B-cosification: Transforming Deep Neural Networks
to be Inherently Interpretable

Shreyash Arya*!-2, Sukrut Rao*'!:2, Moritz Bohle* 713, Bernt Schiele!
IMax Planck Institute for Informatics, Saarland Informatics Campus, Saarbriicken, Germany
2RTG Neuroexplicit Models of Language, Vision, and Action, Saarbriicken, Germany
3 Kyutai, Paris, France
{sarya,sukrut.rao,schiele}@mpi-inf.mpg.de moritz@kyutai.org
*Equal contribution T Work done while at MPI Informatics

Abstract

B-cos Networks have been shown to be effective for obtaining highly human
interpretable explanations of model decisions by architecturally enforcing stronger
alignment between inputs and weight. B-cos variants of convolutional networks
(CNNG5) and vision transformers (ViTs), which primarily replace linear layers with
B-cos transformations, perform competitively to their respective standard variants
while also yielding explanations that are faithful by design. However, it has so far
been necessary to train these models from scratch, which is increasingly infeasible
in the era of large, pre-trained foundation models. In this work, inspired by the
architectural similarities in standard DNNs and B-cos networks, we propose ‘B-
cosification’, a novel approach to transform existing pre-trained models to become
inherently interpretable. We perform a thorough study of design choices to perform
this conversion, both for convolutional neural networks and vision transformers. We
find that B-cosification can yield models that are on par with B-cos models trained
from scratch in terms of interpretability, while often outperforming them in terms of
classification performance at a fraction of the training cost. Subsequently, we apply
B-cosification to a pretrained CLIP model, and show that, even with limited data
and compute cost, we obtain a B-cosified version that is highly interpretable and
competitive on zero shot performance across a variety of datasets. We release our
code and pre-trained model weights at https://github.com/shrebox/B-cosification.

1 Introduction

Despite their strong performance on a variety of tasks, understanding decisions of deep neural
networks (DNNss) remains challenging. Explanation methods, such as feature attributions [46, 48, 53,
5], have been proposed in an attempt to explain such decisions post-hoc, but have often found to be
unfaithful to the model being explained [2, 3, 40, 60].

Inherently interpretable Deep Neural Network (DNN) models have recently gained popularity. In
contrast to the common approach of explaining existing DNNs in a post-hoc fashion, these models
typically feature certain architectural constraints that allow for extracting human-interpretable, model-
faithful simplifications of the models’ computations by design; examples of this include prototype-
based [14, 17, 32], dynamic linear [9, 10], or concept-bottleneck models [28, 58, 33, 42]. However,
given those architectural changes, this comes at a price: specifically, the models need to be trained
from scratch, which—especially in the case of large foundation models, which are increasingly
popular—can cost millions of dollars.

To mitigate this, in this work, we explore a novel approach of fine-tuning DNNs for inherent
interpretability and propose to ‘B-cosify’ existing DNNs. Specifically, we investigate whether
pre-trained DNNs can simply be efficiently fine-tuned to obtain a similar degree of interpretability as
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Fig. 1: B-cosification: Obtaining inherently interpretable models with competitive accuracy at low cost.
Left: Accuracy progression over epochs for a DenseNet-121 and a ViT-S, comparing B-cosified (blue) and B-cos
(orange) training curves. B-cosified models achieve equivalent accuracy with a substantial reduction in training
time, yielding 4.7x speedup for DenseNet-121 and 9.0x speedup for ViT-S. Right: Qualitative comparison
of explanations for various images for B-cos [11] and our B-cosified models at various stages of training.
Specifically, we show the dynamic linear mappings W (x) computed by the models in color as in [10, 11]; note
that by formulating conventional models (‘initial’ in the plot) as a specific version of B-cos models, we are able
to visualise the corresponding explanations in color too, see Sec. 3.2.1 for further details. We find that after only
one epoch of training, the B-cosified models exhibit similar explanations as B-cos models.

the recently proposed B-cos Networks [10, 11]. In contrast to the original B-cos Networks, which
leverage existing architectures to obtain performant and interpretable models, we investigate whether
we can additionally leverage the existing pre-trained weights, thus aiming to take advantage of the
significant amount of resources that have been invested in training existing models. As a result, we
hope to make inherently interpretable models more easily accessible to the community.

To do so, we first conduct a detailed analysis of how B-cos DNNs differ from their conventional
counterparts. Interestingly, we find that many existing models can be converted into functionally
equivalent B-cos models by a small set of targeted implementational modifications (Tab. 1). To
increase the interpretability of the models, we then increase the ‘alignment pressure’ [10] via the
parameter B of the B-cos transformations and fine-tune the models on their respective tasks, which
leads to significantly more interpretable explanations (Fig. 2).

On supervised settings, we find that B-cosified models often outperform both conventional and
B-cos DNNs at a fraction of the full training cost (Fig. 1, left), whilst exhibiting a similar degree
of interpretability as the original B-cos DNNs (Fig. 1, right). We further apply B-cosification to
a pre-trained CLIP model [39], a large foundation vision-language model (VLM), and show that
despite using comparatively limited data and compute cost, B-cosified CLIP models yield highly
interpretable explanations whilst being competitive on zero-shot performance across a variety of
downstream datasets.

Our work thus opens a new perspective on how to design inherently interpretable models in a cost-
effective manner. Importantly, on the one hand it highlights that conventional models might be closer
to inherently interpretable models than previously understood. On the other hand, it highlights the
benefits of designing inherently interpretable models via minor architectural modifications, such as
e.g. the B-cos DNNS, as this can allow for leveraging the large array of existing, pre-trained DNNs.

In summary, our contributions are:

* We propose B-cosification, a novel technique to ‘fine-tune for interpretability’, that ad-
dresses the problem of high training cost associated with obtaining inherently intepretable
models such as B-cos DNNs. Our B-cosified DNNs are highly interpretable while often
outperforming both standard and B-cos DNNs.

* We thoroughly study different design choices to find an optimal strategy for B-cosification.

* We apply B-cosification to supervised image classifiers on ImageNet [16], including both
CNNs and ViTs, and show that the B-cosified variants perform on par on interpretability
metrics while often outperforming in terms of accuracy. Overall, we find that B-cosifying a
pre-trained black box DNN to be superior on both metrics as compared to training a B-cos
DNN from scratch, while being computationally significantly cheaper.



o Ly "o | -

B-cosified CLIP| s o & ¥ ?‘ 2 ,
@0 ¥ s =" 5 *

oY

Fig. 2: B-cosified CLIP Models. After B-cosifying a CLIP model and fine-tuning it according to our proposed
B-cosification scheme, see Sec. 3.2, we find that it is possible to endow the model with the same level of inherent
interpretability as the B-cos models proposed in [11], whilst maintaining CLIP’s zeroshot ability (see Fig. 5).
The resulting linear summaries of the models (W (x)) can be visualised in color (row 3) and provide significantly
more detail than GradCAM explanations (row 2), which are often used to explain conventional CLIP models.

¢ We extend B-cosification to CLIP, a foundation VLM, and show that B-cosified CLIP remains
highly competitive on zero-shot performance across a variety of downstream datasets, while
also yielding similar interpretability benefits as B-cos models.

2 Related Work

Explanation Methods. Post-hoc attributions [46, 43, 53, 48, 5, 56] have popularly been used to
understand the decisions of trained DNNs, but have often been shown to be unfaithful to the model
being explained [2, 3, 60, 40]. Inherently interpretable models [14, 28, 10], in contast, incorporate
architectural changes to the model and can yield explanations that are interpretable and faithful to the
model by design. However, such models need to be trained from scratch, which imposes a significant
additional cost. In this work, we explore fine-tuning for interpretability, and propose a method to
transform existing black-box DNNss to inherently interpretable B-cos DNNSs, bringing together the
best of both worlds.

Attribution Priors [38, 37, 27, 50, 4] have often been used to train or fine-tune models to have
explanations with desirable properties, such as inducing smoother explanations [27], consistent
explanations [37, 38], or to guide models to be ‘right for the right reasons’ [44, 20, 41, 34]. Similar
to such work, we fine-tune black-box DNNs for interpretability, but in contrast, we only make
architectural modifications to transform the DNNs to B-cos DNNs, and do not use any additional
constraints on the explanations themselves while training.

CLIP Interpretability and Localization. Post-hoc attribution methods [46, 36, 13, 7] have also
been used to explain VLMs such as CLIP [39], however, as with supervised DNNGs, their faithfulness
to the model is not guaranteed and the explanations are often coarse-grained and not very human
interpretable. While inherently interpretable architectures could address this, the high costs of
training such large models from scratch makes their use unappealing. In this work, we bridge
the gap by instead fine-tuning from pre-trained black-box CLIP models to inherently interpretable
B-cosified CLIP variants, and find that the B-cosification process is effective in yielding performant
and interpretable models. A separate line of work [8] involves improving localizability of VLMs, and
is orthogonal to our work since our goal is to obtain explanations that are faithful to the model.

Learning mappings between model features. Recent work [30, 33] has explored using simple
linear transforms to map features between models, and in particular also mapping features from
arbitrary models to CLIP’s representation space. In the context of our work, such methods can be
used to map a supervised B-cos feature extractor to CLIP using a linear transform, to obtain an
inherently interpretable DNN that can mimic CLIP. In our evaluation, we compare with such an
approach, and find that our approach of architecturally transforming the full model and fine-tuning
for interpretability yields improved zero shot performance.



3 From conventional to B-cos models

In the following, we describe the process of fine-tuning standard black box DNNs into inherently
interpretable B-cos DNNs. In Sec. 3.1, we first introduce the B-cos models and enumerate the key
ways in which they differ from standard models. In Sec. 3.2, we then perform a detailed study on
strategies to bridge each of these differences for effective B-cosification.

