16.45 (3.64) [27] 3.55 (1.42) [36]

DynamicHBOS -3.33 (5.54) [39] -3.76 (0.44) [50] 31.19 (7.77) [41] -0.30 (0.00) [18] 79.26 (1.49) [1] 53.67 (2.24) [2] -2.48 (0.00) [50] 13.88 (5.70) [18] 33.57 (1.33) [40] 19.77 (1.53) [35] -0.07 (0.00) [40] 67.21 (10.45) [3] -3.37 (0.00) [48] 47.17 (5.32) [34] -4.30 (0.92) [51] -23.65 (2.84) [49] -7.11 (0.00) [49] -5.63 (0.71) [51]

COF -11.75 (5.06) [48] 4.70 (1.13) [44] 24.49 (10.82) [44] 13.08 (12.51) [14] -1.72 (6.40) [49] 9.39 (2.61) [47] 14.68 (1.78) [44] 40.72 (4.30) [11] 9.31 (0.78) [45] -3.59 (0.86) [45] 12.48 (12.64) [35] -20.97 (2.60) [51] -2.25 (1.37) [42] 12.91 (10.41) [45] 6.20 (1.68) [50] -16.98 (4.26) [44] 48.59 (6.23) [1] 9.56 (2.60) [17]

ABOD 47.49 (10.44) [21] 79.96 (1.57) [9] 83.21 (4.43) [13] 16.42 (10.57) [10] 32.00 (1.60) [25] 48.06 (1.16) [5] 81.89 (2.43) [29] 3.59 (1.79) [27] 98.62 (0.19) [4] 72.45 (1.11) [8] -0.07 (0.00) [40] 55.65 (0.23) [9] -2.81 (1.12) [46] -13.67 (4.69) [51] 57.23 (3.00) [32] -25.84 (2.09) [51] 27.16 (2.86) [19] 14.15 (1.41) [16]

LMDD -15.31 (5.58) [49] 36.32 (4.13) [29] 39.90 (6.02) [34] -0.30 (0.00) [18] 8.87 (21.65) [41] 14.33 (10.73) [46] -0.57 (2.78) [48] 3.37 (2.61) [30] 95.20 (0.09) [28] 2.73 (11.94) [43] 21.17 (22.27) [30] 69.48 (3.84) [2] 0.55 (2.85) [14] 51.82 (2.09) [29] 68.48 (4.34) [27] -19.67 (3.85) [47] 0.03 (3.91) [40] 2.85 (1.93) [39]

DAGMM 14.17 (6.94) [35] 9.38 (15.40) [42] 33.70 (11.76) [40] -0.30 (0.00) [18] 6.55 (9.80) [44] 37.12 (8.82) [24] 53.77 (30.17) [39] -2.01 (4.44) [42] 69.05 (27.90) [35] 30.38 (41.97) [30] 21.98 (34.34) [29] 23.47 (10.57) [42] -0.01 (2.09) [22] 41.81 (23.47) [36] 69.61 (11.53) [26] -7.98 (7.55) [33] -2.11 (5.34) [44] -0.68 (2.96) [46]

DROCC -5.17 (17.44) [42] 8.49 (6.12) [43] 24.66 (19.62) [43] -0.30 (0.00) [18] -1.41 (18.66) [48] 33.46 (9.15) [34] 38.51 (20.30) [41] 3.36 (6.92) [31] -15.40 (0.00) [51] 66.59 (1.75) [13] 14.94 (30.02) [34] 37.15 (8.76) [36] -0.01 (2.09) [22] 12.40 (28.41) [47] 71.86 (5.30) [20] -4.05 (19.58) [24] 11.45 (9.69) [31] 26.16 (3.42) [2]

GOAD 29.47 (9.47) [29] 37.44 (5.29) [26] 60.22 (6.86) [28] -0.30 (0.00) [18] 27.04 (22.15) [33] 30.44 (2.06) [38] 91.42 (1.16) [6] -2.68 (1.10) [45] 68.67 (7.42) [36] 24.97 (4.44) [34] 42.52 (9.31) [26] 50.70 (0.86) [20] -1.13 (1.12) [32] 50.13 (16.23) [30] 74.49 (1.50) [9] -2.46 (5.88) [23] 20.03 (4.84) [24] 3.91 (3.97) [35]

ICL 98.38 (2.04) [3] 65.27 (8.22) [12] 87.19 (4.75) [12] 29.79 (22.18) [6] 45.42 (4.34) [4] 51.28 (2.00) [4] 88.56 (2.33) [18] 46.76 (12.75) [8] 98.88 (0.13) [2] -50.84 (1.99) [51] 14.98 (15.73) [33] 51.63 (1.81) [17] 0.55 (3.35) [14] 67.55 (3.95) [11] 50.10 (9.16) [38] 46.64 (9.33) [2] 27.17 (16.38) [18] 23.69 (5.40) [4]

PlanarFlow 76.28 (3.76) [10] 21.85 (17.72) [37] 66.59 (3.26) [24] -0.30 (0.00) [18] 37.66 (7.07) [17] 36.72 (7.33) [26] 63.78 (4.86) [36] 85.24 (7.50) [1] 28.27 (4.27) [41] 59.25 (5.72) [22] 1.93 (4.00) [39] 40.30 (6.87) [33] -2.25 (2.24) [42] 48.46 (15.89) [31] 71.48 (8.99) [22] -9.35 (7.49) [36] -1.40 (7.35) [43] 23.69 (5.17) [4]

VAE 14.47 (6.34) [34] 41.22 (3.62) [23] 56.47 (6.23) [29] -0.30 (0.00) [18] 39.79 (2.86) [11] 34.42 (1.98) [32] 88.56 (0.96) [18] -1.11 (2.51) [40] 95.02 (0.12) [29] 15.73 (0.96) [37] 76.16 (8.32) [1] 50.01 (1.04) [23] 0.55 (2.24) [14] 56.20 (6.74) [23] 73.74 (1.68) [13] -11.65 (3.03) [39] 7.17 (3.20) [36] 4.26 (1.32) [29]

GANomaly 26.44 (10.62) [30] 10.94 (16.93) [41] 55.79 (13.31) [32] -0.30 (0.00) [18] 16.99 (7.24) [36] 35.68 (5.05) [30] 87.13 (4.42) [21] 50.79 (26.97) [7] 82.39 (14.73) [34] -2.02 (6.18) [44] 15.94 (32.02) [32] 49.83 (2.73) [25] -0.57 (1.77) [28] 22.89 (17.37) [41] 55.73 (14.80) [33] -2.29 (5.69) [22] 12.88 (9.47) [30] 7.44 (6.94) [21]

SLAD 97.12 (1.59) [4] 36.77 (2.94) [27] 91.19 (3.81) [10] -0.30 (0.00) [18] 14.01 (5.29) [37] 57.77 (1.53) [1] 86.18 (1.78) [22] 6.28 (2.86) [24] 98.24 (0.05) [10] 60.99 (3.84) [20] 76.16 (8.32) [1] 57.41 (1.25) [5] -1.13 (2.09) [32] 44.95 (14.31) [35] 73.36 (2.76) [15] -7.43 (12.64) [31] 31.45 (3.50) [14] -3.16 (0.86) [49]

DIF -8.23 (7.45) [43] 24.75 (1.51) [34] 72.28 (8.44) [20] -0.30 (0.00) [18] 8.63 (5.09) [42] 30.57 (0.85) [37] -2.48 (0.00) [50] 11.19 (1.82) [20] 97.76 (0.16) [15] 58.35 (1.31) [23] 73.66 (10.01) [15] -14.40 (0.69) [50] -0.01 (2.09) [22] 38.67 (9.42) [38] 50.85 (3.23) [35] 9.18 (1.78) [13] 44.30 (2.86) [4] -0.69 (1.93) [47]

DDPM 17.68 (5.49) [32] 20.07 (1.92) [38] 61.75 (3.00) [27] -0.30 (0.00) [18] 13.86 (4.71) [38] 41.70 (1.68) [18] 63.30 (6.67) [37] 7.84 (2.79) [23] 96.55 (0.29) [19] 50.38 (1.10) [26] 46.94 (29.91) [25] 45.71 (0.64) [30] 0.55 (3.79) [14] 26.30 (8.78) [39] 73.36 (4.80) [15] -1.97 (3.57) [21] 20.02 (3.64) [25] -2.10 (1.73) [48]

DTE-IG -0.43 (34.01) [38] -4.65 (0.00) [51] 21.88 (57.79) [46] -0.30 (0.00) [18] 0.56 (15.49) [46] 41.59 (2.57) [19] 57.58 (6.29) [38] 33.79 (39.12) [15] 7.58 (45.64) [46] 29.92 (66.85) [31] 4.93 (10.01) [38] 9.82 (24.56) [45] 6.69 (4.54) [1] 12.81 (34.80) [46] 14.83 (4.53) [48] 10.79 (19.71) [8] -7.11 (0.00) [49] -3.86 (0.70) [50]

DTE-C 70.77 (11.16) [13] 61.03 (1.41) [14] 93.65 (1.57) [9] -0.30 (0.00) [18] 28.83 (6.76) [31] 44.12 (1.72) [16] 69.97 (4.16) [35] 46.31 (5.15) [9] 97.89 (0.16) [14] 73.32 (1.12) [7] 76.16 (8.32) [1] 53.71 (0.96) [13] 0.55 (2.85) [14] 52.60 (11.39) [28] 76.36 (4.04) [5] 17.30 (11.84) [7] 37.88 (5.80) [9] 9.56 (1.73) [17]

DTENonParametric 75.00 (4.27) [11] 92.88 (0.89) [2] 96.65 (1.43) [5] 46.51 (6.69) [2] 44.27 (3.69) [5] 46.40 (1.47) [11] 84.75 (2.43) [24] 2.02 (2.08) [34] 98.19 (0.15) [11] 95.53 (0.69) [1] 66.49 (6.34) [18] 55.28 (0.90) [11] -3.37 (0.00) [48] 82.48 (3.62) [6] 61.36 (0.92) [30] 17.64 (9.19) [6] -0.69 (8.57) [41] 20.52 (2.95) [12]

MCM 69.48 (4.87) [14] 56.81 (2.94) [15] 76.41 (11.12) [18] 13.08 (6.69) [14] 30.38 (6.49) [29] 35.93 (1.84) [28] 41.85 (3.87) [40] -4.02 (1.41) [46] 98.44 (0.10) [7] 59.72 (9.51) [21] 62.79 (21.11) [21] 51.78 (1.22) [16] -1.69 (1.37) [37] 67.25 (11.27) [12] 71.86 (1.19) [20] 1.82 (9.08) [18] 31.45 (2.67) [14] 39.94 (1.58) [1]

3WNCROD -15.95 (6.00) [50] 24.07 (3.40) [35] 20.21 (7.68) [47] -0.30 (0.00) [18] -0.99 (5.97) [47] 33.35 (2.29) [35] 72.83 (3.23) [33] -14.08 (0.00) [48] 24.88 (0.55) [42] -6.39 (0.59) [46] -0.07 (0.00) [40] 71.11 (0.00) [1] -1.69 (1.37) [37] 19.09 (8.11) [44] 46.35 (2.55) [41] -19.22 (1.33) [46] -0.69 (12.85) [41] 3.20 (3.43) [37]

ODIN -10.51 (6.41) [47] 3.15 (1.86) [47] 22.99 (5.97) [45] -0.30 (0.00) [18] 10.71 (4.91) [40] 1.92 (0.81) [50] 5.63 (4.42) [46] 35.13 (1.41) [12] 3.58 (0.80) [48] -9.13 (0.57) [49] -0.07 (0.00) [40] 0.30 (0.50) [47] -3.37 (0.00) [48] 11.86 (10.20) [48] 7.70 (1.41) [49] -7.33 (5.91) [30] 25.73 (3.49) [22] 2.85 (2.24) [39]

NCSBAD 99.34 (1.31) [1] 90.65 (1.81) [5] 97.40 (1.51) [1] 29.79 (19.49) [6] 44.05 (4.55) [7] 46.74 (1.86) [9] 89.51 (1.91) [16] 64.88 (3.71) [5] 98.84 (0.12) [3] 86.24 (0.45) [6] 64.32 (9.98) [20] 55.46 (0.28) [10] 1.11 (1.37) [6] 82.71 (3.89) [5] 63.61 (0.92) [28] 33.17 (2.94) [4] 38.59 (4.16) [8] 6.03 (2.60) [25]

NCSBADVAL 94.87 (4.17) [5] 92.65 (1.14) [3] 97.11 (1.81) [2] 16.42 (10.57) [10] 44.09 (5.78) [6] 46.58 (1.78) [10] 84.75 (6.14) [24] 68.68 (2.35) [4] 98.97 (0.12) [1] 89.55 (1.05) [5] 61.61 (14.50) [22] 58.01 (1.62) [4] -2.81 (1.12) [46] 85.01 (4.98) [4] 72.24 (5.23) [18] 35.58 (3.03) [3] 48.58 (2.85) [3] 8.15 (2.50) [20]

Table 35: Mean, standard deviation and rank ADJ F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 3
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Model WBC wbc2 WDBC Wilt wine WPBC yeast yeast6 CIFAR10 0 CIFAR10 1 CIFAR10 2 CIFAR10 3 CIFAR10 4 CIFAR10 5 CIFAR10 6 CIFAR10 7 CIFAR10 8 CIFAR10 9

IForest 91.19 (2.67) [4] 62.86 (4.16) [22] 83.82 (4.42) [20] -8.37 (1.02) [33] 66.80 (7.41) [26] 0.26 (8.34) [37] -12.49 (3.46) [43] 3.16 (4.00) [11] 18.44 (2.33) [26] -0.17 (1.74) [40] 4.87 (1.40) [34] 2.77 (1.25) [33] 26.83 (1.44) [27] -0.87 (1.12) [42] 10.04 (2.53) [33] 12.84 (2.01) [31] 10.33 (1.36) [32] 12.70 (1.90) [33]

OCSVM 89.62 (1.25) [10] 63.53 (3.16) [20] 86.83 (6.49) [16] -9.82 (0.46) [41] 74.97 (8.54) [21] 1.74 (9.10) [34] -9.67 (0.54) [34] 1.16 (3.73) [17] 21.94 (1.63) [16] 11.44 (2.82) [19] 6.27 (2.87) [23] 7.95 (2.64) [13] 28.23 (2.01) [17] 5.29 (1.44) [18] 15.64 (1.22) [19] 17.74 (1.86) [12] 12.84 (0.71) [24] 18.16 (1.93) [18]

COPOD 84.03 (7.07) [17] 70.69 (1.79) [11] 88.88 (3.89) [13] -9.10 (0.65) [38] 54.69 (8.96) [33] 1.38 (10.00) [35] -16.77 (2.14) [51] 20.13 (3.16) [1] 17.18 (1.63) [32] -1.57 (1.74) [45] 2.77 (0.89) [41] 0.53 (2.05) [41] -10.52 (0.00) [49] -5.48 (2.63) [48] 8.64 (0.95) [39] -1.01 (11.65) [48] -10.52 (0.00) [49] -10.52 (0.00) [49]

ECOD 84.03 (7.07) [17] 55.47 (6.23) [32] 64.07 (7.80) [33] -5.92 (1.08) [25] 35.28 (8.61) [41] 0.83 (3.82) [36] -9.27 (1.28) [31] -0.84 (2.00) [23] 18.16 (1.47) [29] -0.87 (1.95) [43] 3.19 (0.95) [40] 1.79 (1.86) [39] -10.52 (0.00) [49] -4.64 (3.02) [47] 9.49 (1.05) [34] -0.87 (11.82) [47] -10.52 (0.00) [49] -10.52 (0.00) [49]

FeatureBagging -2.25 (14.61) [47] 69.25 (2.99) [13] 90.63 (6.71) [8] 9.54 (12.38) [7] 80.48 (9.10) [15] 4.92 (8.39) [29] -7.26 (2.65) [24] -3.83 (2.00) [38] 25.01 (1.74) [1] 21.65 (2.90) [3] 9.76 (2.69) [6] 10.19 (2.06) [3] 29.07 (2.92) [10] 12.28 (1.50) [1] 22.22 (2.23) [1] 21.10 (2.36) [1] 21.10 (2.05) [2] 25.15 (2.90) [1]

HBOS 83.21 (5.76) [19] 62.16 (8.23) [25] 76.26 (8.92) [29] -11.27 (0.00) [50] 75.46 (8.77) [20] 15.96 (10.71) [17] -13.56 (2.87) [45] 1.16 (3.73) [17] 16.90 (1.74) [33] -4.36 (1.12) [47] 0.39 (1.57) [44] -0.59 (1.79) [45] 21.38 (1.80) [36] -5.90 (0.71) [49] 6.13 (0.82) [42] 11.58 (2.19) [34] 5.57 (1.60) [38] 12.00 (1.12) [36]

KNN 85.14 (4.55) [16] 63.53 (3.16) [20] 84.91 (4.98) [17] -8.52 (0.71) [35] 84.85 (3.17) [14] 20.42 (3.75) [15] -9.14 (1.50) [29] 1.16 (3.73) [17] 21.80 (1.90) [19] 10.05 (2.75) [22] 6.55 (2.37) [20] 7.81 (2.32) [18] 28.09 (1.79) [20] 4.59 (1.95) [25] 17.18 (1.14) [14] 16.90 (2.23) [20] 14.52 (0.28) [19] 20.12 (1.95) [12]

LODA 71.02 (15.60) [25] 58.35 (5.90) [30] 63.81 (21.56) [34] -10.40 (0.84) [46] 49.00 (12.86) [35] 1.75 (7.10) [33] -7.12 (4.93) [23] 0.16 (4.46) [20] 16.62 (3.20) [35] 6.41 (2.88) [30] 5.29 (2.44) [29] 2.49 (2.15) [36] 24.88 (3.56) [32] 4.45 (3.74) [26] 12.84 (3.58) [26] 17.88 (2.92) [10] 10.46 (4.60) [31] 16.34 (1.81) [28]

LOF 11.78 (8.99) [42] 68.59 (3.72) [14] 90.63 (6.71) [8] 6.94 (1.79) [9] 80.09 (8.49) [16] 8.69 (6.23) [23] -6.32 (1.62) [20] -0.84 (2.00) [23] 24.88 (1.91) [2] 22.36 (2.54) [1] 11.73 (2.27) [1] 10.88 (1.91) [1] 28.23 (2.56) [17] 11.16 (1.82) [2] 20.26 (3.04) [3] 21.10 (2.40) [1] 20.96 (0.77) [3] 25.15 (2.07) [1]

MCD 73.09 (14.65) [23] 55.09 (5.76) [33] 66.53 (4.76) [32] -3.47 (1.06) [21] 66.26 (18.10) [27] 8.56 (7.76) [26] -9.67 (1.01) [34] -4.83 (0.00) [40] 16.62 (2.23) [35] 5.29 (3.90) [31] 4.73 (1.20) [36] 2.63 (1.95) [35] 26.69 (1.56) [28] 3.33 (2.14) [33] 5.71 (1.56) [43] 11.44 (2.06) [35] 4.87 (2.30) [39] 10.75 (3.58) [37]

PCA 88.94 (1.82) [12] 61.43 (3.52) [27] 83.59 (6.66) [22] -9.24 (0.71) [40] 60.56 (12.75) [31] -4.05 (6.26) [42] -16.11 (0.66) [49] -0.84 (3.73) [23] 22.07 (1.91) [14] 9.90 (2.95) [23] 6.27 (2.76) [23] 7.95 (2.53) [13] 28.51 (1.74) [15] 5.01 (1.68) [19] 15.22 (1.12) [21] 17.60 (1.79) [13] 12.42 (0.53) [25] 17.88 (1.80) [20]

DeepSVDD 48.61 (16.38) [36] 77.31 (8.23) [6] 83.71 (9.50) [21] -10.69 (0.54) [47] 71.58 (12.04) [23] 50.44 (4.77) [9] -5.38 (7.58) [17] 7.15 (16.89) [4] 10.88 (2.96) [40] 0.67 (3.28) [38] 2.77 (0.99) [41] 1.65 (1.86) [40] 14.52 (1.74) [38] 3.89 (2.68) [31] 9.49 (2.15) [34] 7.25 (2.37) [39] 6.97 (4.20) [37] 10.33 (4.30) [38]

INNE 62.30 (7.49) [30] 69.37 (5.58) [12] 90.63 (6.71) [8] -10.11 (0.74) [43] 70.87 (8.42) [24] 2.12 (6.31) [32] -9.14 (1.30) [29] -0.84 (3.73) [23] 23.48 (3.21) [9] 19.42 (1.62) [4] 10.04 (2.53) [4] 10.04 (3.11) [4] 29.77 (2.01) [6] 9.90 (2.40) [4] 20.40 (1.62) [2] 20.40 (3.08) [4] 22.08 (2.41) [1] 22.64 (2.89) [5]

KPCA 97.26 (5.48) [1] 78.33 (3.91) [5] 93.28 (4.21) [3] -6.93 (0.46) [26] 99.56 (0.89) [2] 84.58 (5.34) [1] -11.28 (2.61) [38] -0.84 (3.73) [23] 23.62 (2.23) [7] 12.43 (2.70) [17] 7.53 (2.78) [16] 8.51 (2.44) [10] 29.07 (2.06) [10] 6.41 (1.43) [15] 18.44 (1.91) [11] 16.76 (2.12) [21] 15.50 (0.52) [16] 20.12 (1.43) [12]

KDE 94.21 (5.72) [2] 80.78 (1.87) [4] 90.99 (5.49) [5] -10.25 (0.35) [45] 99.56 (0.89) [2] 84.34 (6.59) [2] -11.28 (2.97) [38] 3.15 (3.99) [14] 18.44 (1.86) [26] 7.95 (2.28) [29] 7.67 (1.83) [15] 5.99 (1.86) [28] 26.42 (2.44) [30] 4.45 (1.37) [26] 13.96 (2.54) [25] 10.18 (1.30) [36] 13.12 (1.84) [23] 15.36 (2.21) [29]

GMM 76.57 (7.31) [22] 68.54 (3.72) [16] 90.80 (4.15) [6] 23.13 (0.98) [5] 88.96 (8.28) [12] 11.82 (6.04) [21] -9.54 (1.17) [33] -0.84 (3.73) [23] 24.17 (2.37) [5] 15.64 (2.82) [9] 9.21 (2.05) [8] 9.49 (2.67) [6] 30.61 (2.23) [4] 8.23 (2.23) [7] 18.86 (1.47) [9] 18.44 (1.86) [8] 16.34 (0.56) [12] 23.48 (1.22) [4]

CBLOF 81.41 (8.49) [21] 64.22 (2.30) [19] 81.54 (13.12) [25] -9.82 (0.46) [41] 76.86 (8.15) [18] 12.50 (5.86) [20] 0.93 (1.07) [7] 4.15 (2.00) [8] 21.94 (1.75) [16] 12.28 (2.60) [18] 7.25 (3.53) [17] 8.50 (2.31) [11] 28.65 (1.71) [13] 5.01 (1.74) [19] 16.90 (1.43) [15] 18.72 (1.84) [6] 16.62 (0.52) [11] 17.88 (1.91) [20]

SOD 57.38 (8.50) [33] 45.42 (6.72) [37] 25.72 (9.06) [41] -4.91 (1.24) [24] -14.79 (3.25) [49] -19.70 (6.94) [48] -9.40 (4.45) [32] -4.83 (0.00) [40] 19.70 (1.79) [23] 8.09 (2.24) [28] 7.11 (2.60) [19] 4.17 (2.50) [30] 25.85 (2.03) [31] 4.87 (1.93) [23] 11.16 (2.50) [29] 15.08 (1.05) [24] 11.31 (1.90) [28] 17.18 (1.05) [26]

LUNAR 90.97 (6.11) [7] 73.30 (4.75) [8] 89.31 (7.89) [12] -8.81 (1.18) [36] 97.78 (4.44) [7] 74.49 (5.64) [7] -10.20 (4.21) [36] 3.15 (2.44) [14] 22.36 (1.59) [10] 10.46 (2.30) [20] 9.91 (2.05) [5] 9.34 (2.41) [7] 30.47 (1.57) [5] 6.55 (1.14) [13] 19.28 (0.35) [6] 17.18 (3.02) [17] 19.42 (2.09) [5] 21.52 (1.62) [8]

SOGAAL -4.05 (5.89) [48] -10.38 (4.22) [50] -1.27 (9.07) [45] -1.87 (3.74) [17] -13.66 (7.84) [46] -0.99 (8.99) [40] -4.44 (4.51) [15] 5.15 (7.06) [6] 7.11 (3.47) [43] 1.51 (2.60) [34] 5.71 (4.16) [26] -1.29 (4.81) [49] 11.30 (3.47) [42] 3.89 (5.27) [31] 6.55 (4.61) [41] 5.15 (3.15) [42] 3.47 (3.62) [41] 4.45 (3.66) [43]

ALAD 27.21 (1.68) [41] 9.50 (6.36) [44] 13.27 (11.37) [42] -8.09 (2.57) [31] -11.37 (12.43) [44] -8.35 (6.10) [46] -8.06 (8.32) [27] 4.15 (13.17) [8] 3.47 (5.10) [47] -1.15 (0.95) [44] 1.23 (3.35) [43] -1.01 (0.71) [47] 5.15 (4.98) [44] -0.31 (1.22) [40] -3.38 (4.11) [47] 4.87 (2.08) [44] -1.71 (1.86) [45] 1.93 (1.90) [45]

AE 71.63 (8.72) [24] 72.35 (8.07) [9] 87.87 (6.58) [14] -7.51 (0.54) [28] 89.13 (4.34) [11] 4.63 (8.73) [31] -5.91 (1.12) [19] 7.15 (5.09) [4] 22.22 (2.05) [12] 15.92 (2.23) [8] 8.36 (2.50) [13] 8.93 (2.52) [9] 27.81 (1.85) [21] 7.81 (2.36) [10] 16.90 (1.36) [15] 18.72 (1.84) [6] 16.20 (0.52) [14] 19.98 (1.69) [14]

CD 51.25 (5.12) [35] 36.68 (8.99) [39] 30.80 (11.10) [38] -4.33 (1.68) [23] -16.01 (3.14) [50] -17.52 (9.29) [47] -13.02 (2.01) [44] -4.83 (0.00) [40] 18.44 (1.80) [26] 9.49 (2.15) [25] 5.29 (1.14) [29] 6.83 (1.90) [25] 26.97 (3.72) [25] 3.33 (1.62) [33] 11.02 (4.13) [30] 14.10 (1.84) [28] 11.44 (2.53) [27] 17.88 (2.01) [20]

MOGAAL -7.93 (3.25) [50] -11.79 (1.40) [51] -5.80 (0.00) [50] -0.57 (4.35) [16] -17.58 (0.00) [51] -8.21 (6.96) [45] -6.72 (4.18) [22] 3.16 (5.99) [11] 6.13 (3.68) [46] 1.23 (2.52) [36] 5.15 (2.41) [32] 0.11 (5.22) [43] 11.16 (3.57) [43] 4.31 (6.15) [28] 5.01 (4.34) [45] 5.43 (3.29) [41] 3.19 (4.46) [42] 4.73 (2.74) [42]

QMCD 29.64 (11.82) [40] 31.48 (5.92) [41] 29.18 (4.69) [40] -8.95 (0.54) [37] 26.70 (7.34) [42] 17.56 (7.95) [16] -16.24 (2.27) [50] 11.15 (3.74) [2] -9.40 (0.56) [50] -6.32 (0.77) [49] -6.04 (0.95) [50] -1.01 (0.71) [47] -9.82 (0.44) [48] -1.29 (1.28) [44] -10.10 (0.34) [50] -1.85 (1.69) [49] -7.86 (0.52) [48] -4.36 (0.69) [46]

Sampling 70.08 (11.00) [27] 62.48 (3.22) [23] 81.02 (6.16) [26] -8.23 (3.67) [32] 73.43 (10.36) [22] 7.83 (7.92) [27] -7.52 (2.98) [25] -0.84 (3.73) [23] 21.94 (2.40) [16] 9.07 (4.15) [26] 5.70 (2.56) [27] 7.95 (1.86) [13] 28.93 (2.01) [12] 5.01 (0.93) [19] 15.92 (1.49) [18] 16.76 (2.65) [21] 13.68 (0.71) [20] 18.16 (1.60) [18]

EIF 91.19 (2.67) [4] 66.04 (5.20) [18] 90.71 (5.10) [7] -10.11 (0.35) [43] 76.30 (5.24) [19] 13.41 (9.29) [19] -12.22 (1.72) [42] 3.16 (5.99) [11] 18.16 (1.60) [29] -0.45 (2.28) [42] 5.15 (2.32) [32] 2.36 (0.84) [37] 26.97 (1.30) [25] 0.53 (0.82) [38] 12.00 (1.20) [28] 12.84 (2.05) [31] 10.33 (1.95) [32] 13.54 (1.51) [32]

Ensemble 11.78 (8.99) [42] 68.59 (3.72) [14] 90.63 (6.71) [8] 6.94 (1.79) [9] 80.09 (8.49) [16] 8.69 (6.23) [23] -6.32 (1.62) [20] -0.84 (2.00) [23] 24.88 (1.91) [2] 22.36 (2.54) [1] 11.73 (2.27) [1] 10.88 (1.91) [1] 28.23 (2.56) [17] 11.16 (1.82) [2] 20.26 (3.04) [3] 21.10 (2.40) [1] 20.96 (0.77) [3] 25.15 (2.07) [1]

GEN2OUT 91.19 (2.67) [4] 66.25 (5.43) [17] 86.95 (6.53) [15] -7.65 (0.65) [29] 60.74 (16.42) [30] 4.70 (7.78) [30] -11.28 (2.47) [38] 4.15 (3.74) [8] 16.90 (1.36) [33] -2.13 (2.42) [46] 3.89 (1.69) [38] 3.61 (1.55) [31] 24.73 (2.49) [33] -1.71 (1.30) [45] 9.48 (2.52) [36] 13.68 (2.99) [29] 8.93 (1.67) [36] 12.28 (2.32) [34]

DynamicHBOS 6.12 (18.96) [45] 35.82 (4.20) [40] 1.16 (4.59) [44] -11.27 (0.00) [50] 38.67 (2.97) [39] 39.05 (4.38) [11] 77.21 (1.27) [2] -3.83 (2.00) [38] 7.81 (3.60) [42] -4.93 (2.12) [48] -0.03 (1.60) [46] -0.73 (1.71) [46] 12.70 (3.58) [39] -5.90 (0.71) [49] 5.43 (0.82) [44] 9.06 (1.47) [38] 1.51 (3.89) [43] 5.71 (5.33) [41]

COF -1.15 (6.87) [46] 14.96 (8.18) [43] -3.05 (3.40) [46] 1.02 (2.05) [14] -10.58 (5.28) [43] -23.76 (7.80) [50] -7.93 (2.40) [26] -2.83 (2.44) [36] 19.28 (2.41) [24] 14.10 (1.55) [11] 8.50 (2.40) [11] 8.37 (1.87) [12] 29.63 (1.91) [7] 7.95 (2.28) [8] 14.10 (1.42) [24] 18.86 (2.62) [5] 13.54 (3.12) [21] 17.60 (0.68) [25]

ABOD -9.56 (0.00) [51] -7.71 (6.63) [49] -5.80 (0.00) [50] 8.96 (1.89) [8] -14.58 (2.47) [48] -25.70 (12.58) [51] -11.01 (1.67) [37] -4.83 (0.00) [40] 24.17 (1.86) [5] 13.26 (3.19) [15] 8.37 (1.17) [12] 7.81 (2.05) [18] 29.35 (2.83) [8] 6.55 (1.37) [13] 18.44 (1.44) [11] 14.80 (1.12) [25] 15.78 (1.30) [15] 21.66 (0.99) [7]

LMDD 88.58 (2.46) [15] 50.75 (13.89) [35] 84.91 (4.98) [17] -7.37 (3.41) [27] 61.28 (5.21) [29] 11.40 (3.79) [22] 35.11 (6.28) [3] 0.16 (6.32) [20] 18.72 (1.49) [25] 0.81 (1.74) [37] 4.45 (2.01) [37] 2.77 (2.21) [33] 27.81 (2.00) [21] 0.25 (1.30) [39] 10.89 (1.44) [31] 13.68 (2.56) [29] 11.31 (1.28) [28] 14.66 (1.17) [31]

DAGMM 36.55 (28.06) [37] 27.50 (16.83) [42] 29.35 (26.73) [39] -2.88 (5.12) [18] 43.51 (43.02) [38] -1.94 (4.02) [41] 1.05 (4.19) [6] -1.83 (5.99) [33] 6.97 (2.73) [44] -0.44 (2.79) [41] -0.17 (1.95) [47] -0.17 (3.04) [44] 12.00 (4.80) [41] 0.95 (2.68) [37] 2.07 (4.17) [46] 6.41 (1.90) [40] 4.87 (3.54) [39] 6.13 (2.31) [40]

DROCC 34.28 (13.30) [38] -7.56 (4.81) [48] -4.48 (2.65) [49] -10.69 (0.84) [47] 50.06 (37.77) [34] -5.66 (8.00) [44] 5.75 (11.33) [5] 5.15 (6.32) [6] 8.65 (2.28) [41] 3.61 (3.82) [33] 3.61 (3.14) [39] 0.25 (3.87) [42] 12.28 (4.44) [40] 1.79 (1.91) [35] 9.34 (2.53) [37] 4.17 (4.03) [45] 9.07 (4.85) [35] 7.67 (5.24) [39]

GOAD 89.62 (1.25) [10] 62.36 (3.70) [24] 84.91 (4.98) [17] 4.19 (4.74) [13] 58.17 (10.93) [32] -0.60 (7.68) [39] 6.29 (1.55) [4] -0.84 (3.73) [23] 22.22 (1.62) [12] 10.32 (2.56) [21] 6.55 (2.71) [20] 7.67 (2.12) [20] 29.35 (2.38) [8] 4.87 (1.33) [23] 15.50 (1.55) [20] 17.18 (1.57) [17] 13.54 (1.22) [21] 17.88 (1.14) [20]

ICL 91.47 (7.29) [3] 82.81 (3.85) [2] 92.75 (4.14) [4] 25.58 (10.17) [4] 99.56 (0.89) [2] 83.15 (4.85) [5] -1.89 (3.79) [10] -2.83 (2.44) [36] 14.80 (1.42) [38] 13.68 (1.63) [13] 7.25 (2.82) [17] 3.61 (2.71) [31] 21.80 (1.68) [35] 4.17 (2.30) [29] 12.57 (1.71) [27] 11.86 (1.71) [33] 14.80 (1.20) [18] 19.14 (1.30) [16]

PlanarFlow 64.61 (9.67) [29] 61.50 (4.88) [26] 77.03 (11.69) [28] -10.69 (0.84) [47] 68.69 (12.35) [25] 7.07 (3.90) [28] -5.78 (3.96) [18] -1.83 (5.99) [33] 16.06 (1.60) [37] 0.39 (1.69) [39] 5.29 (1.69) [29] 2.21 (2.05) [38] 24.45 (2.90) [34] 1.23 (1.84) [36] 10.75 (2.10) [32] 9.48 (2.53) [37] 10.33 (1.62) [32] 15.08 (1.14) [30]

VAE 88.94 (1.82) [12] 58.52 (2.62) [29] 82.34 (5.02) [23] -9.10 (0.91) [38] 62.16 (13.07) [28] -0.21 (7.30) [38] -14.09 (1.16) [47] -0.84 (3.73) [23] 22.07 (1.91) [14] 9.90 (2.95) [23] 6.27 (2.76) [23] 7.95 (2.53) [13] 28.51 (1.74) [15] 5.01 (1.68) [19] 15.22 (1.12) [21] 17.60 (1.79) [13] 12.42 (0.53) [25] 17.88 (1.80) [20]

GANomaly 66.66 (11.88) [28] 51.08 (9.26) [34] 62.09 (12.33) [35] -3.75 (5.57) [22] 35.82 (35.46) [40] 15.11 (9.35) [18] -0.82 (5.71) [8] 8.15 (15.34) [3] 20.96 (2.30) [21] 17.32 (3.89) [6] 9.48 (3.36) [7] 6.97 (1.98) [24] 27.67 (2.45) [23] 8.92 (1.20) [6] 16.76 (1.60) [17] 17.32 (2.98) [16] 19.00 (2.88) [6] 21.24 (1.30) [10]

SLAD 89.92 (6.58) [9] 71.28 (4.62) [10] 81.70 (11.62) [24] -3.32 (1.02) [20] 100.00 (0.00) [1] 79.65 (5.98) [6] -4.31 (1.92) [14] -4.83 (0.00) [40] 21.80 (1.35) [19] 17.46 (2.93) [5] 10.32 (2.78) [3] 9.76 (2.54) [5] 31.03 (2.06) [3] 5.85 (2.01) [16] 20.12 (2.18) [5] 16.62 (1.62) [23] 17.18 (1.63) [8] 19.56 (1.71) [15]

DIF 70.40 (7.84) [26] -0.40 (6.23) [46] 3.56 (7.94) [43] 0.15 (1.80) [15] 48.74 (14.58) [36] 52.23 (6.59) [8] -15.16 (2.34) [48] -4.83 (0.00) [40] 1.79 (1.30) [48] 1.51 (1.62) [34] -1.57 (1.90) [48] 7.53 (1.73) [21] 3.47 (2.12) [46] -2.69 (1.85) [46] 8.79 (0.56) [38] 2.49 (1.14) [46] 0.53 (0.69) [44] 2.35 (1.30) [44]

DDPM 60.37 (7.19) [31] 46.32 (6.62) [36] 54.53 (10.07) [36] -2.89 (1.08) [19] 44.11 (3.93) [37] 8.65 (4.50) [25] -1.49 (2.35) [9] -1.84 (2.44) [35] 18.16 (2.54) [29] 8.79 (1.44) [27] 5.43 (2.40) [28] 7.25 (2.82) [23] 27.67 (1.85) [23] 5.57 (1.98) [17] 14.52 (1.49) [23] 14.80 (2.88) [25] 15.22 (1.28) [17] 16.62 (1.56) [27]

DTE-IG -7.29 (4.53) [49] 42.72 (45.09) [38] 69.54 (16.04) [31] 54.91 (2.49) [1] 96.01 (7.99) [8] 24.69 (22.20) [13] -3.10 (4.35) [12] -4.83 (0.00) [40] 6.41 (6.19) [45] 5.15 (12.06) [32] 0.11 (5.37) [45] 5.43 (4.37) [29] 3.75 (15.50) [45] -0.73 (2.46) [41] -7.44 (0.95) [48] 5.15 (8.89) [42] -6.60 (1.69) [47] -5.77 (0.82) [48]

DTE-C 29.67 (12.10) [39] 73.53 (6.41) [7] 80.99 (7.46) [27] 6.07 (3.13) [11] 92.97 (5.08) [9] 35.40 (3.55) [12] -5.11 (1.66) [16] -4.83 (0.00) [40] 19.84 (1.86) [22] 16.48 (2.28) [7] 8.93 (2.81) [9] 7.53 (2.48) [21] 26.69 (2.32) [28] 9.21 (0.82) [5] 18.58 (1.44) [10] 17.88 (1.80) [10] 17.18 (0.71) [8] 20.68 (1.86) [11]

DTENonParametric 57.74 (16.74) [32] 57.08 (7.20) [31] 38.64 (20.56) [37] -7.65 (0.65) [29] 91.12 (2.93) [10] 46.26 (5.55) [10] -11.28 (1.85) [38] 2.16 (3.99) [16] -3.95 (12.80) [49] -9.68 (1.68) [50] -3.66 (3.99) [49] -2.55 (7.45) [50] -4.36 (11.97) [47] -0.87 (8.96) [42] -8.14 (4.07) [49] -4.51 (7.30) [50] -4.36 (7.74) [46] -4.50 (12.03) [47]

MCM 82.33 (7.46) [20] 58.92 (3.20) [28] 72.87 (13.68) [30] 45.67 (1.67) [2] 85.43 (9.07) [13] 22.26 (5.39) [14] -13.83 (1.43) [46] 0.16 (3.16) [20] 22.36 (1.93) [10] 13.96 (2.34) [12] 6.41 (2.91) [22] 9.06 (2.50) [8] 28.65 (1.98) [13] 6.69 (1.86) [12] 17.60 (1.03) [13] 18.30 (1.62) [9] 16.34 (0.56) [12] 19.00 (1.12) [17]

3WNCROD 53.05 (5.78) [34] -4.32 (2.79) [47] -3.52 (2.86) [47] -8.38 (5.78) [34] -12.02 (7.85) [45] -23.70 (5.13) [49] 94.10 (0.50) [1] -4.83 (0.00) [40] -10.52 (0.00) [51] -10.52 (0.00) [51] -10.52 (0.00) [51] -10.52 (0.00) [51] -10.52 (0.00) [49] -10.52 (0.00) [51] -10.52 (0.00) [51] -10.52 (0.00) [51] -10.52 (0.00) [49] -10.52 (0.00) [49]

ODIN 11.33 (8.23) [44] -0.33 (5.44) [45] -3.88 (3.85) [48] 4.63 (0.79) [12] -13.89 (4.67) [47] -4.22 (7.20) [43] -8.87 (1.68) [28] -4.83 (0.00) [40] 13.96 (1.71) [39] 13.54 (2.95) [14] 4.87 (1.71) [34] 6.55 (1.69) [27] 16.20 (1.90) [37] 4.17 (0.76) [29] 7.25 (2.71) [40] 14.52 (3.17) [27] 11.17 (1.60) [30] 12.14 (1.22) [35]

NCSBAD 90.65 (10.09) [8] 84.57 (4.52) [1] 97.71 (2.86) [1] 18.07 (1.49) [6] 98.67 (2.66) [6] 83.16 (5.21) [4] -3.23 (3.41) [13] -4.83 (0.00) [40] 23.62 (2.36) [7] 12.84 (2.71) [16] 8.93 (2.27) [9] 7.95 (2.49) [13] 32.85 (2.12) [1] 6.83 (1.62) [11] 19.28 (1.69) [6] 17.04 (2.41) [19] 16.76 (1.17) [10] 21.38 (1.50) [9]

NCSBADVAL 88.77 (10.07) [14] 82.51 (4.01) [3] 94.69 (5.56) [2] 30.35 (3.09) [3] 99.48 (1.04) [5] 83.40 (5.24) [3] -2.83 (3.08) [11] -4.83 (0.00) [40] 24.31 (1.79) [4] 15.08 (2.24) [10] 8.23 (2.09) [14] 6.69 (2.71) [26] 32.85 (1.40) [1] 7.95 (1.74) [8] 19.00 (0.93) [8] 17.60 (2.09) [13] 17.74 (0.95) [7] 21.94 (2.10) [6]

Table 36: Mean, standard deviation and rank ADJ F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 4
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Model FashionMNIST 0 FashionMNIST 1 FashionMNIST 2 FashionMNIST 3 FashionMNIST 4 FashionMNIST 5 FashionMNIST 6 FashionMNIST 7 FashionMNIST 8 FashionMNIST 9 MNIST-C brightness MNIST-C canny edges MNIST-C dotted line MNIST-C fog MNIST-C glass blur

IForest 29.37 (3.04) [30] 58.37 (3.12) [32] 18.27 (3.46) [37] 34.98 (4.67) [30] 22.47 (3.13) [36] 70.77 (2.84) [31] 4.23 (2.60) [40] 79.42 (1.58) [29] 15.11 (2.14) [29] 67.73 (1.14) [30] 10.11 (3.36) [34] 12.17 (1.37) [32] 20.20 (2.47) [32] 32.43 (5.50) [32] 52.92 (2.47) [30]

OCSVM 43.76 (3.49) [20] 71.70 (1.55) [21] 40.71 (1.60) [21] 51.01 (0.43) [17] 43.17 (1.63) [19] 77.66 (1.54) [14] 25.98 (1.72) [20] 81.17 (1.71) [19] 17.80 (2.71) [23] 73.57 (1.63) [20] 16.74 (0.57) [25] 18.06 (1.27) [21] 32.80 (1.33) [19] 51.81 (1.17) [20] 67.51 (1.31) [20]

COPOD -10.50 (0.00) [49] -10.50 (0.00) [48] -10.50 (0.00) [48] -10.50 (0.00) [48] -10.50 (0.00) [49] -10.50 (0.00) [48] -10.50 (0.00) [49] -10.50 (0.00) [48] -10.50 (0.00) [48] -10.50 (0.00) [48] -10.53 (0.00) [49] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [49] -10.53 (0.00) [48]

ECOD -10.50 (0.00) [49] -10.50 (0.00) [48] -10.50 (0.00) [48] -10.50 (0.00) [48] -10.50 (0.00) [49] -10.50 (0.00) [48] -10.50 (0.00) [49] -10.50 (0.00) [48] -10.50 (0.00) [48] -10.50 (0.00) [48] -10.53 (0.00) [49] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [49] -10.53 (0.00) [48]

FeatureBagging 54.98 (3.73) [3] 76.26 (2.14) [7] 50.07 (2.90) [3] 57.44 (0.77) [3] 52.17 (0.68) [2] 76.96 (2.08) [21] 40.25 (2.47) [6] 81.18 (1.50) [16] 36.74 (2.38) [3] 76.97 (1.72) [3] 33.46 (1.84) [6] 46.36 (2.28) [4] 47.24 (1.48) [5] 70.60 (0.85) [5] 76.94 (1.06) [6]

HBOS 20.14 (1.64) [37] 35.10 (1.11) [40] -5.47 (0.47) [45] 20.48 (0.64) [38] 2.83 (1.45) [45] 58.96 (1.93) [35] -4.07 (0.83) [45] 71.00 (1.14) [33] 7.39 (3.32) [42] 63.52 (2.38) [32] 1.48 (1.37) [39] 8.56 (1.31) [34] 8.48 (1.31) [40] 6.27 (0.68) [42] 32.06 (1.90) [36]

KNN 49.02 (3.61) [12] 74.28 (1.92) [13] 43.99 (1.86) [17] 51.94 (0.77) [13] 46.44 (1.09) [14] 77.78 (1.33) [11] 31.95 (2.04) [15] 81.41 (1.79) [14] 23.41 (1.92) [15] 74.39 (1.19) [14] 22.93 (0.85) [15] 24.25 (1.47) [16] 38.77 (1.02) [14] 56.38 (1.72) [14] 71.56 (0.89) [13]

LODA 29.84 (10.48) [29] 67.26 (4.36) [27] 27.39 (6.46) [26] 38.14 (7.39) [29] 31.71 (3.58) [29] 71.12 (5.05) [29] 19.20 (5.55) [26] 78.95 (2.09) [30] 13.12 (4.57) [32] 62.82 (5.91) [33] 17.70 (8.86) [20] 7.23 (3.78) [36] 15.63 (3.71) [35] 44.45 (13.26) [26] 52.18 (9.60) [31]

