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ABSTRACT

INTEGRATION OF SMALL LANGUAGE MODELS
FOR ACCOUNTING AUTOMATION IN AN ERP

By
Theodora Andrea Lydia
Dr. Ir. Heru Purnomo Ipung, M.Eng, Advisor
Leonardo Bahar, S.TI., B.I.T., Co-Advisor

SWISS GERMAN UNIVERSITY

This thesis explores the application of Small Language Models (SLMs) for accounting
automation, namely in invoice data extraction and account reconciliation. The purpose
of this thesis is to evaluate the feasibility of using SLMs for these tasks and to
implement a prototype tool that is integrated into an ERP system. This thesis follows
the design science research methodology to develop and evaluate the SLM-based tools.
This thesis compares several different SLMs with different prompts to find the most
reliable and accurate model and prompt. Testing is conducted with synthesized
exploratory data. Results show that certain SLMs are able to achieve these
functionalities with decent accuracy and inference time. This suggests that SLMs are a

viable and efficient solution for accounting automation in ERP systems.

Keywords: Small Language Models, Account Reconciliation, Invoice Data Extraction,

Low-Resource Al Applications, Financial Automation

Theodora Andrea Lydia



INTEGRATION OF SMALL LANGUAGE MODELS (SLMs)
FOR ACCOUNTING AUTOMATION IN AN ERP

© Copyright 2025
by Theodora Andrea Lydia
All rights reserved

Theodora Andrea Lydia



INTEGRATION OF SMALL LANGUAGE MODELS (SLMs) 5
FOR ACCOUNTING AUTOMATION IN AN ERP

ACKNOWLEDGMENTS

I would like to express my gratitude to my advisors in Indonesia and Germany for their
direction and guidance, my internship company, Codedoc, for supporting my thesis,
other lecturers for their input and support, and the friends and family who have been

cheering me on in this journey.

Theodora Andrea Lydia



INTEGRATION OF SMALL LANGUAGE MODELS (SLMs) 6
FOR ACCOUNTING AUTOMATION IN AN ERP

TABLE OF CONTENTS

Page
STATEMENT BY THE AUTHORL......ccitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinicineiiinicnnss 2
F N 5 2. N N 3
ACKNOWLEDGMENTS....ciitiitiiiiiitiiiiiiiiiieiieiieeiiiecieciectestsscsscncensses 5
TABLE OF CONTENTS....titiiiiiitiiiiiiiiiiiiiiiiiiieiietieiatiesiecnesacsssscncenne 6
LIST OF FIGURES. ...c.utitiitiiiiiiiiiiiiiiiiiiiiiieiiiiiiietiettecetesiececncsssscnscnns 9
LIST OF TABLES. ....cuitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiietitctiatiectecnteassscnscnca 10
CHAPTER 1 — INTRODUCTION....cccititiiiiiiniieiieiieineierieciecnrmmeccsscsscnca 11
1.1 Background....... ..., 11
1.2 Research Problems...........c.cooiiiiiiiiiiiii 13
1.3 Research ObJectiVes. ... ..ouiuiiiiitiii e e 13
1.4 Significance of Study...........cooiiiiiii 13
1.5 Research QUeStionS. .......c..ovuiiiii i, 13
1.6 HypOthesiS.....oouuiiii i e 13
1.7 Research SCOPe........oiuiiniiiiii e 13
1.8 Research Limitations. ........oueuevueiuinniiiiiniiiiiiiiieieenaenes 14
CHAPTER 2 — LITERATURE REVIEW....cccciiiiiiiiiiiiiniiiiiiiiiiiiniiinnienes 15
2.1 Theoretical Perspective..........ooiiiiiii e 15
2.1.1 Account Reconciliation..............c.oooiiiiiiiiiiiiiinin... 15
2.1.2 Large Language Models (LLMs) and Small Language
MOdelS (SLIMS). ..ttt e 15
2.1.3 Vision Language Models..............ocoiiiiiiiiiiiiiiin . 16
2.1.4 Prompt ENgineering..........c.covviiiiiiiiiiiiiiiiiiiiiineannnnn. 17
2,15 RAG. o 17
2.1.6 0 ERP .. 18
2.2 Related Works
2.2.1 Chain-of-Thought Prompting Elicits Reasoning in
Large Language Models (Wei et al., 2022).......c..coeieiiiinninnnn.. 18
2.2.2 Entity Matching using Large Language Models
(Peeters et al., 2024). ..o 18
2.2.3 Leveraging Large Language Models for Entity
Matching (Huang et al., 2024).........cooiiiiiiiiiiiiiieee e 19

