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Abstract

Pre-trained vision-language models like CLIP have remarkably adapted to various
downstream tasks. Nonetheless, their performance heavily depends on the speci-
ficity of the input text prompts, which requires skillful prompt template engineering.
Instead, current approaches to prompt optimization learn the prompts through gra-
dient descent, where the prompts are treated as adjustable parameters. However,
these methods tend to lead to overfitting of the base classes seen during training
and produce prompts that are no longer understandable by humans. This paper
introduces a simple but interpretable prompt optimizer (IPO), that utilizes large
language models (LLMs) to generate textual prompts dynamically. We introduce
a Prompt Optimization Prompt that not only guides LLMs in creating effective
prompts but also stores past prompts with their performance metrics, providing rich
in-context information. Additionally, we incorporate a large multimodal model
(LMM) to condition on visual content by generating image descriptions, which
enhance the interaction between textual and visual modalities. This allows for
the creation of dataset-specific prompts that improve generalization performance,
while maintaining human comprehension. Extensive testing across 11 datasets
reveals that IPO not only improves the accuracy of existing gradient-descent-based
prompt learning methods but also considerably enhances the interpretability of the
generated prompts. By leveraging the strengths of LLMs, our approach ensures that
the prompts remain human-understandable, thereby facilitating better transparency
and oversight for vision-language models.

1 Introduction

Vision-language models, trained on a diverse array of image-text pairs encapsulating a broad vo-
cabulary of real-world concepts [1, 2, 3], have demonstrated notable adaptability across various
downstream tasks [4, 5, 6, 7]. These models perform zero-shot image classification by filling in
a predefined prompt template (e.g., “a photo of a [CLASS]”) with specific class names for the
text encoder. Despite their effective generalization to new tasks, the performance can be influenced
by minor changes in the wording of prompt templates [8]. Instead of manually creating hand-
crafted prompts, recent developments in natural language processing [9, 10] and computer vision
[8, 11, 12, 13] have proposed methods to learn a set of soft prompts with minimal labeled data.
Despite the strides made in learning prompts, the current state of the art remains limited by its lack of
interpretability and the overfitting problems on the base classes, which can be prohibitive in diverse
and dynamic application environments. These limitations underscore the need for a more adaptable
and user-friendly approach to prompt optimization in vision-language models.

Drawing from recent advancements in using large language models (LLMs) as optimization tools [14],
our paper, for the first time, incorporates these capabilities into vision-language modeling. Unlike
gradient descent-based methods [8, 11, 13], which often fail to provide explanations for the generated
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(a) Gradient-based prompt optimization. (b) Interpretable prompt optimization.
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Figure 1: Comparison between traditional gradient-based prompt optimization (a) and our interpretable prompt
optimization (b) for vision-language models. Traditional gradient descent-based prompt learning methods [8, 11]
treat the text prompt as learnable parameters V. By minimizing the loss through gradient descent on the training
set, an optimized prompt V is obtained after I iterations, which is not interpretable by humans. In contrast, our
interpretable prompt optimization leverages an LLM as optimizer to optimize the loss and accuracy. After 1
iterations, the resulting optimized top prompt is effective and human-readable.

prompts and tend to overfit on base classes, natural language-based methods enable LLMs to develop
and refine solutions through continuous feedback iteratively. This approach improves interpretability
in complex tasks like prompt optimization for vision-language models, making it easier for humans
to understand the generated prompts. However, existing research on these methods [14, 15, 16]
primarily addresses language tasks and has not yet explored their potential for integrating prompt
optimization with an LLM in vision-language models.

To address these challenges, this paper proposes an interpretable prompt optimizer (IPO) for vision-
language models that leverages the capabilities of LLMs to generate and refine text prompts dy-
namically. First, we design a Prompt Optimization Prompt to prompt LLMs to generate more
effective prompts that improve the accuracy of CLIP and reduce the loss in base classes. Our
Prompt Optimization Prompt also stores past prompts along with their corresponding accuracy
and loss as episodic memory, thereby providing richer in-context information to enable LLMs to
generate more effective prompts. Second, to incorporate image information within the Prompt
Optimization Prompt, we propose using a large multimodal model (LMM) to generate descrip-
tions of images in base classes that can be added to the Prompt Optimization Prompt. This in-
tegration facilitates a more intuitive interaction between the textual and visual modalities, which
allows the Prompt Optimization Prompt to utilize image information, thereby generating dataset-
specific prompts to enhance the generalization performance of CLIP. The framework of our IPO,
illustrated in Figure 1, showcases the comparison between traditional gradient-based prompt opti-
mization and the proposed interpretable prompt optimization. Third, the prompts generated by
our optimizer are human-interpretable. For example, on the Food101 dataset [17], the initial
prompt evolves from [“a photo of a [CLASS]”]to [“Categorize the image depicting a
delicious and appetizing <CLASS> with remarkable visual qualities.”]. Our gen-
erated prompts perform 10.29% better in novel classes than the gradient-based method CoOP [§],
reducing overfitting while maintaining interpretability.

We validated our IPO across 11 different datasets, demonstrating that it surpasses traditional gradient-
based state-of-the-art methods in accuracy and excels in interpretability. Our approach generates
human-comprehensible prompts that can be seamlessly integrated into existing vision-language
models to enhance performance. We conducted rigorous comparative experiments to quantify the
interpretability between gradient-based prompt learning and our method. We demonstrated the
importance of specific keywords in our generated prompts and revealed that not all tokens learned
through traditional prompt learning methods are essential.

2 Related work

Prompt learning in vision-language models. Prompt learning, originally introduced in the natural
language processing community [18, 19, 20], involves applying a fixed function to input tokens
to provide task instructions to the model. In the computer vision community, prompt learning has
been explored in various forms, including textual prompt tuning [8, 11, 21, 22, 23, 24], and prefix
tuning [13, 12,25, 26, 27, 28, 29]. 1) Prompt tuning mainly involves treating text prompts as learnable
parameters, using a small amount of data to fine-tune these parameters. As pioneered by CoOp [8]
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and CoCoOp [11], which both fine-tune a CLIP vision-language model [30] for few-shot transfer
by optimizing a continuous set of prompt vectors within its language branch. Bayesian prompt
learning [21] formulated prompt learning as a variational inference problem and demonstrated its
ability for unseen class generalization. 2) Prefix tuning primarily involves adding learnable tokens to
the text encoder [31], vision encoder [12, 25], or both encoders [13, 27, 28, 32]. These tokens are
fine-tuned using a small amount of data. Note that these methods do not optimize the initial text
prompts. Instead, they focus on enhancing the model’s understanding capabilities by integrating these
additional, trainable tokens. Our method belongs to prompt tuning, but unlike previous approaches
that use gradient descent to optimize prompts, we propose using LL.Ms to optimize prompts. Our
method leverages the natural language capabilities of LLMs to iteratively refine feedback-based
prompts, aiming to enhance both the effectiveness and the explainability of the prompts.

LLMs as prompt optimizers. Several recent works explore the role of LLMs as prompt optimizers
for NLP tasks. Some use LLMs to directly optimize the task instruction for in-context learning [33,
34, 14]. Other studies use LLMs to mutate prompts for evolutionary algorithms [35, 36]. However, to
the best of our knowledge, no existing studies have investigated how LLMs could be used to optimize
text prompts within vision-language models. This approach could potentially open up new avenues
for integrating and enhancing the capabilities of vision-language models through more effective and
contextually appropriate text prompts.

Meta-prompting. Suzgun and Kalai [37] introduce meta-prompting to transform a single LLM into
a versatile “conductor” capable of managing and integrating multiple independent LLM queries.
By using high-level instructions, meta-prompting guides the LLM in decomposing complex tasks
into smaller subtasks. The core of OPRO [14] involves designing a meta-prompt for LLMs to
optimize prompts for each task. This meta-prompt includes two key pieces of information: previously
generated prompts with their corresponding training accuracies and a description of the optimization
problem. Self-select [38] leverages meta-prompting to optimize instruction selection. It considers
a set of provided templates and chooses the most suitable template. Meta-prompting is related to
instruction tuning [39] as both techniques provide high-level guidance to improve the performance
and adaptability of LLMs. However, while instruction tuning focuses on fine-tuning models with
a variety of tasks to improve generalization, meta-prompting offers the advantage of dynamically
guiding the model to decompose and manage complex tasks in real-time. Liu et al. [40] proposes a
method that utilizes LLMs as black-box optimizers for vision-language models, iteratively refining
prompts based on in-context examples. Their approach focuses on leveraging ChatGPT to improve
prompt templates for visual classification tasks. Mirza et al. [41] explores a different aspect of prompt
optimization by focusing on zero-shot vision-language models. Our Prompt Optimization Prompt
is akin to meta-prompting, it stores past prompts along with their corresponding accuracy and loss,
thereby providing richer in-context information to enable LLMs to generate more effective prompts.
Different from prior meta-prompting, our Prompt Optimization Prompt generates prompts beyond
LLMs for vision-language models.

3 Preliminaries

Contrastive Language-Image Pre-Training (CLIP). The goal of CLIP [30] is to develop an image
encoder f; and a text encoder gr via contrastive pre-training with a large collection of paired images
and captions. This process aims to map image-text pairs to a common semantic space. After the
pre-training phase, CLIP is able to perform zero-shot visual recognition by treating classification
as a task of matching images to text. Specifically, the placeholder term “[CLASS]” is used within a
prompt template (e.g., “a photo of a [CLASS]”) for the text encoder gr. Here, g7 (T;) denotes
the text features adapted for class ¢, and the probability of classifying class ¢ from an image I is:

e epllor(T). (D))
PUID= SR n(lar (T, £ 0)/7)

where (g7 (7T;), f1(I)) represents the cosine similarity between the image feature f;(I) and the text
feature g ('T;) specific to the i-th class, K is the total number of classes, and 7 is the temperature
parameter that is tuned during training.

ey

Prompt learning improves the adaptability of the CLIP model by eliminating the need for man-
ual prompt engineering. It facilitates the automatic generation of prompts using a limited number
of examples from a downstream task. CoOp [8] presents a method where a set of M continu-
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ous context vectors V={vy,vs, ..., v} serve as the learnable prompt. The constructed prompt
T,={v1,vs,...,vp,c;} merges these learnable context vectors V' with the class-specific token
embedding ¢;, which is then processed by the text encoder gz (-). In CoOp, the optimization of these
static context vectors V' aims to minimize the negative log-likelihood for the correct class token:

Lea(V)==> yilogp(T|I), )

here, y; represents the one-hot encoded ground-truth label for class i. In downstream applications,
the pre-trained model parameters are kept unchanged, which allows the learnable prompt vectors V/
to be optimized efficiently using only a small number of samples through the minimization of the
cross-entropy loss.

4 Methods

Figure 1 depicts the comprehensive structure of our interpretable prompt optimizer. At each step of
the optimization, the LLM generates candidate prompts for the vision-language task by considering
both the description of the optimization problem and the feedback from previously evaluated prompts
stored in the Prompt Optimization Prompt. These new prompts are then assessed and incorporated
into the Prompt Optimization Prompt for future optimization cycles. The optimization process
concludes either when the LLM can no longer generate prompts that improve the optimization scores,
or when a predefined maximum number of optimization steps is reached. Next, we will detail the
design of the Prompt Optimization Prompt and explain how image information is integrated into the
Prompt Optimization Prompt.

Prompt Optimization Prompt design At the core of our optimizer is the design of the Prompt
Optimization Prompt, which enhances the performance of the vision-language model by optimizing
the prompts through the prompt LLM. Figure 2 shows an example of our Prompt Optimization Prompt.
Our Prompt Optimization Prompt consists of the following components: (1) Instructions: These
guide the LLM by clearly defining its task to optimize the prompt for achieving better performance
in classification tasks. (2) Textual descriptions of training images: These descriptions provide the
LLM with detailed information about the images, enabling it to generate dataset-specific prompts.
(3) Previously generated prompts and corresponding scores: This component supplies in-context
information, including past prompts and their performance metrics, allowing the LLM to refine its
prompt generation more accurately. By incorporating these elements, our approach leverages the
iterative refinement capabilities of LLMs to dynamically generate and optimize text prompts. The
instructions ensure that the LLM understands the optimization goal, the textual descriptions offer rich
image-related context, and the historical data aids in producing more effective and precise prompts.

