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Abstract

Evaluating machine learning models is important yet challenging in many real-world sce-
narios. Traditional analysis is dataset-driven, that is, models are evaluated on predefined
benchmark datasets. However, these datasets can only cover a limited scope, leaving unan-
ticipated inputs untested and weaknesses of the model unrevealed. To overcome this prob-
lem, we propose OmniInput, a novel approach to evaluate models comprehensively using
an input space (i.e. Internet-scale data). Our method entails efficient sampling of the inputs
from the model and estimation of its corresponding output distribution, and an innovative
way to calculate the model’s precision and recall curve from the output distribution with
only modest human annotation effort. In our experiments, we first validate the correctness
of OmniInput within a small input space where brute-force enumeration is still possible.
We then show that OmniInput can quantitatively evaluate more complex models such as
language models (various versions of GPT2, OLMo, and DistilBERT) and computer vision
models, and can discover and analyze interesting input patterns in an input space.

1 Introduction

Traditional ways of evaluating machine learning (ML) models mostly rely on the use of a pre-defined
dataset (Dosovitskiy et al., 2021; Tolstikhin et al., 2021; Steiner et al., 2021; Chen et al., 2021; Zhuang et al.,
2022; He et al., 2015; Simonyan & Zisserman, 2014; Szegedy et al., 2015; Huang et al., 2017; Zagoruyko &
Komodakis, 2016; Liu et al., 2020; Hendrycks & Gimpel, 2016; Hsu et al., 2020; Lee et al., 2017; 2018; Liang
et al., 2018; Mohseni et al., 2020; Ren et al., 2019; Cao et al., 2022; Sun & Li, 2022; Rozsa et al., 2016;
Miyato et al., 2018; Kurakin et al., 2016; Xie et al., 2019; Madry et al., 2017). Depending on how these
datasets are constructed, many of them can only cover a limited scope among all possible inputs. Models
tested against pre-defined datasets might generalize poorly to unseen inputs in a real-world scenario; hence
the weaknesses of the model remain unnoticed. For example, data collected in a lab environment cannot
certify the performance of a real-world environment which tends to have more out-of-distribution data. This
problem becomes more severe as large language models (LLMs) have become widely accessible to the public,
allowing users to input virtually any type of prompt, potentially causing the models to behave unpredictably.
Besides, modern models are believed to perform similarly to humans. We explore an evaluation method that
measures if the model predictions and human annotations remain similar regardless of the type of data fed
into the model. Models with human-level performance should not make simple mistakes that humans would
not make. This requires models to be tested, beyond pre-defined datasets, against a much more diverse and
extensive amount of inputs.

To overcome this issue, we propose evaluating models comprehensively using the datasets drawn from
Internet-scale data where annotation of each data point is infeasible. We consider a discrete and finite
input space in this work. For example, the input space of a large language model can be all the sequences
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of possible combinations of tokens given a sequence length. Whereas traditional evaluations typically use a
small-scale dataset whose data points can be labeled by humans and fed to the model to calculate the values
of the evaluation metrics, our framework considers a much larger dataset with extensive large-scale data
(input space). In this scenario, brute-force enumeration and annotation of each data point in such input
spaces is typically computationally intractable. An alternative approach is to uniformly sample data from
the internet and evaluate the model’s predictions on those inputs. This uniform sampling strategy is also
impractical due to the vast number of potential inputs—most of which the models do not predict with high
confidence. They tend to assign high confidence to a small subset of inputs that they are familiar with, such
as those from their training distribution. However, evaluation of the model should be able to demonstrate
how the model performs as its confidence changes. Therefore, a more computationally efficient approach is
needed to approximate the evaluation results that would be otherwise obtained from a long-time uniform
sampling over the input space.

To tackle this challenge of comprehensive model evaluation with a very large “dataset” (input space with a
large number of data), we propose OmniInput, a novel approach to calculate the precision and recall curve
of a model over an input space with modest human annotation effort. The key to estimating the precision
and recall when input space enumeration is infeasible lies in the output distribution of the model (Liu et al.,
2023). The output distribution is the proportion of inputs corresponding to each output value 1, showing
the (relative) difference in the number of inputs for different outputs (e.g., 10% of inputs have output values
equal to 1, 25% of inputs have output values equal to 2, etc.). Specifically, we first sample the inputs and
estimate the output distribution of the model under evaluation. We then calculate the model’s precision
and recall at different output values using the output distribution and selective annotations, constructing a
precision-recall curve over the input space. As shown in Fig. 1, it consists of four steps:

(a) We employ a well-established sampling and histogram reweighting algorithm (Hukushima & Nemoto,
1996; Swendsen & Wang, 1986) to obtain the output distribution ρ(z) of a trained model (where z
denotes the output value of the model), and efficiently sample the inputs from different output value
bins (e.g., negative-log-likelihood or NLL for language models). In model evaluation, all possible
inputs in the input space should be evaluated with equal importance.

(b) We annotate the sampled inputs. Using language models as an example, we rate how likely the inputs
are understandable sentences using a score from 0 to 1 for language models. This is in contrast
to the traditional dataset-driven evaluation setting where the entire testing dataset is annotated
beforehand. Annotations of data in our scheme take place after the data are sampled by the model
of interest. Because the sampling algorithm reliably selects representatives from all possible inputs
given an output value, our limited annotations offer meaningful and relevant insights to the model
itself.

(c) We compute the precision for each bin as r(z), then estimate the precision and recall at different
threshold values λ. When aggregating the precision across different bins, a weighted average of r(z)
by the output distribution ρ(z) is required. See Sec. 2.2 for details.

(d) We finally put together the precision-recall curve for a comprehensive evaluation of the model per-
formance.

OmniInput enables the comparison of different models beyond pre-defined datasets selected from a limited
input space. The resulting precision-recall curve can help decide the limit of the model in real-world deploy-
ment. A model with a high Area Under the Precision-Recall (AUPR) curve in OmniInput is expected to
agree closely with human judgment. As OmniInput evaluates the model by having the test data sampled
uniformly from the input space, it mitigates potential human biases introduced by the test data collection
process (Luo et al., 2023; Prabhu et al., 2023; Shu et al., 2020; Leclerc et al., 2022).

We first validate the correctness of OmniInput on a model with a small input space where brute-force
enumeration is still possible. We then conduct extensive experiments using OmniInput to evaluate different
models with a large input space where brute-force enumeration becomes impossible. Specifically, we show

1For language models, we use the log-perplexity (or negative-log-likelihood) as the output. We do not treat them as language
generators but as language modelers, where a good language model should assign higher scores (low perplexity) to inputs that
humans see as reasonable and fluent, and low scores (high perplexity) to inputs that are nonsensical or unreasonable. For
computer vision models in MNIST, logit can be used as the output value to be sampled from.
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Figure 1: An overview of our novel OmniInput framework for language models as an example. (a) Use
an efficient sampler to obtain the output distribution ρ(z) and the sampled inputs for each bin ∆z; (b)
Annotate the sampled inputs; (c) Calculate the precision and recall at different thresholds λ that distinguish
different classes. r(z) denotes the precision of the model within the bin of output value z; (d) Construct a
precision-recall curve.

that OmniInput applies to (large) language models, such as GPT2 (Radford et al., 2019), OLMo (Groeneveld
et al., 2024), and DistilBERT (Sanh, 2019) for text sentiment classification. We also provide an in-depth
analysis of computer vision models on the MNIST dataset. All these experiments lead to interesting and
sometimes surprising observations. For example, a generative model with a ResNet architecture correctly
learns the patterns of the digit “1.” However, its recall is significantly lower than that of a simpler multi-
layer perceptron classifier, which instead learns “1” by merely inverting the foreground and background
of the digit “0.” This means the metrics defined in this work (precision and recall) are not indicative of
which training method or model architecture is better. Instead, they prioritize other aspects (e.g. reasoning
ability, alignment with human intuition, safety, etc) when comparing models. Hence OmniInput, as a proof
of concept, paves the way for future research that seeks to better evaluate models by incorporating aspects
other than just accuracy. Our new contributions are:

• We propose a novel dataset-free framework, OmniInput, to evaluate machine learning models by esti-
mating the precision-recall curve of the model.

