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Abstract

Handling graph data is one of the most difficult tasks. Traditional techniques, such as those based on geometry
and matrix factorization, rely on assumptions about the data relations that become inadequate when handling
large and complex graph data. On the other hand, deep learning approaches demonstrate promising results in
handling large graph data, but they often fall short of providing interpretable explanations. To equip the graph
processing with both high accuracy and explainability, we introduce a novel approach that harnesses the power of
a large language model (LLM), enhanced by an uncertainty-aware module to provide a confidence score on the
generated answer. We experiment with our approach on two graph processing tasks: few-shot knowledge graph
completion and graph classification. Our results demonstrate that through parameter efficient fine-tuning, the LLM
surpasses state-of-the-art algorithms by a substantial margin across ten diverse benchmark datasets. Moreover, to
address the challenge of explainability, we propose an uncertainty estimation based on perturbation, along with a
calibration scheme to quantify the confidence scores of the generated answers. Our confidence measure achieves
an AUC of 0.8 or higher on seven out of the ten datasets in predicting the correctness of the answer generated by LLM.
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1. Introduction

Graph structure is one of the most common data
structures in industry applications. It can store a
large amount of information. Each node (vertex)
in the graph represents an individual entity, point,
or sample. Each edge (link) represents the rela-
tionships between the nodes in the graph. How
to efficiently utilize the graph data on the down-
stream task is an active research area. Through-
out time, researchers have proposed many ap-
proaches to make graph data processing more effi-
cient and capable of handling larger graphs. There
are three popular categories of graph process-
ing techniques: matrix factorization methods, ge-
ometric methods, and deep learning-based algo-
rithms. The matrix factorization methods formulate
the graph structure data into adjacency matrices.
The decomposition of such adjacency matrices
can be used to indicate the potential links between
nodes in the graph. This is developed based on
the assumption that the relationship in the graph is
mostly linear which can be represented by a low-
rank matrix factorization (Nickel et al., 2011). Its
simplicity enables the matrix factorization-based
method ideal for processing small graphs but suf-
fers scalability issues on large complex graphs.
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The geometric-based methods assume the rela-
tion between nodes or entities can be expressed
as a linear combination (Bordes et al., 2013) or
follows a certain topological pattern (Ebisu and
Ichise, 2018). This assumption may not hold for
graphs with complex data relations. To process
large amounts of graph data with complex entity
relations, deep learning-based methods, such as
Graph Convolutional Networks (GCN) (Duvenaud
et al., 2015), become widely used. It is a data-
driven approach that does not rely on any assump-
tions about the entity relation structure. It enables
graph processing algorithms to handle exponen-
tially larger graphs. As the size of the model in-
creases, the deep learning-based approach can
handle complex data more accurately.

In this work, we follow the idea of leveraging
large deep-learning models to handle graph data.
Instead of using a widely recognized GCN or
GNN model, we utilized pre-trained LLMs and then
fine-tuned them with parameter efficient fine-tune
(PEFT) which only 0.06% of the parameter was up-
dated. We hypothesized that LLM pre-trained on
billions of tokens already learned high-level abili-
ties such as causal reasoning, learning with few
examples, and language comprehension. We ver-
ified our hypothesis on two complex graph process-
ing tasks: few-shot knowledge graph completion
and graph classification.
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Few-shot Knowledge Graph Completion is a
task that enables the model to learn graph com-
pletion on new relations with a small set of data (1-
10 samples). It helps with the problem of a large
portion of knowledge graph relations being long-
tail (Xiong et al., 2018). Furthermore, it enables
applications that need to add new relations with a
limited number of samples.

Graph Classification is a task that categorizes
the graph into different classes. It has been widely
used in medicine and science research where it
is employed for tasks like analyzing small molecu-
lar properties analysis (Rodrigues et al., 2016), or
large molecular protein classification (Borgwardt
et al., 2005).

We conducted experiments using ten publicly
available graph datasets in common knowledge,
drug discovery, and organic chemistry. Our re-
sults demonstrate that fine-tuning a large lan-
guage model with a simple LoRa (Hu et al., 2022)
prompt tuning and a carefully designed prompt can
greatly improve performance compared to current
state-of-the-art algorithms.

