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ABSTRACT

Recent breakthroughs in large language models (LLMs) have opened the door to
in-depth investigation of their potential in tabular data modeling. However, the
paradigm for effectively utilizing advanced LLMs in few-shot and even unseen
scenarios remains to be explored. We observed an unusual phenomenon: directly
using LLMs for data augmentation or rule generation by feeding a few exam-
ples significantly degrades the reasoning ability in tabular data understanding. We
identified two main obstacles behind this issue: overfitting to the examples and
knowledge disruption. Specifically, the provided examples may introduce noisy
patterns that interfere with the model’s prior knowledge, leading to unexpected
and less reliable results. To this end, we propose an example-free framework to
leverage the inherent knowledge of LLMs. Our key idea is to prompt the LLM
for feature value generation based solely on task and feature description. Without
such example pollution, each output feature value is treated as a standard guide-
line, and they together act as a prototype for each class. To transfer the LLM’s
knowledge to a given task, we further design an efficient fusion strategy to in-
tegrate the prototype with examples, showing impressive generalizability in the
few-shot setting. Importantly, our pipeline requires no learnable variables, result-
ing in a desired training-free property. Extensive comparisons and ablations on
multiple tabular datasets demonstrate the improvements of our simple framework.

1 INTRODUCTION

Large Language Models (LLMs) have shown impressive understanding abilities for solving unseen
tasks. Functional as both knowledge repositories and reasoning engines, they are often viewed as
the holy grail in recent machine learning fields (Achiam et al., [2023} [Badaro et al., 2023; [Dubey
et al., 2024). This sparks a research trend that focuses on applying LLMs to tabular data analysis.
Tabular data, which consists of structured rows and columns (or samples and features), is a critical
format in industries such as finance (Arun et al., [2016; |[Clements et al., [2020), healthcare (Ulmer
et al.,|2020; |[Zhou et al.} 2020), and more (Buczak & Guven,[2015;|Guo et al.,[2017). Unlike textual
sequences, the features in tabular data are often heterogeneous, and their interrelationships are not
inherently sequential. This complexity poses significant challenges for tabular data learning, partic-
ularly in real-world few-shot constraints, where algorithms are expected to exploit prior knowledge
to learn effectively from limited labeled samples. In contrast, traditional algorithms often struggle
to optimize in such constrained settings (Ucar et al., 2021; Han et al., 2024)).

To tackle such knowledge deficit issues, recent research has focused on integrating tabular learning
into language generation pipelines, leveraging LLMs to enhance few-shot performance. Pre-trained
in extensive datasets with vast parameters, LLMs embody a rich repository of prior knowledge and
demonstrate a near-human level of comprehension (Brown et al., [2020; [Bommasani et al., 2021}
Chen et al} 2023 Touvron et al.,, |2023; [Kong et al.l [2024). Notably, they can quickly adapt to
new tasks through task-oriented prompts. This prompt-based approach is not only user-friendly but
also significantly enhances the model’s ability to transfer pre-trained knowledge to novel and un-
seen scenarios efficiently. In alignment with these principles, recent attempts have designed prompt
templates such as “<Meta-Info>-<Example>-<Query>", where <Meta-Info>, <Example> and
<Query> denote the task and feature descriptions, few-shot examples, and user queries, respec-
tively, outperforming conventional tabular learning baselines in few-shot regimes. For instance,
TabLLM (Hegselmann et al.| 2023) evaluates several ways of serializing tabular examples into nat-
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Figure 1: Example-based and example-free outputs of LLMs for feature inference. Example-based LLMs
exhibit overfitting tendencies, while example-free LLMs provide more generalized outputs.

ural language strings, facilitating the efficient interpretation of structured inputs by LL.Ms. Besides,
FeatLLM (Han et al.,|2024) demonstrates that LLMs can be viewed as rule generators and prompts
LLMs to directly output decision rules for each class by feeding the few-shot examples, showing a
more efficient strategy to utilize prior knowledge.

While these example-based LLMs have achieved impressive results, we observe an unusual phe-
nomenon: poor-quality examples could degrade the reasoning ability of LLMs. In few-shot learning,
the provided examples typically serve as an empirical approximation of the true data distribution;
unfortunately, they often fail to capture the full complexity and variability of underlying patterns,
particularly in the context of heterogeneous tabular features (Harari & Katz, [2022; Jin et al., [2023}
Li et al.| 2024b)). Moreover, due to the limited number of examples, these samples may contain spu-
rious correlations or causality, introducing irrelevant features or misleading guidance. As shown in
Figure. |1} example-based LLMs attempt to learn from the given examples, they may overfit to biased
patterns, which could conflict with their pretrained knowledge, leading to inaccurate predictions and
undermined the ability to generalize effectively to new, unseen data. Similar challenges have also
been observed in recent studies in the fields of computer vision and natural language processing (L1
et al., 2024at; [Liu et al., [2024).

To address above overfitting and knowledge pollution issues, in this paper, we propose ProtoLLM,
which is an example-free framework to employ LLMs as prototype builders for zero and few-shot
tabular data classification. Intuitively, as collecting high-quality examples is often nontrivial in
practice, we ask whether one can draw out the task-specific knowledge of LLMs with example-free
inputs. We are inspired by recent success in zero-shot learning literature, which queries LLMs only
with task descriptions and demonstrates that LLMs are decent zero-shot reasoners (Kojima et al.,
2022; 'Wang et al., [2023). Specifically, we remove the <Example> term from the prompt template
and encourage LLMs to generate feature values according to their inherent knowledge about the
given tasks. This simple strategy avoids the introduction of poor-quality examples, allowing LLMs
as human experts to think using task-specific common sense, and thus predict the reasonable value
“high” in the case of Figure[l| We highlight the following advantages of the proposed ProtoLLM:

* Training and Example-Free. Applying ProtoLLM to tabular data classification requires
no learnable variable. More importantly, querying ProtoLLM is zero-shot. LLMs take the
prompt “<Meta-Info>-<Query>" as input and output the discriminative feature values
for each class, resulting in a novel example-free framework for tabular data learning. We
further propose to build the class-level prototype by combining the few-shot examples and
generated feature values from LLMs in the observed space. Therefore, we can classify the
test sample directly by comparing its Euclidean distance with the prototype of each class,
making ours a training-free method.

* Feature Value Generation by LLM. Unlike traditional data augmentations that employ
LLMs to generate all features of a tabular sample simultaneously, we focus on querying
LLMs feature by feature. This feature-level generation relieves LLMs from the complex
inter-feature relationships, resulting in a meaningful feature discovery. Furthermore, this
trick can also act as a novel data augmentation tool after a simple concatenation along the
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Figure 2: Overview of our proposed ProtoLLM. The upper part shows our example-free feature value gen-
eration by LLMs, which predicts the potential values of the feature for each class by feeding our customized
prompt into LLMs. Here the prompt depends on the description about task and feature from the dataset. The
lower part shows our prototype construction and classification, which builds the class-level prototype with the
generated feature value by LLM and introduces a training-free classification framework.

feature dimension. We find the generated features can improve previous baselines signifi-
cantly (Fig.[7).

* Prior Knowledge and Target Examples Disentanglement. Thanks to the above advan-
tages, if we have a few examples, we can shift the prior feature values derived from LLMs
to the target domain through a fusing strategy. The resulting feature values are viewed as
combined prototypes, and they benefit from both of the LLMs’ knowledge and few-shot
domain guidance. As the prior feature values are obtained via an example-free manner,
such disentanglement can mitigate the misalignment between LLMs and examples. This
helps to utilize the examples more efficiently, showing promising results in few-shot set-

tings (Fig.[3).

We compare ProtoLLM with advanced baselines on multiple tabular datasets in zero and few-shot
settings and provide detailed ablations from various perspectives, showing its robust and supe-
rior performance. By generating discriminative values for each feature, ProtoLLM outperforms
FeatLLM by a clear margin, providing a solid option for future studies on tabular data analysis.

2 RELATED WORK

Few-shot Tabular Data Learning. The development of effective algorithms for few-shot tabular
learning has long been a popular research topic, due to their wide variety of applications (Borisov
et al., 2022} |Kadra et al., 2021} [Sattarov et al.| [2023)). Inspired by the great success across various
modalities (Schick & Schiitzel 2020; Wang et al.l [2024), previous works have proposed a num-
ber of few-shot learning frameworks using different techniques, including Bayesian inference, data
augmentation, self-supervised learning and others. For example, TabPFN (Hollmann et al., 2023)
design a prior to model complex uncertainty of tabular data and show promising performance in
small tabular classification tasks. STUNT (Nam et al.,|2023)) uses unlabeled data to generate diverse
few-shot tasks, demonstrating that meta-learning is an effective solution for tabular data, while some
works show that contrastive learning is another option to learn general features (Verma et al., 2021}
Shenkar & Wolf}, 2022). As a follow-up, a series of self-supervised learning methods are proposed
for tabular data, they often adopt data augmentation trick and reconstruction loss to extract useful
patterns (Majmundar et al.| 20225 [Ucar et al., 2021} |Bahri et al.| 2022]).

Understanding Tabular Data with LL.Ms. The impressive performance of LLMs has highlighted
their broad knowledge and potential in instruction following and low-shot understanding (Ouyang
et al.| [2022; Brown et al.,|2020). This motivated recent attempts to integrate LLMs with tabular data
learning (Manikandan et al., |2023; |Hollmann et al., 2024} [Dinh et al., [2022; |Wen et al., |2024])). For
instance, Curated LLM (Seedat et al., |2023) leverages the in-context capabilities of LLMs for data
augmentation and shows that LLMs are high-quality tabular data generators. TabLLM (Hegselmann
et al.l [2023) takes tabular examples as input and fine-tunes LLMs on few-shot tabular datasets,
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showing competitive results with traditional tree-based models. P2T (Nam et al.| 2024)) propose a
transfer learning framework based on LLM that facilitates classification with a limited amount of
labeled data. To avoid end-to-end prediction and fine-tuning in utilizing LLMs, FeatLLM (Han et al.,
2024) employs LLMs to extract rules for better prediction while achieving relatively low inference
time. Our ProtoLLM is most relevant to these LLM-based models but differs from them in terms of
feature generation and label prediction.

3 METHODS

This work introduces ProtoLLM, a novel training-free and example-free framework for integrating
LLM:s into tabular few-shot classification. The overview of ProtoLLM is shown in Fig. 2] The core
idea behind ProtoLLM is to generate discriminative feature values by querying LLMs with example-
free prompts, as described in Sec. 3.1} This avoids knowledge pollution in previous example-based
models and ensures the output features come solely from LLMs. Given the generated values of each
feature, we design a training-free method to build prototype and classify new samples, as described
in Sec. 3.2} Ours provides a promising solution to use LLMs and examples more efficiently.

