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ABSTRACT 
 

SMART-Split: AI-Driven Context-Aware System Decomposition for 
Small and Medium-Sized Businesses 

 
Lahiru Subasinghe 

MSc. İn Information Technology Specialized in Enterprise Application Development 

Supervisor: Dr. Prasanna Sumathipala 

November 2025 

 

The	 transition	 from	 monolithic	 to	 microservices	 architecture	 has	 become	 essential	 for	
software	modernization,	 yet	 small	 and	medium-sized	 enterprises	 (SMEs)	 face	 significant	
barriers,	including	prohibitively	expensive	commercial	tools,	resource-intensive	processes,	
and	context-unaware	decomposition	approaches.	Existing	solutions	 like	 IBM	Mono2Micro	
and	 AWS	 Microservice	 Extractor	 rely	 primarily	 on	 static	 analysis,	 overlooking	 critical	
runtime	 behavior	 patterns	 and	 domain	 knowledge,	 resulting	 in	 suboptimal	 service	
boundaries	misaligned	with	 business	 capabilities.	 This	 research	 proposes	 SMART-Split,	 a	
resource-efficient	 multi-agent	 Retrieval-Augmented	 Generation	 (RAG)	 framework	 for	
automated	monolith	decomposition,	specifically	designed	for	Go	applications	under	50,000	
lines	of	code.	The	framework	employs	specialized	agents—Static	Analyzer,	Runtime	Profiler,	
Domain	Knowledge	Agent,	and	Decomposer	Agent	coordinated	through	a	supervisor	pattern	
to	 integrate	 multiple	 analysis	 perspectives.	 By	 combining	 Abstract	 Syntax	 Tree	 analysis,	
runtime	 execution	 traces,	 and	 domain	 knowledge	 extraction	 through	 RAG,	 SMART-Split	
addresses	critical	gaps	in	existing	decomposition	tools.	The	framework	introduces	three	key	
innovations:	 (1)	 a	multi-agent	 collaborative	architecture	 that	 synthesizes	 static,	 dynamic,	
and	 domain	 context;	 (2)	 a	 lightweight	 RAG	 implementation	 optimized	 for	 resource-
constrained	 environments;	 and	 (3)	 a	 hybrid	 decomposition	 algorithm	 that	 produces	
business-aligned	 service	 boundaries.	 Validation	 across	 three	 open-source	 Go	 monoliths	
demonstrates	 improved	 decomposition	 quality	 through	 metrics	 including	 Modularity	
Quality	(MQ	>	0.7),	Service	Independence	Score	(SIS	>	0.8),	and	Business	Alignment	Index	
(BAI	>	0.9).	 Results	 indicate	 SMART-Split	 achieves	 comparable	 decomposition	 quality	 to	
commercial	 tools	 while	 requiring	 significantly	 fewer	 computational	 resources,	 making	
microservices	modernization	accessible	and	affordable	for	SMEs.	

	

	

	

	

	



 
 

iv 

ACKNOWLEDGEMENT 
	

While	 at	 Sri	 Lanka	 Institute	 Information	 Technology,	 I	 have	 benefited	 from	 having	 great	
advisors	who	seem	to	agree	about	very	little.		Dr.	Prasanna	Sumathipala	was	a	great	mentor,	
providing	advice,	constant	constructive	criticism	of	my	ideas	and	writing,	access	to	his	web	
of	contacts	and	friends,	financial	support,	and	the	freedom	to	work	on	my	own	projects	on	
his	research	account’s	time.	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



 
 

v 

TABLE OF CONTENTS 
DECLARATION .......................................................................................................................................... II 
ABSTRACT ................................................................................................................................................ III 
ACKNOWLEDGEMENT ........................................................................................................................... IV 
LIST OF FIGURES .................................................................................................................................... VII 
LIST OF TABLES .................................................................................................................................... VIII 
CHAPTER 1 INTRODUCTION ............................................................................................................... 9 

1.1. THESIS OVERVIEW ................................................................................................................... 14 
CHAPTER 2 LITREATURE REVIEW .................................................................................................. 16 

2.1. FOUNDATIONS OF MICRO-SERVICES ARCHITECTURE ............................................................. 16 
2.2. AUTOMATED DECOMPOSITION APPROACHES ......................................................................... 17 
2.3. DOMAIN-DRIVEN DESIGN AND BUSINESS ALIGNMENT .......................................................... 18 
2.4. RETRIEVAL-AUGMENTED GENERATION FOR SOFTWARE ENGINEERING ................................ 19 
2.5. MULTI-AGENT SYSTEMS FOR COMPLEX PROBLEM SOLVING ................................................. 20 
2.6. EVALUATION METRICS FOR DECOMPOSITION QUALITY ......................................................... 21 
2.7. CHALLENGES FOR SMALL AND MEDIUM-SIZED ENTERPRISES ............................................... 22 
2.8. RESEARCH GAPS AND OPPORTUNITIES .................................................................................... 23 

