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Abstract

Composed image retrieval (CIR) aims to retrieve target image given the combination of
an image and a textual description as a query. Recently, benefiting from vision-language
pretrained (VLP) models and large language models (LLM), the use of textual inversion or
generating large-scale datasets has become a novel approach for zero-shot CIR task (ZS-
CIR). However, the existing ZS-CIR models overlook one case where the textual description
is often too brief or inherently inaccurate, making it challenging to effectively integrate the
reference image into the query for retrieving the target image. To address this problem, we
propose a simple yet effective method—prompting vision-language fusion (PVLF), which
adapts representations in VLP models to dynamically fuse the vision and language (V&L)
representation spaces. In addition, by injecting the context learnable prompt tokens in
Transformer fusion encoder, the PVLF promotes the comprehensive coupling between V&L
modalities, enriching the semantic representation of the query. We evaluate the effectiveness
and robustness of our method on various VLP backbones, and the experimental results show
that the proposed PVLF outperforms previous methods and achieves the state-of-the-art
on two public ZS-CIR benchmarks (CIRR and FashionlQ).

Keywords: Composed image retrieval, zero-shot, prompting fusion, vision-language model

1. Introduction

Composed image retrieval (CIR) (Vo et al., 2019; Liu et al., 2021b; Wu et al., 2021), as one
of the derived topics of cross-model retrieval, has a wide range of applications in various
fields, including E-commerce platforms. In contrast to traditional uni-modal or cross-modal
image retrieval systems, CIR employs a query that goes beyond simple unimodal queries
such as images or textual descriptions. It is dedicated to combining a reference image and
a relative caption as a query to retrieve the target image, as shown in Fig. 1 (c). Due to
the high flexibility and customizability of this bi-modality query (i.e. users can express the
concept through free-form textual descriptions), CIR has attracted rising attention.

Large scale VLP (Radford et al., 2021; Jia et al., 2021; Li et al., 2022, 2023) models
have recently achieved tremendous success on various multi-modal downstream tasks. Ow-
ing to the exceptional performance of these VLP models on cross-modal alignment, some
studies (Saito et al., 2023; Baldrati et al., 2023; Gu et al., 2023; Levy et al., 2023) have
leveraged their powerful representation ability for ZS-CIR. Pic2Word (Saito et al., 2023)
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Figure 1: An illustration of our motivation. (a) TransAgg (Liu et al., 2023c). (b) Our

proposed method PVLF. (¢) Performance improvement compared to the baseline
for the ZS-CIR.

proposes to leverage the linguistic capability of the language encoder in CLIP to generate
embeddings that are close to the corresponding visual representations. SEARLE (Baldrati
et al., 2023) transfers CIR to standard text-to-image retrieval by mapping the reference im-
age into a learned pseudo-word token which is then concatenated with the relative caption.
In addition, another line of recent researches (Gu et al., 2023; Liu et al., 2023c) have taken
advantage of the powerful generation capabilities of the LLM to build scalable pipelines for
ZS-CIR by generating high-quality triplets (I, T}, I;) composed of a reference image I, a
relative caption 7T, and a target image I;, respectively. CompoDiff (Gu et al., 2023) pro-
poses a dataset SynthTriplets18M and effectively trains the diffusion model. TransAgg (Liu
et al., 2023c) constructs a high-quality Laion-CIR dataset through the designed templates
and GPT-3 (Brown et al., 2020) to adaptively combine information from diverse modalities,
as shown in Fig. 1 (a). However, the aforementioned methods overlook one crucial point,
that is, the relative captions 7, within the current benchmark of the CIR field (CIRR (Liu
et al., 2021b) and FashionIQ (Wu et al., 2021)) are extremely simple, or inherently inaccu-
rate, making it challenging to learn the transformations from the reference image I,. to the
target image I; with a fine-grained perspective, and resulting in the significant deficiencies
in both the effectiveness and the robustness.