Problem Formulation. We consider a dataset with N samples, denoted as S = {(x, yn)}Y_1,
where N is usually small in low-shot tasks and N = 0 means the zero-shot setting. Each sample x,,
consists of D features in total. fo denotes the d-th feature of x,,, which can be either a numerical
feature or a categorical feature. Specifically, if ¢ is a numerical feature, then z¢ € R and rep-
resents a scalar value. If ¢ is a categorical feature, it is represented as a one-hot encoded vector
with 1 denoting the corresponding category. The label y,, € {1,...,C} indicates the class of the
sample, with C being the total number of classes. Denote F = { fusk, fiiil } as the set of descriptive
information for the dataset, which are usually available in tabular dataset. Specifically, fi,sx is the
information related to the task and ff%at is the descriptions corresponding to the d-th feature. Taking
the Adult dataset as the example, “education” is the d-th feature, ft-‘éal now includes the explanation
about the “education” itself, e.g. education level, and its feature values, e.g. primary, secondary,
tertiary, unknown. Learning from S, ProtoLLM aims to predict the label of new data.

3.1 FEATURE VALUE GENERATION BY LLM

To draw out the prior knowledge of LLMs and enable them to analyze our problem like a human
expert, as illustrated in Fig[3] we carefully design an example-free prompt by proposing a novel way.
Specifically, for d-th feature, we denote the prompt as P( fusk, fiy) = [<Meta-Info>-<Query>|,
where we shorten it to P; for convenience. The prompt is started with “you are an expert in ...”, a
classic and shared sentence in prompt engineering. Then, we design “<Meta-Info>" by introducing
the information about task and the d-th feature. It is used to provide basic information into LLMs.
Besides, “<Query>" is constructed with a reasoning instruction followed by a requirement of output
formation. For the d-th feature, we query LLMs with the prompt template P; and expect that LLMs
output correct feature values for each class. We describe this process in more detail below.

Task and Feature Information in <Meta-Info>. For LLMs, it’s crucial to provide a clear task
description and detailed feature information. The task description explains the objective, scope, and
expected outcomes. As shown in Fig[3] we summarize the <Meta-Info> in red words. For the
Adult dataset, the task is “Does this person earn more than 50000 dollars per year? Yes or no?”.
Each feature description outlines the input variables used in prediction, clarifying their roles. For
instance, “relationship” refers to the individual’s family role, such as spouse or child, which can
impact income potential. The description is “What this individual is relative to others”. Designed
in this way, the meta-information (task and feature descriptions) allows LLLMs to understand the
current task and leverage their prior knowledge for generating representative feature values.

Reasoning Instruction & Response Format in <Query>. The objective of the prompt is to guide
the LLM in generating possible values for each target class based on a given feature. Motivated
by the recent chain-of-thought (CoT) tricks (Wei et al.| [2022b; |Lyu et al.| [2023)), we construct the
reasoning instruction with two steps, i.e., green words in Fig[3] First, we ask LLMs to analyze the
potential causality of the task and feature based on the provided information in “<Meta-Info>".
This allows LLMs to mobilize their pre-trained knowledge about the question. Then, given the
output analysis, LLMs are encouraged to infer the possible feature values for each class, where we
devise the response format with blue words in Fig[3]
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("You are an expert in analyzing relationships between features and target variables.
Given a feature description and a task, your goal is to analyze how the feature relates to the
target and then generate a dictionary with specific details.

Task: Does this person earn more than 50000 dollars per year? Yes or no?
Feature: relationship, what this individual is relative to others(categorical variable with
categories: ['Own-child’, 'Husband', 'Not-in-family’, 'Unmarried', 'Wife', 'Other-relative])

First, thoroughly analyze the relationship between the feature and task using your prior
knowledge.
Then based on this analysis, create a dictionary with the following format:

The output should be a markdown code snippet formatted in the following schema, including
the leading and trailing " “json" and """
“json
{
"no™: [list of strings] // possible values of feature relationship for target class no
"yes": [list of strings] // possible values of feature relationship for target class yes

8

The relationship values should be presented as strings in lists. And make sure the list of each
\target class is not empty.

J

Figure 3: An example prompt of our ProtoLLM to generate feature values for the “relationship” attribute in
the Adult dataset. Here, black words mean the classic sentence in prompt, red words denote the descriptions
about task and feature, i.e., <Meta-Info>. Besides, green words denote the reasoning instruction and blue
words denote the response format that we expect LLMs to output, which construct the <Query>.

q Based on prior knowledge, the relationship feature describes what an individual is relative to A

others. It is a categorical variable with the following categories: ['Own-child', 'Husband', ‘Not-
in-family’, 'Unmarried', 'Wife', 'Other-relative'].

To analyze the relationship between this feature and the task of earning more than $50,000 per
year, we can examine the potential relationship categories that are more likely to have a
positive or negative impact on the target variable.

According to common knowledge, individuals who are married or have a spouse (categories:
'Husband', 'Wife") are more likely to have higher household incomes. On the other hand,
individuals who are children (category: ‘Own-child") or have no family attachments (categories:
‘Not-in-family', 'Unmarried’, 'Other-relative’) might have lower household incomes.

Based on this analysis, we can create the following dictionary with the specific details:
“json
{
"no": ["Own-child", "Not-in-family", "Unmarried", "Other-relative"],
"yes": ["Husband", "Wife"]
}

Please note that this analysis is based on general knowledge and should be further validated
\with the dataset at hand. Y,

Figure 4: Response for the “relationship” attribute in the Adult dataset, generated by GPT-3.5, where “no” and
“yes” in blue color denote the target class in Adult dataset (whether this person earn more than 50000 dollars
per year?). Besides, the red words mean the corresponding discriminative feature values generated by LLMs.
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3.2 BUILD PROTOTYPE AND CLASSIFY

Given the representative values for each feature, how to utilize them for tabular zero-shot and few-
shot classification tasks is a key problem. Different from most of existing methods that use the
augmented samples by LLM to train a classifier, we introduce a training-free method by building
prototype for each class directly. Let z. q denote the generated value for d-th feature in class c:

{Zc,d = LLM(Py)[c] if d-th feature is a numerical feature, 0

Ze,d = One-hot(LLM(Py)[c]) if d-th feature is a categorical feature,

where P; denotes the prompt input for d-th feature, and LLM(-)[c] denotes the output values of
LLMs for c-th class. We directly use the output values of LLMs for numerical features and post-
process the categorical features with the One-shot(-) function to convert the output class index to a
one-hot vectolﬂ Considering the robustness, we can query LLMs K times for each feature inde-
pendently, resulting in a set of feature values: Z. g4 = {ziC 41, . To complete the prototype O, for
class ¢, we adopt an average strategy on Z as follows:

K
1
6(: - [0(:,17"'70(1,d7"'70(:,D}7 ec,d - E};Zﬁd’ (2)

where we concatenate all averaged features to build the final prototype O.. Note that this prototype
is inferred solely from LLMs via our example-free prompt, and it thus implicitly encodes common
knowledge of LLMs for the target task. From the Bayesian perspective, the prototype acts as a
domain expert and provides meaningful priors for prototype learning.

Importantly, the prototype in Eq. [2]is built in the zero-shot setting, and it can be simply shifted to
the target domain if the few-shot samples are given (we still use 8, 4 for simply):

K
1
Ocd = a7 ; . 3
RS ( eat D ) ®

=1 x, €S,

where S, is the subset of S containing samples with label c. The first prior term focuses on general
knowledge from LLMs, which presents the common sense of the given task. The second term
can be explained as the data likelihood. It contains the domain information encoded in the input
samples. Eq.[3]receives information from two different domains and combines them via an average
operation. This simple yet efficient fusing strategy helps the pre-trained knowledge transfer to the
target distribution, improving the prototype learning in the few-shot setting.

Prediction. Once the prototype is calculated, one can predict the label y for a new sample x:

xp(—Dis T
oy = cla) — _ SRDOTT)
Y o—q exp(—Dist(O., ) /T)
where 7 is a hyper-parameter and Dist(+, -) denotes the distance between prototype and sample,
which is specified as the Euclidean distance by default. Notably, Eqs. 2} f] are calculated without
any learnable variables, resulting in a training-free framework for tabular data classification. We
summarize the workflow of ProtoLLM at Algorithm [T]of Appendix.

“4)

3.3 FURTHER ANALYSIS

Feature-level Prior Generation. Here, we analyze the proposed example-free strategy in more
depth. Firstly, ProtoLLM generates features in a zero-shot manner. This not only satisfies the
practical need for tabular data but also avoids knowledge pollution, providing an efficient solution to
utilize the prior knowledge of LLMs. Secondly, ProtoLLM focuses on a single feature at each query
time. Unlike previous works that generate all features (or important features) directly, our feature-
level strategy transforms the complex reasoning problem into D tractable sub-problems, allowing
LLMs to highlight the correlations between the target label and current feature, showing promising
presentation learning compared to sample-level methods (Tab. [I). Lastly, the generated features
can also be used as augmented samples. As discussed above, these LLM-generated feature values

"For the case where LLMs output m feature values, z is obtained as:z = % DDA
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capture common properties for each class, and we empirically find that they together can be used as
high-quality samples to improve various baselines (Fig.[7).

Bayesian-aware Prototype Construction. Generally, Eq. [3] calculates prototypes by explicitly
combining the prior knowledge and domain information, which is quite different from previous
example-based LLMs. Specifically, those methods feed examples into prompts and expect LLMs
to act as Eq. 3] to directly generate the prototype. This implicit strategy, unfortunately, fails to in-
fer the correct prototype when the given poor-quality examples conflict with LLMs’ knowledge.
In contrast, our ProtoLLLM ensures the prior is reasonable in most cases, which could mitigate the
knowledge pollution issue and result in better prototypes.

4 EXPERIMENTS

In this section, we first introduce the setups of the low-shot tabular data classification and imple-
mentation details. Then we evaluate the proposed model with recent advances, including traditional
machine learning methods, few-shot algorithms, and LLM-based frameworks. We also conduct
extensive ablations to test the effectiveness of the proposed modules.

4.1 EXPERIMENTAL SETUPS

Datasets. Following the previous FeatLLM, we here focus on few-shot tabular data classifica-
tion across 10 datasets, including binary or multi-class classification tasks. Specifically, we use
Adult (Kohavi et al.l [1996), Bank (Moro et al., |2014), Blood (Yeh et al.| [2009)), Car (Kadra et al.,
2021)), Credit-g (Kadra et al.l 2021), Diabetes (Smith et al., |1988]), Heart (Detrano et al., |1989),
Myocardial (Golovenkin et al.} 2020), and two other datasets including Cultivars (de Oliveira et al.
2023)) and NHANES, which were released recently and not included in the LLMs pre-training stage.
These datasets cover fields such as financial, medical, and recommendation, varying in size and
complexity. Each dataset contains the corresponding name and description for each attribute, which
serves as meta-information in our example-free prompt. We summarize all datasets in Appendix[A.2]

Baselines. We compare ProtoLLLM against three types of baselines: (/) Traditional machine learn-
ing methods. This category includes Logistic Regression (LogReg), K-Nearest Neighbors (KNN),
and XGBoost, representing a range of commonly used algorithms and showing robust results in tab-
ular data analysis. (2) Deep learning methods. We here examine methods specifically designed for
tabular few-shot learning, including STUNT (Nam et al., 2023)), TabPFN (Hollmann et al., |2023)),
and a 2-layer MLP for comparison. (3) LLM-based framework. This includes methods such as In-
context Learning (Wei et al.,2022a), TABLET (Slack & Singhl [2023)), TabLLM (Hegselmann et al.}
2023)), and FeatLLM (Han et al.l [2024). Specifically, we serialize tabular data in a manner similar
to TabLLM, but we query GPT-3.5 to ensure a fair comparison with our method in a zero-shot sce-
nario. All of which utilize LLMs’ prior knowledge to enhance performance in few-shot tabular data
prediction. These LLM-based models are most closely related to our ProtoLLM. Generally, they
focus on leveraging LLMs by feeding examples, we aim to explore an example-free framework to
draw out priors, avoiding the mentioned knowledge pollution and overfitting issues.