Furthermore, we introduced an innovative un-
certainty estimation method based on perturba-
tion, along with a kernel density estimation (KDE)
calibration approach to assess the model’'s confi-
dence in its generated answers. Our results re-
veal that this confidence score can serve as a valu-
able feature for determining the correctness of the
generated responses. Our algorithm achieved an
impressive AUC of over 0.8 on seven of the ten
datasets we investigated.

The contributions of our work can be summa-
rized as follows:

1. We verified the scale-law holds for the few-
shot learning setting on graph structure where
the pre-trained LLMs with a higher number
of parameters and pre-trained with larger
datasets exhibit higher performance in graph
processing tasks.

2. Our experiments conducted across diverse
datasets covering various scientific domains
indicate that a pre-trained LLM model with the
LoRa prompt tuning and carefully designed
prompt outperforms current state-of-the-art al-
gorithms.

3. We propose a novel approach for uncertainty
estimation based on perturbation, along with
a model calibration scheme using Kernel Den-
sity Estimation (KDE) to quantify confidence
scores.

2. Related Work

2.1. Graph Processing

Graph processing is a well-studied area. Re-
searchers widely adopt three major categories
of approaches: matrix factorization, geometric-
based methods, and deep learning methods.

2.1.1. Matrix Factorization

The knowledge graph can be reformatted into
an adjacency matrix, and decomposing this ad-
jacency matrix into components can infer rela-
tionships between entities in incomplete graphs.
Nickel et al., 2011 proposed a method called
RESCAL, which is a three-way tensor y with &
slices. Each slice x; is factorized as y, =
AR, AT for k to, m. r is the rank of the factorized
matrix. A is n x r matrix that contains the latent-
component representation of the entities corre-
sponding to the row and column of the matrix .
Ry is an asymmetric r x r matrix that models the
interactions of the latent components in the k-th
predicates. The score measures the relation k be-
tween the subject s and object o formulated as
Xsok = AsRiAL. Trouillon et al., 2016 suggested
the relation presented in A can also be antisym-
metric which decomposition only exists in the com-
plex space. To handle this situation, the formula-
tion is revised to x.or = Re({Ry, As, Ao)), Where
Hermitian product is applied to handle the dot prod-
uct with complex numbers. The real part of the
Hermitian product is used as the relation score.

2.1.2. Geometric-based Methods

The other widely used approach for processing
graph data is geometric-based methods. Bor-
des et al., 2013 proposed a method called TransE,
which suggests that each entity within the graph
can be expressed as a linear combination of its
adjacent entity and relational attribute. However,
this linear combination method encounters signifi-
cant inaccuracies when entities engage in one-to-
many (1 — to — N) or many-to-many (N — to — N)
relationships with other entities. To tackle this
challenge, Wang et al., 2014 proposed a method
named TransH, which offers a solution by project-
ing the entity vector onto a hyperplane. This trans-
formation effectively preserves the topological re-
lationships between vectors. Both TranskE and
TransH assumed that entities and relations share
the same vector space. However, this assumption
may not always hold, as a single entity can pos-
sess multiple attributes. To overcome this limita-
tion, Lin et al., 2015 proposed TransR, which elim-
inates this assumption by projecting the entity and
relation vectors into different spaces. TransD (Ji
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et al., 2015) took a step further, offering a refined
approach to the separation between entity and re-
lation projections. Later, Ebisu and Ichise, 2018
proposed TorusE, which suggests that creating
embedding in torus space brings the benefits of
eliminating the need for regularization and avoid-
ing embedding diverging into the same point.

2.1.3. Deep Learning-based Methods

As the availability of data increases, deep learning
algorithms become the next optimal choice. The
first natural choice is Graph Convolutional Network
(GCN) (Duvenaud et al., 2015), which utilizes con-
volutional modules for processing graph structural
data. Schlichtkrull et al., 2018 showed that the re-
lational GCN structure is a well-fit candidate for
tasks such as link completion and entity classifi-
cation. Dettmers et al., 2018 suggested the work
of heavy-duty GCN structure can be achieved by
a lightweight convolutional neural network. Other
network structures such as the capsule network-
based model (Vu etal.,2019) and BERT (Yao et al.,
2019) model achieved promising results as well. In
recent years, LLMs have demonstrated strong ca-
pabilities in language generation, summarization,
and other generative tasks. Leveraging the capa-
bilities of LLMs (Yao et al., 2023) in knowledge
graph completion has begun to demonstrate supe-
rior performance compared to previous methods in
general large-scale knowledge graph completion
tasks. Zhang et al., 2023a demonstrated that by
using a prefix adapter, LLMs are capable of effec-
tively discerning the correctness of triplets.

