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ABSTRACT

Large language models (LLMs) have achieved impressive success in text-formatted
learning problems, and most popular LLMs have been deployed in a black-box
fashion. Meanwhile, fine-tuning is usually necessary for a specific downstream
task to obtain better performance, and this functionality is provided by the owners
of the black-box LLMs. To fine-tune a black-box LLM, labeled data are always
required to adjust the model parameters. However, in many real-world applications,
LLMs can label textual datasets with even better quality than skilled human an-
notators, motivating us to explore the possibility of fine-tuning black-box LLMs
with unlabeled data. In this paper, we propose unsupervised prompt learning for
classification with black-box LLMs, where the learning parameters are the prompt
itself and the pseudo labels of unlabeled data. Specifically, the prompt is modeled
as a sequence of discrete tokens, and every token has its own to-be-learned categor-
ical distribution. On the other hand, for learning the pseudo labels, we are the first
to consider the in-context learning (ICL) capabilities of LLMs: we first identify
reliable pseudo-labeled data using the LLM, and then assign pseudo labels to other
unlabeled data based on the prompt, allowing the pseudo-labeled data to serve as
in-context demonstrations alongside the prompt. Those in-context demonstrations
matter: previously, they are involved when the prompt is used for prediction while
they are not involved when the prompt is trained; thus, taking them into account
during training makes the prompt-learning and prompt-using stages more consis-
tent. Experiments on benchmark datasets show the effectiveness of our proposed
algorithm. After unsupervised prompt learning, we can use the pseudo-labeled
dataset for further fine-tuning by the owners of the black-box LLMs.

1 INTRODUCTION

Large language models (LLMs) have shown impressive performance in various text-formatted
few-shot classification tasks, where the model takes the input text and outputs a corresponding
label (Brown et al., 2020; Ouyang et al., 2022). In recent years, most popular LLMs have continued
to grow in size and are increasingly deployed as black-box models, accessible through commercial
application programming interfaces, such as GPT-3 (Brown et al., 2020). These black-box models
provide promising results for data labeling and require minimal initial investment, as users can deploy
them directly for downstream tasks. Due to their strong performance and low initial investment, the
use of black-box LLMs for classification is gaining popularity in real-world applications.

The performance of LLMs in downstream tasks can be further enhanced by supervised fine-tuning
algorithms (Houlsby et al., 2019; Hu et al., 2021). These methods always rely on labeled data for
downstream tasks, allowing owners of black-box LLMs to fine-tune the model with these labeled
data and deliver a customized version of the black-box LLM after fine-tuning'. In scenarios where
fine-tuning the black-box model is not possible, the learner can employ prompt learning algorithms
designed for black-box LLMs (Sun et al., 2022; Diao et al., 2022) to learn a prompt to label the
specific downstream task, as both the model parameters and the prompt can influence the final
performance. Nevertheless, these algorithms still require labeled data to learn the prompt.

With the continuing advances and successes in LLM research, most popular LLMs can now label
textual datasets in many real-world tasks with quality equal to or better than skilled human annota-

"https://platform.openai.com/docs/guides/fine-tuning
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Figure 1: An illustration of our main idea. We first identify reliable pseudo-labeled data using the LLM and
then learn pseudo labels on other unlabeled data together with the prompt by fine-tuning on these reliable
pseudo-labeled data. In-context demonstrations are a crucial component of our proposal: previously, they are
involved when the prompt is used for prediction while they are not involved when the prompt is trained; thus,
taking them into account during training makes the prompt-learning and prompt-using stages more consistent.

tors (Gilardi et al., 2023; Tornberg, 2023). For example, ChatGPT has been shown to outperform
crowd workers in text annotation tasks (Gilardi et al., 2023). Additionally, LLMs were found to
be inherently highly capable of identifying label errors in natural language datasets (Chong et al.,
2022). ChatGPT-4, in particular, outperforms both experts and crowd workers in annotating political
Twitter messages using zero-shot learning (T6rnberg, 2023). These findings motivate us to explore the
possibility of fine-tuning black-box LLMs using unlabeled data, as the LLM can generate high-quality
labels for fine-tuning, eliminating the need for costly human annotation. Our goal is to obtain accurate
pseudo labels for the downstream task and then fine-tune the black-box LLM. A feasible method in-
volves first assigning pseudo labels to the unlabeled data, identifying the reliable pseudo-labeled data,
and then leveraging commercial fine-tuning services with these selected data. This process can be
repeated iteratively, with each iteration adding newly identified reliable pseudo-labeled data, followed
by further fine-tuning of the model by using the commercial fine-tuning services. However, this
iterative process is quite complex, and relying solely on a limited number of reliable pseudo-labeled
data at the beginning of the learning process carries a significant risk of overfitting.

In this paper, we propose unsupervised prompt learning for classification with black-box LLMs, where
we simultaneously learn the prompt itself and the pseudo labels of unlabeled data. The learned pseudo-
labeled dataset can then be used to further fine-tune the black-box LLM using commercial fine-tuning
services. Inspired by recent discrete prompt learning algorithms for black-box LLMs (Deng et al.,
2022; Diao et al., 2022), we assume the prompt is a sequence of discrete tokens, where each token is
sampled from a categorical distribution over the entire vocabulary. We optimize these categorical
distributions throughout the learning process. During inference, we sample each token according to
its categorical distribution to form the prompt. On the other hand, for learning the pseudo labels, we
propose to exploit the in-context learning (ICL) capability of LLMs (Brown et al., 2020; Wei et al.,
2023). We use the pseudo-labeled data as in-context demonstrations to facilitate the simultaneous
learning of pseudo labels and the prompt in the prompt-learning phase. As shown in Figure 1, we first
identify reliable pseudo-labeled data using the LLM, and then learn pseudo labels on other unlabeled
data together with the prompt by fine-tuning on these reliable pseudo-labeled data. Different from
previous prompt learning methods that learn prompts based on labeled data and then use labeled data
as demonstrations only in the prediction stage, we learn prompts and the pseudo labels simultaneously
in the training process. The demonstrations are selected by a specific algorithm and assigned pseudo
labels predicted by the LLM based on the prompt and their corresponding demonstrations.