Implementation Details. Following FeatLLM, we select gpt-3.5-turbo-0613 as our base LLM
by default. The number of query times K is set to 10 for each feature across all datasets and the
temperature 7 in Eq. [ is fixed at 1. For the baseline models, the results for STUNT, In-context
Learning, TABLET, TabLLM, and FeatLLLM are derived from Han et al.[(2024). We set the number
of samples per class as the same as query number K in k-Nearest Neighbors (KNN), and use a hidden
dimension of 1024 for Multi-Layer Perceptron (MLP). Implementation details for other baselines
can be found in the Appendix[A.4]

4.2 RESULTS
4.2.1 ZERO AND FEW-SHOT CLASSIFICATION

To evaluate the capability of our ProtoLLM in processing tabular data, we compare it with baselines
on the zero and few-shot classification tasks. Specifically, we run ProtoLLM 15 times, only with
different seeds, and report the average area under the receiver operating characteristic curve (AUC)
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at Fig. |§[ We compare the performance of 11 models under various shot settings (4, 8, 16, 32, and
64), with AUC curves displayed in the subfigures for each dataset. Besides, we also report zero-shot
results of our ProtoLLM and TabLLM to test the performance of applying LLMs on unseen tabular
data classification without example instructions. Due to limitations in some baseline models, we
were unable to evaluate them on certain datasets and shot settings. These limitations are explained
in Appendix[A.3] The overall average rank across 10 datasets is shown in the top-left subfigure, with
all numerical results provided in Table 9] of appendix.
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Figure 5: Comparison of AUC scores with different methods across 10 datasets. (a) denotes the average
performance on all datasets. (b)-(k) denotes the performance on each dataset, respectively.

From Fig.[5] we have the following remarkable findings. Firstly, our ProtoLLM outperforms existing
approaches for most datasets and achieves the No.1 average rank over all zero and few-shot settings.
This significantly demonstrates the robustness and adaptability of the proposed ProtoLLM across
different settings. Secondly, we find that LLM-based models beat traditional machine learning and
deep learning methods with a large gap, especially in the very few-shot settings. There is no doubt
that LLMs provide rich domain knowledge and help models recognize the core patterns among het-
erogeneous features. Furthermore, our ProtoLLM achieves the highest AUC scores on 5/10 datasets
compared to the LLM-based models, while in contrast, TabLLM and FeatLLLM obtained the high-
est AUC scores on 2/10 datasets, respectively. We attribute this superiority to the effectiveness of
our example-free prototype generation framework. For one thing, the example-free prompt tends to
draw out the clean prior knowledge of LLMs, providing more correct features for downstream tasks.
For another thing, our simple feature fusing strategy efficiently combines the LLMs prior and data
likelihood, resulting in better prototype learning. Lastly, our approach outperforms TabLLM at most
zero-shot settings, setting a solid baseline for applying LLLM for unseen tabular data classification.
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4.3 FURTHER DISCUSSION

Given the strong performance on both zero and few-shot settings, we next aim to dig out which
components of ProtoLLM play a central role in prompting LLM in tabular data learning. To get
the final prototypes, ProtoLLM designs two novel strategies: example-free prompts and feature-
level generation. The former ensures a clean output of LLMs solely based on their common sense,
and the latter helps LLMs ignore complex correlations between tabular features and focus on the
true causality of a given feature and the target label. Consequently, we introduce three variants
of ProtoLLM and conduct extensive ablations. Specifically, For the first factor, we modify our
example-free prompt by inserting few-shot tabular examples. For the feature-level factor, we ask
LLMs to generate all D feature values simultaneously. We report the ablation results in Tab. [T}

We find consistent improvements for ProtoLLM when using feature-level generation without exam-
ples in most cases. More interesting, compared to sample-level generation, our approach demon-
strates superior performance by fusing the intrinsic characteristics of individual features, which
facilitates the construction of more generalized and robust prototypes. Another key observation is
that adding examples to both feature-level and sample-level generation led to a noticeable decrease
in performance, indicating the presence of example pollution.

Table 1: AUC scores under varying shot settings, compared with different generation methods.

Data ‘ example ‘ generation ‘ Shot
| | 0 4 8 16
sample-level 83.9943.13  83.73£2.31  85.24+1.97
Adult featurel-level 79.44+4.98  83.47+1.52  84.26+2.95
sample-level | 83.59+2.15 84.46+1.76  84.88+1.54  85.19+1.73
featurel-level | 85.93+0.64  86.01+0.78  86.12+0.92  86.28+0.77
sample-level 64.53£12.01 72494745  74.45%£7.90
Bank featurel-level 70.28+6.72  71.01£5.62  76.85+3.82
sample-level | 68.80£5.67 71.47+5.50  72.40+5.19  75.75+3.92
featurel-level | 80.20+2.22  80.85+2.58  81.41+2.58  83.26+1.40
sample-level 62.84+12.01 68.25+9.42  66.89+11.10
Blood featurel-level 62.93+12.96  64.39£10.31 68.46+10.02
sample-level | 71.60+£5.49  71.48+5.32  71.65+#5.02  71.33+4.50
featurel-level | 75.63+4.15  75.98+4.99  76.35+4.61  75.46+4.12
sample-level 46.47+£7.92  49.29+9.74  48.84+8.76
Cultivars featurel-level 47.714£9.54  49.6249.96  50.07£9.20

52314947  48.9448.68  50.73#8.19  50.37£6.31
58.93+8.13  59.37£7.98  60.51+£8.00  60.45+7.13

sample-level
featurel-level

Impacts of Distance Metrics. In previous experi- Table 2: Mean AUC across all datasets for differ-
ments, we used the Euclidean distance to calculate ent distance metrics.

the semantic difference between the prototype and

the test data. Here, we selected different distance Shot | Euclidean Manhattan ~ Cosine
metrics (Euclidean, Manhattan, and Cosine) to eval- 0 72.07 b2 721
uate their impact on performance. We report the av- 4 73.48 73.45 73.52
erage AUC score for 10 datasets in Tab[2} From the 8 74.63 7428 7457
table, we can observe that the differences in AUC ;g ;g ;382 ;ggg
between the various distance methods are relatively 64 79.8 78.46 79.9

small. This insensitivity to the distance function sug-
gests that our generated prototypes capture distinctive features unique to each class and are robust
to different semantic metrics. For a more detailed comparison, please refer to Appendix [A.9]

Impacts of Base LLMs. Note that our ProtoLLM is LLM-agnostic, which means we can apply
various LL.Ms to improve the tabular data analysis. In this experiment, we compare the performance
of the GPT-3.5 and GPT-40 models in zero-shot scenarios to this end. The results are summarized in
Tab[3] We find that GPT-40 demonstrates slightly better performance than GPT-3.5 overall, indicat-
ing its improved capability in zero-shot understanding tasks. However, in some datasets, GPT-3.5
still maintained competitive performance. We also perform experiments with open-source LLMs to
further validate our approach. For details, please refer to Appendix

Analysis of Query Times per Feature. We query LLMs K times for better feature value generation
in the previous experiments. We here test the impact of the number of query times and report the
average results on 10 datasets in Fig.[6] Generally, K balances the weights of prior knowledge and
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data likelihood. As K increases, LLMs become more significant in the final prototype construction.
One can obtain higher results after selecting the optimal K on the validation datasets.

Table 3: Comparison of AUC results Table 4: AUC results of ProtoLLM and its
between GPT-3.5 and GPT-40 in zero- feature-weighting variant on four datasets.
shot scenarios.

Data | Shot | ProtoLLM ProtoLLM+weight

Data | GPT-3.5 GPT-40 0 80.20 81.08
Bank 4 80.85 81.06

Adult 85.93+0.64 85.74+0.51 8 81.41 81.05
Bank | 80.20+2.22  82.25+0.91 0 1 6120 4,09
Blood 75.63+4.15 77.83+4.53 Credit-g 4 62.25 65.71
Car 78.29+1.72 77.86+1.56 8 63.26 66.63
Credit-g | 61.29+3.03 58.66+4.62 0 75.65 81.55
Cultivars | 58.93+8.13  61.16+5.58 Diabetes | 4 75.68 81.63
Diabetes | 75.65+3.05 73.17+3.57 8 75.76 8161
Heart 58.28+4.30 74.37+4.09 0 83.96 97.52
NHANES | 83.96+3.21 86.38+2.25 NHANES | 4 86.60 98.18
8 88.30 98.44

ProtoLLLM as Data Augmentation. Previous results suggest that our training and example-free
framework have great potential for high-quality generation. Let % = [sz’l, szyg, cee zf D] denote
k-th augmented sample for class c¢. To evaluate such data augmentation abilities of ProtoLLM, we
first use these K x C' samples to augment D and then apply traditional machine learning meth-
ods. The results in Fig[7]show that our augmented samples significantly improve the classification
accuracy on Logits Regression, K-Nereast Neighbors, and MLP, verifying the superior quality of
the data generated by our approach. However, despite these gains, the results still do not surpass
the performance of our method, further demonstrating the advantage of the feature-level prototype
generation in our approach.

VZA4 MLP w/ augmentation [ZZ] LogReg w/ augmentation
80.01 801 B MLP w/o augmentation BB LogReg w/o augmentation
. KNN w/ augmentation BN ProtoLLM

- S'M o o sameneter,

__75.0]

E’i 72.51 W
9]
2 70.0 o= zerosshot
67.5 o et
65.0+ -@- 16:shot
~@- 32-shot
62.54 ~®- 64-shot
=== full-shot
600—F—————(————————
0 2 4 6 8 10 12 14 16 18 20
Number of queries
Figure 6: Averaged AUC results of ProtoLLM Figure 7: Average AUC results of baselines
with various query times. with various data augmentations.

Weighted Feature Generation. Feature importance is a technique that identifies which features in
a tabular dataset significantly influence a model’s predictions. Intuitively, considering the feature
weights at the prototype construction stage should enhance prediction accuracy. Motivated by this,
instead of only generating the feature values, we in this section ask LLMs to simultaneously output
feature weights. Tab. []illustrates the comparisons of ProtoLLM and its feature-weighting variant.
We find ProtoLLM+weight outperforms ProtoLLM significantly in most cases. Detail information

is provided in appendix [A.12]

5 CONCLUSION

We propose ProtoLLM, a training and example-free framework for zero and few-shot tabular data
classification. This provides a novel strategy to combine prior knowledge of LLMs and data likeli-
hood for prototype construction. We show that it is possible to efficiently draw out clean common
sense of LLMs and generate feature values by designing example-free prompts, and that doing so
effectively avoids knowledge pollution and overfitting issues in previous example-based LLMs. Fi-
nally, we also showcase our ProtoLLM can be used as data augmentation and boosts traditional
algorithms. A number of comparisons and ablations on 10 datasets demonstrate the superior perfor-
mance of our approach. Our ProtoLLM is LLM-agnostic and can be benefit from stronger LLM. We
hope that our approach provide valuable insights into the utility of LLMs for tabular data analysis.