Theodora Andrea Lydia



FOR ACCOUNTING AUTOMATION IN AN ERP '
2.2.4 Optimizing Accounting Processes Through the
Integration for Al in Data Entry (Dr. Frederick et al., 2024)............ 19
2.2.5 Automation of Accounting Process: Impact of Artificial
Intelligence (Dr. Chukwuani & Dr. Egiyi, 2020)............cccevenenen.. 19
CHAPTER 3 - RESEARCH METHODOLOGY.....cccceiuiiiiiiniineiniinecncnnen 20
3.1.  Invoice Data Extraction Tool Development............................... 21
3.1.1 Model Selection........o.vvuiieiiiiiiiiiii e 21
3.1.2 Prompt Engineering............ooovieiiiiiiiiiiiiiiiiiiniaeann, 21
3.1.3  PreproCesSINg.......oueeuiiniiit ettt 21
3.1.4  POStPIOCESSING. . .eienttti ettt e ee e nes 21
3.2 Account Reconciliation Tool Development........................o..e.e. 22
3.2.1 Preliminary Testing, Model Selection, and
Prompt
ENgINeering......coovuuiiniiii e 22
3.2.2 Tool MechaniSm...........couvuiiiiiiiiiiiiiiiiiiiiiiee 22
3.2.3  PreproCeSSING. . .c.uunuintinttitt ettt 23
3.2.4  POStPIOCESSINZ. ... uiiueettenteteet et et eee e anenns 23
33 Software Development.............oooviiiiiiiiiiiii i 23
3.3.1 System Architecture...............coooiiiiiiiiii 23
3.3.2 Deployment Environment..............ccccoviiiiiiiiiiniinannn... 24
3.3.3  Security Considerations.............ceeeeeieruienieneenneeiininnannns 24
334 Unit TeStNG....oiniitiit et e eeeee e 24
3.3.5 System Integration Testing..........ccovvviuiiiiiiiinnieiininnannn. 24
3.4 Evaluation..........o.oooiiiiiiii i e 24
341 Dataset......coueiiiiiii e 24
3.4.2 Evaluation MetriCs.........oouiiiiiiiniiiiiiiiie e, 26
CHAPTER 4 — RESULTS AND DISCUSSIONS....cicittiiiiiiiuiiiniiniineincnnnns 28
4.1 Invoice Data EXtraction.............coouiiiiiiiiiiiiiiiiiiieee 28
4.1.1 Model CompariSON.........evuviriiniiieiiaiiaieeeeiieaneenannn 28
4.1.2 Prompt Design and Parameter Selection.......................... 30
4.1.3 Quantitative Testing........c.ovviiuiiiiiiiiiiiiiieieieaeennnn, 31
4.2 Account Reconciliation............coevieiiiiiiiiiiiiiiii e 32
4.2.1 Preliminary Testing..........ccooviiiiiiiiiiiiiiiiiieiinianaenn, 32

Theodora Andrea Lydia



INTEGRATION OF SMALL LANGUAGE MODELS (SLMs) 8
FOR ACCOUNTING AUTOMATION IN AN ERP

4.2.2 Model Selection.........ccvuivuiiiiiiiiiiii e 33

4.2.3 Prompt DeSign......coviuiiiiiii i 33

4.2.4 Quantitative Testing.........ccovviiiiiiiiiiiiiiiiiiaieiieeenn, 33

4.3 System INtegration...........ovuiiiiiiiiiiii e 35
CHAPTER 5 - CONCLUSION AND RECOMMENDATIONS......ccccccvtiuennen 38
REFERENCES.....ccuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaiiiietuiiinecastisesasersesasesssssens 40
APPENDICES....ciuitiiiiiiiiiiiiiiiiiiieiitiietuiiiietutieiecttesssassssasnssssssasnses 43
CURRICULUM VITAE...c.ciuiiiiiiuiiiiiiiiiiieiiiniiettiitecasiesssaseesesasssscases 48

Theodora Andrea Lydia



FOR ACCOUNTING AUTOMATION IN AN ERP ’
LIST OF FIGURES

Figures
L. ReESEArCh OVEIVIEW. .. .ottt 20
2. Invoice data extraction flowchart..............cooooiiiii 20
3. Pseudocode of account reconciliation RAG............c.ooiiiiiiiin., 22
4. Account reconciliation flowchart using SLM and RAG.......................... 23
5. Example of SImple iNVOICE. ......ovuiitiiiii e 25
6. Example of medium inVOiCe..........oviiiiiiiiiiiii i 25
7. Example of hard invoice...........cooviiiiiiiiiii i, 26
8. Confusion matrix of 100 transactions..............ooeviriiieirinrieiinienneannnnn. 34
9. System Architecture Diagram.............cooiiiiiiiiiiiiiiiiii e, 35
10. Account reconciliation feature...............cooviiiiiiiiiiiiiiii 36
11. Account reconciliation result..............ooooiiiiiiiiiiiiiii 36
12. Account reconciliation result.............ooooiiiiiiiiiiiiii 37
13. Invoice exXtraction toOl. ... .....ouuiuiiniiii e 37

Theodora Andrea Lydia



INTEGRATION OF SMALL LANGUAGE MODELS (SLMs) 10
FOR ACCOUNTING AUTOMATION IN AN ERP

LIST OF TABLES
Model performance comparison for invoice extraction......................o.... 28
Selected model performance for 100 iNVOICES.......ccvviviiiiiiiiiiiiiiiiannnn. 31
SLM teSting r€SULL. ... outitiit et 34
SLM + RAG testing result..........ooiiiiiiiiiiiii e 35

Theodora Andrea Lydia