• Our novel evaluation paradigm samples the test data from the model’s input space, which goes beyond
the use of pre-defined datasets. It includes all possible evaluation perspectives and eliminates possible
human biases introduced by the test data collection process.

• OmniInput leverages the output distribution of a model to carefully select a reasonable number of
representative samples for humans to annotate. This can reduce human effort in the annotation process,
while covering a larger and unbiased input space.

• We empirically validate the correctness of OmniInput and show that it can evaluate various popular
(large) language models and computer vision models, and provide detailed analysis.

2 The OmniInput Framework

We present the details about sampling the output distribution across the input space, and introduce the
OmniInput framework to evaluate model performance by calculating precision and recall in its input space.

2.1 Output Distribution and Sampler

Output Distribution. We denote a trained neural network as f : x → z where x ∈ ΩT is the training
set, ΩT ⊆ {0, ..., N}D, and z ∈ R is the output value that the model assigns to an input. In the example of
Natural Language Processing (NLP), z is the NLL which is the log of perplexity. Depending on the task,
other outputs could be used. Each of the D tokens takes one of the N +1 values. The output distribution
represents the frequency count of each output z given the (entire) input space Ω = {0, ..., N}D or some other
space ΩM specified by a model M . The output distribution represents the occurrence for each output value
z. Following the principle of equal a priori probabilities in statistics, we assume that each input within
Ω occurs equally likely. Therefore, similar to the previous evaluations, each input is equally important for
analysis and evaluation in our framework. In practice, the statistics of sampling is saved with a histogram
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H(z), which stores the occurrence of each output value z:

H(z) =
∑
x∈Ω

δ(z − f(x)),

where δ(·) is 1 if z − f(x) is 0, or δ(·) is 0 otherwise.

The sampled inputs (also called representative inputs) predicted with similar output values near z in a
small range [z−∆z, z+∆z) are mapped to the same z bin. ∆z is a small positive constant chosen empirically.
The output distribution ρ(z) is then obtained by normalizing the histogram, that is,

ρ(z) = H(z)∑
z H(z) . (1)

Discrete Input Sampling and Text Generation. Markov Chain Monte-Carlo (MCMC) for sampling
discrete inputs from ML models are recently proposed (Grathwohl et al., 2021; Zhang et al., 2022). These
samplers sample from an ML model to yield a target distribution

pT (x) ∝ exp(g(x)/T ), (2)

where g(·) is the negative “energy” and T is a temperature. The sampler initializes a sequence x of random
tokens (or pixels for image inputs). The sampling proceeds by switching some tokens (or pixels) of the
sequence to “denoise”, and the goal is to acquire the distribution preferred by large g(x). pT (x) is a quantity
dependent on temperature T . When T is 1, g(·) becomes the log-probability, a common quantity to be
modeled in machine learning (LeCun et al., 2006). pT (x) in Equ. 2 is also a widely used target distribution
in computer vision (Goshvadi et al., 2024) for image generation and natural language processing for text
generation (Kumar et al., 2022; Qin et al., 2022).

Samplers. Parallel Tempering (PT) (Hukushima & Nemoto, 1996; Swendsen & Wang, 1986) and Histogram
Reweighting (HR) (Ferrenberg & Swendsen, 1989) is an efficient approach to obtain output distribution.
They are compatible and can take advantage of the development of MCMC samplers that sample from
ML models. PT begins with running multiple Metropolis samplers (Metropolis et al., 1953) at different
temperatures T simultaneously. The samplers exchange configurations at intervals to accelerate mixing and
the thermalization/denoising procedure. Samples are collected by the samplers individually to yield their
corresponding target distributions pT (x). HR then reweighs the sampled distributions and combines them
to yield the model’s output distribution, which is independent of T and only dependent on the definition
of the model itself. Other samplers that sample the output distribution, such as gradient Wang–Landau
algorithm Liu et al. (2023), can also be used. However, we adopt PTHR because it is more efficient. As we
shall see, we extend the commonly used model evaluation metrics, precision and recall, to an input space.
Since precision and recall are summed from high confidence values that correspond to high-quality inputs
to low confidence values that correspond to low-quality inputs (low precision), it is not necessary to sample
the output distribution for all confident values.

2.2 Calculation of Precision-Recall

OmniInput revolves around the output distribution ρ(z) to formulate the estimation of the precision-recall,
when combined with additional information from annotated sampled inputs. The samplers described in the
previous step provide us with the output distribution, as well as the sampled inputs. For a language model,
these sampled inputs are text sequences with N tokens each. We can then proceed to the annotation of
these inputs, and use them to calculate the precision and recall.

Annotation of Inputs. Our motivation is to quantify how much a model’s prediction agrees or deviates
from humans’ perception, hence humans serve as a gold standard for comparison. For each “bin” of the output
distribution (recall that each “bin” collects the inputs with a small range of output values [z − ∆z, z + ∆z),
a subset of the sampled inputs is selected for annotation and scored by a human. This score ranges from
0 when the sample completely deviates from the annotator’s judgment for the target class, to 1 when the
prediction from the model perfectly agrees with the annotator’s judgment (input with “good” prediction).
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Following the evaluation, the average score for each bin, termed “precision per bin”, r(z), is calculated. It is
the proportion of the total evaluation score on the inputs (analogous to true positives) relative to the total
number of inputs (analogous to true and false positives) within that bin. The number of bins ranges from
150 to 600, depending on the specific experiments in our study. The mixture interval is a hyperparameter.
In our experiments, we simply exchange the configurations every 1000 MC moves.

Precision and Recall (PR)2. In traditional dataset-based model evaluation, precision and recall are
widely used to measure the similarity between the model’s predictions and ground truths labeled by humans.
Humans annotate the inputs based on their understanding of the task they want to achieve. Humans then
measure which model’s predictions are closer to the ground truth annotations. When the predictions perfectly
match the human labels, precision and recall will both be optimal. We further extend the precision and recall
framework to the input space of large amounts of data where exhaustive annotation is impossible.