Textual descriptions of training images For the textual descriptions of training images, we utilize
a large multimodal model (LMM) to generate text descriptions for each training image. Specifically,
we employ MiniCPM-V-2.0 [43] to generate descriptions of the content of images from base classes.
In the appendix, we provide content descriptions for some images from each dataset generated using
MiniCPM-V-2.0. We denote the extracted image textual features as fas(-).

Additionally, we have attempted to directly optimize prompts using the LMM with the Prompt Opti-
mization Prompt. Specifically, we input images from the base classes and the Prompt Optimization
Prompt into the LMM, aiming for the LMM to generate better prompts. We experimented with six
different LMMs: BLIP-2 [44], Qwen-VL-Chat-9.6B [45], FUYU-8B [46], MiniCPM-V-2.0 [43], and
llava-llama3-8B [47]. Unfortunately, all six models failed to understand our Prompt Optimization
Prompt and generated new prompts that were merely descriptions of the images, not the universal
prompts we desired. This failure might be due to the fact that the training of these LMMs did not
consider such a task. Note that image descriptions are not mandatory. In our 16-shot experiments,
we omitted the image descriptions in the Prompt Optimization Prompt due to the limited text input
length that the LLM can handle.

Episodic memory retrieval We utilize an episodic memory mechanism to retrieve past prompts
and their corresponding scores, which include metrics such as loss and accuracy. Here, we denote
the memory as M. During each iteration, we retrieve the top-20 prompts R (M), based on their
accuracy from M and use them as the current memory, denoted as m. Moreover, we consistently
include the prompt “a photo of <CLASS>” in our history at every step, as this is a frequently used
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Instruction 1

You need to perform image classification on the large-scale visual recognition dataset based on visual features.Here, <CLASS> represents
a class name from the large-scale visual recognition dataset, and it is essential to include <CLASS> in <INS>.

Below is the image description for each image:

Image descriptions

- Image 0: The image showcases a close-up view of the texture on an object with distinct stripes, buttons and stitching details.
E Image 1: The leaf has a yellowish background with darker spots and irregular black marks, indicating possible disease or damage.

(... more image examples. . .)

Instruction 2

Below are some previous prompts with their scores. The scores consist of loss and accuracy. The loss value is equal to or greater than 0,
while the accuracy varies from 0 to 100.

text prompt:
a photo of a <CLASS>
scores:

loss: 1.6435546875, accuracy: 54.166664123535156

text prompt:
Identify the intricate details and unique patterns of the <CLASS> texture
scores:

loss: 1.3935546875, accuracy: 70.83332824707031

(... more previous prompts and scores . . . )

Instruction 3

Generate a prompt different from all the prompts <INS> above, with a lower loss and higher accuracy than all the prompts <INS> above. The
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\ prompt should begin with <INS> and end with </INS>. The prompt should be concise, effective, and generally applicable to all problems above. .

Figure 2: An example of our Prompt Optimization Prompt with input and output on the DTD [42] dataset. The
red text represents instructions given to the large language model, the blue text denotes the image descriptions
generated by the large multimodal model, and the green text indicates the top-20 previously generated prompts
retrieved from episodic memory along with their corresponding scores. indicates the output prompt.

and effective prompt within the CLIP framework [30]. Therefore, our optimization loss is defined as:

where 7 indicates the our designed instruction for LLM, T represents the new human-interpretable
text prompt optimized by the LLM. Note that our optimizer is parameter-free, which differentiates it
from traditional gradient-based prompt learning methods. Instead, we leverage the LLM to optimize
the prompt, reducing Lcg iteratively until convergence.

The input and output example in Figure 2 shows the structured information fed into the LLM, while
output demonstrates the optimized prompts generated by the LLM. For more detailed examples of
Prompt Optimization Prompt input and output, please refer to the appendix.
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5 Experiments

5.1 Experimental setup

We validate the effectiveness of our approach on the base-to-new generalization benchmark for
evaluating prompt learning in vision-language models [8, 11]. Across all experiments, we benchmark
the models’ performance in a 1-shot and commonly used 16-shot setting. To ensure consistency, all
results from learning-based methods are averaged over three random seeds. We use the harmonic
mean (H) as the average metric, which is a common approach in prompt learning for vision-language
models.

Eleven Datasets. We follow CLIP [30] and CoOp [8] to use 11 image classification datasets, i.e.,
ImageNet [48] and Caltech101 [49] for generic object classification, OxfordPets [50], Stanford-
Cars [51], Flowers102 [52], Food101 [17] and FGVCAircraft [53] for fine-grained image recognition,
EuroSAT [54] for satellite image classification, UCF101 [55] for action classification, DTD [42] for
texture classification, and SUN397 [56] for scene recognition.

Six Baselines. To conduct a comparative evaluation, we utilize a number of established baselines
including CLIP [30], Coop [8], CoCoOp [11], MaPLe [13], PromptSRC [28], and CoPrompt [32].
Note that all methods do not present 1-shot results in their publications, so we perform 1-shot
experiments using their available code.

Training details. We use GPT-3.5 Turbo as our default optimizer, iterating 100 steps for each dataset
to derive the final prompt. At each step, we generate five prompts and compare their accuracy with past
prompts, storing the top-20 prompts in our history. Ultimately, we select the prompt with the highest
accuracy as the final prompt. For generating image descriptions, we employ MiniCPM-V-2.0 [43]
as the default LMM, using the prompt: “[Please generate the description in detail,
do not provide the class name in the description.]’. We added image descriptions
to the 1-shot Prompt Optimization Prompt but not to the 16-shot version due to the character
input limitations of GPT-3.5 Turbo, which prevent adding detailed information for each class’s
images. All experiments were conducted on a GeForce RTX 3090. Our code is available at https:
//github.com/1msdss/IP0.

5.2 Results

Interpretable prompt analysis. To analyze the importance of specific words or phrases in text
prompts, we display a comparative experiment on the Flower102 dataset. Specifically, in Table 1a,
we use “a photo of a <CLASS>” as the prompt, which is the most commonly utilized format. By
employing occlusion sensitivity analysis, we individually remove each word to test the importance of
the remaining words. We find that using just “<CLASS>" as the prompt performs only 0.89% lower
on the novel classes than “a photo of a <CLASS>”, indicating that the CLIP model can generate
more discriminative features using just the category name. Additionally, the prompt “a photo
<CLASS>.” achieves the best performance. By comparing “<CLASS>” with “photo <CLASS>”, we
determine that the word photo is particularly significant on the novel classes.

In Table 1b, we present the results of the CoOP and CoCoOP models when some learned prompt
tokens are removed to analyze which token is most crucial. Surprisingly, for both models, performance
improves in novel classes when some or all tokens are removed. This indicates severe overfitting in
base classes by these models, where the learned tokens are only applicable to base classes. Removing
all tokens allows the models to retain some of the original performance of CLIP on novel classes.
Additionally, these methods, which only learn tokens, make it challenging for humans to understand
the specific meanings of each token, complicating interpretation.

In Table 1c, we also demonstrate the final prompt produced by our model: “Identify the unique visual
features of the <CLASS> flower accurately,” which achieves a performance of 79.6%, surpassing the
original CLIP by 2.9% on novel classes. When comparing this optimal prompt with others, removing
any words from it results in worse performance than the original prompt. Specifically, comparing
“Identify <CLASS>” with “<CLASS>” reveals that including "Identify" boosts performance by
1.7% on novel classes. This highlights the importance of the word “Identify” in datasets like
Flower102. We have included additional analyses on various datasets in the appendix.

Overall, the comparative experiments demonstrate that our prompt can be more easily interpreted
and understood by humans, while also providing insights into the significance of certain key words
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Prompts CLIP [30] Prompts CoOP [8] CoCoOP [11]

Base Novel H Base Novel H Base Novel H
Token 1,2,3,4 7147 7247 7197 73.67 7550 7457
aphoto of a <CLASS>.  69.34 76.72 72.84 None 6175 7583 68.07 6175 7583 68.07
<CLASS>. 61.75 7583 68.07 Token 1 76.02 73.38 74.68 75.83 76.92 7637
a <CLASS>. 63.04 75.02 6851 Token 2 70.07 7426 72.10 76.75 7698 76.86
Token 3 69.62 7288 7121 7674 177.27 77.00
photo <CLASS>. 6472 7674 7022 Token 4 7085 6775 6927 7651 71.64 7707
of <CLASS>. 63.02 7617 68.97 Token 1,2 7504 7423 7463 7602 7123 76.62
a photo <CLASS>. 66.52 77.25 71.48 Token 3,4 70.13 6675 68.40 76.07 7875 77.39
photo of <CLASS>. 6133 77.12 68.32 Token 1, 4 7592 68.81 7220 7649 7822 7735
- Token1,2,3 7255 7404 7329 7651 7553 76.02
of a <CLASS>. 63.37 7591 69.08 Token1,2,4 7482 70.52 7261 7604 7192 7697
a photo of <CLASS>. 5915 77.25  70.00 Token1,3,4 7625 66.15 70.84 7553 7837 7692
photo of a <CLASS>.  69.16 76.72 72.74 Token2,3,4 7091 6793 6939 7525 7771 76.46
(a) CLIP (b) CoOP and CoCoOP.
Prompts PO

Base Novel H
Identify the unique visual features of the <CLASS> flower accurately. 74.17 79.65 76.81

<CLASS>. 61.75 75.83 68.07
Visual features of the <CLASS>. 64.42 7464 69.15
Identify unique visual features <CLASS>. 63.28 77.21 69.55
Identify the unique visual features of the <CLASS> accurately. 65.67 77.35 71.03
The unique visual features <CLASS> flower. 66.42 76.67 71.18
Identify the unique <CLASS>. 67.22 77.73  72.09
Identify the <CLASS>. 68.88 7635 7242
Identify <CLASS>. 69.53 77.52 7331
Features of the <CLASS> flower accurately. 72.03 77.82 74.81
Visual features of the <CLASS> flower. 7193  78.55 75.09
The unique visual features of the <CLASS> flower accurately. 72.67 78.72 75.57
Identify the unique visual features of the <CLASS> flower. 73.82  79.11 76.37

(¢) This paper: IPO

Table 1: Comparison of various prompts with occlusion sensitivity analysis across different models on the
Flower102 dataset [52]. The shaded areas in the table indicate the original performance of each method. Bold
blue refers to the result of the best prompt for each model. The original CLIP model shows particular sensitivity
to the word photo. In contrast, the tokens learned by CoOP and CoCoOP affect especially base class performance,
while removing these learned tokens improves novel class performance. By contrast, with our interpretable
prompt optimization, every word makes a meaningful contribution to both base and new classes. We provide
results for more datasets in the appendix.

Models Base Novel H Models Base Novel H

Phi2-2.7B 71.15 7543 7322 FUYU-8B 7098 7545 73.14

PalLM 2-L 7132 7593 73.55 BLIP-2 7195 76.52 73.16

PalLM 2-L-IT 71.13  76.16 73.56 Qwen-VL-Chat-9.6B  71.23 77.08 74.03

Phi3-7B 7143 76.68 73.96 LLaVA-Llama-3-8B  73.17 75.24 74.19

GPT-3.5-turbo 71.76 77.00 74.29 MiniCPM-V-2-2.8B 71.76 77.00 74.29
(a) Impact of large language model. (b) Impact of large multimodal model.

Table 2: Effect of LLM and LMM choice. We obtain best results with GPT-3.5-turbo as the LLM optimizer, and
MiniCPM-V-2.0 for generating image descriptions for the Prompt Optimization Prompt.

in the prompt. This understanding can guide us in identifying crucial words that enhance prompt
effectiveness.