2.2. Model Uncertainty

Associations such as the European Commis-
sion have approved a law on Al system regula-
tion (COMMISSION, 2021) which requires high
levels of explainability in the Al model for many
critical industry applications. In the field of ex-
plainability for large language models, the confi-
dence or uncertainty score that LLM has on its
generated answer is in focus. Four primary meth-
ods for generating uncertainty measures in LLMs
include prompt design, answer consistency, to-
ken probability method, and supervised learning-
based method.

Prompt design employs carefully designed
prompts (Lin et al., 2022) to generate text together
with its confidence score. Prompting strategies
such as top-K (Tian et al., 2023) and chain-of-
thought (Wei et al., 2022) can be utilized to further
improve the performance.

Answer consistency measures the consis-
tency of the generated answer under different LLM
configurations, where higher consistency indicates
the model has higher confidence in its answers.

Methods such as different reasoning paths (Wang
et al., 2023), self-generate variations (Ling et al.,
2023), and perturbation of key tokens (Huang et al.,
2023) enable LLMs to produce diverse answers for
consistency measurement. Additionally, changing
model configurations, such as adjusting tempera-
ture (Xiong et al., 2023) or enabling dropout during
inference (Mo and Xin, 2023), can also generate
answer variations.

Token probability method provides another
way to measure the confidence of model outputs.
The probability associated with each output token
is leveraged to calculate uncertainties using meth-
ods such as mean token log-probability (Malinin
and Gales, 2020), semantic entropy (Kuhn et al.,
2023) and attention weighted entropy (Duan et al.,
2023).

Supervised learning-based method uti-
lizes human annotations to train a scoring
model (Mielke et al., 2022) that predicts the
probability of the model’s response being correct.

3. Datasets

Our study focuses on evaluating the performance
of LLMs on two tasks: few-shot knowledge graph
completion (FKGC) and graph classification (GC),
across 10 datasets.

Few-shot knowledge graph completion is
evaluated on three datasets: NELL, Wiki and
FB15K. The NELL and Wiki were proposed by
Xiong et al., 2018, and we followed their instruc-
tion to split the dataset into training, validation, and
testing three parts. The FB15K dataset is obtained
from Toutanova and Chen, 2015, and the exper-
imental setup is adapted from REFORM (Wang
et al., 2021). The statistics of three datasets are
summarized in Table 1.

Dataset Ents. Rels. Triples Few-Rels.
NELL 68,545 358 181,109 67
Wiki 4,838,244 822 5,859,240 183

FB15k 14,541 237 281,624 119

Table 1: Datasets statistics for few-shot knowledge
graph completion task.

Graph classification on small graphs is eval-
uated on three molecular property prediction
datasets: Tox21 (Huang et al., 2016), Sider (Kuhn
et al., 2016) and ClinTox (Wu et al., 2018). The
statistics of these three datasets are summarized
in Table 2.

Graph classification on large graphs is evalu-
ated on four datasets including two protein classi-
fication datasets: PROTEINS and ENZYMES ob-
tained from Borgwardt et al., 2005, and two drug
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Dataset Tasks Molecules
Tox21 12 7,831
Sider 27 1,427

ClinTox 2 1,478

Table 2: Dataset statistics for graph classification
task on small graphs.

classification datasets: AIDS (Riesen and Bunke,
2008) and NCI1 (Wale et al., 2008). The statistics
of these four datasets are summarized in Table 3.

Dataset Graphs Avg. |V| Avg. |[E| Classes
PROTEINS 1,113 39.06 72.82 2
ENZYMES 600 32.63 62.14 6

AIDS 2,000 16.20 15.69 2
NCI1 4,110 32.30 29.87 2

Table 3: Dataset statistics for graph classification
task on large graphs.

The train, validation, and test dataset splits for
all datasets are summarized in Table 4.