We find that in the existing training data for supervised CIR models, the average length
of T, in triplets (I, T, I;) is typically short, thereby the brief descriptions 7, are inadequate
for accurately representing the transformations in CIR, which encompass diverse tasks such
as domain conversion, scene or object composition or fashion-attribute manipulation etc.
Such textual annotations struggle to fully leverage the wealth of knowledge encoded in
pretrained language models.
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Furthermore, prompt tuning (Liu et al., 2023a; Li and Liang, 2021; Jiang et al., 2020)
has become a highly practical method in VLP models and LLMs, and has demonstrated
the superior performance in both visual tasks (Jia et al., 2022; Wang et al., 2022; Zhou
et al., 2022b,a) and multimodal domains (Khattak et al., 2023; Shen et al., 2024). Inspired
by this, in this paper, we innovate the Prompting Vision-Language Fusion (PVLF) method
for Zero-Shot Composed Image Retrieval. Different from the existing methods that utilize
prompt tokens for either uni-modal representations shown in Fig. 2 (a) (b) or multi-modal
representations shown in Fig. 2 (c) , we explore a new resolution for multi-modal fusion.
Specifically, we propose to inject a small amount of task-specific context prompt tokens
between the two modalities in fusion Transformer (Vaswani et al., 2017) encoder, as shown in
Fig. 2 (d), to enable a more comprehensive and effective interaction. Firstly, we concatenate
the textual tokens, context prompt tokens and visual tokens together and feed them into
a fusion Transformer encoder, enabling three types of tokens to share a global attention
integration. Secondly, we adaptively aggregate the thoroughly integrated features to obtain
high-quality queries. In this way, PVLF improves the flexibility of textual descriptions,
accurately integrates effective patch features, and effectively alleviates the imbalance modal
representations, hence facilitating more comprehensive multimodal integration. Compared
with the existing models, our retrieval examples demonstrate a noticeable improvement, as
illustrated in Fig. 1 (c). Our contributions can be summarized as follows:

e To solve the insufficient description and semantic ambiguity in training triplets, con-
text prompt learning is incorporated to obtain abundant and flexible textual features.
To the best of our knowledge, it is the first time to introduce V&L prompt learning
in ZS-CIR.

e By injecting a small number of learnable parameters, a simple yet effective Prompting
Vision-Language Fusion (PVLF) method is proposed to enhance the modality fusion.

e Our method outperforms the SOTA models on the two public ZS-CIR benchmarks
including FashionIQ and CIRR. Extensive experiments demonstrates the effectiveness
and robustness of the proposed PVLF.

2. Related Work

2.1. Composed image retrieval

Composed image retrieval (CIR) (Liu et al., 2021b) is a variant task of retrieval within the
context of multi-modal learning. Different from image-to-image or text-to-image retrievals,
the goal of CIR is to generate joint-embedding features from both text and visual domains
to retrieve the corresponding target image. Benefiting from the robust representation and
generalization capabilities of VLP models (Radford et al., 2021; Li et al., 2022, 2023), ZS-
CIR is firstly tacked by (Saito et al., 2023), which relies on a textual inversion network
trained on the 3M unlabeled images using a cycle contrastive loss. Later, (Baldrati et al.,
2023) train a new textual inversion network using fewer data and employs a weighted sum of
distillation and regularization losses to achieve better results. In contrast, CompoDiff (Gu
et al., 2023) proposes a novel dataset SynthTriplets18M and achieves impressive results
by introducing diffusion model. CASE (Levy et al., 2023) addresses the ZS-CIR task by
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Figure 2: The architecture of (a) CoOp (textual prompt tuning), (b) VPT (visual prompt
tuning), (¢) MaPLe (multi-modal prompt learning), and (d) Ours.

employing an early fusion approach through the utilization of the BLIP (Li et al., 2022)
and GPT-3 (Brown et al., 2020), further improving the results. Meanwhile, TransAgg (Liu
et al., 2023c) proposes a retrieval-based pipeline for automatically constructing datasets for
training, and achieves superior results by employing the Transformer-based feature fusion.
However, existing methods rarely consider the relative descriptions used for supervising
models may be too brief to accurately describe the transformations from the reference
image to the target image, resulting in suboptimal query generation.

2.2. Prompt learning

Prompt learning is initially developed as a method for knowledge probing (Petroni et al.,
2019), which aims to automate the process with the help of affordable-sized labeled data (Jiang
et al., 2020). The motivation of prompt learning is to view pre-trained models (Devlin
et al., 2018; Brown et al., 2020) as knowledge base to improve the practical applicability.
Originating from NLP (Lester et al., 2021; Li and Liang, 2021), the model shows strong
generalization to all kinds of downstream tasks. Due to the inherent sensitivity of hard-
prompts, recent literatures (Lester et al., 2021; Li and Liang, 2021; Liu et al., 2023b, 2021a)
propose to turn prompts into a set of continuous vectors and direct optimize them in an
end-to-end manner as shown in Fig.2 (a). Meanwhile, the paradigm of prompt learning
has also gradually gained popularity in computer vision (Jia et al., 2022; Wang et al.,
2022; Rao et al., 2022) and multi-modal fields (Zhou et al., 2022b,a; Khattak et al., 2023;
Shen et al., 2024), yielding promising results. VPT (Jia et al., 2022) introduces the visual
prompt tuning method to pure vision backbones (Dosovitskiy et al., 2020), demonstrating
the potential to serve as an alternative to fine-tuning visual backbones as shown in Fig. 2
(b). CoOp (Zhou et al., 2022b) brings continuous prompt learning to the vision domain for
adaptation of VLP models. CoCoOp (Zhou et al., 2022a) solves CoOp’s generalization issue
by explicitly conditioning prompts on image instances. However, the prior works mainly
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Figure 3: An overview of our proposed model architecture, which is primarily composed of
three components: text encoder, image encoder and Prompting Vision-Language
Fusion (PVLF) module. The text encoder ¢; encodes the relative caption ¢, while
the image encoder ¢; encodes reference image x and target image y. The pair
(x,t) is transformed within the PVLF module ¢y, yielding a fusion query f, that
is utilized for retrieving the target image y in gallery images.