LOF 54.28 (3.76) [5] 75.21 (1.76) [9] 49.95 (2.52) [4] 57.09 (1.55) [4] 52.06 (0.83) [3] 76.85 (1.64) [22] 40.25 (2.49) [6] 81.18 (1.50) [16] 34.28 (1.42) [4] 75.80 (1.51) [7] 33.02 (1.90) [8] 45.62 (1.08) [5] 47.09 (1.37) [6] 69.65 (1.37) [6] 76.12 (1.00) [7]

MCD 20.72 (6.22) [36] 36.97 (7.25) [38] 12.65 (10.22) [39] 29.14 (6.02) [34] 25.51 (7.49) [34] 63.99 (7.95) [34] 13.58 (0.57) [28] 55.56 (8.48) [35] 9.85 (1.45) [39] 49.72 (6.96) [35] 6.35 (2.53) [38] 7.08 (7.99) [37] 10.03 (5.86) [39] 23.07 (7.39) [37] 11.43 (7.33) [44]

PCA 42.59 (3.23) [23] 71.00 (1.55) [22] 39.78 (2.64) [23] 50.07 (0.79) [21] 42.47 (1.21) [23] 77.66 (1.54) [14] 22.48 (1.37) [23] 81.06 (1.76) [23] 15.69 (2.17) [27] 73.34 (1.84) [23] 15.71 (0.75) [27] 15.70 (1.08) [25] 30.66 (1.22) [24] 50.04 (1.31) [24] 66.25 (1.43) [24]

DeepSVDD 28.09 (3.98) [31] 64.57 (3.82) [30] 24.70 (2.68) [28] 34.63 (3.53) [31] 32.76 (3.81) [26] 71.12 (1.63) [29] 14.41 (2.68) [27] 78.25 (1.93) [31] 13.12 (2.93) [32] 65.74 (3.30) [31] 12.68 (2.46) [30] 13.86 (7.36) [28] 17.77 (4.07) [33] 37.74 (1.58) [29] 47.17 (6.06) [33]

INNE 51.83 (4.16) [8] 73.92 (2.18) [14] 48.55 (2.94) [9] 53.81 (2.43) [10] 48.55 (0.98) [9] 75.56 (2.20) [24] 37.44 (1.92) [10] 76.73 (1.19) [32] 29.49 (2.11) [9] 75.56 (1.54) [9] 26.39 (0.54) [12] 33.10 (2.36) [9] 43.70 (1.43) [9] 65.96 (2.35) [10] 74.14 (2.30) [10]

KPCA 49.84 (2.78) [10] 75.33 (1.97) [8] 45.40 (2.60) [10] 53.46 (0.79) [11] 48.20 (1.51) [11] 78.37 (1.22) [4] 34.17 (1.31) [14] 81.76 (1.71) [8] 24.81 (2.38) [13] 75.33 (1.59) [10] 25.36 (1.06) [14] 25.14 (1.68) [14] 41.05 (1.32) [11] 57.41 (1.69) [13] 73.62 (1.25) [11]

KDE 43.05 (2.52) [22] 73.34 (1.80) [17] 38.38 (2.01) [25] 47.50 (0.44) [25] 43.99 (0.86) [17] 78.83 (1.25) [2] 29.72 (2.32) [18] 81.88 (1.92) [5] 22.48 (1.15) [16] 74.39 (1.86) [14] 25.43 (2.01) [13] 24.99 (1.90) [15] 32.73 (1.13) [21] 54.17 (1.93) [18] 66.55 (1.22) [23]

GMM 54.16 (3.60) [7] 77.20 (2.19) [5] 48.90 (2.11) [8] 55.92 (0.47) [7] 51.24 (1.59) [6] 77.20 (1.43) [19] 42.24 (1.45) [5] 82.23 (1.98) [3] 32.06 (1.35) [8] 74.74 (1.59) [12] 33.24 (1.84) [7] 33.02 (1.67) [10] 45.55 (1.64) [8] 70.82 (1.75) [4] 79.22 (1.18) [4]

CBLOF 44.92 (2.94) [18] 73.46 (1.91) [16] 42.58 (2.29) [18] 49.60 (1.45) [23] 43.05 (1.55) [20] 78.01 (1.36) [8] 27.62 (1.36) [19] 81.52 (1.55) [13] 19.32 (2.82) [20] 73.69 (1.43) [19] 17.18 (0.36) [24] 18.80 (1.52) [19] 33.98 (1.64) [17] 52.69 (1.27) [19] 67.51 (1.08) [20]

SOD 25.40 (3.32) [34] 58.02 (1.86) [33] 23.65 (1.51) [31] 31.48 (1.50) [33] 30.89 (1.07) [30] 70.53 (1.20) [32] 12.42 (0.57) [29] 80.71 (1.53) [25] 19.55 (2.41) [18] 68.19 (2.47) [29] 14.53 (0.77) [29] 11.72 (1.77) [33] 33.47 (1.23) [18] 34.13 (2.19) [31] 49.23 (1.17) [32]

LUNAR 59.31 (1.41) [1] 80.36 (0.79) [1] 49.60 (1.82) [6] 59.07 (1.43) [1] 50.66 (2.27) [8] 78.13 (1.36) [5] 42.35 (1.09) [3] 82.58 (1.93) [2] 38.84 (1.59) [1] 79.07 (2.60) [1] 48.27 (1.18) [1] 52.18 (1.52) [1] 60.72 (1.25) [1] 85.19 (0.72) [1] 88.06 (1.18) [1]

SOGAAL 9.49 (5.06) [43] 35.46 (5.24) [39] 18.50 (5.97) [36] 14.76 (5.91) [40] 21.54 (4.07) [38] 20.49 (12.62) [41] 0.02 (4.08) [42] 38.73 (14.03) [40] -0.68 (3.30) [45] 37.68 (5.00) [37] 0.97 (2.31) [41] -7.14 (0.72) [46] -1.91 (2.23) [45] 26.32 (7.51) [36] 17.47 (6.72) [41]

ALAD 4.00 (5.20) [44] 7.04 (10.37) [46] -1.61 (4.64) [42] 0.96 (5.59) [45] 6.46 (10.01) [43] 7.74 (7.03) [45] -1.85 (2.90) [43] 8.91 (12.37) [43] 0.14 (5.09) [44] 14.64 (7.21) [42] 0.01 (6.57) [44] -0.88 (3.55) [45] 2.73 (5.88) [44] 9.96 (9.65) [41] 12.09 (9.47) [43]

AE 49.25 (3.53) [11] 73.81 (2.01) [15] 44.11 (1.98) [16] 51.94 (1.00) [13] 46.79 (1.48) [13] 78.01 (1.14) [8] 31.71 (2.17) [16] 81.88 (1.65) [5] 21.89 (1.26) [17] 75.21 (1.26) [11] 20.64 (1.06) [17] 24.18 (1.88) [17] 37.52 (1.57) [15] 55.72 (1.67) [16] 70.89 (1.02) [15]

CD -1.96 (17.07) [46] 9.96 (25.36) [44] -10.50 (0.00) [48] 6.57 (14.18) [44] 9.61 (16.83) [41] -10.50 (0.00) [48] 9.26 (3.29) [32] -10.50 (0.00) [48] 13.94 (1.75) [31] -10.50 (0.00) [48] -4.19 (7.82) [46] 0.23 (8.87) [44] -10.53 (0.00) [48] -6.77 (7.52) [46] -10.53 (0.00) [48]

MOGAAL 10.66 (5.56) [42] 37.32 (6.11) [37] 19.08 (5.25) [35] 15.58 (6.64) [39] 21.54 (3.57) [38] 21.31 (11.92) [40] 0.84 (4.54) [41] 42.71 (13.01) [38] -1.85 (3.65) [46] 37.21 (5.23) [38] 0.23 (1.82) [43] -7.14 (1.38) [46] -2.35 (0.75) [46] 22.41 (5.22) [39] 12.61 (9.85) [42]

QMCD -10.27 (0.29) [48] -10.03 (0.23) [47] -10.27 (0.29) [47] -10.50 (0.00) [48] -9.68 (0.29) [48] 18.50 (1.02) [42] -10.03 (0.23) [48] 56.97 (2.17) [34] -10.50 (0.00) [48] 1.66 (1.67) [45] -10.23 (0.15) [48] -10.53 (0.00) [48] -10.23 (0.15) [47] -8.76 (0.28) [47] -10.23 (0.15) [47]

Sampling 44.46 (2.89) [19] 72.05 (1.75) [20] 41.77 (2.21) [19] 50.42 (2.04) [19] 43.64 (1.20) [18] 77.66 (1.30) [14] 25.98 (1.63) [20] 81.17 (1.75) [19] 18.38 (2.88) [21] 73.46 (1.60) [21] 17.62 (0.60) [21] 18.21 (1.12) [20] 31.40 (1.95) [23] 51.59 (1.50) [21] 67.80 (1.85) [18]

EIF 31.95 (2.90) [26] 66.09 (2.34) [29] 22.13 (2.07) [33] 39.66 (4.55) [28] 26.80 (2.95) [32] 72.17 (1.36) [27] 8.79 (4.27) [33] 80.36 (1.72) [27] 16.04 (3.65) [26] 68.89 (2.44) [27] 10.62 (1.70) [33] 12.76 (4.03) [30] 23.59 (3.64) [28] 35.45 (3.12) [30] 57.41 (5.19) [29]

Ensemble 54.28 (3.76) [5] 75.21 (1.76) [9] 49.95 (2.52) [4] 57.09 (1.55) [4] 52.06 (0.83) [3] 76.85 (1.64) [22] 40.25 (2.49) [6] 81.18 (1.50) [16] 34.28 (1.42) [4] 75.80 (1.51) [7] 33.02 (1.90) [8] 45.62 (1.08) [5] 47.09 (1.37) [6] 69.65 (1.37) [6] 76.12 (1.00) [7]

GEN2OUT 27.74 (3.32) [32] 58.72 (3.63) [31] 17.80 (0.60) [38] 32.77 (4.57) [32] 22.12 (7.34) [37] 71.94 (3.09) [28] 4.35 (3.15) [39] 80.47 (2.24) [26] 13.00 (2.49) [34] 68.43 (2.25) [28] 8.93 (4.59) [37] 15.04 (6.99) [27] 22.04 (5.23) [30] 31.47 (6.77) [33] 57.63 (10.05) [28]

DynamicHBOS 13.12 (4.98) [39] 17.22 (4.83) [41] -5.01 (0.29) [44] 13.59 (2.14) [41] 0.96 (1.76) [46] 23.29 (5.05) [39] -5.12 (1.94) [46] 7.16 (2.83) [44] 6.69 (2.50) [43] 0.72 (3.97) [46] -2.79 (1.94) [45] 5.61 (3.50) [39] 6.13 (2.90) [42] 5.02 (1.77) [43] 18.65 (4.29) [40]

COF 30.07 (2.36) [28] 47.73 (1.60) [35] 19.43 (1.13) [34] 26.22 (1.94) [36] 27.15 (1.26) [31] 39.66 (2.14) [37] 11.49 (2.11) [30] 37.33 (1.67) [41] 17.92 (1.02) [22] 55.45 (2.41) [34] 9.59 (1.16) [36] 5.83 (0.83) [38] 27.49 (1.30) [27] 11.65 (0.82) [40] 19.98 (1.44) [39]

ABOD 48.55 (2.89) [15] 77.67 (1.63) [4] 45.28 (2.47) [12] 54.51 (1.75) [9] 48.43 (1.01) [10] 79.07 (1.19) [1] 34.29 (1.80) [13] 82.70 (1.76) [1] 28.32 (1.83) [10] 76.50 (1.13) [4] 35.53 (1.34) [5] 36.19 (0.43) [8] 47.98 (1.64) [4] 68.98 (1.24) [8] 78.19 (0.92) [5]

LMDD 31.01 (1.33) [27] 69.48 (1.79) [26] 24.23 (3.17) [29] 43.05 (1.91) [26] 32.65 (2.41) [27] 69.13 (5.66) [33] 6.34 (1.79) [37] 39.66 (9.20) [39] 14.17 (1.67) [30] 35.10 (14.24) [39] 11.28 (1.20) [32] 12.91 (1.45) [29] 20.64 (2.04) [31] 40.24 (1.03) [27] 60.65 (1.50) [27]

DAGMM 20.84 (5.21) [35] 43.17 (5.60) [36] 23.18 (5.52) [32] 25.40 (4.11) [37] 23.76 (6.37) [35] 39.78 (8.14) [36] 7.04 (5.00) [36] 51.12 (7.12) [37] 10.31 (7.06) [38] 41.54 (5.67) [36] 9.88 (5.09) [35] 7.75 (5.09) [35] 16.81 (6.33) [34] 27.05 (13.81) [35] 35.75 (14.45) [35]

DROCC 15.58 (7.33) [38] 48.20 (15.42) [34] 23.88 (8.67) [30] 26.92 (7.47) [35] 26.45 (8.92) [33] 39.66 (20.29) [37] 10.20 (7.40) [31] 54.28 (18.69) [36] 11.49 (5.83) [35] 30.89 (11.85) [40] 17.33 (8.86) [23] 17.91 (5.37) [22] 23.07 (10.28) [29] 30.81 (17.08) [34] 38.77 (17.50) [34]

GOAD 43.52 (3.87) [21] 71.00 (1.31) [22] 40.83 (1.83) [20] 50.66 (1.14) [18] 42.71 (1.39) [21] 77.67 (1.35) [13] 23.53 (1.94) [22] 81.17 (1.71) [19] 17.45 (2.23) [24] 73.81 (1.63) [18] 16.52 (0.30) [26] 17.03 (1.81) [24] 32.80 (1.35) [19] 51.22 (1.69) [23] 67.65 (2.20) [19]

ICL 51.24 (3.44) [9] 76.73 (1.45) [6] 51.36 (2.80) [1] 54.98 (1.52) [8] 52.99 (2.11) [1] 77.20 (2.06) [19] 42.35 (2.05) [3] 81.99 (1.67) [4] 32.18 (1.52) [7] 76.26 (1.68) [5] 42.09 (3.05) [4] 37.44 (2.18) [7] 41.94 (2.07) [10] 66.69 (0.44) [9] 74.87 (1.91) [9]

PlanarFlow 27.38 (1.25) [33] 67.14 (2.20) [28] 26.10 (4.43) [27] 40.13 (3.06) [27] 31.72 (2.90) [28] 74.98 (0.78) [25] 7.27 (2.73) [35] 81.17 (2.07) [19] 10.66 (3.21) [37] 70.30 (2.52) [26] 12.39 (1.42) [31] 1.71 (0.97) [43] 13.64 (5.12) [36] 38.55 (3.61) [28] 62.05 (3.48) [26]

VAE 42.59 (3.23) [23] 71.00 (1.55) [22] 39.78 (2.64) [23] 50.07 (0.79) [21] 42.47 (1.21) [23] 77.66 (1.54) [14] 22.48 (1.37) [23] 81.06 (1.76) [23] 15.69 (2.17) [27] 73.34 (1.84) [23] 15.71 (0.75) [27] 15.70 (1.08) [25] 30.66 (1.22) [24] 50.04 (1.31) [24] 66.25 (1.43) [24]

GANomaly 48.79 (3.19) [14] 74.74 (2.11) [11] 45.39 (3.34) [11] 51.48 (2.42) [15] 42.47 (1.15) [23] 78.48 (1.40) [3] 36.74 (1.01) [11] 81.76 (1.71) [8] 24.11 (2.94) [14] 74.28 (1.17) [16] 22.04 (2.01) [16] 26.68 (2.58) [13] 32.28 (3.00) [22] 56.09 (1.46) [15] 69.94 (2.11) [16]

SLAD 48.90 (3.23) [13] 74.63 (1.98) [12] 44.46 (2.25) [14] 52.99 (1.09) [12] 45.97 (1.15) [16] 78.01 (1.20) [8] 34.52 (2.22) [12] 81.88 (1.69) [5] 25.63 (2.00) [11] 74.63 (0.88) [13] 28.45 (1.83) [11] 30.00 (1.44) [12] 38.84 (1.01) [13] 60.14 (1.94) [12] 72.15 (1.20) [12]

DIF 13.12 (2.24) [39] 14.52 (1.75) [43] 8.79 (1.92) [40] 8.21 (0.98) [42] 5.28 (2.69) [44] 11.01 (1.07) [43] 4.94 (1.31) [38] 6.80 (1.20) [45] 9.26 (1.90) [40] 13.59 (1.40) [43] 0.38 (1.33) [42] 2.66 (1.00) [42] 6.86 (1.24) [41] 0.38 (1.37) [44] 10.84 (1.51) [45]

DDPM 40.72 (2.01) [25] 72.99 (1.79) [18] 40.48 (2.20) [22] 48.08 (2.41) [24] 42.59 (1.50) [22] 78.13 (1.41) [5] 22.47 (3.44) [25] 81.29 (1.92) [15] 17.45 (2.85) [24] 73.46 (1.72) [21] 17.40 (0.54) [22] 17.18 (1.69) [23] 29.71 (2.63) [26] 51.59 (1.96) [21] 66.99 (1.27) [22]

DTE-IG -9.33 (0.37) [47] -10.50 (0.00) [48] -9.21 (0.44) [46] -10.03 (0.44) [47] -7.93 (0.95) [47] -9.80 (1.14) [47] -7.11 (1.63) [47] -9.80 (0.57) [47] -9.21 (0.57) [47] -10.15 (0.29) [47] -9.57 (0.64) [47] 2.88 (15.68) [41] 5.54 (18.78) [43] -10.31 (0.44) [48] 22.56 (40.52) [38]

DTE-C 47.03 (2.78) [16] 70.88 (2.70) [25] 45.28 (2.78) [12] 50.19 (0.77) [20] 48.08 (1.59) [12] 74.86 (2.25) [26] 38.26 (2.55) [9] 80.36 (1.68) [27] 25.16 (0.97) [12] 71.23 (1.30) [25] 32.21 (2.99) [10] 32.43 (3.60) [11] 40.24 (2.40) [12] 61.76 (3.09) [11] 71.41 (1.70) [14]

DTENonParametric -1.61 (12.96) [45] 14.99 (10.73) [42] -4.54 (7.24) [43] 0.96 (15.81) [45] 20.14 (14.55) [40] 10.78 (18.85) [44] -3.72 (9.03) [44] 15.58 (17.74) [42] 9.14 (11.55) [41] 15.46 (17.02) [41] 18.21 (4.41) [19] 12.46 (11.24) [31] 13.35 (12.98) [37] 22.78 (17.24) [38] 28.38 (13.87) [37]

MCM 45.74 (3.65) [17] 72.29 (2.11) [19] 44.22 (1.91) [15] 51.47 (0.82) [16] 46.33 (1.36) [15] 77.78 (1.33) [11] 29.96 (1.63) [17] 81.76 (1.79) [8] 19.55 (2.58) [18] 74.16 (1.45) [17] 19.76 (0.54) [18] 21.01 (1.50) [18] 35.23 (1.18) [16] 54.32 (1.23) [17] 69.49 (1.28) [17]

3WNCROD -10.50 (0.00) [49] -10.50 (0.00) [48] -10.50 (0.00) [48] -10.50 (0.00) [48] -10.50 (0.00) [49] -10.50 (0.00) [48] -10.50 (0.00) [49] -10.50 (0.00) [48] -10.50 (0.00) [48] -10.50 (0.00) [48] -10.53 (0.00) [49] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [49] -10.53 (0.00) [48]

ODIN 11.48 (2.73) [41] 9.73 (1.15) [45] 6.45 (1.28) [41] 7.16 (2.68) [43] 8.09 (1.19) [42] 6.46 (1.57) [46] 8.09 (2.67) [34] -2.08 (1.98) [46] 11.25 (0.68) [36] 7.04 (1.57) [44] 1.04 (1.66) [40] 4.65 (1.26) [40] 12.68 (1.44) [38] -1.91 (1.11) [45] 2.08 (0.71) [46]

NCSBAD 55.10 (2.87) [2] 77.78 (1.95) [3] 49.48 (1.98) [7] 56.97 (0.59) [6] 51.24 (1.41) [6] 77.55 (1.55) [18] 42.59 (1.94) [2] 81.64 (1.72) [12] 34.05 (1.86) [6] 76.15 (1.35) [6] 44.88 (2.11) [2] 46.87 (1.35) [2] 55.57 (1.61) [3] 76.94 (1.88) [3] 83.05 (0.84) [3]

NCSBADVAL 54.40 (2.74) [4] 79.42 (1.90) [2] 50.89 (2.12) [2] 58.95 (0.44) [2] 51.47 (1.11) [5] 78.13 (1.91) [5] 43.87 (1.43) [1] 81.76 (1.71) [8] 36.86 (1.43) [2] 77.55 (1.14) [2] 44.52 (1.64) [3] 46.80 (1.41) [3] 56.82 (1.43) [2] 79.59 (1.96) [2] 84.08 (0.63) [2]

Table 37: Mean, standard deviation and rank ADJ F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 5
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Model MNIST-C identity MNIST-C impulse noise MNIST-C motion blur MNIST-C rotate MNIST-C scale MNIST-C shear MNIST-C shot noise MNIST-C spatter MNIST-C stripe MNIST-C translate MNIST-C zigzag MVTec-AD bottle MVTec-AD cable MVTec-AD capsule MVTec-AD carpet

IForest -1.98 (0.82) [42] 88.51 (3.26) [30] 30.96 (2.51) [33] 2.22 (0.89) [31] 7.01 (3.21) [35] 11.65 (1.69) [32] 17.47 (2.18) [33] 36.19 (3.56) [28] 82.02 (1.44) [30] 5.24 (0.28) [34] 29.12 (1.13) [30] 84.99 (2.31) [26] 31.03 (5.54) [32] 21.45 (5.07) [32] 33.81 (3.74) [31]

OCSVM -0.95 (1.19) [24] 97.57 (0.44) [11] 45.62 (1.59) [22] 3.62 (0.68) [21] 21.82 (1.26) [19] 14.60 (1.22) [25] 26.54 (2.17) [21] 42.45 (1.17) [19] 92.71 (0.49) [16] 10.77 (1.13) [24] 42.45 (1.57) [19] 85.74 (0.77) [25] 29.86 (4.85) [33] 19.36 (4.71) [36] 32.54 (6.52) [33]

COPOD -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [47] -10.53 (0.00) [48] -10.53 (0.00) [49] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [47] -10.53 (0.00) [47] 35.45 (9.16) [41] 53.90 (8.59) [11] 87.61 (3.35) [1] 49.15 (10.81) [10]

ECOD -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [47] -10.53 (0.00) [48] -10.53 (0.00) [49] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [47] -10.53 (0.00) [47] 35.45 (9.16) [41] 53.90 (8.59) [11] 87.61 (3.35) [1] 49.15 (10.81) [10]

FeatureBagging -1.10 (0.92) [31] 97.35 (0.36) [12] 60.80 (1.33) [8] 5.90 (0.55) [11] 34.57 (1.72) [7] 21.45 (1.24) [9] 42.38 (0.89) [4] 59.70 (1.88) [5] 94.69 (0.38) [8] 24.92 (2.07) [7] 57.63 (0.93) [7] 87.91 (0.85) [11] 34.75 (5.22) [25] 28.90 (6.07) [25] 37.55 (4.34) [19]

HBOS -2.05 (0.52) [43] 48.57 (1.66) [39] 18.43 (1.06) [39] 2.08 (0.54) [33] -3.67 (1.18) [43] 10.84 (2.12) [34] 11.43 (1.20) [38] 21.53 (1.56) [36] 62.72 (1.43) [36] -0.06 (1.35) [42] 13.71 (0.91) [40] 83.11 (2.77) [30] 35.01 (4.93) [24] 19.15 (3.21) [37] 38.44 (6.55) [18]

KNN -0.58 (0.66) [19] 96.98 (0.28) [18] 51.96 (1.20) [16] 4.80 (0.64) [18] 26.24 (1.62) [15] 18.43 (1.25) [15] 33.83 (2.60) [12] 48.94 (1.43) [14] 93.74 (0.47) [13] 14.53 (1.36) [19] 49.08 (1.42) [14] 86.98 (0.87) [16] 34.36 (5.46) [27] 30.42 (3.00) [22] 36.14 (3.96) [25]

LODA -1.54 (1.03) [39] 95.28 (3.70) [26] 35.89 (5.79) [30] 1.56 (1.70) [38] 7.53 (5.19) [33] 7.89 (3.23) [38] 17.03 (7.16) [34] 31.47 (6.86) [33] 82.24 (5.18) [29] 4.65 (2.74) [37] 24.25 (8.07) [34] 81.30 (4.30) [33] 22.93 (5.04) [39] 18.83 (6.23) [38] 26.51 (7.62) [37]

LOF -1.02 (0.85) [27] 96.91 (0.38) [22] 61.39 (1.22) [6] 6.27 (0.98) [9] 34.64 (1.79) [5] 21.60 (1.70) [6] 41.35 (1.69) [5] 59.18 (1.84) [6] 94.99 (0.18) [4] 24.99 (1.47) [5] 57.78 (1.33) [5] 87.20 (0.90) [14] 33.41 (5.50) [28] 29.12 (6.29) [23] 36.30 (4.88) [23]

MCD -0.36 (1.00) [16] 66.11 (9.51) [36] 22.70 (8.60) [37] 1.70 (1.57) [36] 8.19 (6.03) [32] 7.01 (2.09) [41] 9.88 (2.22) [39] 25.80 (3.04) [35] 69.27 (14.17) [34] 2.29 (1.48) [41] 16.95 (3.98) [38] 86.48 (1.02) [19] 43.52 (6.38) [16] 46.67 (4.35) [14] 37.39 (7.11) [20]

PCA -1.17 (1.72) [32] 96.98 (0.28) [18] 44.81 (2.01) [24] 2.66 (0.82) [29] 19.61 (1.08) [24] 14.60 (1.26) [25] 24.55 (1.87) [24] 40.98 (1.67) [23] 92.34 (0.43) [21] 9.89 (1.11) [28] 40.76 (1.62) [23] 83.37 (2.23) [28] 26.25 (4.38) [37] 17.52 (4.82) [39] 32.53 (7.20) [34]

DeepSVDD 0.01 (0.68) [8] 91.45 (4.69) [27] 38.69 (2.20) [27] 3.25 (1.94) [25] 15.92 (4.07) [27] 8.41 (2.68) [37] 15.12 (2.19) [36] 28.08 (5.92) [34] 79.88 (1.75) [31] 6.20 (3.32) [31] 20.57 (7.19) [36] 86.48 (2.54) [19] 54.12 (6.69) [10] 34.22 (8.93) [20] 57.06 (2.11) [8]

INNE -0.58 (1.38) [19] 87.47 (1.30) [32] 57.63 (1.82) [10] 5.02 (0.82) [17] 29.27 (1.56) [11] 18.21 (2.20) [16] 36.26 (2.94) [10] 55.35 (2.37) [9] 87.55 (3.20) [26] 14.89 (1.49) [16] 55.50 (1.35) [10] 88.18 (1.74) [8] 34.39 (3.20) [26] 22.86 (4.39) [31] 35.79 (6.01) [26]

KPCA -1.02 (0.82) [27] 95.51 (0.43) [24] 54.17 (0.98) [12] 5.32 (0.77) [13] 28.68 (1.73) [12] 19.39 (1.15) [12] 36.56 (2.10) [9] 50.93 (1.42) [12] 94.92 (0.63) [6] 16.22 (1.69) [15] 51.81 (1.13) [12] 90.87 (2.51) [4] 67.78 (5.01) [1] 69.00 (4.76) [6] 61.50 (2.48) [2]

KDE -1.09 (0.38) [30] 98.01 (0.30) [5] 53.58 (1.26) [14] 5.17 (0.95) [15] 21.08 (1.42) [22] 15.26 (1.16) [22] 29.93 (1.46) [16] 40.24 (1.13) [25] 93.96 (0.95) [10] 14.75 (1.68) [18] 39.65 (1.34) [26] 88.66 (3.26) [7] 57.70 (6.02) [8] 67.74 (3.88) [7] 59.52 (3.24) [5]

GMM 0.09 (0.97) [5] 97.71 (0.36) [9] 58.96 (1.18) [9] 7.97 (0.64) [7] 35.67 (1.35) [4] 22.63 (0.87) [5] 40.68 (2.06) [7] 57.78 (1.50) [8] 94.11 (0.61) [9] 23.59 (1.69) [10] 57.63 (1.46) [7] 91.16 (2.21) [1] 64.38 (3.65) [5] 69.42 (5.19) [5] 60.56 (1.86) [3]

CBLOF -0.65 (1.35) [21] 97.05 (0.23) [14] 46.80 (1.64) [19] 3.32 (0.50) [24] 24.62 (1.33) [17] 16.74 (1.26) [19] 28.08 (2.50) [18] 42.82 (1.64) [18] 92.71 (0.49) [16] 10.62 (1.45) [25] 43.34 (1.46) [18] 85.85 (2.23) [22] 38.22 (5.95) [18] 27.55 (3.19) [26] 36.47 (6.98) [22]

SOD -2.50 (0.75) [46] 73.03 (1.46) [34] 41.12 (1.77) [26] 3.40 (1.59) [23] 1.78 (2.04) [39] 14.90 (1.21) [24] 21.89 (1.94) [27] 39.65 (2.50) [26] 70.23 (2.00) [33] 18.14 (0.82) [13] 38.77 (2.47) [27] 76.47 (3.63) [34] 0.38 (3.87) [49] 2.17 (6.90) [50] 22.01 (6.07) [42]

LUNAR 0.01 (0.83) [8] 99.26 (0.33) [1] 73.47 (0.87) [1] 13.50 (1.10) [1] 43.34 (1.17) [1] 28.38 (2.15) [1] 57.19 (2.89) [1] 68.17 (1.29) [1] 98.23 (0.88) [1] 30.81 (0.75) [3] 67.06 (1.06) [1] 90.64 (2.70) [5] 54.94 (7.44) [9] 45.68 (6.78) [16] 48.53 (6.56) [13]

SOGAAL -0.29 (2.25) [15] 63.82 (23.18) [37] 17.99 (7.33) [40] 1.41 (1.06) [40] -1.76 (3.82) [41] 1.12 (1.84) [44] 0.67 (3.08) [45] -1.54 (1.84) [46] 15.63 (12.11) [41] -0.28 (2.05) [44] -1.61 (1.39) [46] 53.74 (8.86) [37] 2.85 (5.91) [47] 4.22 (7.34) [49] 8.64 (14.79) [49]

ALAD 0.60 (1.43) [3] 18.28 (15.80) [42] 9.81 (8.82) [43] -0.65 (2.00) [46] 1.93 (4.34) [38] 0.60 (2.11) [45] 2.29 (3.14) [43] 8.19 (8.18) [43] 16.95 (14.15) [40] -0.06 (1.45) [42] 7.31 (5.30) [43] 33.12 (18.83) [45] 0.85 (6.13) [48] 5.71 (9.94) [45] 8.87 (5.01) [48]

AE -0.06 (1.08) [10] 97.05 (0.23) [14] 50.48 (1.69) [17] 4.80 (0.64) [18] 26.91 (1.59) [14] 18.51 (1.22) [14] 31.40 (2.65) [15] 48.86 (1.87) [15] 93.15 (0.30) [14] 14.82 (1.13) [17] 48.94 (1.37) [15] 87.93 (0.59) [10] 35.70 (2.61) [23] 26.69 (4.61) [28] 34.45 (4.94) [28]

CD -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [47] -10.53 (0.00) [48] -5.66 (9.73) [47] 5.91 (20.13) [45] 30.74 (21.37) [38] -10.53 (0.00) [47] -10.53 (0.00) [47] 35.45 (9.16) [41] 53.90 (8.59) [11] 63.73 (47.30) [11] 19.29 (34.71) [44]

MOGAAL -0.06 (2.61) [10] 54.61 (28.17) [38] 17.11 (5.54) [41] 1.49 (1.69) [39] -2.42 (2.81) [42] 0.45 (0.68) [46] -0.80 (2.54) [46] -3.82 (1.17) [47] 9.00 (13.75) [45] -0.73 (0.89) [45] -1.46 (0.83) [45] 52.98 (8.55) [38] 2.93 (4.19) [46] 4.65 (7.45) [48] 11.06 (17.10) [47]

QMCD 9.15 (1.69) [1] 87.70 (1.47) [31] -9.72 (0.36) [47] -7.58 (0.23) [47] -10.53 (0.00) [47] -8.39 (0.63) [47] -10.16 (0.00) [48] -10.53 (0.00) [48] 11.73 (0.68) [44] -10.53 (0.00) [47] -10.53 (0.00) [47] 31.50 (2.85) [47] -63.00 (0.86) [51] -66.49 (7.09) [51] -39.75 (5.76) [51]

Sampling -0.65 (1.28) [21] 97.05 (0.23) [14] 46.13 (1.22) [20] 3.11 (0.47) [28] 21.30 (2.29) [20] 15.41 (0.98) [21] 26.76 (1.86) [20] 42.45 (0.94) [19] 92.70 (0.36) [18] 11.14 (0.82) [21] 42.30 (1.01) [21] 85.96 (0.90) [21] 31.22 (3.91) [31] 30.48 (3.68) [21] 35.30 (9.02) [27]

EIF -2.20 (0.69) [45] 91.16 (2.34) [28] 32.28 (2.71) [32] 1.63 (1.70) [37] 10.10 (4.72) [29] 12.91 (1.89) [30] 19.83 (3.35) [29] 35.53 (3.74) [29] 86.81 (2.03) [27] 5.17 (0.76) [35] 31.55 (3.37) [28] 84.54 (2.72) [27] 27.43 (5.62) [36] 19.37 (3.71) [35] 34.02 (4.79) [30]

Ensemble -1.02 (0.85) [27] 96.91 (0.38) [22] 61.39 (1.22) [6] 6.27 (0.98) [9] 34.64 (1.79) [5] 21.60 (1.70) [6] 41.35 (1.69) [5] 59.18 (1.84) [6] 94.99 (0.18) [4] 24.99 (1.47) [5] 57.78 (1.33) [5] 87.20 (0.90) [14] 33.41 (5.50) [28] 29.12 (6.29) [23] 36.30 (4.88) [23]

GEN2OUT -2.94 (0.89) [47] 95.43 (1.37) [25] 35.53 (6.88) [31] 2.22 (1.61) [31] 6.13 (6.07) [36] 13.12 (2.73) [29] 19.17 (2.27) [30] 36.48 (5.49) [27] 86.29 (6.40) [28] 5.09 (1.62) [36] 27.49 (6.78) [33] 85.75 (1.85) [23] 36.28 (8.11) [22] 26.74 (1.38) [27] 32.30 (4.95) [36]

DynamicHBOS -2.12 (0.79) [44] 10.62 (4.34) [44] 7.60 (5.66) [44] 1.78 (0.18) [34] -4.04 (1.18) [44] 7.16 (3.64) [40] 9.74 (0.84) [40] 11.14 (4.67) [42] 12.02 (6.28) [43] -1.02 (1.24) [46] 11.43 (1.55) [42] 69.85 (9.64) [36] 41.10 (7.45) [17] 77.75 (4.12) [4] 40.13 (11.82) [16]

COF -1.54 (0.89) [39] 6.79 (1.02) [45] 28.45 (2.11) [35] 5.24 (1.22) [14] -5.00 (1.42) [45] 19.61 (0.75) [11] 18.29 (1.40) [32] 32.36 (2.45) [31] 7.31 (2.32) [46] 19.83 (1.18) [12] 39.95 (2.25) [25] 21.09 (6.47) [49] 3.72 (9.89) [45] 5.61 (2.65) [46] 17.96 (6.29) [45]

ABOD 0.38 (0.79) [4] 97.72 (0.27) [8] 63.75 (1.08) [5] 7.08 (0.63) [8] 29.55 (2.10) [10] 21.01 (1.84) [10] 40.61 (2.00) [8] 60.06 (1.25) [4] 93.88 (0.89) [11] 23.37 (1.68) [11] 59.18 (0.49) [4] 17.41 (9.48) [50] 13.62 (4.09) [42] 16.03 (3.37) [42] 21.19 (7.51) [43]

LMDD -0.95 (0.77) [24] 66.92 (32.41) [35] 36.48 (1.39) [29] 1.78 (0.72) [34] 9.88 (1.45) [30] 12.02 (0.91) [31] 18.43 (1.86) [31] 33.76 (0.75) [30] 78.26 (25.26) [32] 5.90 (0.79) [32] 29.48 (1.90) [29] 37.20 (8.67) [40] 37.76 (12.92) [20] 62.96 (19.21) [12] 45.47 (14.69) [15]

DAGMM -0.14 (1.41) [13] 42.52 (22.65) [40] 26.24 (7.31) [36] 0.38 (0.76) [42] 7.45 (16.42) [34] 7.38 (0.64) [39] 12.09 (4.09) [37] 21.53 (6.92) [36] 53.21 (21.35) [37] 3.32 (1.25) [40] 18.36 (7.65) [37] 51.02 (14.59) [39] 8.72 (8.66) [44] 4.97 (6.40) [47] 15.99 (19.61) [46]

DROCC -1.39 (2.15) [36] 78.33 (22.53) [33] 29.78 (7.13) [34] 5.17 (2.62) [15] 11.36 (9.87) [28] 10.03 (3.57) [35] 24.03 (8.29) [26] 20.35 (6.94) [38] 64.63 (5.27) [35] 9.96 (4.26) [27] 27.50 (13.92) [32] 70.66 (15.66) [35] 10.94 (2.89) [43] 8.29 (11.84) [44] 24.64 (14.70) [40]

GOAD -0.95 (1.09) [24] 97.05 (0.33) [14] 45.33 (1.84) [23] 3.47 (0.96) [22] 21.30 (1.24) [20] 15.19 (1.40) [23] 26.24 (2.55) [23] 42.38 (1.52) [21] 92.12 (0.68) [23] 10.40 (1.17) [26] 42.31 (2.13) [20] 86.49 (1.14) [18] 29.48 (4.22) [34] 19.54 (5.58) [34] 33.24 (7.52) [32]

ICL -1.24 (0.59) [34] 98.53 (0.52) [2] 65.59 (2.01) [4] 9.67 (1.13) [4] 29.56 (3.90) [9] 21.60 (1.80) [6] 32.65 (2.29) [14] 52.55 (0.91) [10] 95.65 (0.72) [2] 27.42 (1.16) [4] 55.79 (1.21) [9] 88.02 (2.58) [9] 62.22 (2.84) [7] 66.98 (4.90) [8] 63.79 (5.06) [1]

PlanarFlow -1.46 (1.06) [37] 96.98 (0.59) [18] 37.81 (2.18) [28] -0.43 (1.89) [45] 9.22 (6.13) [31] 11.14 (2.60) [33] 16.29 (2.92) [35] 31.92 (2.19) [32] 90.35 (1.02) [25] 4.14 (1.13) [38] 22.41 (2.55) [35] 81.86 (2.08) [31] 19.81 (3.45) [41] 16.45 (4.28) [41] 26.28 (6.37) [38]

VAE -1.17 (1.72) [32] 96.98 (0.28) [18] 44.81 (2.01) [24] 2.66 (0.82) [29] 19.61 (1.08) [24] 14.60 (1.26) [25] 24.55 (1.87) [24] 40.98 (1.67) [23] 92.34 (0.43) [21] 9.89 (1.11) [28] 40.76 (1.62) [23] 83.37 (2.23) [28] 26.25 (4.38) [37] 17.52 (4.82) [39] 32.53 (7.20) [34]

GANomaly -0.06 (0.69) [10] 97.12 (0.15) [13] 54.10 (3.82) [13] 3.25 (1.25) [25] 22.04 (3.56) [18] 16.59 (2.63) [20] 29.19 (3.01) [17] 44.81 (3.84) [17] 92.41 (0.95) [20] 10.99 (0.76) [23] 47.10 (2.17) [17] 85.75 (1.28) [23] 38.07 (5.52) [19] 25.93 (4.01) [30] 38.63 (4.83) [17]

SLAD -0.51 (1.13) [18] 98.30 (0.30) [3] 52.69 (1.61) [15] 5.83 (0.92) [12] 27.79 (1.30) [13] 19.39 (1.31) [12] 33.54 (2.31) [13] 50.93 (1.52) [12] 93.81 (0.63) [12] 17.62 (0.79) [14] 50.48 (1.11) [13] 90.41 (2.57) [6] 64.62 (4.85) [4] 61.84 (1.07) [13] 58.07 (2.83) [7]

DIF 0.82 (0.97) [2] -5.07 (0.54) [46] 2.81 (0.82) [46] 0.75 (1.18) [41] -0.65 (1.69) [40] 3.70 (1.37) [43] 4.80 (1.92) [41] 6.20 (1.39) [44] 13.28 (1.49) [42] 5.32 (1.04) [33] 5.76 (1.81) [44] 25.44 (5.42) [48] 31.72 (3.26) [30] 46.14 (5.20) [15] 22.83 (13.05) [41]

DDPM -0.88 (1.46) [23] 97.64 (0.38) [10] 45.69 (2.66) [21] 3.18 (2.07) [27] 20.86 (1.39) [23] 14.16 (2.08) [28] 26.46 (1.48) [22] 41.93 (1.37) [22] 92.63 (0.47) [19] 9.81 (0.97) [30] 41.20 (1.37) [22] 81.82 (2.89) [32] 20.00 (5.18) [40] 11.99 (3.92) [43] 25.89 (5.48) [39]

DTE-IG -0.28 (0.43) [14] 10.99 (43.03) [43] 12.17 (27.79) [42] -0.28 (5.21) [44] 4.06 (15.33) [37] 4.58 (12.20) [42] 1.19 (12.89) [44] 12.17 (27.50) [40] -10.53 (0.00) [48] 4.14 (15.75) [38] 16.00 (32.51) [39] 32.89 (68.23) [46] -19.16 (35.94) [50] 44.93 (8.96) [18] 34.12 (38.69) [29]

DTE-C 0.08 (1.10) [7] 91.01 (0.76) [29] 55.42 (3.24) [11] 8.12 (1.16) [6] 31.48 (3.64) [8] 23.15 (3.58) [4] 34.13 (3.94) [11] 51.07 (1.67) [11] 91.38 (0.38) [24] 24.77 (2.45) [8] 55.20 (1.52) [11] 87.23 (1.47) [13] 62.59 (4.22) [6] 44.92 (9.30) [19] 49.66 (3.56) [9]

DTENonParametric -1.47 (1.83) [38] 30.88 (14.61) [41] 18.88 (9.62) [38] -0.06 (3.21) [43] 16.15 (8.42) [26] 10.03 (5.93) [35] 20.35 (11.34) [28] 16.44 (13.51) [39] 27.35 (14.90) [39] 11.06 (4.90) [22] 29.12 (10.55) [30] 87.82 (3.90) [12] 51.74 (6.51) [15] 45.25 (2.19) [17] 47.69 (3.18) [14]

MCM -0.43 (0.95) [17] 97.86 (0.36) [6] 49.08 (1.81) [18] 4.14 (0.43) [20] 25.51 (2.04) [16] 17.25 (1.33) [18] 28.08 (2.45) [18] 45.40 (1.81) [16] 93.15 (0.30) [14] 13.35 (0.91) [20] 47.39 (1.08) [16] 86.78 (0.71) [17] 37.13 (4.81) [21] 26.65 (3.24) [29] 37.02 (5.22) [21]

3WNCROD -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [47] -10.53 (0.00) [48] -10.53 (0.00) [49] -10.53 (0.00) [48] -10.53 (0.00) [48] -10.53 (0.00) [47] -10.53 (0.00) [47] 35.45 (9.16) [41] 53.90 (8.59) [11] 87.61 (3.35) [1] 49.15 (10.81) [10]

ODIN -1.54 (1.48) [39] -5.88 (0.68) [47] 3.99 (0.79) [45] 8.63 (1.28) [5] -6.25 (0.60) [46] 17.47 (1.68) [17] 4.36 (1.57) [42] 11.73 (1.50) [41] -5.74 (0.62) [47] 23.81 (2.10) [9] 13.50 (1.88) [41] 10.98 (3.61) [51] 28.93 (9.99) [35] 21.23 (2.91) [33] 5.75 (5.53) [50]

NCSBAD -1.24 (0.49) [34] 97.86 (0.43) [6] 70.16 (1.65) [3] 11.06 (1.01) [3] 40.09 (1.35) [3] 27.57 (1.77) [2] 47.91 (2.30) [3] 61.98 (1.52) [2] 95.36 (0.55) [3] 30.96 (1.27) [2] 65.96 (1.06) [2] 90.95 (2.98) [2] 66.20 (4.38) [3] 64.09 (3.39) [10] 59.69 (2.56) [4]

NCSBADVAL 0.09 (0.97) [5] 98.23 (0.59) [4] 70.74 (1.29) [2] 11.21 (0.84) [2] 40.76 (1.05) [2] 27.35 (1.64) [3] 49.01 (2.19) [2] 61.25 (1.72) [3] 94.92 (0.43) [6] 31.69 (0.89) [1] 65.81 (1.43) [3] 90.94 (2.84) [3] 67.78 (3.67) [1] 64.29 (2.66) [9] 59.45 (1.90) [6]

Table 38: Mean, standard deviation and rank ADJ F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 6
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Model MVTec-AD grid MVTec-AD hazelnut MVTec-AD leather MVTec-AD metal nut MVTec-AD pill MVTec-AD screw MVTec-AD tile MVTec-AD toothbrush MVTec-AD transistor MVTec-AD wood MVTec-AD zipper SVHN 0 SVHN 1 SVHN 2 SVHN 3 SVHN 4

IForest 30.51 (5.21) [28] 37.45 (2.93) [20] 92.77 (2.73) [13] 28.94 (3.94) [34] 26.33 (4.98) [36] 10.43 (9.23) [41] 56.11 (3.92) [26] 61.92 (7.92) [31] 32.45 (7.59) [22] 42.26 (3.38) [27] 49.31 (6.59) [32] 6.07 (1.46) [27] 9.74 (1.42) [16] 11.14 (2.08) [30] 3.99 (0.55) [41] 11.59 (1.43) [6]

OCSVM 32.08 (3.92) [26] 36.19 (2.73) [26] 91.64 (3.96) [21] 30.21 (4.38) [30] 27.26 (6.22) [33] 16.43 (5.51) [31] 56.28 (4.58) [25] 57.98 (4.23) [32] 31.09 (5.97) [28] 41.46 (6.36) [29] 50.28 (5.81) [30] 6.63 (1.70) [25] 10.03 (1.08) [13] 12.91 (2.37) [22] 9.52 (1.80) [23] 10.84 (0.23) [17]