Effect of LLM and LMM choice. In Table 2, we analyze the effect of the choice of the LLM
optimizer and LMM for generating image descriptions as Prompt Optimization Prompt inputs. We
evaluate various models and report their average performance across 11 datasets. Using GPT-3.5-
turbo as the optimizer results in better prompt generation, especially improving performance on novel
classes. The training speed of our IPO is heavily influenced by the computational efficiency of LLMs
used. Since PaLM and GPT-3.5 are not open-source, we rely on their respective APIs to generate
prompts. Consequently, our training speed depends on the API call latency and the computational
complexity of these models. Alternatively, Phi2 and Phi3 are open-source, allowing us to generate
prompts directly using their weights. Therefore, for researchers and practitioners seeking faster and
more cost-effective training, we recommend utilizing open-source large models for prompt generation.
When comparing different LMMs, we found that LLaVA-Llama-3-8B and MiniCPM-V-2.0 perform
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Dataset

Best Prompt

ImageNet Take a high-quality photo of a <CLASS>.
Caltech101 Categorize the <CLASS> shown in the image.
Take a well-composed photo of a <CLASS> with optimal lighting, fo-
OxfordPets cus, and minimal distractions. Capture the pet’s unique characteristics,
including expression and posture, to ensure a clear and distinct image.
StanfordCars Describe the distinguishing characteristics of the <CLASS> in the image.
Flowers102 Identify the unique visual features of the <CLASS> flower accurately.
F Identify the primary ingredient in the <CLASS> and describe its texture,
00d101 .
color, and presentation.
Capture a comprehensive range of well-lit, high-resolution images of an
FGVCAircraft <CLASS> from various angles, meticulously showcasing its specific de-
sign features with perfect clarity and precision for unparalleled accuracy
in aircraft.
SUN397 A photo of a <CLASS>, a type of large-scale scene.
DTD Classify the intricate <CLASS> texture.
E Analyze the <CLASS> vehicles in the satellite image with state-of-the-
uroSAT . . . . . .
art algorithms for precise classification and optimal efficiency.
Capture a high-quality, well-lit image of a person flawlessly demon-
UCF101 strating the <CLASS> action with impeccable visual representation to

achieve unmatched.

Table 3: Interpretable prompts generated by our method for each dataset in 1-shot scenarios.

almost identically on average. However, MiniCPM-V-2.0 shows better performance on novel classes.
Before using LLMs, we first use LMMs to generate image descriptions, which are then used as
inputs for the LLMs. In terms of computation cost, MiniCPM-V-2.0, with its smaller parameter size,
generates descriptions more quickly. Therefore, we recommend this lightweight LMM as the image
description generator for more efficient processing. In summary, the text comprehension capabilities
of LLMs are crucial for determining the quality of the optimized prompts.

Interpretable prompts generated per dataset. Table 3 showcases the diverse prompts generated by
our optimizer for each dataset. Our method enhances model accuracy by concentrating on the most
relevant attributes, such as those in Flowers102 [52] and Food101 [17]. Consequently, it delivers
high-quality text prompts that improve vision-language models. We encourage future researchers to
leverage these interpretable prompts in their own downstream tasks.

Benefit of image description. In Table 4, we assess the impact of incorporating image descriptions
into the Prompt Optimization Prompt on the performance of the optimizer. The inclusion of image
descriptions enhances the model’s performance. This improve-
ment suggests that IPO, when generating new prompts, can ef-
fectively integrate information from the images themselves. As
a result, the optimizer is able to produce prompts that are more
specific to the data, thereby increasing the relevance and accu-
racy of the generated content. This highlights the importance
of multimodal inputs in optimizing the prompting abilities of
vision-language models.

Base New H
CLIP 69.34 7422 71.70

w/oLMM 71.12 76.03 73.49
w/LMM 7176 77.00 74.29

Table 4: Benefit of image description.

Comparison with knowledge bank-based prompt learning methods. Our IPO leverages LLMs to
optimize prompts, which conceptually aligns with previous bank-based prompt learning approaches.
To assess its relative effectiveness, we compared IPO to traditional bank-based methods, specifically
using L2P [57], which learns to dynamically prompt (L2P) a pre-trained model to learn tasks
sequentially under different task transitions. We apply L2P within the visual prompt tuning (VPT) [12]
framework, which also learns prompts in the visual space and applies them to few-shot vision-
language model tasks. Similar to our IPO, VPT +
L2P learns prompts within the visual space and applies Model
them to few-shot VLM tasks. In this setup, VPT + L2P

Base Novel H

. . VPT[12] 6934 7422 71.70
trains a prompt bank, allowing test samples to query the VPT[12]+L2P[57] 7112 7603 7349
bank for suitable prompts during testing. The table 5 VPT [12] + IPO 7176 77.00  74.29

presents a comparison of VPT + L2P and our method Table 5: Comparison with knowledge bank-
across 11 datasets in the 16-shot setting. While L2P  based prompt learning methods.
contributes to enhanced VPT performance, confirming
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ViT-B/16 Base Novel H ViT-B/16 Base Novel H ViT-B/16 Base Novel H

CLIP 69.34 7422 71.70 CLIP 7243 68.14 7022 CLIP 96.84 94.00 95.40
CoOp 72.08 66.71 69.29 CoOp 7320 6743 70.20 CoOp 90.63 85.20 87.83
CoCoOp 7285 7217 7251 CoCoOp 73.90 69.07 71.40 CoCoOp 96.37 93.13 94.72
MaPLe 70.85 7157 71.21 MaPLe 74.03 68.73 71.28 MaPLe 96.40 94.10 95.24

PromptSRC  73.38 7147 7241 PromptSRC  73.27 68.87 71.00 PromptSRC  97.30 95.57 96.43
CoPrompt  70.44 70.11 70.27 CoPrompt  73.97 70.87 72.39 CoPrompt  97.60 95.57 96.57

PO 7176  77.00 74.29 PO 74.09 69.17 71.54 PO 96.53 9539 95.95
(a) Average over 11 datasets. (b) ImageNet (¢) Caltech101
ViT-B/16 Base Novel H ViT-B/16 Base Novel H ViT-B/16 Base Novel H
CLIP 91.17 9726 94.12 CLIP 63.37 74.89 68.65 CLIP 72.08 77.80 74.83
CoOp 93.73  96.23 94.96 CoOp 61.80 68.33 64.90 CoOp 83.97 67.10 74.59
CoCoOp 93.47 9627 94.85 CoCoOp 65.27 73.73 69.24 CoCoOp 75.57 77.00 76.28
MaPLe 90.83 96.00 93.34 MaPLe 66.00 73.67 69.62 MaPLe 77.10 7697 77.03

PromptSRC  93.73 9733  95.50 PromptSRC  67.93 73.73 70.71 PromptSRC  85.57 74.83 79.84
CoPrompt 9237 96.37 94.33 CoPrompt  64.17 71.50 67.64 CoPrompt 7290 7293 7291

IPO 94.48 97.93 96.43 PO 63.83 7545 69.16 IPO 74.17 79.65 76.81
(d) OxfordPets (e) StanfordCars (f) Flowers102

ViT-B/16 Base Novel H ViT-B/16 Base Novel H ViT-B/16 Base Novel H
CLIP 90.10 91.22 90.66 CLIP 27.19 36.29 31.09 CLIP 69.36  75.35 72.23
CoOp 87.90 88.03 87.96 CoOp 2777 27.60 27.68 CoOp 71.47 7247 7197
CoCoOp 88.73 89.60 89.16 CoCoOp 29.77 31.23 3048 CoCoOp  73.67 7550 74.57
MaPLe 89.13 90.67 89.89 MaPLe 28.33 29.00 28.66 MaPLe 7433 7637 7534
PromptSRC  88.30 91.03 89.64 PromptSRC 1093  6.73 8.33 PromptSRC  75.60 77.07 76.33
CoPrompt  88.40 90.60 89.49 CoPrompt  10.10  4.87 6.57 CoPrompt 7637 78.77 77.55
PO 89.78 91.59 90.67 IPO 3143 3632 33.70 PO 7225 77.53 74.80

(g) Food101 (h) FGVCAuircraft (i) SUN397

ViT-B/16 Base Novel H ViT-B/16 Base Novel H ViT-B/16 Base Novel H
CLIP 5324 5990 56.37 CLIP 56.48 64.05 60.03 CLIP 70.53 77.50 73.85
CoOp 60.80 47.53 53.35 CoOp 69.13  50.33 58.25 CoOp 7250 63.57 67.74
CoCoOp 5870 52.70 55.54 CoCoOp 7113 62.87 66.75 CoCoOp 7473 72.80 73.75
MaPLe 5820 54.17 56.11 MaPLe 50.20 51.20 50.70 MaPLe 7483 7643 75.62

PromptSRC  63.17 55.60 59.14 PromptSRC  73.27  67.00 70.00 PromptSRC ~ 78.13  78.37 78.25
CoPrompt 6277 6040 61.56 CoPrompt 5927 51.60 55.17 CoPrompt 7693 77.73 77.33

PO 5545 62.47 58.75 PO 6497 82.13 72.54 PO 7243  79.35 75.73
(j) DTD (k) EuroSAT (1) UCF101

Table 6: Comparison with existing state-of-the-art methods for base-to-novel generalization using 1-shot
learning. Except for CLIP, the results for other methods are based on our reimplementation of their official code.
Our proposed IPO exhibits robust generalization capability and achieves significant improvements on novel
classes across 11 datasets.

L2P’s efficacy in the VLM domain, our IPO method still demonstrates superior results compared to
VPT + L2P. This comparison, which we will include in the revised manuscript, reinforces that IPO
’s effectiveness is not merely due to a memory retrieval mechanism but also benefits from prompt
optimization through LLMs.

Comparison with state-of-the-art. Table 6 shows the comparative experiments of IPO against
the state-of-the-art across 11 datasets in a 1-shot setting. Our method excels in the novel classes,
surpassing the secpnd-best performer, the original Base Novel | H

CLIP [30], by 2.78% in average performance. Other meth- -

ods do not perform as well as CLIP in novel classes, indicat- gLIP [30] 69.34 7422 | 71.70
. . . oOP [8] 82.69 63.22 | 71.66
ing overfitting toibase classes. For instance, CpCoOP [} 1.] CoCoOp [11] 8047 71.69 | 75.83
performs better in base classes but falls behind the origi-  MaPLe [13] 8228  75.14 | 78.55
nal CLIP by 2.05% in novel classes. In particular, on the PromptSRC [28] | 84.26 76.10 | 79.97
most challenging FGVCAircraft [53], and EuroSAT [54] CoPrompt [32] | 84.00 77.23 | 80.48
dataset, the current state-of-the-art model, CoPrompt [32], IPO (1-shot) 7176 777.00 | 74.29
performs poorly. This is because methods based on prefix- LY e LUy | LU
tuning, like CoPrompt [32], PromptSRC [28], require Table 7: Comparison with gradient-based
substantial amounts of data for training to achieve ade- Promptlearning methods for 16-shots across
quate generalization. Consequently, on more challenging 11 datasets.

datasets, when data is scarce, it becomes difficult to fine-
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tune these prefixes effectively. In contrast, our model outperforms other methods, exceeding the
second-best by 1.78% in harmonic mean. Additionally, in Table 7, we compared our method’s
performance with other traditional gradient-based prompt learning methods on a 16-shot setting
across all datasets, where our approach consistently performs well in novel classes. Demonstrating
that our approach can mitigate overfitting and generalize better to novel classes.

6 Conclusion

In this paper, we presented a novel approach to prompt optimization for vision-language models,
addressing the limitations of existing gradient-descent-based methods. By integrating large language
models for dynamic text prompt generation and optimization, we introduced the IPO system. This
system guides LLMs in crafting effective prompts while maintaining a record of past prompts and
their performance metrics, offering valuable in-context information. Additionally, we incorporated
large multimodal models to generate image descriptions, enhancing the synergy between textual and
visual modalities. Our comprehensive evaluation across 11 datasets demonstrated that our method
improves the initial accuracy of vision-language models compared to traditional gradient-descent-
based prompt learning methods. Most notably, our approach significantly enhances the interpretability
of the generated prompts. By leveraging the strengths of LLMs, IPO ensures that the prompts remain
human-understandable, thereby facilitating better transparency and oversight for vision-language
models. This improvement in interpretability is crucial, as it allows for more effective and trustworthy
human-AlI collaboration, making vision-language systems more reliable and accessible.

Limitation. Our IPO method is primarily designed for few-shot scenarios. However, when dealing
with large domain-specific datasets, the need to generate extensive image descriptions, which can
lead to substantial computational costs due to the large text inputs required for LLMs. Currently, our
model uses an input length of approximately 5,000 tokens. When scaled to larger datasets, the input
length may increase to around 50,000 tokens. Using GPT-4 with an 8k context length, the cost for
our current input size (5,000 tokens) is approximately 0.15 dollars per input (0.03 dollars per 1,000
tokens). For the expanded input size of 50,000 tokens, the cost would rise to approximately 3.00
dollars per input. If we were to use GPT-4 with a 32k context length, the cost for the 50,000-token
input would be approximately 3.00 dollars for the first 32,000 tokens and an additional 1.08 dollars
for the remaining 18,000 tokens, totaling approximately 4.08 dollars per input. Since our IPO method
requires 100 iterations during training, the costs would multiply accordingly when scaled to large
inputs. In future work, we aim to investigate methods for LMM fine-tuning to enable the direct input
of both images and text, thereby generating even more sample-specific prompts.

