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Abstract

Pre-trained vision-language models (VLMs) have shown impressive results in vari-
ous visual classification tasks. However, we often fail to fully unleash their potential
when adapting them for new concept understanding due to limited information on
new classes. To address this limitation, we introduce a novel adaptation framework,
AWT (Augment, Weight, then Transport). AWT comprises three key components:
augmenting inputs with diverse visual perspectives and enriched class descriptions
through image transformations and language models; dynamically weighting inputs
based on the prediction entropy; and employing optimal transport to mine semantic
correlations in the vision-language space. AWT can be seamlessly integrated into
various VLMs, enhancing their zero-shot capabilities without additional training
and facilitating few-shot learning through an integrated multimodal adapter module.
We verifty AWT in multiple challenging scenarios, including zero-shot and few-shot
image classification, zero-shot video action recognition, and out-of-distribution
generalization. AWT consistently outperforms the state-of-the-art methods in each
setting. In addition, our extensive studies further demonstrate AWT’s effectiveness
and adaptability across different VLMs, architectures, and scales.

1 Introduction

Recent advances in vision-language models (VLMs) [1-8], which undergo extensive pre-training on
web-scale image-text pairs, have exhibited remarkable success in various classification tasks. VLMs
are trained to associate images with relevant textual descriptions. In the standard protocol (Fig. 1(a)),
raw images and class names are projected into a joint vision-language embedding space, where the
class with the shortest distance to the image representation is selected as the prediction result.

However, directly using raw images and class names in testing has limitations [ !, 9]. Visually, the
broad scope of pre-training compels VLMs to analyze all image elements, lacking capability of
focusing on specific interested regions. For instance, a model might miss critical facial features of a
cat while unnecessarily focusing on irrelevant elements like “bench” and “grass” (Fig. 1(a)). Textually,
since VLM pre-training associates visual elements with diverse and rich textual descriptions (e.g.,
colors and textures), merely using class names during test falls short of capturing the full spectrum of
visual content. To enhance input effectiveness, the literature focuses on post-training prompts [9—33]
(Fig. 1(b)) that provide contextual cues, thereby helping the model in prioritizing relevant features,
such as cat’s attributes. However, this approach often depends on the availability of training resources,
which may not be always practical.

In this study, we are interested in enhancing inputs for better adaptation of VLMs without training
prompts. We advocate for data augmentation as a simple yet effective strategy, as depicted in Fig. 1(c).
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Figure 1: (a) Standard protocol directly calculates distances between raw images and class names in
the joint V-L space. (b) Prompt-based methods enhance inputs with post-trained visual or textual
prompts to provide the task-specific context. (¢c) Augment-based method enriches raw inputs with
image transformations and class descriptions, requiring no additional training. Upon this, we propose
AWT, which considers both intra-modal importance variations and cross-modal semantic correlations.
(d) AWT is evaluated against SOTA methods across four tasks: zero-shot and few-shot image
classification, out-of-distribution generalization, and zero-shot video action recognition.

Techniques like random resized cropping and image flipping enrich the input with varied and
multiscale perspectives, while detailed textual descriptions for each class provide richer visual
narratives. Although manually crafting diverse descriptions for each class is expensive, employing
Large Language Models (LLMs) [34—36] presents an efficient alternative.

Nonetheless, several challenges remain. First, the intra-modal importance of each augmented image
and description needs assessment, as not all views contribute equally to class recognition—some may
be irrelevant background elements or non-visual descriptors such as the cat’s personality. Second, the
inter-modal interaction requires consideration, as descriptions such as “dark face” or “light-colored
body” might have direct semantic correlations with some image crops (Fig. 1(c)).

To tackle these challenges, we propose AWT, a novel framework that augments raw inputs into
diverse views, weights view importance in each modality dynamically, and transports semantic
correlations across modalities. Initially, AWT augments raw inputs via image transformations and
LLMs. Subsequently, it weights the importance of each view on the fly based on its prediction entropy,
as more confident predictions typically indicate higher accuracy [37]. This method allows AWT to
identify and prioritize significant views, and adjust the importance distribution dynamically according
to the task-specific context (e.g., candidate class names). AWT then formulates the image-text distance
calculation as an optimal transport problem [38, 39], considering each augmented view as a quantity
of sand. The importance assessed for each view determines the mass of its corresponding sand
pile, and distances are calculated using cosine similarity. This formulation can effectively discover
cross-modal correlations by solving the optimal transport problem—which minimizes the effort
required to transport sand from one modality to another. Additionally, generating class descriptions
from LLMs using a simple prompt like “Describe a {class}.” often results in overly generic
descriptions. Inspired by chain-of-thought approach [40], we introduce a two-step, dataset-aware
prompting method. This approach encourages LLMs to produce class descriptions that are both
diverse and dataset-relevant.

We implement AWT using the CLIP model [!] and evaluated its performance across 21 datasets
covering four challenging tasks: zero-shot and few-shot image classification, out-of-distribution
generalization, and zero-shot video action recognition. As shown in Fig. 1(d), AWT consistently
surpasses the existing state-of-the-art methods in each setting. Our extensive analysis further examines
AWT’s flexibility with diverse architectures, its scalability with different model sizes, and its potential
applicability to other VLMs.

2 Related Work

Vision-Language Models. Leveraging the extensive pre-training on web-scale text-image pairs,
vision-language models (VLMs) such as CLIP [1] and ALIGN [6] excel in acquiring versatile



representations that span multiple modalities. These models adeptly embed texts and images into a
shared vision-language feature space, enabling the proximity of inputs with analogous semantics.
The inherent flexibility of natural language allows VLMs to be effectively utilized across a wide
range of open-set tasks including image classification [1, 9, 13], object detection [41—43], image
generation [44, 45], video action recognition [46—48]. However, such general-purpose models often
fail to focus on task-specific details, which can result in sub-optimal performance. This study aims to
overcome this limitation by proposing a novel adaptation framework, namely AWT, for VLMs.

Adapt VLMs to downstream tasks. Direct adaptation of pre-trained VLMs to downstream tasks
often results in suboptimal and unstable performance [9]. To overcome this, the existing literature
has primarily focused on the use of post-training to enrich task context. This includes strategies
such as few-shot prompt learning [9, 11, 12, 29, 32], cross-dataset prompt generalization [13-22, 25—

, 30, 31, 33], unsupervised prompt tuning [23, 24, 28], test-time prompt tuning [10, 49-54], and
adapter tuning [55-59]. Conversely, other approaches aim to augment inputs using various resources
such as the WordNet relationship hierarchy [60], Large Language Models [0 1-64], or Stable Diffusion
models [50, 65, 66]. Nonetheless, these methods mainly enhance only one modality. In contrast,
our study innovatively applies augmentation to both visual and textual modalities and addresses
significant challenges in dual-modality augmentation scenarios.

Optimal Transport (OT). Optimal transport (OT), originating from the Monge problem [38] in the
eighteenth century, serves as a metric for quantifying the distance between mathematical entities [67]
while considering their intricate geometric structures [39]. Historically rediscovered in various
forms, OT first gained fame in computer vision under the name of earth mover’s distances [68].
The development of efficient approximate solvers [69] has recently propelled a resurgence in OT’s
popularity, broadening its utility across multiple domains, including object detection [70, 71], domain
adaptation [72-74], generative modeling [75—78], semantic correspondence [79], point clouds [80—

], prompt learning [83—-85] and video understanding [86, 87]. Of particular relevance to our study
are PLOT [83] and Wang et al. [85], which leverage OT for fine-grained prompt learning to enhance
VLMs. Distinct from these two studies, our research diverges by eschewing the need for additional
training resources, opting instead for an augmentation-based direction.