These in-context demonstrations are important: they are previously only involved when the prompt
is used for prediction, but they are not involved when the prompt is trained; thus, taking them
into account during training makes the prompt-learning and prompt-using phases more consistent.
Moreover, the ICL capability of LLMs allows them to make predictions based on a few labeled data
as demonstrations. Theoretical studies have linked ICL behaviors to gradient descent algorithms,
suggesting that ICL can be viewed as implicitly constructing a model that performs empirical
risk minimization based on demonstrations, and then uses this model to predict unlabeled query
data (Akyiirek et al., 2022; Von Oswald et al., 2023). By simultaneously learning both the pseudo
labels and the prompt during the prompt-learning phase, we ensure consistent prediction using
the learned prompt and pseudo-labeled demonstrations during the prompt-using phase, ultimately
generating reliable pseudo labels for the downstream task. We tested the proposed algorithm in
benchmark applications and the results showed the effectiveness of the proposed method.
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2 RELATED WORK

Supervised Fine-tuning with Open-sourced Models. Many parameter-efficient fine-tuning tech-
niques were proposed to fine-tune an open-sourced transformer-based LLM with labeled data in the
downstream task. Adapter-based fine-tuning methods introduce an adapter module into transformer,
allowing for fine-tuning without changing the pre-trained parameters (Houlsby et al., 2019; He et al.,
2021; Lei et al., 2023). Soft prompt fine-tuning algorithms append soft prompts or prefix vectors
to the input embeddings or hidden states during fine-tuning (Li & Liang, 2021; Liu et al., 2023;
Wang et al., 2022). Re-parameterized fine-tuning methods use low-rank transformation to reduce
the number of trainable parameters while allowing operation with pre-trained parameters (Hu et al.,
2021; Zhang et al., 2023; Yang et al., 2024). More recently, Chen et al. (2024) proposed a zero-order
optimizer for large-scale deep neural networks. Malladi et al. (2023) proposed a memory-efficient
zero-order optimizer to alleviate the heavy back-propagation in fine-tuning LLMs. However, all of
these methods require that the open-source LLMs are first duplicated and then fine-tuned with labeled
data in the downstream task, which is not applicable in our setting.

Supervised Prompt Learning with Black-box Models. Another line of work investigated prompt
learning for the black-box LLMs released as commercial application programming interfaces. Sun
et al. (2022) optimized the input prompt for adaptation using derivative-free optimization techniques
such as the evolutionary algorithms. Diao et al. (2022) employed the policy gradient algorithms
to optimize the input prompt to fine-tune the model. While these methods consider the black-box
learning scenario of LLMs, they still require the labeled data to learn the prompt.

Unsupervised Fine-tuning with Open-sourced Models. Several recent studies on large vision-
language models explored model fine-tuning using only leveraging unlabeled data in downstream
tasks. These methods explore the parameters in the vision-language model to obtain class embeddings,
which are then updated to align with the data distribution of the downstream task. For example,
Huang et al. (2022) used the text encoder to generate reliable pseudo labels and then fine-tuned the
model. Shu et al. (2022) augmented the unlabeled image and used the image encoder to generate
reliable pseudo labels and then fine-tuned the model. Tanwisuth et al. (2023) and Ma et al. (2023)
explored the class embeddings inside the LLMs to adapt the downstream tasks. Although these
algorithms only require unlabeled data, they assume an open-source setting where model parameters
are accessible during adaptation.

3 OUR APPROACH

In this section, we first formulate the unsupervised prompt learning problem. Next, we propose a
new prompt learning objective with pseudo-labeled demonstrations that simultaneously learns the
prompt and pseudo labels for the downstream task. Lastly, we introduce the optimization strategy
and provide implementation details.

3.1 PROBLEM FORMULATION

In this part, we first formulate the learning problem and introduce the notations. Let x; € X
be the [-th query in the unlabeled data of size n, where X" is the textual space. We denote by
Z=1[21,.-s %y 2m) = [VI[j1l,-- -, V[Jil, - - -, V[jm]] the discrete prompt of length m, where V'
is the vocabulary set containing N tokens, and z; = V'[j;] is the i-th token in z, corresponding to the
Ji-th token in V. Considering the in-context learning capability of LLMs, we define the black-box
LLM by the function f(-,-,-) : (x,z, D) > y, where x is the unlabeled query, y € R is the logit
vector of length C over a set of label words, z is the prompt, and D = {(xx,yk)}_, is a set of
in-context demonstrations of size K selected from the downstream task. D can be an empty set, e.g.,
f(-,+,0), indicating that the LLM is used directly for prediction without in-context demonstrations.

For each discrete token z; = V'[j;], where i = 1,. .., m, we assume that it is sampled independently
from the vocabulary set V' according to a categorical distribution. Specifically, we sample z; by first
sampling the vocabulary index j; ~ p;, where p; = [p;1,...,pi n] is a categorical distribution
over the vocabulary set, with p; € Cand C = {p € RV : Zjvzl pj=1,p; >0forj=1,...,N}
Since each z; is independently sampled from a categorical distribution for each i, where j; ~ p;,
the joint probability of the entire discrete prompt is given by II7” |, Pr(z;) = II7>, p; ;,. Given a set
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of unlabeled data for the downstream task and a black-box LLM f, our goal is to learn a prompt z
that minimizes the prediction loss on the downstream tasks. When the in-context demonstrations are
unavailable during inference, we can directly use f(-, -, ) for prediction.

