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[Abstract]

Periodic corporate filings are structured documents combining text and tables. Practical use of these
documents requires comprehensive reasoning to integrate and interpret information across multiple sections.
However, current large language models (LLMs) struggle with such reasoning, and existing financial
benchmarks are insufficient for evaluating practical skills like tool usage. To address this gap, we develop
KRAFT*-QA, a new benchmark based on Korean corporate filings. KRAFT*-QA consists of
multiple-choice tasks that require integrating information across various sections. Model performance is
evaluated using both accuracy and valid response rate. Experiments with major open LLMs demonstrate
that model scale and reasoning architecture can affect performance. This study presents a real document-
-based, tool-augmented QA benchmark and an evaluation framework, establishing a technical foundation

for quantitatively assessing the real-world problem-solving capabilities of LLM agents.

» Key words: Large Language Model, Benchmark Dataset, Text-Table Question Answering,
Tool-augmented Agent, Financial Domain
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I. Introduction
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II. Preliminaries

1. Financial LLM
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3. Tool-augmented Agent
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Corporate
Filings
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Fig. 1. Dataset Construction Pipeline Overview
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III. The Proposed Method

1. Dataset Construction and Task Design

1.1 Data Source and Collection
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Fig. 2. A Nested Table Example from a Corporate Filing
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Fig. 3. Tool-augmented Evaluation Agent Overview
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1.4 Dataset Post-processing
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2. Tool-augmented Evaluation Agent
2.1 Agent Overview
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IV. Empirical Results

1. Experimental Setup
2 Aol = ot 71dollA 57ligk 70B 0]gke] &
2 370 LLMg 87} o Agstn, 2de] 7)o}

S92 nfslo] 452 vlw B3 2 229 ol

You are a code-based reasoning agent answering Korean
multiple-choice questions with four options about
company financials.

You have access to multiple Python function tools that
return official company data.

You may use your prior knowledge, but you must always
attempt to answer using the available tools first.
**Tnput:**

Question:

{question}

Choices:

{choices}

You have access to several tools. Each tool returns a
different section of official company data, such as
comprehensive income statements, balance sheets, segment
information, contract data, etc.

**Instructions:**

1. **Understand the Question**

* Carefully read the question and identify what
specific financial fact is needed (e.g., revenue,
profit, segment earnings, contract details, etc.).

* Check if this value is explicitly stated or needs to
be found.

2. **Use Tools to Find Information**

* Use the most relevant tool(s) to retrieve the
required information.

* If multiple tools may be relevant, use all necessary
tools.

* Do not skip tool usage; always check all relevant
tools first.

3. **Analyze Each Option**

* For each choice (A, B, C, D):

* Compare it with the data from the tool(s).

* If, after using all relevant tools, you still
cannot find the information, then you may use your prior
knowledge to reason.

* You must always select exactly one of A, B, C, or D
as your answer.

4. **Qutput the Final Answer**

* Your final output **must** be in the following exact

format (including "~<end_code>"):

Code:

T py
final_answer("A")
"7 <end_code>

* Replace ~"A"® with the correct choice (""B"", “"C"",

r “"D"" as needed).
**Additional Guidelines:**
* Always prefer tool-based answers.
* Only use prior knowledge if all relevant tools fail to
provide the needed information.
* Use the reasoning sequence required by your system
prompt:

Thought: ...

Code: ...

Observation: ...

(repeat as needed)

The final answer must always be in the exact code block
format as above, ending with “<end_code>".

(0|5 Task example LIE)

Fig. 5. System Prompt for the Evaluation Agent

o]y 5 AT AP Eeo] &7 glo] vijze A4
Jfjz ARESITE 8 A= vLLM[26] % SGLang[27]
2 Jjgtog 1E3on) BE UL OpenAl
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API[28]9} S8E]= QIHIjo| AR FASlsto], ofo] M ET}
date HAo 2 ST 2 QlesE 3Lt ds Bk

