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SMU Classification: Restricted

Singapore Management University

▪ Third university in Singapore

▪ Number of students:
▪ 8000+ (UG)

▪ 1800+ (PG)

▪ Schools:
▪ Business

▪ Computing

▪ Economics

▪ Accountancy

▪ Law

▪ Social Science
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SMU Classification: Restricted

Center for Research on Intelligent Software Engineering (RISE)

Elsevier JSS’21, Bibliometric Study

CSRankings, SE, Feb 2025
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AI for Software Engineering
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Experience with AI4SE

IEEE Computer’09

FSE’06

KDD’07
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Experience with AI4SE

SANER’16

KDD’09
ICSE’10

Test oracle generation Intelligent issue trackers

Intelligent program repair - Facebook 
Engineers

Intelligent crowdsourced SE 

MSR’13

“History-driven 
program repair 

influence
our work, the overall 
pipeline is similar”
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“If you want to go far, go together” – African Proverb 

                        12



LLMs for Engineering and Architecting Software: 
What Works, What’s Missing, and What’s Next?
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Software Engineering 2.0

Special Future Of Software 
Engineering (FOSE)

Track

                        15



Software Engineering 2.0

Special Future Of Software 
Engineering (FOSE)

Track
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Software Engineering 2.0

Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 

Smart Tool

Smart Workmate

H-H

H-A

A-A

Organization

H-A
Tertiary

Edu.

Job 
Market

Agent 
Market

Agent 
Vendors

Economics

Law

Ethics

ICSE’23

                        17



Software Engineering 2.0: A Year After ICSE’23
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Software Engineering 2.0: Two Years After ICSE’23
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Large Language Models (LLMs)
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LLM4SE Work @ SMU (often with many other institutions)

IC
S

M
E
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0

2
0

Early work on LLM4SE (requirement analysis) 
Most cited paper of ICSME 2020

IC
S

M
E

 2
0

2
1

Early work on LLM4SE (code search and defect prediction) 
Most cited paper of ICSME 2021
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LLM4SE Work @ SMU (often with many other institutions)

First plug-and-play, composable RAG method for code LLM
Won an ACM SIGSOFT Distinguished Paper Award
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0
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LLM4SE Work @ SMU (often with many other institutions)

IC
S

E
 2

0
2

4

First multi-LLM collaboration mimicking human learning for vulnerability repair; 
lightweight model, achieving 2x efficacy 
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LLM4SE Work @ SMU (often with many other institutions)

First programming language for LLM agents
Won an ACM SIGSOFT Distinguished Paper Award

IS
S

T
A

 2
0

2
4

                        25



LLM4SE Work @ SMU (often with many other institutions)

First human-LLM constructed large-scale benchmark for open-ended API-centric programming problems
Oral presentation (top 1% of 11k+ submissions) (top-10 highest-rated paper)
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LLMs Seem to Win for Many SE Scenarios
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LLMs Seem to Win for Many SE Scenarios
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Could LLM help address 
challenges in architecting software?
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Software Architecture 
(SA) Challenges

Talk Structure

Self-Intro.
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Software Architecture 
(SA) Challenges

Talk Structure

LLM4SA
Existing Work

Self-Intro.

SE 2.0

IV
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Challenges in Architecting Software Systems
E

S
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Methodologies

▪ Present challenges software architects face, based on an 
interview study and literature review.

We adopted a qualitative research strategy based on Straussian Grounded Theory.