3 Methodology

3.1 Preliminaries

Contrastive Language-Image Pre-training (CLIP). CLIP [1] integrates dual encoders—an image
encoder f(-) and a text encoder g(-)—to map images and textual descriptions into a shared vision-
language (V-L) embedding space. CLIP is designed to minimize the cosine distance between
embeddings of semantically related image-text pairs. Thanks to the flexibility of natural language,
CLIP enables direct application to classification tasks without the need for task-specific training.
For instance, given an image X € R3**#>*W and a set of candidate class names {t;}$_,, where C
denotes the class count. CLIP computes the embeddings I € R? for the image and {e;}{, € R*4
for all class names, where d is the feature dimension. Subsequently, the classification probability for
image X being of class ¢; can be formulated as:

p (tz | X) — exp (COS (ei’ I) /T)

chzl exp (cos (e;, I) /T) 7

ey
where 7 is a temperature parameter.

Optimal Transport (OT). Optimal transport (OT) theory, originating from the Monge problem [38],
provides a framework for structural distance measurements. This theory conceptualizes scenarios

such as relocating sand at a construction site with the goal of minimizing effort. Mathematically, the
initial and target distributions of sands are modeled as discrete measures:

N M
a= Z a;6,, and f= Z b;dy,, 2)
i=1 j=1

where d,, denotes the Dirac with a concentrated mass a; centered at x;, and similarly for 5. Here, N
and M represent the number of source and target locations, respectively. The cost of transporting



Importance |

Input image \ Importance decreases >
E Score @ 20— - - - - - - - - - - - —-—-=---=
| [ Data r ;%
Trans. I f r
m-r”,~ -
. Augment .
Candidate CLIP>| Weight Transport
class names @
Bell Tower A photo has a have
D .:‘ of Bell dome- windows or
two-Step O T h dt .
= dataset-aware] Aug. ower aped fop) \_openings
\ prompt ave..| views mportance

Score

Figure 2: Pipeline of AWT: Augment, Weight, then Transport. Given an image and candidate
class names, we first augment each input into diverse views. These views are then fed into the
CLIP model to obtain coarse predictions. To assess the importance of each view, we use prediction
confidence as a proxy and introduce an entropy-based weighting mechanism. Next, we measure the
distance between image-text view sets by solving an optimal transport (OT) problem. Finally, the
resulting OT distance is used to represent the distance between the input image and each class name.

sands from any source location x; to any target location y; is given by the cost function ¢(z;, y; ).
To extend the application to broader and more intricate scenarios, e.g., cross-modal correlation, the
Kantorovich relaxation [88] is employed. This relaxation introduces flexibility in the transport plan
and ensures symmetric transport solutions. The transport plan P € Rf *M " where element P,
indicates the mass transported from x; to y;, must satisfy the constraints:

U(a,b) € {PeRY*M . Pl =a and PTly=h}. 3)
Kantorovich’s formulation seeks to minimize the total transportation cost:
def. . def.
Le(a, = CP) = Ci P, 4
(0,) = min (C,P) EJ: Pij @)

where C; ; = c(z;, y;) defines the cost matrix.

3.2 AWT: Augment, Weight, then Transport

Pre-trained VLMs often underperform when adapted to new concepts due to insufficient information
about new classes. Moreover, their extensive pre-training scope leads them to analyze all elements
of an image, causing them to miss contextually important cues crucial for specific downstream
applications. To overcome these limitations, we introduce a novel framework, termed AWT (Augment,
Weight, then Transport), to enhance the adaptability of VLMs without additional training. The AWT
framework, as depicted in Fig. 2, consists of three critical components: augmenting raw inputs
to generate diverse and content-rich views, weighting the significance of these views within each
modality, and transporting semantically correlated elements across modalities.

3.2.1 Augment Raw Inputs

The augmentation process begins with an image X € R3*#*W and the class name set {t;}< ,,

aiming to transform these inputs into various views that offer different perspectives and details.

For visual augmentation, we apply standard data augmentation including random resized cropping
and random flipping to produce a set of varied views {X "}gjll. This set includes N augmented
images alongside the original (denoted as the 0 index), enriching the input with diverse and multiscale
perspectives. An illustrative example is shown in Fig. 2.

To enrich the textual modality, we utilize Large Language Models (LLMs) to generate class descrip-
tions. Typical prompts like “Describe a {class}.” often result in descriptions that are either
vague—Ilacking in specific visual details—or contextually misaligned. For instance, in contexts



such as classifying sketches, generic descriptions of a category may not correspond well with the
sketch images. To address this, we adopt a two-step, dataset-aware prompt strategy. Initially, we
prompt LLMs to generate multiple questions that probe different aspects of the category, which is
crucial for eliciting detailed and varied descriptions. To ensure the queries are aligned with the visual
content, we incorporate a dataset-level description into the initial prompts. Specifically, we start
by asking LLMs to “Generate questions to classify images from a dataset, which
{dataset descirption}.”. Using the dataset-related questions generated from the first step, we
proceed to the second step where these questions are combined with the specific class name to
obtain tailored descriptions. The set of augmented views for each class t; is denoted as {¢/*}M*+1
including an additional view formed by the raw class name. This method ensures both diversity in
the descriptions and their relevance to the visual content. More details can be found in Appendix C.2.

3.2.2 Weight Augmented Views

Following augmentation, it is essential to assess the significance of each augmented view, as not
all views contribute equally to classification. Some views may be critical while others might be
less informative or even noisy. To address this variation, we introduce an entropy-based weighting
mechanism to quantify each view’s importance. Our key insight is that the impact of a view on
classification confidence—a metric often correlated with accuracy [37]—can serve as a proxy for its
importance. A view that significantly enhances classification confidence is considered more vital.
To assess the importance of n-th image view X ™, we maintain a constant text context and compute the
averaged embedding for each class as {&; = M 1 Z%Jrll em}¢ |, where e is the CLIP embedding
of t*. The classification probability p(¢t | X™) is then calculated using the image embedding I"
and text embeddings {é,;}l-czl, following Eq. (1). Predictive confidence is then quantified using the
entropy formula H,,(t) = — ", p(t | X™)logp(t | X™). Lower entropy indicates higher confidence,
allowing us to evaluate view importance through the negative entropy as follows:

o = D (= Ha(t)/%) n=1,... N+1, ©)

o exp (—H(t)/70)

where v, is a temperature parameter adjusting the distribution’s sharpness.

Similarly, to determine the importance of m-th description for i-th class, i.e., t{*, we calculate the
classification probability p (¢ | X°), with the image embedding I° and text embeddings {e!"} U
{&;}5, ;4 The classification entropy is given by H,(t) = — >, pi, (t | X°) logpi, (¢ | X°).
We then calculate the importance scores for all descriptions within the ¢-th class as follows:

b, = ﬁﬁ)( Ha) 1w, ©)

k=1 oxp (—Hi(t)/7)

where v, is the temperature parameter. This entropy-based weighting mechanism ensures the
prioritization of the contextually significant views. By dynamically adjusting the importance based
on the direct impact on classification confidence, the augmented view sets can be well-prepared for
the optimal transport process.

3.2.3 Transport Across Modalities

Our primary goal is to precisely measure the distance between an image and its candidate names.
Through the augmentation, we have transformed each original image or class name into a set of
augmented views. Typically, the distance between these sets is measured by simply averaging the
embeddings within each set. However, such practice often fails to capture the dynamic correlation
across modalities. Consider the scenario depicted in Fig. 2, where specific textual descriptions such
as “has a dome-shaped top” might correlate directly with certain image crops. The conventional
averaging strategy typically overlooks these intuitive and meaningful correlations.

To address this issue, we propose a novel approach by formulating distance measurement as an
optimal transport (OT) problem, which facilitates richer interactions between modalities. We model
each view within the V-L space as a mass located at its embedding position:

c

N+1 ) M+1 )
o = Z a,fr» and {62 = Z b:ntse;"} . @)
n=1 m=1 i=1



Table 1: Zero-shot image classification. We report top-1 accuracy (%) for each dataset. The "Train"
column indicates whether the methods necessitate additional training (including test-time training).