Since the downstream task is unlabeled, we propose to first identify reliable pseudo-labeled data
to learn the prompt. Given the black-box access to LLMs, we rely on the output of the LLM, i.e.,
the logit vector over the label words, to estimate the confidence score of each prediction, selecting
high-confidence predictions as reliable pseudo-labeled data. Specifically, we denote the linguistic con-
fidence of the LLM’s output for x; by Pr[y|x;, z;t] = [f®)(x;,2,0)/ Zle[f(t) (x1,2,0)]c)y, y =
1,...,C, where []. refers to the c-th element in the vector [-] and f(*)(-, -, -) represents the LLM
with temperature ¢. Based on this, we can then define the confidence score for the prediction on x;,
denoted as ¢; € [0, 1]. We first define the average linguistic confidence of a prediction, which is used
to select reliable pseudo-labeled data. We define the average linguistic confidence score as:

1
LG
¢/’ = max — Prly|x;,z;t] ¢,
1 yE{l,...,C}{T| Z [y| l ]}

teT
where T is a set of the temperature candidates.

We also adopt strategies from previous seminal works to compute the confidence score. These
approaches aim to reduce class-specific prior biases by using random text and averaging the estimates
over multiple times (Zhao et al., 2021; Fei et al., 2023). Specifically, we adopt the approach from the
work of Fei et al. (2023) to estimate the output confidence. Let X,,q be the random context sampled
from the downstream task corpus. We then define the bias-reduced confidence score as:

c];D = max Pr[y|xl,Z;0] .
ye{l,....C} \%ZtET Pr[y‘xrand7z;t]

It is important to note that the confidence estimation mechanism used in our approach is flexible and
not the primary focus of this work. In this paper, we propose a direct confidence score estimation
method by averaging the linguistic confidence, along with a state-of-the-art algorithm (Fei et al.,
2023), to generate confidence scores and identify reliable pseudo-labeled data whose score is higher
than a threshold. Confidence estimation for LLMs has received considerable attention in recent years.
A comprehensive overview can be found in the survey by Geng et al. (2024).

3.2 UNSUPERVISED PROMPT LEARNING WITH PSEUDO-LABELED DEMONSTRATIONS

In this part, we propose the unsupervised prompt learning algorithm. To achieve accurate label
predictions for the downstream task, we propose to learn the prompt and pseudo labels simultaneously,
ensuring consistency between the prompt-learning and prompt-using phases. To predict unlabeled
data in a downstream task, a direct approach is to assign pseudo labels to the unlabeled data, identify
reliable pseudo-labeled data, learn a prompt based on these reliable pseudo labels, and then use the
learned prompt for prediction with these reliable pseudo-labeled data. Specifically, we can learn the
prompt by optimizing the following objective:

argminz Ler > ] - £(f(xi,2,0), f(x1,0,0)),

z€EZ =1

where 1[-] is the indicator function, £(-, -) is the loss function and v € [0, 1] is a confidence threshold
for selecting reliable pseudo-labeled data. In this paper, we consider two types of loss functions:
hinge loss and cross entropy.

Although learning prompts with reliable pseudo-labeled data is feasible, the prompt-training and the
prompt-using stages are not consistent, and the number of such reliable data may be limited, and
relying solely on them has a risk of severe overfitting. To handle this problem, we propose to learn
the pseudo labels for the entire unlabeled dataset and the prompt simultaneously, inspired by the ICL
capabilities of LLMs (Brown et al., 2020; Wei et al., 2023). The ICL capabilities allow LLMs to
implicitly learn a classifier from labeled demonstrations and apply it to predict other unlabeled data in
downstream tasks. We illustrate the proposed algorithm in Figure 2. We first reliable pseudo-labeled
data based on the output confidence. We then simultaneously learn the prompt and the pseudo
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Figure 2: An illustration of proposed algorithm. We begin by identifying reliable pseudo-labeled data based
on the output of the LLM, selecting the high-confidence predictions as reliable data. We then construct
demonstrations for each sample, consisting of a set of data from the downstream task, selected by a specific
algorithm and assigned pseudo labels predicted by the LLM, guided by the prompt and their corresponding
demonstrations. After that, we align the predictions based on the demonstrations and prompt with the original
pseudo labels on the reliable data. The prompt is a sequence of tokens sampled from corresponding categorical
distributions over a vocabulary set and updated by the policy gradient descent algorithm.

labels for the unlabeled data by ensuring that, for the reliable pseudo-labeled data, when the LLM is
presented with the prompt and other pseudo-labeled data as in-context demonstrations, its predictions
remain consistent with the original pseudo labels.

In the following, we introduce the main loss in our learning objective, which is defined as follows:
Lmain(z) - Z ]l[Cl Z FY] -0 (f(xlyz7 Dl)7 f(xl7 (2)7 (Z))) 5 (1)
=1
where Dj is a set of in-context demonstrations for the query x; selected by algorithm A(x;; z), with

the pseudo labels of these demonstrations determined by the prompt z. Specifically, .A(x;,z) outputs
a set of pseudo-labeled demonstrations selected from the downstream task:

K

Dy = {(XmargmgX[f(sz,Dk)]c)\Xk < Sl}k—1’
where []. is the c-th element in the vector [-], indicating the c-th class in the label space. Many
algorithms have been proposed for selecting demonstrations. Following the seminal works on in-
context demonstrations selection (Liu et al., 2022; Min et al., 2022), we select the K -nearest samples
as in-context demonstrations for each sample x;, denoted as S;. We formulate S; as follows:

K
S; = arg min Zd(xl,xk].), 2)
{kj }ﬁ(:lc{l""wn} 7j=1

where d(-, ) is a distance measure between two data. We follow the same procedure outlined in
the work of Liu et al. (2022), introducing a sentence encoder 6(-) and defining the distance as

d(xi,xx) = [|0(x1) — 0(xk)]|2-

Since we generate the prompt by sampling each discrete token according to a learned categorical
distribution during testing, our goal is to ensure a stable prompt during inference. Specifically, we
measure the Shannon entropy (Shannon, 2001) of the categorical distribution for each i-th token as
follows:

N
H(pi) == pijlogpi,
j=1

where p; is the probability distribution. Consequently, we define the loss function for the token
probability p as follows:

L(p) = Ezup [Limain(2)] + @ Z H(pi), 3)

where o > 0 is a hyperparameter.
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Algorithm 1 Prompt learning with Pseudo-labeled Demonstrations (PPD)

1: Set vocabulary set V, total number of iterations 7" and total number of sampling 1
2: Initialize categorical probability distribution {p;}7*,
3: fort=1toT do

4:  Sample a mini-batch data from the unlabeled dataset
5: fork <Ido

6: Sample ji(k') ~ Cat(pt),..., i ~ Cat(pt,)

7. 2® =W W = M, VW)

8: end for

9: fori<mdo
10: Update p; according to Equation (4)
11:  end for

12: end for

3.3 IMPLEMENTATION

Here, we introduce the optimization algorithm for unsupervised prompt learning. Given the black-box
setting of the LLMs in our problem, we cannot access training gradients or use back-propagation
to learn the prompt. To handle the challenge of optimizing the discrete prompt, we employ the
variance-reduced policy gradient estimator (VR-PGE) (Williams, 1992; Zhou et al., 2021; Diao et al.,
2022), a well-developed policy gradient algorithm in discrete optimization.

In particular, the VR-PGE algorithm first estimates the gradient for each categorical distribution and
then optimizes it by forward propagation. Specifically, the gradient of the i-th discrete token is

vpz [L(p)} = vp,‘, EZNp mam + OKZH pz

:/ Linain(2z)Vp, logPr(z)dz + oV, H(p;)

= By [Limain(2z) Vp, log Hm =1 PY(ZJ)] +aVp, H(pi)
= Ez[Lumain (2 )vp1 log Pr(z;)] + O‘qu,H(pi)~

The j-th component of Vy, logPr(z;) is given by V,, logPr(z;) = 1/p;; when j = j;,
and V,,  logPr(z;) = —1/p;;, when j # j;. The j-th component of V H(p;) is given by
V., H ( ;) = —log p; ; — 1. The estimated gradient is calculated using the VR-PGE, that is,

I I
v 1 ’
T 0] = 73 22 (o) | 3 i) 06 1),

k=1 k'=1

where z(¥) k = 1,..., I and z("“/), k' = 1,...,I are sampled independently from p and I is the
sample size.

Then we update the categorical distribution by a projected stochastic gradient descent algorithm:
pi < proje(pi — - V. [L(P)]),i=1,...,m, 4)
where 1 > 0 is the learning rate and proj,, is the projection function onto C.

We summarize the learning procedure in Algorithm 1. We first initialize the categorical distribution
for each token in the prompt. In each round, we sample a batch of unlabeled data and perform 1
iterations of sampling to compute the VR-PGE. Specifically, at the k-th iteration, we first sample
the sequence of tokens z;,7 = 1, ..., m, according to the distribution p;,7 = 1, ..., m to form the
prompt z, and combine it with the unlabeled query and demonstrations. Then we present [x;, z, D]
to the black-box LLM f(+, -, -) and obtain the prediction. We then compute the loss according to
Equation (3) and update the categorical distributions by Equation (4). After learning the prompt and
pseudo labels for the downstream task, we can directly use the pseudo-labeled data for further fine-
tuning of the model by using the commercial fine-tuning service. We can use the learned categorical
distributions to formulate the prompt to predict new unlabeled data.
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We construct the vocabulary V' following previous work (Shin et al., 2020; Diao et al., 2022). We
adopt point-wise mutual information (PMI) to construct the vocabulary of candidate prompt tokens
in an unsupervised manner. For each sentence in the downstream task, we compute the PMI by
PMI(z1,22) = log(Pr(z1,22)/(Pr(z1) Pr(xz))), where x1 and x5 are two adjacent words in the
sentence, and Pr(z) is the probability of an n-gram z. Therefore, the sentence is segmented based
on the PMI scores. We obtain a list of n-grams V' by extracting those consecutive words after
segmentation and with a frequency of at least §. As for N, we choose N between 50 and 200.

4 EXPERIMENTS

In this section, we evaluate the proposed algorithm with contenders using various benchmark datasets.
Next, we conduct ablation studies to verify the effectiveness of each component in our approach.

4.1 EXPERIMENTAL SETUP

Datasets. We use GLUE datasets (Wang et al., 2018): CoLA, SST-2, QQP, MRPC, MNLI, WNLI,
RTE; and MMLU datasets (Hendrycks et al., 2021): astronomy (AST), high-school-computer-science
(HSCS), high-school-mathematics (HSM), college-mathematics (Cmath), college-computer-science
(CCS), college-medicine (CMed), management (MAN), marketing (MAR), all-random (RND).

Contenders. Since we are the first to investigate the problem of unsupervised prompt learning, there
are no other methods to be directly used to compare with our approach. We compare the proposed
algorithm with four contenders. The first one is Direct, that is, we directly use the LLM to generate the
prediction. We also take two black-box LLM prompt learning algorithms into comparison. Since we
only have unlabeled data in the downstream task, we first select reliable pseudo-labeled data and then
use the black-box LLM prompt learning algorithms to learn the prompt. Specifically, BDPL (Diao
et al., 2022) uses a policy gradient descent method to optimize the categorical distribution of each
token in the prompt. RLprompt (Deng et al., 2022) formulates a parameter-efficient policy network
that generates the optimized discrete prompt after training with reward. We denote by “RD” that
the algorithm uses bias-reduced confidence to generate the reliable pseudo-labeled data, while “LG”
denotes that we use average linguistic confidence to generate the reliable data. We also introduce
the contender /CL (Liu et al., 2022) that use the selected high-confidence pseudo-labeled data as
in-context demonstrations to predict the remaining unlabeled data.