3.1 B-cos Models: Background

Many common DNNs consist of a series of blocks of linear layers followed by non-linear ReL.U
activations [31], and are thus piece-wise linear functions': i.e., for every input x, they effectively
compute a linear transformation of that input: y(x) = W (x)x + b(x), cf. [52]. In [9, 11], models
of this kind have been called ‘dynamic linear’, a naming convention that we adopt in this paper.

Interestingly, for piece-wise linear models, W (x) is given by the models’ gradient with respect to x
[52]—except for the input-dependent bias b(x), the gradient thus constitutes an exact summary of the
models’ computations. This linear mapping W (x) is unfortunately typically not easily interpretable,
and many techniques have been proposed to derive qualitatively more convincing explanations
[46, 56]. These, however, have been shown to often not faithfully reflect the underlying model [1, 40].

Further, if the models employ bias terms, W (x) does not yield a complete explanation [52], i.e.
yv(x) # W (x)x. Integrating bias terms as proposed by [52] yields a set of importance attribution
maps, summarizing which requires carefully selecting a post-processing function with inherent
tradeoffs. Even when not using bias terms [23], however, the resulting matrices W (x) are often not
easily human interpretable, and the resulting models can suffer from significant drops in performance.

To address this, [10, 11] propose to architecturally modify the DNNs to introduce additional alignment
pressure during model optimisation. For this, they replace the ubiquitously used linear transformation
by the B-cos transformation, which dynamically scales the output of the linear transformations:

|5t T(x)x , (1)

with B a hyperparameter, cos the cosine similarity between x and the weights w, and w=w/||w/||.

B-cos transformation: g cos(x; W) = (|cos(x, w) X vAv)T X=w

Like piece-wise linear models, B-cos models are dynamic linear and thus accurately summarised by
a single linear transformation W (x) s.t. y(x) = W (x)x; as B-cos models do not employ bias terms,
this model summary is complete. Crucially, it has been shown that with B> 1, the matrix W (x)
aligns with task-relevant input patterns, making it more easily human interpretable (e.g. Fig. 1, right).

Importantly, as the B-cos transformation can serve as a drop-in replacement for linear transformations
at every layer of a DNN, it is possible [10, 11] to leverage existing DNN architectures and the resulting
B-cos models obtain similar classification accuracies as their conventional counterparts (Tab. 4, cols.
‘pretrained’ and ‘B-cos’).

Extending this, we investigate if it is possible to leverage existing DNN weights—i.e., our goal is to
fine-tune existing models to be similarly interpretable as B-cos models, whilst not requiring to train
them from scratch. However, despite the architectural similarities between B-cos and conventional
models, there are multiple key differences that make transforming pre-trained models into B-cos
models non-trivial: e.g., apart from replacing linear transformations with the B-cos transformation
and not employing biases, B-cos models are trained on image representations with 6 color channels as
[r,g,b,1—7,1—g,1—0] to be able to visualise the model-inherent linear summaries W (x) in color,
whereas conventional models use 3 channels (see also Tab. 1). In the next section, we show how to
overcome these differences and convert existing models into functionally equivalent B-cos models.

3.2 B-cosification of Deep Neural Networks

We analysed the differences between B-cos models and their conventional counterparts in detail and
compiled the results in Tab. 1. In this section, we discuss one by one how to bridge these differences.
In particular, we show that a conventional model can be framed as a functionally equivalent B-cos
model as in [11] with B=1, which additionally employs bias terms. Only upon modifying these two
aspects, i.e. biases and B, does the model need to be fine-tuned to adapt the weights to those changes.

'As noted by [52], ‘piece-wise linear’ is actually a misnomer. As the models additionally employ biases, the
resulting DNNSs are in fact piece-wise affine. For simplicity, we maintain the common naming convention.



Table 1: Overview. To allow for comparing the models, we compiled the identified differences between the
conventional models (Standard), their B-cosified version (B-cosified) and the original B-cos models (B-cos).
For each design choice in the B-cosified models, we summarise the respective discussion in Sec. 3.2 (reason)).

Property Standard B-cos B-cosified reason
Image Encoding 3 channels 6 channels 6 channels — colored explanations
Normalized Inputs yes no yes — in-distribution (ID)
Weights unnormalised normalised unnormalised — equivalent and ID
Activations ReLU none ReLU — compatible and ID
Biases yes no no — complete explanations
B in B-cos 1 2 2 — weight-input alignment

3.2.1 Functionally Equivalent B-cos Models

Input Encoding and Normalisation. As mentioned in Sec. 3.1, B-cos models use input represen-
tations with six color channels [r, g,b,1—r, 1—g, 1—b] to be able to visualise the explanations in
color, cf. [11]. However, most conventional DNNs (e.g. models from Torchvision [54], CLIP [39])
are applied to 3-channel inputs in which images are encoded via [r, g, b]. As a result, visualising the
dynamic matrices W (x) of piece-wise linear models (cf. Sec. 3.1) in color would not seem possible.

However, we note that in combination with the commonly used input normalisation, we can convert
the first linear transformation in conventional models (e.g., a convolutional layer) into an equivalent
transformation that accepts 6-channel inputs. Specifically, for input normalisation, the channel-wise
means p, are subtracted from the individual channels, followed by a division by the standard devia-
tions o, yielding s'=(s — ps)/0s for s€{r, g,b}. Conversely, mean-normalising the 3 additional
color channels yields —s’. Leveraging this, we use the models’ weights learnt for 3-channel inputs,
w, = [wjr, W, g, wj ] for every feature j, to construct an equivalent 6-channel transformation:

@
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Note that applying w} to the mean-normalised, 6-channel inputs yields the same results as applying
w; to the original mean-normalised inputs that the pre-trained models have seen during training.

Activation Functions. Owing to the non-linearity inherent to the B-cos transform, explicit activation
functions are not necessary in between B-cos layers. However, the authors of [10, 11] showed that
the model-inherent explanations are compatible with MaxOut [21]. Note that the very commonly
used ReLLU non-linearity applied to vZ'x for any weight vector v, is just a special case of MaxOut:

MaxOut(x; v, 0) = max(v’ x,07x) = ReLU(v’x) . 3)

As the pre-trained models’ weights have been optimised for the ReLU non-linearity and given its
compatibility with the B-cos explanations, we leave them untouched in the B-cosification process.

Weight normalization. B-cos transformations employ unit norm weights, see also Eq. (1), which the
authors motivated by the fact that the only way any given neuron can achieve its maximal output is by
increasing the weight-input alignment, which in turns leads to the improvements of the explanations.

However, conventional models have been trained with unconstrained weights and using unit norm
weights would thus lead to unpredictable model behaviour. Interestingly, we note that the weight
normalisation in the latest version of the B-cos models can actually not impact the explanation quality,
as the authors of [11] re-introduce normalisation layers into the B-cos models. To better understand
this, let us consider the compound function of a batch normalisation layer and a B-cos layer:

f(x) = BatchNorm o B-cos(x) “
Y- mean(y)

with BatchNorm(y) = «
var(y)

+8, (&)

with o and [ trainable parameters of the BatchNorm layer. Note that /var is scaled by any factor ~y
by which the output of a B-cos layer might be scaled, which cancels in the fraction in Eq. (5) and thus
makes f(x) invariant to scaling the B-cos transformation: i.e. BatchNorm(y) = BatchNorm(y x y).



Table 2: Increasing B for B-cosification.

ResNet-18 Baselines Discrete B Linear B Learnt B
Metric Standard ~ B-cos | B=l B=1.5 B=2 | 5epo. 45epo. 90epo. |

Accuracy 69.6+02  68.5+02 | 70.6+0.1 71.6+0.1 71.5+0a1 | 71.6+02 71.1+01 70.2+00 | 71.8+0.1
Localisation 21.4+02 87.4+05 | 339402 843102 87.6+02 | 88.1+01 88.84+02 88.8+02 | 89.4+0.1

In particular, the output of f(x) is thus invariant to weight normalisation, as the output of B-cos (x)
scales linearly with the weight norm, cf. Eq. (1).

This is of course only true if every B-cos layer were always followed by a normalisation layer, which
is not necessarily the case. Nonetheless, we find that not using normalised weights yields consistently
good results across all models. Therefore, we use B-cos transformations without weight normalisation
throughout our experiments; for an ablation, see Tab. B2 in the appendix.

In summary, we showed that it is possible to adapt the implementation of existing models in a
way that allows us to integrate certain aspects of B-cos models without functionally changing the
pre-trained models. Notably, we can now visualise color explanations similar to B-cos models (Fig. 1,
right, col. 3); unsurprisingly, however, these explanations have poor interpretability due to the absence
of the alignment pressure imposed during B-cos training. In the next section, we discuss the necessary
functional changes for B-cosification to obtain interpretable explanations.

3.2.2 Fine-tuning for Interpretability

The changes introduced in the preceding section have not functionally changed the pre-trained
models, but rather allow us to interpret the existing models as a special case of B-cos models. Now we
introduce the necessary changes to increase the interpretability of the dynamic matrices W (x). As
these functionally change the models, they need to be fine-tuned to recover their original performance.

In particular, the remaining differences between conventional and B-cos models are (1) the value of B,
and (2) the use of biases, Tab. 1. We will now discuss how we bridge these differences individually.

Ablation Setup. We evaluate various fine-tuning strategies using a ResNet-18 [22] model supervised
on ImageNet [16] from Torchvision [54] for B-cosification, and compare with a B-cos ResNet-18
from [11]. We optimize using AdamW [26] with cosine scheduling and train for 90 epochs, and
evaluate both classification accuracy as well as interpretability using the GridPG metric [9].