Triangulation 

with Literature

65 papers

Semi-Structured 

Interviews

32 participants from 

21 organizations

Validity CheckScoping 

Interview Guide

Stages of software 

development and 

maintenance
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Rehashing Identified Challenges into Four Quadrants

Requirement 
 

Architecture

Architecture 
 

Implementation

New System

Legacy System

Q1 Q2

Q3 Q4
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Quadrant 1: Challenges 

Requirement 
 

Architecture

New 
System

Q1 Q2

Q3

[C1] Completing architecture documentation

[C2] Anticipating future requirements and 
trade-offs

“I cannot find the relevant information in architecture 
documentation” 

“we had to think about scaling up the capacity, handling 
more users, and dealing with increased concurrency in 

our architecture design ... looking ahead … 2 to 3 years,”

”Architects cannot always foresee future requirements 
when they design architecture”
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Quadrant 2: Challenges 

Architecture
 

ImplementationQ3

Q4

Q2

[C3] Documenting traceability links 
between architecture and code

[C4] Ensuring architecture documentation 
aligns with implementation

“no standard process or tool support to build trace links 
between design decisions and their implementation”

“Documentation-code inconsistency sometimes confuses 
me when I implement new features” 

New 
System
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Quadrant 3: Challenges 

Requirement 
 

Architecture

Q2Q4 Q3

[C5] Consolidating architecture knowledge 
from scattered sources

[C6] Mapping and propagating business 
requirement changes to architectural 
changes

“we simply use Microsoft  ffice Word to capture
our design documents” 

“business requirements change over time in different 
frequencies ... a component tend to be highly coupled with 

others if it is responsible for both frequently and
rarely changed requirements.” 

Legacy 
System
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Quadrant 4: Challenges 

Architecture
 

Implementation

Q4
Q2

Q3

[C7] Maintaining up-to-date architecture 
documentation

[C8] Detecting and addressing 
architecture erosion

“developers tend to forget updating architecture 
documentation when evolving software architectures 

because of deadline pressures.” 

“we’ve got tools to help us catch duplicate code and other 
code smells, but it’s not clear how the results actually 

help us identify architecture problems.” 

Legacy 
System
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Quadrant 4: Challenges 

Q2

[C9]   Analyzing the impact of 
architectural changes

[C10] Refactoring architecture in a cost-
effective manner

“impact analysis of architecture refactoring becomes even 
challenging for an aging system due to its increasing 

complexity and staff turnover, because no one in the team 
could be capable of performing accurate impact analysis”  

“given the potentially high anticipated cost of architecture 
refactoring, the senior management level would like to 

see clear quantifiable value for the organi ation.” 

Architecture
 

Implementation

Q4Legacy 
System
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Ten Challenges Software Architects Face

Req.
 

Arch.

Arch. 
 

Impl.

New

Legacy

Q1 Q2

Q3 Q4

Challenges (32 Participants, 21 Organizations, 60+ Papers)

[C1] Completing architecture documentation

[C2] Anticipating future requirements and trade-offs

[C3] Documenting traceability links between architecture and code

[C4] Ensuring architecture documentation aligns with implementation

[C5] Consolidating architecture knowledge from scattered sources

[C6] Mapping and propagating business requirement changes to 
       architectural changes

[C7] Maintaining up-to-date architecture documentation

[C8] Detecting and addressing architecture erosion

[C9] Analyzing the impact of architectural changes

[C10] Refactoring architecture in a cost-effective manner
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Given these challenges, 
can LLMs help?
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Talk Structure

LLM4SA
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Self-Intro.

SE 2.0

Software Architecture 
(SA) ChallengesV
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Implications to LLM4SA
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Existing Work I – Generating Domain Model

Designing Workshop 2024
(Position Paper)
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Existing Work I - Generating Domain Model 

Current
Investigation
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▪ Exploratory analysis with chat versions of LLaMA2 70-B and GPT-3.5

▪ Task: Generate a PlantUML domain model 

▪ Input: 91 requirements from the MobSTr-dataset

▪ Findings: Both models could identify concepts from the requirements

▪ Limitations:

▪ Instead of modeling the domain, the LLMs modeled the system itself

▪ LLaMA did not create relations between the concepts

Existing Work I - Generating Domain Model
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Existing Work II – Generating C4 Container Solution Diagram 