Implementation Details. In all experiments, we used GPT-4? and gpt-4o0-mini®, provided by OpenAl,
where gpt-40-mini is much cheaper than GPT-4. During preprocessing, we used the API to query
the black-box LLM with manual templates as specified in Appendix A.1. Confidence scores were
calculated based on the log probabilities returned during the query. For BDPL, we applied the
original BDPL algorithm (Diao et al., 2022), using pseudo labels as actual labels and setting high
hyperparameters, as specified in Table 4 in Appendix A.2. The same approach was used for the
RLPrompt algorithm and the ICL algorithm.

4.2 PERFORMANCE COMPARISON ON BENCHMARKS

In this part, we compare the proposed algorithm with other contenders on benchmark datasets. To
ensure a fair comparison with supervised prompt-tuning methods, we use the Cross Entropy loss as
the training loss for the BDPL, RLPrompt and PPD algorithms, as it demonstrates relatively better
performance compared to the Hinge loss. For the BDPL and RLPrompt algorithms, we use the default
parameter settings from their original papers. For the ICL algorithm, we apply the same in-context
selection method and the number of demonstrations used in our proposed PPD algorithm. For the
PPD algorithm, we set the number of in-context demonstrations to 5 and « to 2¢~°. The confidence
threshold is set to v = 0.7 in the proposed PPD algorithm, and we report the results using the optimal
confidence threshold for the contenders BDPL, RLPrompt, and ICL algorithms.

We report the comparison results of the proposed PPD algorithm with other contenders on benchmark
datasets in Table 1 and Table 2. Our proposed PPD algorithm outperforms almost all other contenders

Zhttps://platform.openai.com/docs/models/gpt-4-turbo-and-gpt-4
3https://platform.openai.com/docs/models/gpt-4o-mini
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Table 1: Performance comparisons of the proposed PPD algorithm with other contenders on the GLUE dataset.
For each dataset, 5 tests are conducted, and the average accuracy (%) as well as the standard deviation are
presented. The best result of each dataset is emphasized in bold.

Method MNLI QQP SST-2 MRPC CoLA WNLI RTE

Direct 91.6+24 713+£1.1 895+1.6 908+21 695+1.8 90.7+1.7 928+1.3
ICL (LG) 893+1.7 67.5+23 879+0.6 88.7+23 67.6+13 83.7+0.7 89.2+0.8
ICL (RD) 902421 683+£21 883408 899+16 655+24 872+18 8.5+1.1

BDPL (LG) 923+£1.7 71.7£19 912+18 91.7+12 698+23 904+13 931+1.0
BDPL (RD) 925+18 723+£1.7 902+23 921+£09 672+3.1 887+21 91.8+14
RLprompt (LG) {919 £2.1 69.74+29 88.6+25 8.9+25 703+22 90.6+12 90.1+15
RLprompt (RD) |92.5+0.6 69.5+32 89.5+2.1 89.8+19 69.7+14 84+19 899+17
PPD (LG) 91.8£23 715+£23 921+24 909+16 703+17 91.3+19 928+2.1
PPD (RD) 9214+19 723+21 915+12 899+18 69.0+12 90.7+15 92.1 £1.7

Table 2: Performance comparisons of the proposed PPD algorithm with other contenders on the MMLU dataset.
For each dataset, 5 evolutions are conducted, and the average accuracy (%) as well as the standard deviation are
presented. The best result of each dataset is emphasized in bold.

Method MAR MAN HSM HCS CMed CMath CCS AST RND

Direct 90.4£21 76615 50.7£3.1 90.6+£29 61.7+£18 405+43 682+25 89.5+2.7 68.6+12
ICL (LG) 879+23 751+12 459+£38 875+£15 586+43 374+33 683+£25 89+17 67.9+15
ICL (RD) 885+ 1.8 763+09 472+24 889+22 582435 399+26 693+14 86.3+24 68.1+13

BDPL (LG) 90.1+£1.6 783+£15 51.6+28 904+3.0 62.1+22 427+33 70.1+13 887+22 70.1+24
BDPL (RD) 90.7£20 792+1.1 53.1+19 923+22 615+18 441+£29 715+19 853+38 705+19
RLprompt (LG) [ 90.3 +£2.5 773+ 1.8 512425 89.6+24 60.7+23 40.7+29 695+24 893+£22 703+£19
RLprompt (RD) | 91.1 +£0.7 785+0.8 543 +12 91.1+23 595+3.1 43.0+14 709+17 87.7+29 706+15

PPD (LG) 915+13 784+£21 526+24 91.6+28 61.9+29 435+£26 70.6+2.1 888+2.6 71.9+25
PPD (RD) 91.9+0.6 798+15 535+1.7 929+1.5 614+25 449+17 728 +1.1 861+1.6 725+2.1

across the benchmark datasets. Compared with the Direct algorithm, our approach achieved superior
performance on nearly all datasets, demonstrating our success in leveraging unlabeled data to learn an
effective prompt for the downstream task and obtain more accurate predictions. The ICL algorithm
even underperforms the Direct algorithm, indicating the need to explore other unlabeled data in
the learning phase. Furthermore, our algorithm outperforms the BDPL and RLPrompt algorithms,
highlighting the importance of introducing in-context demonstrations during the learning phase, as
we further utilize pseudo-labeled data in the downstream tasks for prompt learning.

4.3 IN-CONTEXT DEMONSTRATIONS SELECTION

In this part, we evaluate the impact of varying the number of in-context demonstrations and the
training loss used in our proposed algorithm. For in-context demonstrations selection, we select the
K -nearest samples for each instance, following the distance measurement used by Liu et al. (2022).