COPOD 2.57 (5.99) [44] -26.41 (10.75) [48] 63.82 (6.71) [39] 76.54 (2.81) [1] 93.74 (5.05) [1] 53.10 (10.32) [7] 52.50 (6.24) [32] 75.62 (3.29) [15] -28.22 (0.61) [48] 18.02 (10.38) [43] 89.35 (5.52) [1] -10.51 (0.00) [49] -10.53 (0.00) [49] -10.53 (0.00) [48] -10.52 (0.00) [49] -10.51 (0.00) [49]

ECOD 2.57 (5.99) [44] -26.41 (10.75) [48] 63.82 (6.71) [39] 76.54 (2.81) [1] 93.74 (5.05) [1] 53.10 (10.32) [7] 52.50 (6.24) [32] 75.62 (3.29) [15] -28.22 (0.61) [48] 18.02 (10.38) [43] 89.35 (5.52) [1] -10.51 (0.00) [49] -10.53 (0.00) [49] -10.53 (0.00) [48] -10.52 (0.00) [49] -10.51 (0.00) [49]

FeatureBagging 34.03 (2.00) [21] 38.38 (2.22) [19] 90.79 (3.60) [27] 32.74 (3.56) [22] 31.78 (7.05) [23] 22.66 (8.28) [20] 57.67 (3.60) [19] 71.50 (8.15) [19] 29.60 (6.73) [32] 50.23 (3.34) [16] 60.41 (8.58) [20] 9.61 (1.59) [11] 5.98 (1.91) [33] 14.23 (1.72) [5] 12.74 (1.06) [6] 10.27 (1.38) [25]

HBOS 11.21 (3.71) [39] 39.33 (4.68) [14] 88.53 (5.12) [32] 14.77 (3.01) [43] 27.85 (5.76) [32] 11.75 (8.87) [34] 55.93 (3.32) [28] 65.05 (8.78) [27] 31.46 (8.09) [27] 31.93 (3.00) [36] 46.59 (7.17) [35] 1.82 (2.40) [39] 9.00 (0.93) [21] 7.16 (1.42) [36] -1.03 (0.45) [46] 12.16 (1.00) [4]

KNN 34.58 (1.60) [18] 37.34 (4.07) [22] 92.30 (3.69) [17] 31.10 (4.12) [28] 32.54 (3.83) [20] 20.25 (7.62) [24] 58.58 (2.71) [14] 80.77 (7.71) [13] 31.06 (6.51) [29] 42.95 (3.85) [25] 57.60 (7.28) [25] 7.48 (2.03) [20] 9.44 (1.35) [17] 12.91 (2.35) [22] 10.76 (2.05) [18] 11.59 (0.52) [6]

LODA 20.89 (6.31) [35] 33.49 (4.36) [32] 88.54 (2.72) [31] 23.09 (7.38) [39] 25.54 (2.64) [37] 9.80 (8.62) [43] 48.61 (7.52) [37] 36.27 (9.46) [40] 29.04 (5.93) [34] 37.95 (2.27) [34] 45.06 (7.27) [38] 4.93 (1.51) [33] 8.26 (3.09) [25] 6.49 (2.98) [38] 4.66 (3.15) [37] 6.98 (2.31) [36]

LOF 33.78 (1.73) [23] 38.96 (2.07) [15] 90.35 (3.65) [28] 31.50 (3.42) [25] 31.79 (6.82) [21] 21.60 (7.26) [22] 57.66 (3.72) [20] 70.46 (9.26) [20] 29.92 (6.94) [30] 51.68 (2.86) [14] 60.18 (7.06) [21] 9.33 (1.00) [13] 5.83 (1.11) [34] 13.79 (1.88) [8] 12.99 (1.04) [3] 10.09 (1.44) [26]

MCD 46.34 (5.86) [11] 41.26 (1.41) [11] 88.20 (3.84) [33] 47.27 (5.43) [17] 42.24 (5.38) [13] 32.01 (10.14) [17] 61.83 (4.65) [12] 76.97 (4.97) [14] 49.95 (6.91) [11] 58.14 (3.82) [11] 72.36 (6.49) [15] 4.37 (1.55) [35] 5.46 (3.81) [36] 9.22 (2.47) [33] 4.66 (3.08) [37] 7.64 (1.94) [34]

PCA 30.48 (2.25) [29] 33.72 (3.94) [30] 91.62 (4.53) [22] 27.05 (4.19) [36] 27.91 (3.78) [30] 11.17 (4.34) [36] 56.29 (4.32) [23] 47.00 (4.85) [35] 32.14 (4.94) [25] 39.84 (5.74) [31] 47.93 (5.31) [33] 5.64 (0.69) [28] 10.10 (1.12) [11] 13.35 (1.99) [12] 8.61 (1.66) [26] 10.46 (0.23) [21]

DeepSVDD 54.54 (5.67) [9] 48.45 (6.51) [10] 93.36 (2.41) [10] 53.04 (6.28) [14] 38.50 (6.01) [17] 41.28 (4.92) [14] 70.05 (3.68) [8] 83.64 (8.68) [12] 54.58 (9.04) [10] 67.71 (3.06) [9] 71.62 (4.44) [16] 5.64 (1.64) [28] 7.82 (3.46) [28] 8.93 (1.43) [34] 5.97 (1.81) [34] 5.20 (1.38) [40]

INNE 33.21 (2.10) [25] 38.69 (2.43) [17] 94.96 (1.16) [5] 30.01 (3.97) [31] 29.70 (5.53) [27] 16.62 (6.81) [28] 58.55 (4.02) [15] 66.63 (6.93) [24] 35.10 (7.30) [15] 49.44 (5.46) [17] 61.48 (6.97) [19] 11.02 (1.15) [5] 8.78 (2.67) [22] 12.76 (2.61) [24] 12.33 (1.00) [8] 10.37 (1.14) [24]

KPCA 63.47 (4.13) [6] 55.50 (5.18) [7] 94.72 (1.84) [7] 69.41 (3.50) [8] 60.52 (4.87) [8] 56.96 (4.61) [4] 75.69 (2.66) [2] 98.94 (1.35) [2] 69.67 (4.97) [1] 74.59 (4.00) [4] 83.62 (4.14) [7] 7.91 (2.06) [19] 10.33 (1.41) [7] 13.27 (2.36) [17] 11.09 (1.76) [15] 11.59 (0.59) [6]

KDE 63.78 (4.49) [5] 56.53 (3.41) [3] 92.95 (3.00) [12] 67.54 (4.14) [9] 58.16 (6.02) [9] 58.40 (3.07) [2] 69.17 (3.21) [10] 98.94 (1.35) [2] 68.18 (4.89) [4] 74.04 (3.42) [5] 80.12 (7.04) [9] 9.75 (1.82) [10] 5.02 (1.67) [37] 11.43 (1.33) [28] 9.44 (1.44) [25] 7.26 (1.50) [35]

GMM 64.78 (5.27) [4] 53.29 (5.57) [8] 95.13 (3.23) [3] 71.54 (5.15) [7] 65.17 (4.12) [5] 57.16 (5.87) [3] 73.25 (5.30) [6] 98.94 (1.35) [2] 65.69 (2.86) [6] 75.10 (4.94) [1] 81.30 (5.52) [8] 10.74 (1.61) [7] 10.55 (1.62) [6] 14.82 (2.28) [3] 12.90 (1.09) [5] 11.21 (0.55) [15]

CBLOF 35.44 (3.63) [16] 38.62 (3.97) [18] 92.31 (3.49) [16] 31.08 (5.59) [29] 29.59 (5.81) [28] 19.25 (6.58) [26] 56.70 (4.72) [22] 65.12 (6.09) [26] 32.48 (6.61) [21] 46.49 (3.50) [18] 55.95 (3.64) [26] 8.05 (1.04) [17] 9.15 (1.06) [20] 12.61 (2.37) [25] 10.26 (1.86) [19] 10.46 (0.48) [21]

SOD 19.80 (3.87) [36] 30.48 (5.77) [35] 84.45 (3.66) [35] 11.26 (8.07) [44] 2.12 (6.14) [48] 11.01 (3.75) [38] 38.31 (8.24) [41] 24.92 (7.07) [44] 22.44 (8.31) [39] 45.02 (4.09) [21] 28.14 (4.36) [42] 9.89 (2.07) [9] 4.80 (1.58) [38] 12.98 (1.75) [21] 10.18 (1.70) [20] 9.80 (1.00) [30]

LUNAR 51.76 (8.01) [10] 49.79 (4.46) [9] 95.18 (0.85) [1] 50.74 (9.54) [15] 36.74 (13.12) [18] 41.37 (6.43) [13] 69.61 (5.69) [9] 97.89 (1.97) [6] 59.40 (8.16) [9] 63.08 (2.19) [10] 73.64 (7.97) [13] 13.29 (1.83) [2] 15.78 (1.08) [1] 14.89 (1.42) [2] 10.84 (1.46) [17] 13.38 (1.96) [2]

SOGAAL 2.25 (11.56) [48] -10.26 (10.53) [46] 14.43 (33.31) [50] 1.67 (3.23) [49] 5.34 (6.49) [46] 0.50 (5.72) [48] 19.96 (10.47) [48] 3.17 (10.01) [48] 11.20 (5.03) [43] 7.76 (16.41) [49] -0.83 (8.69) [50] 0.83 (3.20) [43] 1.78 (4.13) [42] 2.15 (2.29) [42] 4.90 (1.66) [36] -0.82 (2.09) [45]

ALAD 4.25 (7.09) [43] -1.84 (14.48) [44] 37.25 (12.24) [45] -2.99 (10.81) [50] 0.46 (5.56) [50] -2.11 (7.10) [50] 21.98 (5.22) [46] -21.89 (17.97) [50] 3.92 (2.74) [45] 4.76 (14.88) [50] 6.03 (13.85) [48] 2.38 (1.97) [38] 1.70 (3.96) [43] 1.78 (2.52) [44] -0.79 (2.31) [44] 1.15 (2.91) [43]

AE 34.29 (2.28) [19] 37.11 (2.56) [23] 92.74 (3.30) [14] 32.73 (4.47) [23] 30.16 (3.97) [26] 20.16 (5.72) [25] 58.31 (4.47) [16] 65.14 (6.38) [25] 29.57 (2.63) [33] 45.00 (2.65) [22] 57.63 (6.04) [24] 6.92 (2.04) [23] 8.78 (1.25) [22] 13.79 (2.12) [8] 11.00 (1.55) [16] 11.31 (0.38) [14]

CD 2.57 (5.99) [44] -26.41 (10.75) [48] 63.82 (6.71) [39] 76.54 (2.81) [1] 20.10 (61.44) [39] 53.10 (10.32) [7] 52.50 (6.24) [32] 49.50 (51.74) [33] -28.22 (0.61) [48] 18.02 (10.38) [43] 45.85 (54.03) [36] -4.70 (7.20) [47] 6.64 (5.13) [30] -10.53 (0.00) [48] 9.69 (3.45) [22] -3.08 (9.11) [46]

MOGAAL 7.49 (7.84) [41] -8.29 (10.96) [45] 18.72 (34.81) [49] 2.71 (4.60) [48] 4.60 (3.06) [47] -0.26 (5.23) [49] 19.74 (10.04) [49] -1.32 (9.60) [49] 11.57 (5.34) [42] 13.72 (18.05) [47] -0.55 (8.89) [49] 0.54 (3.28) [45] 0.60 (0.71) [46] 2.07 (2.76) [43] 7.05 (3.89) [31] -0.63 (1.58) [44]

QMCD -34.57 (3.13) [51] -17.44 (3.13) [47] 66.37 (4.74) [37] -74.89 (3.22) [51] -59.77 (9.40) [51] -62.54 (1.23) [51] -34.25 (9.59) [51] -36.78 (67.33) [51] -13.41 (4.31) [47] -9.96 (6.82) [51] -74.77 (9.27) [51] -3.00 (1.71) [46] -7.87 (0.28) [48] -4.63 (1.12) [47] -3.92 (0.26) [47] -4.49 (0.35) [47]

Sampling 34.27 (3.28) [20] 35.55 (5.33) [28] 91.87 (3.60) [19] 29.17 (2.73) [33] 31.34 (5.49) [24] 11.93 (3.62) [33] 57.71 (2.94) [18] 63.77 (5.14) [28] 33.14 (6.46) [20] 43.49 (4.48) [24] 52.97 (7.66) [27] 6.92 (2.08) [23] 9.96 (1.62) [15] 12.09 (1.66) [27] 9.52 (2.10) [23] 10.74 (0.55) [18]

EIF 28.08 (4.47) [32] 37.36 (5.62) [21] 91.41 (4.75) [26] 31.23 (3.18) [27] 26.74 (5.19) [35] 10.68 (10.15) [40] 55.97 (3.27) [27] 73.37 (10.67) [18] 33.78 (10.92) [16] 42.65 (3.01) [26] 51.51 (6.16) [29] 4.37 (1.61) [35] 9.22 (2.00) [19] 10.77 (2.38) [31] 5.65 (1.15) [35] 11.40 (1.35) [11]

Ensemble 33.78 (1.73) [23] 38.96 (2.07) [15] 90.35 (3.65) [28] 31.50 (3.42) [25] 31.79 (6.82) [21] 21.60 (7.26) [22] 57.66 (3.72) [20] 70.46 (9.26) [20] 29.92 (6.94) [30] 51.68 (2.86) [14] 60.18 (7.06) [21] 9.33 (1.00) [13] 5.83 (1.11) [34] 13.79 (1.88) [8] 12.99 (1.04) [3] 10.09 (1.44) [26]

GEN2OUT 34.75 (6.03) [17] 40.64 (4.25) [12] 91.45 (3.47) [25] 34.48 (7.43) [20] 28.68 (4.48) [29] 11.49 (10.25) [35] 55.92 (7.06) [29] 70.16 (8.86) [22] 33.44 (7.76) [18] 45.10 (3.34) [20] 52.05 (4.60) [28] 5.22 (1.64) [32] 10.11 (2.56) [9] 11.36 (2.49) [29] 3.99 (1.79) [41] 12.25 (1.85) [3]

DynamicHBOS -2.58 (4.24) [50] 32.82 (6.05) [33] 80.75 (9.60) [36] 65.75 (5.31) [10] 75.75 (4.43) [4] 38.89 (12.83) [15] 46.44 (4.90) [38] 66.95 (4.76) [23] 28.79 (7.20) [35] 11.08 (4.98) [48] 73.85 (5.99) [12] 1.68 (2.30) [40] 7.90 (1.85) [27] 5.47 (2.25) [39] -0.95 (0.95) [45] 11.59 (0.67) [6]

COF 11.05 (3.41) [40] 28.33 (10.18) [36] 29.91 (13.50) [47] 3.41 (3.60) [46] 1.92 (6.94) [49] 7.21 (4.95) [46] 30.62 (11.40) [44] 10.78 (12.21) [46] 18.27 (10.64) [41] 29.16 (4.09) [37] 18.21 (8.06) [46] 8.48 (1.04) [16] 1.85 (1.52) [41] 13.57 (2.34) [11] 12.33 (1.46) [8] 6.13 (1.70) [38]

ABOD 6.71 (8.12) [42] 26.18 (7.22) [37] 60.53 (9.11) [43] 16.75 (3.13) [42] 15.41 (4.04) [42] 7.54 (8.73) [45] 31.58 (5.89) [43] 43.93 (13.89) [38] -1.39 (14.95) [46] 25.52 (3.74) [39] 42.02 (9.48) [40] 11.02 (2.13) [5] 11.21 (1.23) [4] 13.35 (1.78) [12] 11.50 (2.11) [11] 14.03 (0.91) [1]

LMDD 2.12 (13.75) [49] 21.33 (6.31) [40] 64.91 (6.66) [38] 31.59 (12.27) [24] 40.60 (20.51) [15] 27.75 (15.37) [19] 52.71 (6.71) [31] 46.19 (21.83) [36] 4.62 (10.25) [44] 18.44 (8.11) [42] 72.51 (20.70) [14] 4.93 (1.76) [33] 10.92 (1.60) [5] 10.77 (2.22) [31] 4.08 (1.00) [40] 11.40 (1.10) [11]

DAGMM 15.16 (8.85) [38] 20.66 (9.61) [41] 57.80 (8.83) [44] 3.17 (7.72) [47] 6.08 (9.90) [45] 7.79 (4.25) [44] 32.42 (6.50) [42] 31.98 (12.80) [43] 19.81 (11.28) [40] 27.40 (11.84) [38] 25.37 (12.50) [43] 1.39 (2.81) [41] 3.69 (1.47) [40] 3.91 (1.81) [40] 6.06 (3.84) [33] 4.72 (1.31) [41]

DROCC 22.87 (8.73) [33] 17.81 (10.32) [42] 26.44 (25.95) [48] 10.01 (12.33) [45] 11.05 (8.73) [44] 16.49 (13.62) [29] 23.96 (23.44) [45] 11.87 (17.52) [45] 23.95 (20.25) [38] 33.74 (19.66) [35] 10.93 (7.11) [47] 5.36 (3.28) [31] 4.73 (1.89) [39] 6.72 (2.47) [37] 6.96 (3.05) [32] 6.42 (3.33) [37]

GOAD 31.02 (3.63) [27] 35.68 (3.33) [27] 91.62 (4.53) [22] 28.55 (5.29) [35] 26.92 (3.24) [34] 14.61 (5.52) [32] 53.73 (6.98) [30] 49.33 (6.21) [34] 33.63 (4.36) [17] 41.64 (5.49) [28] 49.89 (7.97) [31] 7.06 (0.83) [22] 10.03 (0.88) [13] 13.20 (1.84) [19] 9.85 (1.72) [21] 10.93 (0.48) [16]

ICL 68.08 (5.52) [1] 59.26 (8.51) [1] 93.22 (3.08) [11] 63.30 (2.62) [11] 61.24 (3.13) [7] 61.55 (5.00) [1] 72.99 (2.49) [7] 98.53 (2.06) [5] 65.23 (4.58) [7] 72.04 (5.25) [7] 79.59 (1.66) [10] 13.43 (2.03) [1] 6.49 (0.59) [31] 13.27 (3.17) [17] 12.66 (1.87) [7] 8.30 (1.81) [33]

PlanarFlow 21.92 (4.38) [34] 35.53 (3.12) [29] 89.21 (2.39) [30] 18.17 (2.39) [41] 20.04 (5.18) [40] 10.74 (5.60) [39] 51.56 (1.75) [36] 35.37 (4.92) [42] 27.68 (7.46) [36] 39.82 (1.51) [33] 33.35 (6.22) [41] 3.38 (1.06) [37] 8.04 (0.86) [26] 13.35 (2.54) [12] 7.29 (1.94) [30] 9.33 (1.77) [32]

VAE 30.48 (2.25) [29] 33.72 (3.94) [30] 91.62 (4.53) [22] 27.05 (4.19) [36] 27.91 (3.78) [30] 11.17 (4.34) [36] 56.29 (4.32) [23] 42.33 (2.70) [39] 32.14 (4.94) [25] 39.84 (5.74) [31] 47.93 (5.31) [33] 5.64 (0.69) [28] 10.10 (1.12) [11] 13.35 (1.99) [12] 8.61 (1.66) [26] 10.46 (0.23) [21]

GANomaly 37.34 (2.32) [14] 36.44 (3.84) [25] 91.86 (2.45) [20] 34.40 (5.03) [21] 35.89 (4.76) [19] 21.61 (4.71) [21] 60.14 (4.01) [13] 62.12 (5.14) [30] 33.35 (5.52) [19] 46.08 (7.21) [19] 64.36 (6.97) [18] 10.46 (2.75) [8] 7.31 (1.89) [29] 12.53 (1.92) [26] 11.34 (0.58) [13] 9.71 (0.59) [31]

SLAD 59.34 (5.27) [7] 59.06 (9.42) [2] 95.15 (2.78) [2] 62.25 (4.90) [13] 63.79 (3.23) [6] 50.58 (5.31) [11] 76.08 (3.36) [1] 97.89 (2.01) [6] 67.36 (4.47) [5] 73.98 (6.28) [6] 84.07 (3.27) [6] 8.62 (1.85) [15] 10.11 (1.36) [9] 14.09 (2.46) [7] 11.59 (1.44) [10] 10.55 (0.55) [20]

DIF 44.68 (5.38) [12] 24.96 (7.85) [38] 30.73 (6.82) [46] 47.66 (4.07) [16] 41.11 (6.21) [14] 43.05 (7.70) [12] 42.46 (9.16) [40] 88.21 (4.60) [9] 44.81 (5.74) [12] 53.69 (5.14) [12] 45.38 (5.41) [37] 0.82 (1.79) [44] 6.28 (1.54) [32] -0.73 (1.35) [46] 1.27 (1.47) [43] 4.25 (1.28) [42]

DDPM 30.47 (1.17) [31] 31.79 (4.67) [34] 87.05 (1.08) [34] 25.37 (3.16) [38] 14.44 (5.59) [43] 10.23 (4.94) [42] 43.28 (4.46) [39] 35.95 (7.65) [41] 32.37 (7.24) [23] 41.09 (3.16) [30] 21.62 (7.82) [44] 7.48 (2.64) [20] 10.25 (1.49) [8] 13.35 (2.08) [12] 8.45 (1.65) [28] 10.09 (1.24) [26]

DTE-IG 36.60 (23.08) [15] 22.48 (34.93) [39] 94.07 (1.38) [8] 44.95 (3.70) [18] 23.33 (30.35) [38] 5.91 (25.38) [47] 21.38 (59.20) [47] 4.28 (72.09) [47] 41.87 (35.77) [13] 22.95 (51.64) [40] 21.62 (73.75) [44] -5.41 (1.30) [48] 1.34 (7.20) [44] -0.14 (6.60) [45] 4.24 (5.21) [39] 10.09 (1.87) [26]

DTE-C 56.35 (3.24) [8] 56.15 (6.62) [4] 94.03 (2.35) [9] 62.63 (6.35) [12] 45.66 (7.69) [12] 33.43 (9.62) [16] 74.50 (2.18) [5] 85.35 (6.83) [11] 63.53 (5.70) [8] 71.26 (4.75) [8] 75.53 (6.00) [11] 8.05 (2.17) [17] 8.70 (0.97) [24] 14.16 (2.59) [6] 11.50 (1.24) [11] 11.69 (1.56) [5]

DTENonParametric 42.00 (2.66) [13] 39.38 (3.57) [13] 92.53 (3.33) [15] 41.63 (4.03) [19] 40.51 (4.43) [16] 28.25 (6.92) [18] 64.97 (1.52) [11] 88.13 (5.29) [10] 41.28 (4.92) [14] 52.77 (6.81) [13] 66.80 (8.88) [17] 1.25 (7.52) [42] -4.11 (6.96) [47] 3.84 (5.50) [41] -4.17 (7.45) [48] -9.38 (2.03) [48]

MCM 33.84 (1.34) [22] 36.92 (2.82) [24] 92.11 (3.50) [18] 29.20 (4.70) [32] 30.32 (4.81) [25] 18.28 (5.44) [27] 58.15 (4.00) [17] 62.58 (4.46) [29] 32.37 (6.92) [23] 44.69 (4.13) [23] 58.70 (6.00) [23] 6.49 (2.37) [26] 9.44 (1.28) [17] 13.13 (2.23) [20] 11.34 (1.65) [13] 10.65 (0.42) [19]

3WNCROD 2.57 (5.99) [44] -26.41 (10.75) [48] 63.82 (6.71) [39] 76.54 (2.81) [1] 93.74 (5.05) [1] 53.10 (10.32) [7] 52.50 (6.24) [32] 75.62 (3.29) [15] -28.22 (0.61) [48] 18.02 (10.38) [43] 89.35 (5.52) [1] -10.51 (0.00) [49] -10.53 (0.00) [49] -10.53 (0.00) [48] -10.52 (0.00) [49] -10.51 (0.00) [49]

ODIN 16.19 (2.15) [37] 2.13 (6.02) [43] 4.64 (3.69) [51] 19.35 (6.66) [40] 16.04 (4.01) [41] 16.47 (6.28) [30] 13.91 (4.96) [50] 44.85 (5.05) [37] 24.06 (8.00) [37] 21.72 (8.49) [41] 43.60 (4.18) [39] 11.45 (2.10) [3] 1.19 (0.43) [45] 7.97 (3.31) [35] 7.95 (1.41) [29] 5.95 (1.95) [39]

NCSBAD 66.20 (4.50) [3] 56.03 (4.62) [5] 95.13 (2.61) [3] 71.72 (4.72) [6] 56.38 (4.52) [10] 54.46 (6.40) [6] 74.99 (2.50) [3] 97.44 (1.61) [8] 69.34 (6.57) [2] 74.62 (4.59) [2] 85.71 (3.21) [4] 9.47 (1.30) [12] 11.88 (1.84) [3] 14.60 (2.02) [4] 14.06 (1.18) [1] 11.40 (1.02) [11]

NCSBADVAL 66.48 (4.63) [2] 56.03 (4.62) [5] 94.90 (2.42) [6] 72.14 (5.92) [5] 54.17 (4.37) [11] 56.47 (6.13) [5] 74.55 (3.59) [4] 99.38 (0.83) [1] 69.34 (6.57) [2] 74.62 (4.59) [2] 85.09 (4.34) [5] 11.45 (1.84) [3] 12.24 (1.73) [2] 15.34 (2.12) [1] 13.97 (0.89) [2] 11.50 (1.13) [10]

Table 39: Mean, standard deviation and rank ADJ F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 7
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IForest 7.31 (0.72) [34] 5.36 (2.22) [32] 14.73 (2.04) [12] 3.95 (1.48) [36] 2.71 (2.36) [36] 0.23 (2.00) [35] 1.48 (1.20) [30] 8.26 (0.57) [34] 2.44 (0.89) [38] 1.85 (2.34) [17] -3.67 (0.83) [26] 7.52 (0.99) [22] 2.00 (1.80) [37] -3.69 (2.20) [46] -1.20 (2.19) [30] 11.10 (5.98) [27] 4.91 (3.61) [12] -2.28 (3.90) [37]

OCSVM 11.38 (1.55) [21] 8.66 (1.84) [19] 15.24 (2.21) [5] 7.70 (1.72) [26] 6.33 (2.67) [23] 2.00 (1.86) [29] 1.71 (0.43) [28] 10.47 (1.51) [25] 4.58 (0.96) [24] 3.18 (1.78) [3] -3.89 (0.62) [33] 7.16 (1.74) [27] 5.36 (1.92) [26] -2.81 (1.95) [37] -0.60 (2.02) [24] 15.16 (7.73) [18] 4.46 (2.30) [15] -3.72 (2.35) [46]

COPOD -10.52 (0.00) [49] -10.51 (0.00) [49] -10.51 (0.00) [49] -10.51 (0.00) [48] -10.52 (0.00) [49] 0.16 (1.60) [37] -3.38 (0.38) [47] 8.93 (0.97) [31] 3.62 (0.76) [29] 2.22 (1.43) [10] -3.68 (0.86) [29] 8.71 (1.83) [16] -0.16 (2.90) [41] -3.39 (0.59) [42] -0.90 (2.42) [27] 15.16 (7.73) [18] 2.65 (2.21) [33] -3.24 (2.63) [44]

ECOD -10.52 (0.00) [49] -10.51 (0.00) [49] -10.51 (0.00) [49] -10.51 (0.00) [48] -10.52 (0.00) [49] -0.88 (1.22) [45] 3.03 (1.38) [25] 5.24 (1.18) [40] 0.67 (1.33) [44] 0.53 (1.62) [34] -4.48 (1.11) [40] 5.83 (2.47) [34] 2.00 (1.22) [37] -1.63 (1.61) [28] -2.69 (1.74) [43] 8.37 (10.38) [37] 2.20 (1.81) [37] -1.32 (2.80) [34]

FeatureBagging 14.54 (0.67) [7] 10.49 (1.57) [7] 13.22 (1.08) [24] 12.15 (1.94) [5] 9.03 (3.46) [4] 12.54 (0.89) [3] 29.56 (1.83) [3] 26.17 (1.59) [5] 23.59 (1.24) [6] -0.06 (1.37) [40] -2.86 (0.85) [13] 10.99 (1.81) [7] 27.22 (1.95) [5] 0.14 (2.53) [22] -0.30 (1.12) [18] 16.63 (11.19) [14] 5.36 (4.28) [11] 4.45 (2.80) [17]

HBOS 1.60 (1.49) [43] 0.23 (1.26) [43] 12.85 (2.15) [29] -1.47 (1.52) [44] -2.55 (0.90) [44] 0.82 (1.57) [33] -3.09 (0.36) [45] 7.31 (1.23) [37] 3.70 (0.95) [28] 1.93 (1.35) [16] -3.45 (0.86) [22] 8.34 (1.87) [19] -2.80 (2.47) [47] -6.04 (1.61) [50] -2.39 (2.03) [41] 14.70 (8.61) [20] 3.56 (2.63) [22] -4.20 (1.17) [49]

KNN 11.79 (1.63) [17] 9.03 (1.81) [16] 14.86 (2.62) [11] 8.68 (1.43) [22] 7.23 (2.80) [16] 8.04 (1.41) [12] 7.89 (0.96) [20] 18.73 (0.86) [16] 12.76 (0.63) [15] 2.29 (1.33) [9] -5.00 (0.62) [44] 10.33 (1.90) [12] 16.89 (0.90) [16] 0.14 (1.72) [22] -1.20 (1.46) [30] 20.24 (10.38) [10] 2.66 (4.60) [29] 3.00 (1.17) [24]

LODA 7.71 (2.17) [31] 2.80 (3.33) [40] 11.85 (2.50) [32] 5.48 (4.15) [32] 3.32 (2.36) [34] 4.06 (2.45) [25] -1.24 (2.92) [42] 9.96 (1.96) [26] 3.62 (1.75) [29] 2.00 (1.14) [14] -2.86 (1.13) [13] 5.98 (2.83) [33] -1.60 (1.63) [43] -2.51 (2.21) [32] -1.49 (1.89) [34] 11.83 (7.70) [25] 4.91 (2.21) [12] -3.72 (2.80) [46]

LOF 14.74 (1.31) [4] 10.00 (1.26) [11] 13.10 (1.52) [25] 12.29 (2.03) [3] 8.28 (3.12) [9] 12.39 (0.75) [4] 30.00 (1.68) [1] 26.02 (1.70) [6] 24.18 (1.35) [4] -0.14 (1.37) [42] -3.38 (0.86) [20] 11.36 (1.97) [4] 27.94 (2.40) [3] 0.73 (2.39) [16] 0.30 (1.74) [11] 16.63 (11.19) [14] 5.81 (4.60) [9] 5.88 (2.35) [10]

MCD 3.64 (2.78) [41] 3.78 (1.79) [34] 2.93 (1.57) [41] 7.43 (2.54) [29] 3.92 (3.41) [31] 0.23 (1.46) [35] 0.01 (0.64) [40] 11.21 (1.23) [24] 2.44 (1.00) [38] 1.78 (1.41) [20] -2.57 (1.25) [11] 4.51 (1.00) [38] 4.88 (1.18) [28] -3.10 (1.32) [41] -0.90 (2.60) [27] 20.95 (9.81) [9] 2.21 (3.06) [35] 9.25 (3.84) [4]

PCA 11.28 (1.69) [22] 8.41 (1.73) [22] 15.11 (2.43) [7] 7.56 (1.70) [27] 6.48 (2.76) [20] 0.16 (1.53) [37] 1.48 (1.57) [30] 7.97 (0.94) [35] 2.96 (0.60) [35] 1.70 (2.11) [21] -4.19 (0.94) [35] 8.56 (1.52) [17] 3.20 (1.63) [32] -3.39 (2.36) [42] -1.50 (2.67) [37] 9.14 (11.74) [33] 4.46 (2.30) [15] -2.76 (3.19) [41]

DeepSVDD 10.56 (0.61) [28] 5.48 (1.98) [30] 6.19 (2.05) [36] 7.01 (1.89) [30] 4.37 (2.45) [29] -0.06 (2.53) [41] 0.23 (3.22) [38] 3.69 (2.17) [42] -0.43 (2.08) [46] 1.85 (2.47) [17] -3.08 (1.46) [18] 1.49 (0.72) [42] 3.20 (5.86) [32] -2.81 (1.95) [37] 1.79 (4.56) [8] 18.76 (11.57) [11] 3.56 (4.81) [22] 2.53 (4.45) [25]

INNE 13.22 (1.39) [13] 10.61 (1.62) [5] 14.11 (1.40) [19] 12.71 (1.73) [2] 7.38 (3.13) [14] 5.02 (2.00) [21] 10.18 (0.63) [14] 13.79 (1.17) [22] 5.91 (0.72) [22] 1.41 (2.14) [24] -4.04 (0.89) [34] 6.35 (1.74) [31] 7.76 (2.57) [22] -3.69 (2.00) [46] -0.30 (1.98) [18] 14.17 (10.82) [21] 4.46 (1.81) [15] 0.61 (1.92) [30]

KPCA 12.61 (1.10) [15] 10.24 (1.59) [9] 14.73 (2.79) [12] 9.23 (1.90) [18] 8.73 (3.17) [6] 8.26 (1.17) [11] 9.59 (0.86) [16] 19.76 (0.88) [14] 16.96 (1.18) [9] 2.59 (1.41) [6] -5.15 (0.50) [46] 10.11 (1.82) [13] 20.25 (0.96) [11] 2.79 (2.08) [11] -0.00 (0.94) [14] 41.71 (10.05) [1] 2.66 (3.61) [29] 7.33 (2.88) [6]

KDE 10.36 (1.71) [29] 7.93 (1.18) [27] 15.36 (2.00) [4] 9.51 (1.49) [17] 7.08 (3.45) [18] 5.46 (1.41) [19] 9.44 (1.08) [18] 17.62 (0.79) [19] 10.99 (1.63) [17] 3.25 (1.52) [2] -2.94 (1.01) [16] 7.23 (1.46) [25] 17.13 (2.14) [15] 4.26 (4.06) [9] 2.09 (2.77) [6] 34.47 (6.28) [5] 0.85 (3.19) [45] 3.01 (2.45) [20]

GMM 15.45 (1.33) [2] 11.22 (1.26) [2] 13.98 (2.89) [23] 11.18 (1.93) [9] 9.48 (3.10) [3] 12.10 (1.57) [6] 21.52 (1.34) [6] 27.94 (0.72) [3] 25.29 (1.55) [3] -0.21 (2.06) [44] -3.75 (0.50) [30] 11.06 (2.29) [6] 20.25 (0.59) [11] 5.44 (2.53) [4] 3.87 (2.23) [4] 41.03 (10.91) [2] 6.26 (3.06) [7] 8.77 (3.40) [5]

CBLOF 11.48 (1.66) [20] 8.78 (1.88) [18] 14.36 (2.27) [18] 9.23 (1.85) [18] 6.18 (2.75) [25] 5.24 (1.52) [20] 6.57 (0.95) [21] 11.95 (1.04) [23] 3.40 (0.72) [31] 2.22 (1.37) [10] -2.27 (0.69) [8] 4.80 (1.75) [37] 10.41 (0.96) [21] -1.92 (1.72) [29] -1.20 (0.60) [30] 16.89 (11.47) [13] 2.21 (3.66) [35] -1.32 (2.80) [34]

SOD 10.87 (0.56) [26] 9.02 (2.04) [17] 9.96 (1.41) [35] 10.90 (1.42) [12] 7.23 (2.63) [16] 4.58 (1.46) [22] 5.90 (0.38) [22] 18.58 (1.12) [17] 9.15 (1.11) [20] 0.97 (1.44) [30] -3.67 (0.64) [26] 9.66 (1.54) [14] 14.01 (2.70) [18] 0.43 (2.73) [21] -0.30 (1.46) [18] 3.81 (4.14) [43] 1.75 (3.66) [40] 3.01 (3.59) [20]

LUNAR 11.28 (1.75) [22] 10.98 (1.61) [3] 16.36 (2.00) [1] 10.62 (2.27) [14] 7.68 (2.75) [12] 9.07 (1.28) [8] 12.76 (0.72) [10] 20.93 (0.76) [11] 14.23 (1.15) [11] 1.19 (0.91) [28] -5.29 (0.71) [47] 11.65 (1.86) [3] 20.98 (0.48) [10] 2.20 (2.20) [15] 0.59 (2.02) [9] 30.93 (7.90) [6] 3.56 (2.99) [22] 5.40 (1.92) [13]

SOGAAL 5.06 (3.48) [39] 2.92 (2.78) [39] 1.05 (3.22) [44] 4.51 (3.85) [35] 1.06 (3.18) [41] -9.27 (2.51) [51] -5.88 (6.01) [49] -4.63 (7.12) [49] -7.58 (5.89) [51] -8.17 (4.35) [49] -9.13 (2.80) [51] -0.36 (5.63) [44] -8.09 (3.31) [51] -5.75 (3.15) [48] -5.97 (2.50) [50] 5.12 (10.41) [42] -0.05 (6.78) [47] -2.76 (5.13) [41]

ALAD -0.33 (2.23) [46] 3.65 (2.02) [37] 1.80 (3.82) [42] 1.45 (3.09) [41] 2.11 (1.87) [37] -2.20 (0.86) [46] 0.53 (2.05) [35] 0.82 (2.39) [46] -1.24 (1.77) [47] -2.20 (1.93) [47] -2.35 (1.90) [9] -0.72 (2.57) [46] -3.77 (3.00) [48] 2.50 (3.65) [14] -0.00 (2.98) [14] 5.51 (6.15) [40] 1.30 (6.59) [43] 0.13 (6.89) [32]

AE 13.01 (1.26) [14] 9.64 (1.85) [13] 15.48 (2.50) [3] 10.06 (2.39) [16] 6.18 (2.79) [25] 7.31 (0.89) [16] 9.66 (1.28) [15] 23.07 (0.91) [8] 13.20 (0.76) [13] 0.67 (2.00) [32] -4.63 (0.84) [43] 10.40 (2.15) [11] 22.41 (1.95) [9] 5.15 (2.89) [5] -1.49 (0.94) [34] 16.06 (7.27) [17] 2.66 (4.13) [29] 3.96 (1.52) [19]

CD -2.17 (10.55) [47] -4.90 (6.92) [48] -8.12 (4.77) [48] -10.51 (0.00) [48] -7.21 (6.62) [48] 8.85 (1.31) [9] 9.59 (0.86) [16] 21.60 (0.75) [10] 12.83 (1.08) [14] 0.38 (1.96) [36] -4.19 (0.79) [35] 6.35 (1.00) [31] 6.80 (9.23) [23] -10.46 (0.00) [51] -10.45 (0.00) [51] -9.25 (0.00) [50] -10.41 (0.00) [51] -10.44 (0.00) [51]

MOGAAL 4.76 (2.68) [40] 2.56 (2.91) [41] 1.17 (3.57) [43] 2.70 (3.70) [38] 0.46 (2.41) [43] -6.47 (5.57) [49] -4.26 (5.30) [48] -5.29 (6.26) [50] -7.14 (4.55) [49] -5.15 (5.49) [48] -7.06 (1.92) [50] 0.67 (5.78) [43] -2.57 (3.36) [46] -2.22 (1.50) [30] -3.28 (2.57) [45] 12.04 (7.25) [23] 4.46 (3.38) [15] 0.61 (4.94) [30]

QMCD -4.10 (1.14) [48] 0.11 (0.62) [44] -5.49 (1.12) [45] -0.36 (0.83) [42] 1.36 (1.74) [40] -6.84 (0.62) [50] -7.14 (0.68) [50] -9.05 (0.23) [51] -4.63 (0.84) [48] -9.05 (0.66) [51] -5.00 (0.70) [44] -9.79 (0.52) [51] -5.69 (1.70) [50] -3.40 (1.72) [45] -5.08 (0.74) [48] -9.25 (0.00) [50] 3.56 (2.21) [22] 2.05 (5.35) [26]

Sampling 11.79 (1.69) [17] 8.53 (2.09) [21] 14.61 (2.42) [15] 8.12 (1.99) [24] 6.48 (2.84) [20] 2.96 (2.59) [26] 1.26 (1.77) [33] 13.94 (1.18) [21] 4.58 (1.38) [24] 2.15 (1.85) [12] -3.75 (1.66) [30] 7.23 (2.83) [25] 4.40 (2.90) [30] -2.22 (2.39) [30] -0.00 (1.63) [14] 12.03 (4.67) [24] 1.75 (3.06) [40] -2.28 (2.45) [37]

EIF 6.49 (0.95) [37] 5.00 (1.20) [33] 14.11 (2.04) [19] 5.48 (2.67) [32] 3.77 (3.40) [32] 1.34 (1.37) [31] 0.53 (0.84) [35] 9.44 (1.17) [28] 3.33 (1.13) [32] 2.00 (1.67) [14] -3.67 (0.95) [26] 7.60 (1.73) [20] 5.36 (2.33) [26] -2.80 (2.86) [36] -2.09 (2.02) [39] 9.98 (11.44) [30] 1.30 (3.31) [43] -3.72 (2.80) [46]

Ensemble 14.74 (1.31) [4] 10.00 (1.26) [11] 13.10 (1.52) [25] 12.29 (2.03) [3] 8.28 (3.12) [9] 12.39 (0.75) [4] 30.00 (1.68) [1] 26.02 (1.70) [6] 24.18 (1.35) [4] -0.14 (1.37) [42] -3.38 (0.86) [20] 11.36 (1.97) [4] 27.94 (2.40) [3] 0.73 (2.39) [16] 0.30 (1.74) [11] 16.63 (11.19) [14] 5.81 (4.60) [9] 5.88 (2.35) [10]

GEN2OUT 6.69 (1.46) [36] 3.78 (0.91) [34] 12.97 (2.53) [28] 3.81 (2.27) [37] 2.11 (2.20) [37] 2.08 (2.01) [28] 3.62 (0.98) [23] 9.00 (1.42) [30] 3.25 (0.68) [33] 0.67 (2.35) [32] -3.60 (1.53) [25] 7.01 (1.52) [28] 3.44 (2.10) [31] -2.51 (1.50) [32] -1.20 (3.32) [30] 10.82 (11.39) [28] 1.75 (3.06) [40] -1.32 (2.80) [34]

DynamicHBOS 0.58 (1.80) [44] -0.14 (1.22) [46] 10.59 (1.29) [33] -1.61 (1.11) [45] -3.45 (1.12) [45] -0.21 (1.63) [42] -3.23 (0.59) [46] 6.35 (2.05) [39] 2.59 (1.06) [37] 1.34 (1.43) [25] -3.45 (0.85) [22] 5.10 (1.81) [36] -4.49 (2.94) [49] -5.75 (2.53) [48] -5.67 (1.74) [49] 8.41 (10.38) [36] -3.66 (4.03) [50] -5.16 (1.80) [50]

COF 13.62 (1.42) [10] 9.39 (2.10) [14] 10.09 (1.22) [34] 10.20 (2.12) [15] 7.53 (3.30) [13] 7.67 (2.01) [14] 16.66 (2.23) [7] 18.21 (1.30) [18] 12.46 (0.55) [16] 0.16 (2.66) [39] -3.09 (0.92) [19] 9.52 (1.97) [15] 20.01 (2.69) [13] 2.79 (2.47) [11] -0.90 (2.42) [27] 1.35 (4.94) [46] 3.11 (2.85) [27] 1.57 (4.30) [28]

ABOD 14.64 (1.05) [6] 11.59 (2.33) [1] 14.61 (2.32) [15] 12.84 (2.47) [1] 9.03 (3.19) [4] 10.77 (1.24) [7] 14.82 (0.54) [8] 26.46 (1.93) [4] 19.54 (1.45) [7] 5.09 (1.96) [1] -2.50 (0.85) [10] 10.77 (0.43) [9] 23.86 (1.63) [8] 8.39 (3.41) [2] -0.60 (1.19) [24] -7.63 (3.24) [49] 3.56 (4.37) [22] 4.93 (1.92) [14]

LMDD 7.21 (1.09) [35] 5.61 (1.52) [29] 14.73 (2.55) [12] 5.34 (1.48) [34] 3.77 (2.56) [32] -0.65 (1.00) [44] 1.56 (1.35) [29] 6.64 (0.86) [38] 2.74 (1.24) [36] 1.34 (1.84) [25] -4.41 (0.98) [39] 7.60 (1.73) [20] 1.28 (2.45) [40] -2.81 (2.17) [37] -2.39 (2.60) [41] 7.29 (14.06) [38] 2.20 (2.30) [37] -2.28 (3.26) [37]

DAGMM 7.82 (1.51) [30] 3.78 (3.15) [34] 5.19 (1.43) [38] 2.56 (0.52) [39] 2.11 (1.74) [37] 1.41 (0.95) [30] 0.53 (3.01) [35] 1.93 (4.04) [45] 0.01 (3.98) [45] 0.31 (1.18) [37] -1.61 (1.43) [7] -0.58 (2.79) [45] 1.76 (4.12) [39] 0.14 (2.53) [22] -0.30 (2.57) [18] -1.96 (5.04) [48] 2.20 (4.18) [37] 5.41 (4.95) [12]

DROCC 7.41 (0.87) [33] 5.48 (2.17) [30] 5.82 (3.10) [37] 2.01 (3.62) [40] 3.01 (2.28) [35] -4.93 (6.86) [48] -10.53 (0.00) [51] -1.39 (7.46) [48] -7.36 (6.34) [50] -8.54 (3.98) [50] -5.96 (5.62) [49] -0.73 (5.02) [47] 5.85 (7.15) [25] -1.33 (3.53) [26] -4.18 (2.74) [47] 1.95 (9.01) [45] -0.05 (4.86) [47] -2.28 (4.95) [37]

GOAD 11.58 (1.66) [19] 8.54 (1.79) [20] 15.23 (1.86) [6] 7.84 (1.79) [25] 6.33 (3.07) [23] 0.97 (1.83) [32] 2.37 (1.14) [26] 9.44 (1.69) [28] 3.92 (0.82) [27] 2.59 (1.59) [6] -3.82 (1.10) [32] 7.52 (1.85) [22] 4.64 (2.23) [29] -2.81 (1.95) [37] -0.30 (2.19) [18] 11.60 (11.47) [26] 4.46 (2.30) [15] -3.24 (3.04) [44]

ICL 15.86 (2.24) [1] 8.29 (1.52) [24] 12.34 (1.41) [31] 12.15 (1.84) [5] 7.83 (3.70) [11] 6.20 (0.95) [18] 10.69 (1.31) [13] 8.71 (1.46) [32] 8.48 (2.93) [21] 0.23 (1.05) [38] 1.41 (1.37) [2] -1.32 (0.96) [48] 12.57 (1.92) [19] 8.39 (2.36) [2] 2.09 (2.77) [6] 12.79 (6.50) [22] 6.26 (3.06) [7] 6.37 (4.80) [8]