10



Under review as a conference paper at ICLR 2025

REFERENCES

Josh Achiam, Steven Adler, Sandhini Agarwal, Lama Ahmad, Ilge Akkaya, Florencia Leoni Ale-
man, Diogo Almeida, Janko Altenschmidt, Sam Altman, Shyamal Anadkat, et al. Gpt-4 technical
report. arXiv preprint arXiv:2303.08774, 2023.

Kumar Arun, Garg Ishan, and Kaur Sanmeet. Loan approval prediction based on machine learning
approach. IOSR J. Comput. Eng, 18(3):18-21, 2016.

Gilbert Badaro, Mohammed Saeed, and Paolo Papotti. Transformers for tabular data representa-
tion: A survey of models and applications. Transactions of the Association for Computational
Linguistics, 11:227-249, 2023.

Dara Bahri, Heinrich Jiang, Yi Tay, and Donald Metzler. Scarf: Self-supervised contrastive learning
using random feature corruption. In The Tenth International Conference on Learning Represen-
tations, ICLR 2022, Virtual Event, April 25-29, 2022. OpenReview.net, 2022.

Rishi Bommasani, Drew A Hudson, Ehsan Adeli, Russ Altman, Simran Arora, Sydney von Arx,
Michael S Bernstein, Jeannette Bohg, Antoine Bosselut, Emma Brunskill, et al. On the opportu-
nities and risks of foundation models. arXiv preprint arXiv:2108.07258, 2021.

Vadim Borisov, Tobias Leemann, Kathrin SeBler, Johannes Haug, Martin Pawelczyk, and Gjergji
Kasneci. Deep neural networks and tabular data: A survey. IEEE transactions on neural networks
and learning systems, 2022.

Tom B. Brown, Benjamin Mann, Nick Ryder, Melanie Subbiah, Jared Kaplan, Prafulla Dhari-
wal, Arvind Neelakantan, Pranav Shyam, Girish Sastry, Amanda Askell, Sandhini Agarwal,
Ariel Herbert-Voss, Gretchen Krueger, Tom Henighan, Rewon Child, Aditya Ramesh, Daniel M.
Ziegler, Jeffrey Wu, Clemens Winter, Christopher Hesse, Mark Chen, Eric Sigler, Mateusz Litwin,
Scott Gray, Benjamin Chess, Jack Clark, Christopher Berner, Sam McCandlish, Alec Radford,
Ilya Sutskever, and Dario Amodei. Language models are few-shot learners. In Hugo Larochelle,
Marc’ Aurelio Ranzato, Raia Hadsell, Maria-Florina Balcan, and Hsuan-Tien Lin (eds.), Advances
in Neural Information Processing Systems 33: Annual Conference on Neural Information Pro-

cessing Systems 2020, NeurIPS 2020, December 6-12, 2020, virtual, 2020.

Anna L Buczak and Erhan Guven. A survey of data mining and machine learning methods for cyber
security intrusion detection. IEEE Communications surveys & tutorials, 18(2):1153-1176, 2015.

Xi Chen, Josip Djolonga, Piotr Padlewski, Basil Mustafa, Soravit Changpinyo, Jialin Wu, Car-
los Riquelme Ruiz, Sebastian Goodman, Xiao Wang, Yi Tay, et al. Pali-x: On scaling up a
multilingual vision and language model. arXiv preprint arXiv:2305.18565, 2023.

Jillian M Clements, Di Xu, Nooshin Yousefi, and Dmitry Efimov. Sequential deep learning for credit
risk monitoring with tabular financial data. arXiv preprint arXiv:2012.15330, 2020.

Bruno Rodrigues de Oliveira, Alan Mario Zuffo, Francisco Charles dos Santos Silva, Ricardo Mez-
zomo, Leandra Matos Barrozo, Tatiane Scilewski da Costa Zanatta, Joel Cabral dos Santos, Car-
los Henrique Concei¢do Sousa, and Yago Pinto Coelho. Dataset: Forty soybean cultivars from
subsequent harvests. Trends in Agricultural and Environmental Sciences, pp. €230005-e230005,
2023.

Robert Detrano, Andras Janosi, Walter Steinbrunn, Matthias Pfisterer, Johann-Jakob Schmid, Sar-
bjit Sandhu, Kern H Guppy, Stella Lee, and Victor Froelicher. International application of a
new probability algorithm for the diagnosis of coronary artery disease. The American journal of
cardiology, 64(5):304-310, 1989.

Tuan Dinh, Yuchen Zeng, Ruisu Zhang, Ziqgian Lin, Michael Gira, Shashank Rajput, Jy-yong Sohn,
Dimitris Papailiopoulos, and Kangwook Lee. Lift: Language-interfaced fine-tuning for non-
language machine learning tasks. Advances in Neural Information Processing Systems, 35:11763—
11784, 2022.

Abhimanyu Dubey, Abhinav Jauhri, Abhinav Pandey, Abhishek Kadian, Ahmad Al-Dahle, Aiesha
Letman, Akhil Mathur, Alan Schelten, Amy Yang, Angela Fan, et al. The llama 3 herd of models.
arXiv preprint arXiv:2407.21783, 2024.

11



Under review as a conference paper at ICLR 2025

Sergey E Golovenkin, Jonathan Bac, Alexander Chervov, Evgeny M Mirkes, Yuliya V Orlova, Em-
manuel Barillot, Alexander N Gorban, and Andrei Zinovyev. Trajectories, bifurcations, and
pseudo-time in large clinical datasets: applications to myocardial infarction and diabetes data.
GigaScience, 9(11):giaal28, 2020.

Huifeng Guo, Ruiming Tang, Yunming Ye, Zhenguo Li, and Xiugiang He. Deepfm: a factorization-
machine based neural network for ctr prediction. arXiv preprint arXiv:1703.04247, 2017.

Sungwon Han, Jinsung Yoon, Sercan O Arik, and Tomas Pfister. Large language models can auto-
matically engineer features for few-shot tabular learning. In Forty-first International Conference
on Machine Learning, 2024.

Asaf Harari and Gilad Katz. Few-shot tabular data enrichment using fine-tuned transformer ar-
chitectures. In Proceedings of the 60th Annual Meeting of the Association for Computational
Linguistics (Volume 1: Long Papers), pp. 1577-1591, 2022.

Stefan Hegselmann, Alejandro Buendia, Hunter Lang, Monica Agrawal, Xiaoyi Jiang, and David
Sontag. Tabllm: Few-shot classification of tabular data with large language models. In Interna-
tional Conference on Artificial Intelligence and Statistics, pp. 5549-5581. PMLR, 2023.

Noah Hollmann, Samuel Miiller, Katharina Eggensperger, and Frank Hutter. TabPFN: A transformer
that solves small tabular classification problems in a second. In The Eleventh International Con-
ference on Learning Representations, 2023.

Noah Hollmann, Samuel Miiller, and Frank Hutter. Large language models for automated data
science: Introducing caafe for context-aware automated feature engineering. Advances in Neural
Information Processing Systems, 36, 2024.

Rihui Jin, Jianan Wang, Wei Tan, Yongrui Chen, Guilin Qi, and Wang Hao. Tabprompt: Graph-based
pre-training and prompting for few-shot table understanding. In Findings of the Association for
Computational Linguistics: EMNLP 2023, pp. 73737383, 2023.

Arlind Kadra, Marius Lindauer, Frank Hutter, and Josif Grabocka. Well-tuned simple nets excel on
tabular datasets. Advances in neural information processing systems, 34:23928-23941, 2021.

Ron Kohavi et al. Scaling up the accuracy of naive-bayes classifiers: A decision-tree hybrid. In
Kdd, volume 96, pp. 202-207, 1996.

Takeshi Kojima, Shixiang Shane Gu, Machel Reid, Yutaka Matsuo, and Yusuke Iwasawa. Large
language models are zero-shot reasoners. Advances in neural information processing systems,
35:22199-22213, 2022.

Kezhi Kong, Jiani Zhang, Zhengyuan Shen, Balasubramaniam Srinivasan, Chuan Lei, Christos
Faloutsos, Huzefa Rangwala, and George Karypis. Opentab: Advancing large language models
as open-domain table reasoners. In The Twelfth International Conference on Learning Represen-
tations, ICLR 2024, Vienna, Austria, May 7-11, 2024, 2024.

Li Li, Jiawei Peng, Huiyi Chen, Chongyang Gao, and Xu Yang. How to configure good in-context
sequence for visual question answering. In Proceedings of the IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition, pp. 26710-26720, 2024a.

Tianhao Li, Sandesh Shetty, Advaith Kamath, Ajay Jaiswal, Xiaoqgian Jiang, Ying Ding, and Yejin
Kim. Cancergpt for few shot drug pair synergy prediction using large pretrained language models.
NPJ Digital Medicine, 7(1):40, 2024b.

Haoyu Liu, Jianfeng Liu, Shaohan Huang, Yuefeng Zhan, Hao Sun, Weiwei Deng, Furu Wei, and
Qi Zhang. Se2: Sequential example selection for in-context learning. In Findings of the Associa-
tion for Computational Linguistics ACL 2024, pp. 5262-5284, 2024.

Qing Lyu, Shreya Havaldar, Adam Stein, Li Zhang, Delip Rao, Eric Wong, Marianna Apidianaki,

and Chris Callison-Burch. Faithful chain-of-thought reasoning. arXiv preprint arXiv:2301.13379,
2023.

12



Under review as a conference paper at ICLR 2025

Kushal Majmundar, Sachin Goyal, Praneeth Netrapalli, and Prateek Jain. Met: Masked encoding
for tabular data. arXiv preprint arXiv:2206.08564, 2022.

Hariharan Manikandan, Yiding Jiang, and J Zico Kolter. Language models are weak learners. Ad-
vances in Neural Information Processing Systems, 36:50907-50931, 2023.

Sérgio Moro, Paulo Cortez, and Paulo Rita. A data-driven approach to predict the success of bank
telemarketing. Decision Support Systems, 62:22-31, 2014.

Jaehyun Nam, Jihoon Tack, Kyungmin Lee, Hankook Lee, and Jinwoo Shin. STUNT: Few-shot
tabular learning with self-generated tasks from unlabeled tables. In The Eleventh International
Conference on Learning Representations, 2023.

Jaehyun Nam, Woomin Song, Seong Hyeon Park, Jihoon Tack, Sukmin Yun, Jachyung Kim,
Kyu Hwan Oh, and Jinwoo Shin. Tabular transfer learning via prompting LLMs. In First
Conference on Language Modeling, 2024. URL https://openreview.net/forum?id=
bodpauxnIRl

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 fol-
low instructions with human feedback. Advances in neural information processing systems, 35:
2773027744, 2022.