follow independent uni-modal representation learning. In multi-modal prompt learning, the
work most closely to ours is MaPLe (Khattak et al., 2023) and MVLPT (Shen et al., 2024),
whose architecture is shown in Fig.2 (¢). Nevertheless, these methods primarily focus on
multi-modal representations, our approach involves leveraging context prompt tokens for
better multi-modal fusion.

3. Methods

In this section, we first introduce the specific details of the ZS-CIR task. Following that,
we present the architecture of our method.

3.1. Problem Definition

Let X = {z1,z9,...x,} denote as a set of query images, T = {t1, ta, ..., t,} as a set of query
texts, and Y = {y1,y2,...,yn} as a set of target images. The training set can be regarded
as a collection of numerous triplets:

D = {(xlatzuyl) | T; € ]RHXWX?)vyi S RHXWXB} (1)

where ¢ = 1,2,...n and n is the number of samples. The CIR is defined as follows: given a
pair of (x;,t;), we need to find the target image y; from the gallery Y that best matches the
semantic representation of (z;,¢;). To achieve ZS-CIR, we leverage the VLP models (Rad-
ford et al., 2021; Li et al., 2022) to separately encode the images and texts. And our
training objective is to ensure the fused query semantic representation ¢s(¢;(x;), ¢¢(t:)),



WANG CHEN ZHAO SU

which combines features from both modalities, remains as consistent as possible with the
representation of the target image ¢;(y;). Our objective can be represented as follows:

$i(yi) = @5 (i(wi), P1(ti)) (2)

where the image encoder, the text encoder, and the modality fusion module is defined as
®i, ¢ty @, respectively.

3.2. Network Architecture

As shown in Fig.3, our overall model architecture consists of three main components:
text encoder, image encoder and the transformer-based prompting vision-language fusion
(PVLF) model. Unlike previous approachs (Li and Liang, 2021; Jia et al., 2022; Zhou et al.,
2022b,a; Khattak et al., 2023; Shen et al., 2024) that employ prompts only for uni-modal
or multi-modal representations, we propose a joint prompting approach where the context
prompt tokens are injected between language modality and vision modality to establish
interactions. And we build our approach on pre-trained vision-language models (Radford
et al., 2021; Li et al., 2022).

3.2.1. IMAGE REPRESENTATION

We adopt the pretrained Vision Transformer(ViT) in VLP (Radford et al., 2021; Li et al.,
2022) as our image encoder. For a plain ViT with N layers, an input image is divided into
m fixed-sized patches. Each patch is then first embedded into d-dimensional latent space
with positional encoding:

eg = Embed(I;) eg) eRYj=1,2,..m (3)

where we denote Ej, = {ei € R? | j € N,1<j < m} as the collection of image patch
embeddings of the (k + 1)-th Vision Transformer layer (Ljy41). Together with an extra
learnable classfication token([CLS]), the whole image encoder is formulated as:

[Z’k,Ek] = Lk([xkflaEkfl]) k= 1,2, ,N (4)

where z;, € R? denotes [CLS] token embedding at the Ly ; Transformer layer. N repre-
sents the number of layers. [,.,] means the concatenation on the [CLS] token and visual
embeddings. Finally, given a reference image x;, we extract visual features from image
encoder:

Fo = i(w;) € RIIFmIxd (5)

3.2.2. TEXT REPRESENTATION

Similar to the image representation, we adopt the pretrained BERT (Devlin et al., 2018)
in VLP (Radford et al., 2021; Li et al., 2022) as our text encoder. For a reference text, we
employ the lower-cased byte pair encoding (BPE) (Sennrich et al., 2015) to tokenize the
textual description. After the textual description is bracketed with [BOS] and [EO0S] tokens
to indicate the start and end of sequence, the tokenized texts are fed into the Transformer
layer.