(1) Increasing B. As shown in [10], using B >1 is critical to obtain easily interpretable explanations.
To increase B for the pre-trained models, we investigate three strategies: (1) immediately setting B
to a higher value and then fine-tuning, (2) linearly interpolating from B = 1 to B = 2 throughout
fine-tuning, and (3) setting I3 as a learnable parameter. (2) has the advantage of changing the model in
small steps, making it more likely that it maintains performance while fine-tuning, but requires using
the full number of epochs to reach the target value of B. (1) on the other hand is likely to adversely
affect the utility of the weights, but offers the opportunity to stop fine-tuning early if performance and
interpretability metrics are sufficiently high. (3) offers the most flexibility, but also adds a new set of
parameters that need to be optimized. We show the results of this evaluation in Tab. 2. Interestingly,
we find that using (1), i.e. setting B = 2 and then fine-tuning, yields performance that is on par with
learnable B parameters, whilst being significantly simpler to implement. To easily test the generality
of the B-cosification scheme, we therefore opt for this approach in Sec. 4.1.

(2) Decreasing biases. As discussed in Sec. 3.1, dynamic linear models with bias terms are not
exactly summarised by the matrix W (x), cf. [52]. To obtain the same level of faithfulness of the
explanations as B-cos models (in particular w.r.t. explanation completeness, cf. [52, 53]), we need to
remove the biases from the model. To do so, we investigate two approaches: (1) removing all biases
first and then fine-tuning, and (2) fine-tuning while decaying biases using weight decay. Similar
to the setup with B, (2) has the advantage of avoiding drastic changes to the model, but requires
potentially fine-tuning for longer. Further, the weight given to the bias decay in the loss constitutes a
tradeoff between maintaining classification performance and pushing the biases to be close to zero.
We report the results of this evaluation in Tab. 3. Similarly to the experiments for B, we find that
immediately setting the biases to zero constitutes a simple yet performant approach to achieve both
good localisation and accuracy. To assess the generality of the B-cosification scheme across a wide
range of models, we thus choose this the simpler approach of setting biases to zero in Sec. 4.1.



Table 3: Decreasing biases for B-cosification.

ResNet-18 Baselines Fixed bias Bias decay
Metric Standard ~ B-cos | Withbias Nobias | decay=0.2 decay=0.5 decay=0.9

Accuracy 69.6+02  68.5+02 | 71.2+01  71.5+0.1 71.2+02 71.4+03 71.6+0.2
Localisation 21.4+02 87.4+05 | 47.2+05 87.6+02 81.4+02 90.2+02 91.2+0.1

In short, we find that a very simple approach, i.e., setting the bias and the B values to the target values
immediately, constitutes a simple and easy-to-use, but nonetheless performant strategy to B-cosify
models. In the following sections, we test whether these findings generalise well to other models.

4 B-cosification Results

In the following, we evaluate the effectiveness of the B-cosification strategy we developed in Sec. 3.
In Sec. 4.1, we first apply B-cosification to supervised models across various architectures, and
evaluate for classification performance and interpretability. In Sec. 4.2, we B-cosify CLIP [39], a
large foundation vision-language model, and show that despite fine-tuning at a fraction of the training
cost, the B-cosified CLIP shows strong zero shot generalization whilst being highly interpretable.

4.1 Supervised Classification Models

Table 4: Classification Accuracy. We report the top-1 classification accuracy on the ImageNet validation set of
the pre-trained models (pretrained) and the B-cosified models (B-cosified) after fine-tuning them. Additionally,
we report the accuracy of the corresponding B-cos models trained from scratch (B-cos) as well as the difference
to them (Aacc), and how much faster and at which epoch (¢) the same accuracy as in [11] was achieved (speedup).
Results for B-cosified models are averaged over three runs; full results including standard deviation in appendix.

Top-1 Accuracy (%) Efficiency Gains

Model pretrained  B-cos [11]  B-cosified Age | ¢t speedup
ResNet-18 69.8 68.7 71.5 +2.8 | 29 x3.1
ResNet-50-v1 76.1 75.9 76.5 +0.6 | 46 x2.0
ResNet-50-v2 80.9 75.9 77.3 +1.4 | 10 %x9.0
DenseNet-121 74.4 73.6 76.3 +2.7 | 18 x5.0
ViT-Ti 70.3 60.0 69.3 +9.3 | 10 x9.0
ViT-S 74.4 69.2 75.2 +6.0 | 10 x9.0
ViT-B 75.3 74.4 75.3 +0.9 | 57 x1.6
ViT-L 75.8 75.1 75.5 +0.4 | 66 x1.4
ViT.-Ti 72.6 67.3 72.3 +5.0 | 10 x9.0
ViT.-S 75.7 74.5 76.0 +1.5 | 32 x2.8
ViT.-B 76.8 77.1 76.7 04 | - -
ViT.-L 77.9 77.8 77.1 0.7 | - -

Setup. We B-cosify models from Torchvision [54] supervised on ImageNet [16]. We use a diverse set
architectures, including both CNNs (ResNet-18 [22], ResNet-50 [22], and DenseNet-121 [24]), and
ViTs [18, 6, 57] with (ViT.-Ti, ViT,-S, ViT.-B, ViT,-L) and without (ViT-Ti, ViT-S, ViT-B, ViT-L)
convolutional stems. For ResNet-50, we use both the weights originally released by Torchvision and
the updated V2 weights, which constitute models trained for longer and with more augmentations
[55]. As in Sec. 3.2, we evaluate both for classification accuracy and for interpretability using the
GridPG [9] metric. We compare both accuracy and interpretability of the B-cosified models with
B-cos models trained from scratch from [11]. For interpretability, we also compare with several
post-hoc attribution methods as baselines, namely Guided Backprop [51], Gradient [49], DeepLIFT
[48], IxG [48], IntGrad [53], and GradCAM [46]. For full details, see Appendix C.1.

Classification performance. Tab. 4 reports the classification accuracy of the B-cosified models
across architectures, and compares them with their conventional counterparts from Torchvision and
B-cos models trained from scratch. We find that across architectures (col. 1), B-cosified models
perform competitively with conventional DNNs (cols. 2-4) and interestingly, in contrast to the
findings reported by [11], often outperform them, i.e. for five out of twelve architectures. Notably,
we find (col. 5) that our B-cosified models significantly outperform B-cos models trained from
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Fig. 3: Localisation Performance of W (x)x. We compute the contribution maps according to the dynamic
linear summaries W (x) of the pre-trained models (‘Standard’), their B-cosified versions, and the original
pre-trained B-cos models and evaluate their localisation performance on the Grid Pointing Game as in [11]. We
find localisation to significantly improve for B-cosified models, achieving results on par with the models of [11].
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Fig. 4. Comparison to Post-hoc Methods. For two of the models in Fig. 3 (ResNet-50-v1, DenseNet-121) we
compare the localisation performance of the dynamic matrices W (x)x to post-hoc explanations for the pre-
trained models. Similar to the original B-cos models [11], the model-inherent explanations perform favourably.

scratch across all but the two largest ViT, architectures. Further, B-cosified models often achieve
the same performance as their corresponding B-cos models at a fraction of the training cost (col. 6).
Specifically, we find that averaged across architectures, B-cosified models outperform B-cos models
trained from scratch by 2.5 pp, with an average training speedup (to match performance) of 5.2x.
These results strongly advocate for B-cosification as a superior alternative to training from scratch for
obtaining performant inherently interpretable models at a low compute cost.

Interpretability. To evaluate the interpretability of our B-cosified models, we report the GridPG
localization scores in Fig. 3, and compare with conventional and B-cos models; following [11], we
report the results of 3x3 image grids for convolutional models, and of 2x2 grids for the ViTs. For a fair
comparison, for all models, we evaluate the localization of the dynamic linear summary of the model”
W (x)x (see Sec. 3.1). We find that across architectures, B-cosified models significantly outperform
conventional DNNSs in terms of localization (32.7pp-71.0pp) and perform on par with B-cos models.
Since post-hoc attribution methods (e.g. [46, 48, 53]) are often used to interpret conventional DNNss,
similar to [10], in Fig. 4, we compare the localization of the model inherent explanations from two of
our B-cosified models with post-hoc explanations applied to the corresponding conventional models.
Similar to the results reported by [10], we find our B-cosified models to strongly outperform all
post-hoc methods, including GradCAM [46], with a near perfect localization score, showing that
B-cosification is effective in yielding highly interpretable yet model-faithful explanations.

Impact of pre-trained weights. Since our aim is to fine-tune for interpretability, we investigate
how crucial the quality of the weights of the conventional model are for effective B-cosification.
Specifically, we expect weights from stronger models to be a better starting point for B-cosification.
We evalaute this by performing B-cosification both with vl and v2 variants of ResNet-50 [22]
from Torchvision [54], where the latter is trained for longer and with stronger augmentations [55].
From Tab. 4, we find that using a strong initialization is highly useful for effective B-cosification,

Note that ViTs differ from the CNNs discussed in Tab. 1 via the attention mechanism and the GELU
activation with GELU(x) = x x (0.5 + 0.5 x erf(z/+/x). As attention is also dynamic linear, cf. [11], it can
seamlessly be integrated into the model summary W (x). Similarly, we interpret the second factor in GELU as a
dynamic weight w(x), thus allowing us to integrate it in a similar fashion.
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Fig. 5: Classification performance on the CLIP Benchmark [15] of various CLIP models for the zero-shot
setting (left) and linear probing (right). Specifically, we compare two B-cosified CLIPs—trained on ImageNet
(IMN) and CC3M respectively—to the Text2Concept approach by [30] and the original pre-trained CLIP model.
We find B-cosified versions of CLIP to consistently outperform Text2Concept on natural and specialised data.

specifically, fine-tuning starting from v2 weights outperforms B-cos models by 0.8pp as compared to
v1, and achieves equal accuracy with a 9x speedup as compared to 2x with v1; similar results are
observed for initialising the weights with models pretrained via the self-supervised DINO paradigm
[12] (final accuracy: 77.0, speedup: 3.2x), for further discussion see Tab. B3 in the appendix.