We learn the prompt using different numbers of in-context demonstrations and loss functions, and
present the comparison results in Table 3. It can be observed that all versions of the PPD algorithm,
regardless of the number of in-context demonstrations, outperform the Direct algorithm and the
ICL algorithm with different K, highlighting the benefit of leveraging pseudo-labeled data for
unsupervised prompt learning in the downstream task. Among all tested values of K, setting K to 5
and using the Cross Entropy loss yields the most satisfactory performance.

4.4 ABLATION STUDIES

In this part, we analyze several aspects of the proposed PPD algorithm. Specifically, we investigate
the effect of different mechanisms for generating reliable pseudo-labeled data, the effect of the
entropy minimization term in the optimization process, and the influence of the hyperparameters in
the proposed PPD algorithm.

Reliable Pseudo-labeled Data Selection. We first investigate different mechanisms for generating
reliable pseudo-labeled data and the effect of different confidence thresholds y. We perform the
experiments on the two datasets GLUE and MMLU with the average accuracy measurement and
report the experimental results in Figure 3(a). We can observe that using RD and setting the
confidence threshold to 0.7 gives the best performance across all experiments. A small confidence
threshold will introduce incorrect pseudo-labels and thus affect the performance. A relatively high
confidence threshold will limit the size of the selected pseudo-labeled data and also cause performance
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Table 3: Performance comparisons for different number of in-context demonstrations used unsupervised prompt
learning on benchmark datasets. For each dataset, 5 evolutions are conducted, and the average accuracy (%) as
well as the standard deviation are presented. The best result of each dataset is emphasized in bold.

Method MNLI QQP SST-2 MRPC CoLA WNLI RTE RND

Direct 91.6+24 713+£1.1 895+1.6 90.8+2.1 695+1.8 90.7+1.7 928+13 68.6+ 12
ICL(k=3) |893+19 685+21 889+24 883+17 664+£23 875+17 883+£12 675+15
ICL(k=5) |90.54+0.8 673 +18 884+18 892421 672+17 884+1.1 889+09 68.1+17
PPD (k=3)|91.5+2.1 71.5£21 903+17 893+18 688£15 905+1.7 921+£2.0 71.5+£2.6
PPD(k=5)[923+17 721+19 921+22 902+19 705+11 91.2+13 926+ 1.8 72.7+2.2

Confidence Threshold vs Accuracy Error Bar and Bar Char Accuracy Comparison of LLMs

Ss72 Accuracy

GLUE(SST2) MMLU(RND)

Confidence Threshold (y)

(a) Performance with different reli-  (b) Accuracy and standard (c) Accuracy comparison

able data generation mechanisms and deviation with different en-  with two black-box LLMs:
confidence threshold . tropy minimization weights. ~ GPT-4 and GPT-40-mini.

Figure 3: Ablation studies for several aspects of the proposed PPD algorithm.

degradation. Therefore, it is suggested to use the bias-reduced confidence to generate the initial
reliable pseudo-labeled data and set the confidence threshold to 0.7 in practice.

Effect of Entropy Minimization. We then examine the effect of the entropy minimization term
with various a during inference on the SST-2 dataset. Since each discrete token is sampled from a
corresponding categorical distribution to form the prompt, the proposed entropy minimization term
aims to generate a more stable prompt during inference.

We report the experimental results in Figure 3(b). We can observe that, with the increasing of «,
the variance is reducing. This is because if we do not use the entropy minimization term during
optimization, the learned category distributions can even be flatten, making a random generation of
certain tokens in the prompts during inference time. Therefore, we introduce the entropy minimization
term for a stable prompt generation during inference and thus the variance is reduced.

Different black-box LL.Ms. Finally, we evaluate the performance of the proposed algorithm with
different black-box LLMs. Experiments are conducted on three datasets: GLUE, MMLU, using
average accuracy as the metric. We report the results for GPT-4 and GPT-40-mini in Figure 3(c). For
a fair comparison, we set the number of demonstrations to 5 and use the Cross Entropy loss.

We compare these results with those of the Direct algorithm. The proposed PPD algorithm outper-
forms the Direct algorithm with both GPT-4 and GPT-40-mini, demonstrating the general applicability
of our approach across different popular LLMs.

5 CONCLUSION

In this paper, we investigate unsupervised prompt learning for classification with black-box LLMs,
where we learn the prompt itself and the pseudo labels of unlabeled data simultaneously. After
first identifying initial reliable pseudo-labeled data using the LLM, we propose a novel learning
objective where we assign pseudo labels to other unlabeled data based on the prompt, allowing the
pseudo-labeled data to serve as in-context demonstrations alongside the prompt. These in-context
demonstrations are important: they are previously involved when the prompt is used for prediction,
while they are not involved when the prompt is trained; thus, taking them into account during training
makes the prompt-learning and prompt-using phases more consistent. Experiments on benchmark
datasets demonstrate the effectiveness of our proposed algorithm. After unsupervised prompt learning
and obtaining learned pseudo labels for the downstream task, we can then use the pseudo-labeled
dataset for further fine-tuning by the owners of the black-box LLM:s.



Under review as a conference paper at ICLR 2025

REFERENCES

Ekin Akyiirek, Dale Schuurmans, Jacob Andreas, Tengyu Ma, and Denny Zhou. What learning
algorithm is in-context learning? investigations with linear models. In The 11th International
Conference on Learning Representations (ICLR), 2022.

Tom Brown, Benjamin Mann, Nick Ryder, Melanie Subbiah, Jared D Kaplan, Prafulla Dhariwal,
Arvind Neelakantan, Pranav Shyam, Girish Sastry, Amanda Askell, et al. Language models are
few-shot learners. Advances in Neural Information Processing Systems (NeurIPS), 33:1877-1901,
2020.