Numbers in indicate that the method was trained on ImageNet and is therefore not zero-shot.
~ ~ ~
~ ~ ~

A D N - -

& Y A~ S~ & ) AN

§5 8§ 8865 F 6 584§ 8|8

& | 5 & S & <) IS o & > < @ X ) ) A
CLIP[1] X | 6674 6744 4427 8825 6548 65.13 9335 8365 6259 2367 4201 4280 8250 5490 | 63.06
CoOp [9] v 68.71 4192 89.14 64.51 6655 9370 8530 64.15 1847 4639 4143 8291 53.18 | 63.42
CoCoOp [13] v 71.88 4573 90.14 6532 6821 9443 8606 67.36 2294 4537 4375 8539 56.09 | 65.26
MaPLe [15] v 7223 4649 9049 6557 68.69 9353 8620 67.01 2474 4806 4406 8558 57.18 | 65.75
PLOT++ 53] v 60.10 3842 9049 6120 6894 9132 8607 61.59 2484 4990 3637 8430 4858 | 63.11
POMP [22] v 72772 4444 89.05 66.70 68.44 94.65 8628 67.27 2547 52.65 4394 86.76 56.92 | 66.10
ProVP-Ref [32] v 71.62 4597 91.58 6529 67.72 9379 86.17 66.29 2451 5195 - - - 66.91
TPT [49] v 6898 6898 4775 8779 6687 68.04 94.16 84.67 6550 2478 4244 4456 8571 5697 | 64.80
DiffTPT [50] v 70.30  70.10 47.00 88.22 67.01 6822 9249 87.23 6574 2560 43.13 - - - 65.91
PromptAlign [52] v 7239 4724 9076 6850 69.47 9401 8665 67.54 2480 4786 4528 8605 57.90 | 66.42
Self.TPTv [10] v 7179 4935 9126 6881 69.50 9471 8541 68.18 2757 5191 - - ~ | 831
CuPL [63] X | 6962 7130 4456 89.13 6529 6683 9298 86.11 6259 2490 47.84 4124 8630 5628 | 64.64
VisDesc [61] X | 6855 7085 4498 8885 6408 67.12 9460 8505 67.99 2430 5484 43.64 87.16 5659 | 65.61
WaffleCLIP [62] X | 68.81 7235 4521 8995 63.57 67.19 9402 86.68 6723 2539 5507 4392 87.04 57.17 | 6597
SuS-X-SD [65] X 69.88 7381 5455 90.57 66.13 66.59 9396 86.08 67.73 28.68 57.49 4553 8745 57.11 | 67.54
AWT X ‘71.32 75.07 5556 92.53 69.93 72,51 9554 8554 70.58 29.22 58.61 48.75 88.84 60.20 | 69.59

Here, the importance weight of each view, derived from Egs. (5) and (6), determines the mass
allocation. The transportation cost between any two points (e.g., an image and a textual description)
is quantified using the cosine distance between their embeddings, C = 1 — cos(I, e), which serves as
an intuitive measure of semantic similarity. The goal of optimal transport is to minimize the total cost
of transporting mass from visual modality into textual modality. Specifically, the distance between
the image view set { X"} "' and i-th class description set {#"}2/*! is redefined as an OT problem
between « and ;, as formulated in Eq. (4). We employ Sinkhorn’s Algorithm [69] to efficiently
approximate the solution, denoted as P. Consequently, the classification probability can be expressed
as:

o epln) .
por (1) = 5o (s,77) ©

wheres =37, 5 f’ij (1 —C),,- By employing the optimal transport framework, we ensure that
semantically related views receive more attention, enhancing the accuracy and relevance of the
classification process.

4 Experiments

4.1 Zero-shot Image Tasks

Datasets. For zero-shot image tasks, we consider image classification and out-of-distribution
(OOD) generalization. Our study encompasses 18 datasets that span a wide array of recognition
tasks: ImageNet [89], Caltech101 [95] and Caltech256 [101] for generic object recognition, Oxford-
Pets [92], StanfordCars [93], OxfordFlowers [90], Food101 [96], FGVCAircraft [98], Birdsnap [100]
and CUB [102] for fine-grained classification, SUN397 [97] for scene recognition, DTD [91] for
texture classification, EuroSAT [99] for satellite recognition, and UCF101 [94] for action recognition.
Besides, four ImageNet variant datasets are involved to assess the model’s capability for OOD gener-
alization: ImageNet-A [103], ImageNetV2 [104], ImageNet-R [105] and ImageNet-Sketch [106].

Competitive methods. We mainly compare three distinct categories of approaches: 1) Prompt
learning methods: These involve additional data to post-train visual or textual prompts, including
CoOp [9], CoCoOp [13], MaPLe [15], PLOT++ [83], POMP [22]. 2) Test-time prompt tuning
methods: These optimize prompts during inference, such as TPT [49], DiffTPT [50], and Promp-
tAlign [52]. 3) Augment-based method: These use LLMs or diffusion models to augment inputs,
including CuPL [63], VisDesc [61], WaffleCLIP [62], and SuS-X-SD [65].



Implementation details. We implemented the AWT framework using the CLIP-B/16 model [1].
Image augmentations include random resized cropping and flipping, and class descriptions are
generated via GPT-3.5 [35]. We set the number of augmented images N and descriptions M to 50
each. Dataset-level descriptions are provided in Appendix C. For both visual and textual modalities,
we configured the importance distribution temperatures at v, = 1/2 and 7 = 1/2. The optimal
transport problem is approximated using Sinkhorn’s Algorithm with an € of 0.1 [69]. All experiments
are conducted on one NVIDIA A100-SXM4-80GB GPU.

Results. In Tab. 1, we compare AWT with three Table 2: Out of distribution generalization.

categories of CLIP adaptation methods: prompt

. . . o Method |IN-A [103] IN-V2 [104] IN-R [105] IN-K [106]| 00D

learning, test-time prompt tuning, and existing
: . CLIP [1] 47.74 60.75 7398 4613 |57.15
augmentation-based methods. Remarkably, with- pr 19 5477 63.45 77.06 4794|6081
out additional training, AWT outperforms all ex- DiffTPT [50] 55.68 65.10 7500 4680 |60.65
" L . . CuPL [63] 50.72 63.27 77.05 49.02  |60.02
isting methods by a significant margin, achiev- o 1907 €180 513 4197 |50
ing state-of-the-art performance on 13 out of 14  WaffieCLIP [62]| 5078 62.54 77.49 4910 |59.98
AWT 6033 65.15 80.64  5L60 |64.43

datasets and surpassing the previous best results

by an average accuracy of 2.05%. Further, the out-of-distribution (OOD) generalization capabilities of
AWT are detailed in Table 2. Leveraging dataset-aware prompting and a dynamic weighting approach
that adjusts in real-time during testing, AWT effectively manages complex scenarios encountered in
OOD. Consequently, AWT stands out by delivering the highest performance across all four OOD
datasets, surpassing the previous arts by an average accuracy improvement of 3.62%.