Timur Sattarov, Marco Schreyer, and Damian Borth. Findiff: Diffusion models for financial tabular
data generation. In Proceedings of the Fourth ACM International Conference on Al in Finance,
pp. 64-72, 2023.

Timo Schick and Hinrich Schiitze. Exploiting cloze questions for few shot text classification and
natural language inference. arXiv preprint arXiv:2001.07676, 2020.

Nabeel Seedat, Nicolas Huynh, Boris van Breugel, and Mihaela van der Schaar. Curated 1lm: Syn-
ergy of llms and data curation for tabular augmentation in ultra low-data regimes. arXiv preprint
arXiv:2312.12112, 2023.

Tom Shenkar and Lior Wolf. Anomaly detection for tabular data with internal contrastive learning.
In International conference on learning representations, 2022.

Dylan Slack and Sameer Singh. Tablet: Learning from instructions for tabular data. arXiv preprint
arXiv:2304.13188, 2023.

Jack W Smith, James E Everhart, WC Dickson, William C Knowler, and Robert Scott Johannes.
Using the adap learning algorithm to forecast the onset of diabetes mellitus. In Proceedings
of the annual symposium on computer application in medical care, pp. 261. American Medical
Informatics Association, 1988.

Hugo Touvron, Thibaut Lavril, Gautier Izacard, Xavier Martinet, Marie-Anne Lachaux, Timothée
Lacroix, Baptiste Roziere, Naman Goyal, Eric Hambro, Faisal Azhar, et al. Llama: Open and
efficient foundation language models. arXiv preprint arXiv:2302.13971, 2023.

Talip Ucar, Ehsan Hajiramezanali, and Lindsay Edwards. Subtab: Subsetting features of tabular data
for self-supervised representation learning. Advances in Neural Information Processing Systems,
34:18853-18865, 2021.

Dennis Ulmer, Lotta Meijerink, and Giovanni Cina. Trust issues: Uncertainty estimation does not
enable reliable ood detection on medical tabular data. In Machine Learning for Health, pp. 341—
354. PMLR, 2020.

Vikas Verma, Thang Luong, Kenji Kawaguchi, Hieu Pham, and Quoc Le. Towards domain-
agnostic contrastive learning. In International Conference on Machine Learning, pp. 10530—
10541. PMLR, 2021.

Dongsheng Wang, Miaoge Li, Xinyang Liu, MingSheng Xu, Bo Chen, and Hanwang Zhang. Tuning

multi-mode token-level prompt alignment across modalities. Advances in Neural Information
Processing Systems, 36, 2024.

13


https://openreview.net/forum?id=bo4pauxnIR
https://openreview.net/forum?id=bo4pauxnIR

Under review as a conference paper at ICLR 2025

Zhiqiang Wang, Yiran Pang, and Yanbin Lin. Large language models are zero-shot text classifiers.
arXiv preprint arXiv:2312.01044, 2023.

Jason Wei, Yi Tay, Rishi Bommasani, Colin Raffel, Barret Zoph, Sebastian Borgeaud, Dani Yo-
gatama, Maarten Bosma, Denny Zhou, Donald Metzler, et al. Emergent abilities of large language
models. Transactions on Machine Learning Research, 2022a.

Jason Wei, Xuezhi Wang, Dale Schuurmans, Maarten Bosma, Fei Xia, Ed Chi, Quoc V Le, Denny
Zhou, et al. Chain-of-thought prompting elicits reasoning in large language models. Advances in
neural information processing systems, 35:24824-24837, 2022b.

Xumeng Wen, Han Zhang, Shun Zheng, Wei Xu, and Jiang Bian. From supervised to generative:
A novel paradigm for tabular deep learning with large language models. In Ricardo Baeza-Yates
and Francesco Bonchi (eds.), Proceedings of the 30th ACM SIGKDD Conference on Knowledge
Discovery and Data Mining, KDD 2024, Barcelona, Spain, August 25-29, 2024, pp. 3323-3333.
ACM, 2024.

I-Cheng Yeh, King-Jang Yang, and Tao-Ming Ting. Knowledge discovery on rfm model using
bernoulli sequence. Expert Systems with applications, 36(3):5866-5871, 2009.

Peng Zhou, Xing-Lou Yang, Xian-Guang Wang, Ben Hu, Lei Zhang, Wei Zhang, Hao-Rui Si, Yan
Zhu, Bei Li, Chao-Lin Huang, et al. A pneumonia outbreak associated with a new coronavirus of
probable bat origin. nature, 579(7798):270-273, 2020.

14



Under review as a conference paper at ICLR 2025

A

APPENDIX

A.1 PROTOLLM WORKFLOW

Algorithm

Algorithm 1 Workflow of our proposed ProtoLLM.

Require: Dataset S = {(x,,,y,)}2_, for few-shot and S = () for zero-shot, descriptive infor-
mation F = { fus, fi:P} about dataset S, test sample x, LLM;

Output: Predicted probability vector p for test sample;
Step 1: Generate Z by LLM with our designed example-free prompt and initial Z = () as:
ford =1to D do

Design prompt as P( fiask, f;iat) = [<Meta-Info>-<Query>|, abbreviated as Pj;

for k =1to K do

Prompt LLM with P; and output 2} ;, with Eq. I} set Z = [Z, 2F ,];

end for
end for
Step 2: Build prototypes ©1.c with Z and S in Eq. 2] for zero-shot or Eq. [3] for few-shot;

: Step 3: Compute the predicted probability vector p for test sample x with Eq.
: return p > Return predicted probabilities

A.2 DATASETS AND BASELINES

Datasets In this section, we present an overview of the datasets utilized in the experiments. Each
dataset is specifically designed for a distinct classification task, with various features employed to
predict categorical outcomes. A summary of the key characteristics and classification objectives of
each dataset is provided below:

« The Adulf] dataset is used to determine whether an individual earns more than $50,000
annually, based on demographic and employment features.

* The Bankﬂ dataset predicts whether a customer will subscribe to a term deposit, utilizing
personal and socio-economic factors.

e The Bloo«ﬂ dataset is designed to forecast whether a person will donate blood, given past
donation records.

e The Calﬂ dataset classifies the acceptability of a car based on attributes like buying price,
maintenance cost, and safety features.

e The Credit-dﬂ dataset addresses the classification of individuals as good or bad credit risks,
using personal and financial attributes.

* The Cultivarsﬂ dataset assesses the growth and yield of forty soybean cultivars under vary-
ing conditions, with features such as plant height, number of stems, and grain yield.

* The Diabeteﬂ dataset focuses on predicting the likelihood of diabetes in a person, relying
on medical metrics such as glucose levels and BMI.

* The Hearlﬂ dataset identifies whether a patient is at risk of heart disease, considering fac-
tors like age, cholesterol levels, and blood pressure.

archive.ics.uci.edu/dataset/2
archive.ics.uci.edu/dataset/222
archive.ics.uci.edu/dataset/176
“archive.ics.uci.edu/dataset/19
®archive.ics.uci.edu/dataset/144
Tarchive.ics.uci.edu/dataset/913
8kaggle.com/datasets/uciml/pima-indians-diabetes-database
“kaggle.com/datasets/fedesoriano/heart-failure-prediction

2
3
4
5
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* The Myocardiaﬂ dataset is used to predict the outcomes of patients following a myocar-
dial infarction, based on clinical data such as heart rate and blood pressure.

« The NHANES! dataset is derived from the National Health and Nutrition Examination
Survey, focusing on predicting respondents’ age using features such as physiological mea-
surements, lifestyle factors, and biochemical markers.

Table 5: Properties about all of the datasets.

Adult Bank Blood Car Credit-g Cultivars Diabetes Heart Myocardial NHANES

Objects 48842 45211 748 1728 1000 320 768 918 1700 6287
Numerical 7 8 4 1 8 7 8 7 17 7
Categorical 7 8 0 5 12 3 0 4 94 1

Class 2 2 2 4 2 2 2 2 2 2

A.3 EXAMPLE OF PROMPT AND ANSWER

For numerical features, the prompts differ slightly. We require LLMs to infer their ranges. Addi-
tionally, we limit the length of the list due to the variations across different queries. The following
example demonstrates a prompt used to generate feature values for the ‘age’ attribute in the Adult
dataset:

(You are an expert in analyzing relationships between feature and target variables.
Given a feature description and a task, your goal is to analyze how the feature relates to the
target and then generate a dictionary with specific details.

Task: Does this person earn more than 50000 dollars per year? Yes or no?

Feature: age, the age of an individual(age>16)(numeric variable, you should use your prior
knowledge to determine the appropriate ranges of values)

First conduct a thorough analysis of the relationship between the feature and task using your
prior knowledge.
Then based on this analysis, create a dictionary with the following format:

The output should be a markdown code snippet formatted in the following schema, including
the leading and trailing " * * “json" and " **'":

ANA \json

"no": [list of integers] // possible values of feature age for target class no
"yes": [list of integers] // possible values of feature age for target class yes

ANAURY

The age values should be presented as integers in lists. Make sure to include 5 typical age val-
ues for each target class in ["no", "yes"].

Figure 8: Prompt for querying values of feature ‘age’ in Adult dataset.

Yarchive.ics.uci.edu/dataset/579
Warchive.ics.uci.edu/dataset/887
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The Answer values for feature ‘age’ is detailed below, where LLMs analyze the relationship and
provide responses for various values of the ‘age’ feature corresponding to each class in the Adult
dataset.

(Based on prior knowledge, we can analyze the relationship between age and the task of deter-
mining if a person earns more than 50000 dollars per year.

Typically, as an individual progresses in their career, their income tends to increase with age
until they reach their peak earning potential. Therefore, it is reasonable to expect that people in
older age groups are more likely to earn more than 50000 dollars per year compared to younger
age groups.

However, it is important to note that this is a general trend and there will always be exceptions.
Other factors such as education level, occupation, and work experience can also impact an indi-

vidual’s income.
Based on this analysis, let’s create a dictionary with the specified format:

AR ‘jSOn

{

"no": [17, 18, 19, 20, 21],
"yes": [35, 40, 45, 50, 55]
}

ANAURY

This dictionary includes 5 typical age values for each target class, where “no” represents indi-
viduals earning less than or equal to 50000 dollars per year, and “yes” represents individuals
earning more than 50000 dollars per year. The age values provided are just examples and can
kbe adjusted based on the specific dataset and its distribution.

Figure 9: Answer for querying values of feature ‘age’ in Adult dataset.
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A.4 BASELINE DETAILS

In this section, we provide a detailed configuration of the experiments conducted.

For each random seed, 20% of the datasets are designated as the test set. We then perform balanced
sampling of K instances from the remaining data, following Hegselmann et al.|(2023) and [Han et al.
(2024).

The baseline models of KNN, LogReg, and MLP are implemented using the scikit-learn library,
while XGBoost is implemented using its corresponding package. we utilize the number of samples
in a class to determine the parameter n_.neighbors for KNN while utilizing Euclidean distance
(with p=2) for distance computation. For LogReg, MLP, and XGboost, we employ a four-fold cross-
validation approach along with grid search to identify the optimal hyperparameters, if the sample
size is sufficient. The hyperparameter space for LogReg is presented in Table[6] For the MLP, we
configure early_stopping to True, set n_.iter_no_change to 5, use ' adam’ as the solver,
specify hidden_layer_size as 1024, and limit max_iter to 200. The other hyperparameter
space for MLP is detailed in Table [/} For XGBoost, hyperparameter space of XGBoost is shown in
Table[§] Considering TabPFN, we use the official GitHub repository with the default parameters.