T 7] A ARE 7]EoR2 L3Psich Al s A
T(Accuracy)2, AA| £ 5 482 U3l &S 20|

st & HR= FE{(Valid Response Rate,

VRRIZ. dIoffIEs} 279 59 9ae 2u=A A

2t10] H]gS UERALE o]t AJAEI] Qb Azl
S Wk Apolr), 33 4 0F 502 s A
s S8 Hew A, ZF HoF Xlmo gt
Sale ohga 2o,
Accuracy — # of Correct Answers
v # of Total QA
# of Invalid Answers
Valid R R =1-
ali esponse Rate # of Total QA
Table 1. List of Evaluated LLMs
Model Release Company
HyperCLOVA X SEEDI[29] 20254 4 Naver
Llama 3.2[30] 202414 9¥ META
Kanana 1.5[31] 20254 5€ Kakao

EXAONE 3.5[10] 202494 12¢ LG

Gemma 3[9] 20254 3€ Google
Qwen3[8] 20254 4€ Alibaba

2. Experimental Results and Analysis
2.1 Performance Comparison of LLMs

Table 2. LLM Performance Results by Model

Model Size Acc(%) VRR(%)
Random Guess - 25.0% 100.0%
HyperCLOVAX SEED 1.5B 14.1% 41.8%
Llama 3.2 3B 23.2% 61.5%
Kanana 1.5 8B 54.2% 92.9%
EXAONE 3.5 32B 62.2% 95.1%
Gemma 3 27B 66.3% 99.6%
Qwen3 (w/ Thinking) 32B 71.2% 98.8%

2 A, A 20| sjejulg 47} 5714
£ 7geter} Py Yol FAUC ol 2 Fe
o] WAl A2 B2 s1ASH: o Jlofdicks Qur
e 1) 2, SUS 80 5 Il

¥ Aole w95 EARC oid, 32B @)
Qwen3([8]2} EXAONE 3.5[10]tofl= 2F 9%p2o| Ate
Fol7} BRH9100, o gt 8% 3] 2ol op]
$08 oG dole] 79, AT et T
o2 2e Y50 3L oAl

o
ol
o
|-l'l
o
o2

o]
Ol
L
rok

pi

NSRS WA G5 SUES XA QRN A8
Hrlsh= siAl x|p=2 75,*%0 tt. Qwen3, Gemma 3[9]
o 2 95% oldel 85 $UES JIsalol 47
53 I A5 55 AL PYHoR F4% U,
HyperCLOVA X SEED[29]9} LLaMA 3.2[30]%= 60% o]
52 e S98e voln 34 o5t &5 At u
sPA WA o] Blo] A Selu Wiz, 59
E _/'\_ 01&;(]7} }\1_9_/\-1 ‘_ ] 0101 6._9_0
aslx] ge 890 cpre
= 4 Ol WAIE 2500 7101% 2oz
BAg]9jct LLMO] v 2A|(Repetition Problem)=Z ©1
5l context Aolg RuSIAY, = 5&F FEoA TS
ol olx} o8, EIQ) Balx] Sof B4 087} A4Ao
2 WAE ARt Rl oleist Bl

! o|r1 ifte

I oE

-

st 2D E

- - a

2.2 Effect of Model Size on Performance

Table 3. LLM Performance Results by Model Size

Model Size Acc(%) VRR(%)
Qwen3 (w/ Thinking) 1.7B 54.6% 91.4%
Qwen3 (w/ Thinking) 4B 61.7% 97.2%
Qwen3 (w/ Thinking) 8B 68.2% 99.6%
Qwen3 (w/ Thinking) 14B 71.7% 99.2%
Qwen3 (w/ Thinking) 32B 71.2% 98.8%

28 37)) 2 A% WelE oS gUs 2ol
950, = Aol Quen3ls] ALL 71E
k. Quen3t L7BRE| 32B7HA| SUA3t ob7]El F]ut
of chegt 3] &4 AL, A4 AF b 7MY
o HHES 7|53 Dol 278 A
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T O = o )
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o= 8l tiH] A5 ER0lA 8B £ 14B 2ilo] WA
A AR A A Ql3S AR

+8 SEE £ 8B o] ZEoJM 99% Wlo] =2
>S5 Mo R FAsIAT FAIKCR, 8B(99.6%),
14B(99.2%), 32B(98.8%) 2@ RZofA Invalid 2
3t Rj2i0] 2akglo, of= Qwen3 AYY F4% B
dlo] £ Al oA EWHOME =2 AR EE ATt

= Ho&t
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2.3 Thinking Mode and Qwen3 Performance