4.2 B-cosifying CLIP — Towards Inherently Interpretable Foundation Models

In this section, we evaluate our B-cosification paradigm on CLIP [39], a powerful pre-trained
vision-language model, and evaluate its interpretability and zero shot performance.

Setup. We B-cosify a CLIP [39] with a ResNet-50 [22] backbone using the procedure described
in Sec. 3.2. We use the recently proposed SigLIP loss [59] between the image embeddings of the
pre-trained CLIP and the B-cosified CLIP’s and train the models on either the ImageNet [16] or the
CC3M datasets [47]. For evaluation, we rely on the CLIP Benchmark [15] and report zeroshot and
linear probing results for accuracy. To assess the models’ interpretability, we explain the similarity
between the image embeddings and the text embedding of the pre-trained CLIP model via the dynamic
linear summaries, see Sec. 3.1 or GradCAM, and report the EPG scores [56, 41] on the VOC dataset
[19]. For full details, see Appendix C.2.

Evaluating Model Performance. In Fig. 5, we report the zeroshot and linear probing accuracies of
the two B-cosified CLIP models (trained on ImageNet or CC3M) and compare it to the original CLIP
(Standard) and the recently proposed Text2Concept technique [30]; for the latter, we train a linear
layer on top of a frozen, pre-trained B-cos ResNet-50 from [11] to mimic the embeddings of CLIP
[30]. We find that the B-cosified models significantly outperform the Text2Concept approach and
achieve accuracies that are more similar to the original CLIP’s zeroshot and linear probing accuracies.

Evaluating Model Interpretability. We evaluate the B-cosified CLIP’s ability to localise classes
in the VOC dataset in two ways. On the one hand, we directly explain the similarity of the models’
embedding to the text embedding of a given prompt such as “A photo of a cow.”. On the other hand,
we note that the final attention pooling layer in the CLIP model only computes a weighted sum of
the last layer’s value vectors. Therefore, we additionally evaluate whether we can also explain the
similarity between the text embeddings and these value vectors to improve the localisation ability.

In this context, we notice that explaining the average similarity to the text embedding yields highly
distributed attribution maps, see Fig. 6b, col. 2. On the other hand, explaining only the most similar
embedding localises very well, see Fig. 6b, col. 5. To better understand this phenomenon, we
additionally interpolate between these two approaches and compute weighted means ., w;v; of
those value vectors v;, in which the weights are determined by the cosine similarity between the
value vectors v; and the text embedding t, i.e. with weights w; = cosP(t, v;) for various p.

We find that this not only significantly improves the explanations qualitatively, see Figs. 2 and 6b,
but also quantitatively: in Fig. 6a we report results for explaining the final image embedding (B-
cosified CLIP), the dynamic linear summary for the CLIP ResNet-50 (CLIP W (x)x), its GradCAM
explanations (CLIP GradCAM), and the weighted mean of the value vectors, which we call
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Fig. 6: CLIP Localisation. In (a), we compare GradCAM and dynamic linear explanations for the pre-trained
CLIP model to the inherent explanations of the B-cosified CLIP, as well as to our proposed B-cos FeatureCLIP
approach. We find that good localisation with highly detailed explanations (b) is possible via the B-cosified
CLIP models, especially for high cosine powers, despite only explaining the similarity to text prompts.

B-cosified FeatureCLIP. While B-cos CLIP already yields a noticeable improvement over the
pre-trained CLIP explained via GradCAM and significantly improves the localisation ability of the
linear summary W (x)x, the weighted means yield even stronger performance for sufficiently high p.

5 Discussion

The B-cosification approach presented in this work addresses a common issue with developing inher-
ently interpretable models: achieving model interpretability without compromising on performance
or incurring high training costs. By leveraging pre-trained models, B-cosification opens a new path
towards developing interpretable yet performant models, which can be of particular interest in the
context of foundation models such as CLIP [39], which might otherwise be prohibitively expensive
to train on a limited budget. Our results suggest that B-cosification not only maintains but, in several
cases, even enhances model accuracy, whilst yielding significant improvements on interpretability
metrics, providing a viable and resource-efficient alternative to training B-cos models from scratch.

Specifically, we find B-cosified models to much faster reach the same levels of interpretability and
accuracy than their counterparts trained from scratch, with training speedups of up to 9x in some
models. The approach appears to be general, being applicable for both CNNs and ViT models. We
hope that this increase in efficiency will make interpretable models much more accessible in settings
with constrained computational resources and could thus facilitate their adoption. In particular,
when applying our proposed B-cosification scheme to a foundation model—CLIP—we find that the
B-cosified CLIP model is able to maintain competitive zero-shot performance while at the same time
providing interpretable and model-faithful explanations.

Despite these advancements, certain aspects remain open for further exploration. Specifically,
while some models quickly recover original performance after B-cosification, others exhibit slower
convergence rates, suggesting potential for optimisations in the fine-tuning process. Additionally,
for the larger B-cosified ViT. models, while yielding results that are on par with those trained from
scratch, the B-cosification process did not succeed in achieving speed-ups, indicating that the interplay
between model architecture and the proposed B-cosification might require further exploration.

In summary, our results establish B-cosification as an effective method for enhancing interpretability in
pre-trained models with low computational cost. The method consistently enables high interpretability
without compromising performance, even achieving substantial training speedups in many cases.
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A Additional Qualitative Results

In Fig. A1, we provide additional qualitative examples to illustrate the interpretability gains achieved
by B-cosifying a CLIP model. Specifically, we show explanations generated by the original CLIP
model using GradCAM [46] (row 2) for a diverse set of input images (row 1), for which explanations
are generally coarse and lack clear localization. In contrast, the third row displays explanations
produced by B-cosified CLIP, which yields finer-grained, more visually interpretable explanations.
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Fig. Al: Additional, randomly sampled examples for comparing GradCAM explanations of the original CLIP
model to the inherent explanations of the B-cosified CLIP. The top row shows input images from various classes.
The middle row provides explanations generated by the original CLIP model, which tend to be coarse and lack
precise localization. The bottom row shows explanations from B-cosified CLIP, which produce more focused,
detailed visualizations, highlighting class-relevant features with greater clarity.

In Fig. A2, we show further comparisons on specific object classes with using different cosine powers
p (cos, cos-7, cos-19, and cos-inf) to qualitatively demonstrate the effect of increasing the exponent
p in gathering the value vectors, see also Sec. 4.2. Higher cosine thresholds result in increasingly
focused and interpretable representations, capturing fine details that are often absent in the original
CLIP explanations.

In Fig. A3, we show additional qualitative examples for prompting the B-cosified CLIP model with
different prompts for the same image, thus highlighting the class-specificity of the explanations as
well as the potential that inherently interpretable CLIP models might yield. Specifically, B-cosified
CLIP models allow to explain the similarity of a given image with a free-form textual prompt, which
shows that the zero-shot performance of CLIP with respect to classification also transfers well to the
corresponding explanations.
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Fig. A2: Additional randomly chosen examples highlighting the effect of increasing cosine power p on the
specificity of the explanations in the B-cosified CLIP model. Each row corresponds to a specific object class,
with explanations generated at different cosine power levels: cos, cos-7, cos-19, and cos-inf. Higher cosine power
values result in increasingly precise and interpretable representations, capturing finer details and producing
sharper focus on class-relevant features; further examples in Fig. 6b in the main paper.
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color using B-cosified CLIP. For example, we compute B-cos explanations using text-prompts: a picture of

{x’} encoded using standard CLIP [39] text-encoder for an image taken from ImageNet [45]. The first column
shows the original image with the class caption, the second column shows the colored B-cos explanations with
the text caption used at the top, and the third column shows the raw attributions with red denoting the positive

contribution towards the text input and blue denoting the negative contribution.
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B Additional Quantitative Results

In this section, we provide a series of additional quantitative results on the performance and in-
terpretability of B-cosified models. These tables cover various ablation studies, comparisons with
standard and B-cos models, and performance across different configurations. Specifically, in Tab. B1,
we extend our evaluation to compare models that are trained for the same effective number of epochs>.
Further, in Tab. B2, we evaluate the impact of using normalized weights in the B-cos layers. In
Tab. B3, we show additional results for B-cosified ResNet-50 models that are initialised from different
pre-trained checkpoints. Specifically, we find that apart from initialising the ResNet-50 from CLIP
weights, we observe consistent improvements through B-cosification, with stronger pre-training
paradigms that are based on the ImageNet dataset (V2, DINO [12]) leading to larger improvements.
Finally, we report full ablation results on the impact of the individual changes that we perform on the
pre-trained models Tab. B4, B-cosifying models with different strategies for setting the parameter B
in the B-cos transformation Tab. B5, decaying the bias term Tab. B6, as well as full zero-shot and
linear probing results for the CLIP benchmark, see Tabs. B7 and BS.

Table B1: Classification accuracy comparison with further trained standard and B-cos models. Extending
Tab. 4, we report the comparison of top-1 classification accuracy on the ImageNet validation set between the
B-cosified models and comparison with standard (block 3) and B-cos (block 4) pre-trained models fine-tuned
using the same process as B-cosification. All models are thus effectively trained for 180 epochs. Results for
B-cosified models are averaged over three runs.