Broader Impact. This paper explores the use of an LLM as an optimizer for refining text prompts
in vision-language models. We introduce a straightforward yet interpretable approach to prompt
optimization, which holds potential for societal impact, particularly in vision-language tasks.
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ViT-B/16 Base Novel H ViT-B/16 Base Novel H ViT-B/16 Base Novel H

CoOp 82.69 63.22 71.66 CoOp 76.47 67.88 7192 CoOp 98.00 89.81 93.73
CoCoOp 80.47 71.69 75.83 CoCoOp 7598 7043 73.10 CoCoOp 97.96 93.81 95.84
MaPLe 82.28 75.14 78.55 MaPLe 76.66  70.54 73.47 MaPLe 97.74 9436 96.02

PromptSRC  84.26 76.10 79.97 PromptSRC  77.60 70.73 74.01 PromptSRC  98.10 94.03  96.02

PO 79.92 80.51 80.21 PO 7783 7245 75.04 PO 9732 95.23 96.26
(a) Average over 11 datasets. (b) ImageNet (¢) Caltech101
ViT-B/16 Base Novel H ViT-B/16 Base Novel H ViT-B/16 Base Novel H

CoOp 93.67 9529 9447 CoOp 78.12  60.40 68.13 CoOp 97.60 59.67 74.06
CoCoOp 9520 97.69 96.43 CoCoOp 7049 7359 72.01 CoCoOp 9487 71.75 81.71
MaPLe 9543 97.76 96.58 MaPLe 7294 7400 73.47 MaPLe 9592 7246 82.56

PromptSRC  95.33  97.30 96.30 PromptSRC 7827 7497 76.58 PromptSRC  98.07 76.50 85.95

PO 9521 9823 96.70 PO 73.42 7571 74.55 PO 96.78 78.32 86.58

(d) OxfordPets (e) StanfordCars (f) Flowers102
ViT-B/16 Base  Novel H ViT-B/16 Base  Novel H ViT-B/16 Base Novel H

CoOp 88.33 8226 85.19 CoOp 4044 2230 28.75 CoOp 80.60 65.89 72.517
CoCoOp 90.70  91.29  90.99 CoCoOp 3341 2371 2774 CoCoOp 79.74 7686  78.27
MaPLe 90.71 92.05 91.38 MaPLe 3744 35.61 36.50 MaPLe 80.82 78.70  79.75

PromptSRC  90.67 91.53 91.10 PromptSRC ~ 42.73 37.87 40.15 PromptSRC  82.67 78.47  80.52

PO 90.92 93.08 91.99 PO 4121 4142 41.31 PO 81.25 80.92 81.08

(g) Food101 (h) FGVCAuircraft (i) SUN397
ViT-B/16 Base Novel H ViT-B/16 Base Novel H ViT-B/16 Base Novel H

CoOp 79.44 41.18 54.24 CoOp 92.19 5474 68.69 CoOp 84.69 56.05 67.46
CoCoOp 77.01 56.00 64.85 CoCoOp 87.49 60.04 71.21 CoCoOp 8233 7345 77.64
MaPLe 80.36 59.18 68.16 MaPLe 94.07 7323 8235 MaPLe 83.00 78.66 80.77

PromptSRC  83.37 6297 71.75 PromptSRC 9290 7390 82.32 PromptSRC  87.10 78.80 82.74

PO 82.14 66.81 73.69 PO 94.25 80.11 86.61 PO 85.32 80.92 83.06

(j) DTD (k) EuroSAT (1) UCF101

Table 8: Comparison with existing state-of-the-art methods for base-to-novel generalization using 16-shots
learning. Our proposed IPO exhibits robust generalization capability and achieves significant improvements on
novel classes across 11 datasets.

Source Target
\S S ‘b‘% N
& N 2 § N > N S N
& N & S ¢ S &S NSRS S &

x“‘ C S < < <° ka S DR O ¥
CoOp 71.51 93.70 89.14 64.51 68.71 85.30 18.47 6415 4192  46.39 66.55 63.88
CoCoOp  71.02 94.43 90.14 65.32 71.88 86.06 2294 6736 4573  45.37 68.21 65.74
IPO 72.15 94.34 90.96 66.10 72.75 86.75 2514 6797 47.01 48.56 69.23  67.36

Table 9: Cross-dataset generalization. Accuracy (%) evaluation for prompts learned from the source dataset.
Our IPO consistently outperforms existing prompt learning methods.

A Experiments on 16-Shots

We report the 16-shot performance of our IPO method across 11 datasets, providing detailed results
for the Base, Novel, and H metrics in Table 8. Our IPO method consistently outperforms all other
approaches on the novel classes and the H metric, highlighting its effectiveness in reducing overfitting.

B Experiments on cross-dataset

We conducted a comprehensive cross-dataset experimental evaluation using the standard 16-shot
setting to assess the performance of our IPO method. The results, presented in Table 9, demonstrate
that IPO consistently outperforms previous gradient-based prompt learning approaches. By apply-
ing our task-agnostic, LLM-driven prompt optimization technique, IPO achieved superior results
across various datasets, showcasing its robustness and generalizability. These findings highlight the
effectiveness of IPO in adapting to diverse tasks and domains, further reinforcing its advantage over
traditional gradient-based methods in few-shot learning scenarios.
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LLM Params LMM Params Base Novel H

GPT-3.5-turbo 175B MiniCPM-V-2 2.8B 7176  77.00 74.29
GPT-4 175B MiniCPM-V-2 2.8B 72.67 77.62 75.06
GPT-4-0 175B MiniCPM-V-2 2.8B 7291 78.13 7542
GPT-3.5-turbo 175B GPT-40 500B~ 1T 7278 7792 7526
GPT-4 500B " 1T GPT-40 500B~1T 7293 78.01 75.38
GPT-4-0 500B " IT GPT-40 500B~1T 7341 78.93 76.06

Table 10: Impact of large language model.

LLM Params Base Novel H
CLIP - 69.34 7422 71.70
w/o LMM 71.12  76.03 73.49

w/MiniCPM-V-2 2.8B 7176 77.00 74.29
w/GPT-40 500B 1T 7278 77.92 75.26

Table 11: Impact of large language model.

C Impact of LLM

As demonstrated in Table 10, upgrading the LLM capacity yielded a similarly positive impact on
performance. To explore how a more advanced LLM, like GPT-4, could generate more effective
prompts for our model, we conducted additional experiments with both GPT-4 and GPT-40. Specifi-
cally, when we enhanced the LLM to GPT-40 and paired it with the GPT-40 LMM, we observed a
significant overall increase in the H-score by 1.77% compared to the initial setup using GPT-3.5-turbo
alongside MiniCPM-V-2. This improvement underscores the advantages of employing larger, more
capable models, as they facilitate greater task generalization and more robust performance. The
findings suggest that scaling up model capacity in both the LMM and LLM components can lead
to substantial gains in prompt quality and adaptability across various tasks, indicating a promising
direction for further enhancing our model’s versatility and effectiveness.

D Experiments on Segmentation Task with IPO

In prompt-based vision tasks like segmentation and detection, the design of the text prompt plays
a pivotal role. Our task-agnostic method, IPO, can be seamlessly integrated into various vision
tasks to optimize text prompts. For example, as shown in Table 13, we applied IPO to pre-trained
semantic segmentation models [58, 59], where the original prompt used was ’a photo of a [CLASS].
By utilizing GPT-40 as both the LLM and LMM, we generated more effective, context-specific
text prompts tailored to the open-vocabulary semantic segmentation task, leading to significant
performance improvements. These results highlight the potential of IPO to enhance text prompt
design in segmentation tasks, showcasing its adaptability and value. We plan to extend our exploration
of IPO to other vision tasks in future studies, aiming to further validate its effectiveness in optimizing
prompt construction across a broader range of applications.

IPO with GPT-3.5 Turbo, indeed, does not show an improvement on the large-scale ImageNet. This
is because ImageNet has a large number of classes and samples, which results in longer LLM input
when generating descriptions for each sample. GPT-3.5 Turbo has limited performance in handling
long-text inputs. The table 12 shows the results on ImageNet when IPO uses GPT-40, which has
superior long-text understanding compared to GPT-3.5 Turbo. We found that IPO using GPT-40 leads
to better performance improvements over other methods as well as a considerable improvement over
IPO with GPT-3.5 Turbo.

E Experiments on segmentation task with IPO

In other prompt-based vision tasks, such as segmentation and detection, the design of the text prompt
is crucial. Our method, being task-agnostic, can be easily embedded into any vision task to optimize
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Model Base Novel H

CLIP 7243 68.14 70.22
CoOp 73.20 67.43 70.20
CoCoOp 73.90 69.07 71.40
MaPLe 74.03 68.73 71.28
CoPrompt 7397 70.87 72.39

IPO w/ GPT-3.5 74.09 69.17 71.54
IPO w/ GPT-40  76.14 72.13 74.09

Table 12: Performance on large-scale generic datasets.

Methods pAcc mloU (S) mloU (U) hloU
SPNet [60] - 78.0 15.6 26.1
ZS3 [61] - 77.3 17.7 28.7
CaGNet [62] 80.7 78.4 26.6 39.7
SIGN [63] - 75.4 28.9 41.7
Joint [64] - 77.7 32.5 45.9
Zegformer [65] - 86.4 63.6 73.3
Zsseg [58] 90.0 83.5 72.5 77.5
ZegCLIP [59] 94.6 91.9 77.8 84.3
Zsseg + IPO 91.2 84.7 73.2 78.6
ZegCLIP +IPO 953 92.7 78.7 85.1

Table 13: Experiments on segmentation tasks.

the text prompt. For instance, as shown in Table 13, we incorporated IPO into pre-trained semantic
segmentation models [58, 59], where the original text prompt was "a photo of a [CLASS]." Using
GPT-40 as the LLM and LMM, we crafted more effective text prompts specifically suited to the
open-vocabulary semantic segmentation task, leading to enhanced performance and demonstrating
the value of IPO in optimizing text prompts for this application. We intend to further investigate the
use of IPO in other vision tasks in future work.

F Effect of batch size

The Table 14 compares the performance of GPT-3.5 turbo and GPT-40 across different batch sizes. We
observed that as the batch size increases to 128, GPT-3.5 turbo’s performance begins to decline due to
its limited capacity for handling longer input texts effectively. In contrast, GPT-40 maintains strong
performance even at larger batch sizes. However, using extremely large batch sizes with GPT-40
becomes cost-prohibitive. Therefore, we selected a batch size of 128 for our experiments. Although

Model Batch size Base Novel H

IPO w/ GPT-3.5 4 73.11 68.08 70.51
IPO w/ GPT-40 4 7432  67.98 70.55
IPO w/ GPT-3.5 16 73.42 6843 70.82
IPO w/ GPT-40 16 7494 70.75 72.78
IPO w/ GPT-3.5 32 73.79 68.72 71.16
IPO w/ GPT-40 32 75.01 7093 7291
IPO w/ GPT-3.5 64 74.09 69.17 71.54
IPO w/ GPT-40 64 7534 71.23 73.45
IPO w/ GPT-3.5 128 73.67 68.07 70.75
IPO w/ GPT-40 128 76.14 72.13  74.09
IPO w/ GPT-3.5 256 73.11 67.81 70.36
IPO w/ GPT-40 256 76.81 72773 74.71

Table 14: Effect of batch size.
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History length  Base Novel H

n=0 69.15 7520 72.04
n=1 70.25 7543 7274
n=>5 70.95 76.21 73.49
n=10 7123 7641 73.72
n=20 71.76  77.00 74.29
n =50 71.81 76.81 74.23
n =100 72.02  76.81 74.33

Table 15: Impact of prompt history length.

even larger batch sizes could potentially improve performance further, the cost considerations become
a critical factor.

G Impact of prompt history length

We evaluated the effect of varying prompt history lengths on model performance, as shown in
Table 15. Our findings indicate that without prompt history, performance declines due to the absence
of contextual information, making it challenging for the LLLM to converge. As the history length
increases, performance progressively improves, with convergence observed at n=20. Although using
n=100 yields the highest average performance, the extended input length significantly raises API
costs. As a result, we selected n=20 for our IPO, balancing performance gains with cost efficiency.