4.2 Zero-shot Video Tasks

Setup. Here, we focus on the zero-shot video  Table 3: Zero-shot video action recognition.
action recognition task, using three representa- Viethod [ UCFI01 07] | HMDBSI [107] |
tive datasets: UCF101 [94], HMDBS51 [107], and EPI  EP2 | EPI  EP2
Kinetics_600 [ ] For UCF]O] and HMDBS] ActionCLIP [40] 774 775+0.8 | 48.0 48.2%£15 62.5+1.2

K600 [108]

: X-CLIP [109] 72.042.3 44.6+52 | 652404
we adopt two evaluation protocols: 1) EP1: test Ju o al. [110] o 69.3:£4.2 “ 443422 Sg.gio.g
model on all 101 UCF classes and 51 HMDB iy [Vls l] : 700 794510 | 455 50308 | 667505
classes [47, ], and report the top-1 accuracy. ST-Adaper[113] | 779 776407 | 503 511406 | 602418

. . Vita-CLIP [114] o 750406 | - 486406 | 674405
2) EP2: evaluate the model using three official  viri.cLp[115] 76.8+0.7 513406 | 71.241.0

SplitS and averaging the results Of each Split. The AdaptFormer [116] | 80.5 80.3+1.0 | 50.5 51.0+0.8 67.0+£0.4

o Open-VCLIP [47] 83.5 834412 | 532 539+1.2 73.0+£0.8
average top-1 accuracy and standard deviation are =~ FROSTER [45] 850 848+11 | 545 54813 | 748409
reported. For Kinetics-600, the top-1 accuracy and _AWT | 854 852407 | 56.1 57.2+0.9 | 76.1:+0.6

standard deviation are reported on three validation sets split by Chen and Huang [118].

Implementation details. To model temporal dynamics, we follow Open-VCLIP [47] to use
neighbor-frame attention and fine-tune CLIP on Kinetics-400 [119]. Note that three test subsets of
Kinetics-600 have a disjoint class set compared to Kinetics-400. All AWT configurations are the
same for zero-shot image tasks except for the visual augmentation, in which we directly use the
different sampled temporal and cropped video frames.

Results. In Tab. 3, we present a comparison of our AWT with existing CLIP-based zero-shot video
action recognition methods. Although AWT was not originally tailored for video tasks, it sets new
records in this domain, outperforming the recent state-of-the-art method, FROSTER, by 1.6% and
2.4% on HMDB51, and by 1.3% on Kinetics-600. These results suggest that our AWT framework
could be effectively extended to video understanding tasks.

4.3 Few-shot Image Tasks

Setup. We assessed the few-shot transfer capabilities of our method across 11 datasets: Ima-
geNet [89], Caltech101 [95], OxfordPets [92], StanfordCars [93], OxfordFlowers [90], Food101 [96],
FGVCAircraft [98], SUN397 [97], DTD [91], EuroSAT [99], and UCF101 [94]. We trained our
model using 1, 2, 4, 8, and 16 shots. Results are averaged over three runs.

Implementation details. All AWT configurations are the same as zero-shot image tasks. In this
task, we introduced a multi-modal Adapter for efficient learning, inserted after each Multi-Head
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Figure 3: Few-shot image classification. We present the average accuracy across 11 datasets and
specific accuracy for three datasets. Numerical values can be found at Tab. 11.

Table 4: Ablation experiments across 18 image datasets. The default configuration is colored grey .

(a) Main component analysis: Aug- (b) Number of augmented image (c) Number of generated class

ment(A), Weight(W) and Transport(T). views V. descriptions M.
Step OOD Avg.(14) N OOD Avg.(l4) M OOD Avg.(14)
Raw inputs 57.15 63.06 2 61.40 68.57 2 61.58 66.67
A(Img.) 56.77 63.40 5 62.59 68.98 5 62.87 67.55
A(Name) 59.76 67.36 10 63.31 69.16 10 6342 68.53
A(Img.+Name) 59.92 67.13 25  64.13 69.33 25 64.07 68.98
A+T 60.48 67.80 50 6443 69.59 50 6443 69.59
A+W+T 64.43 69.59 100 64.54 69.52 100  64.46 69.73
(d) Different prompt methods for LLMs. (e) Weighting temperature v,. (f) Weighting temperature ;.
Method OOD  Avg.(14) Y  OOD  Avg.(14) v  OOD Avg.(14)
VisDesc [61] 63.55 67.78 100 61.07 68.71 100  63.97 68.39
Gl 5 an 53 85 ) 24 83
( 1‘ . . o . 0 .
gﬁI:SL (full) [63] gi ig 23 gg 13 6442 6937 13 6408  69.50
< : 1/4  64.38 69.19 1/4  63.80 69.38

Self-Attention and MLP block in every layer. We adopt a distillation technique similar to [21] to
prevent overfitting. Further details about the Adapter are available in Appendix C.

Results. In Fig. 3, we compare the performance of AWT with existing methods in the few-shot
transfer learning task. Impressively, AWT surpasses the previous state-of-the-art by average accuracies
of 2.76%, 2.16%, 1.62%, 1.57%, and 1.75% for 1, 2, 4, 8, and 16 shots respectively. Notably, on the
ImageNet dataset, AWT significantly outperforms all prior methods. While PLOT++ also utilizes
optimal transport, it is limited to local image features and class names, neglecting the multiscale image
perspectives and the rich textual semantics, leading to suboptimal transfer capabilities. In contrast,
AWT leverages diverse augmented views, effectively maintaining intra-modal importance trade-offs
while establishing dynamical cross-modal correlations, achieving superior few-shot performance.

4.4 Ablation Study

Main component analysis. In Tab. 4a, we analyze the key components of AWT. Initially, we
augment raw inputs and apply basic ensembling. The results (rows two and four) show that directly
augmenting images is ineffective, likely due to background image crops. Conversely, textual enhance-
ments significantly boost performance, thanks to our carefully designed prompt strategies for LLMs.
We then shift from basic ensembling to optimal transport (OT), leading to consistent improvements
across two tasks. However, the full potential of OT is not realized due to ineffective mass (i.e.,



o
~
o

~

v
~
o

Zero-Shot
—%— CLIP w/ AWT

1 ALIGN 1 SigLIP 1 EVACLIP
=N w/AWT = w/AWT =3 w/ AWT

~
o

~
o
~
N

74.6 72.7

(=)}

w
~
N

55.4

~
N

o

S
~
o

v
v

r
~
o

Average Accuracy (%)
()]
[e:]

Average Accuracy (%)
N
Average Accuracy (%)

o
=3
]
=
o
©

o
=)

RN50 RN101 ViT-B/32 VITB/16 VIT-/14 L/14@336
CLIP Backbone 50—ALIGN SigLIP EVA-CLIP
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Figure 4: Versatility analysis of AWT. Average top-1 accuracy (%) on 18 image datasets is reported.

importance) weighting. By incorporating our entropy-based weighting method, which accurately
assesses the importance of each view, we again achieve substantial performance gains.

Number of augmentation views. We present the study on the augmented view quantities for
both visual and textual sides in Tabs. 4b and 4c, respectively. The results clearly demonstrate that
performance tends to increase with the number of views. Our findings suggest that about 50 views
per modality are sufficient to achieve decent performance. The number of augmentation views is
crucial for AWT’s effectiveness. Given that AWT is augmentation-driven, this correlation is intuitive.
However, increasing the augmented view quantities can also lead to higher computational costs
during inference, we also include an efficiency-performance trade-off analysis in Fig. 9.

LLM prompting strategy. We evaluated the effectiveness of our LLM prompting strategy, detailed
in Tab. 4d. Our method is compared with two established approaches: VisDesc [61] and CuPL [63].
VisDesc uses a uniform prompt template across different datasets, while CuPL employs a tailored,
dataset-specific manual prompting strategy, enriching context for LLMs. We developed a refined two-
step process that enhances context comprehension through dataset-level descriptions and increases
diversity by utilizing chain-of-thought queries. Our strategy consistently outperforms the existing
methods in both evaluated tasks.

Temperature in weighting. We evaluated our entropy-based weighting method by conducting an
ablation study on the softmax function’s temperature parameter (see Egs. (5) and (6)). A higher
temperature creates a more uniform importance distribution. The findings for both modalities are
presented in Tabs. 4e and 4f, respectively. Our results reveal that a very high temperature (e.g.,
100) leads to suboptimal performance, likely due to insufficient emphasis on contextually significant
views. Conversely, lowering the temperature enhances focus on these important views, improving
performance. Empirically, a temperature of 1/2 has been identified as optimal for both modalities.
For a clearer understanding of our weighting strategy, visualizations are provided in Appendix A.