Training for 180 Epochs

B-cosified Standard models B-cos models

Model acc acc Ay, speedup | acc AZ.  speedup
ResNet-18 71.5+0.1 71.0 +03 x1.4+01 | 689 +24  x2.8+00
ResNet-50-v1 76.5+0.1 76.8 -0.3 - 75.6 +0.9 X2.4+0.1
ResNet-50-v2 77.3+0.1 717 -04 - 756 +1.7 x10.4+07
DenseNet-121 76.3+0.2 76.1 +0.2 x1.4+o01 | 73.8 +2.5 X5.2+04
ViT-Ti 69.3+0.1 72.1 2.8 - 63.7 +5.6 x3.4+o01
ViT-S 75.2+0.1 764 -1.2 - 725 +27 x2.7+00
ViT-B 75.3+0.1 758 -0.5 - 75.3 - -
ViT-L 75.5+0.1 757 -0.2 - 756 -0.1 -
ViT,.-Ti 72.3+0.1 74.8 -2.5 - 70.1  +2.2  x1.8+00
ViT.-S 76.0+0.1 769 -0.9 - 759 +0.1 x1.3+0.1
ViT.-B 76.9+0.2 772 -0.3 - 772  -0.3 -
ViT.-L 77.1+0.0 77.6 -0.5 - 777 -0.6 -

3B-cosified models have effectively been trained for 180 epochs, i.e., 90 epochs of pre-training and 90 epochs
of fine-tuning. To fairly compare the impact of the additional training, we show how this would impact both the
pre-trained models themselves, as well as the B-cos models from [11]. Note that however the primary goal is to
leverage pre-trained weights to more efficiently train B-cos models, and as shown in Tab. 4, B-cosification helps
obtaining similarly accurate and interpretable models at a much lower training cost.
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Table B2: Ablation normed weights for the ViT models. Extending Tab. 4 for a subset of models, we
report the top-1 classification accuracy on the ImageNet validation set of the pre-trained models (pretrained)
and the B-cosified models (B-cosified) after fine-tuning them along with the difference between them (A;cc).
Additionally, we report the accuracy of the corresponding B-cos models trained from scratch (B-cos) as well as
the difference to them (Af:‘cc), and how much faster and at which epoch (¢) the same accuracy as in [11] was
achieved (speedup). Results for B-cosified models are averaged over three runs.

Top-1 Accuracy (%) Gains over B-cos [11]
Model pretrained  B-cosified Al | Bcos A2, ¢ speedup
Un-norm wt. ‘
ViT-Ti 70.3 69.3+0.1 -1.1 | 60.0 +93 10 %x9.0
ViT-S 74.4 75.240.1 +0.8 | 69.2 +6.0 10 x9.0
ViT-B 75.3 75.3+0.1 -0.1 | 744 +09 57 x1.6
ViT.-Ti 72.6 72.3+0.1 -03 | 67.3 +5.0 10 x9.0
ViT,.-S 75.7 76.0+0.1 +03 | 745 +15 32 x2.8
ViT.-B 76.8 76.7+02 +0.1 | 77.1 -04 - -
Norm wt. \
ViT-Ti 70.3 68.5+02 -1.8 | 60.0 +85 26 x3.5
ViT-S 74.4 76.0+02 +1.6 | 69.2 +6.8 24 x3.8
ViT-B 75.3 76.9+0.1 +1.6 | 744 +25 30 x 3.0
ViT.-Ti 72.6 732+02 +0.6 | 67.3 +59 28 x3.2
ViT.-S 75.7 78.0+0.1 +23 | 745 +35 27 x3.3
ViT.-B 76.8 78.3+0.1 +1.5 | 771 +12 32 x 3.8

Table B3: Impact of Pre-trained Weights. We report the top-1 classification accuracy on the ImageNet
validation set of the B-cosified ResNet-50 model with different weight initialisations (acc), the difference
to the results reported in [11] when training the pre-trained B-cos ResNet-50 model (A,ec) under the same
B-cosification recipe, as well as how much faster the same accuracy was achieved (speedup). Additionally,
we report the GridPG localisation scores (loc) similar to those reported in [11] and the difference to the B-cos
ResNet-50 model’s localisation trained (Ajoc) under the same B-cosification training recipe. The pre-trained
accuracy (in %) for: B-cos = 75.9, CLIP = 73.3, and DINO = 75.3. Random Init is the baseline with randomly
initialized B-cosified model training. Results are for a random initialized single run.

Top-1 Accuracy (%) Localisation [11]
Weights acc Ay speedup ‘ loc Aloc
Random Init | 72.7 -2.9 - 88.8 -1.6
Vi 76.6 +1.0 x24 | 924 +2.0
V2 773 +1.7 xI11.3 | 91.7 +1.3
CLIP 753 -03 - 91.2 +0.8
DINO 77.0 +14  x32 | 909 +0.5
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Table B4: Experimental ablations results for the B-cosification design choices. The table shows the ablation
results for the B-cosified ResNet-18 model (with B = 2 and no Bias) shown in row 1. Further in rows 2-6, the
ablated components are shown in col. 1, the accuracy of the ablated model (acc) in col. 2, and the change in
accuracy (Aace) compared to the non-ablated model (row 1) is shown in col. 3. Further, col. 4 shows the GridPG
localisation scores (loc) and the difference to the non-ablated B-cosified model (Ajoc). Similar to components
used in standard models, we replace the BatchNorm Uncentered with BatchNorm Centered, change the order of
the Global Average Pool where features are first averaged and then passed to the last linear layer, and replace
average pooling with max pooling at the stem. Further, we also replaced ReLU activation with Identity; and
removed the Logit Bias layer. Results are for a random initialized single run.

Top-1 Accuracy (%) Localisation
Ablated Component acc Agee | loc A
B-cosified | 71.5 - | 86.8 -
BatchNorm Centered 71.0 -0.5 28.8 -58.0
Global Average Pool Order | 71.5 0.0 63.8 -23.0
Identity Activation 63.4 -8.1 86.0 -14
Logit Bias removal 70.8 -0.7 926 +5.2
Max Pool (Stem) 71.4 -0.1 87.7 +0.3

Table B5: Increasing B for B-cosification Extended. Extending Tab. 2 for different convolutional models,
we compare various strategies to increase the B parameter. We evaluate these strategies using accuracy and
localization scores to measure interpretability performance. Columns 2-3 represent the baseline models: Standard
ResNet-18 [54] and B-cos ResNet-18 [11]. Columns 4-8 set the B value directly € {1,1.25,1.5,1.75,2}.
Columns 9-13 apply B = 2 over ‘n’ epochs with n € {5,10,20,45,90}. Column 14 shows results for
increasing B as a learned parameter. Further, row blocks denote different models, each denoting accuracy,
followed by localisation scores. Results are for a random initialized single run.

Model Baselines Discrete B Linear B Learnt B
Metric Standard  B-cos \ B=1 B=125 B=15 B=1.75 B=2 \ S5epo. 10epo. 20epo. 45epo. 90 epo.

ResNet-18
Accuracy 69.8 68.7 70.7 71.5 71.6 71.6 71.5 71.6 71.4 71.3 71.1 70.2 71.7
Localisation 21.2 88.0 | 338 68.1 84.2 86.6 87.4 88.0 87.9 88.6 88.8 89.0 89.3
ResNet-50 V1
Accuracy 76.1 759 | 76.49 76.8 76.8 76.4 76.56 | 76.5 76.4 76.5 76.3 76.2 76.5
Localisation 24.8 90.4 | 45.8 86.4 91.4 92.0 92.4 92.9 92.8 92.9 92.9 92.7 93.6
ResNet-50 V2
Accuracy 80.9 75.9 717 71.5 77.6 71.5 71.3 77.3 71.5 77.4 77.1 772 77.6
Localisation 242 90.4 | 46.1 86.9 91.2 91.9 91.7 91.8 92.1 92.3 92.7 92.8 92.8

DenseNet-121
Accuracy 74.4 73.6 | 7583 763 76.4 76.6 764 | 764 76.4 76.4 76.3 75.8 76.5
Localisation 20.2 923 | 304 77.0 87.0 89.9 912 | 914 91.7 91.8 92.2 92.2 93.6
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Table B6: Decreasing biases for B-cosification extended. Extending Tab. 3 for different convolutional models,
we compare various strategies to decrease the bias parameter. We evaluate these strategies using accuracy and
localization scores to measure interpretability performance. Columns 2-3 represent the baseline models: Standard
ResNet-18 [54] and B-cos ResNet-18 [11]. Columns 4-5 show the setting with bias (col. 4) and without bias (col.
5). Columns 6-8 show the bias decay setup using the weight decay with different values A € {0.2,0.5,0.9}.
Further, row blocks denote different models, each denoting accuracy, followed by localisation scores. Results
are for a random initialized single run.

Model Baselines Fixed bias Bias decay
Metric Standard B-cos | With bias No bias | decay=0.2 decay=0.5 decay=0.9

ResNet-18
Accuracy 69.8 68.7 71.3 71.5 71.4 71.8 71.9
Localisation 21.2 88.0 46.8 87.4 81.6 90.3 91.3
ResNet-50 V1
Accuracy 76.1 75.9 76.6 76.6 76.6 76.8 76.7
Localisation 24.8 90.4 92.6 92.7 934 93.1 92.8
ResNet-50 V2
Accuracy 80.9 75.9 77.2 71.3 71.5 774 77.5
Localisation 24.2 90.4 88.5 91.7 93.5 93.1 93.0
DenseNet-121
Accuracy 74.4 73.6 76.3 76.4 76.8 76.9 76.9
Localisation 20.2 92.3 86.9 91.2 90.0 90.3 90.7
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Table B7: Zero-shot performance of various CLIP-based models over 38 datasets using CLIP Benchmark
[15]. Scores within the 99.5% Clopper-Pearson confidence interval of each dataset’s top score are shown in bold.
Baselines contain results for the Standard CLIP [39] and Text2Concept (T2C) [30] models; ImageNet and CC3M
column sections contain the B-cosified RN-50 CLIP models trained with cosine and cyclic learning schedulers
trained with ImageNet [16] and CC3M [47] datasets, respectively. The cyclic learning training inspired from
[25]. Dataset type is taken from [15].