Task Dataset #Train  #Val. # Test
Wiki 61,498 6,694 15,359
FKGC NELL 8,526 1,004 2,213
FB15k 14,221 3,056 8,320
Tox21 65,005 7,208 7,360
Sider 30,807 3,861 3,861
GC ClinTox 2,364 296 296
PROTEINS 889 112 112
ENZYMES 480 60 60
AIDS 1,440 360 200
NCI1 2,960 739 411

Table 4: A summary of the dataset used in our ex-
periments on few-shot knowledge graph comple-
tion (FKGC) and graph classification (GC) tasks.
The number of train/validation/test samples are
listed.

4. Method

The capabilities of pre-trained LLMs are widely
recognized for effectively handling various tasks,
such as sentiment analysis (Xu et al., 2019a), text

summarization (Liu and Lapata, 2019), named en-
tity recognition (Li et al., 2020b), sentence en-
coding (Reimers and Gurevych, 2019) et al. In
this study, we investigate the feasibility of utilizing
LLMs for processing knowledge graphs. We for-
mulate the two knowledge graph tasks namely few-
shot knowledge graph completion and graph clas-
sification as a classification problem. Moreover,
we propose a novel uncertainty measure, which
aims to assess the quality of the classification out-
come.

4.1. Prompt Preparation

The models are fine-tuned through prompt tuning
where we follow the template from Alpaca (Taori
et al., 2023) to construct prompts. As shown in Ta-
ble 5, the Alpaca template consists of four parts:
task description, instruction, input, and response.
We formulate the graph completion and graph clas-
sification tasks as multiple-choice questions. The
task description section provides the information
for the tasks. The instruction section provides the
task requirements and available choices for the
question. The input section contains the input sam-
ples. For example, in the graph completion task,
the head and tail entities are used as input. While
in the graph classification on the chemical molec-
ular property analysis dataset, we use the target
and SMILES string(Weininger, 1988) as input. The
response section contains the index of the correct
choice. We use the index instead of the actual an-
swer as an easy way to help us catch the answer
with incorrect formats. Additional examples of de-
tailed prompts can be found in the Appendix.

Below is an instruction that describes a task,
paired with an input that provides further con-
text. Write a response that appropriately com-
pletes the request.

### Instruction:
{instruction}

### Input:
{input}
### Response:

Table 5: Alpaca Template for prompt tuning.

4.2. Model Selection

In 2017, the transformer (Vaswani et al., 2017)
model surpassed models such as LSTM and RNN,
becoming the primary backbone model for NLP
tasks. Since then, many variances of transformer
models have come out such as the unsupervised
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trained BERT (Devlin et al., 2019), and its im-
proved version RoBerta (Liu et al., 2019). As
NLP research progresses, exponentially larger lan-
guage models such as the encoder-decoder struc-
ture T5 (Raffel et al., 2020) model and decoder-
only structure OPT (Zhang et al., 2022) model
are gaining traction. This indicates that the com-
bination of a large amount of high-quality data
and a large model size can achieve superior re-
sults. When it comes to text generation tasks,
decoder-only structure models have become a
more popular choice due to their capability to
handle multiple tasks. Among the open-sourced
language language models, the LLaMa (Touvron
et al., 2023a) and the subsequent model LLaMa2
(Touvron et al., 2023b) are the most frequently
used by researchers. It's worth mentioning that
compared to LLaMa, the LLaMa2 model is trained
with 40% more data and fine-tuned on over 1 mil-
lion human preferences.

Our study focuses on investigating the feasi-
bility of utilizing LLMs on two graph processing
tasks. To select the best LLM, we test eight differ-
ent representative LLMs on three datasets. The
number of parameters for each selected model
is 355M for RoBerta-L, 340M for BERT-L, 1.3B
for OPT-1.3b, 6.7B for OPT-6.7b, 770M for T5-L,
and 7B for Mistral-7b, LLaMa and LLaMa2. The
performance of LLMs is summarized in Table 6.
The ClinTox, ENZYMES, and NELL datasets are
used to evaluate LLMs’ performance on graph clas-
sification with small graphs, graph classification
with large graphs, and few-shot knowledge graph
completion tasks respectively. The results show
LLaMa2-7b model achieves the highest average
performance across tasks. Based on this observa-
tion, we choose the LLaMa2-7b model for all sub-
sequent evaluations.