[tk, Bx] = Li([tk—1, Bxk—1]) k=1,2,..,N (6)
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where we denote t; as the [CLS] token embedding at the Ly,1, By = {b}C cR?|ieN,1<
i < n} as the collection of textual embeddings of the Li,q. Finally, given a reference text
t;, we extract textual features from text encoder:

Fi = ¢y(t;) € RIFnIxd (7)

3.2.3. PROMPTING VISION-LANGUAGE FUSION

In order to improve the flexibility of textual descriptions to accurately integrate patch
features, we devise a simple yet effective method to guide vision-language fusion, facilitating
a comprehensive interaction between vision and language modalities, as shown in figure
3. Specifically, after encoding the relative descriptions ¢; and the reference image x;, we
consider introducing a set of learnable context prompt tokens after the textual tokens and
before the visual tokens, as illustrated in PVLF module in figure 3. Subsequently, the
textual tokens, context prompt tokens and visual tokens are concatenated together and
jointly fed into the PVLF module to share the global attention computation.

It is worth noting that there exists prior works closely related to our approach on multi-
modal prompt learning (Khattak et al., 2023; Shen et al., 2024). MaPLe (Khattak et al.,
2023) is a dual-tower architecture that fine-tunes vision and language branches of CLIP
together by sharing prompts across both modalities as shown in Fig. 2 (c¢). Although it
employs shared prompts internally for modal connections, fundamentally, it still falls within
the structure of class independent V&L prompting. In contrast, our model embodies a dual-
tower representation supplemented by a single-tower fusion design. Our context prompt
tokens are incorporated during the single-tower stage, where the self-attention is performed
for all textual, prompt and visual tokens. MVLPT (Shen et al., 2024) incorporates cross-
task knowledge into prompt tuning for V&L models which focuses on multitask learning,
while our approach primarily aims to investigate the gains through prompt learning in the
context of ZS-CIR. And we design two variants PVLF-Shallow, PVLF-Deep to facilitate
the integration.

PVLF-Shallow In PVLF-Shallow, learnable context prompt tokens are injected into the
first layer of Transformer encoder L; only. Let p denote the size of learnable context prompt
tokens. Each prompt token is a learnable d-dimensional vector. During the forward, the
textual tokens can be represented as Wy = [tx, B, the learnable context prompt tokens
can be represented as P = {p! € R? |1 € N, 1 <[ < p}, the visual tokens can be represented
as Vi = [z, Ex], where 1 <k < N. The PVLF-Shallow is as follows:

(W1, Z1,Vi] = Li([Wo, P, Vo)) (8)
Wk, Zy, Vil = Li((Wi—1, Zr—1, Vi—1]) 9)

where Z; € RP*? represents the context token embeddings computed by the i-th fusion
Transformer encoder layer, k represents the depth of fusion encoder and [Wy, Zk, Vi] €
RIVtntrtitmixd f we denote Uy, = [Wy, Zk, Vi, the computation for each layer of fusion
Transformer encoder is illustrated as follows:

U' = MSA(Uy) + LN (Uy) (10)
Upi1 = FFN(LN(U")) + LN(U") (11)
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where the multi-head self attention operator M S A, feed-forward network F'F'N and layer
normalization (Ba et al., 2016) are applied. The MSA module enables comprehensive inter-
actions among textual tokens, context prompt tokens and visual tokens at each layer. This
stands as the key distinction compared to other multi-modal prompt methods (Khattak
et al., 2023; Shen et al., 2024).

PVLF-Deep In PVLF-Deep, learnable context prompt tokens are injected into every
fusion Transformer layer’s input space. For (i + 1)-th Layer L;;1, we denote the collection
of input learnable prompt tokens as P; = {p¥ € R | k € N,1 < k < p}. The PVLF-Deep is
as follows:

(W, _, Vi] = Le([Wi—1, Pe—1, Vi—1]) (12)

Adaptive Aggregation Vision-language features are adaptively aggregated for a refined
retrieval. We concatenate the global image feature zy and the global text feature tx
together, and then feed them to a MLP to generate the fusion feature f,, € R?. Subsequently,
we map the fusion feature to three weight coefficients (w1, w2, ws) and then employ them
to individually weight and sum the (zy, fu,tn) as follows:

fq = (w1, w2, w3) - (N, fu,tN) (13)

where (-) is defined as the inner product between two matrixs. In the end, a (x;,t;) pair,
propagated through the PVLF module, yields a fusion query for retrieving the target image.

3.3. Training Objective

Considering the class imbalance as well as the challenge of difficult samples, we adopt focal
loss (Lin et al., 2017) as our training objective. Given a batch data of size B, the i-th
query pair (¢, t*) should be close to its positive target and far away from other negative
instances:

eaplK(f Fuy, )/ (14)
NS el Fy, )]

1
target

L=—a-(1-p)7-log(pt) (15)

where 7 = 0.01 refers to the temperature parameter, and K(,) means the cosine similarity,

Jq denotes the i-th query pair, ‘Ffi ) denotes the representation of i-th target image. We
arge

set the o as 1.0 and ~ as 2.0 in experiments.