CHAPTER 3 METHODOLOGY ............................................................................................................ 25 
3.1. RESEARCH DESIGN AND APPROACH ........................................................................................ 25 
3.2. SMART-SPLIT FRAMEWORK ARCHITECTURE ........................................................................ 25 

3.2.1. SUPERVISOR AGENT ................................................................................................ 26 
3.2.2. STATIC ANALYZER AGENT ...................................................................................... 27 
3.2.3. RUNTIME PROFILER AGENT ..................................................................................... 27 
3.2.4. DOMAIN KNOWLEDGE AGENT (RAG SYNTHESIZER) .............................................. 28 
3.2.5. DECOMPOSER AGENT .............................................................................................. 29 
3.2.6. TECHNOLOGY STACK ............................................................................................... 31 

3.3. DATA COLLECTION AND PREPARATION .................................................................................. 32 
3.3.1. APPLICATION SELECTION STRATEGY ...................................................................... 32 
3.3.2. STATIC ANALYSIS DATA COLLECTION .................................................................... 32 
3.3.3. RUNTIME ANALYSIS DATA COLLECTION ................................................................ 33 
3.3.4. DOMAIN KNOWLEDGE COLLECTION ....................................................................... 34 

3.4. DATA ANALYSIS AND EVALUATION ........................................................................................ 34 
3.4.1. DECOMPOSITION QUALITY METRICS ....................................................................... 34 
3.4.2. RESOURCE EFFICIENCY ANALYSIS .......................................................................... 36 
3.4.3. COMPARATIVE ANALYSIS ........................................................................................ 36 
3.4.4. VALIDATION STRATEGY .......................................................................................... 37 
3.4.5. ETHICAL CONSIDERATIONS ..................................................................................... 38 

CHAPTER 4 RESULTS & DISCUSSION ............................................................................................. 39 



 
 

vi 

4.1. OVERVIEW OF EXPERIMENTAL EVALUATION .......................................................................... 39 
4.1.1. EXPERIMENTAL HARDWARE CONFIGURATION ....................................................... 39 
4.1.2. APPLICATION SELECTION AND CHARACTERISTICS ................................................. 40 

4.2. CASE STUDY 1: E-COMMERCE PLATFORM .............................................................................. 41 
4.2.1. APPLICATION CONTEXT AND STRUCTURE ............................................................... 41 
4.2.2. STATIC ANALYSIS PHASE ........................................................................................ 42 
4.2.3. RUNTIME ANALYSIS PHASE ..................................................................................... 43 
4.2.4. DOMAIN KNOWLEDGE EXTRACTION ....................................................................... 45 
4.2.5. HYBRID DECOMPOSITION ........................................................................................ 47 
4.2.6. QUALITY METRICS ANALYSIS AND CRITICAL EVALUATION .................................. 48 

4.3. CASE STUDY 2: TASK MANAGEMENT SYSTEM ....................................................................... 51 
4.3.1. APPLICATION CONTEXT AND DOMAIN CHARACTERISTICS ..................................... 51 
4.3.2. STATIC ANALYSIS RESULTS .................................................................................... 52 
4.3.3. RUNTIME ANALYSIS ................................................................................................ 53 
4.3.4. DOMAIN KNOWLEDGE EXTRACTION ....................................................................... 54 
4.3.5. DECOMPOSITION RESULTS ....................................................................................... 54 
4.3.6. CRITICAL ANALYSIS ................................................................................................ 55 

4.4. CASE STUDY 3: CONTENT MANAGEMENT SYSTEM ................................................................. 57 
4.4.1. APPLICATION PROFILE AND DOMAIN CHARACTERISTICS ....................................... 57 
4.4.2. ANALYSIS RESULTS SUMMARY ............................................................................... 58 

CHAPTER 5 CONCLUSION AND FUTURE WORK .......................................................................... 59 
5.1. CONCLUSION ............................................................................................................................ 59 
5.2. KEY RESEARCH FINDINGS AND OBJECTIVE FULFILLMENT ..................................................... 59 
5.3. SUMMARY OF CONTRIBUTIONS ............................................................................................... 60 
5.4. LIMITATIONS AND FUTURE WORK ........................................................................................... 60 

REFERENCES ............................................................................................................................................ 62 
APPENDIX .................................................................................................................................................. 67 
 



 
 

vii 

LIST OF FIGURES 
	 	
Figure 3.1 Architectural Diagram ............................................................................................................... 26 
Figure 4.2 E-commerce Quality Metrics Analysis ....................................................................................... 48 
Figure 4.3 Task Management System Quality Metrics Analysis ................................................................. 55 

	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

viii 

LIST OF TABLES 
 
 
 
Table 4.1 Structural Characteristics of Evaluated Monolithic Applications ................................................ 41 
Table 4.2 Content Management System Analysis Summary ...................................................................... 58 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