Models ClinTox ENZYMES NELL
RoBerta-L  98.9% 81.7% 97.6%
BERT-L 97.6% 40.0% 90.1%
OPT-1.3b  99.5% 98.3% 91.8%
OPT-6.7b  99.4% 99.2% 95.4%
T5-L 99.2% 43.3% 29.1%
Mistral-7b  99.7% 98.3% 98.8%
LLaMa-7b  99.8% 93.3% 89.4%
LLaMa2-7b  99.6% 99.2% 99.2%

Table 6: The eight selected LLMs’ performance
on graph processing tasks. AUC is utilized as the
metric for the ClinTox dataset, while hits@1 is em-
ployed as the metric for other datasets.

4.3. Model Fine-tuning

Due to the hardware resource limitation, we em-
ploy a parameter efficient fine-tuning method,
LoRA (Hu et al., 2022), to fine-tune LLMs. The
LoRA method freezes the weight of the pre-trained
model and adds a small amount of additional
weight to the existing model layers. For the se-
lected LLaMa2 model, 0.06% (4.2M out of 7B) pa-
rameters are trained through the LoRa fine-tuning
process.

5. Experiments

5.1.

Our experiment is conducted on a server with four
Tesla V100 32GB GPUs, Intel(R) Xeon(R) Gold
5117 CPU @2.00GHz, and 256GB RAM. FP16 is
used during the experiment. The settings for LoORA
fine-tuning are as follows: Ir=0.0003, LoRA R=8,
LoRA Alpha=16, LoRA Dropout=0.05, and the tar-
get modules for LoRA are g_proj and v_proj. !

Implement Details

5.2. Few-shot Knowledge Graph
Completion

We follow the standard process as GMatching
(Xiong et al., 2018) where the training comes in two
steps. In the first step, we utilized the background
data to train the system. Then the model is fine-
tuned 5-shot learning where each type of relation
has five samples. We evaluated three few-shot
learning datasets of the graph completion task.

We compared our method with six baselines:
Relation Network (Sung et al., 2018), Prototypi-
cal Network (Snell et al., 2017), GMatching (Xiong
et al.,, 2018), FSRL (Zhang et al., 2020), FAAN
(Sheng et al., 2020) and REFORM (Wang et al.,
2021). As shown in Table 7, our LLaMa2-7b -
based method achieves the best performance on
all three datasets.

To conduct further analysis of the performance
of LLMs in few-shot learning scenarios, we con-
ducted experiments training the model with differ-
ent background datasets. The term “background
dataset” refers to triplets that belong to the same
field as subsequent training samples. Although
they will not appear in later training, validation,
or test sets, training the large language model
on the background dataset first can provide the
model with some basic knowledge of that field.
We conducted experiments with 0-shot and 1-shot
learning settings. The results are shown in Ta-
ble 8. When the training and testing set are con-
ducted on the different datasets, our performance

The code is available at
https://github.com/code4paper-2024/codedpaper
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Dataset NELL Wiki FB15k
Relation Network 679 516 622
Prototypical Network 84.6 66.1 84.1
GMatching 90.8 75.2 84.8
FSRL 87.9 63.7 833
FAAN 94.7 743 86.3
REFORM 944 788 88.1
Ours 99.2 83.1 89.9

Table 7: Experimental results of 5-shot learning on
knowledge graph completion task.(hits@1)

drops between 5 to 20%. It indicates training with
background knowledge is important even for the
LLaMa2-7b model that is pre-trained on 2 Trillion
tokens. When the background dataset and the test
dataset come from the same background, com-
pared with 1-shot learning, the results of 0-shot
learning immediately dropped around 20%. This
indicates that the LLM can adapt to new graph links
even with just one sample.

BG Mode  Test LLaMa2
NELL 1-shot NELL  0.905
Wiki  1-shot NELL  0.808
FB15k 1-shot NELL  0.819
NELL O-shot NELL 0.616
NELL 1-shot  Wiki 0.614
Wiki 1-shot  Wiki 0.641
FB15k 1-shot  Wiki 0.597
Wiki  0-shot  Wiki 0.415
NELL 1-shot FB15k  0.583
Wiki  1-shot FB15k  0.806
FB15k 1-shot FB15k  0.808
FB15k 0-shot FB15k  0.580

Table 8: Few-shot learning graph completion ac-
curacy(hits@1) with different background (BG)
datasets.