SAML 2024
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Existing Work II – Generating C4 Container Solution Diagram 
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▪ Draw C4 container solution diagrams 

▪ Several test projects from Master theses

▪ GPT3.5 with the right prompts can produce results: 

▪ Limitations: reproducibility, mixture of high-low level concepts, 
system boundaries and interactions are not well defined

Existing Work II – Generating C4 Container Solution Diagram
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Existing Work III – Completion of ADRs 

ICSA 2024
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Existing Work III – Completion of ADRs 

Architectural Decision 
Record (ADR)
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Existing Work III – Completion of ADRs 

BERT Score Results

(0.76-0.86 out of 1)
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Existing Work IV – Critiquing Architectural Decisions

ECSA 2024
(Short Paper)
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Existing Work IV – Critiquing Architectural Decisions

                        53



▪ Initial experiments were conducted for a tool chain on top of GPT3.5

▪ Experiment data & setting

▪ An undergraduate project from an architecture course

▪ Output of LLM-powered toolchain vs. 5 ADRs produced by students

▪ Results

▪ Most ADRs as correct, with only a few misleading decisions

▪ Issues: 

▪ Did not capture necessary context

▪ Provide no answer (RAG) or generic comments (zero-shot)

Existing Work IV – Critiquing Architectural Decisions
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Existing Work V – Inference of Architecture Traceability Links 

ICSE 2024
(NIER Track)

                        55



▪ Mapping between methods to 4 architectural component labels

▪ Presentation [Pr], Application services [Ap], Domain services [Do] and 
Technical services [Te]

▪ Experiment data

▪ A subset of methods of K-9 Mail

Existing Work V – Inference of Architecture Traceability Links 
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Existing Works on LLM4SA @ ICSA 2025
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Existing Works on LLM4SA @ ICSA 2025
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What open challenges are still to be solved?
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Talk Structure
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Open Challenges

Designing’2 
ICSA’2 
SAM ’2 
ECSA’2 

??

Q1

Q3 Q4

Requirement 
 

Architecture

Architecture 
 

Implementation

New System

Legacy System

ICSE’2 

Q2

Not including new 
ICSA’25 papers — 

wouldn’t want to steal 
their thunder 
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Quadrant 1: Existing Work (Summary)

Q2

Q3

Q4

[C1] Completing architecture documentation 

[Designing’2 , SAM ’2 , ICSA’2 ]

▪ Architecture documentations:

▪ Domain models [Designing’2 ]

▪ C  container solution diagrams [SAM ’2 ]

▪ Decisions in ADRs [ICSA’2 ]

▪ Evaluation: Examples, 95 ADRs [ICSA’2 ]

Requirement 
 

Architecture

New 
System

Q1
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Quadrant 1: Existing Work (Summary)

Q2

Q3

[C2] Anticipating future 
       requirements and tradeoffs

[ECSA’2 ]

▪ Focuses on patterns (design, microservice)

▪ Evaluation: 5 ADRs, ClassroomQ4

Requirement 
 

Architecture

New 
System

Q1
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Quadrant 1: Future Possibility & Open Challenge

Q2

[FP1] A robust and intelligent LLM-powered agent 
that engages in an active dialogue to:

1. elicit and document diverse and aligned 
architectural decisions and diagrams, and 

2. critique architectural decisions with insightful and 
sound reasoning about alternatives and trends
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Quadrant 2: Existing Work (Summary)

Q3

[C3] Documenting traceability 
links between architecture and code

[ICSE’2 ]

▪ Link type: Methods  Layer Type

▪ Evaluation: 184 methods from K9-Mail

Architecture
 

Implementation

Q2
New 

System
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Quadrant 2: Future Possibility & Open Challenge

Q2

[FP2] A robust & integrated LLM-powered agent that:

▪ elicits, infers, and documents linkages between source 
code and various architectural concepts and documents,

▪ as software engineers build a new system — in a 
seamless and non-intrusive manner that integrates well 
into their workflow
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Quadrant 2: Existing Work (Summary)