Aochuan Chen, Yimeng Zhang, Jinghan Jia, James Diffenderfer, Konstantinos Parasyris, Jiancheng
Liu, Yihua Zhang, Zheng Zhang, Bhavya Kailkhura, and Sijia Liu. Deepzero: Scaling up zeroth-
order optimization for deep model training. In The 12th International Conference on Learning
Representations (ICLR), 2024.

Derek Chong, Jenny Hong, and Christopher D Manning. Detecting label errors by using pre-trained
language models. In Proceedings of the 2022 Conference on Empirical Methods in Natural
Language Processing (EMNLP), pp. 9074-9091, 2022.

Mingkai Deng, Jianyu Wang, Cheng-Ping Hsieh, Yihan Wang, Han Guo, Tianmin Shu, Meng Song,
Eric Xing, and Zhiting Hu. Rlprompt: Optimizing discrete text prompts with reinforcement
learning. In Proceedings of the 2022 Conference on Empirical Methods in Natural Language
Processing (EMNLP), pp. 3369-3391, 2022.

Shizhe Diao, Zhichao Huang, Ruijia Xu, Xuechun Li, LIN Yong, Xiao Zhou, and Tong Zhang.
Black-box prompt learning for pre-trained language models. Transactions on Machine Learning
Research, 2022.

Yu Fei, Yifan Hou, Zeming Chen, and Antoine Bosselut. Mitigating label biases for in-context
learning. In Proceedings of the 61st Annual Meeting of the Association for Computational
Linguistics (ACL), pp. 14014-14031, 2023.

Jiahui Geng, Fengyu Cai, Yuxia Wang, Heinz Koeppl, Preslav Nakov, and Iryna Gurevych. A survey
of confidence estimation and calibration in large language models. In Proceedings of the 62rd
Annual Meeting of the Association for Computational Linguistics (ACL), pp. 6577-6595, 2024.

Fabrizio Gilardi, Meysam Alizadeh, and Maé&l Kubli. Chatgpt outperforms crowd workers for
text-annotation tasks. Proceedings of the National Academy of Sciences, 120(30):e2305016120,
2023.

Junxian He, Chunting Zhou, Xuezhe Ma, Taylor Berg-Kirkpatrick, and Graham Neubig. Towards a
unified view of parameter-efficient transfer learning. arXiv preprint arXiv:2110.04366, 2021.

Dan Hendrycks, Collin Burns, Steven Basart, Andy Zou, Mantas Mazeika, Dawn Song, and Jacob
Steinhardt. Measuring massive multitask language understanding. In The 10th International
Conference on Learning Representations (ICLR), 2021.

Neil Houlsby, Andrei Giurgiu, Stanislaw Jastrzebski, Bruna Morrone, Quentin De Laroussilhe,
Andrea Gesmundo, Mona Attariyan, and Sylvain Gelly. Parameter-efficient transfer learning for
NLP. In Proceedings of the 36th International Conference on Machine Learning (ICML), pp.
2790-2799, 2019.

Edward J Hu, Phillip Wallis, Zeyuan Allen-Zhu, Yuanzhi Li, Shean Wang, Lu Wang, Weizhu Chen,
et al. Lora: Low-rank adaptation of large language models. In The 10th International Conference
on Learning Representations (ICLR), 2021.

Tony Huang, Jack Chu, and Fangyun Wei. Unsupervised prompt learning for vision-language models.
arXiv preprint arXiv:2204.03649, 2022.

Tao Lei, Junwen Bai, Siddhartha Brahma, Joshua Ainslie, Kenton Lee, Yanqi Zhou, Nan Du, Vincent

Zhao, Yuexin Wu, Bo Li, et al. Conditional adapters: Parameter-efficient transfer learning with
fast inference. Advances in Neural Information Processing Systems, 36:8152-8172, 2023.

10



Under review as a conference paper at ICLR 2025

Xiang Lisa Li and Percy Liang. Prefix-tuning: Optimizing continuous prompts for generation. In
Proceedings of the 59th Annual Meeting of the Association for Computational Linguistics (ACL),
pp. 4582-4597, 2021.

Jiachang Liu, Dinghan Shen, Yizhe Zhang, William B Dolan, Lawrence Carin, and Weizhu Chen.
What makes good in-context examples for gpt-3? In The 3rd Workshop on Knowledge Extraction
and Integration for Deep Learning Architectures, pp. 100-114, 2022.

Xiao Liu, Yanan Zheng, Zhengxiao Du, Ming Ding, Yujie Qian, Zhilin Yang, and Jie Tang. Gpt
understands, too. Al Open, 2023.

Xiaosong Ma, Jie Zhang, Song Guo, and Wenchao Xu. Swapprompt: Test-time prompt adaptation
for vision-language models. Advances in Neural Information Processing Systems (NeurlPS), 36:
65252-65264, 2023.

Sadhika Malladi, Tianyu Gao, Eshaan Nichani, Alex Damian, Jason D Lee, Dangi Chen, and Sanjeev
Arora. Fine-tuning language models with just forward passes. Advances in Neural Information
Processing Systems (NeurIPS), 36:53038-53075, 2023.

Sewon Min, Xinxi Lyu, Ari Holtzman, Mikel Artetxe, Mike Lewis, Hannaneh Hajishirzi, and Luke
Zettlemoyer. Rethinking the role of demonstrations: What makes in-context learning work? In
Proceedings of the 2022 Conference on Empirical Methods in Natural Language Processing
(EMNLP), pp. 11048-11064, 2022.

Long Ouyang, Jeffrey Wu, Xu Jiang, Diogo Almeida, Carroll Wainwright, Pamela Mishkin, Chong
Zhang, Sandhini Agarwal, Katarina Slama, Alex Ray, et al. Training language models to follow
instructions with human feedback. Advances in Neural Information Processing Systems (NeurIPS),
35:27730-27744, 2022.