5.3. Small Graph Classification

To evaluate the efficiency of LLM for graph clas-
sification on small graphs, we chose three chem-
ical molecular property prediction datasets. The
input of those datasets are strings in SMILES for-
mat (Weininger, 1988). Due to the small size of

those datasets, a 10-fold nested cross-validation
is utilized in the evaluation.

Our baselines include GraphLoG (Xu et al.,
2021), AD-GCL (Suresh et al., 2021b), GraphCL
(You et al., 2020), JOAO (You et al., 2021), Sim-
GRACE (Xia et al., 2022a), GraphMAE (Hou et al.,
2022), GraphMVP (Liu et al.,, 2022), MGSSL
(Zhang et al., 2021), MoMu (Su et al., 2022), Mole-
BERT (Xia et al., 2022b) and GIT-Mol (Liu et al.,
2023). The evaluation results are shown in Table
9. Our LLM-based method outperformed all the
baseline methods by a large margin.

Models Tox21 Sider ClinTox
GraphLoG 751 59.6 75.7
AD-GCL 749 615 77.2
JOAO 748 604 66.6
SIimGRACE 744 602 755
GraphCL 751 598 775
GraphMAE 75.2 60.5 76.5
GraphMVP 749 60.2 79.1
MGSSL 752 616 7741
MoMu 756 605 799
Mole-BERT 76.8 62.8 78.9
GIT-Mol 759 634 883
Ours 79.6 821 99.6

Table 9: Experimental results of graph classi-
fication on three molecular property prediction
datasets. (AUC)

5.4. Large Graph Classification

We also evaluate the LLM’s performance on large-
scale graph classification. In the experiments,
we use two protein-related datasets (ENZYMES,
PROTEINS), and two drug classification datasets
(NCI1, AIDS). For the protein-related datasets,
since the amino acid sequences have long lengths
and few types of amino acids, direct training on
these datasets generated poor results. To solve
this issue, we employ a technique similar to feature
engineering, where consecutive identical amino
acids are merged. For example, a sequence like
[1,1,1,2,2, 8,3, ...], where 1, 2, 3 represent dif-
ferent types of amino acids, is merged into [1(3),
2(2), 3(2), ...], with the numbers in parentheses in-
dicating the consecutive occurrences.

We compared our methods with several base-
lines includes GCN (Kipf and Welling, 2017), GC-
NIl (Chen et al., 2020), GIN (Xu et al., 2019b),
HGP-SL (Zhang et al., 2023b), SAGE (Hamilton
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et al., 2017), DeeperGCN (Li et al., 2020a), GT
(Dwivedi and Bresson), SAN (Kreuzer et al., 2021),
SAT (Chen et al., 2022), GPS (Rampasek et al.,
2022), UGT (Hoang et al., 2023), RW (Gértner,
2003), FGW (Titouan et al., 2019), HSGE (Dutta
etal., 2020), SGE (Dutta and Sahbi, 2018), Comm-
POOL (Tang et al., 2021), linearFGW (Nguyen and
Tsuda, 2023), WL (Shervashidze et al., 2011) and
XGraphBoost (Deng et al., 2021). As shown in Ta-
ble 10, and 11, our method outperformed all the
baselines on four datasets. As the datasets come
from different domains, these results demonstrate
the robustness of LLM to handle graph classifica-
tion tasks across diverse domains.

Models ENZYMES PROTEINS
GCN 18.2 59.2
SAGE 21.5 62.8
GCNII 31.5 62.5
GIN 33.6 64.1
DeeperGCN 25.4 61.2
GT 41.7 77.3
SAN 22.5 68.5
SAT 50.9 62.9
GPS 62.7 53.8
UGT 67.2 80.1
HGP-SL 68.8 84.9
Ours 99.2 99.6

Table 10: Experimental results of graph classifica-
tion on two protein datasets.(hits@1)

Models NCI1 Models AIDS
XGraphBoost 61.9 FGW 91.0
RW 69.0 RW 98.5

WL 82.5 HSGE 99.0
GCN 76.0 || CommPOOL 98.5
SGE 82.5 SGE 98.7
GIN 79.1 linearFGW 98.7
Ours 99.5 Ours 99.2

Table 11: Experimental results of graph classifica-
tion on NCI1 and AIDS datasets.(hits@1)

6. Model Uncertainty

In this work, we also propose to measure the
model uncertainty from two perspectives: dataset
level and sample level.