Q3

[C4] Ensuring architecture documentation 
       aligns with implementationArchitecture

 
Implementation

Q2
New 

System
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Quadrant 2: Future Possibility & Open Challenge

Q2

[FP3] An explainable LLM-powered agent that 
identify divergences between implementations and 

architectural documentations.
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Quadrant 2: Future Possibility & Open Challenge

Q2

[FP4] A code generation engine that takes into 
consideration software architecture documentation 

and ensure compliance by design.
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Quadrant 3: Existing Work (Summary)

[C5] Consolidating architecture 
       knowledge from scattered  
       sources

Requirement 
 

Architecture

Q3
Legacy 
System

                        71



Quadrant 3: Future Possibility & Open Challenge

Q2

[FP5] An LLM-powered agent that:

▪ takes diverse architecture documents from a legacy 
systems, and 

▪ generates well-formatted and coherent one, 

▪ while identifies inconsistencies.
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Quadrant 3: Existing Work (Summary) 

Q2Q4

[C6] Mapping and propagating business 
requirement changes to architectural 
changes

Requirement 
 

Architecture

Q3
Legacy 
System
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Quadrant 3: Future Possibility & Open Challenge

Q2

[FP6] An LLM-powered agent that takes changes in 
business requirements and suggests update to 
software architecture with humans-in-the-loop.
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Quadrant 4: Existing Work (Summary)

Q2

Q3

Q4

[C7] Maintaining up-to-date 
       architecture documentation

Architecture
 

Implementation

Q4Legacy 
System
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Quadrant 4: Future Possibility & Open Challenge

Q2

[FP7] An LLM-powered agent that takes changes in 
source code and suggests update to software 
architecture documentation.
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Quadrant 4: Existing Work (Summary) 

Q2

Q3

Q4

[C8] Detecting and addressing 
       architecture erosion

Architecture
 

Implementation

Q4Legacy 
System
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Quadrant 4: Future Possibility & Open Challenge

Q2

[FP8] An LLM-powered agent that abstracts low 
level code smells to architectural erosion and 
suggest mitigation or fixing actions.
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Quadrant 4: Existing Work (Summary) 

Q2

Q3

Q4

[C9] Analyzing the impact of architectural 
changesArchitecture

 
Implementation

Q4Legacy 
System
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Quadrant 4: Future Possibility & Open Challenge

Q2

[FP9] An LLM-powered agent that assesses impacts 
of architectural changes, and measures as well as 
explains risks, costs and benefits.
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Quadrant 4: Existing Work (Summary) 

Q2

Q3

[C10] Refactoring architecture in a cost-
effective manner

Architecture
 

Implementation

Q4Legacy 
System
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Quadrant 4: Future Possibility & Open Challenge

Q2

[FP10] An LLM-powered agent that trustworthily 
refactors a software project to upgrade a legacy 
architecture.
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Quadrant 4: Future Possibility & Open Challenge
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Ten Future Possibilities and Open Challenges

Req.
 

Arch.

Arch. 
 

Impl.

New

Legacy

Q1 Q2

Q3 Q4

An LLM- o ered agent that …

[FP1] engages in an active dialogue to elicit and document diverse 
and aligned architectural decisions and diagrams, and critique 
architectural decisions with insightful and sound reasoning about 
alternatives and trends

[FP2] elicits, infers, and documents linkages between source code and 
various architectural concepts and documents, as software engineers 
build a new system — in a seamless and non-intrusive manner that 
integrates well into their workflow

[FP3] explains divergences (if any) between implementations and 
architectural documentations

[FP4] generates code considering software architecture documentation 
and ensure compliance by design
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Ten Future Possibilities and Open Challenges

Req.
 

Arch.

Arch. 
 

Impl.