4.5 Versatility Study

Our AWT is applicable to any VLM using dual encoders to map images and text into a joint
space with appropriate distance metrics (e.g.. cosine similarity). Therefore, it is crucial to assess
AWT’s effectiveness across various scenarios. We conduct evaluations with both ResNet [120] and
ViT [121] architectures, explore AWT’s scalability from ViT-B/32 to ViT-L/14@336, and assess its
generalizability across three VLMs: ALIGN [6], SigLIP [122], and EVA-CLIP [123]. We conduct
experiments across 18 image datasets and present the results in Fig. 4. Our findings reveal that AWT
consistently achieves performance gains in all tested scenarios, highlighting its broad applicability.

4.6 Failure Case Analysis

Although AWT has shown success across various datasets and tasks, we identified certain limitations
when applying it to the CIFAR datasets. As detailed in Tab. 5, AWT resulted in performance declines
of 0.91% and 0.17% on two CIFAR datasets, respectively. To investigate this issue, we analyzed the
images produced by the transformations used in our study. We discovered that with low-resolution
images, such as 32 x 32 pixels, the random resized crop operation tends to overly blur the images,
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N . . J
Figure 5: Comparison of image augmentation techniques on low-resolution images. We present
images from the CIFAR-10/100 datasets, where each image is 32 x 32 pixels. The comparison
includes images generated by traditional image transformations and DALL-E 2.

Table 5: Failure case analysis. We focus on low-resolution datasets CIFAR-10 and CIFAR-100 and
evaluate the effectiveness of AWT when equipped with different image augmentation techniques.

Method | Image augmentation | CIFAR10 [124]  CIFARI00 [124]
CLIP [1] - 90.16 (baseline)  67.78 (baseline)
AWT Random resized crop and flip | 89.25 (0.91) | 67.61 (0.17) )
AWT DALL-E 2 [44] 92.30 (2.14) % 68.69 (0.91) 1

obscuring the objects within them, as illustrated in Fig. 5. To address this, we integrated a diffusion
model, specifically DALL-E 2 [44], as a substitute for traditional data augmentations. Fig. 5 shows
examples of enhanced image views generated by DALL-E 2, which produce sharper images and offer
a variety of perspectives. By incorporating this advanced technique into the AWT framework, we
have significantly improved its performance. The updated benchmark results, presented in Tab. 5,
demonstrate that AWT now consistently achieves performance gains over baselines.

5 Conclusion

In this paper, we have introduced the AWT (Augment, Weight, then Transport) framework, designed
to enhance the transferability of pre-trained vision-language models (VLMs). Rather than using raw
images and class names directly, our approach enriches the inputs by augmenting them with diverse
visual perspectives and detailed class descriptions. We further develop an entropy-based weighting
strategy to dynamically prioritize these augmented views and employ optimal transport to measure
the cross-modal distance in the structured visual-language space. The AWT framework not only
boosts the zero-shot performance of VLMs without the need for additional training but also facilitates
few-shot transfer learning via an integrated multimodal adapter module. Our evaluations across four
challenging tasks demonstrate that AWT significantly outperforms existing state-of-the-art methods.
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Appendix

The appendix provides supplementary material including additional visualization results, comparative
studies, ablation experiments, detailed methodologies, examples of failure cases, and a discussion on
the limitations of our research. The contents are structured as follows:

* Visualizations of our weighting and transportation processes (Appendix A).

» Extended experiments and ablation studies (Appendix B).

* Method details and experimental procedures (Appendix C).

* Discussion on societal impacts (Appendix D).

* Discussion on limitations and future research directions (Appendix E).

A Visualization
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Figure 6: Visualization of weighting image views. We show the weights assigned to the same image
view set under varying candidate class names. Our dynamic weighting strategy effectively allocates
importance to contextually relevant image views.

A.1 Entropy-based Weight Strategy

Pre-trained VLMs often struggle to adequately focus on contextually significant features due to
their open-set design, which requires processing every element within an image. To overcome
this limitation, we introduce an entropy-based weighting strategy that dynamically evaluates the
importance of each image view based on the prediction entropy. This method allows us to prioritize
relevant views while diminishing the impact of less pertinent ones.

Visualization of weighting image views. We have included visualizations to demonstrate the
effectiveness of our entropy-based weighting strategy in managing image views, as shown in Fig. 6.
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Through these visualizations, we observe two primary benefits: 1) Priority to Significant Views:
The strategy effectively prioritizes image views that are intuitively significant, while efficiently
excluding irrelevant background crops. 2) Dynamic weight assignment: In different contexts, such
as varying candidate class names, the strategy dynamically assigns weights, emphasizing views that
are contextually important.

Importance
g 0.1241 They have short, smooth fur that lies close to bodly.
% 0.3889 They display excitement by jumping around.
__E 0.1146 Their fur color include tan, brown, white, black.
6 0.3725 They may have a wide-eyed look with their ears perked up.
= 0.2234 They have a distinctive marbled or spotted fur pattern.
g) 0.2453 They might have their fur raised and ears flattened when scared
[0} 0.2130 They have large, rounded eyes that can be gold or green.
@0 0.3183 Their legs are long and well-proportioned to its body.
8 0.0546 They tend to have sturdy, straight legs and a curled tail.
& 03794 They have a thick, fluffy white coat.
% Q o0.1452 Its ears are erect and triangular, covered in fur.
N 0.4207 The nose is black, contrasting with its white fur.

Figure 7: Visualization of weighting class descriptions.

Visualization of weighting class descriptions. The strategy not only enhances image view man-
agement but also optimizes the handling of textual descriptions. In Fig. 7, we observe the following:
1) For descriptions related to the ground-truth class, our strategy prioritizes key textual elements
while effectively filtering out irrelevant content. 2) For non-matching classes, the importance levels
are relatively uniform, indicating a general irrelevance to the specific image content.

A.2  Optimal Transport

0.10
Bengal's spotted fur. 0.0450 MOXFAKR 0.0458 0.0032 -
Bengal's triangular ears. 0.0389 0.0461 0.0530 -
Bengal's oval-shaped eyes. 0.0255 0.0327 0.04
Bengal's energetic legs. OOyl 0.0494 0.0420 0.0029 0.02

Figure 8: Visualization of cross-modal correlations captured by optimal transport.

After augmenting the input image and class names to create diverse views, there is a potential for
these views to exhibit direct and meaningful correlations across modalities. For instance, image
crops that focus on the eyes of a cat could closely correlate with textual descriptions concerning the
eyes. In our main paper, we introduce the use of optimal transport (OT) to effectively handle these
correlations. To illustrate this, we provide a visualization of the meaningful correlations captured
by the OT approach. As depicted in Fig. 8, the visualization of the transport plan clearly shows that
image and text pairs with direct semantic relationships are given priority. Conversely, pairs that are
semantically irrelevant are typically disregarded by the transport plan.
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B Additional Experiments
B.1 Error bar analysis

Table 6: Error bar analysis on 18 image datasets.
Method | OxfordFlowers DTD OxfordPets StanfordCars UCF101 Caltech101

CLIP 67.44 44.27 88.25 65.48 65.13 93.35
AWT 74.4240.09 55.304+0.03 92.30+0.34  69.83£0.10  72.45+0.26 94.944+0.17

Method\ Food101 SUN397 FGVCAircraft EuroSAT Birdsnap  Caltech256 CUB

CLIP 83.65 62.59 23.67 42.01 42.80 82.50 54.90
AWT 85.51+0.03 70.26£0.23 28.34+0.26 61.00 £1.03 48.41£0.13 88.794+0.19 60.36+0.20
Method \ ImageNet-A  ImageNet ImageNet-R ImageNet-Sketch ImageNet \ 00D Avg.(14)
CLIP 47.74 60.75 73.98 46.13 66.74 | 57.15 63.06
AWT 60.42+0.22  64.86+0.21  80.27+0.09 51.64+0.03 71.33£0.02  64.30+£0.03 69.52+0.08

We conducted an analysis of error bars across 18 image datasets, performing three runs each to ensure
robust statistical evaluation. The results, which include both the mean and the standard deviation

of the top-1 accuracy, are presented in Tab. 6. Overall, AWT demonstrates robust performance,
exhibiting low variability across most datasets.