6.1. Dataset Level Uncertainty

Information entropy (Cover, 1999) is a well-known
metric for quantifying the uncertainty of algorithm
output. Notably, our observations reveal that the
LLM exhibits a high degree of confidence in its
output, with the cumulative probability of the top
two selections accounting for approximately 99%.
In our method, for each sample denoted as z, we
extract the top two probabilities (p1(z) and ps(x))
from the selection of outputs. Then, we compute
the average information entropy across the test set,
denoted as H (), for each sample.

H() = == Y (p1(2)l0gpi (2) + pa(z) log ()

xTEX

(1)
where =z € y, m denote the number of samples
in the dataset x. This process is iterated across
all ten datasets. Figure 1 illustrates the relation-
ship between entropy and the LLM’s accuracy on
different datasets. We observe a clear trend that
datasets with higher information entropy tend to
have lower accuracy.

100
;\;\ 90
3 80
o
=}
8 70
<

60

0.0 0.1 0.2 0.3 0.4
Entropy

Figure 1: Evaluation of mean information entropy
of the dataset vs. mean dataset accuracy.

6.2. Sample Level Uncertainty

6.2.1. Sample Uncertainty Extraction

We also proposed a novel approach for assess-
ing sample-level uncertainty. This sample-level
uncertainty can be used as a confidence score
to indicate the correctness of the model’s output.
For a given sample denoted as z, we introduce a
small random perturbation ¢ to create a new sam-
ple ' = x + e. The perturbation ¢ is chosen to be
sufficiently small so that not have a material influ-
ence on the algorithm’s output. Then, we use this
new sample z’ as an input for an LLM L to obtain
the top-1 probability for the selection. This process
is iterated k times, resulting in a list of probabili-
ties denoted as P = {p1,p2,...pr}. The sample’s
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standard deviation, z, is then defined as follows:

A challenge associated with using standard devi-
ation as a measure of uncertainty is the absence
of a reference point to determine whether it repre-
sents a substantial value. To address this issue,
we suggest employing the validation set for cali-
brating the uncertainty metric.

6.2.2. Uncertainty Model Calibration

To illustrate the calculation process, we use the
largest dataset Wiki-One as an example. The stan-
dard deviation o, of each example is collected
from the validation set. A negative log is applied
to each o, and the histogram of the validation set
for o, is shown in Fig. 2. From this histogram,
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Figure 2: Histogram of negative log standard devi-
ation for Wiki-One validation set.

we observe that the — log(o) does not follow a nor-
mal distribution. To make our approach more flex-
ible, we apply kernel density estimation (KDE) to
estimate the probability density function (PDF). Let
(z1,22,...,2,) be independent and identically dis-
tributed samples drawn from the validation dataset
X, where we set n = 100. The PDF of input vari-
able z is estimated as follows:

where K is the Gaussian kernel. The bandwidth is
defined by Scott’s rule (Scott, 1979):

X, 4
h= 0.6745(

il

) (4)

3m
where m is the number of points in X,,. We hypoth-
esize that answers with higher standard deviation
(lower negative log standard deviation) will have a
higher probability of being a wrong answer to the
query. Based on this hypothesis, we utilize the
function f(x) to estimate cumulative density func-

tion (CDF) F(z) (shown in Fig. 3) which is formu-
lated as follows:

A _OO ~
F(z) = / f(tydt (5)
xT
1
08r
>
£06
e}
E
D=:0.4’
0.2
-5 0 5 10 15 20 25 30

Negative log standard deviation

Figure 3: The cumulative density function esti-
mated from the validation set of the Wiki-One
dataset.

The CDF probability estimated indicates the con-
fidence score for sample z. The distribution of con-
fidence score from the test set is shown in Fig. 4.
The positive label indicates the samples that re-
ceived a correct answer from the LLM, while the
negative label indicates the samples that received
a wrong answer. This confirmed our hypothesis
that the negative samples concentrate at lower
confidence scores.
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Figure 4: Distribution of confidence score for the
positive (model gives a correct answer) and nega-
tive (model gives a wrong answer) from the Wiki-
One test set.