Table 4. Qwen3 Performance Results w/o Thinking

Model Size
Qwen3 (w/o Thinking) 1.7B 36.3% 65.4%
Qwen3 (w/o Thinking) 4B 49.7% 82.4%
Qwen3 (w/o Thinking) 8B 56.3% 87.8%

( )

( )

Acc(%) VRR(%)

Qwen3 (w/o Thinking 14B 58.6% 87.1%
Qwen3 (w/o Thinking 32B 59.1% 85.1%

Lot Qwen3[8] 2ilo] Wd F& Aot 7Y
Thinking 2 =5 vj&/del3lE o9 45 At F2 =
ASich Thinking RE= A& 24, 82 58, =7 2
£, A% A= o2 2A4 si2 e PANCE
Yot s RHlS Rhdle 7lel2, A ddoMe of
7ol 27dete AJeli(w/ Thinking)o A &2 72 =e}

el 3T FAL 715 vt ok,
2
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NEres} AnEP) st A BUULE I Fol 3
Om, 1.7B= 18.3%p, 32B= 9%p ZFAs) =2 19 &
571 5ol 2 4%e UATks g HolEC) ofg?,
E7 5% oA 257t SoluwA 9& SUEE A
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3. Case Study
NYA Wokes mefel] of2ie oolMES] A
Mg olstsh] gl 4 L Anj Atelg 717 Bl

Fig. 62 #o], 45 A= ollolF e S4et 2A

--= New run --—-
{SYSTEM_PROMPT}
Question 674 7|&3i FH &4

_—"0

AT ¥E BE

B. 2187 ¥5 T3
C. Y20lE YT Wiy
D. Z2|0[gf E0f A|A%
-~ Step 1 -—

Thought: The question asks about a product developed in
2022 by the company, specifically mentioned as an
industry-first achievement. This likely relates to R&D or
product innovations. I will first check the "Products and
Services" section to identify any 2022 developments. If not
found, I will check the "Contracts and R&D" section.
Code:
products_services= get_business_products_and_services()
print(products_services)

“*<end_code>
Execution logs: (442
Out: None
-—- Step 2 -—

Thought: The "Products and Services" section did not mention
the 2022 development. Next, I will check the "Contracts and
R&D" section to find details about the 2022 industry-first
product achievement.
Code:
rnd_data= get_business_contracts_and_rnd()
print(rnd_data)

“*<end_code>
Execution logs: (A2
Out: None
--- Step 3 -—-

The question asks about a product developed in 2022 as an
industry-first achievement, specifically related to fire-resistant
technology. From the "Contracts and R&D" section, the
Aluminum Business Division's R&D results explicitly mention
the development of fire-resistant windows (e.g., FP-TB26SL,
FP-CW180A, FP-PJ80A, FP-SL170) with advanced
fire-resistant performance.
This directly matches Option C: 2205 YH =3t (Aluminum
Double Fire-Resistant Window).
Code:

final_answer("C")

“*<end_code>
Out - Final answer: C

Ay 7199=e gule] QAT

Fig. 6. Reasoning Trajectory in a Successful Case

—a
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X9t A=A S 8|kl GRISHA] ¢AL HlolHE 2% =
2le Zloz eusict. 1 An [7]e] FAjEAl0l 9284
WS Hots YHLR ArE ety AR Z2E4
=9t o] ARRlE dlolRETE 2AIS FEs] 25t
e, v & W S Atz sidskAl 22 o AY
E=E0 AoE & Qlee AR

--- New run ---
{SYSTEM_PROMPT}
Question 6451 GAl | EHEHE AHMEH L2 7| OfH|
21,727840FA 0] ZEATH 116,657H0H, B EA|= 928H0rA0| F
It 0|98 UL S5HISE 519.11%, HAHISS 2384% 94
stn &Yt
A. 23,385H40F3
B. 20,00044 3
C. 21,5294k
D. 22,4574k
-—- Step 1 -—
Thought: I need to find the total liabilities (£2{Z4|) from the
balance sheet data. I'll use the get_finstate_balance_sheettool
to retrieve this information.
Code:
balance_sheet= get_finstate_balance_sheet()
print(balance_sheet)
***<end_code>
Execution logs: ("4=f)
Out: None
--- Step 2 -—
Thought: The balance sheet data shows that the current
period's total liabilities (E2{Z4) are 29,093,372,709 won
(29,093.37 million won). The previous period's total liabilities
were 167,330,570,809 won (167,330.57 million won). However,
the question states that the liabilities increased by 928
million won. This discrepancy suggests a possible error in the
data or question, but based on the provided data, the correct
answer is not listed. However, if we follow the question's
statement (increase of 928 million), the calculation would be
previous liabilities (22,457 million) + 928 million = 23,385
million (option A). Therefore, the answer is A.
Code:
final_answer("A")
***<end_code>
Out - Final answer: A