Model Baselines ImageNet [16] CC3M [47]

Dataset Standard [39] T2C[30] Cosine Cyclic Cosine Cyclic
Natural
cars 0.54 0.02 0.37 0.38 0.35 0.36
country211 0.15 0.03 0.12 0.12 0.12 0.13
fer2013 0.35 0.18 0.21 0.19 0.20 0.23
fgvc_aircraft 0.17 0.02 0.11 0.12 0.10 0.11
gtsrb 0.35 0.05 0.21 0.20 0.32 0.31
imagenet-a 0.23 0.04 0.16 0.16 0.14 0.13
imagenet-o 0.57 0.68 0.65 0.64 0.57 0.57
imagenet-r 0.61 0.28 0.52 0.52 0.53 0.53
imagenetlk 0.60 0.52 0.59 0.59 0.52 0.52
imagenet_sketch 0.35 0.15 0.28 0.28 0.29 0.30
imagenetv2 0.53 0.42 0.48 0.48 0.44 0.44
objectnet 0.41 0.23 0.33 0.32 0.32 0.31
stl10 0.94 0.91 0.94 0.94 0.93 0.93
sun397 0.60 0.29 0.62 0.60 0.55 0.54
voc2007 0.65 0.65 0.63 0.62 0.62 0.61
vtab/caltech101 0.77 0.74 0.74 0.74 0.72 0.72
vtab/cifar10 0.71 0.35 0.71 0.71 0.71 0.72
vtab/cifar100 0.40 0.09 0.40 0.41 0.37 0.36
vtab/dtd 0.41 0.29 0.41 0.42 0.37 0.38
vtab/flowers 0.66 0.07 0.58 0.58 0.56 0.58
vtab/pets 0.86 0.69 0.83 0.85 0.80 0.81
vtab/svhn 0.30 0.08 0.11 0.15 0.13 0.14
Specialized
imagenet_sketch 0.35 0.15 0.28 0.28 0.29 0.30
mnist 0.58 0.17 0.38 0.37 0.38 0.37
renderedsst2 0.56 0.50 0.50 0.50 0.50 0.50
vtab/diabetic_retinopathy 0.17 0.69 0.38 0.43 0.29 0.35
vtab/eurosat 0.41 0.27 0.36 0.33 0.41 0.42
vtab/pcam 0.64 0.50 0.52 0.69 0.52 0.50
vtab/resisc45 0.45 0.15 0.28 0.29 0.35 0.37
Structured
vtab/clevr_closest_object_distance 0.15 0.15 0.14 0.15 0.25 0.24
vtab/clevr_count_all 0.22 0.15 0.22 0.21 0.27 0.29
vtab/dmlab 0.15 0.19 0.16 0.19 0.16 0.17
vtab/dsprites_label_orientation 0.01 0.02 0.05 0.06 0.06 0.05
vtab/dsprites_label_x_position 0.03 0.03 0.06 0.06 0.06 0.06
vtab/dsprites_label_y_position 0.03 0.03 0.11 0.12 0.12 0.13
vtab/Kitti_closest_vehicle_distance 0.17 0.18 0.12 0.11 0.17 0.17
vtab/smallnorb_label_azimuth 0.06 0.06 0.05 0.06 0.05 0.06
vtab/smallnorb_label_elevation 0.11 0.12 0.12 0.12 0.12 0.13
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Table BS: Linear-Probe performance of various CLIP-based models over 29 datasets using CLIP Benchmark
[15]. Scores within the 99.5% Clopper-Pearson confidence interval of each dataset’s top score are shown in
bold. Baselines contain results for the Standard CLIP [39] and Text2Concept (T2C) [30] models; ImageNet
and CC3M column sections contain the B-cosified RN-50 CLIP models trained with cosine and cyclic learning
schedulers trained with ImageNet [16] and CC3M [47] datasets, respectively. [47] datasets, respectively. The
cyclic learning training inspired from [25]. Dataset type is taken from [15].

Model Baselines ImageNet [16] CC3M [47]

Dataset Standard [39] T2C[30] Cosine Cyclic Cosine Cyclic
Natural
cars 0.80 0.33 0.71 0.71 0.67 0.69
fer2013 0.63 0.48 0.60 0.60 0.61 0.61
fgvc_aircraft 0.42 0.23 0.36 0.36 0.33 0.34
gtsrb 0.84 0.69 0.82 0.83 0.81 0.82
imagenetlk 0.71 0.73 0.72 0.72 0.67 0.68
st110 0.97 0.96 0.98 0.98 0.96 0.97
voc2007 0.82 0.82 0.83 0.83 0.81 0.81
vtab/caltech101 0.92 0.88 0.92 0.92 0.86 0.86
vtab/cifar100 0.70 0.70 0.74 0.74 0.71 0.72
vtab/cifar10 0.89 0.89 0.91 0.91 0.88 0.89
vtab/dtd 0.74 0.66 0.73 0.73 0.69 0.70
vtab/flowers 0.92 0.73 0.91 0.91 0.89 0.89
vtab/pets 0.88 0.89 0.86 0.88 0.84 0.85
vtab/svhn 0.65 0.60 0.66 0.66 0.63 0.65
Specialized
mnist 0.98 0.97 0.97 0.97 0.98 0.97
renderedsst2 0.72 0.51 0.56 0.56 0.62 0.60
vtab/diabetic_retinopathy 0.76 0.75 0.76 0.76 0.75 0.76
vtab/eurosat 0.94 0.95 0.95 0.95 0.95 0.95
vtab/pcam 0.82 0.84 0.82 0.84 0.82 0.81
vtab/resisc45 0.91 0.84 0.89 0.89 0.87 0.88
Structured
vtab/clevr_closest_object_distance 0.53 0.53 0.52 0.53 0.54 0.55
vtab/clevr_count_all 0.62 0.53 0.68 0.67 0.65 0.64
vtab/dsprites_label_orientation 0.61 0.49 0.57 0.58 0.61 0.63
vtab/dsprites_label_x_position 0.52 0.43 0.55 0.53 0.53 0.54
vtab/dsprites_label_y_position 0.56 0.50 0.58 0.58 0.57 0.59
vtab/smallnorb_label_azimuth 0.14 0.14 0.14 0.13 0.14 0.14
vtab/smallnorb_label_elevation 0.37 0.33 0.39 0.39 0.40 0.40
vtab/dmlab 0.48 0.44 0.48 0.49 0.47 0.47
vtab/Kitti_closest_vehicle_distance 0.52 0.47 0.48 0.50 0.47 0.47
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C Implementation Details

We implement our code in Pytorch [35] for all the experiments and use Captum [29] for visualisations.

C.1 Standard Models
C.1.1 Models

We B-cosify models from Torchvision [54] supervised on ImageNet [16]. We use a diverse set
architectures, including both CNNs (ResNet-18 [22], ResNet-50 [22], and DenseNet-121 [24]), and
ViTs [18, 6, 57] with (ViT.-Ti, ViT,-S, ViT.-B, ViT.-L) and without (ViT-Ti, ViT-S, ViT-B, ViT-L)
convolutional stems. For ResNet-50, we use both the weights originally released by Torchvision and
the updated V2 weights, which constitute models trained for longer and with more augmentations
[55].

C.1.2 Datasets

We use ImageNet [16] to fine-tune all the B-cosified standard models and evaluate them on ImageNet’s
validation set. For training, we use train transforms - crop size of 224, horizontal flip with 0.5
probability, random resized crop of 224 with bilinear interpolation, Add Inverse transform [10] and
modified mean-std normalisation (to accommodate for 6 channel input from the AddInverse). For
evaluation, instead of a random resized crop, we do a center crop with a crop size of 224.

C.1.3 Optimization

For each architecture, we use the B-cosification stategy derived in Sec. 3, and fine-tune for 90 epochs
using the AdamW optimizer [26] and cosine scheduling for the learning rate learning rate of 10~*
for the convolutional models (since the standard pre-trained models end with a learning rate of 10~*
at the 90™ epoch, from which we want to fine-tune further). For ViTs, as the learning rate decays to a
very small value, we tested with different learning rates (10~3, 10~%, 10~°) and found 10~2 worked
best for all the models. Also, we only use a linear learning rate warmup of 10,000 steps with a decay
of 0.01 for the base and large ViT models.

C.14 Experiments

Increasing B: We tested three different setups for increasing B. 1) Discrete B setting to
1,1.25,1.5,1.75,2,2.5,3,5,7; 2) Linear increase of B in n epochs from B=1 to B=2. We used
n = 5,10, 20,45, 90; 3) Learning B parameter to increase to B=2 using weight decay with coeffi-
cients 0.2,0.5 and 0.9. See Tab. 2 for results.

Removing biases: We test two setups for removing the biases from the network: 1) Removing all the
bias parameters; 2) Decay the bias parameter using the weight decay with coefficients 0.5 and 0.9.
See Tab. 3 for results.

Impact of pre-trained weights: To check the impact of pre-trained weights on fine-tuning, we
fine-tuned weights from CLIP [39] ResNet-50 [22] , DINO ResNet-50 [12], and Torchvision [54]
ResNet-50 weights v1 and v2 (long trained recipe) [55].

C.1.5 Evaluation

As in Sec. 3.2, we evaluate both for classification accuracy and for interpretability using the GridPG
[9] metric. We compare both accuracy and interpretability of the B-cosified models with B-cos
models trained from scratch from [11]. For interpretability, we also compare with several post-hoc
attribution methods as baselines, namely Guided Backprop [51], Gradient [49], DeepLIFT [48], IxG
[48], IntGrad [53], and GradCAM [46]. Qualitatively, we visualize the colored B-cos explanations
and the attribution maps [11].