Table 6: Hyperparameter search space for LogReg.

Parameter Search space
penalty {11, 12}
C 100, {10, 1, le-1, le-2, 1e-3, le-4, le-5}

Table 7: Hyperparameter search space for MLP.

Parameter Search space
alpha {1e-3,5¢-3,1e-2}
learning_rate_init ~ {1e-4,5¢-4,1e-3,5¢-3,1e-2}

Table 8: Hyperparameter search space for XGBoost.

Parameter Search space
max depth {2,4,6, 8,10, 12}
alpha {1e-8, le-7, le-6, le-5, le-4, le-3, le-2, le-1, 1}

lambda {le-8, le-7, le-6, le-5, le-4, le-3, le-2, le-1, 1}
eta {0.01, 0.03,0.1, 0.3}
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A.5 MAIN RESULTS

Detailed main results in the few-shot scenario. We present the complete results from Figure [5]in
Table[9] including the AUC values and their corresponding standard deviations. The “N/A” entries
in the table are due to limitations in certain LLM-based frameworks, including In-context, TABLET,
and TabLLM, which are restricted by the maximum number of input tokens they can process. This
constraint makes it challenging, or even infeasible, to evaluate these baselines in scenarios with
a higher number of shots or more complex features. Additionally, TabPFN cannot be applied to
datasets with a large number of features, which also contributes to the “N/A” entries. In contrast,
our framework effectively handles scenarios with more shots or complex features, as our example-
free prompt is designed to efficiently query the LLM for each feature individually

Table 9: AUC across 10 datasets in few-shot scenarios. Bold highlights the highest score, while
underline marks the second highest.

Data ‘ Shot ‘ LogReg XGBoost KNN MLP TabPFN STUNT In-context TABLET TabLLM FeatLLM ‘ ProtoLLM

4 | 65.52+12.63  50.00£0.00  61.39+8.23  55.16+13.97 64.88+9.82  67.43%29.61  77.51£5.24  75.29+12.24 83.57£2.69  86.68+0.86
8 71.90£9.16  57.68+6.80  72.43+4.79  71.24+8.13  73.39+523  82.16£6.93  79.30+2.89  77.56+7.56  83.52+4.30

Adult 16 7827+7.46  72.96+4.79  78.25%3.01  78.01%9.19  76.35+4.39  80.57+10.93  79.50£4.57  79.74+5.64  83.23+2.45
32 81.82+523  76.02#3.39  81.59+2.28  80.91+6.56  77.67£3.00  78.08+15.15  81.89+4.04  78.08+6.70  82.60+4.14  87.09+0.58
64 84.54+2.97  80.24+2.77  84.14+1.32  85.39+1.90  81.07+1.90  86.010.16 N/A N/A 84.88+0.97  87.77+0.31 +0.85
4 59.29+9.86  50.00£0.00  57.96+4.82  56.87+8.76  63.68+6.92  56.34x12.82  61.38£1.30  58.11%6.29  62.51+8.95  70.45+3.69 | 80.85+2.58
8 66.46£12.23  56.05+9.29  63.13£5.90  61.86+10.23  69.07£7.09  63.01+8.78  69.57+13.35  69.08+6.00  63.19+5.79 81.41£2.58
Bank 16 7415695  69.86+7.85  69.38+4.44  66.80+10.31  74.43%5.15  69.85+0.95  69.76£8.55  69.40+11.28  63.73+6.43 83.26+1.40
32 78.25+4.29  73.99+3.94  73.43+4.80  71.99+7.52  77.6843.82  71.64+1.65  66.93£5.67  73.61%9.28  66.51+3.92 84.88+1.71
64 81.61£3.19  79.53£323  77.80+3.34  79.35+4.30  82.8442.52  72.26+1.62 N/A N/A 70.83+3.43 85.84+1.28
4 | 58.02+13.35  50.00£0.00  53.33+7.87  54.90+16.37 55.33%15.09 48.57x6.04 56.30+12.43 56.45£1545 55.87+13.49 75.98+4.99
8 57.20£11.28  52.79+8.66  57.73#6.13  63.40+9.44  60.93+8.75  60.00+4.84  58.99+10.12 56.37+11.56  66.01£9.25 76.35+4.61
Blood 16 | 65.41£11.70  60.55+9.23  64.68+10.04 65.92+11.80 64.49+8.31  54.76+4.53  56.59+521  60.62+4.13  65.14%7.55 75.46+4.12
32 72.3049.21  65.54+8.31  68.55+7.22  62.82+15.64  70.06+8.30  59.87+3.72  58.69+1.53  57.94+4.16  69.95+3.39 75.84+4.39

64 | 74.86+6.68  68.67£5.44  72.46+533 72724734 75394440  61.75%2.19  65.79£2.05  63.47+7.36  70.88£1.58  71.04+4.36 | 76.08+4.51

4 65.14+5.53  50.00£0.00  60.14+4.74  52.85+5.47  59.51£6.06  61.32+3.83 6247247  60.21+4.81  85.82+3.65  72.69+1.52
8 65.05+7.13  60.4844.56  65.0242.93  62.90+8.01  65.66+5.29  67.86x0.49  67.57+3.44  65.53+8.00  87.43+2.56  73.26+1.46
.33 35 7223%2.12 75344522  73.47+4.13 7556288  76.94+3.04  74.02+1.01  88.65+2.63
32 84.95+2.61 80.06+3.53  77.50+2.94  83.56+3.11  77.35+3.15  82.29+2.34  81.64+2.52  76.44+4.02  89.02+1.50
64 | 91.69+2.49  89.50+2.82  81.32+2.25  87.86+£3.73  85.8442.83  84.45+1.69  77.65£3.74  76.13x1.17  92.18+0.47

4 54.01+542  50.00£0.00  53.33+3.87  51.27+6.47  54.47+4.80  48.80+6.76  52.99+4.08  54.33+6.54  51.90+9.40
8 58.15+7.63  55.71+4.87  54.26+4.91  53.60+7.88  57.64+4.79  54.50+8.25 52434436  52.90+5.79  56.42+12.89  57.4243.10 | 63.26+2.87

87.45+2.01
62.25+2.86

Credit-g 16 | 58.62+7.92  59.2845.04  56.89+5.62  55.39+7.83  59.02#5.60  57.63%7.58  55.29+4.80  51.65+4.02  60.38+14.03 .56:60;2.22 64.52+3.28
32 | 64.16£527  6526+4.49  61.06£3.53  60.50£7.59  63.90+4.23  63.24+5.47 N/A N/A 68.64+3.86  61.79+10.25 | 68.3243.05
64 | 68.51£527  68.1243.51  66.06£3.70  65.96+8.45  68.33+2.90  70.97+4.95 N/A N/A 70.80£4.09  66.43+2.90 | 71.75£3.31

4 44.98+47.89  50.00+0.00  45.84+7.29  43.95+7.55  45.09+6.53
8 50.20+8.63  50.86+£8.09  47.47+8.93  47.64+10.07  49.23+7.58

51.38+2.48  54.2843.73  54.39+5.61  55.63+£5.24 | 59.37+7.98
51.68+4.43  51.4843.85  52.86%6.13  56.97+5.08 | 60.51+8.00

Cultivars 16 | 48.48+7.76  48.48+9.09  47.6249.58  48.86x10.01  50.58+8.21 5431%6.12  57.4443.53 56974222 5 60.45+7.13
32 53.15+8.63  52.96+7.40 57.20£10.26  53.76+9.93 N/A N/A 58.50£2.65  59.62+7.43 | 60.63+6.95
64 63.70+9.65  57.41+8.20 67.51£6.43  56.29+7.26 N/A N/A 60.32£2.60  59.14+4.79 | 61.67+7.62

4 | 58.74+13.20  50.00£0.00 +14.21  64.76£10.85 . 70.42+£3.69  80.28+0.75

8 70.79+£5.87  59.30+12.01  63.70+8.14  63.73¥825  70.68+7.87  67.39+12.92 7221207  6547+3.95  64.30+5.88  79.38+1.66
Diabetes 16 66.34+8.61  66.8848.42  68.30+5.73  66.61+7.82  72.98+£5.05  73.79+6.48  71.64+£5.05  66.71x0.76  67.34+2.79  80.15£1.35
32 77.44+5.13  72.30+4.17  73.96+4.70  74.39+4.73  76.72+4.64  76.70+4.55  73.32+1.59  66.97£1.75  69.74+4.41  80.06+1.18
64 | 78724357  74.40+4.10  77.59£2.84  77.00£6.18  79.024349  78.64+3.32  70.22+4.09  69.27+6.15  71.56+4.55  80.91£1.62 | 78.00+3.86

4 ]63.98+19.36  50.00£0.00  63.98+11.68 61.15+18.38 75.61x17.34  88.27+3.32  60.76+4.00  68.19£11.17  59.74+4.49  75.66+4.59 | 65.40+7.18
8 76.93£10.21  59.00£12.07 73.64+11.23  77.36+10.24 83.91+7.62  88.78+2.38  65.46+3.77  69.85+10.82  70.14%7.91 79.46x2.16 | 70.55+7.68

71.71£5.31

Heart 16 | 8527+4.82 8361506 84.23+4.08 8491+7.70 8649431  89.13%2.10  67.00:7.83 68.39+11.73 81724392  83.71+1.88 | 78.09+5.63
32 | 88744270  85.8143.83  87.88+2.22  87.335.08  88.52:275  89.65:3.04  71.94+3.88  71.909.07  87.43:2.32  87.19+3.66 | 83.59+3.88
64 | 89.50:2.19  87.21¥2.97 8891169  90.17+185  89.63+2.47  89.6243.16 N/A N/A 89784250  88.08+4.11 | 88.172.24
4 50.00£0.00 53284565  53.87+9.22 N/A 52.77+2.01 N/A N/A N/A 52.87+344 | 63.25:4.16
8 52.6545.67 55924644  55.25+7.53 N/A 55.40+4.41 N/A N/A N/A 56.22+1.64 | 63.6244.12
Myocardial | 16 52754737 5449+675  55.216.93 N/A 61.22+3.45 N/A N/A N/A 55.3249.15 | 64.03+4.04
32 | 63.036.53 58.78+8.04  58.88+5.03  57.21%7.91 N/A 60.76£1.58 N/A N/A N/A 60.02£4.02 | 65.44£4.38
64 | 64495590  63.03+7.84  60.04%3.67  S58.818.67 N/A 59.79+0.56 N/A N/A N/A 6147391 | 65.75:4.34
4 [77.56£1527  50.00:0.00 64.90+8.82 59.58+14.23 7427+11.17 69.32+19.59 91.84%3.79  93.54+d.20  99.49+0.23  92.20+1.71 | 86.60+3.05
8 | 88.34x12.64 91.93£6.99  75.3845.89  76.43:6.86  87.235.82 68.56£18.35 86.67+5.49  94.253.35  100.00+0.00 88.30+4.34
NHANES | 16 94.25¢6.09  8634x4.71  86.34£6.05  95.1243.46 68.62£19.81 9333447  95.02£157  100.00+0.00 92.6143.27
32 983142.88  92.18+2.55  91.88x4.09  97.88+1.50  75.06:3.56  88.54£5.40  95.8243.71  100.00+0.00 94.9142.34
64 | 99.49:0.89 9479216 9532£2.86  99.21x0.66  80.29+4.56 N/A N/A 100.00£0.00  98.32+0.65 | 96.91£1.40
4 60.21 57.36 54.81 N/A 61.41 N/A N/A N/A 7107 73.48
8 66.14 62.87 63.34 N/A 66.49 N/A N/A N/A 73.01 74.63
Average AUC | 16 70.48 68.24 68.34 N/A 69.12 N/A N/A N/A 74.41 76.26
32 76.31 72.56 72.78 N/A 7178 N/A N/A N/A 76.76 78.21
64 79.71 75.41 78.01 N/A 74.48 N/A N/A N/A 78.11 79.79
4 5.85 755 8.80 6.00 6.70 533 5.00 456 240 210
8 5.80 8.20 8.10 5.44 550 6.33 678 444 2.50 240
Average Rank | 16 555 775 7.35 556 520 733 7.44 478 3.30 2.80
32 3.30 6.90 7.00 556 6.05 8.43 9.1 456 3.50 3.00
64 3.30 7.00 5.00 456 5.90 9.67 10.67 4.67 4.80 3.20