For our experiments on language models, we use the NLL as the output z for sampling, because it is the
loss of the next-token prediction. A low NLL corresponds to a human-understandable sentence. We define a
varying threshold of model confidence λ such that the inputs predicted with z ≤ λ by the model are similar
to their training data, i.e., they are regarded by the model as human-understandable sentences. Thus, the
precision given λ is defined as

precisionλ =
∑

z≤λ r(z)ρ(z)∑
z≤λ ρ(z) . (3)

The numerator is the true positives which estimates the number of “good” predictions and the denominator
is the total number of inputs predicted as positives – the sum of true positives and false positives. This
denominator can be interpreted as the area under curve (AUC) of the output distribution from the −∞
to threshold λ. A higher precision indicates a higher proportion of the inputs agreeing with annotators’
judgments for the given output values. To compute the recall, we need the total number of ground truth
inputs that are positives over the entire input space Ω. This number is a constant, albeit unknown. Hence
the recall is proportional to

∑
z≤λ r(z)ρ(z):

recallλ =
∑

z≤λ r(z)ρ(z)
number of positive inputs ∝

∑
z≤λ

r(z)ρ(z). (4)

A higher recall indicates that the model makes more predictions that agree with the annotators’ (ground
truth) judgments. As demonstrated above, the output distribution is a valuable quantity for deriving
both precision and unnormalized recall. These metrics can be used to understand the model’s mapping
by varying the threshold λ. To simplify the calculation, when ρ(z) differs significantly for different z,
precisionλ is approximated as r(z∗) where z∗ = arg maxz≥λ ρ(z) and recallλ is approximately proportional
to maxz≥λ r(z)ρ(z).

For the binary classifiers, both (very) negative and (very) positive logit values correspond to the (high)
confidence predictions for different classes, separated by the logit=0 which corresponds to probability 0.5
when Sigmoid activation is used. In this case, we need to designate one class, and the lower and upper limits
of the summation in Equ. 3 and Equ. 4 should be set accordingly.

Subsampling of the input space and generative models. While subsampling the input space seems to
be an alternative to OmniInput, it takes a long time to explore the input space thoroughly and find confident
samples when the input space contains in-and out-of-distribution (OOD) inputs. To improve efficiency, we
propose to reverse the evaluation procedure by first asking the model to find what it believes confidently to be
low-confident samples, and humans can annotate the samples selected by the model. The model selects and
labels samples much faster than humans do. We show that output distribution is key to estimating precision
and recall, the common metrics to evaluate models. Moreover, having a generative model to evaluate another
model is an alternative, but we still have to estimate how close this model could generate samples as the
original training distribution (huge and finite but not enumerable). Therefore, a large-scale evaluation in an
input space for this generative model should go first before using it to test any other models. The generative
models trained on internet-scale data are not necessarily able to generate internet-scale data.

2Another commonly used metric, the Receiver-Operating Characteristic (ROC) curve, is closely connected to PR (see
Appendix A).
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2.3 Application: Model Comparison

One application of OmniInput is to compare models by PR calculated based on each model’s own sampled
inputs, that reflect the distribution and composition of representative inputs over different output values.
Since the precision and recall in OmniInput are computed by the output distributions of the two models
and the sampled distributions are represented as histograms, the histograms need to be normalized so that
they are comparable. In Entire output distribution Normalization we normalize the histograms by
dividing the number of sampled inputs (e.g. area under the histogram) so that the area under the curve
becomes “1.” In this case, it has to sample all possible output values and thus covers the space containing
(N + 1)D samples. We leverage the fact that the entire input space contains an identical count of (N + 1)D

samples for all models under comparison Landau et al. (2004).

However, sampling the entire distribution is not necessary, since the precision and recall curve are summed
from high confidence (output) values to low confidence values. We propose Cross-models normalization
where we need to sample some histograms of high confidence values to normalize two models’ sampled
histograms. We first designate an input subspace from the original input space, such as the subspace whose
inputs have their corresponding outputs predicted by both models within a certain range of Z = [z−, z+]:
X = {x|M1(x) ∈ Z and M2(x) ∈ Z}. During sampling for M1, we acquire a sampled unnormalized output
distribution ρM1(z) and the sampled inputs for each z. Feeding the sampled inputs from M1 to both models,
we find a subset of inputs XM1 that are from X, meaning that the predicted outputs z1, z2 ∈ Z for both
model when z1 = M1(x) and z2 = M2(x). We repeat this process for M2 and acquire |XM2 | as the number
of sampled inputs from M2 but these inputs are predicted by both models in Z. We can therefore get the
normalized output distributions as

ρ̂M1(z) = HM1(z)
|XM1 |

(5) ρ̂M2(z) = HM2(z)
|XM2 |

(6)

Both ρ̂M1 and ρ̂M2 are directly comparable, because X is shared by both of the models. In practice, having Z
is also preferable because not all output values are interesting to consider. For example, a large NLL mostly
corresponds to noisy inputs and they generally have very small precision. An intuitive example of applying
this normalizaiton is in Appendix B.

Representative inputs are comparable. The two models are comparable even though they select dif-
ferent representative inputs. We reason with a hypothetical example. Suppose we pre-train two models to
identify human-understandable sentences. After training, we present them with a vast number of sentences
from the internet and ask them to select human-understandable ones with 99% confidence. Since labeling
every sentence is impractical, we rely on models to perform an efficient selection of human-understandable
sentences, which are then annotated by humans. The models examine the sentences extensively (sampling)
and then select a few for humans to annotate: one model selects sentences that simply repeat words, while
the other selects a mix of human-understandable sentences and sentences containing noisy words. Both
models are confident they have chosen human-understandable sentences, but we know they make mistakes.

Despite the differences in representative inputs, we can objectively assess which model identifies more human-
understandable sentences, because both models were trained with the same objective and tasked with se-
lecting human-understandable sentences from the same input space. It is important to recognize that the
differences in the sentences each model selects directly reflect their distinct abilities, or beliefs, regarding
what constitutes a human-understandable sentence. These differences are precisely what OmniInput aims
to compare. OmniInput follows a similar approach, but additionally, it requires degrees of uncertainty to
compute precision and recall, which necessitates the estimation of the output distribution.

3 OmniInput Experiments on Natural Language Processing

Experimental settings. We first apply OmniInput to a Toy example where enumeration of all inputs is
affordable to confirm OmniInput’s correctness (Sec. 3.1). In Sec. 3.2, OmniInput is used in two pre-trained
GPT2 models (Radford et al., 2019) and OLMo models (Groeneveld et al., 2024) with sequence length 25.
We also apply OmniInput to longer sequences of length 100 in GPT-2 models. The sampling target is
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the training loss, the negative-log-likelihood (NLL), used for next-token predictions. Finally, we also apply
OmniInput to a sentiment classifier.
3.1 Toy example validates accuracy of sampling results

Toy is a simple GPT2 model with 4 attention heads and 6 layers. We train it to generate a sequence of 8
tokens, each token is an integer between 0 to 9. That is, x = {x1, x2, ..., x8}, where xi ∈ {0, 1, ..., 9}. We
put a constraint to require the sum of the 8 tokens to be divisible by 30: (

∑8
i=1 xi) mod 30 = 0. Therefore,

the input space has 108 inputs, which is enumerable. Our trained model can generate all sequences that
satisfy the division-by-30 constraint. Fig 2 shows the resulting r(z) and ρ(z) compared to the ground-truth
enumeration, which confirms that they are very close to each other. Since r(z) and ρ(z) are close to the
ground truth, the precision and recall estimated through sampling will be close to the ground truth. This
provides confidence in extending the approach to more complex applications.

3.2 OmniInput evaluation on real-world (large) language models

2 3 4 5
NLL

7.5

5.0

2.5

0.0

(z
)

enumeration (z)
sampled (z)

2 3 4 5
NLL

0.00
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0.50

0.75

1.00

r(z
)

enumeration r(z)
sampled r(z)

Figure 2: Toy example where enumeration is affordable. The line and
bar plots show our sampling results match the ground truth for both
output distribution ρ(z) and precision per bin r(z), respectively.