PlanarFlow 10.67 (1.10) [27] 6.95 (1.95) [28] 16.24 (2.16) [2] 5.76 (1.62) [31] 4.37 (1.30) [29] -0.29 (0.71) [43] -1.83 (1.96) [43] -1.17 (1.66) [47] 0.90 (1.56) [43] -0.13 (0.54) [41] -0.51 (1.83) [6] 1.93 (1.59) [41] -2.08 (2.28) [45] -0.45 (5.77) [25] 0.30 (1.74) [11] 1.23 (7.53) [47] -0.95 (6.11) [49] 2.04 (4.13) [27]

VAE 11.28 (1.69) [22] 8.41 (1.73) [22] 15.11 (2.43) [7] 7.56 (1.70) [27] 6.48 (2.76) [20] 0.16 (1.53) [37] 1.48 (1.57) [30] 7.97 (0.94) [35] 3.03 (0.59) [34] 1.70 (2.11) [21] -4.19 (0.94) [35] 8.48 (1.50) [18] 3.20 (1.63) [32] -3.39 (2.36) [42] -1.50 (2.67) [37] 9.14 (11.74) [33] 4.46 (2.30) [15] -2.76 (3.19) [41]

GANomaly 13.32 (1.89) [12] 10.12 (2.20) [10] 13.10 (2.16) [25] 11.18 (2.17) [9] 10.69 (3.06) [1] 2.88 (1.16) [27] -0.51 (0.97) [41] 9.52 (1.97) [27] 9.74 (1.76) [18] -0.65 (0.68) [46] -3.45 (0.85) [22] 5.39 (3.24) [35] 10.89 (2.78) [20] -2.51 (1.50) [32] 0.59 (2.42) [9] 18.50 (9.76) [12] 4.46 (3.06) [15] 4.93 (3.60) [14]

SLAD 13.62 (1.56) [10] 10.61 (1.66) [5] 12.47 (2.50) [30] 10.76 (1.90) [13] 7.38 (3.02) [14] 4.51 (1.40) [23] 3.11 (1.25) [24] 3.10 (0.23) [43] 4.73 (1.59) [23] 0.90 (0.47) [31] 1.34 (0.75) [3] -2.64 (0.29) [50] 6.32 (2.01) [24] 2.79 (0.93) [11] -2.09 (1.19) [39] 9.52 (10.35) [32] 6.71 (2.30) [6] 4.45 (4.66) [17]

DIF 3.13 (2.12) [42] 0.11 (0.62) [44] 4.06 (0.73) [40] -0.91 (1.35) [43] -4.05 (1.02) [46] 0.82 (1.53) [33] 2.29 (1.30) [27] 2.59 (1.08) [44] 2.07 (1.00) [41] 1.49 (1.41) [23] 1.78 (1.06) [1] -2.05 (0.70) [49] 2.48 (2.06) [36] 0.73 (2.00) [16] -0.00 (2.50) [14] 5.28 (8.08) [41] 3.11 (3.19) [27] 3.01 (4.71) [20]

DDPM 11.08 (2.25) [25] 8.17 (2.27) [26] 14.10 (2.79) [22] 8.95 (1.39) [20] 6.02 (3.89) [27] 0.08 (1.10) [40] 0.89 (1.14) [34] 8.63 (1.58) [33] 2.29 (0.36) [40] 2.15 (1.84) [12] -2.94 (1.25) [16] 7.31 (2.52) [24] 3.20 (1.63) [32] -1.33 (1.44) [26] -0.30 (1.74) [18] 8.60 (7.28) [35] 4.91 (2.63) [12] 1.09 (1.79) [29]

DTE-IG 5.78 (7.53) [38] 0.48 (6.50) [42] -5.49 (2.18) [45] -2.31 (2.38) [46] 0.76 (5.67) [42] 4.21 (5.66) [24] 0.23 (7.52) [38] 15.12 (1.39) [20] 4.50 (4.27) [26] 2.52 (0.86) [8] -2.64 (2.89) [12] 3.10 (1.23) [40] -0.64 (7.72) [42] 4.85 (4.23) [8] -3.88 (1.79) [46] 7.26 (5.87) [39] 7.17 (2.63) [4] 13.57 (1.52) [1]

DTE-C 14.03 (1.62) [8] 10.37 (1.42) [8] 15.11 (2.08) [7] 11.73 (1.76) [7] 8.73 (2.80) [6] 7.38 (6.02) [15] 14.08 (1.73) [9] 20.13 (1.69) [13] 16.00 (3.06) [10] 3.10 (1.82) [4] -2.86 (1.40) [13] 6.42 (1.68) [30] 26.50 (3.75) [6] 5.15 (4.33) [5] 4.17 (1.74) [3] 26.93 (8.19) [8] 8.52 (2.30) [1] 6.85 (2.80) [7]

DTENonParametric 0.48 (6.26) [45] -1.48 (3.17) [47] -7.75 (5.53) [47] -7.73 (5.56) [47] -4.95 (6.93) [47] 8.41 (1.08) [10] 9.29 (0.97) [19] 19.32 (0.47) [15] 13.27 (0.68) [12] 2.66 (1.52) [5] -5.37 (0.61) [48] 10.62 (2.12) [10] 18.57 (0.90) [14] 0.44 (2.00) [19] -0.60 (1.52) [24] 29.24 (12.84) [7] 2.66 (4.60) [29] 4.93 (1.92) [14]

MCM 12.50 (1.49) [16] 9.15 (1.61) [15] 14.11 (2.36) [19] 8.82 (1.99) [21] 6.78 (2.89) [19] 7.82 (0.43) [13] 12.76 (1.13) [10] 22.71 (1.08) [9] 17.03 (1.03) [8] -0.43 (1.55) [45] -4.19 (0.64) [35] 10.84 (1.57) [8] 14.73 (1.70) [17] 0.44 (2.57) [19] -1.49 (1.33) [34] 9.74 (7.22) [31] 0.28 (1.94) [46] 3.01 (1.92) [20]

3WNCROD -10.52 (0.00) [49] -10.51 (0.00) [49] -10.51 (0.00) [49] -10.51 (0.00) [48] -10.52 (0.00) [49] -2.50 (1.37) [47] -2.57 (0.60) [44] 5.02 (1.33) [41] 1.19 (0.71) [42] 1.26 (1.38) [27] 0.23 (0.64) [4] 3.40 (1.03) [39] -1.60 (0.96) [43] -2.51 (1.50) [32] -2.98 (1.33) [44] 2.19 (5.53) [44] 2.65 (2.99) [33] 0.13 (1.17) [32]

ODIN 7.51 (2.20) [32] 3.04 (2.51) [38] 4.56 (2.14) [39] 8.26 (2.60) [23] 10.39 (2.30) [2] 6.86 (2.11) [17] 12.39 (1.29) [12] 20.72 (1.13) [12] 9.44 (0.91) [19] 0.45 (1.31) [35] -0.43 (1.00) [5] 6.72 (1.37) [29] 24.34 (5.48) [7] 3.67 (2.00) [10] 3.28 (2.89) [5] 10.32 (7.43) [29] 7.62 (3.77) [3] 5.89 (4.13) [9]

NCSBAD 13.72 (1.31) [9] 10.86 (1.22) [4] 15.11 (3.09) [7] 11.60 (2.03) [8] 8.43 (3.13) [8] 18.36 (0.95) [1] 27.05 (1.28) [4] 31.69 (1.24) [2] 31.03 (2.10) [1] 1.85 (2.40) [17] -4.48 (0.50) [40] 12.76 (2.46) [2] 32.26 (1.22) [1] 9.86 (3.65) [1] 4.77 (2.90) [2] 40.27 (10.30) [3] 8.07 (2.99) [2] 11.17 (3.39) [2]

NCSBADVAL 14.94 (1.29) [3] 8.29 (3.03) [24] 14.61 (2.78) [15] 11.04 (2.06) [11] 5.87 (3.13) [28] 17.25 (1.96) [2] 25.21 (1.02) [5] 32.43 (1.25) [1] 30.81 (1.68) [2] 1.11 (1.77) [29] -4.48 (1.18) [40] 13.27 (2.09) [1] 28.42 (2.10) [2] 5.15 (4.23) [5] 5.67 (3.05) [1] 39.36 (10.01) [4] 7.17 (4.37) [4] 11.17 (3.39) [2]

Table 40: Mean, standard deviation and rank ADJ F1-Score performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 8
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Model ALOI abalone annthyroid arrhythmia backdoor breastw campaign Cardiotocography cardio celeba census cover donors ecoli fault fraud glass Hepatitis

IForest -0.11 (0.17) [41] 43.12 (7.58) [27] 52.46 (6.39) [20] 49.63 (11.49) [30] 5.42 (0.88) [31] 98.58 (0.32) [2] 31.54 (2.44) [26] 39.45 (2.98) [9] 73.77 (6.11) [12] 8.49 (2.08) [19] 3.02 (0.64) [33] 7.20 (1.51) [34] 33.13 (4.73) [24] 51.30 (13.23) [33] 13.37 (3.00) [31] 21.89 (8.13) [37] 17.50 (5.59) [35] 40.05 (7.71) [29]

OCSVM 0.62 (0.18) [13] 60.41 (12.00) [12] 53.01 (1.82) [17] 54.44 (11.32) [12] 3.10 (0.17) [37] 97.96 (0.70) [9] 36.26 (0.25) [8] 46.02 (1.97) [6] 79.88 (2.09) [4] 16.96 (1.47) [3] 9.50 (0.55) [12] 21.09 (1.19) [21] 35.73 (1.22) [23] 80.49 (6.35) [9] 19.93 (3.58) [18] 32.76 (6.16) [29] 25.49 (8.70) [26] 69.21 (4.92) [18]

COPOD -0.25 (0.07) [47] 36.17 (6.42) [30] 20.62 (0.64) [44] 0.03 (1.98) [48] 0.00 (0.10) [47] 98.25 (0.66) [5] 38.93 (0.64) [1] 36.67 (1.93) [14] 72.16 (3.26) [19] 13.33 (1.43) [10] 0.00 (0.22) [44] 11.59 (0.63) [30] 27.57 (1.42) [31] 33.17 (10.96) [39] 2.14 (1.30) [44] 42.04 (4.80) [20] 14.75 (7.02) [40] 43.52 (6.62) [28]

ECOD 0.05 (0.13) [33] 59.32 (5.14) [13] 33.18 (1.16) [36] 0.03 (1.98) [48] 0.00 (0.10) [47] 98.23 (0.57) [6] 37.19 (0.58) [4] 51.61 (1.74) [3] 76.85 (2.89) [6] 13.79 (1.43) [8] 0.00 (0.22) [44] 19.13 (1.10) [22] 36.62 (1.48) [19] 26.77 (5.67) [41] -0.77 (1.77) [46] 36.53 (5.43) [25] 23.72 (7.34) [31] 33.51 (4.73) [34]

FeatureBagging 0.89 (0.37) [7] 64.73 (8.57) [5] 40.97 (8.35) [30] 49.69 (11.83) [29] 46.63 (9.74) [14] 3.90 (16.91) [45] 12.48 (6.65) [42] 32.76 (3.35) [17] 66.28 (3.84) [23] -0.63 (0.24) [46] 0.21 (0.48) [42] 76.96 (11.39) [5] 59.52 (9.52) [13] 64.80 (16.14) [28] -3.13 (2.72) [49] 67.49 (4.66) [3] 37.70 (12.22) [17] 26.21 (11.03) [39]

HBOS 0.47 (0.19) [21] 18.13 (3.84) [41] 29.40 (1.99) [38] 52.51 (9.59) [18] 4.02 (0.33) [34] 97.30 (1.22) [15] 36.38 (0.70) [7] 21.64 (2.50) [38] 52.68 (3.77) [34] 13.43 (1.47) [9] 2.62 (0.29) [35] 3.47 (0.45) [38] 27.24 (1.60) [32] 27.47 (6.13) [40] 5.55 (1.38) [41] 34.89 (6.28) [28] 24.87 (7.38) [28] 49.01 (9.56) [26]

KNN 0.09 (0.15) [30] 65.15 (11.18) [3] 62.23 (1.44) [5] 52.52 (10.92) [17] 43.41 (1.88) [15] 97.27 (0.54) [16] 35.61 (0.48) [9] 31.90 (1.84) [21] 72.74 (2.26) [15] 7.97 (0.74) [20] 10.99 (0.90) [4] 55.62 (4.14) [12] 87.89 (1.74) [7] 80.08 (6.38) [11] 21.17 (2.45) [16] 42.88 (6.59) [19] 41.35 (10.74) [11] 87.60 (4.40) [12]

LODA 0.03 (0.43) [36] 16.80 (10.34) [44] 38.31 (6.75) [31] 45.76 (12.14) [33] 1.26 (3.69) [42] 91.81 (2.99) [29] 11.41 (6.03) [43] 37.19 (9.27) [13] 67.27 (7.44) [22] 5.50 (6.67) [28] 4.30 (5.56) [26] 18.16 (8.69) [23] 17.26 (20.24) [39] 60.01 (26.56) [30] 6.10 (5.06) [39] 39.79 (15.47) [22] 10.71 (4.86) [47] 27.64 (13.31) [38]

LOF 0.59 (0.21) [15] 61.49 (6.00) [9] 46.39 (1.63) [26] 50.22 (11.89) [27] 50.93 (2.02) [12] 63.04 (13.92) [38] 25.14 (0.22) [33] 32.02 (1.98) [19] 64.28 (2.32) [26] -0.77 (0.09) [48] 2.20 (0.58) [37] 83.33 (3.43) [1] 59.72 (1.43) [11] 71.55 (9.72) [23] -3.46 (2.47) [50] 60.92 (5.44) [7] 39.11 (11.58) [14] 24.85 (12.89) [40]

MCD -0.32 (0.19) [48] 24.51 (5.00) [35] 52.53 (1.55) [19] 62.15 (10.68) [10] 18.65 (13.18) [20] 96.03 (3.10) [21] 33.74 (2.55) [19] 24.68 (2.52) [32] 60.39 (3.30) [31] 15.05 (3.40) [6] 20.99 (2.67) [1] 1.44 (0.34) [42] 22.37 (13.99) [33] 59.31 (10.59) [31] 24.48 (10.14) [7] 62.11 (5.37) [5] 15.95 (3.65) [38] 39.25 (10.30) [30]

PCA 0.64 (0.19) [11] 54.92 (10.46) [16] 48.80 (1.80) [24] 51.99 (10.73) [21] 3.38 (0.22) [35] 97.78 (0.34) [11] 35.54 (0.23) [11] 51.64 (1.73) [1] 82.91 (2.36) [1] 17.70 (1.61) [1] 9.23 (0.44) [15] 14.75 (0.84) [25] 27.59 (1.04) [30] 69.04 (12.58) [25] 18.36 (3.67) [25] 29.31 (3.81) [33] 18.33 (6.89) [34] 52.02 (6.72) [20]

DeepSVDD 0.45 (0.36) [22] 24.90 (7.92) [34] 13.71 (3.79) [46] 59.70 (12.62) [11] 69.49 (16.27) [8] 91.58 (2.63) [30] 14.34 (8.02) [40] 13.83 (8.49) [44] 25.35 (3.53) [45] 0.99 (2.68) [42] 5.64 (1.99) [24] 0.03 (0.50) [50] 20.78 (18.46) [35] 78.48 (6.16) [13] 5.69 (3.12) [40] 46.24 (21.11) [17] 49.53 (8.90) [8] 98.28 (1.55) [8]

INNE 0.56 (0.20) [17] 60.99 (10.03) [11] 63.03 (3.23) [4] 51.91 (10.11) [23] 5.94 (0.57) [30] 94.32 (2.89) [24] 33.11 (1.03) [23] 38.05 (2.54) [10] 72.80 (1.90) [14] 9.36 (1.08) [18] 9.94 (0.88) [8] 37.85 (4.20) [15] 35.87 (2.10) [21] 73.73 (8.75) [18] 19.45 (3.22) [20] 50.96 (6.15) [13] 29.99 (7.08) [20] 51.19 (7.79) [23]

KPCA -0.02 (0.13) [40] 52.47 (10.60) [19] 60.15 (1.50) [6] 74.71 (9.17) [1] 81.05 (2.71) [7] 98.22 (0.75) [7] 35.38 (0.51) [13] 31.13 (1.72) [23] 73.35 (1.93) [13] 7.72 (0.77) [21] 11.18 (0.47) [3] 53.18 (3.59) [13] 94.63 (1.75) [4] 87.24 (5.05) [1] 26.25 (2.47) [5] 36.64 (8.21) [24] 80.15 (10.47) [3] 99.42 (1.16) [6]

KDE 0.45 (0.16) [22] 61.77 (11.90) [8] 54.45 (1.78) [13] 68.89 (8.98) [6] 39.55 (2.69) [16] 98.19 (0.80) [8] 33.04 (0.53) [24] 32.07 (1.37) [18] 75.25 (1.79) [11] 5.37 (0.57) [29] 9.99 (0.65) [7] 34.19 (2.66) [17] 66.95 (1.66) [9] 81.38 (5.65) [7] 22.26 (2.34) [14] 36.10 (7.37) [26] 46.03 (10.77) [9] 99.42 (1.16) [6]

GMM 0.61 (0.19) [14] 50.94 (8.32) [22] 48.25 (1.61) [25] 62.75 (10.25) [8] 85.75 (1.48) [3] 96.26 (1.00) [19] 38.72 (0.46) [2] 29.53 (1.54) [26] 67.52 (2.32) [21] 12.77 (0.75) [11] 8.95 (0.46) [17] 17.82 (1.01) [24] 36.02 (0.94) [20] 82.24 (4.91) [6] 23.06 (2.67) [12] 60.98 (7.25) [6] 25.23 (9.59) [27] 83.61 (3.22) [14]

CBLOF 0.50 (0.17) [19] 67.72 (11.19) [1] 58.78 (3.13) [10] 52.33 (10.97) [19] 5.28 (1.39) [32] 97.58 (0.41) [13] 35.02 (0.69) [15] 40.38 (1.95) [8] 76.50 (2.01) [7] 15.48 (4.26) [5] 9.56 (0.47) [11] 14.61 (0.68) [26] 39.75 (0.89) [17] 73.59 (11.97) [20] 19.75 (3.50) [19] 29.93 (3.62) [31] 27.85 (4.01) [23] 51.88 (10.35) [21]

SOD 8.92 (0.25) [3] 4.79 (2.09) [50] 25.09 (1.18) [40] 13.45 (3.56) [44] 18.37 (1.07) [21] 75.53 (4.26) [35] 13.78 (0.30) [41] 15.02 (1.67) [43] 29.54 (2.35) [44] 2.67 (0.39) [38] 5.86 (0.28) [23] 1.18 (0.36) [43] 18.09 (5.45) [38] 15.01 (7.22) [45] 23.58 (1.45) [9] 12.54 (2.19) [40] 13.89 (3.84) [42] -6.97 (2.41) [49]

LUNAR 0.86 (0.18) [8] 64.89 (9.36) [4] 45.29 (1.03) [28] 63.12 (11.45) [7] 88.92 (2.13) [1] 97.41 (0.71) [14] 26.26 (0.73) [30] 33.20 (1.19) [16] 76.48 (2.33) [8] 2.67 (0.41) [38] 5.41 (0.35) [25] 75.55 (2.90) [7] 99.30 (0.78) [1] 82.98 (7.72) [5] 22.31 (2.95) [13] 50.96 (8.07) [13] 65.51 (9.13) [6] 99.64 (0.72) [1]

SOGAAL 0.82 (0.14) [10] 43.36 (15.48) [26] 18.48 (2.87) [45] 33.47 (9.46) [38] 2.33 (2.69) [38] -17.64 (20.10) [49] 23.98 (3.17) [35] 25.47 (13.96) [31] 42.87 (10.30) [42] 1.13 (0.85) [41] 5.94 (2.72) [22] 0.88 (0.36) [46] -1.49 (4.47) [47] 8.33 (10.34) [49] 3.36 (11.92) [43] 0.42 (0.18) [48] 28.97 (11.78) [21] 34.31 (12.18) [32]

ALAD 0.84 (0.73) [9] 24.03 (16.15) [36] 30.28 (21.40) [37] 12.27 (3.87) [45] 1.51 (1.39) [41] 60.80 (7.96) [40] 6.47 (3.63) [45] 15.78 (11.56) [42] 8.79 (13.41) [50] 1.46 (1.34) [40] -1.51 (1.56) [49] 13.87 (27.88) [28] 11.94 (22.73) [42] 51.51 (36.60) [32] 6.63 (6.64) [38] 8.42 (7.67) [42] 11.57 (7.79) [45] 18.39 (12.63) [42]

AE 0.29 (0.16) [26] 66.36 (10.03) [2] 49.03 (2.23) [22] 53.37 (11.39) [14] 12.98 (1.23) [24] 95.25 (1.02) [23] 33.18 (0.33) [22] 37.49 (1.99) [12] 68.95 (2.03) [20] 7.18 (0.72) [22] 10.71 (0.43) [6] 66.19 (8.65) [9] 55.53 (6.00) [14] 78.58 (6.75) [12] 30.02 (2.87) [3] 47.10 (5.65) [16] 40.23 (8.43) [13] 79.29 (4.25) [17]

CD 0.99 (0.18) [6] 26.97 (6.28) [32] 9.80 (0.92) [47] 0.03 (1.98) [48] 0.00 (0.10) [47] 93.79 (0.98) [26] 33.55 (5.19) [21] 23.50 (2.38) [35] 46.03 (2.31) [38] 5.11 (0.27) [30] 1.46 (1.66) [41] 1.95 (0.25) [41] 0.85 (0.61) [46] 33.81 (9.81) [38] 31.32 (4.27) [2] 25.15 (3.25) [35] 16.05 (3.10) [36] -4.77 (1.67) [48]

MOGAAL 1.04 (0.21) [5] 58.38 (5.80) [15] 23.43 (3.98) [43] 36.88 (8.27) [37] 13.83 (7.26) [22] -36.31 (1.46) [51] 18.60 (6.19) [37] 30.35 (12.95) [25] 48.16 (11.78) [36] 3.70 (0.71) [35] 4.13 (0.79) [29] 3.28 (0.84) [39] -5.87 (0.18) [51] 9.51 (16.33) [48] 4.17 (11.87) [42] 1.34 (0.44) [46] 28.18 (11.14) [22] 30.76 (13.36) [37]

QMCD 0.01 (0.14) [38] 17.52 (5.98) [42] 24.78 (1.89) [41] 38.10 (33.65) [36] 0.49 (0.18) [45] 7.90 (19.66) [44] 35.02 (0.39) [15] -0.84 (0.32) [50] 20.93 (2.99) [46] 3.71 (4.39) [34] 11.40 (0.99) [2] 5.38 (0.48) [35] 6.42 (0.45) [44] 14.29 (6.73) [46] 7.17 (1.02) [37] 36.04 (11.69) [27] 24.17 (8.18) [29] 30.77 (6.36) [36]

Sampling 0.42 (0.15) [24] 51.36 (14.03) [21] 54.40 (1.78) [14] 52.09 (10.98) [20] 7.05 (2.94) [28] 97.95 (0.50) [10] 34.84 (1.84) [17] 37.75 (3.93) [11] 72.52 (1.34) [17] 15.63 (1.96) [4] 9.44 (0.58) [13] 9.02 (2.68) [32] 30.81 (8.07) [26] 76.30 (8.13) [16] 23.39 (3.79) [10] 30.76 (4.17) [30] 27.58 (6.43) [24] 47.80 (16.83) [27]

EIF 0.11 (0.19) [28] 44.61 (9.61) [25] 52.94 (2.72) [18] 53.27 (10.34) [15] 7.14 (2.30) [27] 98.42 (0.21) [4] 35.57 (1.23) [10] 41.88 (4.27) [7] 77.22 (4.21) [5] 11.18 (1.43) [15] 4.22 (1.12) [27] 7.27 (1.24) [33] 45.70 (1.40) [15] 71.98 (12.60) [22] 18.88 (3.09) [21] 20.55 (4.81) [38] 23.20 (9.24) [32] 83.32 (4.25) [15]

Ensemble 0.59 (0.21) [15] 61.49 (6.00) [9] 46.39 (1.63) [26] 50.22 (11.89) [27] 50.93 (2.02) [12] 63.04 (13.92) [38] 25.14 (0.22) [33] 32.02 (1.98) [19] 64.28 (2.32) [26] -0.77 (0.09) [48] 2.20 (0.58) [37] 83.33 (3.43) [1] 59.72 (1.43) [11] 71.55 (9.72) [23] -3.46 (2.47) [50] 60.92 (5.44) [7] 39.11 (11.58) [14] 24.85 (12.89) [40]

GEN2OUT -0.21 (0.16) [46] 64.47 (5.34) [6] 50.71 (2.56) [21] 54.28 (10.26) [13] 9.09 (3.11) [26] 98.62 (0.38) [1] 29.44 (2.45) [28] 46.13 (4.34) [5] 76.04 (2.95) [9] 9.43 (5.23) [17] 2.26 (6.11) [36] 23.75 (1.68) [20] 35.77 (4.08) [22] 48.11 (12.81) [35] 11.35 (2.31) [32] 41.39 (7.30) [21] 24.15 (7.47) [30] 49.99 (12.21) [24]

DynamicHBOS 0.19 (0.07) [27] 9.40 (2.48) [45] 8.46 (0.94) [48] 30.20 (7.90) [39] 0.12 (0.06) [46] 79.89 (1.62) [33] 16.60 (0.65) [39] 4.39 (1.24) [48] 20.32 (2.21) [47] 5.63 (0.41) [26] -0.09 (0.21) [47] 0.98 (0.14) [45] 13.38 (2.24) [40] 18.74 (6.45) [43] 1.87 (1.25) [45] 2.45 (0.36) [44] 8.90 (3.61) [48] 16.48 (6.48) [43]

COF 16.62 (0.28) [1] 19.17 (5.15) [39] 2.71 (0.66) [50] 20.26 (2.67) [42] 6.70 (0.33) [29] -25.40 (4.24) [50] 6.29 (0.44) [46] 12.92 (2.29) [46] 10.39 (3.78) [49] -1.25 (0.11) [51] 0.07 (0.31) [43] 0.38 (0.19) [48] 10.88 (0.63) [43] 10.74 (16.45) [47] 14.76 (2.38) [29] 0.04 (0.08) [50] 8.53 (2.19) [49] -10.06 (1.18) [50]

ABOD 0.36 (0.10) [25] 54.72 (8.07) [18] 54.11 (2.17) [15] 11.16 (7.05) [46] 25.83 (1.25) [19] -16.00 (3.77) [48] 33.70 (0.67) [20] 28.56 (1.28) [27] 72.46 (1.61) [18] 0.21 (0.18) [44] -0.13 (0.21) [48] 76.85 (2.89) [6] -5.00 (0.08) [50] 3.33 (2.25) [51] 10.20 (2.42) [35] 11.80 (2.86) [41] -1.23 (1.13) [50] -11.64 (3.09) [51]

LMDD 0.09 (0.05) [30] 22.88 (17.47) [37] 37.55 (4.55) [34] 41.80 (9.98) [35] 1.00 (0.35) [43] 72.92 (11.76) [37] 25.96 (3.72) [31] 36.32 (4.76) [15] 72.72 (5.43) [16] 10.67 (1.62) [16] 4.19 (1.08) [28] 12.33 (8.24) [29] 30.20 (8.86) [27] 65.78 (8.67) [27] 10.65 (1.75) [33] 37.19 (3.12) [23] 15.54 (5.22) [39] 37.60 (11.12) [31]

DAGMM 0.10 (0.61) [29] 17.23 (4.49) [43] 44.85 (16.09) [29] 27.56 (8.88) [40] 1.95 (3.77) [39] 75.56 (13.53) [34] 17.47 (6.10) [38] 31.75 (6.48) [22] 55.60 (11.34) [33] 3.87 (1.73) [32] 1.59 (0.85) [40] 10.17 (8.54) [31] 12.27 (12.15) [41] 48.48 (17.26) [34] 10.51 (11.13) [34] 16.45 (16.46) [39] 13.68 (16.96) [43] 34.31 (9.64) [32]

DROCC 0.00 (0.00) [39] 5.51 (8.98) [49] 60.01 (6.19) [7] 20.11 (16.76) [43] 84.24 (1.54) [4] 44.37 (32.41) [42] 0.00 (0.00) [50] 18.05 (6.95) [41] 43.42 (11.77) [41] 3.19 (0.36) [37] 3.43 (0.69) [31] 33.12 (4.73) [18] 18.46 (15.88) [37] 40.67 (34.79) [37] 7.28 (14.36) [36] 0.00 (0.03) [51] 12.46 (20.90) [44] 2.33 (8.12) [45]

GOAD -0.42 (0.28) [49] 58.44 (10.97) [14] 59.45 (8.07) [8] 51.92 (10.29) [22] 1.74 (2.19) [40] 96.92 (0.75) [17] 1.17 (6.99) [49] 47.46 (2.30) [4] 81.11 (1.90) [3] -1.13 (0.63) [50] -2.51 (1.21) [51] -0.57 (0.36) [51] -2.75 (1.66) [48] 72.01 (10.76) [21] 22.22 (3.26) [15] 24.51 (20.22) [36] 16.02 (9.06) [37] 51.84 (8.29) [22]

ICL -0.50 (0.08) [51] 46.66 (7.13) [24] 33.48 (5.09) [35] 71.99 (7.42) [4] 88.58 (1.59) [2] 94.15 (1.47) [25] 36.52 (0.59) [6] 21.66 (5.20) [37] 44.98 (8.12) [39] 5.58 (0.35) [27] 10.76 (0.39) [5] 40.65 (13.95) [14] 98.07 (1.14) [2] 76.23 (14.67) [17] 23.34 (2.60) [11] 51.41 (10.61) [12] 89.83 (7.91) [1] 99.55 (0.90) [4]

PlanarFlow -0.46 (0.22) [50] 18.90 (9.57) [40] 59.15 (6.46) [9] 46.68 (14.24) [32] 51.76 (23.62) [10] 92.55 (3.10) [28] 21.39 (13.18) [36] 30.87 (2.96) [24] 59.11 (9.11) [32] 11.55 (2.55) [14] 3.75 (1.02) [30] 2.14 (4.15) [40] 45.42 (16.92) [16] 76.99 (6.36) [15] 21.03 (3.94) [17] 68.37 (4.52) [2] 32.62 (5.23) [19] 94.86 (2.44) [10]

VAE 0.64 (0.19) [11] 54.83 (10.49) [17] 49.00 (1.79) [23] 51.65 (10.74) [24] 3.37 (0.22) [36] 97.74 (0.34) [12] 35.54 (0.23) [11] 51.64 (1.73) [1] 82.86 (2.35) [2] 17.62 (1.57) [2] 9.23 (0.44) [15] 14.61 (0.86) [26] 27.99 (0.98) [29] 67.50 (13.23) [26] 18.35 (3.67) [26] 29.41 (3.84) [32] 14.61 (5.53) [41] 49.65 (6.74) [25]

GANomaly 1.66 (0.58) [4] 25.96 (23.41) [33] 24.43 (11.17) [42] 51.38 (13.14) [25] 34.22 (16.42) [17] 86.36 (1.70) [31] 25.47 (7.64) [32] 26.37 (8.25) [29] 62.54 (6.77) [29] 3.58 (6.73) [36] 6.18 (2.45) [21] 34.94 (40.84) [16] 2.61 (5.21) [45] 64.76 (17.91) [29] 17.90 (8.15) [27] 55.16 (18.52) [11] 21.55 (10.77) [33] 59.93 (18.43) [19]

SLAD 0.02 (0.09) [37] 6.86 (0.98) [48] 66.44 (1.87) [2] 73.16 (9.27) [2] 0.00 (0.10) [47] 98.47 (0.53) [3] 35.13 (0.42) [14] 18.85 (2.19) [40] 64.42 (2.55) [25] 5.00 (0.95) [31] 1.88 (3.59) [39] 3.96 (3.49) [36] 38.00 (12.11) [18] 78.21 (8.37) [14] 31.46 (1.51) [1] 46.09 (6.48) [18] 38.98 (11.11) [16] 99.63 (0.74) [2]

DIF -0.12 (0.15) [42] 2.88 (1.16) [51] 54.49 (1.64) [12] 26.89 (5.64) [41] 13.82 (1.92) [23] -0.41 (8.14) [47] 5.78 (0.21) [47] -4.69 (1.95) [51] 15.68 (1.35) [48] 3.87 (1.11) [32] 2.78 (0.61) [34] 0.30 (0.29) [49] 29.32 (3.66) [28] 86.98 (5.08) [3] 18.66 (2.15) [22] 1.58 (0.67) [45] 65.55 (13.78) [5] 84.48 (8.66) [13]

DDPM 0.07 (0.12) [32] 8.93 (2.43) [46] 37.85 (1.98) [33] 48.75 (11.15) [31] 4.21 (0.60) [33] 93.43 (1.77) [27] 30.75 (0.68) [27] 18.91 (3.64) [39] 47.52 (3.24) [37] 6.04 (0.43) [25] 6.69 (0.35) [20] 3.58 (0.51) [37] 20.47 (3.14) [36] 46.72 (10.54) [36] 18.46 (1.66) [24] 69.70 (5.50) [1] 26.96 (10.66) [25] 33.00 (7.22) [35]

DTE-IG 0.04 (0.17) [34] 29.40 (25.19) [31] -7.44 (0.08) [51] 51.36 (17.30) [26] 33.00 (43.47) [18] 23.36 (50.06) [43] 2.60 (14.91) [48] 4.09 (10.91) [49] 52.46 (6.64) [35] 0.78 (4.48) [43] -1.55 (5.08) [50] 67.09 (34.08) [8] 95.03 (1.82) [3] 23.41 (32.64) [42] -0.97 (16.52) [47] 48.17 (23.65) [15] 58.90 (15.61) [7] 5.39 (41.60) [44]

DTE-C -0.12 (0.12) [42] 49.77 (10.69) [23] 78.62 (1.03) [1] 62.20 (8.69) [9] 59.01 (2.48) [9] 74.14 (3.89) [36] 36.91 (0.77) [5] 24.59 (2.98) [33] 63.56 (2.64) [28] 11.80 (1.81) [13] 7.08 (0.72) [19] 64.80 (5.63) [10] 70.31 (2.37) [8] 81.13 (3.44) [8] 28.11 (1.11) [4] 63.44 (6.42) [4] 33.97 (8.37) [18] 91.59 (4.49) [11]

DTENonParametric 0.04 (0.14) [34] 63.07 (9.48) [7] 57.65 (1.26) [11] 42.01 (7.18) [34] 51.27 (1.69) [11] 81.36 (1.84) [32] 34.81 (0.50) [18] 13.27 (1.31) [45] 43.55 (1.77) [40] 6.41 (0.44) [24] 9.76 (0.40) [10] 62.55 (3.73) [11] 91.91 (1.56) [5] 73.65 (10.86) [19] 18.61 (2.26) [23] 6.02 (0.93) [43] 42.12 (8.37) [10] 97.03 (2.51) [9]

MCM 0.49 (0.15) [20] 37.25 (7.90) [29] 53.42 (1.26) [16] 52.78 (11.00) [16] 12.29 (5.27) [25] 96.88 (1.11) [18] 32.89 (0.36) [25] 27.30 (2.25) [28] 75.46 (2.56) [10] 12.21 (3.02) [12] 9.41 (2.04) [14] 26.57 (9.58) [19] 90.95 (6.85) [6] 85.37 (4.61) [4] 13.79 (3.12) [30] 27.07 (17.60) [34] 40.59 (18.69) [12] 81.69 (5.02) [16]

3WNCROD -0.17 (0.13) [45] 51.55 (5.66) [20] 29.14 (1.04) [39] 0.03 (1.98) [48] 0.00 (0.10) [47] 47.90 (5.25) [41] 0.00 (0.00) [50] 23.15 (1.10) [36] 33.42 (3.47) [43] 0.00 (0.09) [45] 0.00 (0.22) [44] 1.08 (0.36) [44] 21.08 (1.37) [34] 16.20 (12.40) [44] -1.97 (3.83) [48] 1.18 (0.33) [47] -1.25 (2.99) [51] -0.05 (2.39) [46]

ODIN 15.44 (0.59) [2] 7.57 (1.25) [47] 3.67 (0.71) [49] 7.42 (3.54) [47] 0.97 (0.09) [44] 0.06 (3.16) [46] 10.98 (0.30) [44] 9.84 (0.64) [47] 7.22 (1.75) [51] -0.72 (0.08) [47] 3.10 (0.33) [32] 0.52 (0.05) [47] -4.15 (0.10) [49] 7.41 (2.20) [50] 24.43 (2.26) [8] 0.16 (0.04) [49] 11.25 (1.65) [46] -4.08 (3.64) [47]

NCSBAD 0.51 (0.21) [18] 20.35 (6.16) [38] 38.26 (0.99) [32] 72.07 (10.52) [3] 83.62 (1.83) [5] 96.24 (1.44) [20] 27.57 (0.24) [29] 23.62 (2.34) [34] 66.16 (1.92) [24] 6.61 (6.45) [23] 8.05 (0.71) [18] 79.29 (3.48) [4] 32.32 (1.04) [25] 87.18 (3.33) [2] 16.12 (2.16) [28] 57.13 (7.40) [9] 76.78 (8.45) [4] 99.60 (0.79) [3]

NCSBADVAL -0.12 (0.10) [42] 38.05 (9.76) [28] 65.83 (2.37) [3] 71.76 (10.53) [5] 82.28 (2.37) [6] 95.84 (1.13) [22] 38.10 (0.43) [3] 26.14 (2.32) [30] 62.46 (2.06) [30] 14.98 (2.62) [7] 9.94 (0.35) [8] 80.00 (7.14) [3] 60.70 (3.53) [10] 80.19 (11.98) [10] 25.04 (3.74) [6] 56.08 (17.14) [10] 82.18 (9.55) [2] 99.52 (0.70) [5]

Table 41: Mean, standard deviation and rank ADJ AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 1
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IForest 13.19 (0.49) [20] 7.52 (1.14) [40] 56.16 (9.50) [29] -3.91 (1.64) [48] 84.56 (3.47) [30] 20.03 (4.90) [14] -3.87 (0.27) [42] 92.65 (3.34) [28] 58.72 (2.08) [22] 34.33 (3.53) [20] 22.83 (2.62) [2] 25.18 (1.86) [11] 44.83 (7.53) [29] 98.96 (0.54) [27] 47.08 (21.49) [41] 10.12 (2.99) [23] 10.18 (3.39) [19] 32.86 (1.53) [40]

OCSVM 9.75 (0.67) [29] 13.52 (0.87) [21] 99.80 (0.38) [6] 24.14 (1.96) [21] 95.16 (0.82) [15] 3.88 (0.56) [32] -3.92 (0.12) [43] 100.00 (0.00) [1] 56.69 (0.59) [24] 37.42 (2.44) [13] 22.30 (0.43) [7] 24.20 (0.80) [12] 60.23 (2.17) [19] 100.00 (0.00) [1] 100.00 (0.00) [1] 7.23 (0.78) [32] 1.41 (0.09) [34] 57.23 (1.46) [18]

COPOD 15.14 (0.52) [17] 15.28 (0.75) [16] 47.56 (6.01) [34] 18.36 (22.42) [33] 58.96 (6.92) [41] 0.52 (0.81) [39] -3.51 (0.46) [38] 95.22 (3.37) [23] 42.91 (0.71) [37] 52.45 (1.42) [2] 0.00 (0.00) [47] -0.01 (0.00) [48] -0.00 (0.00) [49] 66.52 (0.51) [38] 94.33 (2.52) [30] 4.08 (0.54) [37] -0.00 (0.00) [37] 29.57 (1.45) [41]

ECOD 21.22 (0.43) [6] 22.11 (0.63) [8] 28.65 (1.35) [40] 18.43 (22.51) [32] 53.50 (4.76) [44] -3.74 (0.60) [46] -1.95 (0.79) [23] 94.12 (3.85) [25] 34.38 (0.70) [39] 52.94 (1.38) [1] 0.00 (0.00) [47] -0.01 (0.00) [48] -0.00 (0.00) [49] 72.55 (0.77) [37] 99.12 (0.38) [28] -4.91 (0.25) [50] -0.00 (0.00) [37] 50.59 (1.72) [29]

FeatureBagging 17.16 (5.75) [11] 22.51 (3.16) [6] 7.74 (0.81) [44] 28.92 (4.78) [14] 89.78 (2.35) [23] 41.30 (1.15) [1] 0.19 (1.27) [14] 65.07 (22.00) [38] 72.45 (0.58) [8] 26.61 (3.00) [27] 12.16 (0.49) [23] 20.12 (0.74) [21] 64.09 (1.36) [16] 100.00 (0.00) [1] 100.00 (0.00) [1] 11.02 (1.10) [19] 37.23 (3.47) [8] 64.73 (0.67) [6]

HBOS 7.56 (0.83) [39] 8.45 (0.50) [35] 36.82 (9.63) [38] -0.47 (2.20) [46] 25.61 (5.41) [46] 39.58 (1.02) [4] -3.38 (0.55) [33] 96.48 (2.09) [21] 52.51 (0.49) [27] 17.57 (1.75) [34] 22.56 (0.24) [5] 22.12 (0.42) [18] 6.37 (0.57) [44] 97.39 (1.07) [30] 100.00 (0.00) [1] -4.53 (0.57) [49] 40.67 (1.76) [4] 6.30 (1.12) [48]

KNN 12.82 (0.65) [22] 17.66 (0.48) [13] 100.00 (0.00) [1] 25.62 (1.91) [20] 95.88 (1.13) [12] 31.43 (1.56) [8] -3.38 (0.13) [33] 98.86 (1.01) [13] 70.73 (0.34) [12] 37.46 (3.24) [12] 7.07 (0.57) [33] 28.11 (0.81) [6] 67.68 (1.70) [8] 100.00 (0.00) [1] 100.00 (0.00) [1] 16.95 (0.74) [12] 24.93 (2.01) [13] 61.23 (1.37) [11]

LODA 6.63 (4.21) [44] 5.88 (4.49) [46] 7.12 (8.81) [45] 14.21 (3.62) [36] 68.63 (4.61) [37] 2.28 (8.23) [38] -4.18 (0.17) [49] 22.84 (16.22) [45] 49.89 (1.83) [31] 41.18 (5.95) [6] 22.46 (8.53) [6] 2.32 (6.55) [45] 21.09 (9.32) [41] 99.76 (0.29) [26] 91.46 (11.06) [32] 9.19 (4.91) [26] -1.40 (0.68) [46] 36.20 (2.78) [35]

LOF 16.82 (0.94) [12] 22.56 (0.77) [4] 97.16 (3.52) [10] 27.10 (1.67) [16] 89.01 (2.62) [26] 41.07 (1.08) [2] -0.18 (1.48) [15] 85.64 (4.03) [33] 71.74 (0.36) [9] 30.99 (3.50) [24] 13.12 (0.36) [20] 18.81 (0.26) [24] 65.35 (1.57) [10] 100.00 (0.00) [1] 100.00 (0.00) [1] 10.75 (0.86) [20] 38.86 (0.88) [6] 65.05 (1.30) [3]

MCD 7.41 (1.51) [40] 9.75 (2.32) [32] 91.95 (1.58) [14] 6.12 (2.56) [37] 94.24 (1.37) [19] 8.07 (7.43) [27] -3.98 (0.45) [44] 86.99 (6.04) [32] 52.78 (0.49) [26] 3.54 (0.42) [49] 4.93 (0.44) [36] 17.82 (1.28) [28] 44.72 (8.72) [30] 100.00 (0.00) [1] 63.17 (15.28) [36] 1.77 (0.49) [42] 1.75 (0.40) [31] 55.43 (1.96) [22]

PCA 8.39 (0.65) [33] 10.37 (1.03) [30] 91.36 (1.25) [15] 22.60 (1.94) [27] 82.78 (3.67) [32] -2.49 (0.58) [44] -4.20 (0.13) [50] 98.81 (0.47) [15] 48.46 (0.59) [35] 38.26 (1.89) [11] 22.79 (0.35) [3] 15.37 (0.33) [30] 58.76 (2.03) [22] 100.00 (0.00) [1] 100.00 (0.00) [1] 3.24 (0.78) [40] 0.48 (0.05) [35] 51.53 (1.37) [27]

DeepSVDD 7.71 (3.16) [38] 3.81 (3.40) [47] 40.23 (32.61) [37] 26.35 (7.43) [19] 96.97 (1.19) [9] 24.39 (3.06) [12] -3.16 (0.79) [30] 96.97 (3.16) [20] 36.05 (1.36) [38] 17.31 (13.59) [36] 2.39 (6.54) [40] 2.60 (11.55) [44] 36.60 (9.59) [32] 100.00 (0.00) [1] 100.00 (0.00) [1] -1.61 (6.69) [48] 2.12 (6.45) [30] 43.93 (5.94) [32]

INNE 12.24 (1.18) [23] 11.25 (0.76) [24] 94.13 (2.31) [13] 40.90 (6.40) [8] 94.92 (1.48) [17] 25.80 (4.31) [11] -3.45 (0.12) [37] 95.11 (3.25) [24] 62.68 (0.66) [16] 33.33 (3.93) [21] 16.29 (1.11) [12] 31.35 (0.99) [4] 64.34 (2.00) [14] 100.00 (0.00) [1] 99.64 (0.72) [25] 11.25 (1.00) [18] 5.25 (0.65) [26] 70.03 (2.30) [1]

KPCA 19.30 (0.45) [7] 18.41 (0.71) [11] 99.80 (0.39) [6] 48.83 (2.52) [5] 98.76 (0.38) [1] 19.27 (1.23) [16] -3.16 (0.14) [30] 100.00 (0.00) [1] 70.29 (0.31) [13] 42.01 (3.08) [4] 9.17 (0.45) [27] 25.53 (0.78) [10] 69.64 (1.82) [6] 100.00 (0.00) [1] 100.00 (0.00) [1] 17.32 (0.71) [10] 18.49 (1.29) [15] 57.72 (1.24) [16]

KDE 10.54 (0.60) [28] 10.94 (0.61) [25] 99.99 (0.01) [3] 47.78 (3.41) [6] 98.56 (0.63) [2] 22.37 (1.63) [13] -3.16 (0.13) [30] 100.00 (0.00) [1] 60.20 (0.51) [19] 39.49 (2.98) [8] 7.74 (0.49) [30] 32.34 (1.12) [3] 71.30 (1.21) [2] 100.00 (0.00) [1] 100.00 (0.00) [1] 17.65 (0.84) [9] 36.19 (2.20) [9] 61.28 (1.37) [10]