Detailed main results in the zero-shot scenario. We compare ProtoLLM against P2T, DSPy, and
TabLLM in zero-shot scenarios. To ensure a fair comparison, all baselines leverage GPT-3.5 as
the underlying LLM. P2T utilizes additional unlabeled data to facilitate knowledge transfer, while
DSPy directly queries the LLM for probability estimates. For TabLLM, we adopt the Text Template
method, identified in its original paper as the most effective serialization approach.
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Table 10: AUC across 10 datasets in zero-shot scenarios.

| DSPy P2T TabLLM  ProtoLLM

Adult 54.84+4.24 87.49+1.62 87.24+0.66 85.93+0.64
Bank 53.1445.12  73.0849.20 69.54+1.79  80.20+2.22
Blood 50.33+£3.45 68.64+5.62 61.51+4.74 75.63+4.15
Car 60.29+2.25 58.90+2.17 75.80+1.45 78.29+1.72
Credit-g | 45.60+2.16 55.28+4.01 45.88+2.50 61.29+3.03
Heart 47.90+2.80 69.27+3.65 64.62+3.46 58.93+8.13
Diabetes | 64.87+3.10 72.55+3.31 79.92+2.35 75.65+3.05
Cultivars | 51.60+£3.60 53.274£3.90 49.30+1.22 58.28+4.30
Myocardial N/A N/A N/A 62.52+4.48
NHANES | 75.07£1.77 99.69+0.24 94.53+0.70  83.96+3.21

A.6 TOKEN CONSUMPTION

In Table we compare the token consumption per query of our method with that of FeatLLM,
which utilizes large language models (LLMs) to extract rules (FeatLLM-rule) and functions
(FeatLLM-function). Thanks to its example-free prompt design, ProtoLLM achieves significantly
lower token usage compared to both FeatLLM variants, underscoring its superior efficiency.

Table 11: Average number of tokens per query.

\ Adult Bank Blood Car Credit-g Heart Diabetes Myocardial Cultivars NHANES
ProtoLLM ‘ 534.7 454.4 482.6 5722 4459 465.2 457.0 453.4 662.5 500.9
FeatLLM-rule 12547 903.1 765.9 610.7 869.4 888.6 784.0 1072.6 733.143 675.571
FeatLLM-function | 3018.7 2637.6 1320.6 1476.6  2189.7  2347.7  2003.7 2605.7 2270.86 2282.86

A.7 FULL-SHOT RESULTS

We present the full-shot results in Table [I2] As shown, ProtoLLM under the few-shot setting
achieves performance comparable to the full-shot case, with the average performance for the 64-
shot setting being marginally different from that of the full-shot case. Moreover, when using LLM-
generated feature values on certain datasets (Blood, Cultivars, Myocardial) in the few-shot scenario,
the performance even exceeds that of the full-shot case. This highlights the effectiveness of LLM-
generated feature values in boosting performance in few-shot scenarios.

Table 12: Performance comparison between full-shot and few-shot settings.

Dataset | 0-shot 4-shot 8-shot 16-shot 32-shot 64-shot | Full-Shot
Adult 85.93+0.64 86.01+0.78 86.12+0.92 86.28+0.77 86.26+0.71 86.32+0.85 | 87.68+0.32
Bank 80.20+2.22  80.85+2.58 81.41+£2.58 83.26+1.40 84.88+1.71 85.84+1.28 | 86.86+0.33
Blood 75.63+4.15  75.98+4.99 76.35+4.61 75.46+4.12 75.84+4.39 76.08+4.51 | 75.26+4.68

Car 78.29£1.72  79.41£1.92  80.40+2.04 82.22+2.05 84.78+1.81 87.45+2.01 | 92.44+1.06
Credit-g 61.29+3.03  62.25+2.86 63.26+2.87 64.52+3.28 68.32+3.05 71.75+3.31 | 73.44+3.44
Cultivars | 58.93+8.13 59.37+£7.98 60.51+8.00 60.45+7.13 60.63+6.95 61.67+7.62 | 58.83+7.73
Diabetes 75.65+£3.05 75.68+3.61 75.76+3.78 75.70+4.33 77.48+3.81 78.00+3.86 | 82.18+2.25

Heart 58.28+4.30  65.40+7.18 70.55+7.68 78.09+5.63 83.59+3.88 88.17+2.24 | 90.65+1.84

Myocardial | 62.52+4.48 63.25+4.16 63.62+4.12 64.03+4.04 65.44+4.38 65.75+4.34 | 65.50+5.17

NHANES | 83.96+3.21 86.60+3.05 88.30+4.34 92.61+£3.27 94.91+2.34 96.91+1.40 | 98.27+0.46
Average ‘ 72.07 73.48 74.63 76.26 78.21 79.79 ‘ 81.11
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A.8 DETAILED RESULTS OF DIFFERENT GENERATION TYPES

Table 13: AUC across 9 datasets with different generation types.

\ \ \ Shots

Data ‘ w/ example ‘ generation-level ‘ 0 4 Py 16
sample-level - 83.99+£3.13  83.73x2.31  85.24%1.97
v featurel-level - 79.44+4.98 83.47+1.52 84.26+2.95
Adult sample-level | 83.59+2.15  84.46x1.76  84.88+1.54  85.19+1.73
featurel-level | 85.9320.64 86.01x0.78  86.12+0.92  86.28+0.77
sample-level - 64.53+12.01  72.49+7.45  74.45+£7.90
v featurel-level - 70.28+6.72 71.01+5.62 76.85+3.82
Bank sample-level | 68.80+5.67 71474550  72.40£5.19  75.75+3.92
featurel-level | 80.20£2.22  80.85:2.58  81.41x2.58  83.26+1.40
sample-level - 62.84+12.01  68.25£9.42  66.89+11.10
v featurel-level - 62.93+£12.96 64.39+10.31 68.46+10.02
Blood sample-level | 71604549 71484532  71.6545.02  71.3334.50
featurel-level | 75.63x4.15  75.98+4.99  76.35+4.61  75.46x4.12
sample-level - 7271#4.12 74744291  77.51+2.76
v featurel-level - 68.84+522  72.69+2.96  79.37+3.02
Car sample-level | 67.52+4.11  69.39+4.34  70.8144.28  74.45+4.72
featurel-level | 78.29+1.72  79.41x1.92  80.40:2.04  82.22+2.05
sample-level - 53.10£6.82  52.87+8.69  59.61+7.08
v featurel-level - 58.11+4.92 60714342  60.576.10
Credit-g sample-level | 52.80+5.04  54.96+6.34  55.7245.11  58.536.19
featurel-level | 61.29+3.03  62.25+2.86  63.26+2.87  64.52+3.28
sample-level - 46.47£7.92  49.2949.74  48.84+8.76
v featurel-level - 47.7129.54  49.6249.96  50.07+9.20
Cultivars sample-level | 52.31£9.47 48.9448.68  50.73+8.19  50.376.31
featurel-level | 58.93+8.13  59.37+7.98  60.51x8.00  60.45+7.13
sample-level - 78.30+3.86  77.88+4.33  77.71+4.22
v featurel-level - 71.57+6.28 71.55+8.03 74.48+5.05
Diabetes sample-level | 80.48:2.64 80.45:2.84  80.41:3.01  80.05:3.00
featurel-level | 75.65+3.05  75.68+3.61  75.76%£3.78  75.70%4.33
sample-level - 76.30+10.52 84.05+5.94  87.90+2.66
v featurel-level - 70.53+18.59  80.79£9.61  86.47+3.72
Heart sample-level | 66.32+8.67  75.68+8.74  79.70+7.15  85.72+3.54
featurel-level | 58.28+4.30  65.40+7.18  70.55+7.68  78.09%5.63
sample-level - 85.86+6.82  90.06+4.83  94.18+2.10
v featurel-level - 76.04+12.39  84.66£6.90  90.32+2.84
NHANES sample-level | 85.91+4.01  88.08+5.39  89.95:4.79  93.88+2.07
featurel-level | 83.96+3.21  86.6043.05  88.30%4.34  92.61%3.27
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A.9 COMPARISON OF DIFFERENT DISTANCE METRICS

Table 14: AUC across 10 datasets with different distance metrics.

‘ ‘ Shot
Data | Shot 7 4 8 16 32 64

Euclidean | 8593 86.01 86.12 86.28 8626 86.32
Adult | Manhattan | 88.11 87.93 87.94 87.83 87.58 87.33
Cosine | 85.85 85.88 8591 8597 8583 85.88

Euclidean | 80.2 80.85 81.41 83.26 84.88 85.84
Bank Manhattan | 74.03 76 77.07 7897 81.07 82.11
Cosine 80.18 80.84 81.39 83.32 8495 8591

Euclidean | 75.63 7598 7635 7546 7584 76.08
Blood | Manhattan | 75.73 7524 75.02 7461 7351 74.01
Cosine | 7525 76.17 7592 7648 76.69 7647

Euclidean | 7829 79.41 804 8222 8478 8745
Car Manhattan | 75.66 7646 7731 7897 8143 83.65
Cosine | 7929 8027 8113 827 85 8759

Euclidean | 6129 6225 6326 6452 6832 71.75
Credit-g | Manhattan | 60.98 618 62.83 6399 67.45 70.37
Cosine | 60.99 61.92 6299 6421 68.16 71.5

Euclidean | 58.93 59.37 60.51 6045 60.63 61.67
Manhattan | 56.1 55.87 56.16 56.22 55.03 57.41
Cosine 5892 5922 60.67 60.26 61.17 62.12

Euclidean | 75.65 75.68 7576 757 17748 78
Diabetes | Manhattan | 763 7671 77.08 76.65 78.01 78
Cosine | 7574 7597 7621 7627 78.17 784

Euclidean | 5828 654 70.55 78.09 83.59 88.17
Heart | Manhattan | 66.74 7198 76.02 81.83 86.15 89.37
Cosine | 5842 6528 70.14 7744 833 8824

Euclidean | 62.52 6325 63.62 6403 6544 6575
Myocardial | Manhattan | 6352 64.09 6407 6456 6566 6591
Cosine | 6229 63.08 63.16 6377 6503 655

Euclidean | 83.96 86.6 883 9261 9491 9691
NHANES | Manhattan | 86.62 88.39 8935 9291 9476 96.48
Cosine | 8404 8654 882 93.04 9531 97.42

Cultivars

A.10 COMPARISON OF AUC SCORES WITH DIFFERENT LLMS

We extend our experiments to include open-source LLMs, specifically Llama-3B and Llama-8B, to
further validate our approach. Our results show that ProtoLLM continues to achieve comparable
performance with these open-source models, demonstrating the robustness of our method across
different base LLMs.