4. Experiments

In this section, we first describe our experimental setup including the datasets, and the
implementation details. Then we comparatively assess our method against the most recent
approaches to show the effectiveness of our method.
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4.1. Experiment Setup
4.1.1. TRAINING DATASETS

We utilize the datasets constructed using Templates or LLM, as proposed in the TransAgg (Liu
et al., 2023c¢), to tune our model. These datasets include Laion-CIR-Template and Laion-
CIR-LLM, each contains around 16k triplets, as well as their combined counterpart Laion-
CIR-combined, which comprises approximately 32k triplets.

4.1.2. EVALUATION DATASETS

We evaluate the performance on two standard benchmark datasets in ZS-CIR: FashionIQ (Wu
et al., 2021) and CIRR (Liu et al., 2021b). FashionIQ contains 30,134 triplets from 77,684
images crawled from the web specifically designed for fashion retrieval, categorizing its con-
tents into three categories: Dress, Toptee, and Shirt. CIRR comprises 21,552 real-life images
taken from the natural language reasoning NLV R? (Suhr et al., 2018) dataset, which is
built to overcome two common issues for CIR: non-complex images with too narrow domain
and the high number of false-negatives. Noting that, similar to other work, we utilize both
datasets for ZS-CIR evaluation and do not employ them to train the model.

4.1.3. EVALUATION METRICS

Following the standard metrics in image retrieval, we report the average recall at rank-K
(Recall@K) which is defined as the percentage of queries that correctly retrieve the ground-
truth in the top-K results. Moreover, we also report the Recall_Subset@K which considers
only the images in the subset of the query for CIRR.

4.1.4. IMPLEMENTATION DETAILS

For the data pre-processing pipeline, we align with (Liu et al., 2023c¢) for a fair comparison.
We choose AdamW (Loshchilov and Hutter, 2017) optimizer, initializing learning rate by
le-4 with a cosine decay rate of 0.05 for fusion model. VLP models are applied to extract
visual embeddings and textual embeddings seperately, while the learning rate of both image
encoder and text encoder is set as 1le-6. We set the batch size to 64. And we use the PyTorch
to conduct all the experiments on a single NVIDIA A100 80G GPU.

4.2. Quantitative Results

We compare our approach with several ZS-CIR methods for a fair comparison, including: 1)
Text-only: the similarity is computed using only the CLIP features of the relative caption;
2) Image-only: retrieves the most similar images to the reference one via CLIP visual
features; 3) Image+ Text: the summation of CLIP features of the reference image and
the textual description; 4) PALAVRA (Cohen et al., 2022): a textual inversion-based two
stage approach with a pre-trained mapping function; 5) Pic2Word (Saito et al., 2023):
leverages the linguistic capability of the language encoder in CLIP to map the reference
image into a pseudo-word token; 6) SEARLE (Baldrati et al., 2023): reduces ZS-CIR
to standard text-to-image by mapping the reference image into a learned token which is
then concatenated with the relative caption generated by GPT; 7) Context-I2ZW (Tang
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et al., 2024): adaptively converts description-relevant image information into a pseudo-word
token; 8) CompoDiff (Gu et al., 2023): pretrains the diffusion models on the proposed
dataset SynthTriplets18M;9) CASE (Levy et al., 2023): employs an early fusion approach
through the utilization of the BLIP (Li et al., 2022) and GPT-3 on their dataset LaSCo. 10)
TransAgg (Liu et al., 2023c): A Transformer-based adaptive aggregation model trained
on the constructed Laion-CIR series datasets.

Following (Liu et al., 2023c), we train our model on the aforementioned constructed
Laion-CIR-Template, Laion-CIR-LLM and Laion-CIR-combined datasets separately, and
evaluate our models with the SOTA methods. We set the length of the context prompt
token to 25, the depth of PVLF module to 2, the depth of the fusion Transformer to 2, and
utilize the paradigm of PVLF-Deep as the default method.

Table 1: Zero-shot performance on FashionlQ (Wu et al., 2021) validation set. Best perfor-
mance is in bold and second best is underlined.