B.2 Performance-efficiency trade-off
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Figure 9: Performance-efficiency comparison. AWT is assessed using 2, 5, 10, 25, and 50 image
views to present its trade-off between performance and computational efficiency. We show the results
on both zero-shot (left) and few-shot (right) tasks.

Our AWT introduces additional computational costs during inference by utilizing multiple views.
Although text embeddings can be pre-computed as suggested in [ 1], the primary expense arises from
processing additional image views. In our study, we explore the trade-off between performance and
efficiency by employing 2, 5, 10, 25, and 50 augmented views of the input image. We assess this
trade-off by reporting both the frames per second (FPS) and the average accuracy in zero-shot and
few-shot settings, as shown in Fig. 9.

The results indicate that even with a limited number of views, AWT can substantially outperform
existing methods. As the number of views increases, there is a consistent enhancement in performance,
albeit at the expense of reduced inference speed. This analysis enables practitioners to tailor AWT
application to real-world scenarios by selecting an optimal balance between accuracy and processing
speed, based on specific requirements.

In the few-shot settings, we incorporate two additional adapter modules at each transformer layer to
facilitate transfer learning. This configuration initially makes our method slower than other prompt
learning approaches, likely due to the adapters requiring sequential processing, whereas prompts are
processed in parallel. Considering the computational costs, we propose that AWT could be more

efficiently transferred using test-time zero-cost methods like LoRA [125], which allow for structural
reparameterization after training.
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B.3 Study on the multi-modal adapter

Table 7: Fine-tuned modalities in few-shot learning. The model’s performance is evaluated with
the adapter module applied to visual, textual, or both modalities. Performance metrics are reported
for the ImageNet test set.

Adapter Ishot  4shot  16shot

Visual 71.66 7252 7434
Textual 7124 7299  74.54
Multi-modal ~ 72.14 73.41  75.17

In this study, we explore the impact of applying multi-modal adapters to both visual and textual
modalities. We conducted experiments using an unimodal adapter either on the visual or textual
side and analyzed their performance on the ImageNet dataset. The results are detailed in Tab. 7.
Our findings indicate that when training samples are extremely limited, such as in a 1-shot scenario,
fine-tuning the visual adapter yields more benefits. However, as the number of training samples
increases, fine-tuning the textual adapter becomes more advantageous. This shift is likely due to
the need to reduce the similarity between class embeddings as suggested in [126]. Despite these
variations, our results ultimately show that fine-tuning both modalities simultaneously delivers the
best overall performance.

B.4 Domain generalization

Table 8: Domain generalization. All methods are trained on 16-shot ImageNet and directly evaluated
on four datasets with domain shifts. We report the top-1 accuracy (%) of each method.

Method ‘ IN-1K [89] ‘ IN-A [103] IN-V2[104] IN-R[105] IN-K[106] ‘ 00D
CoOp [9] 71.51 49.71 64.20 75.21 47.99 59.28
CoCoOp [13] 71.02 50.63 64.07 76.18 48.75 59.91
ProGrad [27] 72.24 49.39 64.73 74.58 47.61 59.07
KgCoOp [14] 71.20 50.69 64.10 76.70 48.97 60.11
PLOT++ [83] 72.48 47.05 65.07 74.27 47.13 58.38
MaPLe [15] 70.72 50.90 64.07 76.98 49.15 60.28
PromptSRC [15] 71.27 50.90 64.35 77.80 49.55 60.65
POMP [22] 70.16 50.83 63.32 71.37 49.74 60.32
TPT [49] + CoOp [9] 73.61 57.95 66.83 77.27 49.29 62.83
TPT [49] + CoCoOp [13] 71.07 58.47 64.85 78.65 48.47 62.61
DiffTPT [50] + CoOp [9] 75.00 58.09 66.80 73.90 49.50 62.07
DiffTPT [50] + CoCoOp [13] 69.30 52.56 63.20 75.30 47.50 59.64
PromptAlign [52] 71.44 59.37 65.29 79.33 50.23 63.56
AWT | 7517 | 63.01 68.22 81.20 51.59 | 66.01
Previous studies [9, 13] suggested assessing method robustness by directly applying a model trained

on ImageNet to four variant datasets derived from ImageNet. We adhere to this protocol and present
our findings in Tab. 8. The results demonstrate that our approach, AWT, not only excels in few-shot
performance on ImageNet but also outperforms in domain generalization robustness across the four
ImageNet variant datasets, effectively balancing the adaptation-generalization trade-off.

B.5 Study on different LL.Ms

Table 9: Study on different LLMs in the description generation process.

AWT | IN-IK [89] IN-A[103] IN-V2[104] DTD[91] Cars[93] UCF [94] Call01[95] Food [96]
w/ GPT-3.5 [35] 71.32 60.33 65.15 55.56 69.93 72.51 95.54 85.54
w/ GPT-40 [36] 71.36 60.13 64.63 56.03 69.46 72.14 95.21 85.39
w/ Qwen-Plus [127] 71.48 60.21 65.21 56.15 70.25 72.01 95.17 85.42

In this study, we utilize GPT-40 [36] and Qwen-Plus [127] for our description generation process,
integrating them into AWT. The benchmark accuracy is presented in Tab. 9. Overall, AWT maintains
robust performance across different LLMs. Interestingly, more advanced LLMs do not necessarily
lead to significant performance improvements. This may be because AWT primarily relies on the
simple instruction-following and knowledge-recall capabilities of LLMs, for which models like
GPT-3.5 are sufficient.
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B.6 Description generation without dataset description

Table 10: Compare AWT-base with other description generation methods.

Method | Manual Design Component | OOD Avg.(14)
AWT w/ VisDesc [61] 1 global question 63.55 67.78
AWT w/ CuPL-base [ 3 global questions 63.57 68.87
AWT w/ CuPL-full [63] 4.56 questions per dataset 63.88 69.33
AWT-base 1 global question 64.03 69.27
AWT (1 global) + (1 description per dataset) | 64.43 69.59

Here, we examine the performance of AWT when no dataset-level description is available, a situation
often encountered in real-world applications. We introduce a base version of AWT, which replaces
our original instruction with "Generate questions to classify images." while leaving other
components unchanged. The performance of AWT-base is detailed in Tab. 10. Despite its simplicity,

AWT-base demonstrates favorable performance compared to previous methods.

B.7 Numerical values in few-shot learning

For the benefit of future research, we present numerical values of our experimentation in the few-shot

transfer learning setting in Tab. 11.