Model Base Novel H Model 1-shot  16-shots

LFA [66] 83.62 74.56 78.83 PLOT [67] 65.45 76.20

IPO 79.92  80.51 80.21 IPO 74.29 80.21
(a) Comparison with LFA across 11 datasets in 16-shot (b) Comparison with PLOT on average accuracy across
scenarios. 11 datasets in 1-shot and 16-shot scenarios.

Table 16: Comparison with recent prompt learning methods

H Comparison with recent prompt learning methods

We conducted a comparative evaluation with LFA [66] and PLOT [67] under the same experimental
conditions, as shown in Tables 16. Our IPO method consistently outperforms both LFA and PLOT
across the benchmarks.

I Detailed Prompt Optimization Prompt

In Figure 3, 4, 5 and 6, 7, 8, we show detailed inputs and outputs of different training steps in our
Prompt Optimization Prompt. We observed that each optimized prompt is unique, and both loss and
accuracy exhibit a downward trend.

J Loss and accuracy curve.

To demonstrate that IPO can indeed serve as optimizer for prompt learning in vision-language models,
we present the optimization process’s loss and accuracy on ImageNet in Figure 9. As the training
steps increase, the loss consistently decreases, and the accuracy gradually improves, proving the
optimization capability of IPO. Additionally, IPO not only allows for interpretable prompt generation
but also reduces the risk of overfitting during training.
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" # INPUT Initial Instructions K

Instruction 1

You need to perform image classification on the large-scale visual recognition dataset based on visual features.Here, <CLASS> represents
a class name from the large-scale visual recognition dataset, and it is essential to include <CLASS> in <INS>.

Below is the image description for each image:

[ Image descriptions

' = Image 0: The image showcases a plate of food featuring thinly sliced red meat, garnished with green herbs and possibly other spices
=" or seasonings.

Image 1: The image showcases a mouthwatering dish consisting of crispy grilled ribs with sticky sauce, accompanied by juicy apple
slices on the side.

(... more image examples. . . )

Instruction 2 E

Below are some previous prompts with their scores. The scores consist of loss and accuracy. The loss value is equal to or greater than 0,
while the accuracy varies from 0 to 100.

Prompt history

text prompt

a photo of a <CLASS>, a type of food

scores:

loss: 0.78955078125, accuracy: 82.35294342041016

Instruction 3

Generate a prompt different from all the prompts <INS> above, with a lower loss and higher accuracy than all the prompts <INS> above. The
prompt should begin with <INS> and end with </INS>. The prompt should be concise, effective, and generally applicable to all problems above.

Figure 3: An example of our Prompt Optimization Prompt with input with initial instruction on the Food101 [17]
dataset.

K More generated prompts

In Table 17, we provide detailed prompts for each dataset in 16-shot format. We encourage future
researchers to utilize these interpretable prompts in their own downstream tasks.

L. Image description with LMM

In Table 18, we provide descriptions of some training samples generated using Mini-CPM-V-2.0 on
each dataset, which serve as input for image information in our Prompt Optimization Prompt. Note
that we did not use this image information in the 16-shot setup due to the context length limitations
of the language model.

M Prompt Optimization Prompt design

Our Prompt Optimization Prompt is a crucial component of our optimizer, serving to enhance the
performance of the vision-language model by optimizing the prompts through the prompt LLM.
Figure 2 displays an example of our Prompt Optimization Prompt. Initially, the instruction in the
first segment of the Prompt Optimization Prompt defines the role of the LLM. It introduces two
essential tokens, <INS> and <CLASS>, which represent the prompt and category, respectively.
The primary function of this instruction is to inform the LLM of its role and the contents of the
Prompt Optimization Prompt, enabling a more effective understanding of the Prompt Optimization
Prompt. Note that in this section, our model does not involve image information, hence the Prompt
Optimization Prompt here lacks statements like “Here is a description of some features of the flowers
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Instruction 1

You need to perform image classification on the large-scale visual recognition dataset based on visual features.Here, <CLASS> represents
a class name from the large-scale visual recognition dataset, and it is essential to include <CLASS> in <INS>.

Below is the image description for each image:

Image descriptions

= Image 0: The image showcases a plate of food featuring thinly sliced red meat, garnished with green herbs and possibly other spices
=""" or seasonings.

Image 1: The image showcases a mouthwatering dish consisting of crispy grilled ribs with sticky sauce, accompanied by juicy apple
slices on the side.

(... more image examples. . .)

Instruction 2

Below are some previous prompts with their scores. The scores consist of loss and accuracy. The loss value is equal to or greater than 0,
while the accuracy varies from 0 to 100.

Prompt history

text prompt:
a photo of a <CLASS>, a type of food.
scores:

loss: 0.78955078125, accuracy: 82.35294342041016

text prompt:
Identify the <CLASS> in the image based on its unique visual features.
scores:

loss: 0.7109375, accuracy: 84.3137283325192

text prompt:
Identify the <CLASS> in the image and evaluate its visual features for classification.
scores:

loss: 0.69470703125, accuracy: 85.47058868408203

(... more previous prompts and scores . . . )

Instruction 3

Generate a prompt different from all the prompts <INS> above, with a lower loss and higher accuracy than all the prompts <INS> above. The
+ prompt should begin with <INS> and end with </INS>. The prompt should be concise, effective, and generally applicable to all problems above. -
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Figure 4: An example of our Prompt Optimization Prompt with input at step 1 on the Food101 [17] dataset.
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# INPUT STEP 100 Y
Instruction 1

You need to perform image classification on the large-scale visual recognition dataset based on visual features.Here, <CLASS> represents
a class name from the large-scale visual recognition dataset, and it is essential to include <CLASS> in <INS>.

.
’

Below is the image description for each image:

Image descriptions

= Image 0: The image showcases a plate of food featuring thinly sliced red meat, garnished with green herbs and possibly other spices
=" or seasonings.

H Image 1: The image showcases a mouthwatering dish consisting of crispy grilled ribs with sticky sauce, accompanied by juicy apple
slices on the side.

(... more image examples. . . )

Instruction 2

Below are some previous prompts with their scores. The scores consist of loss and accuracy. The loss value is equal to or greater than 0,
while the accuracy varies from 0 to 100.

Prompt history

text prompt:

a photo of a <CLASS>, a type of food.

scores:

loss: 0.78955078125, accuracy: 82.35294342041016

text prompt:

Identify the primary ingredient in the <CLASS> and describe its texture, color, and presentation.
scores:

loss: 0.49072265625, accuracy: 88.23529052734375

text prompt:
Train a state-of-the-art deep learning model for advanced <CLASS> image classification with exceptional accuracy and minimal loss.
scores:

loss: 0.4296875, accuracy: 90.19607543945312

(... more previous prompts and scores . . . )

Instruction 3

Generate a prompt different from all the prompts <INS> above, with a lower loss and higher accuracy than all the prompts <INS> above. The
. prompt should begin with <INS> and end with </INS>. The prompt should be concise, effective, and generally applicable to all problems above. /'

Figure 5: An example of our Prompt Optimization Prompt with input step 100 on the Food101 [17] dataset.
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’ # OUTPUT STEP 1 \
W Below are the prompts created according to your guidelines:

(1) <INS> Classify the image based on visual features of a <CLASS>. </INS>
(2) <INS> Identify the <CLASS> in the image and evaluate its visual features for classification. </INS>

(3) <INS> Classify the image as a <CLASS> food item. </INS>

(5) <INS> Identify the <CLASS> in the image based on its unique visual features. </INS>
(6) <INS> A photo of a <CLASS>, displaying vibrant colors and textures. </INS>

(7) <INS> Identify the primary ingredient in the <CLASS> and describe its texture, color, and presentation. </INS>

1
1
1
1
1
1
1
:
: (4) <INS> Classify the image featuring a <CLASS> with precision and accuracy. </INS>
1
1
1
1
1
1
1
1
1

(8) <INS> Identify the type of food shown in the image and classify it accurately. </INS>
AY

Figure 6: An example of our Prompt Optimization Prompt with output at step 1 on the Food101 [17] dataset.

’# oUTPUT STEP 2 .
“ Below are the prompts created according to your guidelines:

(1) <INS> Accurately classify the <CLASS> in the image using advanced visual recognition techniques. </INS>

< > Accurately classify the image for < > identification based on detailed visual analysis wit
2) <INS> A tely classify the i for <CLASS> identification based on detailed visual lysis with
precision and minimal loss.</INS>

(3) <INS> Accurately classify the image to determine the <CLASS> based on distinctive visual cues. </INS>

(4) <INS> Analyze the visual composition of the image to accurately classify the <CLASS> featured with precision. </INS>
(5) <INS> Analyze the visual composition of the image to classify the <CLASS> accurately. </INS>

(6) <INS> Analyze the distinct visual elements of the <CLASS> to achieve precise classification. </INS>

(7) <INS> Analyze the unique visual features of the <CLASS> for precise classification with superior accuracy. </INS>

(8) <INS> Utilize cutting-edge visual recognition algorithms to categorize the image accurately and efficiently. </INS>

Figure 7: An example of our Prompt Optimization Prompt with output at step 2 on the Food101 [17] dataset.
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. # ouTPUT STEP 100
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(a) Training loss. (b) Training accuracy.

Figure 9: Training loss and accuracy on ImageNet. Each dot represents the average loss and accuracy across up
to 8 generated prompts in the single strip, with the shaded region indicating the standard deviation. Our findings
demonstrate that IPO can effectively optimize prompt learning in vision-language models. Notably, the best
performance was achieved at step 85.

in the image” and the subsequent description of the image. In the next section, we will discuss how
to integrate image information into the Prompt Optimization Prompt.

The subsequent instruction concerns the history of the prompts and their associated scores, which
include metrics such as loss and accuracy. Our task follows CoOP [8], focusing on base classes
with few samples. We calculate the loss and accuracy for these base classes using the generated
prompts. Initially, we inform the LLLM that the following details are past prompts along with their
scores, and we clarify the range of values for loss and accuracy. What follows are the historical
prompts and scores. This history functions similarly to episodic memory, to prevent the generation
of suboptimal prompts while providing in-context information that enhances the creation of better
prompts. Additionally, as the history of past prompts grows, we only retain the top 20 prompts based
on accuracy to avoid information overload. The selection of these top 20 prompts is determined by
their accuracy scores. Moreover, we consistently include the prompt “a photo of <CLASS>” in our
history at every step, as this is a frequently used and effective prompt within the CLIP framework [30].
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Dataset

Best Prompt

ImageNet TLet’s address problem, a photo of a <CLASS>.

Caltech101 Take an awe-inspiring photograph of <CLASS> that beautifully captures
its essence with exceptional clarity, vibrant colors, impeccable composi-
tion, and mesmerizing details.

Capture a well-lit, high-resolution photo of the <CLASS> with optimal

OxfordPets focus and minimal distractions. Ensure proper composition and framing
to highlight its unique characteristics. Emphasize the pet’s distinct traits
by capturing its expression and posture accurately.

StanfordCars Use a higher resolution camera to capture the vehicle photo <CLASS>..

Flowers102 Capture a high-resolution image of a <CLASS> in perfect lighting condi-
tions, ensuring precise focus and a clutter-free background for maximum
classification accuracy and to highlight the flower’s distinctive features.

F Categorize the image depicting a delicious and appetizing <CLASS>

0od101 . . -
with remarkable visual qualities.
Capture a comprehensive set of high-resolution images of an <CLASS>
FGVCAircraft from various angles, ensuring optimal lighting conditions and precise
focus for unparalleled accuracy in aircraft model recognition.
SUN397 A photo of a <CLASS>, a type of large-scale scene.
DTD Capture an image depicting the distinct pattern of <CLASS>.

EuroSAT Construct a state-of-the-art deep learning model on the Sentinel-2 satel-
lite dataset for <CLASS> leveraging cutting-edge techniques including
attention mechanisms, transfer learning, ensemble learning.

Capture a high-quality, well-lit image of a person flawlessly demonstrat-

UCF101 ing the <CLASS> action, ensuring impeccable visual representation for

unmatched results.

Table 17: Interpretable prompts generated by our method for each dataset in 16-shot scenarios.