Method Backbone Zero-shot Triplets

Shirt Dress Toptee Average
R@10 R@50 R@10 R@50 R@I0 R@50 R@10 R@50

Image-only CLIP-B/32 v - 6.92 14.23  4.46 1219  6.32 13.77  5.90 13.37
Text-only CLIP-B/32 4 - 19.87 3499 1542 35.05 20.81 4049 18.7 36.84
Image+Text CLIP-B/32 4 - 13.44  26.25 13.83 30.88 17.08 31.67 14.78 29.60
Pic2Word (Saito et al., 2023) (cverzozs CLIP-L/14 4 26.20 43.60 20.00 40.20 27.90 47.40 24.70 43.70
PALAVRA (Cohen et al., 2022) rocy CLIP-B/32 v 21.49 37.05 1725 3594 20.55 38.76 19.76 37.25
SEARLE-XL-OTTI (Baldrati et al., 2023) nccvon CLIP-L/14 v 30.37 4749 2157 4447 3090 51.76 27.61 47.90
CompoDiff (Gu et al., 2023) w/T5-XL w202 ViT-L/14 v 18m 38.10 5248 33.91 47.85 40.07 5222 37.36 50.85
Context-I2W (Tang et al., 2024) (axar20 CLIP-L/14 v 3m 29.70  48.60 23.10 45.30 30.60 52.90 27.80 48.90
TransAgg (Laion-CIR-Template) (Liu et al., 2023c) muve2oz BLIP v 16k 32.83 5231  27.67 49.38 35.70 58.08 32.07 53.26
TransAgg (Laion-CIR-LLM) (Liu et al., 2023c) muive BLIP 4 16k 32,92 5216 28.56 49.58 36.82 58.59 32.77 53.44
TransAgg (Laion-CIR-Combined) (Liu et al., 2023c) muves BLIP v 32k 34.45 53.97 30.24 51.91 3840 59.51 34.36 55.13
PVLF (Laion-CIR-Template) BLIP v 16k 33.90 53.09 28.16 50.62 37.02 59.87 33.03 54.53
PVLF (Laion-CIR-LLM) BLIP v 16k 33.76  53.04 2935 51.22 36.41 5747 33.17 5391
PVLF (Laion-CIR-Combined) BLIP v 32k 36.61 55.05 31.58 54.24 38.85 61.24 35.68 56.85

Table 2: Zero-shot performance on CIRR test set. We report the results on Recall@1,
Recall@5, Recall@10 and Recall@50. The Recall subset@K metrics mean only
considering the images within the subset of the query for the fine-grained retrieval

evaluation.
Method Backbone Zero-shot Triplets Recall@K Recall subset@K
K=1 K=5 K=10 K=50 K=1 K=2 K=3
Image CLIP-B/32 v - 6.89 2299  33.68 59.23 21.04 41.04 60.31
Text CLIP-B/32 v - 21.81 45.22 5742 81.01 62.24  81.13 90.7
Image+Text CLIP-B/32 v - 11.71  35.06 48.94 77.49 32,77 56.89  74.96
Pic2Word (Saito et al., 2023) cvenzozs CLIP-L/14 v - 23.90 51.70 65.30 87.80 - - -
PALAVRA (Cohen et al., 2022) (pccv o CLIP-B/32 v 16.62  43.49 58.51 83.95 41.61 65.3  80.94
SEARLE-XL-OTI (Baldrati et al., 2023) nccvao CLIP-L/14 v 24.87  52.31  66.29 88.58 53.80 7431 86.94
Context-12W (Tang et al., 2024) 1110 CLIP-L/14 v 3m 256 551 685  890.8
CompoDiff w/T5-XL (Gu et al., 2023) farxiv202s ViT-L/14 v 18m 19.37 53.81 72.02 90.85 28.96  49.21 67.03
CASE Pre-LaSCo.Ca. (Levy et al., 2023) (aaarzoz BLIP v 360k 3540  65.78  78.53 94.63 64.29  82.66 61.91
TransAgg (Laion-CIR-Template) (Liu et al., 2023c) 2023 BLIP v 16k 38.1 6842 79.08  93.51 70.34  86.42 94.28
TransAgg (Laion-CIR-LLM) (Liu et al., 2023¢) muve2oe BLIP v 16k 36.71  67.83  79.03 93.86 66.03  83.66 92.50
TransAgg (Laion-CIR-Combined) (Liu et al., 2023¢) muve 2oz BLIP v 32k 37.87 68.88 79.6 93.86 69.79  86.09 93.93
PVLF (Laion-CIR-Template) BLIP v 16k 39.78 70.87 81.18  94.28 72.66 87.66 94.48
PVLF (Laion-CIR-LLM) BLIP v 16k 3719  69.79 80.70  95.26 65.65  84.07 92.94
PVLF (Laion-CIR-Combined) BLIP v 32k 40.33 72.50 82.44 95.43 7264 87.37 94.69
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FashionIQ Table 1 shows the results of our models on FashionlQ. In general, our
approach outperforms the SOTA TransAgg (Liu et al., 2023c) for every category of the
FashionIQ (shirt, dress, toptee and average), when trained on the same dataset. Addition-
ally, our results remain consistent across all variants of the Laton-CIR series (including
Laion-CIR-Template, Laion-CIR-LLM and Laion-CIR-combined), demonstrating the effec-
tiveness of our approach. In specific, Our approach achieves 56.85 of the average recall@50,
surpassing all previous ZS-CIR methods. Although our model exhibits a slightly lower
performance on the average R@10 metric compared to CompoDiff w/T5-XL (Gu et al.,
2023), it significantly outperforms (Gu et al., 2023) on the R@50 by a large margin. It is
noteworthy that CompoDiff w/T5-XL utilizes a significantly larger dataset than our model.