GMM 28.56 (0.27) [2] 23.98 (0.79) [2] 90.66 (1.43) [18] 51.10 (2.78) [3] 96.23 (0.90) [11] -4.33 (0.46) [47] -3.38 (0.11) [33] 99.82 (0.36) [7] 65.29 (0.52) [14] 37.36 (2.18) [14] -0.61 (0.16) [50] 15.58 (0.33) [29] 64.15 (2.01) [15] 100.00 (0.00) [1] 98.13 (0.71) [29] 17.30 (0.56) [11] 8.09 (0.58) [24] 55.07 (1.74) [23]

CBLOF 9.09 (0.62) [32] 10.53 (1.16) [28] 89.93 (1.68) [19] 22.74 (1.91) [25] 94.60 (1.47) [18] 3.73 (1.24) [33] -3.80 (0.14) [41] 98.26 (0.98) [19] 59.00 (0.58) [21] 34.97 (6.15) [18] 7.75 (0.48) [29] 22.39 (1.09) [16] 60.46 (2.19) [18] -22.56 (0.00) [51] 100.00 (0.00) [1] 13.22 (1.33) [16] 8.82 (1.27) [21] 64.82 (1.10) [5]

SOD 11.69 (0.55) [26] 6.68 (0.32) [44] 3.28 (1.67) [47] 4.87 (1.59) [38] 69.82 (4.61) [35] 4.98 (1.05) [28] 32.86 (3.39) [2] 20.43 (5.46) [46] 52.00 (0.90) [29] 13.17 (2.13) [41] 1.04 (0.46) [44] 11.34 (1.01) [34] 31.42 (2.48) [34] -9.09 (0.05) [50] 14.54 (2.89) [47] 9.92 (1.73) [24] -0.86 (0.27) [45] 35.78 (1.66) [36]

LUNAR 17.84 (0.62) [9] 21.33 (0.59) [9] 100.00 (0.01) [1] 49.74 (5.89) [4] 97.91 (0.70) [5] 33.93 (1.64) [5] -3.14 (0.13) [29] 100.00 (0.00) [1] 74.96 (0.21) [5] 43.65 (2.06) [3] 1.03 (0.20) [45] 19.66 (0.28) [22] 75.12 (0.93) [1] 99.91 (0.09) [25] 100.00 (0.00) [1] 12.22 (0.78) [17] 87.38 (5.88) [1] 62.65 (2.11) [9]

SOGAAL 6.46 (1.81) [45] 7.09 (1.84) [41] 1.09 (0.11) [49] -0.75 (7.79) [47] 59.59 (8.99) [40] -3.21 (3.25) [45] -2.63 (1.61) [25] 23.17 (18.49) [44] 3.48 (5.13) [50] 13.79 (2.21) [38] 17.15 (0.92) [11] 26.20 (5.29) [9] 26.49 (4.22) [37] 6.24 (5.55) [44] 89.18 (18.31) [33] 4.44 (5.37) [34] -1.87 (0.45) [47] 34.74 (8.65) [37]

ALAD 3.40 (5.50) [48] 2.36 (4.01) [51] 34.26 (32.61) [39] 3.14 (5.98) [39] 7.63 (25.56) [49] -4.63 (2.96) [48] 2.94 (5.96) [7] 38.10 (18.28) [41] 15.35 (14.99) [48] 6.77 (10.23) [45] 13.66 (8.79) [18] 5.33 (2.52) [38] 13.92 (15.48) [43] 33.93 (27.85) [42] -0.52 (1.35) [50] 1.05 (6.74) [44] 8.61 (13.79) [22] 26.18 (20.83) [44]

AE 7.05 (0.56) [43] 15.57 (0.31) [15] 99.93 (0.13) [5] 22.85 (1.78) [24] 96.94 (0.67) [10] 8.66 (0.45) [25] -3.56 (0.11) [39] 98.69 (1.28) [16] 73.06 (0.52) [7] 32.21 (2.14) [23] 7.23 (0.45) [32] 27.26 (0.74) [7] 64.60 (2.02) [12] 100.00 (0.00) [1] 100.00 (0.00) [1] 18.28 (1.09) [7] 13.35 (0.79) [18] 60.11 (1.41) [15]

CD 16.59 (0.30) [16] 6.26 (1.15) [45] 54.29 (4.00) [31] 0.05 (0.00) [43] 87.98 (1.50) [29] -4.67 (0.68) [49] 28.50 (3.00) [4] 24.34 (4.46) [43] 49.66 (1.87) [32] 20.59 (3.54) [32] 1.56 (0.38) [42] 4.41 (1.06) [41] 23.93 (8.32) [40] 92.56 (2.15) [33] 16.82 (2.96) [46] 7.64 (1.01) [30] -0.77 (0.65) [44] 49.01 (8.40) [31]

MOGAAL 7.10 (2.24) [42] 6.92 (1.20) [43] 1.17 (0.51) [48] 0.20 (7.44) [42] 59.90 (9.37) [39] 3.25 (6.52) [34] -1.26 (2.50) [19] 30.95 (18.70) [42] -0.18 (8.52) [51] 22.15 (4.01) [31] 11.51 (1.66) [25] 38.83 (5.53) [1] 29.81 (8.81) [35] 5.43 (2.86) [45] 89.11 (15.53) [34] 1.32 (4.34) [43] -2.02 (0.30) [48] 28.02 (7.54) [42]

QMCD 7.73 (0.62) [37] 7.02 (0.52) [42] 73.46 (4.73) [27] 0.05 (0.00) [43] 21.42 (8.97) [47] 18.11 (0.96) [18] 7.81 (1.69) [6] -2.85 (0.41) [51] 48.78 (0.51) [33] 9.64 (1.52) [42] 16.27 (0.14) [13] 32.93 (0.58) [2] 24.39 (1.77) [39] 98.28 (0.51) [29] -2.54 (0.23) [51] 4.24 (1.10) [36] -2.69 (0.03) [50] -3.10 (0.28) [51]

Sampling 7.86 (3.01) [36] 7.64 (3.62) [39] 89.67 (2.36) [21] 22.98 (2.21) [22] 94.94 (1.20) [16] 3.04 (7.76) [35] -4.09 (0.32) [48] 98.88 (1.03) [12] 57.79 (3.29) [23] 27.85 (10.89) [26] 12.88 (6.88) [22] 21.04 (3.53) [20] 57.17 (3.59) [23] 100.00 (0.00) [1] 100.00 (0.00) [1] 10.43 (5.23) [22] 3.63 (1.83) [28] 57.32 (4.95) [17]

EIF 11.27 (0.78) [27] 10.57 (1.11) [27] 55.95 (6.41) [30] 30.25 (11.04) [13] 90.53 (2.90) [21] 14.25 (3.99) [20] -3.99 (0.25) [46] 99.32 (1.03) [10] 59.97 (2.43) [20] 39.46 (3.11) [9] 22.26 (2.30) [8] 22.88 (2.04) [15] 52.17 (7.13) [25] 99.96 (0.06) [23] 61.90 (26.96) [37] 9.88 (1.91) [25] 8.20 (2.88) [23] 34.27 (1.81) [39]

Ensemble 16.82 (0.94) [12] 22.56 (0.77) [4] 97.16 (3.52) [10] 27.10 (1.67) [16] 89.01 (2.62) [26] 41.07 (1.08) [2] -0.18 (1.48) [15] 85.64 (4.03) [33] 71.74 (0.36) [9] 30.99 (3.50) [24] 13.12 (0.36) [20] 18.81 (0.26) [24] 65.35 (1.57) [10] 100.00 (0.00) [1] 100.00 (0.00) [1] 10.75 (0.86) [20] 38.86 (0.88) [6] 65.05 (1.30) [3]

GEN2OUT 13.80 (0.92) [18] 14.96 (1.39) [18] 91.24 (2.30) [16] 15.82 (10.74) [35] 80.43 (8.06) [33] 28.75 (2.04) [9] -4.02 (0.38) [47] 89.25 (3.90) [31] 54.43 (1.15) [25] 40.51 (3.99) [7] 20.49 (0.83) [9] 24.13 (2.24) [13] 20.44 (7.60) [42] 100.00 (0.00) [1] 99.97 (0.05) [24] 4.28 (0.94) [35] 4.53 (2.60) [27] 40.49 (2.33) [34]

DynamicHBOS 2.56 (0.27) [50] 2.84 (0.18) [49] 9.70 (1.51) [42] 0.27 (0.52) [41] 1.44 (3.48) [50] 14.21 (0.38) [21] -1.64 (0.19) [22] 41.13 (4.44) [40] 22.53 (0.67) [47] 5.67 (0.63) [46] 15.94 (0.49) [14] 6.32 (0.19) [37] 1.25 (0.24) [48] 61.81 (0.93) [39] 2.01 (0.07) [49] -0.90 (0.11) [47] 18.24 (1.16) [16] 4.00 (0.55) [49]

COF 12.19 (0.91) [24] 12.31 (0.67) [23] 4.96 (1.76) [46] -5.23 (1.86) [50] 69.61 (4.17) [36] 8.40 (1.39) [26] 41.19 (5.63) [1] 7.18 (7.90) [48] 28.31 (1.20) [42] 8.03 (1.07) [43] 2.24 (0.33) [41] 2.23 (0.34) [46] 24.45 (0.96) [38] 4.77 (0.35) [46] 25.23 (5.48) [45] 5.79 (1.38) [33] -0.46 (0.37) [42] 21.30 (2.46) [45]

ABOD 8.32 (0.21) [35] 8.11 (0.72) [37] 8.38 (0.55) [43] 40.79 (2.03) [9] 21.08 (10.32) [48] 31.63 (1.90) [7] -1.24 (0.84) [18] -2.40 (0.54) [50] 73.43 (0.26) [6] 0.61 (0.13) [50] 7.69 (0.49) [31] 26.24 (0.31) [8] 71.07 (1.43) [3] 100.00 (0.00) [1] 99.30 (0.32) [27] 16.76 (0.86) [13] 27.98 (0.92) [12] 61.06 (1.35) [12]

LMDD 2.25 (0.72) [51] 8.20 (1.74) [36] 89.72 (2.64) [20] 17.49 (1.64) [34] 56.98 (10.71) [43] -6.46 (11.87) [51] -0.82 (1.00) [17] 98.68 (0.86) [17] 24.80 (5.15) [45] 41.43 (2.53) [5] 11.84 (6.29) [24] 3.31 (2.03) [43] 29.16 (4.93) [36] 88.98 (18.77) [34] 100.00 (0.00) [1] 3.60 (3.68) [39] -0.34 (0.18) [41] 27.99 (2.34) [43]

DAGMM 2.92 (3.56) [49] 2.55 (0.80) [50] 52.54 (29.91) [32] 0.67 (6.16) [40] 58.42 (11.39) [42] 10.07 (2.85) [23] -1.35 (2.84) [20] 68.95 (19.27) [37] 22.99 (10.22) [46] 16.29 (13.66) [37] 15.17 (6.53) [16] 10.04 (2.78) [35] 36.25 (8.28) [33] 61.22 (35.42) [40] 58.01 (23.07) [39] 7.89 (8.26) [29] -0.14 (1.99) [40] 55.86 (9.19) [21]

DROCC 9.51 (1.82) [30] 8.77 (2.11) [34] -0.00 (0.04) [51] 22.34 (12.50) [28] 31.18 (20.90) [45] 2.75 (2.26) [36] 0.31 (4.52) [13] 0.01 (6.02) [49] 64.34 (1.08) [15] 22.28 (2.91) [30] 1.44 (0.63) [43] 4.41 (2.53) [41] 55.81 (3.93) [24] 100.00 (0.00) [1] 29.82 (38.83) [43] 16.11 (5.00) [15] 16.06 (8.90) [17] 66.64 (3.99) [2]

GOAD 7.30 (1.85) [41] 3.34 (1.18) [48] 65.83 (7.75) [28] 22.86 (2.48) [23] 88.12 (3.98) [28] -4.84 (1.61) [50] -3.98 (0.30) [44] 99.22 (0.69) [11] 50.29 (7.73) [30] 22.88 (3.04) [29] 4.10 (0.41) [38] 4.82 (2.80) [40] 59.56 (2.57) [20] -7.07 (1.11) [49] 100.00 (0.00) [1] 7.54 (2.65) [31] 2.50 (1.52) [29] 56.15 (2.37) [20]

ICL 18.97 (0.47) [8] 18.90 (1.90) [10] 99.24 (0.74) [9] 40.68 (2.82) [10] 97.63 (1.25) [6] 28.02 (2.87) [10] 1.25 (2.89) [11] 99.84 (0.31) [5] 62.66 (1.92) [17] 13.45 (4.24) [40] 4.51 (1.10) [37] 22.21 (1.15) [17] 60.74 (1.61) [17] 83.44 (14.42) [35] 93.30 (1.91) [31] 19.63 (3.65) [6] 40.43 (2.45) [5] 63.40 (1.93) [8]

PlanarFlow 26.34 (3.34) [3] 15.24 (2.19) [17] 52.12 (3.92) [33] 20.62 (1.70) [30] 95.61 (1.45) [13] 0.43 (1.72) [40] -2.85 (0.95) [27] 93.23 (5.90) [27] 60.35 (3.53) [18] 13.57 (9.64) [39] 15.11 (0.61) [17] 7.80 (0.68) [36] 49.53 (2.42) [27] 99.95 (0.11) [24] 28.65 (29.81) [44] 0.20 (2.81) [45] -2.08 (0.41) [49] 51.64 (6.96) [25]

VAE 8.36 (0.66) [34] 10.03 (1.03) [31] 86.23 (2.24) [23] 22.62 (1.94) [26] 82.88 (3.72) [31] 9.86 (0.68) [24] -4.22 (0.12) [51] 98.84 (0.67) [14] 48.60 (0.60) [34] 38.31 (1.99) [10] 22.77 (0.35) [4] 15.35 (0.33) [31] 58.77 (2.03) [21] 100.00 (0.00) [1] 100.00 (0.00) [1] 2.97 (1.06) [41] 0.46 (0.05) [36] 51.57 (1.37) [26]

GANomaly 9.38 (3.06) [31] 9.55 (3.15) [33] 19.05 (35.97) [41] 26.40 (1.10) [18] 90.51 (2.16) [22] -0.20 (8.67) [41] -3.59 (0.30) [40] 91.81 (8.15) [29] 28.96 (4.29) [40] 34.48 (21.40) [19] 23.95 (4.98) [1] 15.27 (3.30) [32] 38.12 (4.50) [31] 79.55 (40.59) [36] 100.00 (0.00) [1] -0.59 (2.40) [46] 6.15 (4.13) [25] 34.39 (15.72) [38]

SLAD 13.10 (0.67) [21] 14.69 (0.76) [19] 89.20 (5.84) [22] 37.63 (2.07) [12] 97.36 (0.77) [7] 15.47 (1.11) [19] -3.08 (0.21) [28] 99.84 (0.31) [5] 52.34 (0.41) [28] 17.58 (2.82) [33] 6.61 (0.53) [34] 19.55 (0.71) [23] 64.44 (1.61) [13] 95.10 (2.46) [31] 100.00 (0.00) [1] 23.35 (0.78) [4] 30.32 (1.67) [10] 56.58 (1.66) [19]

DIF 12.07 (0.83) [25] 10.38 (0.59) [29] 46.82 (2.72) [35] -5.11 (1.21) [49] 89.12 (2.77) [25] 4.51 (0.79) [30] 16.85 (1.87) [5] 95.87 (4.14) [22] 28.63 (0.99) [41] 7.13 (0.88) [44] 0.72 (0.47) [46] 4.90 (0.77) [39] 5.12 (1.46) [46] 52.88 (6.28) [41] 72.75 (4.33) [35] 16.61 (1.13) [14] -0.55 (0.14) [43] 51.42 (1.02) [28]

DDPM 6.41 (1.08) [46] 7.72 (0.99) [38] 99.28 (0.79) [8] 21.81 (2.92) [29] 91.85 (0.91) [20] -1.90 (0.38) [43] -1.45 (1.06) [21] 93.98 (4.96) [26] 45.15 (0.74) [36] 4.46 (0.33) [48] 13.38 (0.36) [19] 13.85 (0.63) [33] 46.51 (1.20) [28] 98.95 (0.65) [28] 99.62 (0.46) [26] 8.19 (0.49) [27] 1.60 (0.23) [32] 54.10 (1.83) [24]

DTE-IG 29.78 (1.38) [1] 13.01 (19.56) [22] 40.43 (47.72) [36] 37.88 (3.71) [11] 67.21 (53.39) [38] 2.48 (3.18) [37] 0.72 (1.75) [12] 78.70 (41.20) [35] 8.35 (56.08) [49] 32.53 (14.18) [22] -4.77 (0.98) [51] -12.40 (0.16) [51] 3.95 (25.78) [47] 11.57 (44.21) [43] 58.74 (50.54) [38] 8.19 (9.84) [27] -2.70 (0.03) [51] 17.11 (28.77) [46]

DTE-C 24.11 (1.09) [5] 24.02 (1.58) [1] 80.95 (18.90) [24] 44.72 (4.72) [7] 95.24 (1.37) [14] 4.27 (0.54) [31] -2.80 (0.29) [26] 89.86 (6.75) [30] 78.02 (0.36) [4] 35.09 (3.37) [17] 9.57 (1.06) [26] 23.12 (0.92) [14] 49.57 (1.85) [26] 100.00 (0.00) [1] 100.00 (0.00) [1] 23.25 (0.94) [5] 9.83 (3.36) [20] 60.42 (2.31) [14]

DTENonParametric 13.26 (0.51) [19] 18.39 (0.46) [12] 91.02 (1.48) [17] 19.79 (0.70) [31] 97.08 (0.86) [8] 33.38 (1.55) [6] 1.29 (0.17) [9] 69.98 (7.74) [36] 71.06 (0.23) [11] 37.27 (2.53) [15] 5.26 (0.54) [35] 29.12 (0.76) [5] 67.89 (1.64) [7] 99.99 (0.01) [22] 31.63 (1.00) [42] 18.23 (0.74) [8] 30.17 (1.95) [11] 41.69 (0.59) [33]

MCM 16.70 (0.66) [15] 14.17 (1.00) [20] 96.24 (2.75) [12] 28.36 (1.01) [15] 89.38 (5.58) [24] 10.13 (1.06) [22] -3.41 (0.15) [36] 99.44 (1.12) [8] 79.55 (0.15) [2] 17.47 (1.70) [35] 7.84 (0.55) [28] 21.96 (0.75) [19] 66.25 (1.88) [9] 93.98 (7.31) [32] 100.00 (0.00) [1] 31.20 (0.76) [2] 21.12 (1.61) [14] 60.74 (1.44) [13]

3WNCROD 5.43 (0.93) [47] 10.80 (0.71) [26] 0.10 (0.09) [50] 0.05 (0.00) [43] -19.98 (2.41) [51] 4.98 (1.10) [28] 1.26 (1.04) [10] 47.76 (7.39) [39] 28.31 (0.51) [42] 5.22 (0.17) [47] 0.00 (0.00) [47] -0.01 (0.00) [48] -0.00 (0.00) [49] 0.00 (0.13) [48] 55.82 (3.60) [40] -9.86 (0.91) [51] -0.00 (0.00) [37] -3.07 (0.88) [50]

ODIN 16.82 (0.66) [12] 16.13 (0.61) [14] 76.68 (2.84) [26] -5.49 (1.45) [51] 74.79 (1.82) [34] -1.29 (0.60) [42] 31.07 (4.67) [3] 14.57 (1.61) [47] 26.34 (0.86) [44] -0.96 (0.07) [51] 4.08 (0.32) [39] 1.39 (0.38) [47] 6.26 (0.51) [45] 3.85 (0.17) [47] 9.35 (1.94) [48] 3.97 (1.18) [38] 1.46 (0.57) [33] 8.93 (0.75) [47]

NCSBAD 17.35 (0.40) [10] 22.31 (0.59) [7] 77.26 (31.27) [25] 55.83 (2.64) [2] 98.37 (0.19) [4] 18.78 (0.77) [17] -2.29 (0.35) [24] 99.33 (0.82) [9] 79.36 (0.26) [3] 24.89 (3.82) [28] 15.41 (0.74) [15] 18.15 (0.50) [27] 70.19 (1.31) [5] 100.00 (0.00) [1] 100.00 (0.00) [1] 29.26 (0.52) [3] 49.54 (3.15) [3] 49.88 (1.90) [30]

NCSBADVAL 24.48 (0.66) [4] 23.71 (0.29) [3] 99.99 (0.03) [3] 58.01 (2.03) [1] 98.43 (0.18) [3] 19.55 (0.76) [15] 2.83 (2.28) [8] 98.46 (2.56) [18] 80.99 (0.25) [1] 36.58 (11.25) [16] 18.83 (0.75) [10] 18.59 (0.48) [26] 70.27 (1.04) [4] 100.00 (0.00) [1] 100.00 (0.00) [1] 38.42 (1.57) [1] 55.94 (3.10) [2] 63.48 (1.48) [7]

Table 42: Mean, standard deviation and rank ADJ AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 2
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Model Parkinson pendigits pen-global pen-local Pima satellite satimage-2 seismic-bumps shuttle skin smtp SpamBase speech Stamps thyroid vertebral vowels Waveform

IForest 78.33 (3.61) [24] 55.18 (7.51) [16] 75.32 (4.38) [23] 0.86 (0.29) [31] 49.57 (3.05) [13] 65.22 (2.16) [24] 95.13 (0.55) [16] 5.16 (1.87) [30] 98.31 (0.42) [14] 45.53 (1.91) [21] 1.11 (0.10) [45] 70.16 (2.18) [3] 0.49 (1.18) [11] 56.44 (7.56) [21] 79.59 (5.60) [13] -2.64 (2.65) [38] 6.65 (2.66) [34] 5.77 (1.80) [24]

OCSVM 81.89 (2.74) [21] 48.98 (3.64) [20] 89.30 (0.98) [17] 0.27 (0.08) [38] 44.78 (5.52) [14] 62.83 (1.16) [28] 96.95 (0.61) [4] 4.33 (1.29) [32] 97.47 (0.32) [20] 48.23 (0.55) [17] 70.64 (14.53) [3] 58.55 (0.98) [19] -0.08 (0.49) [33] 63.96 (8.45) [13] 79.09 (2.24) [17] -0.81 (2.42) [29] 25.57 (3.61) [21] 6.36 (1.08) [22]

COPOD 25.50 (6.10) [39] 28.62 (3.15) [31] 28.10 (3.79) [44] 0.08 (0.03) [43] 42.61 (2.57) [19] 51.31 (0.65) [39] 87.80 (1.11) [29] 0.00 (0.00) [47] 98.23 (0.18) [15] 6.20 (0.38) [39] 1.09 (0.15) [46] 43.74 (1.82) [33] -0.33 (0.40) [46] 52.84 (2.83) [25] 32.27 (1.53) [45] -8.41 (2.45) [50] -0.09 (0.45) [47] 5.40 (0.79) [26]

ECOD -18.16 (9.03) [46] 39.74 (3.65) [21] 28.27 (4.06) [43] 0.10 (0.04) [41] 33.58 (3.27) [31] 43.96 (0.90) [43] 83.54 (1.73) [31] 0.00 (0.00) [47] 95.74 (0.23) [29] -4.97 (0.32) [46] 75.56 (9.12) [1] 39.13 (1.85) [35] 0.12 (0.61) [26] 45.50 (5.70) [33] 67.96 (1.25) [28] -2.69 (1.59) [39] 14.89 (1.80) [28] 2.69 (0.73) [39]

FeatureBagging 79.43 (4.82) [23] 82.84 (2.06) [9] 93.31 (3.03) [15] 41.96 (7.49) [2] 36.40 (5.96) [25] 72.61 (0.74) [8] 91.58 (1.65) [22] 14.94 (13.77) [18] 37.27 (27.39) [39] 22.82 (1.94) [31] 0.20 (0.05) [49] 24.34 (3.34) [41] 0.23 (0.52) [22] 64.24 (8.31) [12] 34.72 (18.74) [44] 10.12 (4.09) [12] 32.74 (5.50) [14] 26.74 (4.68) [2]

HBOS 92.58 (1.68) [13] 39.00 (4.38) [23] 33.86 (5.08) [37] 0.51 (0.12) [37] 53.95 (3.60) [8] 73.68 (0.72) [3] 88.38 (1.05) [27] 13.82 (2.57) [21] 97.02 (0.08) [21] 28.32 (0.67) [28] 1.32 (0.20) [42] 48.68 (1.97) [31] 0.59 (0.96) [9] 46.25 (3.54) [31] 77.09 (2.38) [20] -5.12 (3.11) [44] 2.07 (0.30) [40] 4.50 (0.66) [29]

KNN 90.02 (2.96) [15] 96.31 (0.67) [5] 99.61 (0.27) [6] 29.09 (5.89) [7] 52.85 (3.65) [11] 72.89 (1.02) [4] 97.05 (0.71) [3] 6.99 (1.01) [26] 97.74 (0.46) [19] 97.48 (0.55) [2] 57.92 (9.64) [9] 61.25 (0.98) [13] -0.07 (0.48) [32] 70.43 (10.02) [8] 81.89 (1.93) [2] 3.75 (3.79) [19] 26.45 (2.76) [19] 21.73 (2.75) [7]

LODA 64.36 (10.43) [34] 37.57 (10.22) [24] 42.31 (16.87) [33] 0.10 (0.07) [41] 22.52 (16.79) [37] 60.45 (1.89) [30] 94.05 (0.95) [18] -3.19 (2.83) [50] 36.93 (38.80) [40] 26.89 (10.56) [29] 9.53 (7.71) [34] 61.56 (8.04) [12] 0.22 (1.15) [23] 50.77 (9.01) [27] 66.04 (6.32) [29] -7.12 (2.18) [47] 5.95 (4.25) [37] 3.04 (1.23) [35]

LOF 77.29 (4.20) [26] 75.59 (2.34) [10] 93.51 (1.99) [13] 31.29 (8.01) [4] 34.07 (5.38) [28] 72.70 (0.79) [5] 89.35 (1.43) [24] 3.37 (0.22) [39] 99.78 (0.13) [4] 41.57 (2.78) [26] 57.33 (9.87) [15] 37.82 (1.43) [37] 0.44 (0.78) [13] 63.03 (9.58) [14] 60.01 (3.26) [33] 11.49 (2.64) [9] 33.36 (6.00) [12] 25.67 (2.93) [3]

MCD 73.61 (6.46) [30] 9.84 (1.09) [41] 41.23 (5.77) [34] 0.21 (0.03) [39] 36.64 (5.13) [24] 61.08 (5.85) [29] 98.16 (0.43) [1] 28.30 (6.03) [15] 90.02 (0.56) [33] 42.58 (0.68) [24] 1.19 (0.20) [44] 57.80 (1.15) [26] -0.10 (0.40) [39] 32.00 (6.93) [40] 80.86 (2.01) [9] -2.26 (2.86) [37] -2.43 (0.10) [48] 2.83 (0.84) [38]

PCA 73.73 (3.63) [29] 35.30 (3.11) [26] 45.63 (6.13) [31] 0.03 (0.03) [45] 44.38 (5.02) [16] 57.10 (1.05) [36] 92.06 (0.69) [21] -14.08 (0.00) [51] 95.86 (0.43) [27] 2.78 (0.34) [42] 57.47 (9.33) [13] 57.87 (1.10) [24] -0.09 (0.48) [36] 57.19 (7.79) [20] 81.81 (2.31) [4] -4.34 (2.16) [41] 5.97 (3.09) [36] 3.83 (0.87) [33]

DeepSVDD 98.62 (0.43) [8] 3.85 (3.76) [46] 76.79 (6.65) [22] 11.25 (12.19) [16] 17.76 (5.15) [41] 63.98 (2.74) [26] 78.65 (7.32) [33] 58.67 (5.20) [3] 97.84 (0.29) [18] 12.31 (1.96) [35] 43.41 (24.12) [25] 39.65 (5.28) [34] 0.67 (0.72) [8] 32.55 (9.49) [39] 63.82 (13.71) [31] 2.79 (4.22) [21] 11.64 (8.75) [31] 5.59 (4.91) [25]

INNE 88.33 (2.05) [18] 31.32 (4.49) [27] 92.03 (2.32) [16] 0.72 (0.10) [33] 43.46 (3.77) [18] 67.15 (1.76) [18] 96.83 (1.16) [6] 1.88 (0.84) [44] 98.69 (0.40) [11] 55.25 (4.15) [9] 58.05 (15.77) [8] 57.93 (1.16) [23] -0.48 (0.15) [49] 68.37 (11.54) [10] 79.50 (1.69) [15] -0.13 (1.90) [26] 38.73 (5.04) [8] 15.46 (2.40) [14]

KPCA 99.97 (0.06) [2] 92.86 (0.86) [7] 99.65 (0.11) [5] 13.96 (5.01) [15] 69.31 (2.13) [1] 69.67 (1.15) [15] 96.90 (0.60) [5] 25.35 (0.81) [16] 98.73 (0.34) [10] 95.36 (0.53) [3] 70.25 (15.23) [4] 63.59 (1.03) [8] 0.34 (0.58) [17] 92.39 (6.25) [1] 79.54 (2.01) [14] 57.91 (7.98) [1] 25.84 (2.68) [20] 15.83 (1.89) [13]

KDE 99.88 (0.06) [4] 96.71 (0.66) [4] 99.81 (0.08) [2] 29.69 (3.06) [6] 60.43 (2.39) [2] 71.51 (1.09) [11] 95.90 (0.77) [10] 6.54 (1.44) [28] 98.10 (0.29) [16] 46.15 (0.48) [19] 70.22 (15.23) [5] 62.52 (1.34) [9] 1.46 (0.41) [3] 91.87 (5.67) [2] 80.47 (1.40) [11] -4.35 (2.45) [42] 24.38 (2.62) [23] 23.22 (2.58) [5]

GMM 99.08 (0.49) [7] 12.58 (1.20) [40] 96.29 (1.22) [11] 0.93 (0.20) [29] 44.65 (4.27) [15] 69.79 (1.19) [14] 86.31 (1.25) [30] 61.28 (3.01) [2] 96.45 (0.37) [24] 45.79 (0.76) [20] 45.45 (10.48) [23] 56.47 (1.15) [28] 0.34 (0.61) [17] 59.26 (9.44) [18] 80.84 (2.49) [10] -1.54 (2.41) [32] 36.23 (4.84) [11] 3.02 (0.88) [37]

CBLOF 89.19 (2.19) [16] 49.42 (4.81) [19] 72.35 (5.38) [26] 1.65 (0.27) [24] 41.26 (6.54) [21] 55.56 (1.04) [37] 96.74 (0.65) [7] 4.01 (2.13) [34] 96.45 (0.56) [24] 53.01 (0.60) [12] 56.96 (11.00) [18] 58.26 (1.43) [21] -0.20 (0.42) [42] 61.49 (10.92) [17] 81.87 (2.50) [3] 3.16 (3.26) [20] 17.78 (5.45) [24] 17.87 (4.05) [11]

SOD 4.48 (6.84) [41] 4.79 (1.15) [45] 38.40 (7.34) [35] 14.77 (6.55) [13] 8.18 (3.13) [47] 12.64 (1.36) [49] 23.34 (2.78) [44] 22.33 (3.48) [17] 7.72 (0.48) [46] 5.11 (0.64) [40] 44.37 (10.39) [24] 28.92 (1.18) [39] 0.11 (0.86) [27] 10.34 (7.55) [48] 30.38 (0.84) [46] -7.60 (1.60) [48] 41.02 (3.57) [6] 3.97 (1.18) [32]

LUNAR 98.56 (1.40) [9] 98.86 (0.20) [1] 99.69 (0.17) [3] 54.29 (10.11) [1] 56.13 (4.21) [6] 72.67 (0.96) [7] 95.39 (1.19) [14] 46.16 (1.92) [7] 99.86 (0.02) [2] 95.17 (1.16) [4] 70.20 (15.23) [6] 57.17 (2.36) [27] 0.70 (0.60) [7] 81.78 (6.64) [5] 79.60 (1.56) [12] 23.52 (7.25) [5] 37.20 (2.67) [10] 22.34 (3.88) [6]

SOGAAL -7.13 (61.23) [43] 15.13 (7.20) [38] 7.42 (10.71) [51] -0.05 (0.03) [50] -14.57 (12.99) [50] 47.94 (5.50) [40] 15.19 (4.22) [46] 3.33 (8.02) [41] -6.56 (1.46) [50] 15.00 (2.83) [34] 0.08 (0.03) [51] 4.75 (9.69) [46] -0.31 (0.63) [45] 48.97 (16.48) [30] 47.21 (6.82) [37] 8.83 (4.67) [14] -2.51 (1.04) [49] 0.54 (0.82) [45]

ALAD 50.90 (19.25) [37] -0.20 (2.16) [50] 14.90 (6.94) [48] 4.21 (8.53) [18] 19.26 (9.07) [40] 5.63 (7.53) [50] 2.09 (2.50) [50] 3.30 (1.76) [42] 28.40 (32.96) [43] 21.45 (22.15) [32] 15.63 (12.21) [32] 25.63 (16.14) [40] 0.58 (0.60) [10] 16.38 (16.16) [45] 39.70 (21.46) [42] 10.23 (16.68) [11] 4.83 (7.00) [39] 2.58 (1.88) [40]

AE 81.47 (2.69) [22] 70.29 (1.93) [12] 98.91 (0.56) [9] 1.56 (0.29) [25] 39.01 (3.69) [23] 69.24 (1.02) [16] 97.08 (0.56) [2] 3.90 (0.86) [37] 96.79 (0.40) [23] 43.67 (7.78) [22] 57.43 (9.13) [14] 59.54 (0.93) [17] -0.09 (0.43) [36] 68.61 (7.47) [9] 58.51 (0.87) [35] 6.09 (2.67) [17] 41.56 (3.58) [5] 7.86 (0.91) [20]

CD -17.38 (8.92) [45] 1.05 (0.27) [49] 33.56 (4.83) [38] 0.85 (0.16) [32] 33.86 (3.94) [30] 17.39 (1.08) [47] 31.11 (1.75) [42] 46.51 (10.77) [6] 36.74 (1.68) [41] 15.65 (0.60) [33] 18.31 (12.58) [29] -0.00 (6.84) [47] 0.28 (0.59) [20] 23.37 (8.93) [42] 27.39 (0.91) [47] -1.16 (3.16) [30] 43.80 (5.98) [4] 2.37 (1.14) [42]

MOGAAL -16.21 (53.08) [44] 20.25 (8.05) [33] 10.40 (14.80) [49] -0.04 (0.02) [48] -20.56 (8.10) [51] 46.34 (5.40) [42] 28.72 (16.86) [43] 5.86 (12.56) [29] -6.81 (0.51) [51] -7.23 (7.59) [50] 0.12 (0.02) [50] 8.51 (11.23) [45] -0.37 (0.44) [48] 37.02 (10.84) [38] 45.58 (17.32) [38] 9.94 (7.16) [13] -2.88 (0.47) [50] 1.12 (0.70) [44]

QMCD 60.53 (4.33) [35] 23.88 (2.90) [32] 9.59 (2.95) [50] 1.69 (0.34) [23] 56.80 (5.35) [4] 66.00 (0.98) [22] 94.92 (0.44) [17] 33.21 (4.68) [12] 64.79 (0.64) [37] 3.08 (0.45) [41] 5.20 (4.07) [37] 48.11 (1.48) [32] 0.71 (0.31) [6] 45.53 (0.77) [32] 36.08 (3.67) [43] -5.03 (2.28) [43] -0.02 (0.31) [46] 6.00 (0.93) [23]

Sampling 88.42 (3.58) [17] 39.34 (10.38) [22] 78.89 (14.80) [21] 1.08 (0.57) [27] 40.79 (10.42) [22] 64.48 (5.15) [25] 95.33 (3.74) [15] 4.01 (2.15) [34] 96.11 (0.54) [26] 52.92 (3.45) [13] 51.01 (21.17) [20] 58.46 (1.84) [20] 0.08 (0.69) [28] 55.86 (11.23) [22] 79.17 (5.31) [16] -1.18 (3.90) [31] 5.82 (4.38) [38] 10.12 (2.04) [16]

EIF 86.76 (1.95) [19] 54.33 (5.77) [17] 83.82 (2.97) [19] 0.69 (0.41) [34] 51.11 (4.80) [12] 65.47 (1.39) [23] 96.03 (1.15) [9] 10.63 (0.81) [23] 98.60 (0.63) [12] 49.45 (2.08) [14] 1.25 (0.43) [43] 74.73 (1.72) [1] -0.05 (0.75) [31] 58.61 (6.08) [19] 81.44 (3.59) [7] -1.84 (2.27) [35] 10.42 (2.85) [32] 7.67 (2.58) [21]

Ensemble 77.29 (4.20) [26] 75.59 (2.34) [10] 93.51 (1.99) [13] 31.29 (8.01) [4] 34.07 (5.38) [28] 72.70 (0.79) [5] 89.35 (1.43) [24] 3.37 (0.22) [39] 99.78 (0.13) [4] 41.57 (2.78) [26] 57.33 (9.87) [15] 37.82 (1.43) [37] 0.44 (0.78) [13] 63.03 (9.58) [14] 60.01 (3.26) [33] 11.49 (2.64) [9] 33.36 (6.00) [12] 25.67 (2.93) [3]

GEN2OUT 82.47 (2.96) [20] 56.08 (5.05) [15] 68.39 (3.79) [28] 0.67 (0.32) [35] 53.51 (3.67) [10] 66.76 (0.86) [20] 95.46 (0.65) [11] 12.15 (4.02) [22] 98.52 (0.12) [13] 48.63 (2.62) [16] 75.05 (9.87) [2] 70.62 (3.90) [2] -0.27 (0.22) [44] 62.91 (3.54) [16] 82.54 (5.05) [1] -1.75 (2.78) [34] 13.34 (4.34) [29] 5.12 (1.35) [27]

DynamicHBOS 67.48 (2.58) [32] 19.33 (1.56) [34] 17.64 (4.67) [47] 0.18 (0.08) [40] 24.81 (5.14) [35] 40.17 (1.09) [44] 17.25 (1.05) [45] 4.38 (0.92) [31] 52.42 (0.40) [38] 8.98 (0.60) [37] 0.38 (0.09) [48] 21.54 (0.48) [43] -0.18 (0.05) [41] 41.83 (6.85) [35] 26.75 (1.12) [48] -0.33 (2.87) [28] 1.16 (0.64) [43] 0.47 (0.26) [47]

COF -48.26 (5.96) [48] 1.31 (0.46) [47] 29.22 (11.00) [41] 21.39 (4.52) [11] 1.79 (7.86) [49] 13.55 (1.69) [48] 5.85 (0.88) [47] 38.43 (5.00) [10] 7.04 (0.68) [47] -1.09 (0.43) [43] 14.33 (6.49) [33] -19.42 (1.84) [51] -0.92 (0.14) [51] 11.48 (7.42) [47] 7.99 (1.14) [50] -5.39 (2.43) [46] 44.05 (5.53) [3] 7.90 (2.08) [19]

ABOD -63.05 (25.77) [49] 88.73 (1.85) [8] 68.88 (3.75) [27] 18.74 (9.10) [12] 27.22 (1.51) [33] 72.21 (0.98) [9] 88.15 (1.62) [28] 13.93 (0.60) [20] 99.85 (0.12) [3] -10.81 (0.30) [51] 1.46 (0.23) [41] 59.93 (0.98) [15] 0.07 (0.34) [29] 8.11 (2.61) [50] 41.49 (2.58) [40] -8.76 (2.02) [51] 26.59 (3.31) [18] 11.77 (1.29) [15]

LMDD 35.76 (10.27) [38] 30.85 (4.52) [29] 28.76 (6.68) [42] 0.01 (0.06) [47] 26.28 (15.72) [34] 28.70 (16.99) [46] 2.55 (1.61) [49] 2.71 (1.30) [43] 95.37 (0.88) [30] -1.96 (9.59) [44] 18.04 (20.89) [30] 9.73 (1.19) [44] 0.80 (0.90) [5] 50.73 (5.84) [28] 77.15 (3.81) [19] -4.25 (1.47) [40] 0.43 (0.72) [45] 2.46 (1.10) [41]

DAGMM 55.07 (25.25) [36] 9.17 (10.99) [43] 34.42 (14.18) [36] 0.04 (0.09) [44] 12.43 (13.18) [44] 57.47 (9.39) [35] 51.37 (23.21) [39] 0.23 (2.10) [46] 67.17 (28.33) [36] 23.64 (30.74) [30] 19.18 (29.04) [28] 38.55 (7.79) [36] 0.44 (0.71) [13] 39.66 (22.18) [37] 68.25 (10.90) [27] -0.25 (2.60) [27] 0.45 (2.13) [44] 0.51 (1.40) [46]

DROCC 5.50 (43.81) [40] 4.84 (3.88) [44] 31.26 (19.66) [40] 3.56 (2.17) [19] 2.33 (19.12) [48] 51.85 (15.48) [38] 44.55 (24.93) [40] 4.01 (4.71) [34] 0.00 (0.00) [49] 47.01 (2.22) [18] 8.91 (17.81) [35] 50.56 (6.75) [30] 0.41 (0.36) [16] 13.55 (18.35) [46] 77.60 (6.46) [18] 6.87 (15.22) [16] 10.02 (11.81) [33] 19.81 (3.20) [8]

GOAD 77.64 (3.53) [25] 29.14 (6.31) [30] 61.76 (6.91) [30] 0.57 (0.09) [36] 34.93 (18.14) [27] 59.87 (1.60) [32] 96.12 (0.55) [8] 3.53 (0.97) [38] 73.15 (7.71) [35] 9.94 (3.83) [36] 30.77 (11.16) [27] 58.12 (0.62) [22] -0.33 (0.21) [46] 50.31 (14.33) [29] 81.63 (1.84) [6] 1.44 (3.03) [23] 17.36 (4.52) [25] 4.38 (1.95) [30]

ICL 99.84 (0.29) [6] 69.16 (8.67) [13] 96.18 (1.50) [12] 25.23 (13.18) [9] 58.15 (5.61) [3] 75.51 (1.46) [2] 95.41 (0.92) [13] 40.28 (8.12) [9] 99.56 (0.18) [8] -5.61 (2.98) [48] 8.62 (7.22) [36] 66.98 (1.00) [5] 0.84 (1.54) [4] 76.00 (6.07) [7] 44.06 (9.72) [39] 42.14 (7.33) [2] 26.71 (13.66) [17] 17.55 (2.39) [12]

PlanarFlow 94.83 (4.23) [10] 18.08 (14.82) [36] 72.90 (6.36) [24] 3.46 (3.54) [21] 42.00 (9.96) [20] 59.90 (3.78) [31] 61.82 (8.41) [38] 76.01 (14.52) [1] 31.82 (4.23) [42] 48.77 (12.88) [15] 1.07 (0.50) [47] 61.83 (2.95) [10] 0.25 (0.61) [21] 53.51 (10.32) [24] 74.91 (11.25) [24] -0.09 (5.50) [25] 1.38 (4.12) [42] 19.59 (1.21) [9]

VAE 73.51 (3.81) [31] 35.97 (3.32) [25] 45.47 (6.19) [32] 0.03 (0.03) [45] 43.71 (5.45) [17] 63.34 (1.08) [27] 92.89 (0.64) [20] 4.11 (1.17) [33] 95.86 (0.43) [27] 8.65 (0.42) [38] 57.71 (9.68) [11] 57.86 (1.10) [25] -0.09 (0.48) [36] 55.71 (7.73) [23] 81.78 (2.30) [5] -5.22 (1.97) [45] 5.98 (2.92) [35] 3.83 (0.85) [33]

GANomaly 74.95 (2.74) [28] 9.83 (12.74) [42] 65.87 (11.03) [29] 0.99 (0.90) [28] 24.37 (4.75) [36] 58.35 (5.95) [34] 90.56 (3.18) [23] 43.60 (12.02) [8] 86.49 (13.18) [34] -2.07 (4.31) [45] 16.02 (32.01) [31] 59.79 (2.60) [16] 0.33 (0.99) [19] 22.90 (13.49) [43] 57.54 (21.46) [36] 1.63 (4.20) [22] 12.92 (11.43) [30] 9.00 (4.55) [17]

SLAD 99.97 (0.04) [2] 31.21 (2.22) [28] 97.28 (1.88) [10] 4.30 (0.53) [17] 20.85 (8.95) [38] 77.45 (1.00) [1] 95.43 (0.79) [12] 14.11 (0.71) [19] 97.97 (0.26) [17] 67.71 (12.38) [7] 57.77 (9.68) [10] 67.09 (1.31) [4] -0.08 (0.31) [33] 43.22 (13.16) [34] 75.44 (3.70) [23] -1.54 (5.29) [32] 28.49 (1.39) [15] -0.56 (0.11) [50]

DIF -0.26 (16.59) [42] 18.81 (0.82) [35] 79.86 (6.86) [20] 1.45 (0.23) [26] 12.82 (3.40) [43] 29.51 (1.10) [45] 5.54 (0.44) [48] 10.03 (0.49) [24] 94.64 (0.63) [31] 43.66 (2.74) [23] 56.99 (9.74) [17] -15.70 (1.16) [50] 0.20 (0.48) [24] 40.85 (9.73) [36] 60.84 (3.92) [32] 7.07 (2.97) [15] 39.43 (3.39) [7] 0.25 (0.32) [48]

DDPM 67.41 (2.87) [33] 14.50 (1.20) [39] 72.66 (2.26) [25] 0.90 (0.54) [30] 20.47 (3.76) [39] 66.91 (1.22) [19] 68.00 (2.20) [36] 6.88 (0.62) [27] 97.00 (0.45) [22] 54.44 (1.33) [10] 37.37 (23.36) [26] 55.67 (0.98) [29] 1.68 (1.69) [2] 30.07 (8.58) [41] 73.87 (5.31) [25] 0.59 (2.95) [24] 17.11 (3.85) [26] -0.33 (0.37) [49]

DTE-IG -76.73 (84.96) [51] -2.21 (0.02) [51] 32.64 (53.63) [39] -0.11 (0.01) [51] 10.97 (24.54) [45] 66.20 (1.81) [21] 62.83 (10.42) [37] 29.49 (29.34) [14] 14.14 (42.84) [45] 41.73 (52.73) [25] 2.77 (4.32) [38] 21.81 (27.72) [42] 4.14 (1.37) [1] 19.35 (30.23) [44] 8.83 (5.45) [49] 18.77 (16.31) [6] -3.10 (0.06) [51] -1.82 (0.35) [51]

DTE-C 92.22 (7.36) [14] 51.52 (1.60) [18] 99.20 (0.47) [8] 3.48 (0.73) [20] 32.37 (6.23) [32] 69.15 (1.09) [17] 69.89 (6.05) [35] 37.78 (1.99) [11] 93.88 (0.68) [32] 53.76 (1.19) [11] 57.71 (9.70) [11] 61.63 (0.82) [11] -0.15 (0.31) [40] 52.76 (9.58) [26] 81.36 (5.82) [8] 12.41 (7.56) [8] 38.40 (3.88) [9] 7.91 (1.55) [18]