The final paragraph of the instruction specifies the ultimate goal of the task: to generate improved
prompts based on the aforementioned instructions and the history of past prompts. The aim is to
achieve lower loss and higher accuracy in this vision-language task, and it also outlines the format
for the final generated prompt. These three components constitute the entire content of the Prompt
Optimization Prompt, each playing a critical role for the LLM. It is important to note that in this
Prompt Optimization Prompt, we do not consider the specific content of the images; we merely use
images to calculate scores, and the details of the images are overlooked. In the following section,
we will utilize a LMM to generate content from images and then incorporate it into the Prompt
Optimization Prompt.

N More occlusion sensitivity analysis

In Tables 19-29, we present various prompts analyzed using occlusion sensitivity analysis across
different models and datasets. We found that CLIP is particularly sensitive to photos. However,
CoOP and CoCoOP exhibit severe overfitting on base classes, leading to poor performance on base
classes when some tokens are removed, but improved performance on novel classes. In contrast, our
optimized prompts show performance degradation to varying degrees when certain words or phrases
are removed, indicating that the key words or phrases in our generated prompts are essential.

https://doi.org/10.52202/079017-4025 126748



Datasets

Text description

Caltech101

The cheetah’s fur has spots and stripes, its eyes are black with white pupils. It is
looking straight into the camera while standing against a clear blue sky background.

The image prominently features a large white and red airplane with the Turkish flag
logo, flying against a backdrop of blue sky dotted with clouds.

StanfordCars

The image features a black Audi TT parked outside the dealership, with its silver
rims and elegant design.

The car in the image is a 2016 Acura TSX, distinguished by its sleek design and
distinctive tail lights.

Flowers102

The flowers have a combination of pink and white colors with distinct leaves, creating
an attractive appearance.

The flowers in the image are large, have a yellow center with dark spots and petals
that vary from pink to red. They appear vibrant due to their color contrast against
natural backgrounds like leaves or rocks on trees behind them.

OxfordPets

The cat in the image is a light-colored, possibly an orange tabby with big yellow
eyes and white whiskers.

The image features a small white puppy with brown spots, which is likely to be an
American Pit Bull Terrier breed.

Food101

The food in the image is a delicious pastry with meat and cheese filling, covered by
caramelized topping.

naEeE

[

The image features a colorful and diverse salad with various ingredients such as
onions, corn kernels, lettuce leaves (cabbage), peanuts or pumpkin seeds.

FGVCAircraft

i
E

The aircraft in the image is a large commercial airplane, likely used for passenger
transportation. It has an orange and white color scheme with prominent windows
along its body to provide natural light inside during flights.

The aircraft in the image is a Western Airlines Boeing 737, identified by its distinctive
tail fin with "Western" written on it. It has various markings including numbers and
letters that are part of their registration or identification system used for aviation
purposes.

SUN397

® 0

The image showcases a commercial airplane cabin with rows of blue and white
chairs, each equipped with cup holders for passengers’ convenience.

The image captures the grandeur of a monument with an elaborate arch, surrounded
by fountains and illuminated buildings at night.

DTD

The image showcases a close-up view of the texture on an object with distinct stripes,
buttons and stitching details.

The leaf has a yellowish background with darker spots and irregular black marks,
indicating possible disease or damage.

ImageNet

The fish, characterized by its light yellow body and distinct blue fins with a black
spot on the tail fin’s edge.

The image features a white chicken with red comb and orange legs, standing on
wooden planks surrounded by straw or grass.

EuroSAT

The image features a black car with four-wheeled design, possibly indicating that it
is an automobile.

The image captures various cars, each with distinct features such as their color and
shape. For instance, one car is red in color while another has a unique design that
stands out from the rest of them.

UCF101

A baby in a yellow shirt and blue jeans is actively crawling on the tiled floor, while
an adult wearing red pants stands nearby.

A female gymnast is skillfully performing on a balance beam, showcasing her
athletic abilities as she navigates the challenging obstacle.

Table 18: Image descriptions generated with Mini-CPM-V-2.0 [43].
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Models Prompts Base Novel H

a photo of a <CLASS>. 72.43 68.14 70.22
<CLASS>. 6991 6472 67.21
a <CLASS>. 70.72  66.44 68.51
photo <CLASS>. 68.15 6232 65.10
of <CLASS>. 67.84 6493 66.35
CLIPI301  bhoto <CLASSS. 69.91 6415 66.91
photo of <CLASS>. 7124  65.67 68.34
of a <CLASS>. 69.37 6649 67.90
a photo of <CLASS>. 7099 6426 67.46
photo of a <CLASS>. 72.64 68.02 70.25
Token 1, 2, 3, 4 73.20 6743 70.20
None 6991 64.72 67.21
Token 1 66.39 62.88 64.59
Token 2 66.77 62.18 64.39
Token 3 74.06 68.61 71.23
Token 4 6696 64.07 65.48
COOPIEl Token 1,2 67.15 6293 64.97
Token 3, 4 73.92 69.18 71.47
Token 1, 4 68.99 65.60 67.25
Token 1, 2, 3 73.15 66.54 69.69
Token 1,2, 4 69.84 64.14 66.87
Token 1, 3, 4 73.52  68.64 71.00
Token 2, 3, 4 7371 68.08 70.78
Token 1, 2, 3, 4 7390 69.07 71.40
None 6991 64.72 67.21
Token 1 74.01 67.85 70.80
Token 2 74.00 6825 71.01
Token 3 73.52 68.58 70.96
CoCoOP [11] Token 4 73.92 68.23 70.96
Token 1, 2 7329 67.45 70.25
Token 3, 4 73.34  67.68 70.40
Token 1, 4 73.66 67.68 70.54
Token 1, 2, 3 7145 6557 68.38
Token 1, 2, 4 7295 6557 69.06
Token 1, 3, 4 7252 66.87 69.58
Token 2, 3, 4 7252  66.74 69.51
Take a high-quality photo of a <CLASS>. 74.09 69.17 71.54
<CLASS>. 69.92 6471 67.21
Take a photo of a <CLASS>. 7243 68.43 70.37
High-quality photo of a <CLASS>. 73.64 6824 70.84
PO Photo of a <CLASS>. 72.65 68.08 70.29
Take a high-quality photo of a <CLASS>. 74.08 69.12 71.51
Quality photo of a <CLASS>. 73.69 6823 70.85
High-quality <CLASS>. 7171 6647 68.99
Take a photo of the <CLASS>. 7142 6772 69.52
A photo of a <CLASS>. 7248 68.13 70.24

Table 19: Comparison of various prompts with occlusion sensitivity analysis across different models on the
ImageNet dataset.
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a photo of a <CLASS>. 96.84 94.00 95.40
<CLASS>. 90.47 92.19 91.32
a <CLASS>. 91.08 9345 92.25
photo <CLASS>. 89.67 90.62 90.14
of <CLASS>. 91.38 9272 92.05
CLIP 301 bhoto <CLASS>. 9202 9269 9235
photo of <CLASS>. 91.93 9332 92.62
of a <CLASS>. 96.14 9472 9542
a photo of <CLASS>. 91.32 9445 92.86
photo of a <CLASS>. 97.05 9436 95.69
Token 1, 2, 3, 4 90.63 8520 87.83
None 90.47 92.19 91.32
Token 1 89.29 90.41 89.85
Token 2 89.71 90.83 90.27
Token 3 87.18 9276  89.88
Token 4 91.75 9145 91.60
COOPTEl Token 1,2 89.86 9297 9139
Token 3, 4 89.97 9226 91.10
Token 1, 4 92.84 92.04 9244
Token 1,2, 3 88.13  92.26 90.15
Token 1,2, 4 94.34 93.02 93.68
Token 1, 3, 4 88.56 92.81 90.64
Token 2, 3, 4 89.52 9297 91.21
Token 1,2, 3, 4 96.37 93.13 94.72
None 90.47 92.19 91.32
Token 1 96.36 9338 94.85
Token 2 96.02 93.12 94.55
Token 3 96.97 9338 95.14
CoCoOP [11] Token 4 96.15 93.24 94.67
Token 1, 2 9642 9395 95.17
Token 3, 4 97.56 9395 95.72
Token 1, 4 9747 93.41 9540
Token 1,2, 3 95.54 9287 94.19
Token 1,2, 4 96.63 93.24 94.90
Token 1, 3, 4 9741 9324 95.28
Token 2, 3, 4 9741 93.12 9522
Categorize the <CLASS> shown in the image. 96.53 95.39 95.95
<CLASS>. 9045 92.16 91.30
Categorize <CLASS>. 9192 9378 92.84
Categorize the <CLASS>. 9544 95.05 9524
PO <CLASS> shown in the image. 97.08 94.15 95.59
Shown in the image: <CLASS>. 93.54 9376 93.65
Categorize the <CLASS> in the image. 96.64 9574 96.19
The <CLASS> shown in the image. 97.05 95.06 96.04
The <CLASS> in the image. 93.54 9432 93.93
Categorize the <CLASS> shown. 9537 95.09 95.23
Image of a <CLASS>. 97.26 94.84 96.03

Table 20: Comparison of various prompts with occlusion sensitivity analysis across different models on the
Caltech101 dataset.
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a photo of a <CLASS>. 89.42 96.81 9297
<CLASS>. 88.30 89.09 88.69
a <CLASS>. 87.77 93.96 90.76
photo <CLASS>. 84.69 90.66 87.57
of <CLASS>. 86.98 88.53 87.75
CLIPI301 ) bhoto <CLASS>. 87.19 91.16 89.13
photo of <CLASS>. 88.62 90.38 89.49
of a <CLASS>. 8538 92.84 88.95
a photo of <CLASS>. 88.94 91.39 90.15
photo of a <CLASS>. 89.90 9636 93.02
Token 1,2, 3, 4 9373 96.23 94.96
None 88.30 89.09 88.69
Token 1 81.34 86.80 83.98
Token 2 81.34 89.26 85.12
Token 3 93.83 94.80 94.31
Token 4 85.11 90.16 87.56
CoOP I8l token 1,2 8177 8579 8373
Token 3, 4 91.97 9631 94.09
Token 1, 4 87.99 91.72 89.82
Token 1,2, 3 93.62 9737 95.46
Token 1,2, 4 88.46 88.09 88.27
Token 1, 3, 4 91.92 9732 9454
Token 2, 3, 4 93.35 9737 9532
Token 1,2, 3, 4 9347 96.27 94.85
None 88.30 89.09 88.69
Token 1 9426 95.64 94.94
Token 2 9442 95.64 95.03
Token 3 94.84 96.14 9549
CoCoOP [11] Token 4 94.05 96.09 95.06
Token 1,2 94.15 9575 9494
Token 3, 4 93.83 97.09 9543
Token 1, 4 94.05 9648 9525
Token 1,2, 3 93.67 9530 9448
Token 1,2, 4 93.14 9592 9451
Token 1, 3, 4 9335 96.59 9494
Token 2, 3, 4 9325 96.70 94.94
Take a well-composed photo of a <CLASS> with optimal lighting, focus,
and minimal distractions. Capture the pet’s unique characteristics, 9448 97.93 96.43
including expression and posture, to ensure a clear and distinct image.
<CLASS>. 88.30 89.09 88.69
Take a photo of a <CLASS>. 90.06 96.59 93.21
Well-composed photo of a <CLASS>. 89.90 96.70 93.18
Photo of a <CLASS> with optimal lighting. 89.37 96.81 9294
<CLASS> with optimal lighting, focus, and minimal distractions. 89.85 92.62 91.21
Capture the <CLASS>’s unique characteristics. 87.77 89.60 88.68
Including expression and posture of the <CLASS>. 86.98 88.98 87.97
PO Ensure a clear and distinct image of the <CLASS>. 81.77 8635 84.00
Unique characteristics of the <CLASS>. 89.10 86.74 87.90
Capture the expression of the <CLASS>. 88.20 90.04 89.11
Capture the posture of the <CLASS>. 87.83 91.11 89.44
Expression of the <CLASS>. 87.56 90.32 88.92
Posture of the <CLASS>. 89.79 92.67 91.21
Focus and minimal distractions for a <CLASS>. 90.27 9631 93.19
Clear and distinct image of the <CLASS>. 83.57 8591 84.72