CIRR As shown in Table 2, we report the results for CIRR test set. Owverall, our
model consistently achieves the best performance across various scenarios in all metrics,
outperforming all previous methods. In addition, under the condition of fine-tuning with
the same dataset (Liu et al., 2023c), our models also surpass baseline to varying degrees.
Compared to CompoDiff which utilizes 18M training triplets, we achieve the recall@1 score
twice as high with a smaller training set. In contrast to baseline transagg (Liu et al., 2023c),
our method demonstrates significant improvements across all scenarios. Notably, in more
fine-grained subset scenarios, our approach outperforms all previous methods consistently
by a more substantial margin as well, leading to new SOTA results. This improvement
can be attributed to the greater flexibility and comprehensive integration of textual and
visual tokens in our proposed PVLF, further improving the quality of the fusion query and
demonstrating superior generalization performance.

4.3. Ablation Studies

In this section, we conduct a variety of ablation studies on two standard benchmark datasets
to validate the robustness and the effectiveness of our proposed method.

Pretrained Backbone and Fine-tuning. To validate the effectiveness and the gen-
eralization of our proposed approach, we conduct comparisons with baseline (Liu et al.,
2023c) on CIRR and FashionIQ under various fine-tuning strategies as shown in Table 3.
Throughout this process, we remain other settings unchanged. As evident from the results,
our method consistently outperforms baseline (Liu et al., 2023c) almost across all scenarios,
demonstrating the effectiveness of our approach. In specific, our model exhibit a remarkable
improvement in average recall on two datasets compared to the baseline. When tuning the
full model on the two benchmarks CIRR and FashionlQ, the PVLF exceed the baseline
by 4.29 and 1.08 respectively, which can be attributed to the PVLF’s internal contextual
prompt tokens, which exhibit more flexible and effective representations in linking textual
and visual modalities.

Simultaneously, we also observe a slight degradation in performance when the CLIP
backbone is frozen. We speculate that this may be attributed to a slight overfitting due
to an abundance of context tokens when the parameters are frozen. It is necessary to
highlight that our experiments in the Table 3 are conducted with a context token length of
25, without additionally specific fine-tuning for the CLIP backbone. Nevertheless, even in
this scenario, the PVLF’s average recall scores remain higher than the baseline.



WANG CHEN ZHAO SU

Table 3: Generalization for different pretrained backbones and fine-tuning types on CIRR
and FashionlQ. For CIRR, the average column denotes the mean of Recall@5 and
Recall_subset@1. For FashionlQ, we report the average RQ10 and R@50 of all
three categories. We choose the TransAgg (Liu et al., 2023c) as our baseline for
comparison, and report the results from (Liu et al., 2023c).

Backbone ‘ Fine-tuning ‘ Method CIRR FashionlQ

| | R@1 R@5 R@10 R@50 Rsub@l Rsub@2 Rsub@3 Average | R@10 R@50 Average

baseline  25.04 53.98 67.59 88.94  55.33 76.82 88.94 53.66 | 28.57 4829 3843

X PVLF(ours) 2406 547 67.9 89.59  53.36 75.34 87.37 54.03 | 28.75 4874  38.75

improvement +0.72  +0.31  +0.65 +0.37 +0.18  +0.45 +0.32

- baseline 279 5827 7101 91.30  60.48 80.31 90.75 59.38 | 30.61 50.38  40.50

CLIP-L/14 | (114 text encoder | PVLF(ours) 30.23 6137 7445 9213 6204  8L12  91.00 6171 | 3229 5292 42,61

improvement 4233 +3.1 4344 4083  +1.56 +0.81 +0.25 +2.33 | +1.68 4254 4211

baseline  33.04 64.39 7627 9345  63.37 82.27 92.22 63.89 | 32.63 53.65  43.14

both PVLF(ours) 33.84 66.92 7837 93.97 6298 82.87 92.05 65.00 | 32.85 53.61  43.23