We apply OmniInput to pretrained
GPT-2 and OLMo models to eval-
uate their performance. Specifi-
cally, we test two versions of GPT-
2: GPT-2 medium with 25 to-
kens, referred to as GPT2-medium-
25, and GPT-2 small with 25 to-
kens, referred to as GPT2-small-25.
To examine these models’ perfor-
mance on longer sequences, we also
test them on 100 tokens, denoted
as GPT2-medium-100 and GPT2-
small-100, respectively. For larger models, we apply OmniInput to four pretrained OLMo models with
25 tokens, OLMo-7B, OLMo-1B, OLMo-7B-SFT, and OLMo-7B-Instruct. We use the default vocabulary
sizes of 50,304 for OLMo models and 50,257 for GPT-2 models. We emphasize that a test set is not required,
as OmniInput does not rely on a predefined dataset for evaluation. Unlike the controlled toy experiments,
enumeration is neither assumed nor feasible in real-world applications.

We sample the inputs for different NLL values. A low NLL indicates that the model strongly believes that
the sequence is similar to the training distribution (e.g. human-understandable sentences). However, it was
found that sequences with NLL below a certain threshold start to contain repeating words and are difficult
to be understood by humans (Holtzman et al., 2019). Therefore, we empirically choose an NLL output range
and only consider their corresponding inputs when calculating precision and recall (PR). We select the lower
bound of the NLL value when it is associated with at least 30 non-duplicate input sequences; the upper
bound is constrained by our available human annotation resources. The valid NLL range varies for different
models, so we label the inputs with different NLL ranges in different settings. In the GPT2-small-25 and
GPT2-medium-25 experiments, we label the inputs with NLL ranging from 2.0 to 4.0. For GPT2-small-100
and GPT2-medium-100, we annotate the outputs with NLL ranging from 4.0 to 5.0. For OLMo models, the
NLL range for OLMo-1B is 3.2 to 4.1; 3.4 to 4.3 for OLMo-7B, 3.7 to 4.6 for OLMo-7B-Instruct, and 3.5 to
4.4 for OLMo-7B-SFT. Each bin captures ∆NLL = 0.1.

Precision-Recall (PR) Curves and Model Performance. Fig. 3 shows that OmniInput can be applied
to produce PR curves for different models and sequence lengths. The PR curves for the two GPT2 models
with sequence length 25 demonstrate that these settings generally lead to highly understandable sequences,
as indicated by the high precision (see Fig. 3(a)). The results suggest that the two models achieve comparable
precision and recall for a sequence length of 25.

We also quantitatively compare the area under the PR curve (AUPR) for the (log-scale) recall (x-axis).
A larger AUPR means that the model’s predictions agree better with human perspective. First we find
the common minimum and maximum recall of the two PR curves for GPT2-small-25 and GPT2-medium-
25 respectively, and compute the (linear) interpolation of the precision (y-axis) at each recall. We then
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(a) GPT2 with seqlen 25.
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(b) GPT2 with seqlen 100.
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(c) OLMo 7B(-Instruct) with seq len 25.

Figure 3: Precision-Recall (PR) Curves for Different Language Models.
accumulate the area starting from the common minimum recall and compare the proportion of the AUPRs
for the two PR curves. The AUPR of GPT2-medium-25 is then divided by the AUPR of GPT2-small-25. As
an example, the proportion of the cumulative AUPR ending at log-recall around 2 (largest recall) is 1.015,
indicating the predictions of GPT2-medium-25 agree slightly better with human annotations.

For sequence lengths of 100, OmniInput indicates that GPT2-medium-100 outperforms GPT2-small-100
within the selected output range Z for the language modeling task. The PR curves of both GPT2 models
for sequence length 100 shows that both models generate sequences that are difficult to understand, because
of the low precision (see Fig. 3(b)). The PR curve for GPT2-medium-100 is almost always above the PR
curve for GPT2-small-100. GPT2-medium has a larger AUPR and thus performs better than GPT2-small
for sequence length 100, though both of them have low precision in general.

For OLMo models, OmniInput indicates that OLMo-7B-Instruct outperforms OLMo-7B for sequence lengths
of 25 for language modeling task. OLMo-7B-Instruct has a higher precision than OLMo-7B’s in a similar
recall range, so integrating the PR curve of OLMo-7B-Instruct results in a higher AUPR compared to that
of OLMo-7B (see Fig. 3(c)). Therefore, the sequences from OLMo-7B-Instruct are easier to understand.
Because the tokenizers are different, we cannot compare across different models.

Insights from Representative Inputs. An in-depth analysis by scrutinizing the inputs raises some
concerns about privacy leaking and hallucination. For example, an input we encountered contains some
company names with their addresses. An internet search on these names or addresses seems to not match,
suggesting a potential privacy leak. Another example is a sequence of magic keywords “Good morning dear
friend, I, and Greetings, ladies and gentlemen”. GPT2-small-25 keeps generating email addresses before this
sequence. This raises a concern of privacy leaking of the models.

For GPT2-small-100, we can sample NLL down to around 2.7 where we find repeating words similar to
sentences with NLL smaller than 2 in GPT2-small-25. When NLL gets higher, the repeating phrases are
generally more meaningful, such as “pickup truck pickup 4 trailer trailer” or “put clean clothes put things
wash clothes.” Overall, sentences with 100 tokens in the selected NLL range have repeated words and are
generally not fluent. More experimental details are in Appendix I. Based on our observations, we speculate
that the next-token generation ability of these models, driven by a sophisticated next-token generation
function, may not fully align with the NLL for an entire sentence.

Language classifier. We fine-tune a DistilBERT (Sanh et al., 2019) model using the SST2 dataset (Socher
et al., 2013) and achieve 91% accuracy. We choose the logits as our sampling target, and evaluate this model
using OmniInput. OmniInput finds that the language classifier performs poorly, as the precision is 0 for
all the recall values. Analysis of the sampled inputs for each positive logit bin reveals that the model tends
to classify primarily based on specific keywords, rather than understanding the grammar and structure of
the sentences. More details of experiment settings and results are in Appendix D.

Because OmniInput focuses on using PR as the performance metric, it is therefore able to discover the
weakness of the model, i.e., disagreement with human’s understanding of a meaningful sentence. When
the input space contains out-of-distribution (OOD) inputs, it is understandable that the language classifier
performs poorly because it is trained to predict the conditional probability p(class|x) given x are from the
training distribution. To handle an open-world setting where OOD’s are ubiquitous, the models must also
learn to distinguish whether the inputs are from the training distribution.
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In summary, our method offers a comprehensive approach to performance assessment. OmniInput is able
to capture how well the model’s predictions align with human perspective for two reasons: (i) the human
annotation process in OmniInput takes place after the sampled inputs are determined. The sampled inputs
are dissimilar from the training data and have a better chance to reveal “corner cases” or OOD’s. (ii)
OmniInput evaluates both the precision and recall of the model, which are not used in the loss function
during the training procedure. They therefore provide a completely different perspective from the training
loss as performance metrics.

4 OmniInput Experiments on Computer Vision

We also apply OmniInput to computer vision tasks, demonstrating its versatility across different modalities.
In all computer vision experiments, we focus on binary classifiers and energy-based generative models,
both of which produce scalar outputs. For classifiers, we consider positive output values (positive logits)
log p(y = 1|x), and for energy-based generative models, we consider log-likelihoods (larger output values).