Table 21: Comparison of various prompts with occlusion sensitivity analysis across different models on the
OxfordPets dataset.
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a photo of a <CLASS>. 63.37 7489 68.65
<CLASS>. 6272  73.58 67.72
a <CLASS>. 61.37 7282 66.61
photo <CLASS>. 61.79 73.78 67.25
of <CLASS>. 62.04 7398 67.49
CLIP3OT; bhoto <CLASS>. 62.57 7398 67.80
photo of <CLASS>. 63.09 7475 68.43
of a <CLASS>. 59.25 71.82 6493
a photo of <CLASS>. 63.82 7541 69.13
photo of a <CLASS>. 63.04 7445 68.27
Token 1, 2, 3, 4 61.80 68.33 64.90
None 6272 73.58 67.72
Token 1 61.42 72.05 66.31
Token 2 5877 69.74 63.79
Token 3 62.37 6831 65.21
Token 4 60.24 70.19 64.84
COOPIEl qoken 1,2 6179 7395 6733
Token 3, 4 59.57 68.46 63.71
Token 1, 4 60.14 7197 6553
Token 1,2, 3 63.37 6982 66.44
Token 1,2, 4 61.12 74.00 66.95
Token 1, 3, 4 60.79 70.29 65.20
Token 2, 3, 4 5795 65.66 61.56
Token 1,2, 3, 4 6527 7373 69.24
None 6272 73.58 67.72
Token 1 6522 7527 69.89
Token 2 65.32 7481 69.74
Token 3 65.09 74.05 69.28
CoCoOP [11] Token 4 65.54 7450 69.73
Token 1, 2 64.57 7494 69.37
Token 3, 4 64.67 7393 68.99
Token 1, 4 64.84 7485 69.49
Token 1,2, 3 64.07 7452  68.90
Token 1,2, 4 64.74 7410 69.10
Token 1, 3, 4 63.17 74.18 68.23
Token 2, 3, 4 6329 74.18 68.30
Describe the distinguishing characteristics of the <CLASS> in the image. 63.83 75.45 69.16
<CLASS>. 6272 73.58 67.72
Describe the <CLASS>. 62.67 7534 68.42
Distinguishing characteristics of the <CLASS>. 63.52 7440 68.53
Characteristics of the <CLASS> in the image. 63.72 7435 68.63
PO Describe the <CLASS> in the image. 6297 7482 68.39
The <CLASS> in the image. 63.97 7494 69.02
Describe distinguishing characteristics of the <CLASS>. 63.97 74.15 68.68
In the image, the <CLASS>. 63.67 75.19 68.95
The <CLASS>’s distinguishing characteristics. 61.34 7239 6641
The distinguishing characteristics of the <CLASS> in the image. 64.07 7472  68.99

Table 22: Comparison of various prompts with occlusion sensitivity analysis across different models on the
StanfordCars dataset.
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a photo of a <CLASS>. 69.34 76.72 72.84
<CLASS>. 61.75 7583 68.07
a<CLASS>. 63.04 75.02 6851

photo <CLASS>. 64.72  76.74 7022

N of <CLASS>. 63.02 76.17 68.97
CLIP 301 4 bhoto <CLASS>. 6652 7725 7148
photo of <CLASS>. 61.33  77.12 68.32

of a <CLASS>. 63.37 7591 69.08

a photo of <CLASS>. 59.15  77.25 70.00

photo of a <CLASS>. 69.16 7672 7274

Token 1, 2, 3, 4 7147 7247 7197

None 61.75 7583 68.07

Token 1 76.02 7338 74.68

Token 2 70.07 7426 72.10

Token 3 69.62 72.88 71.21

Token 4 7085 67.75 69.27
CoOPIS] Token 1,2 7504 7423 74.63
Token 3, 4 70.13  66.75 68.40

Token 1, 4 7592 68.81 72.20

Token 1,2, 3 7255 74.04 73.29

Token 1, 2, 4 74.82  70.52 72.61

Token 1, 3, 4 76.25 66.15 70.84

Token 2, 3, 4 7091 6793 69.39

Token 1, 2, 3, 4 73.67 7550 74.57

None 61.75 7583 68.07

Token 1 7583 7692 76.37

Token 2 76.75 7698 76.86

Token 3 76.74  77.27 77.00
CoCoOP [11] Token 4 76.51 77.64 77.07
Token 1, 2 76.02 7723 76.62

Token 3, 4 76.07 78.75 77.39

Token 1, 4 76.49 7822 77.35

Token 1, 2,3 76.51 7553 76.02

Token 1, 2, 4 76.04 7792 7697

Token 1, 3, 4 7553 7837 76.92

Token 2, 3, 4 7525 7171 7646
Identify the unique visual features of the <CLASS> flower accurately. 74.17 79.65 76.81
<CLASS>. 61.75 7583 68.07
Identify <CLASS>. 69.53 77.52 7331
Identify the <CLASS>. 68.88 7635 7242
Identify the unique <CLASS>. 6722 7773 72.09

PO Identify unique visual features <CLASS>. 6328 7721 69.55
Visual features of the <CLASS>. 64.42 74.64 69.15

The unique visual features <CLASS> flower. 66.42 76.67 71.18
Features of the <CLASS> flower accurately. 72.03 77.82 74.81

Visual features of the <CLASS> flower. 71.93  78.55 75.09
Identify the unique visual features of the <CLASS> accurately. 65.67 77.35 71.03
Identify the unique visual features of the <CLASS> flower. 73.82  79.11 76.37

The unique visual features of the <CLASS> flower accurately. 72.67 78.72 75.57

Table 23: Comparison of various prompts with occlusion sensitivity analysis across different models on the
Flowers102 dataset.
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a photo of a <CLASS>. 89.44  90.68 90.06
<CLASS>. 89.25 89.44 89.34
a <CLASS>. 88.48 89.12 88.80
photo <CLASS>. 89.39 88.49 88.94
, of <CLASS>. 89.51 90.01 89.76
CLIP[30] 4 bhoto <CLASS>. 89.08 87.87 88.48
photo of <CLASS>. 89.38 90.00 89.69
of a <CLASS>. 89.31 90.17 89.74
a photo of <CLASS>. 89.32 88.15 88.73
photo of a <CLASS>. 89.17 90.59 89.87
Token 1, 2, 3, 4 87.90 88.03 87.96
None 89.25 89.44 89.34
Token 1 88.62 86.29 87.44
Token 2 88.99 87.01 87.99
Token 3 86.47 8890 87.67
Token 4 89.27 88.95 89.11
COOPIET oken 1.2 88.00 8745 8772
Token 3, 4 87.55 89.17 88.35
Token 1, 4 89.12 89.61 89.36
Token 1, 2,3 86.38 8891 87.63
Token 1, 2, 4 88.84 89.58 89.21
Token 1, 3, 4 87.73 89.67 88.69
Token 2, 3, 4 87.41 89.41 88.40
Token 1, 2, 3, 4 88.73 89.60 89.16
None 89.25 89.44 89.34
Token 1 88.77 89.55 89.16
Token 2 89.31 90.45 89.87
Token 3 89.57 90.83 90.20
CoCoOP [11]  Token 4 89.01 90.40 89.70
Token 1, 2 88.63 89.55 89.09
Token 3, 4 89.08 90.68 89.87
Token 1, 4 88.49 89.57 89.03
Token 1, 2,3 88.40 89.86 89.12
Token 1, 2, 4 88.24 89.59 8891
Token 1, 3, 4 88.37 90.15 89.25
Token 2, 3, 4 88.53 90.28 89.40
Identify the primary ingredient in the <CLASS> and describe its texture, color, and presentation. 89.78 91.59  90.67
<CLASS>. 89.25 89.44 89.34
Identify the <CLASS>. 89.08 90.80 89.93
Primary ingredient in the <CLASS>. 80.55 82.15 81.34
Identify the primary ingredient in the <CLASS>. 88.99 90.44 89.71
Describe the <CLASS>’s texture. 89.32 9039 89.85
PO Describe the <CLASS>’s color. 87.75 88.82 88.28
Describe the <CLASS>’s presentation. 88.48 89.07 88.77
Texture of the <CLASS>. 88.86 91.15 89.99
Color of the <CLASS>. 87.90 90.31 89.09
Presentation of the <CLASS>. 88.74 90.98 89.85
The <CLASS>’s primary ingredient. 87.44 87.89 87.66
Identify the primary ingredient in the <CLASS> and describe its texture. 89.35 91.06 90.20
Identify the primary ingredient in the <CLASS> and describe its color. 88.56 90.60 89.57
Identify the primary ingredient in the <CLASS> and describe its presentation. 89.77 9151 90.63

Table 24: Comparison of various prompts with occlusion sensitivity analysis across different models on the
Food101 dataset.
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a photo of a <CLASS>. 27.73 33.17 30.21
<CLASS>. 2581 31.43 2834
a <CLASS>. 25.81 30.89 28.12
photo <CLASS>. 2251 30.77  26.00
of <CLASS>. 24.01 3095 27.04
CLIP30T 4 bhoto <CLASS. 2671 3137 2885
photo of <CLASS>. 25.03 3197 28.08
of a <CLASS>. 2455 3041 27.17
a photo of <CLASS>. 26.59 33.11 29.49
photo of a <CLASS>. 27.01 3323 29.80
Token 1, 2, 3, 4 27.77 27.60 27.68
None 2581 3143 2834
Token 1 2227  26.69 2428
Token 2 1321 1938 1571
Token 3 2245 2681 24.44
Token 4 2341 2831 25.63
COOPIS] oken 1,2 1291 1290 12.90
Token 3, 4 27.61 3311 30.11
Token 1, 4 23.65 30.17 2652
Token 1, 2, 3 1795 18.72 1833
Token 1, 2, 4 18.49 20.82 19.59
Token 1, 3, 4 27.01 3527 30.59
Token 2, 3, 4 27.67 2873 28.19
Token 1, 2, 3, 4 29.77 3123 30.28
None 25.81 3143 2834
Token 1 2593 3317 29.11
Token 2 2659 3233 29.18
Token 3 2575 30.65 27.99
CoCoOP [11] Token 4 29.23 3317 31.08
Token 1, 2 2845 3287 3050
Token 3, 4 3043  33.65 31.96
Token 1, 4 31.33 3521 33.16
Token 1, 2,3 28.75 3149 30.06
Token 1, 2, 4 31.33 3581 3342
Token 1, 3, 4 30.19 3551 32.63
Token 2, 3, 4 30.13 3545 3257
Capture a comprehensive range of well-lit, high-resolution images of an <CLASS>
from various angles, meticulously showcasing its specific design features with 3143 36.32 33.70
perfect clarity and precision for unparalleled accuracy in aircraft.
<CLASS>. 25.81 3143 2834
Capture an <CLASS>. 26.53  31.79 2892
Range of images of an <CLASS>. 28.81 3293 30.73
Well-lit images of an <CLASS>. 26.53  32.75 29.31
High-resolution images of an <CLASS>. 28.99 33.11 3091
Images of an <CLASS> from various angles. 28.21 34.13 30.89
IPO Comprehensive range of images of an <CLASS>. 2821 3275 30.31
Meticulously showcase the <CLASS>’s design features. 25.03 30.83 27.63
Specific design features of an <CLASS>. 28.27 34.01 30.88
Perfect clarity and precision of the <CLASS>. 2377 3131 27.02
Capture well-lit images of an <CLASS>. 27.31 30.71 28091
Capture high-resolution images of an <CLASS>. 30.07 32.81 31.38
Capture images of an <CLASS> from various angles. 27.79 32.63 30.02
Showcase the <CLASS> with clarity and precision. 2527 2226 23.67
Unparalleled accuracy of the <CLASS> in aircraft. 28.69 33.05 30.72