DTENonParametric 93.30 (3.91) [12] 97.25 (0.77) [3] 99.83 (0.07) [1] 41.28 (6.05) [3] 56.44 (2.91) [5] 72.15 (1.20) [10] 83.33 (1.02) [32] 7.96 (0.77) [25] 98.81 (0.18) [9] 98.16 (0.47) [1] 50.86 (6.86) [21] 60.14 (0.70) [14] 0.04 (0.00) [30] 78.94 (7.27) [6] 64.38 (1.56) [30] 15.88 (4.83) [7] 16.47 (3.28) [27] 19.03 (2.63) [10]

MCM 93.57 (1.57) [11] 60.94 (2.29) [14] 88.10 (5.99) [18] 14.48 (2.90) [14] 36.16 (6.12) [26] 58.73 (1.28) [33] 36.94 (1.35) [41] 0.44 (0.73) [45] 99.77 (0.07) [6] 60.34 (4.19) [8] 54.15 (15.45) [19] 58.77 (1.13) [18] -0.25 (0.39) [43] 65.49 (8.68) [11] 75.57 (2.81) [22] 5.20 (3.70) [18] 27.82 (1.26) [16] 45.65 (1.58) [1]

3WNCROD -65.38 (5.81) [50] 17.97 (2.43) [37] 21.29 (2.04) [46] -0.04 (0.02) [48] 10.17 (5.91) [46] 47.68 (1.39) [41] 77.07 (2.76) [34] 0.00 (0.00) [47] 27.78 (0.92) [44] -5.01 (0.18) [47] 1.86 (0.18) [39] -0.00 (0.00) [47] 0.18 (0.32) [25] 3.37 (2.57) [51] 40.64 (2.62) [41] -7.95 (1.08) [49] 1.95 (4.94) [41] 3.04 (0.42) [35]

ODIN -44.69 (12.43) [47] 1.20 (0.41) [48] 23.59 (2.36) [45] 2.51 (0.67) [22] 15.37 (6.24) [42] -1.43 (0.41) [51] 1.92 (0.71) [51] 32.55 (2.28) [13] 1.44 (0.13) [48] -6.29 (0.28) [49] 1.65 (0.35) [40] -5.61 (1.79) [49] -0.08 (0.12) [33] 8.65 (5.47) [49] 2.57 (0.44) [51] -1.99 (1.93) [36] 24.69 (5.39) [22] 1.95 (0.25) [43]

NCSBAD 99.99 (0.03) [1] 94.46 (1.44) [6] 99.67 (0.32) [4] 26.13 (8.39) [8] 55.80 (1.65) [7] 70.73 (1.11) [12] 93.68 (0.92) [19] 50.82 (2.43) [5] 99.76 (0.19) [7] 89.42 (1.23) [6] 61.34 (14.53) [7] 65.83 (1.15) [7] 0.45 (0.45) [12] 86.13 (5.86) [4] 68.72 (2.35) [26] 38.18 (3.70) [4] 49.78 (3.45) [2] 4.05 (0.91) [31]

NCSBADVAL 99.85 (0.22) [5] 97.99 (1.85) [2] 99.59 (0.46) [7] 23.06 (8.00) [10] 53.60 (4.92) [9] 70.38 (1.23) [13] 89.34 (4.10) [26] 55.25 (2.41) [4] 99.97 (0.01) [1] 93.71 (1.30) [5] 48.75 (7.67) [22] 66.35 (1.72) [6] -0.50 (0.17) [50] 87.49 (6.36) [3] 75.64 (6.69) [21] 39.48 (5.25) [3] 50.40 (6.22) [1] 4.51 (1.13) [28]

Table 43: Mean, standard deviation and rank ADJ AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 3
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Model WBC wbc2 WDBC Wilt wine WPBC yeast yeast6 CIFAR10 0 CIFAR10 1 CIFAR10 2 CIFAR10 3 CIFAR10 4 CIFAR10 5 CIFAR10 6 CIFAR10 7 CIFAR10 8 CIFAR10 9

IForest 95.96 (2.71) [9] 70.76 (9.80) [27] 89.45 (4.23) [25] -1.48 (0.68) [35] 63.27 (11.73) [30] 8.06 (6.96) [31] -8.59 (1.49) [45] 5.53 (1.29) [9] 13.97 (1.78) [26] 0.71 (0.44) [39] 3.54 (0.40) [29] 2.22 (0.78) [34] 20.60 (1.44) [29] 0.94 (0.23) [40] 8.85 (1.24) [28] 10.71 (1.09) [29] 8.94 (0.72) [30] 10.95 (1.10) [32]

OCSVM 96.68 (1.54) [7] 77.87 (3.88) [17] 94.74 (2.64) [12] -3.31 (0.15) [48] 86.10 (5.68) [18] 8.52 (6.48) [28] -6.33 (1.55) [30] 5.25 (1.23) [14] 16.46 (1.23) [16] 5.73 (1.27) [22] 4.50 (0.53) [19] 4.40 (1.54) [15] 24.52 (2.31) [19] 4.19 (0.48) [16] 11.22 (1.02) [19] 13.27 (1.18) [13] 12.00 (0.58) [21] 15.51 (0.97) [15]

COPOD 95.34 (2.39) [12] 83.85 (2.51) [8] 94.70 (3.41) [13] -3.56 (0.08) [50] 52.26 (7.77) [35] 5.29 (6.15) [36] -8.45 (1.22) [43] 12.06 (3.42) [1] 13.06 (0.94) [31] -0.71 (0.46) [49] 2.68 (0.33) [37] 0.70 (0.94) [43] 0.01 (0.00) [48] -0.54 (0.38) [49] 6.25 (0.45) [37] 3.71 (4.54) [43] 0.01 (0.00) [46] 0.01 (0.00) [47]

ECOD 95.62 (2.01) [11] 64.10 (5.14) [31] 75.31 (2.74) [32] -2.47 (0.18) [41] 27.01 (7.54) [41] 0.83 (4.59) [42] -3.13 (1.16) [16] 3.57 (1.03) [30] 13.81 (0.94) [28] 0.19 (0.54) [43] 3.14 (0.34) [33] 1.56 (1.06) [40] 0.01 (0.00) [48] 0.28 (0.34) [44] 7.11 (0.47) [35] 4.30 (5.25) [40] 0.01 (0.00) [46] 0.01 (0.00) [47]

FeatureBagging 6.56 (8.53) [46] 79.63 (4.89) [13] 97.46 (1.73) [7] 10.18 (7.34) [9] 87.91 (5.94) [17] 8.20 (3.81) [30] -2.65 (1.82) [14] 3.58 (1.06) [29] 18.06 (1.36) [6] 13.89 (2.17) [3] 6.28 (0.82) [3] 6.07 (1.62) [1] 25.39 (2.33) [8] 7.26 (0.88) [3] 15.64 (1.44) [3] 15.75 (1.58) [3] 15.65 (0.72) [2] 19.07 (1.92) [1]

HBOS 91.88 (3.75) [17] 76.35 (6.68) [19] 89.30 (4.64) [26] -2.57 (0.19) [44] 74.46 (13.95) [25] 11.27 (6.22) [23] -2.39 (1.31) [13] 5.30 (1.46) [11] 12.53 (1.07) [32] -1.94 (0.30) [51] 2.11 (0.31) [41] 0.06 (0.81) [48] 17.72 (1.75) [35] -1.59 (0.12) [51] 4.55 (0.36) [41] 6.54 (0.66) [37] 5.83 (0.64) [36] 6.28 (0.97) [39]

KNN 89.72 (5.98) [19] 75.61 (5.48) [21] 91.52 (4.22) [19] 2.17 (0.36) [19] 94.61 (3.00) [12] 16.35 (4.93) [17] -6.03 (1.49) [28] 4.58 (0.88) [19] 17.23 (1.10) [11] 5.86 (1.18) [21] 4.70 (0.63) [17] 3.99 (1.43) [22] 25.70 (2.09) [6] 3.70 (0.50) [22] 12.36 (1.09) [15] 13.03 (1.35) [17] 12.37 (0.89) [17] 15.41 (0.95) [17]

LODA 75.03 (17.92) [28] 62.30 (9.15) [32] 70.37 (19.52) [33] -2.55 (0.80) [43] 53.65 (14.58) [34] 4.47 (6.23) [38] -4.93 (5.66) [23] 2.45 (1.53) [34] 12.17 (3.27) [34] 3.74 (2.07) [32] 3.44 (0.60) [30] 1.74 (1.09) [37] 17.84 (2.15) [34] 2.97 (1.96) [28] 7.17 (2.37) [33] 12.42 (1.96) [23] 8.44 (3.47) [33] 12.51 (2.62) [28]

LOF 18.62 (3.89) [42] 79.13 (4.66) [15] 97.08 (1.87) [8] 5.81 (0.86) [13] 89.46 (4.40) [15] 8.64 (3.78) [26] -4.52 (1.69) [19] 3.86 (0.35) [25] 17.88 (1.01) [8] 14.19 (1.87) [1] 6.35 (0.85) [1] 5.94 (1.57) [2] 24.74 (2.15) [16] 7.33 (1.01) [1] 15.25 (1.50) [4] 15.77 (1.31) [1] 15.58 (0.68) [3] 19.03 (1.44) [2]

MCD 87.51 (8.37) [22] 56.61 (9.88) [34] 68.03 (4.83) [34] 12.42 (0.61) [7] 76.36 (10.54) [24] 15.05 (5.62) [18] -9.57 (1.20) [48] 1.90 (0.68) [37] 12.38 (0.84) [33] 5.18 (2.42) [24] 3.21 (0.31) [32] 2.31 (0.41) [33] 17.42 (1.15) [36] 2.33 (0.56) [34] 6.55 (0.88) [36] 8.00 (1.34) [35] 5.38 (0.63) [38] 9.05 (2.08) [35]

PCA 94.31 (1.72) [15] 73.78 (6.30) [25] 90.19 (4.17) [24] -4.05 (0.17) [51] 65.44 (9.90) [27] 6.83 (6.40) [33] -8.44 (1.49) [42] 5.46 (1.46) [10] 16.30 (1.17) [18] 4.97 (1.18) [27] 4.36 (0.51) [22] 4.11 (1.41) [19] 24.84 (2.05) [14] 3.88 (0.43) [19] 11.00 (0.97) [22] 12.89 (1.20) [18] 12.15 (0.77) [19] 15.13 (0.97) [19]

DeepSVDD 57.14 (10.71) [35] 83.42 (5.88) [10] 90.70 (5.50) [21] -3.44 (0.14) [49] 81.22 (9.34) [22] 55.96 (5.09) [8] -4.95 (6.57) [24] 7.48 (14.44) [5] 7.15 (0.71) [41] 1.00 (0.40) [36] 1.54 (1.29) [43] 1.71 (0.67) [38] 12.68 (1.31) [37] 2.48 (0.90) [33] 5.90 (2.25) [38] 4.66 (1.15) [39] 4.75 (2.06) [40] 7.90 (3.41) [37]

INNE 71.84 (8.84) [30] 80.77 (3.68) [12] 98.42 (1.07) [2] -2.52 (0.19) [42] 81.43 (11.95) [21] 7.75 (4.82) [32] -6.27 (1.20) [29] 4.03 (0.92) [24] 17.30 (1.41) [10] 11.49 (1.84) [4] 5.83 (0.89) [5] 5.63 (1.57) [4] 22.38 (1.95) [24] 5.86 (1.03) [4] 13.30 (0.92) [10] 12.57 (1.83) [22] 16.00 (1.29) [1] 16.54 (1.36) [9]

KPCA 98.72 (2.57) [1] 91.15 (4.21) [3] 97.94 (1.35) [4] 7.44 (0.54) [11] 99.81 (0.37) [4] 82.59 (9.64) [4] -6.45 (1.66) [31] 3.65 (0.84) [28] 18.18 (1.29) [5] 6.89 (1.28) [17] 5.04 (0.68) [14] 4.76 (1.62) [11] 25.27 (2.35) [9] 4.49 (0.58) [14] 13.21 (1.11) [11] 13.44 (1.44) [10] 12.44 (0.59) [15] 16.25 (0.71) [11]

KDE 98.68 (1.94) [2] 90.60 (3.31) [5] 97.76 (1.42) [5] -2.95 (0.17) [46] 99.88 (0.24) [3] 82.53 (8.81) [5] -7.68 (1.58) [37] 5.30 (1.02) [11] 13.82 (1.33) [27] 4.35 (1.11) [30] 2.43 (0.73) [39] 3.55 (1.40) [27] 20.75 (2.29) [27] 3.21 (0.46) [26] 9.57 (1.42) [25] 8.35 (1.35) [34] 7.57 (1.35) [34] 11.53 (1.26) [30]

GMM 84.43 (6.94) [23] 81.84 (3.11) [11] 97.07 (1.64) [10] 18.90 (0.60) [5] 94.78 (3.71) [11] 18.32 (4.83) [15] -8.28 (1.34) [40] 3.68 (0.88) [27] 17.95 (1.24) [7] 9.26 (1.48) [6] 5.27 (0.70) [11] 5.52 (1.59) [5] 27.57 (2.32) [2] 5.30 (0.63) [6] 15.01 (1.30) [6] 13.69 (0.81) [9] 13.55 (0.74) [11] 18.18 (1.27) [5]

CBLOF 88.74 (5.59) [21] 75.06 (4.88) [23] 89.14 (5.91) [27] -2.17 (0.16) [38] 85.97 (4.43) [19] 14.11 (4.68) [19] -0.65 (0.96) [9] 3.33 (0.83) [31] 16.81 (1.39) [14] 6.26 (1.26) [19] 4.63 (0.73) [18] 4.81 (1.24) [10] 25.25 (2.25) [10] 4.26 (0.59) [15] 11.79 (1.03) [17] 13.07 (1.33) [15] 12.87 (0.78) [14] 15.47 (1.00) [16]

SOD 55.65 (5.24) [36] 46.00 (4.24) [38] 24.16 (4.56) [41] 0.05 (0.48) [26] -6.20 (0.71) [50] -13.39 (1.61) [49] -9.22 (2.26) [47] 1.16 (0.78) [40] 14.37 (2.05) [24] 5.11 (1.49) [25] 4.22 (0.81) [25] 3.11 (1.30) [29] 20.11 (1.60) [31] 2.49 (0.21) [32] 8.50 (0.78) [31] 11.13 (1.35) [27] 9.50 (1.55) [27] 13.62 (1.00) [24]

LUNAR 97.96 (1.73) [4] 87.03 (4.53) [6] 97.63 (1.53) [6] 1.50 (0.94) [21] 99.68 (0.63) [5] 68.84 (9.63) [7] -6.90 (2.25) [34] 4.48 (0.88) [21] 19.30 (1.40) [1] 6.51 (1.56) [18] 5.99 (0.55) [4] 5.40 (1.75) [6] 28.01 (2.74) [1] 3.14 (0.66) [27] 14.60 (0.80) [8] 14.47 (1.57) [5] 15.37 (1.40) [5] 19.02 (0.63) [4]

SOGAAL 1.95 (5.70) [47] -3.67 (3.10) [50] 3.38 (8.38) [48] -0.94 (1.51) [31] -3.85 (4.66) [47] 5.12 (6.16) [37] -5.68 (4.11) [25] 4.90 (2.44) [17] 3.06 (1.96) [46] 0.47 (1.10) [41] 2.37 (1.20) [40] 0.61 (2.27) [44] 7.84 (1.52) [43] 3.22 (3.64) [25] 3.12 (3.10) [44] 3.02 (1.59) [45] 1.88 (2.73) [42] 3.01 (1.69) [43]

ALAD 28.32 (3.53) [40] 10.44 (7.35) [43] 12.96 (10.23) [43] -2.28 (1.17) [39] 2.14 (9.95) [43] -3.40 (3.65) [45] -10.06 (7.45) [49] 4.37 (7.49) [22] 2.12 (1.78) [49] -0.20 (0.18) [46] 0.83 (0.94) [45] 0.01 (0.71) [50] 3.37 (2.57) [47] -0.03 (0.84) [46] -1.18 (1.51) [49] 2.85 (0.76) [46] -0.35 (0.57) [49] 1.25 (1.17) [45]

AE 80.14 (5.75) [25] 83.65 (5.05) [9] 94.03 (4.26) [14] 0.37 (0.24) [24] 96.54 (2.01) [10] 8.33 (4.47) [29] -7.52 (1.19) [36] 5.30 (0.88) [11] 17.07 (1.13) [12] 8.03 (1.50) [14] 5.29 (0.68) [9] 5.38 (1.55) [7] 25.65 (2.16) [7] 5.04 (0.76) [9] 12.77 (1.16) [13] 13.81 (1.39) [7] 13.82 (0.75) [8] 16.32 (1.17) [10]

CD 64.17 (6.46) [33] 35.85 (3.70) [40] 27.10 (5.76) [39] 1.60 (0.48) [20] -4.82 (0.90) [48] -10.72 (3.34) [47] -12.93 (0.60) [50] 2.10 (1.34) [36] 14.14 (1.10) [25] 6.07 (1.34) [20] 3.84 (0.48) [27] 3.79 (1.00) [25] 20.97 (2.91) [26] 2.91 (0.77) [29] 8.88 (2.28) [27] 10.37 (1.42) [30] 8.90 (1.91) [31] 14.29 (2.83) [23]

MOGAAL -3.75 (0.78) [51] -5.41 (0.43) [51] -1.86 (0.94) [51] -0.05 (1.37) [28] -6.50 (0.92) [51] -1.79 (4.85) [44] -8.00 (3.80) [38] 2.67 (3.25) [33] 3.01 (1.87) [47] 0.65 (1.04) [40] 2.44 (1.17) [38] 0.93 (2.57) [42] 8.08 (2.91) [42] 4.00 (4.50) [18] 2.65 (3.13) [45] 3.10 (1.61) [44] 1.51 (2.29) [43] 3.02 (1.44) [42]

QMCD 15.59 (6.09) [44] 28.31 (5.57) [42] 23.80 (5.34) [42] -2.91 (0.18) [45] 24.76 (8.89) [42] 14.03 (6.60) [20] -6.60 (0.80) [32] 8.25 (1.78) [3] -3.82 (0.07) [51] -0.71 (0.29) [49] -2.18 (0.13) [51] 0.20 (0.38) [47] -4.10 (0.08) [51] 0.69 (0.18) [41] -3.63 (0.06) [51] -1.52 (0.14) [51] -3.39 (0.08) [51] -2.53 (0.06) [50]

Sampling 81.76 (7.54) [24] 70.76 (3.56) [27] 88.44 (6.05) [28] -1.44 (0.81) [34] 80.64 (13.06) [23] 9.10 (3.74) [25] -5.75 (2.91) [26] 4.83 (2.52) [18] 16.45 (1.70) [17] 4.99 (2.06) [26] 4.07 (0.59) [26] 3.96 (1.21) [24] 25.16 (2.11) [11] 3.48 (0.38) [24] 11.22 (1.11) [19] 12.42 (1.28) [23] 11.89 (1.22) [23] 14.78 (1.19) [22]

EIF 98.03 (1.07) [3] 76.92 (7.06) [18] 92.02 (6.39) [17] -1.96 (0.47) [37] 81.50 (14.66) [20] 18.70 (7.66) [14] -8.22 (1.16) [39] 5.65 (1.47) [6] 13.63 (1.22) [30] 0.87 (0.44) [38] 3.43 (0.37) [31] 2.20 (0.80) [35] 22.10 (2.19) [25] 1.17 (0.44) [39] 8.61 (0.97) [30] 11.15 (1.18) [26] 9.05 (0.99) [29] 12.03 (1.43) [29]

Ensemble 18.62 (3.89) [42] 79.13 (4.66) [15] 97.08 (1.87) [8] 5.81 (0.86) [13] 89.46 (4.40) [15] 8.64 (3.78) [26] -4.52 (1.69) [19] 3.86 (0.35) [25] 17.88 (1.01) [8] 14.19 (1.87) [1] 6.35 (0.85) [1] 5.94 (1.57) [2] 24.74 (2.15) [16] 7.33 (1.01) [1] 15.25 (1.50) [4] 15.77 (1.31) [1] 15.58 (0.68) [3] 19.03 (1.44) [2]

GEN2OUT 97.43 (1.32) [6] 75.76 (7.64) [20] 92.78 (6.81) [15] -1.11 (0.14) [32] 55.75 (15.36) [33] 10.96 (7.60) [24] -4.58 (1.77) [22] 5.24 (1.49) [15] 11.95 (1.05) [35] -0.34 (0.65) [48] 2.82 (0.62) [36] 1.62 (0.86) [39] 20.63 (2.37) [28] 0.50 (0.70) [42] 7.16 (1.35) [34] 10.99 (1.39) [28] 7.05 (1.25) [35] 9.29 (1.62) [34]

DynamicHBOS 45.28 (8.51) [37] 38.94 (4.53) [39] 38.17 (5.04) [38] -0.02 (0.00) [27] 44.59 (9.91) [39] -0.54 (1.16) [43] 0.16 (0.49) [6] 2.33 (1.14) [35] 4.48 (0.40) [44] -0.23 (0.03) [47] 0.10 (0.16) [47] 0.03 (0.18) [49] 6.35 (0.84) [44] -0.22 (0.01) [47] 0.88 (0.11) [47] 2.40 (0.60) [47] 0.81 (0.30) [44] 2.35 (0.28) [44]

COF 1.81 (2.21) [48] 10.34 (4.27) [44] 4.32 (4.20) [47] 2.30 (0.30) [18] -1.65 (2.63) [44] -12.81 (2.89) [48] -8.53 (1.28) [44] -0.74 (0.14) [50] 15.73 (1.25) [21] 8.20 (1.37) [13] 5.40 (0.88) [7] 4.69 (1.44) [12] 24.05 (1.66) [20] 4.50 (0.76) [13] 11.04 (1.33) [21] 14.98 (1.81) [4] 11.98 (1.59) [22] 13.57 (1.00) [25]

ABOD -0.84 (1.25) [49] 9.08 (2.34) [45] 6.82 (2.56) [46] 9.55 (0.62) [10] -5.33 (1.09) [49] -19.97 (2.06) [51] -4.54 (1.97) [21] 1.76 (0.44) [39] 18.52 (1.34) [3] 7.76 (1.42) [15] 5.40 (0.72) [7] 4.69 (1.44) [12] 24.95 (2.21) [13] 4.52 (0.54) [12] 14.94 (1.30) [7] 13.28 (0.90) [12] 13.67 (1.13) [10] 17.24 (0.71) [8]

LMDD 94.52 (3.91) [13] 64.53 (11.94) [30] 91.81 (2.88) [18] -1.54 (0.72) [36] 56.23 (11.48) [32] 6.11 (5.69) [34] -1.68 (1.48) [10] 7.99 (3.24) [4] 9.62 (0.96) [39] 0.34 (0.26) [42] 1.39 (0.78) [44] 1.03 (0.80) [41] 19.47 (2.91) [32] 0.41 (0.39) [43] 4.04 (1.30) [43] 9.00 (0.61) [31] 5.81 (1.78) [37] 10.54 (0.51) [33]

DAGMM 44.74 (27.46) [38] 28.91 (19.84) [41] 25.05 (20.02) [40] -0.75 (2.44) [30] 47.40 (43.65) [38] 4.15 (5.79) [39] 3.26 (5.21) [2] 1.03 (2.99) [42] 4.39 (1.26) [45] 0.18 (1.00) [44] 0.32 (0.62) [46] 0.45 (0.85) [45] 8.29 (2.32) [40] 1.20 (1.12) [38] 1.54 (1.43) [46] 3.94 (1.46) [42] 3.18 (2.52) [41] 3.95 (1.56) [41]

DROCC 29.51 (15.18) [39] -2.80 (2.22) [49] -1.30 (2.01) [50] -2.43 (1.80) [40] 61.28 (36.43) [31] 1.53 (5.54) [41] 5.52 (10.97) [1] 5.16 (4.68) [16] 4.77 (1.93) [43] 1.95 (2.32) [34] 2.04 (1.34) [42] 0.38 (1.57) [46] 8.18 (2.65) [41] 1.69 (1.55) [36] 4.19 (1.74) [42] 2.23 (2.57) [48] 5.02 (3.72) [39] 4.16 (2.18) [40]

GOAD 91.06 (3.79) [18] 74.20 (4.79) [24] 90.24 (3.55) [23] 0.87 (1.81) [23] 63.84 (8.57) [29] 5.75 (7.69) [35] 0.30 (2.00) [5] -0.05 (1.90) [47] 16.85 (1.07) [13] 5.66 (1.36) [23] 4.38 (0.70) [21] 4.06 (1.38) [21] 25.10 (2.35) [12] 3.75 (0.29) [21] 11.23 (1.15) [18] 13.08 (1.31) [14] 12.33 (0.60) [18] 15.02 (0.86) [21]

ICL 96.50 (3.52) [8] 91.10 (3.64) [4] 98.13 (2.48) [3] 22.44 (10.92) [3] 98.85 (2.31) [7] 83.12 (5.33) [3] -3.46 (2.72) [17] 0.89 (0.54) [43] 10.66 (1.11) [37] 8.90 (0.91) [9] 3.73 (0.98) [28] 2.73 (1.65) [30] 19.08 (1.05) [33] 2.69 (1.18) [30] 8.76 (1.18) [29] 8.57 (0.76) [33] 9.97 (1.01) [25] 13.06 (1.30) [27]

PlanarFlow 77.63 (12.43) [26] 75.37 (4.15) [22] 90.77 (5.49) [20] 6.43 (2.08) [12] 72.38 (13.43) [26] 13.21 (5.91) [21] -5.95 (4.45) [27] 3.14 (4.88) [32] 10.69 (1.39) [36] 0.92 (0.89) [37] 3.10 (0.27) [34] 2.47 (1.09) [31] 20.18 (2.02) [30] 1.62 (0.66) [37] 7.18 (1.48) [32] 7.95 (1.00) [36] 9.31 (0.72) [28] 11.43 (1.55) [31]

VAE 93.65 (1.92) [16] 71.32 (6.09) [26] 90.67 (4.05) [22] -3.13 (0.20) [47] 64.85 (10.57) [28] 4.01 (5.31) [40] -9.06 (1.29) [46] 5.59 (1.47) [7] 16.30 (1.17) [18] 4.97 (1.18) [27] 4.36 (0.51) [22] 4.11 (1.41) [19] 24.84 (2.05) [14] 3.88 (0.43) [19] 11.00 (0.97) [22] 12.89 (1.20) [18] 12.15 (0.77) [19] 15.13 (0.97) [19]

GANomaly 75.14 (14.46) [27] 55.84 (14.26) [35] 65.26 (14.54) [35] -1.18 (1.54) [33] 40.87 (32.93) [40] 16.66 (6.95) [16] -2.81 (8.46) [15] 8.85 (10.44) [2] 15.23 (1.35) [22] 9.15 (1.77) [8] 5.29 (0.61) [9] 4.23 (1.72) [18] 23.67 (2.24) [21] 5.16 (0.47) [7] 11.96 (1.31) [16] 12.69 (2.33) [21] 14.36 (1.64) [7] 15.81 (0.94) [14]

SLAD 97.49 (1.67) [5] 85.36 (5.13) [7] 92.42 (4.67) [16] 2.54 (0.37) [17] 100.00 (0.00) [1] 80.05 (10.06) [6] -0.26 (1.87) [7] -1.77 (0.10) [51] 16.17 (1.11) [20] 8.55 (1.52) [11] 4.82 (1.09) [15] 4.27 (1.23) [17] 24.57 (2.27) [18] 4.10 (0.74) [17] 14.12 (1.35) [9] 13.06 (1.17) [16] 12.95 (0.89) [13] 15.17 (0.77) [18]

DIF 74.71 (11.99) [29] 5.68 (4.13) [47] 6.95 (3.31) [44] 0.95 (0.58) [22] 51.07 (10.62) [36] 52.99 (10.56) [9] -14.24 (1.37) [51] 0.23 (0.46) [45] 2.57 (0.58) [48] 1.73 (0.40) [35] -0.50 (0.21) [50] 3.28 (1.40) [28] 3.92 (0.82) [46] -0.56 (0.71) [50] 4.73 (0.43) [40] 2.19 (0.78) [49] 0.30 (0.27) [45] 0.90 (0.64) [46]

DDPM 69.45 (9.09) [31] 55.57 (7.38) [36] 59.65 (9.27) [36] 0.27 (0.35) [25] 48.52 (5.15) [37] 11.59 (4.27) [22] -2.06 (2.17) [11] 1.05 (0.18) [41] 13.68 (0.91) [29] 4.80 (1.03) [29] 2.99 (0.72) [35] 3.69 (0.99) [26] 23.23 (2.16) [22] 3.58 (0.67) [23] 9.98 (1.24) [24] 11.19 (1.89) [25] 10.63 (1.05) [24] 13.10 (0.98) [26]

DTE-IG -2.44 (2.96) [50] 49.85 (45.79) [37] 81.84 (16.34) [30] 37.37 (2.43) [1] 98.01 (3.99) [9] 28.78 (20.54) [13] 1.91 (3.77) [3] 1.89 (1.46) [38] 5.12 (3.99) [42] 3.15 (7.31) [33] 0.02 (3.00) [48] 2.37 (2.71) [32] 5.45 (11.17) [45] -0.46 (1.19) [48] -3.32 (0.17) [50] 4.06 (5.28) [41] -2.24 (0.96) [50] -2.85 (0.40) [51]

DTE-C 27.22 (7.96) [41] 79.57 (6.51) [14] 82.32 (7.49) [29] 16.13 (1.91) [6] 98.18 (1.88) [8] 38.52 (3.52) [11] -4.49 (1.67) [18] -0.29 (1.10) [48] 15.07 (1.05) [23] 9.97 (1.48) [5] 5.19 (1.40) [13] 4.54 (1.16) [14] 23.07 (2.83) [23] 5.15 (0.34) [8] 12.85 (1.50) [12] 12.72 (0.47) [20] 12.44 (0.80) [15] 15.94 (1.76) [12]

DTENonParametric 63.73 (11.10) [34] 56.77 (6.91) [33] 58.93 (11.32) [37] 3.34 (0.45) [16] 92.92 (3.00) [14] 43.89 (3.47) [10] -6.89 (1.40) [33] 4.24 (0.83) [23] 10.02 (0.52) [38] 3.94 (0.51) [31] 4.32 (0.26) [24] 2.09 (0.66) [36] 10.37 (0.93) [38] 2.10 (0.21) [35] 9.18 (0.56) [26] 5.01 (0.47) [38] 9.55 (0.41) [26] 7.65 (0.53) [38]

MCM 88.78 (7.04) [20] 66.37 (12.49) [29] 78.68 (12.72) [31] 31.93 (1.61) [2] 93.57 (4.81) [13] 34.63 (6.61) [12] -7.47 (1.15) [35] 5.58 (1.68) [8] 16.70 (1.03) [15] 7.25 (1.37) [16] 4.81 (0.63) [16] 4.98 (1.49) [8] 25.73 (1.99) [5] 4.84 (0.69) [10] 12.61 (1.17) [14] 13.37 (1.30) [11] 13.31 (0.75) [12] 15.90 (1.07) [13]

3WNCROD 64.80 (5.10) [32] -1.13 (0.72) [48] -0.63 (0.62) [49] -0.07 (0.18) [29] -3.16 (1.22) [46] -13.78 (2.30) [50] -0.30 (0.10) [8] 0.00 (0.00) [46] 0.01 (0.00) [50] 0.01 (0.00) [45] 0.01 (0.00) [49] 0.01 (0.00) [50] 0.01 (0.00) [48] 0.01 (0.00) [45] 0.01 (0.00) [48] 0.01 (0.00) [50] 0.01 (0.00) [46] 0.01 (0.00) [47]

ODIN 8.53 (3.33) [45] 8.86 (1.00) [46] 6.95 (3.28) [44] 3.82 (0.26) [15] -2.12 (1.27) [45] -4.16 (2.81) [46] -8.40 (1.86) [41] 0.38 (0.23) [44] 8.44 (0.54) [40] 8.67 (0.76) [10] 4.44 (0.63) [20] 3.98 (1.11) [23] 10.04 (0.44) [39] 2.66 (0.40) [31] 5.84 (0.32) [39] 8.59 (1.41) [32] 8.45 (1.12) [32] 8.94 (0.78) [36]

NCSBAD 94.34 (8.20) [14] 92.83 (5.41) [2] 99.88 (0.16) [1] 11.66 (1.02) [8] 99.64 (0.73) [6] 83.51 (9.91) [2] -2.15 (1.73) [12] -0.41 (0.08) [49] 18.38 (1.17) [4] 8.31 (1.41) [12] 5.44 (0.81) [6] 4.97 (1.54) [9] 27.44 (2.23) [4] 4.53 (0.55) [11] 15.68 (1.29) [2] 14.27 (1.37) [6] 13.80 (0.76) [9] 18.06 (1.00) [6]

NCSBADVAL 95.81 (4.37) [10] 93.59 (2.41) [1] 95.46 (6.28) [11] 20.86 (3.12) [4] 99.96 (0.09) [2] 84.11 (9.28) [1] 1.86 (1.89) [4] 4.50 (0.67) [20] 18.83 (1.24) [2] 9.24 (0.93) [7] 5.24 (0.88) [12] 4.34 (1.24) [16] 27.48 (2.43) [3] 5.58 (0.62) [5] 15.97 (1.68) [1] 13.74 (1.52) [8] 14.66 (0.85) [6] 17.66 (1.76) [7]

Table 44: Mean, standard deviation and rank ADJ AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 4
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Model FashionMNIST 0 FashionMNIST 1 FashionMNIST 2 FashionMNIST 3 FashionMNIST 4 FashionMNIST 5 FashionMNIST 6 FashionMNIST 7 FashionMNIST 8 FashionMNIST 9 MNIST-C brightness MNIST-C canny edges MNIST-C dotted line MNIST-C fog MNIST-C glass blur

IForest 25.51 (1.54) [27] 61.58 (3.59) [31] 13.14 (2.44) [38] 29.22 (2.22) [29] 16.66 (1.44) [38] 76.55 (2.62) [27] 5.51 (1.20) [35] 83.24 (1.80) [27] 10.07 (0.91) [30] 74.26 (2.68) [26] 7.99 (1.80) [34] 10.53 (1.25) [29] 14.77 (1.19) [32] 29.62 (4.80) [34] 50.56 (1.66) [31]

OCSVM 36.71 (3.55) [20] 82.16 (2.27) [15] 38.24 (3.86) [17] 47.16 (1.40) [19] 46.17 (1.06) [17] 81.33 (1.51) [23] 15.06 (1.05) [21] 85.83 (1.64) [22] 16.18 (0.77) [21] 79.65 (2.38) [22] 15.34 (0.54) [22] 15.24 (1.10) [21] 24.88 (1.67) [21] 56.24 (1.37) [21] 74.23 (1.23) [16]

COPOD -0.00 (0.00) [47] -0.00 (0.00) [47] -0.00 (0.00) [45] -0.00 (0.00) [47] -0.00 (0.00) [47] -0.00 (0.00) [47] -0.00 (0.00) [44] -0.00 (0.00) [47] -0.00 (0.00) [46] -0.00 (0.00) [47] -0.00 (0.00) [44] -0.00 (0.00) [45] -0.00 (0.00) [45] -0.00 (0.00) [45] -0.00 (0.00) [47]

ECOD -0.00 (0.00) [47] -0.00 (0.00) [47] -0.00 (0.00) [45] -0.00 (0.00) [47] -0.00 (0.00) [47] -0.00 (0.00) [47] -0.00 (0.00) [44] -0.00 (0.00) [47] -0.00 (0.00) [46] -0.00 (0.00) [47] -0.00 (0.00) [44] -0.00 (0.00) [45] -0.00 (0.00) [45] -0.00 (0.00) [45] -0.00 (0.00) [47]

FeatureBagging 47.06 (4.17) [4] 85.32 (2.99) [5] 48.53 (2.86) [6] 56.56 (1.22) [3] 54.51 (1.89) [2] 84.15 (1.61) [13] 27.23 (2.46) [6] 88.30 (1.04) [4] 32.44 (1.98) [2] 83.27 (1.40) [5] 32.47 (1.43) [6] 41.26 (1.53) [4] 41.68 (1.81) [5] 76.09 (0.76) [5] 78.79 (2.18) [8]

HBOS 15.84 (1.62) [37] 36.12 (0.87) [40] 1.10 (0.29) [43] 16.26 (0.67) [39] 3.43 (0.40) [43] 62.46 (1.88) [35] -0.33 (0.31) [48] 75.98 (1.75) [31] 4.46 (0.96) [42] 68.16 (2.03) [33] 3.11 (0.26) [39] 7.17 (0.74) [34] 6.55 (0.77) [40] 6.84 (0.46) [42] 26.64 (0.74) [38]

KNN 40.48 (3.73) [16] 83.28 (3.06) [10] 40.57 (3.56) [15] 49.80 (1.44) [15] 48.33 (1.52) [12] 84.49 (1.40) [6] 19.34 (1.35) [16] 88.01 (1.22) [11] 20.41 (1.06) [15] 82.15 (1.60) [10] 22.91 (0.93) [13] 22.51 (1.12) [16] 32.57 (1.60) [14] 65.09 (1.41) [13] 77.31 (1.69) [11]

LODA 24.36 (11.62) [30] 69.23 (4.59) [28] 20.80 (6.23) [27] 31.35 (7.09) [27] 28.66 (4.65) [26] 74.98 (5.88) [29] 11.92 (2.51) [27] 83.95 (1.61) [26] 8.91 (4.37) [33] 68.83 (6.25) [32] 13.76 (7.27) [26] 4.83 (3.08) [38] 10.97 (2.75) [36] 43.73 (14.28) [26] 54.61 (11.18) [30]

LOF 46.26 (3.84) [6] 84.68 (3.30) [6] 48.64 (3.10) [3] 56.23 (1.34) [6] 54.28 (1.87) [4] 84.06 (1.69) [16] 26.83 (2.53) [8] 88.10 (1.05) [7] 31.98 (1.64) [3] 82.89 (1.61) [7] 32.21 (1.58) [8] 41.12 (1.16) [5] 41.19 (2.03) [6] 75.57 (1.06) [6] 78.53 (1.97) [9]

MCD 17.80 (2.76) [36] 38.13 (6.38) [38] 14.42 (5.28) [35] 24.96 (4.33) [35] 24.74 (11.72) [30] 68.24 (11.72) [34] 9.94 (0.86) [28] 56.91 (13.78) [36] 9.62 (1.36) [31] 50.85 (10.53) [35] 6.94 (0.90) [36] 7.58 (2.83) [32] 11.20 (3.65) [35] 20.08 (3.45) [38] 17.01 (6.04) [39]

PCA 35.55 (3.46) [22] 80.22 (3.00) [21] 36.21 (3.82) [21] 45.68 (1.55) [22] 44.89 (1.40) [21] 84.13 (1.35) [14] 13.63 (0.99) [24] 87.48 (1.34) [17] 14.89 (0.77) [24] 81.62 (1.67) [15] 14.17 (0.63) [24] 12.87 (1.04) [25] 22.92 (1.60) [26] 54.51 (1.25) [23] 71.57 (1.44) [22]

DeepSVDD 17.92 (3.37) [35] 66.05 (6.75) [30] 16.48 (2.72) [31] 26.54 (3.21) [33] 26.95 (4.24) [27] 75.41 (2.33) [28] 7.57 (1.60) [31] 82.89 (2.00) [28] 8.08 (2.66) [36] 71.13 (3.79) [31] 9.37 (2.73) [32] 7.41 (5.55) [33] 10.19 (3.66) [37] 34.60 (3.40) [30] 41.70 (5.27) [34]

INNE 49.08 (3.93) [3] 76.31 (3.80) [24] 46.79 (2.86) [7] 54.32 (1.79) [10] 44.14 (1.52) [24] 68.98 (2.54) [33] 26.89 (1.86) [7] 69.70 (2.01) [33] 22.94 (1.71) [11] 72.21 (2.58) [29] 22.19 (0.89) [14] 28.29 (1.75) [11] 39.44 (2.31) [8] 64.83 (1.31) [14] 75.38 (2.08) [14]

KPCA 41.85 (3.89) [11] 82.87 (2.30) [12] 44.20 (3.77) [11] 52.66 (1.51) [11] 48.90 (1.30) [10] 79.85 (1.28) [24] 20.68 (1.28) [14] 80.53 (1.64) [30] 21.51 (1.44) [14] 79.91 (2.13) [20] 24.84 (0.99) [12] 24.58 (1.22) [13] 35.09 (1.68) [11] 65.94 (1.53) [12] 80.60 (1.10) [6]

KDE 28.18 (2.81) [25] 77.69 (3.06) [23] 34.48 (3.62) [24] 42.00 (2.03) [25] 43.93 (1.18) [25] 83.73 (1.29) [20] 17.08 (1.71) [18] 87.70 (1.25) [14] 15.15 (1.26) [23] 79.30 (2.05) [23] 18.40 (1.86) [19] 16.55 (1.05) [20] 23.91 (1.30) [24] 54.49 (1.50) [25] 67.46 (0.30) [25]

GMM 44.11 (3.75) [9] 81.71 (3.47) [17] 46.26 (3.41) [8] 55.36 (1.36) [8] 50.82 (2.59) [8] 83.74 (1.31) [19] 27.24 (1.64) [5] 88.08 (1.18) [9] 27.78 (0.98) [8] 80.85 (2.42) [18] 31.85 (1.35) [10] 31.18 (1.05) [9] 39.26 (1.65) [9] 76.24 (1.53) [4] 83.26 (1.15) [5]

CBLOF 37.05 (3.50) [18] 82.42 (2.92) [13] 39.67 (3.60) [16] 47.96 (1.54) [18] 46.23 (1.44) [16] 84.23 (1.27) [10] 16.58 (1.41) [19] 87.87 (1.19) [12] 18.01 (0.53) [18] 81.78 (1.59) [12] 16.78 (0.84) [20] 17.08 (1.13) [19] 26.05 (1.57) [19] 59.15 (1.26) [18] 73.36 (1.55) [19]

SOD 22.06 (2.07) [33] 58.74 (2.58) [33] 17.43 (1.35) [30] 26.57 (1.25) [32] 26.49 (2.36) [28] 72.07 (3.08) [30] 9.04 (0.60) [29] 82.81 (1.42) [29] 14.80 (1.20) [26] 73.49 (2.62) [28] 11.63 (1.05) [30] 9.43 (0.76) [31] 26.85 (1.41) [18] 29.98 (2.28) [32] 47.74 (1.78) [32]

LUNAR 52.56 (1.81) [1] 88.58 (3.15) [1] 51.86 (3.09) [2] 57.27 (2.31) [2] 55.17 (0.46) [1] 84.75 (0.83) [4] 29.87 (1.93) [3] 88.23 (3.56) [5] 35.18 (2.22) [1] 84.16 (4.11) [1] 45.36 (2.62) [1] 51.93 (1.60) [1] 58.96 (1.91) [1] 88.74 (1.31) [1] 92.40 (1.38) [1]

SOGAAL 3.95 (2.89) [45] 33.32 (7.46) [41] 13.88 (7.36) [37] 11.20 (5.22) [41] 13.03 (5.52) [40] 19.18 (14.86) [43] 0.61 (2.82) [43] 40.04 (14.87) [41] -0.14 (1.65) [49] 35.48 (6.55) [39] -0.25 (1.54) [48] -3.53 (0.42) [50] -1.37 (0.60) [49] 18.40 (7.87) [39] 10.62 (4.95) [43]

ALAD 3.24 (3.43) [46] 6.46 (6.29) [46] 0.46 (3.13) [44] 1.03 (3.11) [46] 2.90 (5.06) [45] 5.47 (4.86) [45] -0.86 (1.16) [49] 8.35 (9.67) [44] 0.33 (2.30) [44] 11.01 (5.36) [43] 0.78 (2.89) [42] -0.12 (1.62) [48] 2.39 (3.96) [43] 7.31 (6.33) [41] 9.61 (7.41) [44]

AE 41.63 (3.86) [14] 82.41 (3.09) [14] 41.95 (3.70) [13] 50.18 (1.66) [13] 48.85 (1.39) [11] 84.22 (1.37) [11] 19.91 (1.49) [15] 88.17 (1.22) [6] 20.10 (0.96) [16] 82.50 (1.54) [9] 21.07 (0.89) [15] 22.70 (1.18) [15] 31.14 (1.68) [15] 64.37 (1.34) [15] 76.24 (1.61) [13]

CD 5.48 (10.97) [44] 13.69 (17.59) [43] -0.00 (0.00) [45] 8.46 (7.01) [42] 10.63 (9.44) [41] -0.00 (0.00) [47] 7.61 (1.99) [30] -0.00 (0.00) [47] 9.56 (2.73) [32] -0.00 (0.00) [47] 1.26 (1.59) [41] 3.19 (2.93) [40] -0.00 (0.00) [45] 1.12 (2.25) [44] -0.00 (0.00) [47]

MOGAAL 5.52 (4.17) [43] 37.60 (8.94) [39] 14.74 (8.45) [34] 12.18 (6.08) [40] 15.76 (6.17) [39] 21.02 (14.96) [42] 1.08 (3.53) [42] 45.46 (13.54) [38] 0.03 (1.65) [45] 36.94 (6.03) [38] -0.27 (1.65) [49] -3.27 (0.37) [49] -1.45 (0.50) [50] 22.76 (4.54) [37] 11.49 (9.27) [42]

QMCD -4.74 (0.03) [51] -4.63 (0.19) [50] -4.37 (0.05) [50] -4.75 (0.01) [51] -4.25 (0.03) [51] 24.58 (1.01) [41] -3.96 (0.02) [51] 61.52 (2.12) [34] -4.25 (0.06) [51] 6.00 (1.69) [45] -4.65 (0.01) [51] -4.76 (0.01) [51] -4.79 (0.02) [51] -3.97 (0.31) [50] -4.99 (0.01) [51]

Sampling 36.97 (3.75) [19] 81.33 (3.24) [18] 37.66 (3.62) [20] 46.60 (2.11) [21] 45.38 (0.85) [20] 84.26 (1.34) [9] 15.96 (1.01) [20] 87.86 (1.23) [13] 15.91 (1.93) [22] 81.66 (1.66) [14] 16.50 (0.49) [21] 15.01 (0.84) [22] 24.99 (2.93) [20] 57.38 (1.33) [19] 73.66 (1.71) [18]

EIF 28.01 (3.56) [26] 67.09 (3.67) [29] 15.72 (0.84) [32] 31.54 (3.40) [26] 19.51 (2.34) [36] 78.02 (1.63) [25] 7.12 (1.33) [33] 85.34 (1.74) [24] 12.04 (2.00) [29] 74.96 (2.43) [25] 8.03 (1.04) [33] 10.02 (3.18) [30] 17.56 (2.18) [29] 32.12 (3.04) [31] 56.44 (5.65) [29]