Table 15: Comparison of AUC scores with different LLMs.

dataset | shot | Llama3B Llama8B GPT-3.5 GPT-40

0 | 80.85£0.35 84.78+0.34 85.93:0.64 85.74+0.51

4 | 81.87+147 84.87+0.48 86.01+0.78 85.82+0.59

Adult 8 | 82.76+1.39 85.05:0.60 86.12+0.92 85.91+0.64
16 | 83.59+1.18 85.10+0.79 86.28+0.77 85.94+0.60

0 | 73.34%£3.22 77912442 75.63+4.15 77.83+4.53

4 | 75.1624.96 77.15+430 75.98+4.99 77.17+4.67

Blood 8 | 76.03+4.89 76.99+4.58 76.35+4.61 76.99+4.72
16 | 76.69+4.16 76.01+4.25 75.46+4.12 76.21+4.39

0 | 79.84£1.77 72.67+2.87 75.65+3.05 73.17£3.57

) 4 | 80.02+1.81 73.06+334 75.68+3.61 73.85%3.76
Diabetes | 8 | 79.95+2.02 73.6743.46 75.76+3.78 74.16+3.82
16 | 79.91£2.26 73.60+3.98 75.70+4.33 74.08+4.48

0 | 63.30£4.40 64.3324.22 58284430 74.37+4.09

4 | 70.79+7.48 73.03+820 65.40+7.18 79.30+5.99

Heart 8 | 75.51£7.63 77.95+7.94 70.55+7.68 82.09+5.68
16 | 82.04+5.04 84.13+4.75 78.09+5.63 85.36+3.96
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A.11 APPLYING DATA AUGMENTATION TO OTHER MODELS

Table 16: Applying Data Augmentation to LogReg, KNN, and MLP.

| Shot

Data | Model | 4 8 16 32 64
LogReg | 76.52:2.57 76.83+544  80.98+5.12  82.60+339 83.73+2.99 85211.66
Adult | KNN | 8279165 8341113  83.84:1.07 84.14:0.84 84524069 85.09+0.59
MLP | 71.63:9.76  80.20+7.03 8145739  85.40+3.23 8595:2.51 85.43+3.88
LogReg | 67.83:9.80  76.07+4590 7820446 81.51x2.87 81013421 84.32:3.52
Bank | KNN | 75812218  76.87:240 7717241 7834191 80.35:2.16 82.44x1.81
MLP | 65.60£10.36 72.18£12.70 73.638.60 7822251 80.9242.12 82.67+2.59
LogReg | 74.02:4.61  73.53:5.50  7540£5.60 7676414 76.12:4.89 76.764.15
Blood | KNN | 73.18:4.83  74.414420 7470339 7479356 74.75:4.61 75.04:4.18
MLP | 69.32+7.67 68.51£9.09 67.49+14.09 73.9434.55 73.22:7.31 73.1948.12
LogReg | 68.78+4.53  72.84x4.69 76794418  79.70£3.42 82.07:3.04 87.67+2.07
Car KNN | 72.87+1.68 7393181  7437£1.97  75.59:2.07 78.88+1.69 83.18x1.64
MLP | 76174245  7625:2.64 77.84+330  80.60+2.85 83.65+2.62 87.40+2.54
LogReg | 53.9134.38  57.9246.76  62.64+482 6448536 68.82+3.98 71.27+4.06
Creditg | KNN | 50233560 58484561 58.92¢441  6187:4.59 6596:528 68.51:4.35
MLP | 56.17+48.63  60.21+695 63.10£582 6251551 66.964.99 69.34x4.70
LogReg | 60.34+8.64  51.98£8.57 55.99+11.06 59.30£9.85 62.56+7.83 69.55+9.65
Cultivars | KNN | 53.69£5.90  58.65:5.50  57.55+529  S54.8145.00 55.1987.49  54.008.46
MLP | 6081%7.74  56.69+848 5861041  6270:9.73 66.37+8.53 73.79+5.30
LogReg | 75.53+5.73  76.69+5.34  75.14%556 7601423 77.39+4.96 79.78+3.67
Digbetes | KNN | 7174353  7170:334  7223:3.62  73.13:331 75508336 76224337
MLP | 69.174580 7271656 66.80+8.89 73.76+3.70 76.11+3.38 75.43+5.96
LogReg | 50.48+6.67 71.32+13.83 7627+11.97 8393655 85.90+4.17 8837213
Heart | KNN | 58558561 6321922 68661098 75.88+8.01 82.80+5.62 8821291
MLP | 56241122 63.64£10.55 7138+11.92 76.26+10.07 85.53:4.76 89.42+1.87
LogReg | 60.15£529  6257+5.12 62384523  63.50+4.97 6534508 68.76:4.31
Myocardial | KNN | 50.00£000 5444530 57614637 5836658 59.13£5.86 60.4625.10
MLP | 5425:844 61.99+5.16 62674497 62.98+3.73  65.17+3.94 65.00+4.49
LogReg | 98.80+1.39  98.78+1.48  97.1743.17  98.90+0.89 99.58+0.47 99.86x0.14
NHANES | KNN | 79.17:345 80624251 8301324  87.77:4.07 92.34%358 95.98+2.04
MLP | 74.25:9.67 80.09+45.96 84.91%555 9321x4.01 95014344 98.84+1.06
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A.12 DETAIL OF WEIGHTED FEATURE GENERATION

In this section, we outline the prompt utilized to query feature weights for a dataset. For this querying
process, both the task and all relevant feature descriptions are provided to the LLMs to ensure a
comprehensive understanding of the context and specific characteristics of the data. Additionally,
detailed instructions and the required response format are included. Below is an example using the
Car dataset.

(You are an expert in analyzing relationships between features and target variables.

I will provide you with the task description and feature descriptions of a dataset. Your goal is
to analyze the importance of each feature in predicting the target variable based on the relation-
ship between features and the target.

Task:How would you rate the decision to buy this car? Unacceptable, acceptable, good or very
good?

Feature:

buying: buying price

maint: price of the maintenance

doors: number of doors

persons: capacity in terms of persons to carry
lug_boot: the size of luggage boot

safety: estimated safety of the car

The output should be a markdown code snippet formatted in the following schema, including
the leading and trailing " * * ‘json" and " **'":

AR \json

"buying": float
"maint": float
"doors": float
"persons": float
"lug_boot": float
"safety": float

}

ANAURY

Please provide the importance of each feature in predicting the target variable. The importance
\of each feature should be a float value between 0 and 1.

Figure 10: Prompt for querying feature weights in the Car Dataset.
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The output is as follows: LLMs first analyze the relationships between features and the target class,
then provide a dictionary that delineates the associated feature weights. The generated feature
weights could enhance ProtoLLM greatly.

e .

AN ‘_]Son
{
"buying": 0.4,
"maint": 0.3,
"doors": 0.1,
"persons": 0.15,
"lug_boot": 0.05,
"safety": 0.6

}

ANAURY

Based on the given feature descriptions, the importance of each feature in predicting the target
variable can be estimated as follows:

- "buying" (buying price): 0.4 - The buying price of a car can significantly influence the de-
cision to buy. Higher buying prices may indicate better quality or features, leading to a higher
rating.

- "maint" (maintenance price): 0.3 - The maintenance price of a car can also play a role in the
decision. Lower maintenance costs may indicate affordable upkeep, which can contribute to a
positive rating.

- "doors" (number of doors): 0.1 - The number of doors may be a minor factor in the decision
to buy. More doors can provide convenience and flexibility, but it may not have a significant
impact on the overall rating.

- "persons" (capacity in terms of persons to carry): 0.15 - The capacity to carry more individ-
uals can be an important consideration for families or individuals who frequently travel with a
larger group. It contributes to the overall rating but may not be as crucial as other factors.

- "lug_boot"” (size of luggage boot): 0.05 - The size of the luggage boot may have a minimal
impact on the decision. While it can be a convenience factor, other features such as safety or
maintenance may hold more weight in determining the rating.

- "safety" (estimated safety of the car): 0.6 - The estimated safety of the car is likely to be a
significant factor in the decision to buy. Higher safety ratings can greatly influence the overall
\rating, indicating a higher likelihood of a positive rating.

Figure 11: Generated Feature weights of Car dataset.
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Here we present a summary of AUC scores for various datasets using the ProtoLLM model with
and without feature weights across different shot configurations (0, 4, and 8). While some datasets
show a slight decline in performance with feature weights, many exhibit significant improvements,
particularly the NHANES dataset, highlighting the effectiveness of weighted features in enhancing
model performance.

Table 17: AUC scores for various datasets using the ProtoLLM model are presented, comparing
performance with and without feature weights across different shot configurations.

Data | Shot | ProtoLLM  ProtoLLM+weight
0 85.93 84.37
Adult 4 86.01 84.42
8 86.12 84.56
0 80.20 81.08
Bank 4 80.85 81.06
8 81.41 81.05
0 75.63 74.66
Blood 4 75.98 76.26
8 76.35 76.35
0 78.29 71.73
Car 4 79.41 79.21
8 80.40 80.30
0 61.29 64.09
Credit-g 4 62.25 65.71
8 63.26 66.63
0 58.93 58.84
Cultivars 4 59.37 59.14
8 60.51 61.91
0 75.65 81.55
Diabetes 4 75.68 81.63
8 75.76 81.61
0 58.28 56.61
Heart 4 65.40 62.26
8 70.55 66.41
0 83.96 97.52
NHANES 4 86.60 98.18
8 88.30 98.44
0 73.13 75.16
Average AUC | 4 74.62 76.43
8 75.85 77.47
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A.13 LIMITATIONS

Limitations. This work introduces an example-free and training-free ProtoL.LM for zero and few-
shot tabular classification tasks. It prompts the LLM for feature value generation based solely on task
and feature description, making it difficult to apply to datasets without such describing information.
Besides, our ProtoLLM prompts the LLM without the training examples and designs the training-
free prototype for classification instead of training a classifier. Therefore, it is more suitable for the
zero and extreme few-shot regimes. With the increasing number of training samples, our approach
is gradually closer to or inferior to other methods that depends on training samples and a learnable
classifier, which is an interesting direction and can be considered in future work.
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