Table 11: Few-shot image classification results of different methods on 11 datasets. All results are
averaged over three runs.
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S|l & £ £ 5§ & § 5 5 § I | 5
@ & & < Q @ (<) & > (@) IS IS X
Handcrafted | - | 8825 6744 2367 4427 4201 6548 83.65 6259 9335 6513 66.73 | 63.87
1 19037 7753 2137 5023 5493 6743 8433 6677 9260 7123 6633 | 67.56
2 | 89.80 87.33 2620 5360 6517 7050 8440 6653 93.07 7343 67.07 | 70.65
CoOp [9] 4 | 9257 9217 3083 5870 70.80 7447 8447 6997 9440 77.10 68.73 | 74.02
8 | 9127 9497 3900 6477 7807 7930 8267 7153 9437 8020 70.63 | 76.98
16 | 91.87 97.07 4340 69.87 8493 83.07 8420 7467 9557 8223 71.87 | 79.89
1 | 9127 7208 12.68 4854 5533 6722 8565 6833 9383 7030 69.43 | 66.79
2 | 9264 7579 1506 5217 4674 6837 8622 69.03 9482 7351 69.78 | 67.65
CoCoOp [13] 4 9281 7840 2479 5504 6556 6939 86.88 7021 9498 7482 7039 | 71.21
8 | 9345 8430 2661 5889 6821 7044 8697 70.84 9504 77.14 70.63 | 72.96
16 | 9334 8784 3121 6304 7332 7157 8725 7215 9516 78.14 70.83 | 74.90
1 |91.89 8048 2860 5457 6541 6881 86.16 6677 9434 7431 6645 | 70.71
2 9229 8981 31.14 5672 7680 73.17 8633 68.06 9469 7676 6828 | 74.00
PLOT++ [83] 4 | 9255 9293 3529 6243 8321 7625 8646 7173 9513 79.76 70.40 | 76.92
8 | 93.02 9544 4142 6649 8837 8126 8658 7393 9551 82.80 71.31 | 79.65
16 | 9359 97.56 46.74 7143 9200 8455 87.11 7603 9604 8534 72.60 | 82.09
1 | 9200 8593 2767 5623 73.13 69.40 84.87 69.67 93.67 7480 68.13 | 72.32
2 (9250 91.17 3170 5997 7937 7340 8570 71.60 9453 7850 69.77 | 75.29
PromptSRC[21] | 4 | 9343 93.87 3747 6553 8630 77.13 86.17 7400 9527 8157 71.07 | 7835
8 | 9350 9627 4327 69.87 88.80 80.97 8690 7573 9567 8430 72.33 | 80.69
16 | 93.67 97.60 50.83 7273 9243 83.83 8750 7723 9607 8647 73.17 | 82.87
1 9131 79.10 28.02 5222 8288 6672 8476 6609 9401 7272 67.29 | 71.37
2 | 9231 8611 3055 5723 8657 6793 8554 6842 9509 7607 68.54 | 74.03
ProVP-Ref [32] | 4 | 93.02 9170 3440 6333 8897 7157 86.13 7027 9528 80.13 69.25 | 76.73
8 | 9327 9589 4347 6842 9178 7733 8641 7248 9586 8357 7023 | 79.88
16 | 93.89 98.16 53.18 73.62 94.19 8485 87.00 7472 96.63 8643 71.14 | 83.07
1 | 91.17 9058 31.50 60.58 7298 69.41 8594 7120 93.87 7526 70.88 | 73.94
2 | 9177 9415 3585 6294 7673 7377 8601 7219 9493 79.17 7143 | 7627
APE-T [57] 4 | 9234 9570 3900 67.55 8357 7661 86.61 7447 9473 8099 71.99 | 78.51
8 | 9346 9691 4287 70.63 87.02 7886 86.85 76.13 9570 8372 73.37 | 80.50
16 | 93.16 97.81 4833 7429 90.17 83.93 8722 7729 9594 84.85 7433 | 8249
1 9289 8561 3392 5944 7633 7343 8592 7265 9513 7838 72.14 | 75.08
2 | 9298 89.89 3777 6263 8317 7696 86.05 7372 9567 8032 7286 | 77.46
AWT 4 | 9350 9398 4214 67.02 8851 80.74 8646 7472 9627 8291 7341 | 79.97
8 | 93.83 9647 5021 7051 89.72 8450 8744 7579 9658 8542 74.38 | 82.26
16 | 9463 97.69 57.08 7465 93.68 87.59 88.11 77.57 97.12 87.53 75.17 | 84.62
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Figure 10: Architecture of the adapter module and its integration with the Transformer.

Table 12: Few-shot transfer learning settings. We select the model from the final epoch for testing.

Configuration 1-shot 2-shot 4-shot 8-shot 16-shot
adapter layers all transformer layers

downsample rate A 384 384 384 256 256
learning rate 2e-3 2e-3 2e-3 8e-3 8e-3
learning rate schedule cosine decay [128]

warmup epochs 5

warmup type linear

weight decay Se-4

training epochs 20 20 20 25 25
batch size 16

optimizer SGD [129]

optimizer momentum 0.9

image views N (train/test) 8/50

class descriptions M (train/test) 8/50

GPU numbers 1

augmentation random resized crop and random flip

C Additional Details

C.1 Few-shot learning with the multi-modal adapter module

For few-shot learning, we employ a multi-modal adapter to achieve parameter-efficient transfer
learning. The architecture of the multi-modal adapter is depicted in Fig. 10. We integrate the adapter
module subsequent to the Multi-Head Self-Attention and the MLP module within each transformer
layer. The adapter module is applied to both the visual and textual side of the CLIP model. The
core of the adapter module is a bottleneck structure designed to efficiently manage model parameters
while maintaining performance. This structure comprises a down-projection layer W gon € R%X b
that reduces the dimensionality of the input features, and an up-projection layer W, € R5 % that
restores the original dimensions. Between these layers, a GeLU activation layer [130] introduces
non-linearity. A learnable scale parameter s is used to modulate the output of the adapter. The feature
dimension is denoted by d. For an input feature vector x € RE*?, where L is the sequence length,
the adapter’s forward process is expressed as:

X =5-GeLU(x - Wown) - Wyp + x. 9)

Detailed settings and hyperparameters for our few-shot learning experiments are outlined in Tab. 12.
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Table 13: Dataset-level descriptions employed in the first step of our prompt strategy are provided,
along with corresponding source weblinks for each description. ImageNet-A and ImageNetV?2 are
omitted as they share the same dataset-level descriptions as ImageNet.

Dataset Description Desc. Source
ImageNet “an image database contains millions of images across thou- [Website]
sands of categories”
ImageNet-R “contains images in forms of: art, cartoons, deviantart, graf- [Website]
fiti, embroidery, graphics, origami, paintings, patterns, plastic
objects, plush objects, sculptures, sketches, tattoos, toys, and
video game renditions”
ImageNet-Sketch “consists of black and white sketches of ImageNet categories” [Website]
Caltech101 “contains images from 101 object categories” [Website]
OxfordPets “a pet dataset whose images have a large variation in scale, [Website]
pose, and lighting”
StanfordCars “contains images of cars whose classes are typically at the level [Website]
of Make, Model, Year, ex”
OxfordFlowers “the flowers chosen to be flowers commonly occurring in the [Website]
United Kingdom with large scale, pose, and light variations”
Food101 “consists of 101 food categories with some amount of noise” [Website]
FGVCAircraft “contains images of different aircraft model variants, most of [Website]
which are airplanes”
SUN397 “a Scene UNderstanding dataset with 397 categories” [Website]
DTD “has collection of textural images in the wild” [Website]
EuroSAT “based on Sentinel-2 satellite images for land use and land [Website]
cover classification”
UCF101 “an action recognition data set of realistic action videos” [Website]
Caltech256 “an object recognition dataset containing real-world images” [Website]
CUB “a challenging dataset of 200 bird species” [Website]
Birdsnap “a large bird dataset with 500 bird species” [Website]

C.2 Two-step dataset-aware prompting for LLMs

Here, we provide additional details of our proposed two-step dataset-aware prompting strategy for
LLMs. Initially, in the first step, we leverage a dataset-level description for each dataset to inspire
the generation of diverse and contextually relevant questions. The descriptions for each dataset are
sourced from their official websites or from the paperswithcode website, and we include the dataset
description and the reference to the source’s URL in Tab. 13.