Ensemble 46.26 (3.84) [6] 84.68 (3.30) [6] 48.64 (3.10) [3] 56.23 (1.34) [6] 54.28 (1.87) [4] 84.06 (1.69) [16] 26.83 (2.53) [8] 88.10 (1.05) [7] 31.98 (1.64) [3] 82.89 (1.61) [7] 32.21 (1.58) [8] 41.12 (1.16) [5] 41.19 (2.03) [6] 75.57 (1.06) [6] 78.53 (1.97) [9]

GEN2OUT 25.07 (1.97) [29] 61.40 (2.69) [32] 12.63 (1.26) [39] 26.54 (4.46) [33] 17.60 (6.21) [37] 77.46 (2.88) [26] 4.38 (1.63) [38] 85.33 (2.60) [25] 8.32 (1.91) [35] 74.03 (3.54) [27] 6.99 (2.65) [35] 12.97 (6.35) [24] 16.66 (3.99) [30] 29.64 (6.68) [33] 58.57 (11.21) [27]

DynamicHBOS 6.06 (0.85) [42] 15.27 (1.33) [42] -0.25 (0.01) [49] 5.42 (0.44) [45] 0.50 (0.21) [46] 29.95 (1.55) [40] -0.24 (0.03) [47] 35.68 (0.75) [42] 1.41 (0.77) [43] 31.84 (0.78) [41] 0.17 (0.16) [43] 1.70 (0.41) [44] 1.66 (0.35) [44] 1.16 (0.17) [43] 15.33 (0.89) [41]

COF 22.55 (1.92) [31] 38.56 (2.16) [37] 12.21 (1.15) [40] 20.49 (2.15) [36] 21.47 (2.35) [34] 35.30 (3.14) [38] 7.18 (1.02) [32] 41.15 (2.15) [40] 13.10 (1.00) [28] 54.24 (4.01) [34] 9.83 (0.88) [31] 6.75 (0.36) [35] 23.34 (0.90) [25] 8.83 (0.68) [40] 16.79 (0.82) [40]

ABOD 43.39 (3.95) [10] 85.40 (2.75) [4] 45.70 (3.42) [9] 54.57 (1.46) [9] 50.10 (1.58) [9] 85.19 (1.46) [1] 23.40 (1.80) [12] 89.32 (1.04) [1] 25.63 (1.16) [9] 83.31 (1.46) [4] 33.13 (1.47) [5] 32.90 (1.14) [8] 42.57 (1.85) [4] 74.56 (1.11) [8] 83.54 (1.39) [4]

LMDD 22.12 (2.10) [32] 72.31 (4.24) [26] 14.86 (2.57) [33] 27.64 (3.12) [30] 24.67 (2.22) [31] 71.39 (5.82) [31] 2.78 (0.91) [40] 45.28 (8.27) [39] 7.14 (1.94) [38] 40.71 (12.06) [36] 6.63 (1.28) [38] 5.32 (1.84) [36] 12.30 (1.68) [33] 35.80 (1.20) [29] 57.42 (4.20) [28]

DAGMM 14.25 (5.39) [38] 40.55 (8.34) [36] 18.61 (8.73) [29] 18.38 (5.31) [37] 20.64 (9.75) [35] 35.39 (9.66) [37] 4.19 (3.09) [39] 51.90 (9.71) [37] 7.68 (7.26) [37] 39.76 (11.09) [37] 6.91 (3.97) [37] 4.98 (2.98) [37] 11.88 (6.69) [34] 25.43 (16.53) [36] 33.77 (16.98) [36]

DROCC 8.59 (6.43) [41] 47.97 (18.13) [34] 19.69 (11.04) [28] 18.25 (8.57) [38] 24.58 (10.89) [32] 41.07 (22.12) [36] 5.59 (5.58) [34] 57.56 (18.00) [35] 6.37 (4.96) [40] 30.80 (12.07) [42] 11.98 (8.04) [29] 11.17 (6.03) [28] 16.00 (8.99) [31] 27.38 (16.34) [35] 37.48 (17.75) [35]

GOAD 36.47 (3.25) [21] 80.73 (2.88) [20] 37.76 (3.78) [18] 46.80 (2.05) [20] 45.62 (1.53) [19] 84.22 (1.29) [11] 14.46 (1.04) [22] 87.58 (1.33) [16] 16.19 (0.83) [20] 81.75 (1.68) [13] 15.20 (0.95) [23] 14.60 (1.63) [23] 24.80 (1.42) [22] 56.39 (1.44) [20] 72.94 (1.52) [21]

ICL 50.62 (3.65) [2] 83.45 (4.28) [9] 53.35 (3.17) [1] 56.25 (2.60) [5] 54.13 (1.13) [6] 82.84 (1.49) [21] 32.44 (2.89) [1] 85.69 (2.50) [23] 28.77 (0.92) [7] 80.34 (2.89) [19] 38.41 (3.74) [4] 33.72 (1.00) [7] 39.08 (0.60) [10] 73.83 (0.41) [9] 80.32 (2.90) [7]

PlanarFlow 21.98 (1.49) [34] 69.83 (4.54) [27] 14.35 (2.30) [36] 31.22 (2.34) [28] 25.69 (4.16) [29] 81.58 (0.61) [22] 4.91 (0.98) [37] 85.86 (1.29) [21] 8.83 (0.93) [34] 77.58 (2.54) [24] 12.93 (1.27) [28] 2.96 (0.98) [41] 9.38 (3.91) [39] 40.07 (3.14) [28] 61.18 (4.48) [26]

VAE 35.55 (3.46) [22] 80.22 (3.00) [21] 36.21 (3.82) [21] 45.68 (1.55) [22] 44.89 (1.40) [21] 84.13 (1.35) [14] 13.63 (0.99) [24] 87.48 (1.34) [17] 14.89 (0.77) [24] 81.62 (1.67) [15] 14.17 (0.63) [24] 12.87 (1.04) [25] 22.92 (1.60) [26] 54.51 (1.25) [23] 71.57 (1.44) [22]

GANomaly 41.26 (2.80) [15] 83.21 (3.88) [11] 44.16 (3.92) [12] 52.17 (1.48) [12] 45.67 (1.98) [18] 85.03 (2.01) [2] 24.88 (0.77) [10] 86.33 (1.95) [20] 21.81 (1.61) [12] 79.69 (2.17) [21] 20.16 (1.04) [17] 23.13 (2.20) [14] 24.78 (3.18) [23] 62.51 (2.47) [16] 74.21 (2.91) [17]

SLAD 41.72 (3.50) [13] 84.57 (2.58) [8] 37.69 (3.03) [19] 49.36 (1.45) [16] 46.72 (1.18) [14] 84.49 (1.29) [6] 21.49 (1.56) [13] 87.62 (1.21) [15] 24.50 (1.01) [10] 82.96 (1.46) [6] 24.97 (1.08) [11] 26.57 (1.09) [12] 32.81 (1.48) [13] 70.45 (1.47) [10] 77.14 (1.13) [12]

DIF 9.28 (0.77) [40] 11.11 (1.08) [44] 7.02 (1.38) [41] 6.49 (0.52) [43] 3.20 (0.83) [44] 7.66 (0.74) [44] 2.69 (0.65) [41] 5.29 (0.56) [45] 5.57 (1.28) [41] 9.23 (1.17) [44] -0.01 (0.26) [47] 1.85 (0.22) [43] 4.36 (0.55) [42] -0.09 (0.48) [48] 7.37 (0.66) [45]

DDPM 33.30 (3.25) [24] 80.88 (2.82) [19] 34.92 (3.34) [23] 44.20 (2.12) [24] 44.39 (1.93) [23] 83.86 (1.43) [18] 12.91 (2.38) [26] 86.85 (1.35) [19] 13.91 (0.77) [27] 81.48 (2.01) [17] 13.68 (0.82) [27] 12.79 (0.98) [27] 21.81 (1.89) [28] 55.99 (1.54) [22] 70.60 (1.79) [24]

DTE-IG -4.56 (0.07) [50] -4.87 (0.02) [51] -4.38 (0.17) [51] -4.74 (0.04) [50] -4.00 (0.20) [50] -4.93 (0.09) [51] -3.76 (0.13) [50] -4.97 (0.04) [51] -4.19 (0.09) [50] -4.99 (0.01) [51] -4.37 (0.08) [50] 4.69 (11.05) [39] 5.09 (11.99) [41] -4.89 (0.18) [51] 27.25 (39.52) [37]

DTE-C 41.78 (3.67) [12] 74.46 (3.26) [25] 34.48 (2.17) [24] 49.82 (0.77) [14] 46.34 (2.20) [15] 71.03 (2.06) [32] 24.82 (1.72) [11] 74.94 (1.81) [32] 21.59 (1.13) [13] 71.40 (2.47) [30] 32.41 (3.20) [7] 30.40 (4.55) [10] 33.01 (2.23) [12] 68.78 (2.16) [11] 73.24 (1.99) [20]

DTENonParametric 25.29 (0.80) [28] 40.99 (1.67) [35] 23.33 (0.76) [26] 27.10 (0.82) [31] 22.33 (0.49) [33] 30.62 (0.84) [39] 13.95 (0.41) [23] 35.55 (1.44) [43] 16.46 (0.79) [19] 33.58 (1.25) [40] 19.59 (0.59) [18] 21.67 (0.94) [17] 28.96 (0.83) [17] 40.44 (1.06) [27] 44.19 (0.44) [33]

MCM 38.50 (3.65) [17] 81.91 (3.07) [16] 41.35 (3.70) [14] 48.79 (1.63) [17] 47.66 (1.36) [13] 84.30 (1.34) [8] 18.85 (1.48) [17] 88.06 (1.23) [10] 18.29 (0.95) [17] 81.98 (1.63) [11] 20.47 (0.84) [16] 19.17 (1.06) [18] 29.13 (1.53) [16] 61.57 (1.38) [17] 75.16 (1.62) [15]

3WNCROD -0.00 (0.00) [47] -0.00 (0.00) [47] -0.00 (0.00) [45] -0.00 (0.00) [47] -0.00 (0.00) [47] -0.00 (0.00) [47] -0.00 (0.00) [44] -0.00 (0.00) [47] -0.00 (0.00) [46] -0.00 (0.00) [47] -0.00 (0.00) [44] -0.00 (0.00) [45] -0.00 (0.00) [45] -0.00 (0.00) [45] -0.00 (0.00) [47]

ODIN 9.33 (0.72) [39] 7.12 (0.60) [45] 4.78 (0.68) [42] 6.01 (0.65) [44] 5.55 (0.69) [42] 3.18 (0.36) [46] 5.29 (0.78) [36] 1.42 (0.43) [46] 6.82 (0.21) [39] 5.42 (0.86) [46] 2.37 (0.35) [40] 2.88 (0.39) [42] 9.86 (0.57) [38] -0.49 (0.14) [49] 1.87 (0.19) [46]

NCSBAD 45.24 (3.71) [8] 86.49 (2.52) [3] 45.68 (3.12) [10] 56.35 (1.29) [4] 53.87 (1.57) [7] 85.02 (1.47) [3] 27.90 (1.78) [4] 89.16 (1.17) [2] 29.27 (1.14) [6] 83.96 (1.75) [2] 43.12 (2.05) [2] 42.82 (1.01) [3] 50.50 (1.63) [3] 81.20 (1.26) [3] 84.77 (1.75) [3]

NCSBADVAL 46.77 (3.92) [5] 87.41 (2.39) [2] 48.56 (3.09) [5] 58.17 (1.39) [1] 54.51 (1.77) [2] 84.50 (2.26) [5] 30.14 (1.65) [2] 89.12 (1.12) [3] 31.16 (1.23) [5] 83.86 (1.98) [3] 42.57 (2.20) [3] 44.94 (1.07) [2] 52.17 (1.41) [2] 82.25 (1.66) [2] 87.22 (1.48) [2]

Table 45: Mean, standard deviation and rank ADJ AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 5
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Model MNIST-C identity MNIST-C impulse noise MNIST-C motion blur MNIST-C rotate MNIST-C scale MNIST-C shear MNIST-C shot noise MNIST-C spatter MNIST-C stripe MNIST-C translate MNIST-C zigzag MVTec-AD bottle MVTec-AD cable MVTec-AD capsule MVTec-AD carpet

IForest -0.42 (0.10) [41] 89.26 (4.17) [31] 25.09 (2.41) [36] 1.30 (0.39) [35] 6.27 (1.99) [33] 7.59 (0.79) [32] 16.70 (1.72) [30] 32.16 (4.33) [30] 86.09 (1.80) [30] 2.99 (0.43) [36] 24.01 (1.25) [30] 94.82 (1.62) [22] 36.48 (7.15) [28] 39.99 (5.01) [29] 49.56 (8.01) [31]

OCSVM -0.33 (0.25) [30] 97.58 (0.43) [24] 51.95 (2.21) [21] 2.36 (0.43) [24] 15.84 (0.94) [19] 10.55 (1.07) [23] 23.81 (2.03) [21] 41.46 (1.78) [19] 97.77 (0.55) [20] 6.05 (0.62) [25] 39.49 (1.86) [21] 94.77 (1.56) [23] 38.64 (7.16) [23] 40.95 (3.88) [27] 53.01 (6.79) [24]

COPOD -0.00 (0.00) [6] -0.00 (0.00) [46] -0.00 (0.00) [47] -0.00 (0.00) [46] -0.00 (0.00) [41] -0.00 (0.00) [45] -0.00 (0.00) [48] -0.00 (0.00) [46] -0.00 (0.00) [47] -0.00 (0.00) [45] -0.00 (0.00) [45] -0.01 (2.35) [48] 0.00 (2.62) [45] -0.03 (1.47) [46] -0.10 (3.31) [47]

ECOD -0.00 (0.00) [6] -0.00 (0.00) [46] -0.00 (0.00) [47] -0.00 (0.00) [46] -0.00 (0.00) [41] -0.00 (0.00) [45] -0.00 (0.00) [48] -0.00 (0.00) [46] -0.00 (0.00) [47] -0.00 (0.00) [45] -0.00 (0.00) [45] -0.01 (2.35) [48] 0.00 (2.62) [45] -0.03 (1.47) [46] -0.10 (3.31) [47]

FeatureBagging -0.38 (0.24) [36] 99.15 (0.27) [17] 66.84 (2.51) [8] 5.75 (0.58) [6] 28.61 (1.32) [7] 17.03 (1.35) [4] 40.29 (1.91) [4] 58.92 (0.74) [6] 98.53 (0.30) [6] 18.64 (1.14) [5] 55.11 (1.49) [9] 95.50 (1.24) [10] 45.06 (7.01) [15] 49.70 (4.94) [18] 54.77 (6.77) [18]

HBOS -0.30 (0.23) [26] 42.62 (1.47) [41] 14.79 (0.70) [40] 1.48 (0.28) [34] 0.27 (0.27) [40] 6.43 (0.93) [34] 7.98 (0.58) [39] 17.51 (1.08) [38] 62.08 (1.53) [36] 0.81 (0.26) [42] 10.83 (0.43) [40] 94.68 (1.77) [25] 38.21 (7.56) [25] 39.79 (3.05) [31] 52.67 (7.51) [27]

KNN -0.43 (0.23) [42] 99.46 (0.21) [12] 59.72 (2.07) [14] 4.35 (0.50) [14] 20.81 (1.12) [12] 13.31 (1.27) [14] 32.12 (2.03) [10] 48.43 (1.46) [13] 98.17 (0.36) [9] 10.80 (0.61) [17] 47.96 (1.90) [14] 95.32 (1.60) [13] 44.36 (7.09) [19] 50.26 (3.83) [15] 55.47 (6.74) [15]

LODA -0.54 (0.46) [46] 96.84 (3.28) [25] 34.79 (6.35) [30] 0.57 (1.05) [38] 6.28 (2.81) [32] 4.23 (1.79) [38] 12.00 (5.65) [35] 29.28 (8.11) [32] 87.86 (4.87) [29] 2.77 (0.94) [38] 19.05 (7.71) [34] 91.51 (0.96) [32] 28.19 (11.45) [33] 36.15 (7.78) [34] 39.45 (5.43) [34]

LOF -0.38 (0.24) [36] 99.08 (0.32) [19] 66.85 (1.99) [6] 5.74 (0.46) [7] 29.30 (1.62) [4] 16.78 (1.45) [5] 40.07 (1.95) [5] 57.75 (0.84) [7] 98.58 (0.15) [4] 18.24 (0.76) [8] 55.21 (1.44) [7] 95.30 (1.48) [15] 44.83 (6.77) [17] 50.06 (5.12) [16] 54.25 (6.46) [22]

MCD 0.06 (0.31) [4] 64.62 (10.03) [36] 21.99 (8.29) [38] 1.76 (0.69) [30] 8.69 (2.80) [28] 5.18 (1.06) [37] 9.72 (1.03) [36] 24.83 (5.57) [35] 75.12 (18.56) [33] 3.66 (0.34) [33] 15.80 (2.10) [37] 95.54 (2.86) [9] 53.36 (7.50) [12] 63.73 (3.11) [11] 55.71 (8.54) [14]

PCA -0.34 (0.24) [33] 99.46 (0.21) [12] 49.80 (2.03) [24] 2.13 (0.41) [28] 13.82 (0.90) [23] 9.92 (1.05) [26] 21.80 (1.95) [24] 38.67 (1.70) [22] 97.78 (0.39) [17] 5.29 (0.54) [29] 36.97 (1.96) [22] 94.41 (1.58) [26] 35.89 (7.00) [29] 39.80 (3.99) [30] 52.75 (6.85) [25]

DeepSVDD -0.13 (0.19) [16] 94.96 (2.32) [27] 37.88 (1.83) [28] 1.28 (0.76) [36] 7.41 (2.71) [30] 4.10 (1.02) [39] 9.08 (2.58) [37] 21.17 (4.77) [36] 84.48 (2.12) [31] 2.84 (1.30) [37] 13.49 (5.26) [39] 93.68 (3.73) [29] 63.40 (5.61) [10] 56.01 (8.77) [14] 73.65 (2.99) [8]

INNE -0.25 (0.25) [22] 87.64 (0.93) [32] 55.76 (1.48) [17] 2.89 (0.43) [20] 20.77 (2.01) [13] 13.09 (1.56) [16] 30.36 (2.75) [13] 54.35 (2.90) [9] 87.88 (2.73) [28] 9.30 (1.01) [20] 54.54 (2.21) [10] 95.09 (1.72) [19] 43.82 (6.56) [20] 46.38 (3.91) [22] 54.72 (6.44) [19]

KPCA -0.96 (0.15) [51] 95.25 (0.59) [26] 62.52 (1.77) [10] 4.64 (0.55) [12] 22.14 (1.03) [10] 14.07 (1.41) [11] 33.89 (2.00) [9] 51.64 (2.08) [11] 97.09 (0.54) [22] 12.28 (0.72) [15] 50.77 (1.83) [12] 98.55 (0.97) [2] 73.38 (5.47) [1] 83.30 (3.87) [2] 78.78 (2.81) [3]

KDE -0.90 (0.20) [50] 99.58 (0.20) [8] 54.21 (2.47) [18] 2.88 (0.39) [21] 11.74 (0.87) [26] 8.75 (0.54) [29] 21.92 (1.40) [23] 35.86 (1.42) [26] 96.85 (0.80) [23] 8.04 (0.66) [21] 32.67 (1.70) [27] 97.74 (0.96) [7] 67.14 (7.83) [8] 80.99 (3.21) [3] 78.00 (2.70) [4]

GMM -0.38 (0.19) [36] 99.39 (0.34) [16] 66.46 (1.89) [9] 5.54 (0.61) [9] 28.62 (1.12) [6] 16.31 (1.47) [7] 37.83 (2.00) [8] 61.25 (1.45) [4] 97.79 (0.87) [15] 18.53 (0.80) [6] 55.50 (1.98) [6] 98.72 (0.41) [1] 72.67 (6.39) [3] 83.67 (3.38) [1] 78.93 (2.85) [2]

CBLOF -0.33 (0.22) [30] 99.46 (0.21) [12] 53.18 (2.04) [19] 2.83 (0.42) [23] 18.60 (1.05) [18] 11.14 (1.09) [20] 25.40 (1.99) [19] 41.75 (1.65) [18] 97.90 (0.39) [13] 7.06 (0.48) [23] 40.45 (2.01) [18] 95.47 (1.64) [11] 42.86 (7.02) [22] 48.05 (4.38) [20] 54.85 (6.83) [16]

SOD -0.66 (0.21) [47] 76.98 (2.58) [34] 41.11 (2.50) [26] 3.54 (0.57) [17] 1.87 (0.60) [38] 10.39 (0.96) [24] 17.31 (1.40) [27] 37.38 (1.14) [25] 72.50 (2.28) [34] 12.84 (0.72) [14] 32.63 (2.34) [28] 87.69 (2.03) [34] 7.93 (4.86) [41] 21.44 (5.47) [40] 33.16 (4.72) [36]

LUNAR -0.04 (0.18) [11] 99.00 (1.23) [21] 78.55 (1.65) [1] 9.60 (0.64) [1] 38.51 (1.62) [1] 21.14 (2.16) [1] 57.10 (2.37) [1] 72.69 (2.28) [1] 98.10 (2.78) [10] 26.22 (0.58) [3] 70.74 (1.64) [1] 98.06 (0.92) [6] 63.83 (10.62) [9] 67.04 (5.65) [8] 65.69 (7.77) [10]

SOGAAL -0.05 (0.69) [12] 54.27 (21.69) [38] 11.74 (6.49) [42] 0.12 (0.34) [45] -0.73 (1.86) [47] -0.51 (0.71) [50] 0.57 (1.73) [46] -1.73 (0.86) [49] 8.86 (11.00) [45] -1.18 (0.24) [50] -2.11 (0.63) [50] 66.22 (7.47) [37] 7.45 (4.87) [43] 18.03 (11.02) [43] 19.90 (15.66) [43]

ALAD -0.09 (0.59) [14] 15.25 (14.35) [44] 8.57 (6.68) [43] -0.26 (0.91) [50] 1.32 (2.95) [39] 0.52 (0.96) [44] 1.91 (1.54) [44] 6.10 (4.86) [44] 17.30 (14.55) [41] 0.22 (0.87) [43] 4.49 (3.15) [42] 44.29 (20.59) [43] 6.31 (3.15) [44] 11.01 (7.77) [45] 16.13 (5.25) [44]

AE -0.28 (0.25) [23] 99.48 (0.21) [9] 58.37 (2.00) [15] 3.87 (0.45) [16] 20.54 (1.03) [14] 13.23 (1.26) [15] 28.52 (2.09) [15] 47.64 (1.50) [15] 98.10 (0.35) [10] 9.97 (0.59) [18] 46.47 (1.90) [15] 95.41 (1.33) [12] 44.99 (7.28) [16] 46.97 (4.73) [21] 54.81 (5.79) [17]

CD -0.00 (0.00) [6] -0.00 (0.00) [46] -0.00 (0.00) [47] -0.00 (0.00) [46] -0.00 (0.00) [41] -0.00 (0.00) [45] 1.39 (2.79) [45] 9.77 (11.97) [41] 28.85 (15.85) [40] -0.00 (0.00) [45] -0.00 (0.00) [45] -0.01 (2.35) [48] 0.00 (2.62) [45] -3.12 (6.15) [49] -1.95 (3.01) [50]

MOGAAL 0.03 (0.72) [5] 54.41 (27.63) [37] 14.78 (4.90) [41] 0.43 (0.48) [40] -1.54 (1.13) [49] -0.28 (0.18) [49] 0.01 (1.46) [47] -2.31 (0.40) [50] 9.25 (14.09) [44] -1.01 (0.76) [49] -1.29 (0.95) [49] 69.29 (9.43) [36] 7.69 (5.51) [42] 19.86 (11.97) [41] 24.21 (15.65) [42]

QMCD 12.59 (1.26) [1] 93.25 (1.01) [29] -4.70 (0.19) [51] -3.11 (0.15) [51] -4.45 (0.03) [51] -3.84 (0.13) [51] -4.81 (0.02) [51] -4.93 (0.01) [51] 14.74 (0.76) [42] -4.08 (0.05) [51] -4.90 (0.01) [51] 52.39 (2.22) [41] -24.80 (2.06) [51] -17.44 (1.44) [51] -5.21 (5.91) [51]

Sampling -0.12 (0.27) [15] 99.47 (0.21) [11] 52.77 (1.48) [20] 2.27 (0.28) [26] 15.01 (1.96) [22] 10.67 (0.75) [22] 24.25 (1.43) [20] 40.40 (1.59) [21] 97.89 (0.41) [14] 6.83 (0.86) [24] 39.77 (1.70) [19] 94.69 (1.51) [24] 37.89 (7.54) [27] 46.12 (2.71) [23] 55.88 (7.81) [13]

EIF -0.41 (0.19) [40] 93.66 (3.01) [28] 28.17 (3.40) [34] 1.52 (0.41) [33] 7.98 (2.96) [29] 8.09 (1.57) [30] 17.01 (2.28) [28] 34.64 (6.34) [28] 91.52 (1.13) [25] 3.17 (0.62) [35] 26.56 (3.88) [29] 95.14 (1.67) [17] 38.37 (7.91) [24] 42.04 (3.41) [26] 50.80 (7.79) [29]

Ensemble -0.38 (0.24) [36] 99.08 (0.32) [19] 66.85 (1.99) [6] 5.74 (0.46) [7] 29.30 (1.62) [4] 16.78 (1.45) [5] 40.07 (1.95) [5] 57.75 (0.84) [7] 98.58 (0.15) [4] 18.24 (0.76) [8] 55.21 (1.44) [7] 95.30 (1.48) [15] 44.83 (6.77) [17] 50.06 (5.12) [16] 54.25 (6.46) [22]

GEN2OUT -0.34 (0.22) [33] 97.76 (1.25) [23] 32.35 (7.02) [32] 1.64 (0.81) [31] 5.22 (2.89) [35] 8.06 (1.76) [31] 15.85 (2.13) [32] 35.66 (7.17) [27] 90.89 (5.77) [27] 3.19 (0.68) [34] 23.41 (6.62) [31] 95.14 (1.43) [17] 45.42 (10.14) [13] 45.13 (1.19) [25] 50.68 (8.52) [30]

DynamicHBOS -0.13 (0.03) [16] 36.35 (1.07) [42] 5.71 (0.44) [44] 0.24 (0.05) [42] -0.22 (0.02) [45] 2.16 (0.62) [43] 2.32 (0.41) [43] 7.56 (1.06) [42] 46.20 (1.06) [38] 0.02 (0.13) [44] 3.49 (0.29) [44] 63.89 (3.05) [39] 13.82 (5.53) [39] 15.90 (2.33) [44] 31.17 (4.31) [37]

COF -0.48 (0.13) [43] 3.10 (0.40) [45] 26.99 (1.87) [35] 4.60 (0.25) [13] -1.76 (0.16) [50] 13.80 (0.93) [12] 16.78 (1.39) [29] 29.57 (1.53) [31] 4.41 (0.85) [46] 14.03 (0.62) [12] 36.79 (2.25) [24] 35.30 (8.80) [44] 10.81 (9.48) [40] 23.98 (4.46) [38] 28.93 (4.98) [40]

ABOD -0.18 (0.12) [20] 99.73 (0.13) [5] 69.51 (1.77) [5] 5.95 (0.43) [5] 22.58 (1.17) [9] 15.60 (1.49) [9] 39.20 (2.03) [7] 60.87 (1.14) [5] 98.89 (0.28) [1] 18.36 (0.88) [7] 58.83 (2.11) [4] 3.15 (4.03) [47] -0.91 (3.59) [49] -3.66 (3.83) [50] 4.77 (6.82) [46]

LMDD -0.30 (0.13) [26] 70.51 (29.77) [35] 33.94 (2.93) [31] 0.54 (0.16) [39] 3.23 (2.02) [37] 6.36 (0.80) [35] 13.11 (3.57) [34] 27.48 (2.28) [34] 81.67 (23.67) [32] 1.91 (0.51) [39] 20.97 (6.04) [33] 55.62 (8.97) [40] 20.01 (10.99) [36] 22.65 (3.32) [39] 29.36 (5.01) [39]

DAGMM -0.01 (0.50) [10] 44.96 (27.98) [40] 22.40 (7.68) [37] 0.39 (0.42) [41] 9.35 (17.96) [27] 4.09 (0.65) [40] 8.31 (3.47) [38] 18.22 (7.42) [37] 57.05 (28.04) [37] 1.91 (0.30) [39] 13.71 (7.45) [38] 64.45 (12.53) [38] 15.19 (8.94) [38] 19.20 (9.63) [42] 30.86 (15.99) [38]

DROCC -0.53 (0.46) [44] 80.17 (21.84) [33] 28.63 (6.56) [33] 2.88 (1.58) [21] 5.90 (6.96) [34] 5.97 (2.23) [36] 16.35 (7.37) [31] 16.67 (7.93) [39] 68.03 (5.44) [35] 5.78 (2.64) [27] 21.79 (12.39) [32] 83.60 (12.05) [35] 18.27 (8.70) [37] 25.34 (10.46) [36] 37.99 (17.76) [35]

GOAD -0.33 (0.25) [30] 99.48 (0.20) [9] 51.01 (2.04) [22] 2.24 (0.50) [27] 15.12 (1.20) [21] 10.38 (0.99) [25] 23.66 (1.68) [22] 40.55 (1.74) [20] 97.78 (0.47) [17] 5.83 (0.59) [26] 39.64 (2.61) [20] 94.30 (1.75) [28] 37.94 (7.23) [26] 40.66 (3.70) [28] 54.38 (6.76) [21]

ICL -0.69 (0.11) [48] 99.68 (0.14) [6] 71.86 (1.87) [4] 6.18 (0.79) [4] 23.30 (3.55) [8] 15.99 (0.99) [8] 31.51 (3.06) [12] 52.85 (1.29) [10] 98.80 (0.37) [2] 21.54 (1.30) [4] 56.33 (1.96) [5] 97.32 (1.14) [8] 71.75 (4.38) [6] 79.85 (4.80) [5] 80.57 (4.26) [1]

PlanarFlow -0.15 (0.17) [19] 98.56 (0.54) [22] 39.81 (1.62) [27] 0.66 (0.52) [37] 6.68 (3.35) [31] 7.52 (1.10) [33] 13.47 (2.63) [33] 28.62 (2.16) [33] 93.83 (2.39) [24] 1.41 (0.59) [41] 18.10 (1.84) [36] 93.04 (2.53) [30] 25.12 (7.19) [35] 36.50 (2.88) [33] 44.83 (7.55) [33]

VAE -0.34 (0.24) [33] 99.46 (0.21) [12] 49.80 (2.03) [24] 2.13 (0.41) [28] 13.82 (0.90) [23] 9.92 (1.05) [26] 21.80 (1.95) [24] 38.67 (1.70) [22] 97.78 (0.39) [17] 5.29 (0.54) [29] 36.97 (1.96) [22] 94.40 (1.59) [27] 35.79 (6.91) [30] 39.74 (4.05) [32] 52.71 (6.86) [26]

GANomaly -0.28 (0.27) [23] 99.09 (0.61) [18] 59.74 (3.85) [13] 2.36 (0.51) [24] 15.64 (1.99) [20] 10.86 (1.04) [21] 25.81 (3.45) [18] 41.76 (2.98) [17] 97.61 (0.45) [21] 7.12 (0.46) [22] 43.85 (2.32) [17] 94.83 (1.25) [21] 45.09 (7.99) [14] 49.17 (3.76) [19] 56.28 (5.50) [12]

SLAD -0.32 (0.14) [28] 99.86 (0.02) [1] 60.62 (1.95) [11] 3.45 (0.58) [18] 19.33 (1.05) [16] 13.58 (1.07) [13] 29.65 (1.69) [14] 49.81 (1.68) [12] 98.38 (0.40) [8] 13.44 (0.68) [13] 48.32 (2.04) [13] 98.51 (0.65) [3] 72.53 (3.73) [4] 78.65 (2.97) [7] 76.62 (3.73) [7]

DIF 0.21 (0.23) [3] -2.65 (0.19) [51] 2.39 (0.21) [46] 0.15 (0.40) [43] -0.42 (0.47) [46] 2.33 (0.42) [42] 4.16 (0.89) [41] 3.40 (0.44) [45] 11.01 (0.68) [43] 4.01 (0.98) [31] 3.79 (0.43) [43] 25.68 (6.47) [45] 32.97 (5.12) [31] 56.14 (4.23) [13] 25.05 (13.07) [41]

DDPM -0.22 (0.30) [21] 99.59 (0.14) [7] 50.13 (2.81) [23] 1.56 (0.78) [32] 12.49 (0.73) [25] 8.96 (0.79) [28] 20.88 (1.22) [26] 37.61 (1.64) [24] 97.79 (0.42) [15] 5.58 (0.40) [28] 36.01 (2.00) [26] 92.34 (1.37) [31] 26.56 (9.31) [34] 34.68 (3.46) [35] 46.53 (5.66) [32]

DTE-IG 0.28 (0.37) [2] 15.88 (41.89) [43] 17.35 (27.25) [39] 0.14 (2.71) [44] 4.44 (10.41) [36] 3.33 (6.97) [41] 3.08 (8.86) [42] 14.42 (23.51) [40] -5.07 (0.00) [51] 3.71 (9.53) [32] 18.21 (28.15) [35] 48.60 (57.42) [42] -3.34 (29.06) [50] 64.81 (6.27) [9] 52.64 (37.92) [28]

DTE-C -0.13 (0.15) [16] 90.74 (0.51) [30] 59.75 (1.79) [12] 5.24 (0.62) [11] 21.80 (3.07) [11] 15.05 (2.32) [10] 32.01 (3.30) [11] 47.89 (1.71) [14] 91.10 (0.80) [26] 17.14 (1.38) [11] 51.60 (1.26) [11] 94.86 (3.96) [20] 67.33 (6.82) [7] 64.00 (6.41) [10] 66.70 (5.70) [9]

DTENonParametric -0.53 (0.20) [44] 46.90 (0.50) [39] 36.53 (0.88) [29] 4.06 (0.29) [15] 20.33 (0.90) [15] 11.71 (1.18) [19] 27.39 (1.17) [16] 33.95 (1.35) [29] 46.01 (0.70) [39] 11.31 (0.57) [16] 36.51 (1.28) [25] 90.83 (6.22) [33] 57.32 (8.23) [11] 60.64 (3.06) [12] 60.50 (7.75) [11]

MCM -0.28 (0.25) [23] 99.85 (0.04) [2] 56.71 (2.04) [16] 3.39 (0.49) [19] 18.80 (1.08) [17] 11.87 (1.18) [18] 26.02 (2.00) [17] 44.52 (1.55) [16] 98.09 (0.35) [12] 9.34 (0.57) [19] 44.40 (1.99) [16] 95.31 (1.49) [14] 43.30 (7.34) [21] 45.87 (3.34) [24] 54.65 (6.22) [20]

3WNCROD -0.00 (0.00) [6] -0.00 (0.00) [46] -0.00 (0.00) [47] -0.00 (0.00) [46] -0.00 (0.00) [41] -0.00 (0.00) [45] -0.00 (0.00) [48] -0.00 (0.00) [46] -0.00 (0.00) [47] -0.00 (0.00) [45] -0.00 (0.00) [45] -0.01 (2.35) [48] 0.00 (2.62) [45] -0.03 (1.47) [46] -0.10 (3.31) [47]

ODIN -0.32 (0.24) [28] -1.33 (0.08) [50] 3.52 (0.08) [45] 5.52 (0.28) [10] -1.36 (0.04) [48] 12.24 (0.85) [17] 4.44 (0.27) [40] 7.52 (0.42) [43] -1.39 (0.07) [50] 17.84 (1.13) [10] 9.84 (0.48) [41] 17.60 (2.57) [46] 31.14 (6.62) [32] 24.92 (4.93) [37] 6.09 (4.50) [45]

NCSBAD -0.89 (0.10) [49] 99.75 (0.06) [4] 76.48 (1.73) [3] 7.80 (0.60) [2] 33.37 (1.17) [3] 20.07 (1.58) [3] 47.47 (2.19) [3] 63.17 (1.59) [2] 98.70 (0.31) [3] 27.27 (0.91) [1] 65.61 (1.98) [3] 98.30 (1.03) [4] 72.52 (5.89) [5] 80.02 (3.38) [4] 77.29 (3.82) [5]

NCSBADVAL -0.08 (0.18) [13] 99.83 (0.08) [3] 78.43 (1.88) [2] 7.73 (0.59) [3] 34.66 (1.31) [2] 20.14 (1.56) [2] 48.46 (1.90) [2] 63.01 (1.51) [3] 98.50 (0.21) [7] 27.20 (0.92) [2] 68.19 (1.87) [2] 98.16 (0.99) [5] 73.00 (5.70) [2] 79.47 (2.80) [6] 77.25 (3.48) [6]

Table 46: Mean, standard deviation and rank ADJ AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 6
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Model MVTec-AD grid MVTec-AD hazelnut MVTec-AD leather MVTec-AD metal nut MVTec-AD pill MVTec-AD screw MVTec-AD tile MVTec-AD toothbrush MVTec-AD transistor MVTec-AD wood MVTec-AD zipper SVHN 0 SVHN 1 SVHN 2 SVHN 3 SVHN 4

IForest 28.56 (5.52) [33] 50.35 (4.25) [22] 97.35 (1.69) [29] 32.62 (6.33) [33] 35.59 (5.26) [32] 15.31 (5.10) [36] 71.85 (2.79) [18] 70.77 (9.37) [29] 38.56 (7.93) [32] 50.53 (3.81) [33] 55.08 (8.89) [29] 4.42 (1.05) [30] 7.42 (0.86) [16] 8.23 (1.51) [27] 3.38 (0.55) [36] 7.62 (0.82) [7]

OCSVM 38.25 (3.65) [27] 48.81 (4.07) [26] 97.73 (1.17) [23] 46.25 (5.26) [25] 37.09 (4.48) [28] 26.45 (1.79) [23] 69.51 (2.47) [29] 78.46 (3.23) [25] 44.77 (7.16) [24] 61.69 (2.80) [24] 62.38 (7.14) [24] 5.60 (1.07) [24] 7.74 (0.93) [12] 8.90 (1.34) [17] 5.93 (0.70) [21] 6.11 (0.34) [19]

COPOD -0.02 (1.02) [47] -0.03 (2.59) [48] -0.05 (2.28) [48] 0.05 (1.16) [46] 0.00 (3.46) [46] -0.04 (3.30) [47] 0.00 (2.00) [48] 0.01 (1.31) [46] -0.07 (2.33) [48] -0.11 (2.05) [48] -0.07 (3.67) [47] 0.00 (0.00) [47] -0.00 (0.00) [48] -0.00 (0.00) [47] -0.01 (0.00) [47] -0.00 (0.00) [46]

ECOD -0.02 (1.02) [47] -0.03 (2.59) [48] -0.05 (2.28) [48] 0.05 (1.16) [46] 0.00 (3.46) [46] -0.04 (3.30) [47] 0.00 (2.00) [48] 0.01 (1.31) [46] -0.07 (2.33) [48] -0.11 (2.05) [48] -0.07 (3.67) [47] 0.00 (0.00) [47] -0.00 (0.00) [48] -0.00 (0.00) [47] -0.01 (0.00) [47] -0.00 (0.00) [46]

FeatureBagging 42.52 (3.19) [22] 51.10 (4.65) [14] 97.64 (0.72) [24] 51.80 (5.30) [15] 44.71 (6.40) [15] 31.49 (2.84) [14] 70.67 (2.39) [23] 86.89 (3.76) [18] 47.80 (6.60) [18] 66.14 (4.03) [14] 74.81 (6.44) [13] 8.93 (1.34) [2] 6.14 (0.84) [24] 9.62 (1.05) [6] 8.84 (1.06) [1] 5.80 (0.46) [24]

HBOS 10.18 (1.12) [42] 50.74 (4.61) [18] 95.38 (2.76) [32] 21.92 (3.31) [37] 36.21 (4.39) [29] 14.28 (4.56) [39] 70.73 (2.69) [22] 77.37 (8.55) [26] 32.45 (8.76) [35] 34.32 (3.69) [39] 49.38 (7.68) [32] 1.22 (0.68) [41] 5.42 (0.27) [29] 6.01 (1.22) [36] 0.90 (0.19) [45] 8.60 (0.62) [2]

KNN 45.17 (3.23) [15] 50.87 (4.02) [17] 98.35 (0.73) [12] 49.75 (4.42) [20] 42.93 (4.64) [19] 31.44 (1.45) [15] 71.55 (2.00) [19] 91.73 (3.69) [13] 47.77 (7.14) [19] 64.27 (3.01) [18] 70.30 (6.84) [19] 6.62 (1.23) [17] 7.72 (0.97) [13] 9.34 (1.36) [11] 6.62 (0.88) [15] 6.49 (0.33) [13]

LODA 27.72 (5.56) [34] 41.96 (9.64) [32] 92.64 (3.26) [35] 27.27 (10.47) [34] 34.38 (5.60) [33] 13.87 (5.44) [40] 64.53 (4.74) [32] 37.36 (7.74) [39] 32.90 (4.74) [34] 49.31 (4.45) [34] 53.29 (11.33) [30] 2.47 (1.44) [36] 4.84 (2.23) [31] 3.98 (1.99) [38] 2.88 (1.75) [39] 3.83 (2.34) [37]

LOF 42.94 (3.83) [20] 50.94 (4.54) [15] 97.42 (0.56) [25] 51.57 (5.40) [16] 44.36 (6.11) [16] 31.39 (2.87) [16] 69.86 (2.32) [26] 87.17 (3.71) [16] 47.87 (6.59) [15] 66.35 (3.79) [12] 74.50 (6.30) [14] 8.87 (1.38) [3] 5.79 (0.73) [26] 9.49 (1.12) [8] 8.74 (1.17) [2] 5.85 (0.66) [22]

MCD 60.64 (2.11) [9] 56.87 (2.25) [11] 97.38 (1.31) [28] 60.64 (7.65) [12] 54.95 (8.41) [10] 39.68 (3.08) [12] 76.75 (4.12) [11] 89.65 (4.65) [14] 60.36 (6.44) [11] 75.13 (4.73) [11] 83.51 (4.26) [11] 5.17 (0.81) [28] 4.07 (1.21) [37] 6.08 (1.61) [35] 3.54 (1.10) [35] 4.50 (1.06) [34]

PCA 38.07 (2.66) [28] 47.71 (4.32) [28] 98.11 (0.72) [16] 43.24 (5.14) [27] 35.78 (3.90) [30] 25.46 (1.19) [26] 70.14 (1.81) [24] 68.98 (1.82) [31] 43.89 (7.16) [26] 61.29 (2.44) [25] 59.54 (6.97) [26] 5.41 (1.04) [26] 7.88 (0.94) [10] 8.62 (1.37) [19] 5.70 (0.79) [25] 6.13 (0.30) [17]

DeepSVDD 60.05 (5.96) [10] 59.54 (7.01) [10] 98.47 (0.69) [11] 69.62 (7.80) [9] 56.47 (8.15) [9] 49.38 (4.00) [8] 84.34 (4.55) [8] 95.28 (3.67) [12] 62.63 (13.43) [10] 80.18 (5.19) [8] 86.26 (2.35) [9] 2.79 (0.58) [35] 4.73 (2.94) [32] 4.41 (1.76) [37] 2.72 (1.33) [40] 2.24 (0.89) [42]

INNE 44.01 (4.24) [16] 47.91 (5.58) [27] 96.04 (2.15) [30] 50.19 (5.25) [19] 43.68 (6.25) [18] 27.88 (1.39) [22] 73.09 (3.14) [12] 86.29 (3.22) [19] 45.61 (4.78) [23] 66.07 (4.56) [15] 76.71 (5.27) [12] 7.92 (1.21) [10] 6.75 (0.79) [21] 7.74 (1.17) [31] 6.63 (0.82) [14] 5.71 (0.41) [25]

KPCA 71.96 (5.74) [3] 70.98 (4.00) [2] 98.75 (0.90) [8] 81.54 (4.41) [5] 74.85 (8.82) [2] 63.65 (2.66) [3] 86.15 (5.73) [5] 99.82 (0.28) [4] 75.69 (7.39) [1] 86.32 (5.48) [5] 89.89 (3.65) [5] 6.77 (1.16) [16] 7.91 (0.97) [8] 9.60 (1.41) [7] 6.42 (0.74) [19] 6.92 (0.39) [11]

KDE 72.67 (5.64) [2] 70.09 (3.38) [7] 98.82 (0.52) [7] 79.98 (3.47) [6] 71.50 (7.33) [7] 64.99 (2.26) [2] 84.45 (3.73) [7] 99.77 (0.35) [6] 75.51 (8.06) [2] 87.18 (5.05) [1] 86.88 (5.17) [8] 3.97 (1.00) [31] 4.45 (0.93) [34] 7.79 (1.21) [30] 4.97 (0.97) [27] 4.04 (0.69) [35]

GMM 70.19 (6.16) [5] 70.31 (2.73) [6] 99.03 (0.58) [5] 82.50 (4.92) [1] 76.82 (8.14) [1] 61.61 (3.80) [4] 87.68 (2.43) [4] 99.80 (0.25) [5] 70.92 (8.08) [7] 86.84 (3.93) [2] 88.60 (2.12) [6] 8.33 (1.32) [7] 8.87 (1.12) [2] 10.31 (1.36) [4] 7.63 (1.06) [7] 7.00 (0.48) [9]

CBLOF 43.37 (2.96) [18] 52.40 (4.32) [12] 98.04 (0.77) [20] 46.80 (5.60) [23] 40.57 (4.21) [23] 29.14 (3.73) [19] 72.01 (2.23) [17] 82.80 (3.07) [22] 46.85 (7.30) [21] 64.38 (3.16) [17] 67.01 (4.06) [21] 6.37 (1.17) [19] 7.39 (0.98) [17] 8.65 (1.34) [18] 6.13 (0.85) [20] 6.05 (0.35) [21]

SOD 22.50 (3.63) [36] 36.74 (5.09) [35] 93.66 (1.32) [34] 13.16 (7.60) [42] 15.70 (7.85) [42] 13.74 (2.65) [41] 49.72 (5.16) [34] 40.37 (6.96) [37] 25.47 (8.08) [39] 52.05 (3.89) [32] 40.12 (9.09) [37] 6.33 (1.15) [20] 4.42 (0.55) [35] 9.26 (1.31) [12] 6.74 (1.00) [12] 4.97 (0.49) [30]