We experimented with the confidence scores
and ran a classification that categorizes samples
as positive or negative labels. As shown in Fig. 5,
our method received 0.82 AUC on the Wiki-One
test set.

We expanded the experiments to all 10 datasets.
The results are shown in Fig. 6. Our
method achieved high AUC scores across various
datasets, in which 7 out of 10 datasets achieved
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Figure 5: The ROC curve of using confidence
score to classify the answer from samples from
Wiki-One test set.

an AUC score higher than 0.8. This reveals our
uncertainty measurement has the potential appli-
cation to evaluate the quality of output without any
additional changes to LLM.
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Figure 6: Results of applying our confidence score
to classify positive and negative samples on 10
datasets.

7. Conclusion

In this paper, we introduced an approach that
harnesses the power of a large language model
for processing graph data. We conducted exper-
iments across ten diverse datasets, on few-shot
knowledge graph completion and graph classifica-
tion tasks. Our method consistently outperformed
state-of-the-art approaches across all ten datasets
by a significant margin. Furthermore, we proposed
a novel uncertainty-aware confidence scoring algo-
rithm, which serves as an indicator of the correct-
ness of answers generated by the large language
model to enhance the model’s explainability.
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A

Appendix: prompt examples

dataset

prompt example

Nell

Below is an instruction that describes a task, paired with an input that provides further context. Write a response that appropriately completes the request.

### Instruction:

Select the most likely relationship between the two entities
1. automobilemakerdealersincountry

2. animal such as invertebrate

3.

### Input:

sports league/mlb, coach/joe_torre

### Response:
17

Wiki

Below is an instruction that describes a task, paired with an input that provides further context. Write a response that appropriately completes the request.

### Instruction:

Select the most likely relationship between the two entities
1.series spin-off

2.partnership with

3.

### Input:

Royal Clipper, Valletta

### Response:
131

FB15K

Below is an instruction that describes a task, paired with an input that provides further context. Write a response that appropriately completes the request.

### Instruction:

Select the most likely relationship between the two entities
1./government/political_party_tenure/politician

2. ffilm/film_set_designer/film_sets_designed

3.

### Input:
Austria, Vienna

### Response:
53

Tox21, ClinTox

Below is an instruction that describes a task, paired with an input that provides further context. Write a response that appropriately completes the request.

### Instruction:
Classify if the given target will be activated by the molecular or not. Output 1 for activate, and 0 for not.

### Input:
target:NR-AR, molecular:NC(=S)Nc1cceceel

### Response:
0

Below is an instruction that describes a task, paired with an input that provides further context. Write a response that appropriately completes the request.

### Instruction:
Classify if the given side effect will be caused by the molecular or not. Output 1 for cause, and 0 for not.

Sider .
### Input:
side effect:Reproductive system and breast disorders, molecular:CN1CCCC1C2=CN=CC=C2
### Response:
1
Below is an instruction that describes a task, paired with an input that provides further context. Write a response that appropriately completes the request.
### Instruction:
Given a protein ID, sequence, and related protein IDs, classify the given protein as one of the enzyme types. Output a number between 0 and 5.
Enzymes ### Input:
protein_id:131, sequence:1(5),2(9),3(4)
### Response:
4
Below is an instruction that describes a task, paired with an input that provides further context. Write a response that appropriately completes the request.
### Instruction:
Given a protein ID and its sequence, classify if the given protein is an enzyme or not. Output 1 for enzyme, and 0 for not.
Proteins ### Input:
protein_id:855, sequence:0(4),1(10)
### Response:
1
Below is an instruction that describes a task, paired with an input that provides further context. Write a response that appropriately completes the request.
#i#t# Instruction:
Given a compound ID and its sequence, classify if the given compound is AIDS antiviral or not. Output 1 for antiviral, and 0 for not.
AIDS ### Input:
compound_id:655, sequence:3(1),0(2),3(1),0(1),2(1),0(1),5(1)
### Response:
1
Below is an instruction that describes a task, paired with an input that provides further context. Write a response that appropriately completes the request.
### Instruction:
Given a compound ID and its sequence, classify if the given compound is positive or negative to cell lung cancer. Output 1 for positive, and 0 for negative.
NCH

### Input:
compound_id:3858, sequence:1(6),2(5),3(12)

#i## Response:
1
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