Experimental settings. We evaluate several backbone models for computer vision: convolution neural
network (CNN), multi-layer perceptron network (MLP), and ResNet (He et al., 2015). The details of
the model architectures are provided in Appendix E. We extract only the inputs with labels {0, 1} from
the MNIST training set to build the classifiers and refer to this reduced training set as MNIST-0/1. We
also evaluate generative models for ResNet and MLP. To train these generative models, we select only the
inputs with label=1 as MNIST-1; inputs with labels other than label=1 are considered OOD inputs.
We train these models using different training methods: (1) Using the vanilla binary cross-entropy loss, we
train classifiers CNN-MNIST-0/1 and MLP-MNIST-0/13 which achieve test accuracy of 97.87% and
99.95%, respectively. (2) Using the binary cross-entropy loss and data augmentation by adding uniform
noise with varying levels of severity to the input images, we train RES-AUG-MNIST-0/1, MLP-AUG-
MNIST-0/1, and CNN-AUG-MNIST-0/1 which achieve test accuracy of 99.95%, 99.91%, and 99.33%,
respectively. (3) Using energy-based models that learn by generating inputs, we train RES-GEN-MNIST-
1 and MLP-GEN-MNIST-14.

4.1 Traditional evaluation is not comprehensive

Table 1: Traditional evaluations: AUPR scores on pre-defined test
sets with five different types of negative samples (see for details),
leading to inconsistent evaluation results for model ranking.

in-dist out-of-distribution (OOD)

MNIST Fashion Kuzushiji EMNIST QMNISTModel label=0 MNIST MNIST

CNN-MNIST-0/1 99.81 98.87 93.93 79.42 13.84
RES-GEN-MNIST-1 99.99 100.00 99.99 99.87 16.49
RES-AUG-MNIST-0/1 100.00 99.11 93.93 95.10 15.69
MLP-MNIST-0/1 100.00 99.42 92.03 90.68 15.81

Traditional dataset evaluation depends
on the datasets we choose, so it is in-
herently not comprehensive. Specif-
ically, we use five different test sets
for MNIST binary classifiers by fixing
the positive test samples as the samples
in the MNIST test set with label=1,
and varying the negative test samples
in five different ways: (1) the inputs
in the MNIST test set with label=0
(in-dist), and OOD inputs from other
datasets: (2) Fashion MNIST (Xiao et al., 2017), (3) Kuzushiji MNIST (Clanuwat et al., 2018), (4)
EMNIST (Cohen et al., 2017) with the “byclass” split, and (5) Q-MNIST (Yadav & Bottou, 2019).

As indicated by the AUPR scores in Table 1, pre-defined test sets like those mentioned above rarely yield
consistent model rankings during evaluation. For example, RES-GEN-MNIST-1 performs the best on all the
test sets with OOD inputs while only ranked 3 out of 4 on the in-distribution test set. CNN-MNIST-0/1
outperforms MLP-MNIST-0/1 on Kuzushiji MNIST, but it typically performs the worst on other test sets.
Additional inconsistent results using other evaluation metrics can be found in Appendix F.

3RES-MNIST-0/1 is omitted due to reported sampling issues in ResNet (Liu et al., 2023).
4CNN-GEN-MNIST-1 cannot learn to generate reasonable images because the model complexity is low.
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4.2 OmniInput evaluation

Fig. 4 presents a comprehensive precision-recall curve analysis using OmniInput. The results of OmniInput
suggest that RES-AUG-MNIST-0/1 is the best model and MLP-MNIST-0/1 is the second best, both having
relatively high recall and precision scores. RES-GEN-MNIST-1, as a generative model, displays a low recall
but relatively good precision. Notably, CNN-MNIST-0/1 and CNN-AUG-MNIST-0/1 exhibit almost no
precision greater than 0, indicating that “hand-written” digits are rare in the representative inputs even
when the logit value is large (see Appendix H).
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Figure 4: OmniInput evaluation: Precision-
Recall curves for various computer vision mod-
els. CNN-AUG-MNIST-0/1, CNN-MNIST-
0/1, and MLP-MNIST-0/1 have 0 precision.

This suggests that these two models are seriously subjected
to an overconfident prediction problem where the models
map the wrong inputs (e.g. noisy inputs) over-confidently
as “hand-written” digits. In OmniInput, similar to the
AUPR calculated from a dataset, a model with higher pre-
cision is anticipated to reduce susceptibility to overconfident
predictions. Furthermore, a model with a higher AUPR is
expected to align more closely with the desired input dis-
tribution of the training (testing) set.

We observe the difference in ranking with different datasets
in Sec. 4.1. This difference originates from the fact that
models understand the training distribution differently. In-
stead of taking exams with a small set of images with cor-
rect answers, the models in OmniInput are asked to select
what they believe to be “good” images from a large number
of images and we humans as teachers evaluate their selec-
tion. Thus, OmniInput is not directly comparable with the
traditional dataset-based evaluations.

Insights from Representative Inputs. An inspection of the representative inputs (Appendix H) reveals
interesting insights. Firstly, different models exhibit distinct input-output mappings and preferences for
specific types of inputs, indicating significant variations in their classification criteria. Specifically,

• MLP-MNIST-0/1 and MLP-AUG-MNIST-0/1 likely classify a background-foreground inverted digit “0”
as “positive” (digit “1”).

• CNN-MNIST-0/1 classifies inputs with a black background as positive.
• RES-GEN-MNIST-1, a generative model, demonstrates that it can map digits to large logit values.
• RES-AUG-MNIST-0/1, a classifier with data augmentation, demonstrates that adding noise during train-

ing help the model better map inputs that look like digit “1” to large logit values.

Moreover, RES-AUG-MNIST-0/1 exhibits relatively high recall as the representative inputs generally look
like digit “1” with noise in the high logit regime. Conversely, RES-GEN-MNIST-1 generates more visually
distinct inputs corresponding to the positive class, but with limited diversity in terms of noise variations.
These results suggest that generative training methods can improve the alignment between model predictions
and human classification criteria, and underscore the need for enhancing recall in generative models. Adding
noise to the data during training can also be beneficial.

Discussion. First, although OmniInput would regard CNN-MNIST-0/1 as a “bad” model, the digital “1”
can still be found in the positive logit range. The low precision indicates the number of these informative
digit inputs is so small that the model makes more overconfident predictions where the models map the
obviously wrong instances (e.g. noisy images) over-confidently as “hand-written” digits. Having a mixture
of poor-quality and high-quality inputs mapped to the same output indicates a flawed model, so further
scrutiny of the inputs is required due to the uninformative and unreliable nature of the model’s predictions.
Second, the model does not use reliable features, such as “shapes” of the digits patterns to distinguish
inputs. Had this model use shapes to achieve high accuracy, the representative inputs would have more
similar patterns instead of unstructured or black backgrounds.
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We evaluate uninformative samples because an ideal model not only maps training distribution samples to
high confidence but also maps the non-training distribution samples to low confidence. It is a common
practice in OOD detection to consider a large variety of types of samples, including noisy images and
analytical experiments of overconfident OOD prediction on uninformative samples Nguyen et al. (2015) were
conducted. The weird failure that the model in these noisy samples that reasonable humans do not make
indicates an intrinsic difference in how the model classifies differently than humans do.

The representative inputs of MLP-MNIST-0/1 and MLP-AUG-MNIST-0/1 display visual similarities, but the
noise level decreases when the logit increases, indicating how noise affects the model’s prediction. OmniInput
finds this distribution shift in the representative inputs with regard to model outputs. Importantly, this
distribution shift is presented by the model itself through the sampling step in OmniInput, without the
need for manual trials and errors to find out the noise distribution (Hendrycks & Dietterich, 2019).