LUNAR 62.57 (6.81) [8] 64.85 (3.08) [9] 99.15 (0.31) [1] 68.50 (5.62) [10] 52.82 (12.85) [12] 48.77 (6.89) [9] 79.73 (3.79) [10] 99.67 (0.47) [8] 69.91 (8.56) [8] 77.89 (3.56) [10] 84.91 (3.65) [10] 9.38 (1.52) [1] 10.22 (0.93) [1] 12.35 (1.48) [1] 7.18 (1.00) [11] 9.54 (0.68) [1]

SOGAAL 12.32 (11.43) [41] 2.79 (7.79) [46] 36.17 (32.19) [44] 18.26 (6.15) [38] 17.58 (4.43) [40] 10.12 (10.34) [43] 31.02 (10.32) [43] 18.06 (10.16) [44] 16.70 (10.35) [43] 21.38 (18.19) [43] 15.84 (9.50) [44] 0.59 (1.75) [43] 1.62 (1.70) [44] 1.34 (0.87) [42] 2.51 (1.11) [41] -0.73 (0.81) [49]

ALAD 9.82 (4.24) [44] 4.19 (9.07) [43] 52.04 (16.12) [39] 4.03 (12.62) [45] 6.51 (6.87) [45] 1.91 (6.52) [45] 33.01 (8.83) [42] -14.52 (7.82) [50] 8.46 (4.42) [45] 10.62 (13.51) [46] 14.94 (9.85) [45] 1.52 (1.17) [39] 0.82 (1.62) [46] 1.98 (1.39) [41] 0.12 (1.56) [46] 0.55 (0.99) [45]

AE 43.18 (2.67) [19] 51.30 (4.64) [13] 98.12 (0.71) [15] 48.00 (5.36) [22] 42.31 (4.19) [20] 28.29 (1.94) [21] 72.22 (2.20) [15] 81.50 (3.13) [23] 47.83 (6.48) [17] 64.06 (2.93) [20] 69.78 (6.57) [20] 6.55 (1.18) [18] 7.52 (1.04) [15] 9.18 (1.33) [15] 6.61 (0.90) [16] 6.35 (0.39) [14]

CD -0.02 (1.02) [47] -0.03 (2.59) [48] -0.05 (2.28) [48] 0.05 (1.16) [46] -5.35 (5.90) [50] -0.04 (3.30) [47] 0.00 (2.00) [48] -4.97 (9.89) [49] -0.07 (2.33) [48] -0.11 (2.05) [48] -1.19 (4.44) [50] 1.37 (1.73) [40] 4.69 (3.19) [33] -0.00 (0.00) [47] 5.77 (2.89) [24] 1.68 (2.08) [44]

MOGAAL 17.18 (10.79) [39] 3.67 (9.47) [45] 42.35 (34.44) [42] 16.87 (5.00) [39] 18.38 (2.73) [39] 11.42 (10.56) [42] 33.76 (12.27) [41] 19.33 (8.82) [43] 16.33 (10.97) [44] 27.80 (18.86) [41] 13.23 (8.93) [46] 0.57 (1.57) [44] 0.52 (0.63) [47] 1.05 (0.80) [44] 3.86 (2.35) [33] -0.80 (1.02) [50]

QMCD -10.57 (2.81) [51] 0.63 (3.20) [47] 79.73 (3.30) [36] -29.47 (0.90) [51] -29.50 (4.02) [51] -23.32 (2.01) [51] 0.77 (8.76) [47] 1.88 (48.50) [45] 0.82 (4.22) [46] 14.40 (5.94) [44] -28.76 (5.73) [51] -1.65 (0.42) [50] -3.08 (0.10) [51] -2.21 (0.18) [51] -1.70 (0.14) [51] -2.46 (0.20) [51]

Sampling 42.22 (4.81) [23] 49.51 (4.99) [24] 98.18 (0.74) [14] 46.39 (3.60) [24] 41.04 (5.35) [22] 25.73 (2.01) [24] 71.14 (1.63) [21] 80.58 (3.68) [24] 46.31 (7.98) [22] 63.87 (2.20) [21] 65.54 (7.86) [22] 5.52 (1.30) [25] 7.90 (1.34) [9] 8.32 (1.28) [24] 5.79 (0.77) [23] 6.34 (0.34) [15]

EIF 30.66 (2.09) [31] 50.25 (4.66) [23] 98.03 (1.31) [21] 36.87 (5.54) [31] 37.72 (3.72) [25] 16.02 (6.56) [35] 72.18 (2.33) [16] 87.40 (6.69) [15] 41.72 (11.00) [30] 56.03 (3.27) [31] 57.28 (6.29) [28] 3.66 (0.45) [32] 7.28 (0.89) [18] 8.33 (1.28) [23] 3.97 (0.75) [32] 7.15 (0.78) [8]

Ensemble 42.94 (3.83) [20] 50.94 (4.54) [15] 97.42 (0.56) [25] 51.57 (5.40) [16] 44.36 (6.11) [16] 31.39 (2.87) [16] 69.86 (2.32) [26] 87.17 (3.71) [16] 47.87 (6.59) [15] 66.35 (3.79) [12] 74.50 (6.30) [14] 8.87 (1.38) [3] 5.79 (0.73) [26] 9.49 (1.12) [8] 8.74 (1.17) [2] 5.85 (0.66) [22]

GEN2OUT 34.83 (5.71) [30] 50.38 (4.60) [20] 97.88 (1.58) [22] 38.00 (7.75) [30] 40.09 (5.15) [24] 16.09 (5.32) [34] 71.20 (4.66) [20] 76.62 (6.52) [27] 42.22 (7.12) [29] 58.90 (4.56) [28] 62.79 (5.81) [23] 2.92 (1.05) [33] 8.52 (2.18) [5] 7.97 (1.32) [29] 3.06 (0.58) [38] 7.97 (1.36) [4]

DynamicHBOS 2.83 (1.01) [45] 24.52 (5.13) [40] 76.64 (6.42) [37] 5.24 (1.44) [44] 14.13 (2.86) [43] 3.81 (3.86) [44] 42.97 (4.41) [37] 54.00 (8.06) [35] 17.95 (6.98) [42] 12.98 (3.63) [45] 25.19 (6.12) [42] 0.28 (0.24) [45] 1.76 (0.27) [43] 1.10 (0.31) [43] -0.04 (0.05) [50] 2.47 (0.30) [40]

COF 19.37 (2.37) [38] 36.90 (7.08) [34] 41.71 (13.61) [43] 15.99 (6.65) [40] 10.23 (6.77) [44] 16.70 (2.82) [33] 41.22 (12.04) [38] 28.89 (7.64) [41] 29.04 (8.98) [37] 43.51 (6.63) [36] 31.92 (9.77) [40] 7.40 (1.00) [12] 2.65 (0.53) [39] 9.20 (1.66) [14] 7.41 (0.93) [9] 3.87 (0.29) [36]

ABOD 0.14 (3.67) [46] 12.21 (5.91) [42] 26.81 (6.69) [46] -4.30 (1.72) [50] -2.11 (5.19) [49] 0.03 (4.23) [46] 6.14 (3.72) [46] -21.95 (2.38) [51] 0.59 (2.72) [47] 3.86 (1.75) [47] 17.58 (7.66) [43] 8.28 (1.46) [8] 7.96 (0.78) [7] 10.30 (1.10) [5] 7.56 (1.16) [8] 7.98 (0.68) [3]

LMDD 13.78 (6.27) [40] 36.03 (2.22) [36] 46.20 (13.18) [41] 22.70 (7.04) [35] 23.99 (6.54) [36] 14.32 (2.85) [38] 18.09 (6.68) [44] 38.84 (4.26) [38] 22.06 (5.33) [40] 29.27 (7.79) [40] 33.15 (6.47) [39] 2.31 (1.25) [37] 4.96 (1.21) [30] 6.48 (1.52) [32] 2.21 (0.54) [43] 5.21 (0.19) [28]

DAGMM 20.40 (7.33) [37] 24.43 (8.15) [41] 73.60 (8.03) [38] 10.64 (7.18) [43] 16.09 (12.79) [41] 14.65 (4.99) [37] 47.42 (8.49) [36] 53.52 (6.21) [36] 26.56 (9.57) [38] 36.87 (11.12) [38] 33.73 (16.06) [38] 1.06 (1.74) [42] 1.81 (0.76) [42] 2.19 (0.46) [40] 3.72 (2.02) [34] 2.21 (0.54) [43]

DROCC 30.17 (8.28) [32] 29.04 (13.34) [38] 49.45 (20.11) [40] 22.23 (16.22) [36] 21.47 (7.87) [37] 25.63 (15.53) [25] 39.23 (25.04) [40] 35.33 (18.24) [40] 30.05 (22.38) [36] 46.90 (20.88) [35] 26.28 (9.12) [41] 2.05 (1.51) [38] 2.28 (1.49) [40] 3.08 (1.05) [39] 3.11 (1.35) [37] 2.44 (1.98) [41]

GOAD 39.11 (2.67) [25] 48.91 (4.44) [25] 98.09 (0.78) [18] 44.56 (5.26) [26] 37.15 (3.42) [27] 25.46 (2.36) [26] 69.69 (2.77) [28] 71.58 (2.30) [28] 44.74 (6.64) [25] 62.00 (2.40) [22] 62.26 (7.38) [25] 5.72 (0.92) [23] 8.08 (0.92) [6] 8.62 (1.38) [19] 5.86 (0.78) [22] 6.21 (0.36) [16]

ICL 75.29 (5.27) [1] 74.07 (7.08) [1] 98.69 (0.82) [10] 82.39 (2.64) [2] 71.59 (3.08) [6] 67.29 (4.07) [1] 84.64 (3.60) [6] 99.86 (0.17) [2] 74.18 (7.76) [3] 85.74 (7.43) [6] 91.63 (2.32) [1] 8.57 (1.80) [5] 4.15 (0.55) [36] 8.28 (1.86) [26] 7.76 (1.66) [5] 4.62 (0.82) [32]

PlanarFlow 25.03 (2.46) [35] 45.47 (6.58) [30] 97.40 (0.94) [27] 36.23 (5.88) [32] 30.47 (3.59) [34] 17.69 (4.40) [31] 68.67 (1.66) [31] 57.60 (5.76) [32] 36.87 (8.12) [33] 57.72 (2.09) [29] 45.18 (8.56) [34] 2.84 (0.76) [34] 6.82 (0.80) [19] 8.50 (1.37) [22] 4.96 (1.18) [28] 4.74 (0.83) [31]

VAE 38.06 (2.65) [29] 47.63 (4.39) [29] 98.11 (0.72) [16] 43.15 (5.18) [29] 35.68 (3.80) [31] 25.44 (1.19) [28] 70.13 (1.81) [25] 70.00 (2.26) [30] 43.79 (7.15) [27] 61.27 (2.42) [26] 59.48 (6.98) [27] 5.41 (1.05) [26] 7.88 (0.94) [10] 8.62 (1.37) [19] 5.70 (0.79) [25] 6.13 (0.30) [17]

GANomaly 45.29 (2.63) [14] 50.38 (5.08) [20] 98.23 (0.84) [13] 51.47 (5.86) [18] 47.53 (5.77) [14] 31.29 (1.39) [18] 72.43 (0.64) [13] 82.98 (3.79) [21] 49.06 (7.58) [13] 64.61 (4.33) [16] 74.13 (6.12) [17] 6.81 (1.68) [15] 5.66 (1.12) [28] 8.18 (1.07) [28] 6.67 (0.81) [13] 5.09 (0.78) [29]

SLAD 69.18 (4.25) [7] 70.52 (5.99) [3] 99.15 (0.42) [1] 78.21 (4.62) [7] 73.94 (7.81) [3] 57.93 (2.08) [7] 87.90 (4.03) [3] 99.75 (0.29) [7] 72.71 (6.88) [6] 84.96 (4.26) [7] 90.30 (2.61) [4] 6.84 (1.29) [14] 6.15 (0.77) [23] 9.39 (1.40) [10] 7.20 (0.83) [10] 6.80 (0.40) [12]

DIF 49.07 (5.07) [12] 26.06 (10.07) [39] 34.56 (9.30) [45] 59.72 (6.57) [13] 48.64 (8.29) [13] 47.77 (7.74) [10] 48.59 (6.39) [35] 97.31 (1.93) [9] 49.81 (6.90) [12] 61.87 (6.29) [23] 49.48 (11.19) [31] 0.18 (0.28) [46] 3.42 (0.86) [38] 0.47 (0.47) [46] 0.94 (0.63) [44] 3.03 (0.73) [39]

DDPM 38.26 (3.11) [26] 45.42 (5.07) [31] 95.88 (0.45) [31] 43.22 (3.39) [28] 29.15 (4.87) [35] 22.79 (2.15) [29] 61.91 (1.51) [33] 57.30 (5.93) [33] 41.66 (7.23) [31] 59.40 (1.52) [27] 40.77 (8.21) [36] 4.72 (1.22) [29] 6.56 (0.94) [22] 8.32 (1.73) [24] 4.85 (0.79) [30] 5.50 (0.39) [27]

DTE-IG 43.60 (27.37) [17] 33.00 (37.67) [37] 98.71 (0.72) [9] 64.34 (5.86) [11] 37.60 (33.98) [26] 18.49 (26.76) [30] 39.87 (52.38) [39] 27.92 (57.30) [42] 49.00 (31.55) [14] 39.06 (46.27) [37] 42.45 (61.63) [35] -2.64 (0.30) [51] 0.94 (4.07) [45] 0.65 (3.80) [45] 2.41 (3.16) [42] 5.61 (0.62) [26]

DTE-C 59.60 (3.83) [11] 65.12 (5.16) [8] 98.91 (0.60) [6] 74.42 (5.91) [8] 63.24 (9.18) [8] 46.13 (6.19) [11] 82.52 (6.34) [9] 96.55 (2.11) [11] 66.80 (7.40) [9] 79.66 (5.59) [9] 86.92 (4.68) [7] 7.05 (1.61) [13] 6.76 (0.39) [20] 9.23 (1.53) [13] 6.45 (0.95) [18] 6.93 (0.31) [10]

DTENonParametric 48.00 (3.75) [13] 39.80 (4.02) [33] 93.79 (3.66) [33] 53.75 (7.31) [14] 53.08 (7.18) [11] 31.85 (4.74) [13] 69.50 (3.87) [30] 96.97 (2.30) [10] 42.85 (4.66) [28] 57.04 (5.63) [30] 74.49 (8.75) [16] 6.10 (1.00) [22] 5.95 (0.61) [25] 6.11 (0.49) [34] 4.89 (0.31) [29] 4.51 (0.46) [33]

MCM 41.76 (2.50) [24] 50.74 (4.33) [18] 98.06 (0.81) [19] 48.29 (3.19) [21] 42.09 (4.11) [21] 28.41 (1.79) [20] 72.33 (2.18) [14] 83.15 (3.92) [20] 47.59 (6.96) [20] 64.13 (2.76) [19] 70.64 (6.54) [18] 6.27 (1.15) [21] 7.64 (1.02) [14] 9.01 (1.32) [16] 6.55 (0.87) [17] 6.10 (0.40) [20]

3WNCROD -0.02 (1.02) [47] -0.03 (2.59) [48] -0.05 (2.28) [48] 0.05 (1.16) [46] 0.00 (3.46) [46] -0.04 (3.30) [47] 0.00 (2.00) [48] 0.01 (1.31) [46] -0.07 (2.33) [48] -0.11 (2.05) [48] -0.07 (3.67) [47] 0.00 (0.00) [47] -0.00 (0.00) [48] -0.00 (0.00) [47] -0.01 (0.00) [47] -0.00 (0.00) [46]

ODIN 9.96 (2.52) [43] 3.77 (3.62) [44] 5.66 (3.91) [47] 14.05 (5.39) [41] 19.20 (4.18) [38] 17.37 (5.45) [32] 14.63 (2.93) [45] 55.21 (5.68) [34] 18.52 (5.84) [41] 23.77 (6.80) [42] 45.46 (4.92) [33] 7.56 (0.66) [11] 2.16 (0.20) [41] 6.14 (0.59) [33] 4.50 (0.48) [31] 3.15 (0.82) [38]

NCSBAD 70.05 (5.54) [6] 70.51 (2.98) [4] 99.13 (0.49) [3] 81.92 (4.63) [4] 72.85 (7.03) [4] 61.39 (3.63) [5] 88.12 (3.33) [1] 99.85 (0.12) [3] 73.45 (7.29) [4] 86.74 (4.31) [3] 91.07 (2.60) [2] 8.19 (1.30) [9] 8.66 (1.03) [3] 10.90 (1.41) [3] 7.80 (1.06) [4] 7.65 (0.47) [6]

NCSBADVAL 70.36 (5.52) [4] 70.42 (3.05) [5] 99.13 (0.45) [3] 82.34 (4.79) [3] 72.69 (7.71) [5] 61.11 (3.50) [6] 87.94 (3.26) [2] 99.96 (0.06) [1] 73.03 (7.65) [5] 86.67 (4.23) [4] 90.49 (2.48) [3] 8.47 (1.41) [6] 8.60 (0.99) [4] 11.11 (1.39) [2] 7.71 (1.15) [6] 7.69 (0.53) [5]

Table 47: Mean, standard deviation and rank ADJ AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 7
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IForest 5.39 (0.95) [31] 2.29 (0.98) [33] 8.83 (1.46) [10] 2.45 (0.94) [36] 1.32 (0.83) [36] 1.30 (0.30) [30] 2.09 (0.53) [29] 5.82 (0.37) [31] 2.27 (0.21) [32] 1.80 (0.90) [22] -0.69 (0.26) [35] 4.60 (0.90) [26] 3.84 (0.66) [30] -0.51 (0.50) [42] -0.59 (0.81) [44] 10.28 (3.99) [28] 3.37 (1.49) [22] 2.46 (1.85) [35]

OCSVM 7.85 (0.77) [19] 3.84 (0.83) [21] 8.83 (1.14) [10] 5.52 (0.88) [25] 3.10 (1.19) [22] 1.83 (0.39) [28] 2.55 (0.37) [26] 7.50 (0.51) [25] 3.39 (0.29) [24] 1.86 (0.77) [20] -0.70 (0.17) [37] 4.92 (1.00) [19] 5.01 (0.48) [27] -0.40 (0.39) [39] -0.45 (0.67) [37] 12.07 (6.06) [22] 3.09 (1.48) [24] 2.61 (1.55) [33]

COPOD -0.01 (0.00) [47] 0.02 (0.00) [47] -0.02 (0.00) [47] -0.01 (0.00) [44] 0.00 (0.00) [45] 0.58 (0.27) [37] 0.01 (0.19) [45] 5.04 (0.45) [35] 1.84 (0.35) [36] 2.02 (0.71) [16] -0.29 (0.12) [13] 4.80 (0.91) [23] 2.74 (0.60) [37] -0.49 (0.46) [41] -1.02 (0.68) [50] 10.88 (5.55) [26] 2.65 (1.46) [30] 1.95 (1.73) [39]

ECOD -0.01 (0.00) [47] 0.02 (0.00) [47] -0.02 (0.00) [47] -0.01 (0.00) [44] 0.00 (0.00) [45] 0.05 (0.31) [45] 2.03 (0.48) [33] 3.52 (0.50) [39] 1.48 (0.32) [38] 1.03 (0.74) [36] -1.13 (0.16) [50] 3.27 (0.81) [35] 2.60 (0.83) [38] -0.89 (0.24) [48] -0.32 (0.79) [34] 9.35 (3.41) [33] 2.63 (1.01) [31] 3.12 (2.26) [24]

FeatureBagging 9.92 (1.13) [5] 4.72 (0.68) [5] 8.75 (1.12) [14] 7.66 (0.84) [2] 4.40 (1.30) [7] 9.44 (0.81) [5] 24.38 (1.15) [1] 22.44 (1.83) [3] 16.53 (1.55) [3] 1.66 (0.54) [24] -0.48 (0.17) [20] 6.99 (1.14) [12] 19.26 (2.26) [5] 1.35 (1.12) [23] 0.71 (0.54) [12] 13.85 (5.28) [15] 3.79 (1.68) [16] 4.76 (2.00) [9]

HBOS 1.47 (0.46) [45] -0.06 (0.37) [50] 7.62 (1.44) [28] -0.62 (0.57) [50] -0.53 (0.41) [50] 0.47 (0.29) [40] 1.03 (0.24) [37] 4.58 (0.47) [36] 1.72 (0.35) [37] 1.98 (0.86) [17] -0.65 (0.10) [31] 4.47 (0.94) [28] 2.43 (0.46) [39] -0.56 (0.48) [43] -0.98 (0.67) [49] 9.94 (4.80) [31] 3.81 (1.85) [15] 2.50 (1.64) [34]

KNN 8.26 (0.86) [15] 4.17 (0.84) [15] 8.62 (1.12) [18] 6.24 (1.01) [14] 3.37 (1.19) [18] 4.42 (0.29) [16] 5.90 (0.43) [19] 13.63 (0.59) [17] 8.12 (0.69) [16] 2.63 (0.65) [6] -0.62 (0.18) [30] 7.46 (1.25) [7] 11.49 (0.97) [16] 1.85 (1.39) [16] -0.30 (0.33) [32] 16.43 (7.07) [11] 1.96 (1.66) [41] 2.80 (2.02) [26]

LODA 5.01 (1.69) [33] 1.28 (1.53) [41] 6.90 (1.47) [31] 3.86 (2.46) [30] 1.65 (1.64) [34] 2.90 (1.04) [22] 0.65 (1.45) [39] 6.10 (1.63) [30] 2.26 (0.91) [33] 1.32 (1.03) [34] -0.97 (0.42) [47] 3.85 (2.72) [34] 1.19 (0.90) [41] -0.16 (1.17) [34] -0.42 (0.43) [36] 11.60 (5.91) [23] 4.02 (1.74) [10] 1.76 (2.51) [41]

LOF 9.94 (1.19) [3] 4.72 (0.65) [5] 8.62 (1.06) [18] 7.39 (1.03) [3] 4.40 (1.26) [7] 9.50 (0.76) [3] 24.29 (1.18) [2] 22.36 (1.91) [4] 16.53 (1.51) [3] 1.64 (0.55) [25] -0.47 (0.14) [18] 7.07 (1.08) [10] 19.52 (2.07) [3] 1.45 (1.05) [19] 0.75 (0.57) [10] 13.65 (5.36) [17] 3.75 (1.69) [17] 4.71 (2.07) [10]

MCD 3.15 (0.93) [39] 2.09 (0.56) [35] 3.08 (0.65) [38] 3.92 (1.58) [29] 3.24 (2.05) [20] 3.52 (0.18) [19] 4.87 (0.26) [21] 10.15 (0.31) [20] 4.12 (0.41) [23] 2.56 (0.75) [8] -0.05 (0.31) [9] 5.23 (0.62) [17] 7.63 (0.52) [20] 1.41 (0.77) [21] 0.43 (0.57) [17] 17.51 (7.34) [9] 4.80 (2.03) [6] 11.03 (2.95) [4]

PCA 7.49 (0.74) [23] 3.75 (0.88) [23] 8.92 (1.14) [7] 5.35 (0.99) [26] 2.84 (1.16) [27] 0.56 (0.38) [38] 2.07 (0.30) [30] 5.24 (0.50) [33] 2.07 (0.32) [35] 1.49 (0.75) [29] -0.89 (0.17) [44] 4.22 (0.94) [30] 3.47 (0.85) [33] -0.57 (0.36) [44] -0.53 (0.69) [38] 9.99 (4.87) [29] 2.53 (1.47) [32] 2.77 (1.71) [27]

DeepSVDD 5.52 (0.83) [29] 2.57 (1.42) [30] 2.61 (0.51) [40] 3.27 (0.59) [31] 1.91 (1.19) [31] 0.77 (1.67) [34] -0.16 (1.03) [48] 2.03 (1.36) [42] 0.20 (1.27) [48] 0.56 (1.31) [41] -0.97 (0.56) [47] 0.67 (0.56) [46] 3.20 (1.83) [35] -0.46 (0.97) [40] 1.25 (1.64) [7] 15.85 (9.98) [12] 2.89 (1.33) [26] 3.20 (1.41) [22]

INNE 8.20 (1.06) [17] 4.64 (1.08) [9] 9.09 (1.03) [6] 5.98 (1.23) [19] 3.77 (1.32) [12] 3.19 (0.55) [21] 6.73 (0.61) [17] 10.07 (0.71) [21] 4.53 (0.28) [22] 1.89 (0.81) [18] -0.67 (0.18) [34] 4.81 (0.88) [22] 8.10 (0.63) [19] -0.08 (0.39) [33] -0.27 (0.81) [30] 12.49 (5.38) [19] 2.85 (1.53) [27] 3.55 (1.91) [19]

KPCA 8.47 (0.77) [13] 4.52 (0.85) [12] 8.77 (1.25) [13] 6.18 (0.95) [16] 3.81 (1.27) [11] 5.22 (0.30) [9] 8.39 (0.49) [12] 15.39 (0.54) [11] 12.13 (0.92) [8] 2.79 (0.75) [4] -0.49 (0.17) [23] 7.91 (1.26) [5] 14.27 (0.97) [11] 2.82 (1.58) [9] 0.46 (0.48) [15] 34.31 (11.39) [3] 3.94 (1.73) [12] 4.28 (1.96) [14]

KDE 5.96 (0.91) [28] 3.94 (0.89) [20] 7.95 (1.19) [25] 6.01 (0.79) [18] 2.81 (1.06) [30] 1.91 (0.61) [27] 5.36 (0.67) [20] 9.06 (0.61) [23] 5.30 (0.75) [21] 1.36 (0.61) [32] -0.80 (0.24) [42] 3.89 (0.54) [33] 6.37 (1.43) [24] 2.34 (1.51) [12] 1.49 (0.79) [6] 26.39 (9.16) [5] 2.31 (1.57) [36] 3.99 (1.25) [15]

GMM 9.99 (1.29) [2] 5.39 (0.83) [3] 9.18 (1.31) [5] 6.23 (1.07) [15] 4.55 (1.33) [5] 8.44 (0.44) [6] 15.25 (0.31) [6] 21.09 (0.41) [6] 15.46 (1.10) [6] 2.73 (0.73) [5] -0.65 (0.21) [31] 7.98 (1.13) [3] 17.46 (0.75) [8] 3.52 (1.30) [4] 1.88 (0.77) [5] 35.78 (10.63) [1] 7.00 (1.77) [3] 7.29 (2.52) [6]

CBLOF 7.78 (0.73) [21] 3.73 (0.84) [26] 8.72 (1.14) [16] 5.98 (1.09) [19] 3.23 (1.22) [21] 3.27 (0.40) [20] 3.63 (0.33) [22] 9.23 (0.67) [22] 3.38 (0.40) [25] 2.36 (0.60) [9] -0.55 (0.22) [25] 5.03 (0.84) [18] 7.27 (1.44) [21] 1.52 (1.12) [18] -0.56 (0.70) [42] 15.23 (8.19) [13] 2.26 (1.84) [38] 2.29 (1.55) [36]

SOD 7.16 (0.76) [27] 3.55 (0.97) [27] 6.44 (1.22) [34] 6.11 (0.91) [17] 3.09 (1.14) [23] 2.81 (0.23) [23] 3.19 (0.47) [23] 12.11 (0.44) [18] 5.67 (0.51) [19] 2.03 (0.68) [15] -0.32 (0.28) [15] 6.08 (0.99) [14] 10.16 (1.01) [17] 2.25 (1.19) [14] -0.13 (0.40) [28] 4.58 (3.86) [41] 3.26 (1.45) [23] 3.42 (2.26) [20]

LUNAR 8.53 (0.90) [12] 5.08 (0.80) [4] 10.16 (0.88) [2] 7.20 (1.36) [8] 4.90 (1.50) [2] 5.11 (0.45) [10] 8.35 (0.43) [13] 16.31 (0.62) [8] 10.11 (0.95) [10] 2.28 (0.64) [11] -0.61 (0.25) [28] 7.96 (1.07) [4] 15.19 (1.40) [10] 3.35 (1.64) [6] 0.01 (0.31) [25] 22.86 (6.51) [7] 2.40 (1.71) [35] 3.69 (1.92) [17]

SOGAAL 2.96 (1.94) [41] 1.18 (1.51) [42] 0.59 (1.88) [43] 2.11 (1.68) [37] 1.01 (1.57) [40] -0.54 (0.29) [49] 0.37 (0.24) [43] 1.14 (0.18) [46] 0.49 (0.30) [44] 0.16 (0.29) [48] -0.78 (0.13) [40] 1.57 (0.63) [41] 0.48 (0.38) [45] -0.95 (0.43) [49] -0.55 (0.57) [40] 7.44 (2.70) [37] 0.85 (0.80) [47] 0.86 (1.47) [45]

ALAD -0.02 (0.60) [50] 2.49 (0.64) [31] 0.48 (1.67) [46] 1.40 (0.46) [41] 1.16 (0.60) [38] -0.76 (0.17) [50] 0.57 (0.83) [40] 0.56 (0.98) [49] -0.21 (0.54) [50] -0.67 (0.67) [50] -0.98 (0.67) [49] 0.20 (1.05) [49] -1.13 (0.70) [50] 2.65 (2.07) [10] 1.00 (0.96) [8] 4.46 (3.00) [42] 0.13 (1.30) [50] 1.49 (3.63) [43]

AE 8.45 (0.84) [14] 4.26 (0.82) [14] 8.89 (1.20) [9] 6.48 (1.06) [12] 3.45 (1.26) [17] 4.20 (0.27) [18] 7.52 (0.56) [14] 15.48 (0.69) [10] 8.42 (0.50) [13] 2.17 (0.70) [13] -0.37 (0.19) [17] 6.78 (0.92) [13] 15.90 (1.70) [9] 2.93 (1.34) [8] -0.55 (0.30) [40] 13.79 (4.89) [16] 3.92 (1.56) [13] 3.92 (1.68) [16]

CD 3.10 (4.27) [40] 0.69 (0.86) [44] 0.52 (1.08) [45] -0.01 (0.00) [44] 0.51 (1.00) [43] 5.57 (0.45) [8] 6.79 (0.15) [16] 16.29 (0.56) [9] 8.39 (0.95) [14] 1.56 (0.91) [28] -1.25 (0.17) [51] 4.61 (0.43) [25] 5.14 (2.72) [26] -0.00 (0.00) [32] -0.06 (0.00) [26] -0.04 (0.54) [50] -0.03 (0.00) [51] 0.07 (0.00) [50]

MOGAAL 2.64 (1.38) [43] 1.53 (1.62) [40] 0.56 (1.67) [44] 1.15 (1.17) [42] 0.80 (1.45) [42] -0.46 (0.49) [48] 0.47 (0.45) [41] 1.47 (0.22) [44] 0.59 (0.25) [42] 0.26 (0.50) [46] -0.87 (0.13) [43] 1.96 (0.47) [40] 0.26 (0.51) [47] -1.12 (0.41) [51] -0.68 (0.59) [46] 8.12 (2.54) [34] 1.54 (0.82) [44] 0.94 (1.53) [44]

QMCD -1.97 (0.29) [51] -0.35 (0.12) [51] -2.52 (0.18) [50] -0.33 (0.37) [49] -0.01 (0.51) [48] -2.59 (0.09) [51] -2.89 (0.15) [51] -3.87 (0.05) [51] -2.86 (0.22) [51] -2.60 (0.15) [51] -0.78 (0.14) [40] -3.51 (0.14) [51] -2.88 (0.92) [51] -1.08 (0.83) [50] 0.48 (0.22) [14] -3.75 (0.35) [51] 1.49 (1.28) [45] 0.65 (1.08) [48]

Sampling 7.82 (0.77) [20] 3.97 (0.65) [18] 8.52 (1.19) [22] 5.73 (1.09) [22] 3.06 (1.09) [24] 2.13 (0.72) [26] 1.95 (0.46) [34] 8.63 (0.43) [24] 3.31 (0.85) [26] 1.89 (0.80) [18] -0.66 (0.59) [33] 4.83 (1.04) [21] 5.50 (0.91) [25] 0.25 (0.72) [27] -0.17 (0.41) [29] 9.68 (4.39) [32] 1.95 (2.01) [42] 2.25 (1.41) [37]

EIF 5.50 (0.67) [30] 2.22 (0.61) [34] 7.99 (1.42) [24] 2.51 (1.00) [35] 1.86 (1.17) [32] 1.34 (0.20) [29] 2.32 (0.54) [27] 6.49 (0.40) [29] 2.63 (0.37) [30] 1.81 (0.70) [21] -0.55 (0.22) [25] 4.60 (0.91) [26] 4.88 (0.78) [28] -0.27 (0.67) [36] -0.75 (0.58) [47] 14.02 (9.99) [14] 3.38 (1.68) [21] 2.64 (1.83) [31]

Ensemble 9.94 (1.19) [3] 4.72 (0.65) [5] 8.62 (1.06) [18] 7.39 (1.03) [3] 4.40 (1.26) [7] 9.50 (0.76) [3] 24.29 (1.18) [2] 22.36 (1.91) [4] 16.53 (1.51) [3] 1.64 (0.55) [25] -0.47 (0.14) [18] 7.07 (1.08) [10] 19.52 (2.07) [3] 1.45 (1.05) [19] 0.75 (0.57) [10] 13.65 (5.36) [17] 3.75 (1.69) [17] 4.71 (2.07) [10]

GEN2OUT 4.88 (0.62) [35] 1.70 (0.54) [39] 7.76 (2.30) [26] 1.70 (1.26) [40] 1.03 (0.63) [39] 1.03 (0.67) [33] 2.58 (0.28) [25] 5.72 (0.59) [32] 2.37 (0.27) [31] 1.36 (0.93) [32] -0.61 (0.23) [28] 4.30 (0.83) [29] 3.76 (0.57) [31] -0.79 (0.46) [47] -0.57 (0.63) [43] 12.14 (5.41) [21] 3.69 (1.39) [19] 2.84 (1.69) [25]

DynamicHBOS 0.19 (0.20) [46] 0.08 (0.12) [46] 2.91 (0.74) [39] -0.10 (0.09) [48] -0.18 (0.03) [49] 0.09 (0.16) [44] -0.19 (0.02) [49] 1.26 (0.22) [45] 0.47 (0.16) [45] 0.33 (0.21) [43] -0.21 (0.04) [11] 1.46 (0.43) [42] -0.18 (0.16) [49] -0.27 (0.01) [36] -0.29 (0.05) [31] 3.09 (2.37) [47] 0.24 (0.25) [48] -0.16 (0.04) [51]

COF 9.05 (1.13) [10] 4.00 (0.88) [17] 6.69 (0.81) [32] 7.39 (1.12) [3] 3.61 (1.25) [14] 4.90 (0.55) [12] 12.49 (1.48) [7] 14.06 (1.21) [15] 8.89 (0.92) [12] 1.13 (0.89) [35] -0.57 (0.29) [27] 5.45 (0.77) [15] 13.98 (1.52) [12] 2.36 (1.55) [11] 0.46 (0.55) [15] 3.80 (5.09) [44] 4.14 (0.73) [7] 2.71 (1.99) [29]

ABOD 9.73 (0.82) [7] 5.84 (0.78) [1] 9.33 (1.35) [3] 7.34 (1.23) [6] 4.52 (1.18) [6] 7.16 (0.50) [7] 10.26 (0.48) [8] 19.48 (1.18) [7] 14.13 (1.19) [7] 3.35 (0.72) [1] -0.29 (0.16) [13] 7.31 (0.69) [8] 13.19 (0.97) [13] 2.30 (0.76) [13] 0.37 (0.68) [19] 2.72 (1.86) [49] 2.76 (0.88) [29] 2.04 (0.50) [38]

LMDD 3.50 (0.59) [38] 2.04 (0.81) [36] 6.02 (1.55) [35] 2.62 (0.91) [34] 0.91 (0.49) [41] 0.02 (0.27) [46] 0.44 (0.45) [42] 2.87 (0.25) [41] 0.66 (0.42) [41] 0.58 (0.57) [40] -0.36 (0.26) [16] 2.34 (0.36) [38] 0.93 (0.96) [44] 0.05 (0.32) [31] -0.33 (0.37) [35] 5.49 (5.60) [40] 2.27 (1.04) [37] 1.81 (1.39) [40]

DAGMM 4.13 (0.69) [37] 1.88 (1.54) [38] 2.48 (0.91) [41] 1.77 (0.58) [39] 1.54 (1.02) [35] 0.60 (0.61) [35] 0.68 (1.46) [38] 1.09 (1.76) [47] 0.10 (1.28) [49] 0.27 (0.49) [45] -0.28 (0.41) [12] 0.35 (1.19) [48] 1.18 (1.65) [42] 0.10 (1.11) [29] 0.42 (0.88) [18] 3.09 (2.15) [47] 1.21 (1.90) [46] 3.27 (1.93) [21]

DROCC 4.51 (0.59) [36] 1.96 (1.04) [37] 2.36 (1.85) [42] 1.83 (1.91) [38] 1.31 (1.00) [37] 0.24 (0.32) [43] -0.00 (0.00) [46] 1.08 (1.34) [48] 0.44 (0.88) [46] -0.16 (0.32) [49] 0.34 (0.44) [5] 0.60 (0.78) [47] 3.63 (4.53) [32] -0.26 (1.66) [35] 0.17 (1.14) [23] 3.91 (2.78) [43] 2.15 (2.92) [39] 0.48 (1.04) [49]

GOAD 7.72 (0.71) [22] 3.84 (0.93) [21] 8.73 (1.12) [15] 5.64 (0.95) [23] 2.93 (1.07) [26] 1.26 (0.51) [32] 2.96 (0.58) [24] 6.65 (0.66) [26] 2.77 (0.32) [29] 1.68 (0.80) [23] -0.77 (0.20) [39] 4.63 (0.96) [24] 4.51 (0.97) [29] -0.35 (0.33) [38] -0.62 (0.68) [45] 10.59 (5.59) [27] 2.41 (1.46) [34] 2.65 (1.87) [30]

ICL 10.65 (1.44) [1] 4.02 (0.76) [16] 7.54 (1.26) [29] 7.82 (0.98) [1] 5.05 (1.39) [1] 4.60 (0.59) [14] 7.37 (1.10) [15] 6.50 (0.38) [28] 6.94 (0.58) [18] 0.81 (0.34) [38] 1.02 (0.41) [2] 0.94 (0.20) [44] 8.66 (1.33) [18] 5.05 (0.74) [2] 0.89 (0.68) [9] 12.48 (3.29) [20] 3.62 (1.06) [20] 5.78 (2.06) [7]

PlanarFlow 7.19 (0.92) [25] 3.13 (1.08) [28] 9.28 (1.65) [4] 3.08 (0.66) [33] 1.76 (0.64) [33] 0.44 (0.42) [41] -0.09 (0.51) [47] -0.06 (0.54) [50] 0.43 (0.45) [47] 0.24 (0.46) [47] 0.25 (0.58) [6] 1.14 (0.64) [43] -0.12 (0.39) [48] 0.08 (1.20) [30] 0.53 (1.37) [13] 3.34 (3.31) [46] 0.18 (1.60) [49] 0.67 (1.90) [47]

VAE 7.49 (0.74) [23] 3.75 (0.88) [23] 8.92 (1.14) [7] 5.35 (0.99) [26] 2.84 (1.16) [27] 0.56 (0.38) [38] 2.07 (0.30) [30] 5.24 (0.50) [33] 2.08 (0.32) [34] 1.49 (0.75) [29] -0.89 (0.17) [44] 4.22 (0.93) [30] 3.47 (0.85) [33] -0.57 (0.36) [44] -0.53 (0.69) [38] 9.96 (4.83) [30] 2.50 (1.47) [33] 2.77 (1.71) [27]

GANomaly 9.17 (1.29) [9] 4.33 (1.05) [13] 8.25 (0.90) [23] 6.87 (1.03) [11] 4.71 (1.09) [3] 1.30 (0.28) [30] 1.35 (0.43) [36] 6.51 (0.71) [27] 5.58 (1.06) [20] 0.46 (0.26) [42] 0.01 (0.24) [8] 2.24 (0.86) [39] 7.08 (1.28) [23] 0.20 (0.47) [28] 0.19 (0.98) [22] 16.73 (7.29) [10] 4.03 (1.48) [9] 5.76 (2.34) [8]

SLAD 8.81 (1.00) [11] 4.60 (0.79) [11] 6.94 (1.22) [30] 7.30 (0.88) [7] 3.61 (1.12) [14] 2.71 (0.49) [25] 2.26 (0.61) [28] 3.93 (0.26) [38] 2.91 (0.31) [27] 0.31 (0.25) [44] 0.64 (0.32) [4] 0.76 (0.16) [45] 7.21 (1.34) [22] 3.33 (0.64) [7] 0.26 (0.50) [20] 11.21 (3.07) [24] 3.92 (0.79) [13] 4.47 (2.79) [12]

DIF 2.00 (0.69) [44] 0.81 (0.29) [43] 3.11 (0.58) [37] 0.93 (0.43) [43] -0.96 (0.14) [51] 0.60 (0.52) [35] 0.22 (0.44) [44] 1.65 (0.22) [43] 1.26 (0.31) [39] 0.69 (0.44) [39] 1.21 (0.40) [1] -0.41 (0.12) [50] 2.30 (0.54) [40] 1.26 (0.60) [25] 0.17 (0.66) [23] 6.68 (4.05) [39] 2.77 (1.86) [28] 0.83 (1.83) [46]

DDPM 7.18 (0.83) [26] 3.74 (1.01) [25] 7.72 (1.90) [27] 5.56 (0.83) [24] 2.84 (1.27) [27] 0.40 (0.49) [42] 1.46 (0.77) [35] 4.43 (0.34) [37] 1.24 (0.28) [40] 0.99 (0.58) [37] -0.93 (0.25) [46] 3.96 (0.96) [32] 3.13 (0.98) [36] 0.32 (0.40) [26] 0.22 (0.51) [21] 7.13 (2.97) [38] 2.95 (1.60) [25] 3.13 (1.05) [23]

DTE-IG 2.65 (3.47) [42] 0.53 (3.38) [45] -2.74 (0.52) [51] -1.28 (0.87) [51] 0.13 (1.33) [44] 2.78 (2.75) [24] 2.04 (4.53) [32] 10.32 (1.40) [19] 2.86 (2.40) [28] 2.18 (0.25) [12] -0.73 (0.32) [38] 2.50 (0.33) [36] 0.95 (5.32) [43] 1.32 (0.89) [24] -1.59 (0.30) [51] 8.03 (6.10) [35] 6.80 (1.31) [4] 11.67 (3.52) [2]

DTE-C 8.25 (1.05) [16] 4.67 (0.94) [8] 10.68 (1.82) [1] 6.25 (1.08) [13] 3.68 (1.12) [13] 4.33 (3.22) [17] 10.15 (1.31) [9] 14.00 (1.41) [16] 12.03 (3.16) [9] 2.29 (1.92) [10] -0.48 (0.61) [20] 5.28 (2.07) [16] 18.37 (2.89) [6] 4.97 (1.52) [3] 2.20 (0.76) [3] 22.79 (7.66) [8] 6.58 (1.48) [5] 9.39 (1.44) [5]

DTENonParametric 5.02 (0.66) [32] 3.11 (0.47) [29] 6.52 (0.34) [33] 3.11 (0.76) [32] 3.05 (0.98) [25] 4.63 (0.25) [13] 6.34 (0.35) [18] 14.49 (0.53) [13] 8.34 (0.74) [15] 2.63 (0.62) [6] -0.69 (0.14) [35] 7.63 (1.25) [6] 12.79 (1.08) [14] 1.82 (1.14) [17] -0.31 (0.34) [33] 23.24 (9.61) [6] 1.58 (1.44) [43] 1.52 (0.70) [42]

MCM 8.17 (0.82) [18] 3.97 (0.80) [18] 8.60 (1.16) [21] 5.77 (1.15) [21] 3.49 (1.25) [16] 4.54 (0.25) [15] 8.42 (0.55) [11] 15.33 (0.71) [12] 9.48 (0.70) [11] 2.14 (0.60) [14] -0.08 (0.22) [10] 7.22 (1.02) [9] 12.52 (1.16) [15] 2.19 (1.10) [15] -0.07 (0.65) [27] 11.08 (4.97) [25] 2.13 (0.99) [40] 3.67 (1.88) [18]

3WNCROD -0.01 (0.00) [47] 0.02 (0.00) [47] -0.02 (0.00) [47] -0.01 (0.00) [44] 0.00 (0.00) [45] -0.19 (0.30) [47] -0.38 (0.12) [50] 3.22 (0.64) [40] 0.56 (0.38) [43] 1.42 (0.65) [31] 0.81 (0.25) [3] 2.39 (0.30) [37] 0.43 (0.66) [46] -0.68 (0.42) [46] -0.91 (0.47) [48] 3.57 (3.47) [45] 4.01 (2.00) [11] 2.62 (0.93) [32]

ODIN 4.91 (0.70) [34] 2.49 (0.44) [31] 4.81 (0.41) [36] 4.83 (1.14) [28] 4.62 (1.04) [4] 4.94 (0.85) [11] 9.23 (0.74) [10] 14.15 (1.18) [14] 7.21 (0.34) [17] 1.62 (0.48) [27] 0.04 (0.13) [7] 4.86 (0.71) [20] 17.97 (2.64) [7] 1.38 (0.74) [22] 1.94 (1.18) [4] 7.89 (2.74) [36] 4.05 (0.79) [8] 4.36 (1.27) [13]

NCSBAD 9.56 (0.95) [8] 5.42 (0.86) [2] 8.64 (1.27) [17] 6.96 (1.16) [9] 4.37 (1.28) [10] 11.07 (0.53) [1] 20.22 (0.46) [4] 26.16 (0.41) [2] 24.48 (1.56) [1] 3.12 (0.83) [2] -0.54 (0.22) [24] 9.32 (1.28) [2] 22.65 (1.37) [1] 6.28 (2.78) [1] 2.77 (0.85) [1] 34.09 (9.29) [4] 7.77 (2.09) [1] 11.64 (2.49) [3]

NCSBADVAL 9.79 (1.05) [6] 4.63 (1.37) [10] 8.80 (1.34) [12] 6.94 (1.11) [10] 3.25 (1.51) [19] 10.90 (0.67) [2] 19.93 (0.45) [5] 26.76 (0.66) [1] 24.23 (1.64) [2] 3.04 (0.84) [3] -0.48 (0.26) [20] 9.48 (1.24) [1] 21.49 (0.76) [2] 3.45 (2.48) [5] 2.62 (0.96) [2] 34.76 (9.30) [2] 7.12 (2.35) [2] 13.12 (3.09) [1]

Table 48: Mean, standard deviation and rank ADJ AUC-PR performance comparison of all methods in the benchmark for each dataset. The best performance is
highlighted in bold (For a fair comparison against the baselines, NCSBAD and NCSBADVAL are counted individually). Part 8
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