Claude Elwood Shannon. A mathematical theory of communication. ACM SIGMOBILE mobile
computing and communications review, 5(1):3-55, 2001.

Taylor Shin, Yasaman Razeghi, Robert L Logan IV, Eric Wallace, and Sameer Singh. Autoprompt:
Eliciting knowledge from language models with automatically generated prompts. In Proceedings
of the 2020 Conference on Empirical Methods in Natural Language Processing (EMNLP), pp.
4222-4235, 2020.

Manli Shu, Weili Nie, De-An Huang, Zhiding Yu, Tom Goldstein, Anima Anandkumar, and Chaowei
Xiao. Test-time prompt tuning for zero-shot generalization in vision-language models. Advances
in Neural Information Processing Systems (NeurlPS), 35:14274—14289, 2022.

Tianxiang Sun, Yunfan Shao, Hong Qian, Xuanjing Huang, and Xipeng Qiu. Black-box tuning for
language-model-as-a-service. In Proceedings of the 39th International Conference on Machine
Learning (ICML), pp. 20841-20855, 2022.

Korawat Tanwisuth, Shujian Zhang, Huangjie Zheng, Pengcheng He, and Mingyuan Zhou. Pouf:
Prompt-oriented unsupervised fine-tuning for large pre-trained models. In Proceedings of the 40th
International Conference on Machine Learning (ICML), pp. 33816-33832, 2023.

Petter Tornberg. Chatgpt-4 outperforms experts and crowd workers in annotating political twitter
messages with zero-shot learning. arXiv preprint arXiv:2304.06588, 2023.

Johannes Von Oswald, Eyvind Niklasson, Ettore Randazzo, Jodo Sacramento, Alexander Mordvintsev,
Andrey Zhmoginov, and Max Vladymyrov. Transformers learn in-context by gradient descent. In
IProceedings of the 40th International Conference on Machine Learning (ICML), pp. 35151-35174,
2023.

Alex Wang, Amanpreet Singh, Julian Michael, Felix Hill, Omer Levy, and Samuel Bowman. Glue:
A multi-task benchmark and analysis platform for natural language understanding. In Proceedings
of the 2018 EMNLP Workshop BlackboxNLP: Analyzing and Interpreting Neural Networks for
NLP, pp. 353-355, 2018.

11



Under review as a conference paper at ICLR 2025

Zhen Wang, Rameswar Panda, Leonid Karlinsky, Rogerio Feris, Huan Sun, and Yoon Kim. Multitask
prompt tuning enables parameter-efficient transfer learning. In The 11th International Conference
on Learning Representations, 2022.

Jerry Wei, Le Hou, Andrew Lampinen, Xiangning Chen, Da Huang, Yi Tay, Xinyun Chen, Yifeng Lu,
Denny Zhou, Tengyu Ma, et al. Symbol tuning improves in-context learning in language models.
In Proceedings of the 2023 Conference on Empirical Methods in Natural Language Processing
(EMNLP), pp. 968-979, 2023.

Ronald J Williams. Simple statistical gradient-following algorithms for connectionist reinforcement
learning. Machine Learning, 8:229-256, 1992.

Adam X Yang, Maxime Robeyns, Xi Wang, and Laurence Aitchison. Bayesian low-rank adaptation
for large language models. In The 12th International Conference on Learning Representations
(ICLR), 2024.

Qingru Zhang, Minshuo Chen, Alexander Bukharin, Pengcheng He, Yu Cheng, Weizhu Chen, and
Tuo Zhao. Adaptive budget allocation for parameter-efficient fine-tuning. In The 11th International
Conference on Learning Representations (ICLR), 2023.

Zihao Zhao, Eric Wallace, Shi Feng, Dan Klein, and Sameer Singh. Calibrate before use: Improving
few-shot performance of language models. In Proceedings of the 38th International Conference
on Machine Learning (ICML), pp. 12697-12706, 2021.

Xiao Zhou, Weizhong Zhang, Zonghao Chen, Shizhe Diao, and Tong Zhang. Efficient neural network
training via forward and backward propagation sparsification. Advances in Neural Information
Processing Systems (NeurIPS), 34:15216-15229, 2021.

12



Under review as a conference paper at ICLR 2025

A APPENDIX

A.1 MANUAL TEMPLATES

The manual templates for each dataset are listed as follows. These manual templates follow the
prompt and demonstrations.

SST-2:

Review: {sentence}, Options: {options}. Answer:

COLA.

Sentence: {sentence} Options: {options}. Answer:

MNLI:

Premise: {premise }\nHypothesis: {hypothesis }\nOptions: {
options }. Answer:

QQP:

Question 1: {questionl }\nQuestion 2: {question2 }\nOptions: {
options }. Answer:

MRPC:

Sentence 1: {sentencel }\nSentence 2: {sentence2 }\nOptions: {
options }. Answer:

RTE:

Premise: {sentencel }\nHypothesis: {sentence2 }\nOptions: {
options }. Answer:

WNLI:

Sentence 1: {sentencel }\nSentence 2: {sentence2 }\nOptions: {
options }. Answer:

CAIS/MMLU:
Question: {question}, Options: {options}. Answer:
A.2 HYPERPARAMETERS SETTING

Table 4: Hyper Parameters for Each Dataset

Dataset MNLI QQP SST-2 MRPC CoLA WNLI RTE MMLU
Prompt Length 20 50 50 40 50 50 50 50
Learning Rate 2e-4 le-4  4e-4 le-4 2e-4 le-4 le-4 2e-5
# of Demonstrations 4 3 3 4 5 5 5 5

Table 5: Datasets with corresponding prompt lengths and learning rates.
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