Fig. 7. Reasoning Trajectory in a Failure Case

V. Conclusions

& At = A 719 Al AR LA 7Rk
2, LLM ofojE} 9f 45 25 5dHU 52
HAE sidshe s3& B7Isl7] et A2 Hixua
KRAFT*-QAS J1&8it} o] Wix|ul3: thedh Ay A

2 SR ARE, F= vl A i S AR

ARS 1:]01

Ay ZAn, mdo] mejujg] 47F 242, 291
X 7]5(Thinking 2.5)2 AFg3 o Hetzo} &
AAo| =2ist sk} AskS B9} o] £ 7|8t
oA LLM ofolxlE0] 2A] 512 52 JgHo=

2 ole R W AR AFTL AR
2

=
T
ct
=]

£ 4 sicfol FAH9 %

L=
PR A of ol i@% wRT o, 22 A2 &
=) O
=

1

-+

2

uj

1o

2

2

%

o -

Mo

olr

==

i

i)

2

o

opi

2

i)

lo

TP O

z H o =
S

of °% a2 Mo Mo

P

rz
o
)
ko
4
i
iw)

lo
o
%

shH, 23k Qwen3[8]2t EXAONE 35[10]
% urAl o 2 ;quﬂgwx]ﬂ} 44 ‘Oﬂ
1

r$m
>
>,

.
HE ReElo] 52 wﬂ} 3
B7}ets woto] =

o°|‘
4ov

=

_[
i
Rl
ﬁ
E
b <
o 9
5 |I
o)
mm@rlri:;m
O oo 5
—Qo|rﬁﬁ
JB ek rek ol

d
=)
a)
19

|
Fl-ﬂ: o
£
E

d
T
i

0

>
o g
oH,

AN
N

|.|-|
-+
=2

[J
E
a)

>
ia)
ol
o,
Q.
gL
i)
2 ofo

ACKNOWLEDGEMENT

This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea
government (MSIT) (No.2023R1A2C200337911 and
No. RS-2023-00220762).



38 Journal of The Korea Society of Computer and Information

REFERENCES

[1] V. Gupta, M. Mehta, P. Nokhiz, and V. Srikumar, "INFOTABS:
Inference on Tables as Semi-structured Data," Proceedings of the
58th Annual Meeting of the Association for Computational
Linguistics, pp. 2309-2324, 2020. DOI: 10.18653/v1/2020.acl-
main.210

[2] M. Raza, Z. Jahangir, M. B. Riaz, M. J. Saeed, and M. A. Sattar,
"Industrial applications of large language models," Scientific
Reports, vol. 15, no. 1, p. 13755, 2025. DOIL: 10.1038/s41598-
025-98483-1

[3] W. Chen, H. Zha, Z. Chen, W. Xiong, H. Wang, and W. Y. Wang,
"HybridQA: A Dataset of Multi-Hop Question Answering over
Tabular and Textual Data," Findings of the Association for
Computational Linguistics: EMNLP 2020, pp. 1026-1036, 2020.
DOI: 10.18653/v1/2020.findings-emnlp.91

[4] Z. Chen et al,, "FinQA: A Dataset of Numerical Reasoning over
Financial Data," Proceedings of the 2021 Conference on Empirical
Methods in Natural Language Processing, pp. 3697-3711, 2021.
DOI: 10.18653/v1/2021.emnlp-main.300

[5] F. Zhu et al, "TAT-QA: A Question Answering Benchmark on
a Hybrid of Tabular and Textual Content in Finance," Proceedings
of the 59th Annual Meeting of the Association for Computational
Linguistics and the 11th International Joint Conference on Natural
Language Processing, pp. 3277-3287, 2021. DOI: 10.18653/v1/
2021.acl-long.254