Together with the previous PR curve analysis, these findings suggest that different input-output mappings,
along with the input distribution, are encoded in the models. This in turn affects the model performance.
OmniInput is a novel way to gain insights into this, which can inform future research endeavors to focus on
enhancing both the robustness and visual diversity of the generative models.

Statistics beyond finding OOD inputs. Besides finding the overconfident OOD samples that humans
do not recognize as in-distribution inputs, OmniInput can estimate the number of OOD inputs and the
number of in-distribution inputs from high (to low) confidence to evaluate models. An optimal model should
map a small number of OOD inputs to high-confidence output values. In other words, OmniInput not only
finds the individual input as other methods do, such as by adversarial optimization in adversarial attacks
but is unique as it can find the the number of them for evaluation. This number is crucial as a better model
can still make mistakes, but the number of mistakes is significantly fewer than others.
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Figure 5: Convergence of OmniInput with respect to the
number of annotated samples per bin. We use MLP-
MNIST-0/1 as an example. There are 40 bins in total; each
bin has at least 50 samples after deleting the duplicates.

Evaluation Effort, Efficiency, and Hu-
man Annotation Ambiguity. We have at
least 50 samples per bin for all the models af-
ter deleting the duplicates. For a fixed sam-
pling cost, the total number of samples is fixed.
Hence a larger number of bins would result
in fewer samples per bin. Evaluating these
samples in our OmniInput framework requires
less effort than annotating a dataset collected
for traditional dataset-driven evaluation, e.g.,
60000 annotations are needed for the MNIST.

In Fig. 5, we vary the number of annotated
samples per bin in OmniInput from 10 to 50
and plot different precision-recall curves for the
MLP-MNNIST-0/1 model. The results indi-
cate that the evaluation converges quickly when the number of inputs approaches 40 or 50, empirically
demonstrating that OmniInput requires relatively few annotated samples to reach a reliable evaluation.

We observe that models exhibit varying degrees of robustness and visual diversity. To assess the ambiguity
in human labeling, we examine the variations in r(z) when three different individuals label the same dataset
(Fig. 6). Notably, apart from the CNN model, the other models display different levels of labeling ambiguity,
i.e., different individuals label the same sample differently. These differences give the confidence intervals in
the precision per bin, r(z), and can be understood as the uncertainty of the model predictions.

Human Annotation vs. Model Annotation. In principle, metrics employed in evaluating generative
models (Salimans et al., 2016; Heusel et al., 2017; Naeem et al., 2020; Sajjadi et al., 2018; Cheema & Urner,
2023) could be employed to obtain the r(z) values in our method. However, using a performance-uncertified
model in the entire input space to get r(z) is inherently unreliable. For example, we examined the Fréchet
Inception Distance (FID) (Heusel et al., 2017), a commonly used generative model performance metric. We
found that the consistency between FID scores and human evaluations varies depending on the models and
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Figure 6: Precision per bin r(z) with confidence intervals for four different models.

datasets. This indicates human supervision is needed when model annotation is used. Experiment details
are in Appendix G. Currently, model-as-a-judge Gu et al. (2024) is also a widely adopted method in the
community, if errors are tolerable. However, when the errors of model annotation cannot be ignored, human
annotation is always the gold standard.

5 Related Works

Performance Characterization has been extensively studied in the literature (Haralick, 1992; Klette et al.,
2000; Thacker et al., 2008; Ramesh et al., 1997; Bowyer & Phillips, 1998; Aghdasi, 1994; Ramesh & Haralick,
1992; 1994). Previous research focused on devising evaluation methods for specific model architectures, such
as simple models (Hammitt & Bartlett, 1995) and mathematical morphological operators (Gao et al., 2002;
Kanungo & Haralick, 1990). In our method, models can be a black box where the analytic characterization
of the input-to-output function is unknown (Courtney et al., 1997; Cho et al., 1997), and we place emphasis
on the output distribution (Greiffenhagen et al., 2001) to derive performance metrics. This approach allows
us to evaluate the model’s performance without requiring detailed knowledge of its internal workings. There
are recent attempts (Qiu et al., 2020; Lang et al., 2021; Luo et al., 2023; Prabhu et al., 2023) to evaluate
model performance without a pre-defined test set. These works used other generators to generate samples for
evaluating the model. On the contrary, we use a sampler to sample from the model to be evaluated. Sampling
is transparent with convergence estimates, but other generators are still used as black boxes. Because of the
inherently unknown biases in generative models, utilizing these models to evaluate another model carries the
risk of yielding unfair and potentially incorrect conclusions. Our method brings the focus back to the model
to be tested, tasking it with generating samples by itself for scrutiny, rather than relying on external agents
such as human or other models to come up with testing data. An additional benefit is that this approach
offers a novel framework for estimating errors in the predictions when comparing different models.

Samplers MCMC samplers have gained widespread popularity in the machine learning community (Chen
et al., 2014; Welling & Teh, 2011; Li et al., 2016; Xu et al., 2018). Among these, CSGLD (Deng et al.,
2020) leverages the Wang–Landau algorithm (Wang & Landau, 2001) to comprehensively explore the energy
landscape. Gibbs-With-Gradients (GWG)(Grathwohl et al., 2021) extends this approach to discrete domains,
while discrete Langevin proposal (DLP)(Zhang et al., 2022) is able to propose global updates. Although
these algorithms can in principle be used to sample the output distribution, they either require a long time to
converge, or are not able to explore the full range of possible output values in our experience. We therefore
employ parallel tempering (PT) with histogram reweighting (HR) to recover the full output distribution of
the model, while ensuring a manageable time to solution.

Open-world Model Evaluation requires model to perform well for in-distribution test sets (Dosovitskiy
et al., 2021; Tolstikhin et al., 2021; Steiner et al., 2021; Chen et al., 2021; Zhuang et al., 2022; He et al., 2015;
Simonyan & Zisserman, 2014; Szegedy et al., 2015; Huang et al., 2017; Zagoruyko & Komodakis, 2016), OOD
detection (Liu et al., 2020; Hendrycks & Gimpel, 2016; Hendrycks et al., 2019; Hsu et al., 2020; Lee et al.,
2017; 2018; Liang et al., 2018; Mohseni et al., 2020; Ren et al., 2019), generalization (Cao et al., 2022; Sun
& Li, 2022), and adversarial attacks (Szegedy et al., 2013; Rozsa et al., 2016; Miyato et al., 2018; Kurakin
et al., 2016; Xie et al., 2019; Madry et al., 2017). Understanding performance of the model requires the
consideration of an input space that includes all these types of samples.
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6 Conclusions and Future Work
We present OmniInput, a novel framework for realizing dataset-free, comprehensive evaluations of models
using Internet-scale data from the models’ own input spaces. It is based on a new way to calculate the
precision and recall by leveraging the output distribution. We show that OmniInput applies to a wide
range of tasks, ranging from computer vision to natural language processing. Our work demonstrates the
importance of sampling from the output distribution by showing how it enables the understanding of the
model’s input-output mapping. Future work can develop more efficient samplers for output distribution, so
we can apply OmniInput for evaluating more complex models. Complex models’ inference time is longer, so
it benefits if more advanced techniques for fast attention calculation are developed. Global updates Zhang
et al. (2022) of inputs will lead to faster sampling convergence. It is also interesting to explore how to
reduce the required amount of human annotation effort in model evaluations, especially when comparing
two correlated models. Continuous input sampling is likely doable but some efforts need to be taken. We
believe OmniInput opens the gate to many dataset-free evaluations and this is a crucial research direction,
especially in this LLM era when the benchmark dataset performance is less reliable for model comparison.
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A Connection between ROC and PR curve in the input space