To better illustrate the effectiveness of our strategy, we present a sample of questions generated in
the first step. For each dataset, we list three examples in Tab. 14. From these examples, we can
observe the following: 1) the questions generated are not only more diverse compared to traditional
prompts such as “Describe a {class}”, but they also delve into more detailed inquiries, and
2) the questions incorporate dataset-specific information, thereby aiding LLMs in producing more
accurate and relevant descriptions.

C.3 License information of the assets used in this work

Datasets. Below are the datasets used in this paper that have known license information:

MIT License: ImageNet-A [103], ImageNetV2 [104], ImageNet-R [105], ImageNet-Sketch [106],
EuroSAT [99].

CC BY 4.0 License: Caltech101 [95], Caltech256 [101], HMDBS51 [107], K400 [119], K600 [108].
CC BY-SA 4.0 License: OxfordPets [92].

Source code. Source code used in this paper are under the MIT License: CLIP [1], CoOp [9],
TPT [49], PLOT [83].
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https://image-net.org/download
https://github.com/hendrycks/imagenet-r
https://github.com/HaohanWang/ImageNet-Sketch
https://paperswithcode.com/dataset/caltech-101
https://www.robots.ox.ac.uk/~vgg/data/pets/
https://paperswithcode.com/dataset/stanford-cars
https://www.robots.ox.ac.uk/~vgg/data/flowers/102/
https://data.vision.ee.ethz.ch/cvl/datasets_extra/food-101/
https://www.robots.ox.ac.uk/~vgg/data/fgvc-aircraft/
https://vision.princeton.edu/projects/2010/SUN/
https://www.robots.ox.ac.uk/~vgg/data/dtd/
https://github.com/phelber/EuroSAT
https://www.crcv.ucf.edu/data/UCF101.php
https://paperswithcode.com/dataset/caltech-256
https://authors.library.caltech.edu/records/cvm3y-5hh21
https://paperswithcode.com/dataset/birdsnap

Table 14: A selection of generated questions for each dataset.

Dataset Generated questions (a selection)

How would you describe the overall appearance of a {} in the image?
ImageNet Describe the color scheme and patterns present in the image of a {}.

What shapes and structures are noticeable in the image of a { }?

How is the style of the {} depicted in this art piece different from a realistic portrayal?
ImageNet-R What aspects of the sculpture rendition of {} stand out compared to other forms?

What elements in the origami version of {} capture its essence in a creative way?

ImageNet-Sketch

What basic shapes can you identify in the sketch of {}?
How would you describe the linework in the sketch of {}?
Are there any particular lines or strokes that define the sketch of {}?

Caltech101

How would you describe the overall appearance of {}?
Are there any recognizable patterns or markings on {}?
What colors dominate the image of {}?

OxfordPets

What fur patterns or textures are visible on {}?
Are there any distinctive features like ears, tails, or paws that help identify {}?
What colors are commonly seen on {} in the dataset?

StanfordCars

How would you describe the body shape of {}?
Are there any distinctive logos or emblems on {}?
What kind of wheels or tires are visible on {}?

OxfordFlowers

What are the prominent colors on the petals of {}?
Can you describe the shape of the petals on {}?
Do you notice any specific features like stamens or pistils on {}?

Food101

What are the key ingredients or toppings present on {}?
Are there any garnishes or accompaniments that come with { }?
How would you describe the presentation or plating of {}?

FGVCAircraft

How would you describe the engine or propulsion system of the aircraft in {}?
What details can you observe in the cockpit area of the aircraft in {}?
Can you describe the wingspan of the aircraft in {}?

SUN397

What kind of objects or structures are typically found in {}?
Are there any specific landmarks or features that are commonly associated with {}?
Can you identify any natural elements in { }?

DTD

How would you describe the surface of {}?
Are there any patterns or irregularities in the texture of {}?
Are there any specific features that indicate the material of {}?

EuroSAT

What natural features can you identify in a satellite view of {}?
What land patterns or formations are visible in a satellite view of {}?
Are there any specific landmarks that can help in identifying a satellite view of {}?

UCF101

What body movements are being performed in the action of {}?
Can you describe the posture and gestures of the person in the action of {}?
What objects or tools are involved in the action of {}?

Caltech256

Can you describe the overall shape of {}?
Are there any specific patterns or markings on {}?
How would you describe the color scheme of {}?

CUB

What specific colors can be seen on the feathers of {}?
Can you describe the beak shape of {}?
What are the distinguishing features of {}’s wings?

Birdsnap

How would you describe the shape of the body of {}?
What is the coloration of the feathers on {}?
Do you notice any distinct features on the head of {}?

24



D Societal Impacts

This paper introduces AWT to enhance the transferability of vision-language foundation models. We
have evaluated the effectiveness of AWT across a variety of classification tasks, employing different
types, scales, and architectures of VLMs. Our findings suggest that AWT holds significant potential
for integration into diverse downstream applications involving VLMs. Beyond classification tasks,
we anticipate that the insights gained from this study will stimulate further research into other areas
of computer vision, such as object detection and semantic segmentation. Currently, we are not aware
of any ethical issues associated with the real-world applications of this technology. Nonetheless,
continuous monitoring and evaluation are recommended to ensure responsible deployment.

E Limitations and Future Work

While the AWT framework achieves commendable performance using a limited number of augmented
image views, attaining higher performance necessitates an increase in the number of views. This
expansion, however, inevitably leads to additional computational costs. Notably, the visual elements
in different augmented views often contain duplicates, particularly when they are all derived from the
same original image (e.g., random cropping). An interesting avenue for future research would be to
explore strategies for reducing duplicates among batches to enhance inference speed. Furthermore,
the application of test-time augmentation extends beyond our current scope and holds potential

for various other domains, such as video understanding [131, ], frame interpolation [133—-135],
semantic segmentation [136—138], and action detection [139]. Another intriguing area for future
research involves the integration of efficient and controlled diffusion models [ 140, ] to enhance

the quality of visual augmentations.
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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: See our results and discussion in Section 4.
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: See Appendix E.
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
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: [NA]
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Justification: This paper does not include theoretical results.

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.

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: See implementation details in Section 4 and Appendix C.

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

(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?
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Answer:
Justification: We will release our code.
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: See experimental setting/details in Section 4.
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.

¢ 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: See Appendix B.1.
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.
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8.

10.

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% CIL, 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).

* 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.
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: See Section 4 and Appendix B.
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).

. Code Of Ethics

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: This paper conforms with the NeurIPS Code of Ethics.
Guidelines:

¢ 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: See Appendix D.
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
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13.

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: This paper poses no such risks.
Guidelines:

* The answer NA means that the paper poses no such risks.

* 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 have cited the creators and mentioned the license of the assets (See Ap-
pendix C.3).

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.

* 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
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14.

15.

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

Answer: [NA]
Justification: This paper does not release new assets.
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]
Justification: This paper does not involve such experiments.
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.

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 paper does not involve such risks.
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.

31



	Introduction
	Related Work
	Methodology
	Preliminaries
	AWT: Augment, Weight, then Transport
	Augment Raw Inputs
	Weight Augmented Views
	Transport Across Modalities


	Experiments
	Zero-shot Image Tasks
	Zero-shot Video Tasks
	Few-shot Image Tasks
	Ablation Study
	Versatility Study
	Failure Case Analysis

	Conclusion
	Visualization
	Entropy-based Weight Strategy
	Optimal Transport

	Additional Experiments
	Error bar analysis
	Performance-efficiency trade-off
	Study on the multi-modal adapter
	Domain generalization
	Study on different LLMs
	Description generation without dataset description
	Numerical values in few-shot learning

	Additional Details
	Few-shot learning with the multi-modal adapter module
	Two-step dataset-aware prompting for LLMs
	License information of the assets used in this work

	Societal Impacts
	Limitations and Future Work