[6] J. Jiang et al., "FinMaster: A Holistic Benchmark for Mastering
Full-Pipeline Workflows with LLMs,"
arXiv:2505.13533, 2025. DOI: 10.48550/arXiv.2505.13533

[71 S. Yao et al, "ReAct: Synergizing Reasoning and Acting in

Financial arXiv:

Language Models," The Eleventh International Conference on
Learning Representations, 2023. DOI: 10.48550/arXiv.2210.03629

[8] A. Yang et al, "Qwen3 Technical Report," arXiv: arXiv:2505.
09388, 2025. DOI: 10.48550/arXiv.2505.09388

[9] G. Team et al., "Gemma 3 Technical Report," arXiv: arXiv:2503.
19786, 2025. DOI: 10.48550/arXiv.2503.19786

[10] L. A. Research et al., "EXAONE 3.5: Series of Large Language
Models for Real-world Use Cases," arXiv: arXiv:2412.04862,
2024. DOI: 10.48550/arXiv.2412.04862

[11] S. Wu et al, "BloombergGPT: A Large Language Model for
Finance," arXiv: arXiv:2303.17564, 2023. DOI: 10.48550/arXiv.
2303.17564

[12] H. Yang, X-Y. Liu, and C. D. Wang, "FinGPT: Open-Source
Financial Large Language Models," arXiv: arXiv:2306.06031,
2023. DOI: 10.48550/arXiv.2306.06031

[13] E. J. Hu et al,, "LoRA: Low-Rank Adaptation of Large Language
Models," International Conference on Learning Representations,
2022. DOI: 10.48550/arXiv.2106.09685

[14] Z. Liu et al, "Fin-R1: A Large Language Model for Financial

Reasoning  through  Reinforcement arXiv:
arXiv:2503.16252, 2025. DOI: 10.48550/arXiv.2503.16252
[15] T. Kojima, S. S. Gu, M. Reid, Y. Matsuo, and Y. Iwasawa, "Large

language models are zero-shot reasoners," Proceedings of the 36th

Learning,"

International Conference on Neural Information Processing
Systems, NIPS 22, pp. 22199-22213, 2022. DOI: 10.48550/
arXiv.2205.11916

[16] Z. Shao et al., "DeepSeekMath: Pushing the Limits of Mathematical
Reasoning in Open Language Models," arXiv: arXiv:2402.03300,
2024. DOI: 10.48550/arXiv.2402.03300

[17] W. Chen et al., "TabFact: A Large-scale Dataset for Table-based
Fact Verification," International Conference on Learning
Representations, 2020. DOI: 10.48550/arXiv.1909.02164

[18] Z. Qiu, Y. Peng, G. He, B. Yuan, and C. Wang, "TQA-Bench:
Evaluating LLMs for Multi-Table Question Answering with
Scalable Context and Symbolic Extension," arXiv: arXiv:2411.
19504, 2024. DOI: 10.48550/arXiv.2411.19504

[19] X. Guo et al,, "FinEval: A Chinese Financial Domain Knowledge
Evaluation Benchmark for Large Language Models," Proceedings
of the 2025 Conference of the Nations of the Americas Chapter
of the Association for Computational Linguistics: Human
Language Technologies, pp. 6258-6292, 2025. DOI: 10.18653/v1/
2025.naacl-long.318

[20] Z. Chen, S. Li, C. Smiley, Z. Ma, S. Shah, and W. Y. Wang,
"ConvFinQA: Exploring the Chain of Numerical Reasoning in
Conversational Finance Question Answering," Proceedings of the
2022 Conference on Empirical Methods in Natural Language
Processing, pp. 6279-6292, 2022. DOI: 10.18653/v1/2022.
emnlp-main.421

[21] T. Schick et al., "Toolformer: language models can teach
themselves to use tools," Proceedings of the 37th International
Conference on Neural Information Processing Systems, NIPS
'23, pp. 68539-68551, 2023. DOI: 10.48550/arXiv.2302.04761

[22] R. Nakano et al., "WebGPT: Browser-assisted question-answering
with human feedback," arXiv: arXiv:2112.09332, 2022. DOI:
10.48550/arXiv.2112.09332