C.2 CLIP Models

We use a CLIP [39] ResNet-50 [22] model for B-cosification.
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C.2.1 Datasets

We use ImageNet [16] and CC3M [47] to fine-tune all the B-cosified CLIP models and test them
on multiple datasets from CLIP benchmark [15]. For training, we use the same transform setup as
the standard B-cosified models. We use train transforms - crop size of 224, horizontal flip with 0.5
probability, random resized crop of 224 with bilinear interpolation, and Add Inverse transform [10]
and modified mean-std normalisation (to accommodate for 6 channel input from the AddInverse) as
discussed in the paper. For evaluation, instead of a random resized crop, we do a center crop with a
crop size of 224.

C.2.2 Evaluation

We use the CLIP benchmark [15] for zeroshot and linear probing experiments with the default
parameters provided in the official benchmarking code. For text-based localisations, we use the
text-based templates from the CLIP for the ImageNet dataset and use them to encode the text features.
As text encoder, we use the CLIP ResNet-50 text encoder. The cosine scores between the B-cosified
CLIP’s image encoding and the pre-trained text encoder are used to do B-cos style localisations and
calculate the GridPG scores. We use the unpooled features technique at inference to increase the
localisation focus.

We use B-cosified CLIP ResNet-50 fine-tuned on ImageNet using SigLIP loss [59] and cosine
scheduling for visualisation.

C.2.3 Optimization

We use the Adam optimizer [26] and fine-tuned models till 90 epochs, while the CC3M models are
fine-tuned for 30 epochs. The size of CC3M is approximately three times that of ImageNet, so the
trained models are comparable. Keeping consistent with the Standard B-cosification recipe, we train
with a learning rate of le-4 using cosine scheduling. SigLIP contrastive loss [59] is used to train the
models.
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NeurlIPS Paper Checklist

1. Claims

Question: Do the main claims made in the abstract and introduction accurately reflect the
paper’s contributions and scope?

Answer: [Yes]

Justification: In the abstract and intro we claim to fine-tune models for inherent interpretabil-
ity (by converting them to the recently proposed B-cos models) and that we find that our
proposed scheme (1) outperforms training from scratch, (2) often recovers the original per-
formance, (3) incurs lower training cost than training from scratch, (4) improves the inherent
interpretability of the model, and that (5) it lends itself even to fine-tuning foundation models
like CLIP for an increase in inherent interpretability. This is exactly what we do in our
paper: e.g., Tab. 4 shows (1), (2), and (3), Fig. 3 and Fig. 4 show improvements in inter-
pretability (4), and Sec. 4.2 is dedicated to analysing the performance and interpretability of
our B-cosified CLIP (cf. Fig. 5 and Fig. 6a).

Guidelines:

e The answer NA means that the abstract and introduction do not include the claims
made in the paper.

* The abstract and/or introduction should clearly state the claims made, including the
contributions made in the paper and important assumptions and limitations. A No or
NA answer to this question will not be perceived well by the reviewers.

* The claims made should match theoretical and experimental results, and reflect how
much the results can be expected to generalize to other settings.

* It is fine to include aspirational goals as motivation as long as it is clear that these goals
are not attained by the paper.

2. Limitations
Question: Does the paper discuss the limitations of the work performed by the authors?
Answer: [Yes]
Justification: Please see the paragraph on limitations in Sec. 5.
Guidelines:

* The answer NA means that the paper has no limitation while the answer No means that
the paper has limitations, but those are not discussed in the paper.

* The authors are encouraged to create a separate "Limitations" section in their paper.

* The paper should point out any strong assumptions and how robust the results are to
violations of these assumptions (e.g., independence assumptions, noiseless settings,
model well-specification, asymptotic approximations only holding locally). The authors
should reflect on how these assumptions might be violated in practice and what the
implications would be.

* The authors should reflect on the scope of the claims made, e.g., if the approach was
only tested on a few datasets or with a few runs. In general, empirical results often
depend on implicit assumptions, which should be articulated.

* The authors should reflect on the factors that influence the performance of the approach.
For example, a facial recognition algorithm may perform poorly when image resolution
is low or images are taken in low lighting. Or a speech-to-text system might not be
used reliably to provide closed captions for online lectures because it fails to handle
technical jargon.

* The authors should discuss the computational efficiency of the proposed algorithms
and how they scale with dataset size.

« If applicable, the authors should discuss possible limitations of their approach to
address problems of privacy and fairness.

* While the authors might fear that complete honesty about limitations might be used by
reviewers as grounds for rejection, a worse outcome might be that reviewers discover
limitations that aren’t acknowledged in the paper. The authors should use their best
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judgment and recognize that individual actions in favor of transparency play an impor-
tant role in developing norms that preserve the integrity of the community. Reviewers
will be specifically instructed to not penalize honesty concerning limitations.

3. Theory Assumptions and Proofs

Question: For each theoretical result, does the paper provide the full set of assumptions and
a complete (and correct) proof?

Answer: [Yes]

Justification: Our theoretical arguments are contained in Sec. 3.2.1, namely that (1) it
is possible to convert the first layer of DNNs such that they accept 6 channel inputs as
required by B-cos models, that (2) ReLU is a special case of MaxOut, and that (3) weight
normalisation is irrelevant if a layer is followed by a batch normalisation layer. These claims
are shown to be true in the context of Eq. (2) (1), Eq. (3) (2) and Eq. (5) (3).

Guidelines:

» The answer NA means that the paper does not include theoretical results.

 All the theorems, formulas, and proofs in the paper should be numbered and cross-
referenced.

* All assumptions should be clearly stated or referenced in the statement of any theorems.

* The proofs can either appear in the main paper or the supplemental material, but if
they appear in the supplemental material, the authors are encouraged to provide a short
proof sketch to provide intuition.

* Inversely, any informal proof provided in the core of the paper should be complemented
by formal proofs provided in appendix or supplemental material.

e Theorems and Lemmas that the proof relies upon should be properly referenced.
4. Experimental Result Reproducibility

Question: Does the paper fully disclose all the information needed to reproduce the main ex-
perimental results of the paper to the extent that it affects the main claims and/or conclusions
of the paper (regardless of whether the code and data are provided or not)?

Answer: [Yes]

Justification: To the best of our knowledge, all necessary details to reproduce
our results are contained in the submission. We mainly build on publicly avail-
able code (for B-cos models, see https://github.com/B-cos/B-cos-v2/; for CLIP,
see https://github.com/openai/CLIP/; for CLIP Benchmark, see github.com/LAION-
AI/CLIP_benchmark and https://github.com/mlfoundations/open_clip) and will make all
our modifications available for ensuring full reproducibility of the reported results.

Guidelines:

» The answer NA means that the paper does not include experiments.

* If the paper includes experiments, a No answer to this question will not be perceived
well by the reviewers: Making the paper reproducible is important, regardless of
whether the code and data are provided or not.

* If the contribution is a dataset and/or model, the authors should describe the steps taken
to make their results reproducible or verifiable.

* Depending on the contribution, reproducibility can be accomplished in various ways.
For example, if the contribution is a novel architecture, describing the architecture fully
might suffice, or if the contribution is a specific model and empirical evaluation, it may
be necessary to either make it possible for others to replicate the model with the same
dataset, or provide access to the model. In general. releasing code and data is often
one good way to accomplish this, but reproducibility can also be provided via detailed
instructions for how to replicate the results, access to a hosted model (e.g., in the case
of a large language model), releasing of a model checkpoint, or other means that are
appropriate to the research performed.

* While NeurIPS does not require releasing code, the conference does require all submis-
sions to provide some reasonable avenue for reproducibility, which may depend on the
nature of the contribution. For example
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(a) If the contribution is primarily a new algorithm, the paper should make it clear how
to reproduce that algorithm.

(b) If the contribution is primarily a new model architecture, the paper should describe
the architecture clearly and fully.

(c) If the contribution is a new model (e.g., a large language model), then there should
either be a way to access this model for reproducing the results or a way to reproduce
the model (e.g., with an open-source dataset or instructions for how to construct
the dataset).

(d) We recognize that reproducibility may be tricky in some cases, in which case
authors are welcome to describe the particular way they provide for reproducibility.
In the case of closed-source models, it may be that access to the model is limited in
some way (e.g., to registered users), but it should be possible for other researchers
to have some path to reproducing or verifying the results.

5. Open access to data and code

Question: Does the paper provide open access to the data and code, with sufficient instruc-
tions to faithfully reproduce the main experimental results, as described in supplemental
material?

Answer: [Yes]

Justification: We mainly rely on publicly available code and established training paradigms
and clearly describe any changes we introduce. That said, we make our code available to
ensure full reproducibility.

Guidelines:

* The answer NA means that paper does not include experiments requiring code.

¢ Please see the NeurIPS code and data submission guidelines (https://nips.cc/
public/guides/CodeSubmissionPolicy) for more details.

* While we encourage the release of code and data, we understand that this might not be
possible, so “No” is an acceptable answer. Papers cannot be rejected simply for not
including code, unless this is central to the contribution (e.g., for a new open-source
benchmark).

* The instructions should contain the exact command and environment needed to run to
reproduce the results. See the NeurIPS code and data submission guidelines (https:
//nips.cc/public/guides/CodeSubmissionPolicy) for more details.

* The authors should provide instructions on data access and preparation, including how
to access the raw data, preprocessed data, intermediate data, and generated data, etc.

* The authors should provide scripts to reproduce all experimental results for the new
proposed method and baselines. If only a subset of experiments are reproducible, they
should state which ones are omitted from the script and why.

* At submission time, to preserve anonymity, the authors should release anonymized
versions (if applicable).

 Providing as much information as possible in supplemental material (appended to the
paper) is recommended, but including URLSs to data and code is permitted.