It is common in the traditional evaluation framework to consider the receiver operating characteristic curve
(ROC) and precision-recall (PR) separately. The recall in PR is the same as the unnormalized true positive
rate in ROC, so we do not need to consider the true positive rate separately. The false positive is the number
of positively predicted inputs minus the number of the true positives (using the notation of Equ. 3)

+∞∑
z≥λ

ρ(z) −
+∞∑
z≥λ

r(z)ρ(z) =
+∞∑
z≥λ

ρ(z)(1 − r(z))

The false positive rate is the number of false positives divided by the number of inputs of the negative class.
Since the number of inputs of the negative class is a constant in the input space, the unnormalized false
positive rate is:

False positive rate ∝
+∞∑
z≥λ

ρ(z)(1 − r(z)).

In other words, once we compute the true positive, the false positive rate is simply proportional to the
false positive (

∑+∞
z≥λ ρ(z) − true positive) in the input space. Thus, plotting the ROC curve is like plotting

1 − r(z) and r(z) scaled by ρ(z) respectively. Comparing the equation of the (unnormalized) recall, this
(unnormalized) false positive rate contains (almost if not all) the same information as the (unnormalized)
recall in the input space.

B Cross-models normalization

As an intuitive example of validation of normalization, suppose it is enumerable to have ground truth count
in a large input space where model M1 maps 500 inputs to outputs within Z and Model M2 maps 200 inputs
within Z. X is the set of inputs that are predicted by both models within Z. X has 100 inputs.

We sample 50 inputs with outputs within Z by M1, and it is expected to have around 10 of them from X,
because the sampled proportion 50

10 , should be close to the ground truth proportion 500
100 . Therefore, Equ. 5

is 50
10 = 5. We then sample 50 inputs whose outputs are within Z by M2, and we should have around 25

of them from X. The sampled proportion Equ. 6 is 50
25 = 2, close to the ground truth proportion 200

100 = 2.
Therefore, comparing the sampled proportions 5 versus 2 computed from Equ. 5 and Equ. 6 of is as if we
were comparing the ground truth count of 500 versus 200.

C PR curves for OLMOo models

Fig. 7 shows the PR curves for OLMo-7B, OLMo-7B-Instrct, OLMo-7B-SFT and OLMo-1B.
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D Language Classifier

We fine-tune a DistilBERT (Sanh et al., 2019) model using the SST2 dataset (Socher et al., 2013) and achieve
91% accuracy. We choose the logits as our sampling target, and evaluate this model using OmniInput. Since
the maximum length of SST2 is 66 tokens, one can define the input space for DistilBERT to be sentences
with exactly 66 tokens. For shorter sentences, the last few tokens are padded with padding tokens. Because
a typical sentence in SST2 contains 10 tokens, we therefore evaluate sentences of 66 tokens in length and 10
tokens in length, respectively.

OmniInput finds that the language classifier performs poorly, as the precision is 0 for all the recall values.
Analysis on the sampled inputs for each positive logit bin reveals that the model tends to classify primarily
based on specific keywords, rather than understanding the grammar and structure of the sentences.

Here are some sampled inputs for different sentence lengths. For sentence length 66, some sampled inputs
with logit equals 7 (positive sentiment) in Fig 8. For sentence length 10, some sampled inputs with logit
equals 7 (positive sentiment) in Fig 9.

E Details of the Computer Vision Models used in Evaluation

The ResNet used in our experiments is the same as the one used in GWG (Grathwohl et al., 2021). For
the input pixels, we employ one-hot encoding and transform them into a 3-channel output through a 3-by-3
convolutional layer. The resulting output is then processed by the backbone models to generate features.
The CNN backbone consists of two 2-layer 3-by-3 convolutional filters with 32 and 128 output channels,
respectively. The MLP backbone comprises a single hidden layer with flattened images as inputs and pro-
duced 128-dimensional features as output. All the features from the backbone models are ultimately passed
through a fully-connected layer to generate a scalar output.

F Traditional Model Evaluation Results

Tab. 2 shows the AUROC of different models based on pre-defined test sets with different negative class(es).
The MLP-MNIST-0/1 performs better on Fashion MNIST but worse in the rest than RES-AUG-MNIST-
0/1. RES-GEN-MNIST-1 usually perform the best. CNN-MNIST-0/1 performs better in Kuzushiji MNIST
than RES-AUG-MNIST-0/1 and MLP-MNIST-0/1 but worse on the rest. Tab 3 shows the FPR95 results.
CNN-MNIST-0/1 performs better on Kuzushiji MNIST than RES-AUG-MNIST-0/1 and MLP-MNIST-0/1
but worse on the rest. These results show the inconsistency between the metrics, dataset and the models.
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Figure 7: PR for OLMo Language models.
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Figure 8: Sampled inputs of SST2 with sentence length 66.

Figure 9: Sampled inputs of SST2 with sentence length 10.

Test Set class=0 (in-dist) Fashion MNIST (OOD) Kuzushiji MNIST (OOD) EMNIST (OOD) QMNIST (OOD)
CNN-MNIST-0/1 99.76 99.88 99.31 99.56 92.46
RES-GEN-MNIST-1† 99.99 100.00 100.00 100.00 94.85
RES-AUG-MNIST-0/1 100.00 99.91 99.15 99.93 94.32
MLP-MNIST-0/1 100.00 99.93 98.62 99.83 94.17

†Class=0 is OOD for GEN model.

Table 2: AUROC. The higher the better.
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Table 4: Comparing human evaluations and FID scores as metrics of model performance. Although FID
scores are similar for the two models, human labels differ significantly from the FID scores. OmniInput
evaluates on the input space and thus the the evaluation is more consistent.

RES-AUG-MNIST-0/1 CNN-MNIST-0/1

logits humans↑ FID↓ logits humans↑ FID↓

43 0.9 360.23 12 0 346.42
42 0.88 362.82 11 0 358.37
41 0.85 368.75 10 0 363.23
40 0.83 375.58 9 0 365.01

Test Set class=0 (in-dist) Fashion MNIST (OOD) Kuzushiji MNIST (OOD) EMNIST (OOD) QMNIST (OOD)
CNN-MNIST-0/1 0.54 0.51 2.78 1.98 21.08
RES-GEN-MNIST-1† 0.00 0.00 0.00 0.00 10.55
RES-AUG-MNIST-0/1 0.00 0.34 4.60 0.31 14.17
MLP-MNIST-0/1 0.00 0.27 6.68 0.64 13.24

†Class=0 is OOD for GEN model.

Table 3: FPR95. The lower the better.

G Human-model annotation inconsistency

Feature extractors generate features from both the ground truth test set images and the images produced
by the generative model, and then compares the distributional differences between these features. In our
experiment, the ground truth inputs are test set digits from label=1.