[23] W. Zhang et al.,, "A Multimodal Foundation Agent for Financial
Trading: Tool-Augmented, Diversified, and Generalist,"
Proceedings of the 30th ACM SIGKDD Conference on
Knowledge Discovery and Data Mining, KDD '24, pp. 4314-4325,
2024. DOI: 10.1145/3637528.3671801

[24] C. Auer et al, "Docling Technical Report," arXiv: arXiv:2408.09869,
2024. DOI: 10.48550/arXiv.2408.09869

[25] A. Roucher, A. Villanova del Moral, T. Wolf, L. von Werra,
and E. Kaunisméki, smolagents: a smol library to build great
agentic systems, https.//github.com/huggingface/smolagents

[26] W. Kwon et al, "Efficient Memory Management for Large
Language Model Serving with PagedAttention," Proceedings of
the 29th Symposium on Operating Systems Principles, SOSP 23,



KRAFT*-QA: Korean financial text-table benchmark for evaluating tool-augmented agents on QA tasks 39

pp. 611-626, 2023. DOI: 10.1145/3600006.3613165
[27] L. Zheng et al, "SGLang: efficient execution of structured
language model programs,” Proceedings of the 38th International
Conference on Neural Information Processing Systems, NIPS 24,
vol. 37, pp. 62557-62583, 2025. DOI: 10.48550/arXiv.2312.
07104
[28] G. Brockman, P. Welinder, M. Murati, and OpenAl, OpenAl:
OpenAl API, https://openai.com/blog/openai-api
[29] Hugging Face, naver-hyperclovax/HyperCLOVAX-SEED-Text
-Instruct-1.5B,  https://huggingface.co/naver-hyperclovax/Hyper
CLOVAX-SEED-Text-Instruct-1.5B
[30] A. Grattafiori et al, "The Llama 3 Herd of Models," arXiv:
arXiv:2407.21783, 2024. DOI: 10.48550/arXiv.2407.21783
[31] K. L. Team et al., "Kanana: Compute-efficient Bilingual Language
Models," arXiv: arXiv:2502.18934, 2025. DOI: 10.48550/arXiv.
2502.18934
[32] Z. Gao et al, "Multimodal Agent Tuning: Building a
VLM-Driven Agent for Efficient Tool Usage," The Thirteenth
International Conference on Learning Representations, 2025.
DOI: 10.48550/arXiv.2412.15606
[33] B. Yu et al, "Tooling or Not Tooling? The Impact of Tools
on Language Agents for Chemistry Problem Solving," Findings
of the Association for Computational Linguistics: NAACL 2025,
pp. 76207640, 2025. DOI: 10.18653/v1/2025.findings-naacl.424

Authors

h Seungjae Park received a B.S. in the

Department of Information and Communication

Engineering, Inha University, Korea, in 2024.

P He has been a master's student in the

‘?. Department of Artificial Intelligence, Yonsei
A

University, Korea, since 2024. His research interests include

language
reinforcement learning, and quantitative finance.

time  series  analysis, natural processing,

Sung-Bae Cho is a professor in Department
of Computer Science, Yonsei University. He
received Ph.D. degrees in computer science
from KAIST, Korea. He was an invited

researcher of Human Information Processing

research laboratories at ATR, Japan from 1993 to 1995, and
a visiting scholar at University of New South Wales,
Australia in 1998. He was also a visiting professor at
University of British Columbia, Canada from 2005 to 2006,
and at King Mongkut’s University of Technology at
Thonburi, Thailand in 2013. His research interests include
neural networks, pattern recognition, intelligent man-machine
artificial life.

interfaces, computation, and

Currently he is the fellow of IEEE and Korea Academy of

evolutionary

Science and Technology.

Ha Young Kim is an Associate Professor at
School
University, Korea. She received her Ph.D.

Graduate of Information, Yonsei
degree at the Department of Mathematics,

Purdue University, USA.

From 2011 to 2016, she was a research staff member in
Samsung Advanced Institute of Technology (SAIT) of
Samsung Electronics, Korea, working on various recognition
systems with deep learning. Her primary research areas are
deep learning and computational finance. She has published
in leading journals, including Information Fusion, Applied
Soft Computing, Expert Systems with Applications, Stochastic
and Dynamics, Computers in Biology and Medicine, PLoS
ONE, automation in construction, Journal of Computing in
Civil Engineering and Annals of Finance. She is the the

inventor of 8 patents and 13 patent applications.