New

Legacy

Q1 Q2

Q3 Q4

An LLM- o ered agent that …

[FP5] takes diverse architecture documents from a legacy systems, 
and generates well-formatted and coherent one, while identifies 
inconsistencies

[FP6] takes changes in business requirements and suggests update to 
software architecture with humans-in-the-loop

[FP7] takes changes in source code and suggests update to software 
architecture documentation

[FP8] abstracts low level code smells to architectural erosion and 
suggest mitigation or fixing actions

[FP9] assesses impacts of architectural changes, and measures as well 
as explains risks, costs and benefits

[FP10] refactors a software project to upgrade a legacy architecture
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How to solve these open challenges?
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Talk Structure

LLM4SA
Existing Work

Self-Intro.

LLM4SA
Open Challenges

Realizing SE 2.0 & 
Implications to 

LLM4SA

V

VI II

III

IV

I
SE 2.0

Software Architecture 
(SA) Challenges
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Challenges for AI4SE towards SE 2.0

Gap
AI4SE 
Capabilities

 ractitioners’ 
Needs

SE 2.0
Symbiotic workforce of 

autonomous, 
responsible, intelligent 

agents & engineers 
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Realizing SE 2.0: Human-Centered AI4SE

▪ Putting humans (software practitioners) 
central in the design of AI4SE tools 

▪ to augment and amplify their 
capabilities

▪ Without considering humans, it is easy 
for AI4SE to: 

▪ Solve issues that practitioners do not or 
no longer care about

▪ Hinder practitioners in their work

▪ Introduce unacceptable side-effects
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Realizing SE 2.0: Human-Centered AI4SE

Listen

Learn

Synergize
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Realizing SE 2.0: Human-Centered AI4SE

Listen

Learn

Synergize
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Listen: Engineering/Elicitation of  ractitioners’ Key Reqs. 

How practitioners perceive a research problem?

▪ Are we solving a real problem that matters? 

▪ Are there special aspects to consider?

What thresholds need to be met for adoption?

▪ What efficacy requirements must a tool meet before 
it can be considered helpful?

Are there new problems when tech. changes?
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 ractitioners’  erceptions to SE Research

TSE 2020

ISSTA 2016

RE 2017

ESEM 2016
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 ractitioners’ Thresholds for Adoption

ISSTA 2016

T
S

E
 2

0
2

2
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New Problems / New Requirements
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New Problems / New Requirements

IC
S

E
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0
2
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T
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E
 2

0
2

4

ASE 2023
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LLM for Software Architecture?

Perception

Thresholds

New Probs.
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Realizing SE 2.0: Human-Centered AI4SE

Listen

Learn

Synergize
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▪ Able to learn from humans well to build more 
intelligent AI4SE

▪ AI4SE can:

▪ Learn from (past) human decisions

▪ Learn from human thinking process 

▪  i.e., learn like humans

Goals
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Example: Learning from Past Human Decisions

SANER 2016

First automated program repair solution that learns 
from large number of fixed mistakes in large number of repos; 

Most Cited Research Paper of SANER 2016

“History driven program repair as 

investigated by Le et al. influenced our 

work, the overall diffing/mining pipeline

is similar.” – Facebook Engineer
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Example: Learning from Human Learning Process

IC
S

E
 2

0
2

4

First multi-LLM collaboration mimicking human learning for vulnerability repair; 
lightweight model, achieving 2x efficacy 
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LLM for Software Architecture?

Learn
(from & like) 

Humans
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Realizing SE 2.0: Human-Centered AI4SE

Listen

Learn

Synergize
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Need for Synergy

“the interaction or cooperation of two or more … agents to produce a combined effect 

greater than the sum of their separate effects” - Oxford

1:1

Human & intelligent agent 
may not work well together

ISSTA 2011
Won MIP Award
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Need for Synergy

N:M??
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LLM for Software Architecture?

Synergize
(AI and Humans)
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Thank you!

Questions? Comments? Advice? 

davidlo@smu.edu.sg
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