The consistency of FID scores with human evaluations varies depending on the models and datasets. For
example, in the case of RES-AUG-MNIST-0/1 (Table 4), a decrease in the FID score (indicating better
performance) corresponds to an increase in the human score (also indicating better performance) as the
logit value rises. This result suggests that certain metrics, like FID, may serve as substitutes for human
annotations when evaluating generative models. However, for CNN-MNIST-0/1, the FID score can be
entirely misleading. While human evaluators perceive the representative inputs of CNN-MNIST-0/1 for the
logits in the table as unmeaningful (having a score of 0), the FID scores are similar to those of RES-AUG-
MNIST-0/1, which contains meaningful digits. This is not the only inconsistent case between humans and
metrics. For instance, in table 5 of MLP-MNIST-0/1, the FID scores indicate the samples are bad when
humans think they are good. The FID scores indicate the even better performance (lower scores) in the logit
ranges when humans label as incorrect in general.

When the logits are large, humans label the representative inputs as “1.” When the logits are small, repre-
sentative inputs look like “0.” However, the FID scores are better for these “0” inputs, indicating the feature
extractors believe these “0” inputs look more like digits “1.” The key contradiction is that the feature extrac-
tors of these metrics, when trained on certain datasets, are not verified to be applicable to all OOD settings,
but surely they will be applied in OOD settings to generate features of inputs from models for evaluation.
It is difficult to ensure they will perform reliably.

H Representative inputs for MNIST images

Representative inputs for different models are in Fig. 10.

I Example sampled inputs of (Large) Language models

We include a few example samples for GPT2 and OlMo in Tab. 6.
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[-5.4,-5.3) [-4.8,-4.7) [-4.2,-4.1) [-3.6,-3.5) [-3.0,-2.9) [-2.4,-2.3) [-1.8,-1.7) [-1.2,-1.1) [-0.6,-0.5) [0.0,0.1)

(a) RES-GEN-MNIST-1

[-57.0,-56.0) [-47.0,-46.0) [-37.0,-36.0) [-27.0,-26.0) [-17.0,-16.0) [-7.0,-6.0) [3.0,4.0) [13.0,14.0) [23.0,24.0) [33.0,34.0)

(b) RES-AUG-MNIST-0/1
[-56.0,-55.0) [-49.0,-48.0) [-42.0,-41.0) [-35.0,-34.0) [-28.0,-27.0) [-21.0,-20.0) [-14.0,-13.0) [-7.0,-6.0) [0.0,1.0) [7.0,8.0)

(c) CNN-MNIST-0/1

[-155.0,-154.0) [-133.0,-132.0) [-111.0,-110.0) [-89.0,-88.0) [-67.0,-66.0) [-45.0,-44.0) [-23.0,-22.0) [-1.0,0.0) [21.0,22.0) [43.0,44.0)

(d) CNN-AUG-MNIST-0/1
[-22.0,-21.0) [-18.0,-17.0) [-14.0,-13.0) [-10.0,-9.0) [-6.0,-5.0) [-2.0,-1.0) [2.0,3.0) [6.0,7.0) [10.0,11.0) [14.0,15.0)

(e) MLP-MNIST-0/1

[-10.7,-10.6) [-9.5,-9.4) [-8.3,-8.2) [-7.1,-7.0) [-5.9,-5.8) [-4.7,-4.6) [-3.5,-3.4) [-2.3,-2.2) [-1.1,-1.0) [0.1,0.2)

(f) MLP-GEN-MNIST-1
[-71.0,-70.0) [-57.0,-56.0) [-43.0,-42.0) [-29.0,-28.0) [-15.0,-14.0) [-1.0,0.0) [13.0,14.0) [27.0,28.0) [41.0,42.0) [55.0,56.0)

(g) MLP-AUG-MNIST-0/1
Figure 10: Representative inputs of different models.

22



Published in Transactions on Machine Learning Research (08/2025)

logits humans↑ FID↓
17 0.73 434.32
16 0.67 436.60
15 0.58 432.89
14 0.48 430.79
-19 0.18 422.01
-20 0.2 419.94
-21 0.2 412.96
-22 0.216 405.20

Table 5: For MLP-MNIST-0/1, the FID scores indicate the samples are bad when humans think they are
good. The FID scores indicate the even better performance (lower scores) in the logit ranges when humans
label as incorrect in general.
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Model NLL Samples

GPT2-small-25 1.5 stores, grocery stores, restaurants, grocery stores, grocery stores, grocery stores, grocery
shopping centers, supermarkets, restaurants, grocery

GPT2-small-25 2.0 science, science fiction and science-fiction films, Final Fantasy VII, and The Lord of the
Rings, among other titles.

GPT2-small-25 2.5 Dean was really nice and kind. He was sort of a cuddly. I love him, he’s such a good

GPT2-small-25 3.0 ethnic tendencies. Students continue to be taught that their current situation is their
own fault and they should be taken to task for it

GPT2-small-25 3.2 The band responded that they do not refer to themselves as "old school," but rather as
modern-era

GPT2-small-25 3.5 lure Daphne, Harry. Now our world knows Hermione Granger wasn’t the only person in
the school who was kidnapped.

GPT2-small-25 4.0 Flags and weight fluctuations in the water with power plants and dissipating energy put
a lot of strain on the water control system because

GPT2-medium-25 1.7 houses, government buildings, schools, hospitals, and other buildings used for public
purposes, such as airports, military bases, and

GPT2-medium-25 2.0 sadness, but it’s a good feeling, and there’s a sense that we’re better because of it. And
that’s

GPT2-medium-25 2.5 Communists were trying to re-create the experiences of the American Civil War where
black soldiers fought alongside white soldiers and played a crucial

GPT2-medium-25 3.0 drastically altered. In the early monastic period the belief in eternal life and free will had
been transformed into a religious belief in

GPT2-medium-25 3.2 acknowledging the wickedness of man due to him, in venting his indignation against him
and finally cursing him, he says

GPT2-medium-25 3.5 consequence that Chinese law enforcement is very unclear. In fact, given the lack of clear
territorial boundaries and with respect to whom the

GPT2-medium-25 4.0 disqualifications from Supreme Court proceedings, defence from prosecution, compel-
ment of guardians, obligation to pay retainer of one half

OLMo-1B 3.0 abouts demeasure on what is to be thereupon upon upon upon upon upon also also also
also also also also too too

OLMo-1B 3.5 analys anding several changes and adaptations in human brains and their evolution
throughout the world history. Brain evolution study discusses how the brain

OLMo-1B 3.8 farmers traditional ways of life/culture is not acceptable. It comes out from talking which
points out the issue of racism, sex

OLMo-1B 4.5 cis chooses to establish her identity with the Autotaschusansa society," in which typically
feminine aspects are a fundamental part

OLMo-7B 3.0 vp@b v pvphv-p c-a v pvpbv-cpv c-vpv

OLMo-7B 3.5 wei’s C2H probe demonstrated the excellent Ln sensitivity and the low detection limit of
Ln. A variety of L

OLMo-7B 3.8 Whatever happens outcome his ego and character endures it his name will forever there-
after be live in history as it’s it’s the

OLMo-7B-Instruct 4.0 Devil and Parker Brothers, for poorly made games which often were inaccessible for
children, partly due to the strict licensing rules. As

OLMo-7B-Instruct 4.5 requisite kms which is all about home address details, favourite foods and what sounds
psychical. You will be found that you

OLMo-7B-SFT 3.5 memory models more often tend towards simple models that treat memory capacity as
uniform across all types of memory content. RY: I

OLMo-7B-SFT 4.0 Something people including me can do.! Creative and idea generating workshops can help
you when you need something new for a project

Table 6: Example Samples
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