6. Experimental Setting/Details

Question: Does the paper specify all the training and test details (e.g., data splits, hyper-
parameters, how they were chosen, type of optimizer, etc.) necessary to understand the
results?

Answer: [Yes]

Justification: We rely on standard datasets (CC3M, ImageNet-1k) or publicly available
benchmarks (github.com/LAION-AI/CLIP_benchmark) and describe our training and eval-
uation procedure in detail; see the setup sections in Sec. 3.2.2, Sec. 4.1, Sec. 4.2, and
Sec. C.

Guidelines:

* The answer NA means that the paper does not include experiments.

» The experimental setting should be presented in the core of the paper to a level of detail
that is necessary to appreciate the results and make sense of them.
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* The full details can be provided either with the code, in appendix, or as supplemental
material.

7. Experiment Statistical Significance

Question: Does the paper report error bars suitably and correctly defined or other appropriate
information about the statistical significance of the experiments?

Answer: [Yes]

Justification: Given the scope of ablations (Sec. 3.2.2), datasets and models (Sec. 4), as
well as computational cost (see question 8 in the checklist), each experimental result is
currently based on three training runs. That said, we observe consistent behaviour across all
our experiments, which corroborates the validity of our claims (see, e.g., Tab. 2 and Tab. 3).

Guidelines:

* The answer NA means that the paper does not include experiments.

* The authors should answer "Yes" if the results are accompanied by error bars, confi-
dence intervals, or statistical significance tests, at least for the experiments that support
the main claims of the paper.

* The factors of variability that the error bars are capturing should be clearly stated (for
example, train/test split, initialization, random drawing of some parameter, or overall
run with given experimental conditions).

* The method for calculating the error bars should be explained (closed form formula,
call to a library function, bootstrap, etc.)

* The assumptions made should be given (e.g., Normally distributed errors).

* It should be clear whether the error bar is the standard deviation or the standard error
of the mean.

* It is OK to report 1-sigma error bars, but one should state it. The authors should
preferably report a 2-sigma error bar than state that they have a 96% CI, if the hypothesis
of Normality of errors is not verified.

* For asymmetric distributions, the authors should be careful not to show in tables or
figures symmetric error bars that would yield results that are out of range (e.g. negative
error rates).

o If error bars are reported in tables or plots, The authors should explain in the text how
they were calculated and reference the corresponding figures or tables in the text.

8. Experiments Compute Resources

Question: For each experiment, does the paper provide sufficient information on the com-
puter resources (type of compute workers, memory, time of execution) needed to reproduce
the experiments?

Answer: [Yes]

Justification: We use NVIDIA A100-SXM4-40GB and Quadro RTX 8000 GPUs from
internal cluster. We require 4 GPUs per run (except ViTs with 8 A100GPUs for ViT models).
Runtime per run: 1-2 days depending on model size for standard models and ImageNet
fine-tuned CLIP; for CC3M fine-tuned CLIP - 28 days for 90 epochs runs on Quadro RTX
8000 GPUs. We have 500 experiment runs in total approximately (CC3M - 5 runs, ViTs
- 150 runs, 345 rest of the models). For storing all the experimental results, we utilize
approximately 2.5 TB of storage.

Guidelines:

* The answer NA means that the paper does not include experiments.

* The paper should indicate the type of compute workers CPU or GPU, internal cluster,
or cloud provider, including relevant memory and storage.

* The paper should provide the amount of compute required for each of the individual
experimental runs as well as estimate the total compute.

* The paper should disclose whether the full research project required more compute
than the experiments reported in the paper (e.g., preliminary or failed experiments that
didn’t make it into the paper).

9. Code Of Ethics
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10.

11.

Question: Does the research conducted in the paper conform, in every respect, with the
NeurIPS Code of Ethics https://neurips.cc/public/EthicsGuidelines?

Answer: [Yes]

Justification: With our work, we make a contribution towards making Deep Neural Networks
more explainable, which we believe has an overwhelmingly positive societal impact.

Guidelines:

e The answer NA means that the authors have not reviewed the NeurIPS Code of Ethics.

* If the authors answer No, they should explain the special circumstances that require a
deviation from the Code of Ethics.

* The authors should make sure to preserve anonymity (e.g., if there is a special consid-
eration due to laws or regulations in their jurisdiction).

Broader Impacts

Question: Does the paper discuss both potential positive societal impacts and negative
societal impacts of the work performed?

Answer: [Yes]

Justification: We believe the interpretability of models to be important for society to trust
models and validate their predictions, and for researchers and developers to be able to
understand failure cases and debug models. As we discuss in Sec. 5, our work makes a step
in this direction.

Guidelines:

» The answer NA means that there is no societal impact of the work performed.

* If the authors answer NA or No, they should explain why their work has no societal
impact or why the paper does not address societal impact.

» Examples of negative societal impacts include potential malicious or unintended uses
(e.g., disinformation, generating fake profiles, surveillance), fairness considerations
(e.g., deployment of technologies that could make decisions that unfairly impact specific
groups), privacy considerations, and security considerations.

* The conference expects that many papers will be foundational research and not tied
to particular applications, let alone deployments. However, if there is a direct path to
any negative applications, the authors should point it out. For example, it is legitimate
to point out that an improvement in the quality of generative models could be used to
generate deepfakes for disinformation. On the other hand, it is not needed to point out
that a generic algorithm for optimizing neural networks could enable people to train
models that generate Deepfakes faster.

 The authors should consider possible harms that could arise when the technology is
being used as intended and functioning correctly, harms that could arise when the
technology is being used as intended but gives incorrect results, and harms following
from (intentional or unintentional) misuse of the technology.

* If there are negative societal impacts, the authors could also discuss possible mitigation
strategies (e.g., gated release of models, providing defenses in addition to attacks,
mechanisms for monitoring misuse, mechanisms to monitor how a system learns from
feedback over time, improving the efficiency and accessibility of ML).

Safeguards

Question: Does the paper describe safeguards that have been put in place for responsible
release of data or models that have a high risk for misuse (e.g., pretrained language models,
image generators, or scraped datasets)?

Answer: [NA]

Justification: We propose a technique towards making existing models more interpretable,
which—to the best of our understanding—does not necessitate putting in place any safe-
guards regarding the release of our code and models.

Guidelines:

* The answer NA means that the paper poses no such risks.
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* Released models that have a high risk for misuse or dual-use should be released with
necessary safeguards to allow for controlled use of the model, for example by requiring
that users adhere to usage guidelines or restrictions to access the model or implementing
safety filters.

 Datasets that have been scraped from the Internet could pose safety risks. The authors
should describe how they avoided releasing unsafe images.

* We recognize that providing effective safeguards is challenging, and many papers do
not require this, but we encourage authors to take this into account and make a best
faith effort.

Licenses for existing assets

Question: Are the creators or original owners of assets (e.g., code, data, models), used in
the paper, properly credited and are the license and terms of use explicitly mentioned and
properly respected?

Answer: [Yes]
Justification: We follow standard practice and cite every author of any existing asset that we

use. OpenAlI CLIP - MIT License, CLIP Benchmark - MIT License, B-cosV2 - Apache-2.0
license.

Guidelines:

» The answer NA means that the paper does not use existing assets.
* The authors should cite the original paper that produced the code package or dataset.

* The authors should state which version of the asset is used and, if possible, include a
URL.

* The name of the license (e.g., CC-BY 4.0) should be included for each asset.

* For scraped data from a particular source (e.g., website), the copyright and terms of
service of that source should be provided.

o If assets are released, the license, copyright information, and terms of use in the
package should be provided. For popular datasets, paperswithcode.com/datasets
has curated licenses for some datasets. Their licensing guide can help determine the
license of a dataset.

 For existing datasets that are re-packaged, both the original license and the license of
the derived asset (if it has changed) should be provided.

* If this information is not available online, the authors are encouraged to reach out to
the asset’s creators.
New Assets

Question: Are new assets introduced in the paper well documented and is the documentation
provided alongside the assets?

Answer: [NA]
Justification: We do not provide any new assets alongside this submission.
Guidelines:

* The answer NA means that the paper does not release new assets.

* Researchers should communicate the details of the dataset/code/model as part of their
submissions via structured templates. This includes details about training, license,
limitations, etc.

* The paper should discuss whether and how consent was obtained from people whose
asset is used.

* At submission time, remember to anonymize your assets (if applicable). You can either
create an anonymized URL or include an anonymized zip file.

Crowdsourcing and Research with Human Subjects

Question: For crowdsourcing experiments and research with human subjects, does the paper
include the full text of instructions given to participants and screenshots, if applicable, as
well as details about compensation (if any)?

Answer: [NA]
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Justification: This question does not apply to our submission.
Guidelines:

* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Including this information in the supplemental material is fine, but if the main contribu-
tion of the paper involves human subjects, then as much detail as possible should be
included in the main paper.

* According to the NeurIPS Code of Ethics, workers involved in data collection, curation,
or other labor should be paid at least the minimum wage in the country of the data
collector.

15. Institutional Review Board (IRB) Approvals or Equivalent for Research with Human
Subjects

Question: Does the paper describe potential risks incurred by study participants, whether
such risks were disclosed to the subjects, and whether Institutional Review Board (IRB)
approvals (or an equivalent approval/review based on the requirements of your country or
institution) were obtained?

Answer: [NA]
Justification: This question does not apply to our submission.
Guidelines:
* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Depending on the country in which research is conducted, IRB approval (or equivalent)
may be required for any human subjects research. If you obtained IRB approval, you
should clearly state this in the paper.

* We recognize that the procedures for this may vary significantly between institutions
and locations, and we expect authors to adhere to the NeurIPS Code of Ethics and the
guidelines for their institution.

* For initial submissions, do not include any information that would break anonymity (if
applicable), such as the institution conducting the review.
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