improvement  +0.80 4+2.53 +2.10 +0.52 +0.60 +1.11 | +0.22 +0.09

baseline ~ 34.89 64.75 7624 92.22  66.34 83.76 92.92 65.55 | 26.95 46.1 36.53

X PVLF(ours) 3516 66.32 7742 93.16  67.35 84.45 92.90 66.84 29 4897 3898

improvement  +0.27 +1.57 +1.18 +0.94 +1.01 +0.69 +1.29 +2.06 +2.87 +2.45

BLIP baseline 381 6842 79.08 93.51  70.34 86.42 94.28 69.38 | 32.07 5326  42.67

only text encoder | PVLF(ours) 40.54 71.99 81.75 95.05  71.95 87.40 94.12 71.97 | 3417 5546  44.81

improvement  +2.44 +3.57 +2.67 +1.54 +1.61 +0.98 +2.59 +2.10  +2.20 +2.14

baseline ~ 37.18 67.21 77.92 9343  69.34 85.68 93.62 68.28 | 34.64 5572  45.18

both PVLF(ours) 40.33 7250 8244 9543  72.64 87.37 94.69 72.57 | 35.68 56.85  46.26

improvement  +3.15  45.29 +4.52 42.00  +3.30 +1.69 £1.07 429 | 41.04 +1.13  +1.08

Table 4: Ablation studies on the CIRR dataset to investigate the effect on different context
prompt token length.

Context prompt length-/
=5 [1=10 [=15 [=20 1[=25 1=30 (=35

k=1 39.49 39.66 39.63 38.22 40.32 39.20 39.15
k=5 72.23 7185 7211 7041 72.49 7158 71.65
k=10 82.06 82.11 8230 81.44 82.43 82.11 82.13
k=50 95.24 95.53 9521 95.07 95.43 95.36 95.37

Recall@k

Context prompt length. How many context prompt tokens should be used? We employ
BLIP (Li et al., 2022) as the pre-trained backbone and conduct ablation studies on the
CIRR (Liu et al., 2021b) dataset to investigate the impact of context prompt token length.
We use random initialization for all context tokens. As shown in Table. 4, the trends in
Recall@1, Recall@5, Recall@10 are nearly aligned, with each achieving its highest recall
nearly at the length of 25. However, the optimal prompt token length for Recall@50 is
10, which suggests that as the number of recalled samples increases, the stability of the
recall rate trends becomes more erratic. Meanwhile, we observe that an excessive length of
prompt tokens tends to adversely affect the performance of the model. This phenomenon
is also observed in other studies (Jia et al., 2022; Khattak et al., 2023; Shen et al., 2024),
which we believe to be normal to some extent. The optimal context prompt length is likely
to vary across different tasks.
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Table 5: Ablation studies on the CIRR and FashionlQ datasets to investigate the impact
of the prompt depth on model performance. The J means the prompt depth.

CIRR FashionIQ
R@1 R@5 R@l10 R@50 R@l0 R@30 Avg
TransAgg 3718 67.21 7792 9343 34.64 55.72 45.18

PVLF-J =1 3853 71.05 81.51 9521 3528 56.77 46.03
improvement +1.35 +3.84 +3.59 +4+1.78 +40.64 +1.05 +40.85

PVLF-J =2 40.33 72.50 82.44 95.43 35.68 56.85 46.26
improvement +3.15 +5.29 +4.52 +4+2.00 +1.04 +1.13 +1.08

PVLF-J =3 3927 7092 82.09 9541 3443 56.14 45.29
improvement +2.09 +3.71 +4.17 +1.98 +0.42  +0.09

Method

Prompt depth. We conduct ablation studies on the depth of the prompt depth J as
shown in Table 5. In general, the performance improves as context prompt depth increases.
We observe that the performance sensitivity increases when context prompt tokens are
inserted in deep layers, which is also reported in (Jia et al., 2022; Khattak et al., 2023). We
conjecture that in the context of ZS-CIR, it is highly likely that the model is overfitting.
Overall, the deeper context prompts may yield better results to some extent, which can be
attributed to the model’s incorporation of additional context parameters at each layer to
enhance the robustness and thoroughness of the fusion between different modalities. And
it is worth noting that J is also the number of layers in fusion Transformer. By default, we
use J = 2 to finetune the pretrained models to achieve the state-of-the-art performance.

5. Conclusion

To address ZS-CIR, we present Prompting Vision-Language Fusion, which explores the
potential of introducing V&L prompt learning methods into the ZS-CIR. We firstly iden-
tify the issue of semantic ambiguity in training triplets, which may result in suboptimal
performance. Subsequently, we propose to inject a certain number of context prompt to-
kens in the input space, facilitating a more comprehensive modality fusion to construct
higher-quality queries. Extensive experiments demonstrate our method achieves SOTA
performance. Additionally, it showcases remarkable robustness across different datasets
and various fine-tuning strategies.
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