Table 25: Comparison of various prompts with occlusion sensitivity analysis across different models on the
FGVCAircraft dataset.
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a photo of a <CLASS>. 69.36 7535 72.23
<CLASS>. 6591 72774 69.16
a <CLASS>. 68.75 66.65 67.68
photo <CLASS>. 62.88 7042 66.44
of <CLASS>. 6527 6995 67.53
CLIP 301 bhoto <CLASS>. 6501 7573  69.96
photo of <CLASS>. 7047 72775  T71.59
of a <CLASS>. 69.19 7547 72.19
a photo of <CLASS>. 69.76 7555 72.54
photo of a <CLASS>. 69.52 70.62 70.07
Token 1, 2, 3, 4 71.47 7247 7197
None 6591 7274 69.16
Token 1 61.39 6598 63.60
Token 2 61.14 06643 63.68
Token 3 69.87 71.54 70.70
Token 4 63.72 6622  64.95
COOPTEl Token 1,2 6476 6834 66.50
Token 3, 4 69.51 7157 70.52
Token 1, 4 65.23 68.66 66.90
Token 1,2, 3 69.98 72.66 71.29
Token 1,2, 4 66.27 72.07 69.05
Token 1, 3, 4 69.64 71.45 70.53
Token 2, 3, 4 69.62 7222 70.90
Token 1,2, 3, 4 73.67 7550 74.57
None 6591 7274 69.16
Token 1 70.85 75.63 73.16
Token 2 70.52 7525 7281
Token 3 69.64 7548 7244
CoCoOP [11] Token 4 71.64 75.05 7331
Token 1, 2 72.55 72.65 72.60
Token 3, 4 73.56  72.61 73.08
Token 1, 4 73.18 72772 7295
Token 1,2, 3 72.53 69.01 70.73
Token 1,2, 4 7326 68.87 71.00
Token 1, 3, 4 7346 68775 71.03
Token 2, 3, 4 7324 68.02 70.53
A photo of a <CLASS>, a type of large-scale scene. 72.25 77.53 74.80
<CLASS>. 6591 7274 69.16
A photo of a <CLASS>. 69.36 7535 72.23
Photo of a <CLASS>. 69.52 70.62 70.07
PO A <CLASS>, a type of large-scale scene. 7151 77.02 74.16
Large-scale scene of a <CLASS>. 71.03 76.63 73.72
Type of large-scale scene: <CLASS>. 69.97 76.08 72.90
A photo of the <CLASS>. 71.74 76771  74.14
The <CLASS>, a large-scale scene. 69.83 7483 72.24
A type of large-scale scene: <CLASS>. 7092  76.64 73.67
Scene of a <CLASS>. 70.55 7495 72.68

Table 26: Comparison of various prompts with occlusion sensitivity analysis across different models on the
SUN397 dataset.
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a photo of a <CLASS>. 54.63 59.18 56.81
<CLASS>. 53.70  59.18 56.31
a <CLASS>. 53.70 60.27 56.80
photo <CLASS>. 43.63 4493 4427
of <CLASS>. 55.79 5882 57.26
CLIP 301 bhoto <CLASS>. 4317 4143 4228
photo of <CLASS>. 5347 52.05 52.75
of a <CLASS>. 55.21 60.75 57.85
a photo of <CLASS>. 5336 51.69 5251
photo of a <CLASS>. 54.63 59.78 57.09
Token 1, 2, 3, 4 60.80 47.53 53.35
None 53.70 59.18 56.31
Token 1 50.93 52.66 51.78
Token 2 49.88 48.07 48.96
Token 3 59.03 4493 51.02
Token 4 54.05 5543 54.73
COOPTEl Token 1,2 4653 4203 4417
Token 3, 4 55.90 46.74 5091
Token 1, 4 54.17 57.00 55.55
Token 1,2, 3 54.51 48.67 5142
Token 1,2, 4 51.62 44.69 4791
Token 1, 3, 4 55.67 46.74 50.82
Token 2, 3, 4 5532 4638 50.46
Token 1,2, 3, 4 58.70 52770 55.54
None 53.70 59.18 56.31
Token 1 5741 5145 54.27
Token 2 57.64 50.60 53.89
Token 3 59.03 5338 56.06
CoCoOP [11] Token 4 57.87 52.66 55.14
Token 1, 2 5544 52.05 53.69
Token 3, 4 57.06 54.83 5592
Token 1, 4 56.37 53.62 54.96
Token 1,2, 3 56.02 49.28 5243
Token 1,2, 4 5544 5229 53.82
Token 1, 3, 4 5729 5290 55.01
Token 2, 3, 4 57.18 5278 54.89
Classify the intricate <CLASS> texture. 55.45 62.47 58.75
<CLASS>. 53.70 59.18 56.31
Classify <CLASS>. 53.01 5797 55.38
The intricate <CLASS>. 54.17 58770 56.34
Intricate <CLASS> texture. 52.66 5543 54.01
PO Classify the <CLASS>. 55.56 59.66 57.54
Classify the texture of the <CLASS>. 5370 6244 57.74
<CLASS> texture. 53.12 60.51 56.57
Texture of the <CLASS>. 5243 63.77 57.55
The <CLASS>’s intricate texture. 5231 60.63 56.16
Classify intricate <CLASS> texture. 5440 58.70 56.47

Table 27: Comparison of various prompts with occlusion sensitivity analysis across different models on the
DTD dataset.
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a photo of a <CLASS>. 50.26 69.90 58.47
<CLASS>. 47.19 6649 5520
a <CLASS>. 53.57 70.64 60.93
photo <CLASS>. 4626 53.77 49.73
CLIP [30] of <CLASS>. 54.14 7423 62.61
] a photo <CLASS>. 48.14 6295 54.56
photo of <CLASS>. 48.02 6792 56.26
of a <CLASS>. 6243 7131 66.58
a photo of <CLASS>. 49.62 6797 57.36
photo of a <CLASS>. 4843 6738 56.35
Token 1,2, 3, 4 69.13 50.33 5825
None 47.19 66.49 5520
Token 1 4795 67.85 56.19
Token 2 58.83 66.03 62.22
Token 3 74.88 46.00 69.55
Token 4 57.30 71.59 63.65
CoOP [8] Token 1,2 57.36 6723  61.90
Token 3, 4 76.57 46.23 57.65
Token 1, 4 5476  68.77 60.97
Token 1,2, 3 67.14 4036 50.41
Token 1,2, 4 61.67 6551 63.53
Token 1, 3, 4 7540 4531 56.60
Token 2, 3, 4 79.14 4477 57.19
Token 1,2, 3,4 71.13  62.87 66.75
None 47.19  66.49 5520
Token 1 74.62 5138 60.86
Token 2 72.83 50.15 59.40
Token 3 76.05 4885 59.49
Token 4 71.21 50.10 58.82
CoCoOP [11] Token 1,2 72.10 4795 57.60
Token 3, 4 72.55 5823 64.61
Token 1, 4 76.26 5892 66.48
Token 1,2, 3 74.67 40.21 5227
Token 1,2, 4 7536 51.28 61.03
Token 1, 3, 4 70.40 51.08 59.20
Token 2, 3, 4 66.83 47.54 55.56
IfAnalyzg the <CLASS> vehicles in the satc:-:lllte image with state-of-the-art algorithms 64.97 8213 72.54

or precise classification and optimal efficiency.
<CLASS>. 47.19 66.49 55.20
Analyze <CLASS> vehicles. 4895 74.46 59.07
Analyze the <CLASS>. 51.60 75.64 61.35
<CLASS> vehicles in the satellite image. 51.55 80.15 62.74
PO Vehicles in the satellite image: <CLASS>. 5826 69.67 63.46
State-of-the-art algorithms for <CLASS> classification. 54.60 74.85 63.14
Precise classification of <CLASS> vehicles. 61.71 76.59 68.35
Optimal efficiency in <CLASS> analysis. 56.12 7926 65.71
Analyze the <CLASS> vehicles in the satellite image. 58.17 78.82 66.94
Use state-of-the-art algorithms for <CLASS> classification. 58.17 7554 65.73
Classification and efficiency of <CLASS> vehicles. 63.79 76.46  69.55

Table 28: Comparison of various prompts with occlusion sensitivity analysis across different models on the
EuroSAT dataset.
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a photo of a <CLASS>. 68.15 75.07 71.44
<CLASS>. 67.68 7247 67.00
a <CLASS>. 68.25 69.39 68.82
photo <CLASS>. 65.05 68.74 66.84
of <CLASS>. 68.87 7231 70.55
CLIP[30] 4 bhoto <CLASS>. 6474 7198 68.17
photo of <CLASS>. 69.70 77.23 73.27
of a <CLASS>. 68.20 71.01 69.58
a photo of <CLASS>. 68.61 76.10 72.16
photo of a <CLASS>. 68.10 75.01 71.39
Token 1, 2, 3, 4 7250 63.57 67.74
None 67.68 7247 67.00
Token 1 6521 7155 6823
Token 2 6432 7090 67.45
Token 3 7420 7139 7277
Token 4 65.15 70.63 67.78
CoOPTEl oken 1,2 6463 7312 68.61
Token 3, 4 7275 69.17 7091
Token 1, 4 6691 7096 68.88
Token 1, 2,3 74.61 73.12 73.86
Token 1, 2, 4 64.63 72.69 68.42
Token 1, 3, 4 7311 6933 71.17
Token 2, 3, 4 7420 69.01 7151
Token 1, 2, 3, 4 7473  72.80 73.75
None 67.68 7247 67.00
Token 1 72.60 7253 72.56
Token 2 7192 71.82 71.87
Token 3 71.20 7096 71.08
Token 4 7177 7052 71.14
CoCoOP LI poken 1,2 7373 242 73.07
Token 3, 4 7472 71.66 73.16
Token 1, 4 7554 7258 74.03
Token 1, 2,3 74.61 7220 73.39
Token 1, 2, 4 75.08 71.12  73.05
Token 1, 3, 4 76.27 72.58 74.38
Token 2, 3, 4 76.01 7228 74.10
Capture a high-quality, well-lit image of a person flawlessly demonstrating the <CLASS> action with
. . . . 72.43 7935 75.73
impeccable visual representation to achieve unmatched.
<CLASS>. 67.68 7247 67.00
Capture a <CLASS>. 67.32 7123 69.22
High-quality image of a <CLASS>. 71.41 7696 74.08
Well-lit image of a <CLASS>. 69.49 77.56 73.30
PO Image of a <CLASS>. 70.17 755 7274
Person demonstrating the <CLASS>. 72.60 7631 7441
Demonstrating the <CLASS> action. 7141 7496 73.14
Impeccable visual representation of a <CLASS>. 70.63 76.58 73.48
Capture a person demonstrating the <CLASS>. 70.53 76.47 73.38
Flawlessly demonstrating the <CLASS>. 7048 78.26 74.17
Visual representation of the <CLASS>. 70.84 75.72  73.20
Achieve unmatched representation of a <CLASS>. 69.03 71.55 70.27

Table 29: Comparison of various prompts with occlusion sensitivity analysis across different models on the

UCF101 dataset.
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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: The contributions and scope of this paper are claimed in the abstract. Detailed
information can be found in the fourth paragraph of the introduction section 1.

Guidelines:

* 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: We provide a "limitation" subsection in the conclusion section 6.
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: We provide all experimental details in the experiment section. The detailed
input and output of Prompt Optimization Prompt of our method can be found in Appendix
and supplemental materials.

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

Answer: [Yes]

Justification: We provide all experimental details in the experiment section. The detailed
Prompt Optimization Prompt and Python codes of our method can be found in Appendix
and supplemental materials.

Guidelines:

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

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

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

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

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

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

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

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

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

Answer: [Yes]

Justification: We follow the standard experimental setup in IPO, where the data splits, is set
as the same as previous works CoOP [8] and CoCoOP [11]. Detailed information can be
found in Sec. 5

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: Following the standard experimental setup, we repeat each experiment over 3
random seeds and report the mean of the results.

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

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

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

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

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

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

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

8. Experiments Compute Resources

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

Answer: [Yes]
Justification: We provide the computing resources in experiments 5.
Guidelines:

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

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

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

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

9. Code Of Ethics

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: We reviewed and followed 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).

10. Broader Impacts

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

Answer: [Yes]
Justification: We provide the potential broader impacts in the conclusion section 6.
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.
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» Examples of negative societal impacts include potential malicious or unintended uses
(e.g., disinformation, generating fake profiles, surveillance), fairness considerations
(e.g., deployment of technologies that could make decisions that unfairly impact specific
groups), privacy considerations, and security considerations.

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

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

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

11. 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: The data and models pose 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.

12. 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 cite the original papers that produced the code package and datasets.
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.
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* 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.
13. New Assets

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

Answer: [Yes]
Justification: Details of the datasets/code/model are provided in the supplemental materials.
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.

14. 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 crowdsourcing nor research with human subjects.
Guidelines:
* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.
* Including this information in the supplemental material is fine, but if the main contribu-

tion of the paper involves human subjects, then as much detail as possible should be
included in the main paper.

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

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

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

Answer: [NA]
Justification: This paper does not involve crowdsourcing nor research with human subjects.
Guidelines:

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

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

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

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