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Singapore Management University

 Third university in Singapore
 Number of students:
 8000+ (UG)
 1800+ (PG)

 Schools:
 Business
 Economics
 Accountancy
 Law
 Social Science
 Computing
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Center for Research on Intelligent Software Engineering (RISE)
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Elsevier JSS’21, Bibliometric Study

CSRankings, SE, June 2024
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AI for Software Engineering
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Experience with AI4SE
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IEEE Computer’09

FSE’06

KDD’07
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Experience with AI4SE
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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 
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David Lo
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Director, Center for Research on Intelligent SE (RISE)

Requirements Engineering for Trustworthy Human-AI Synergy 
in Software Engineering 2.0
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GenAI rendering of Borobudur,
an ancient temple in Indonesia
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AI for Software Engineering (AI4SE)
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AI for Software Engineering (AI4SE)
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Wave 1: Deep Learning
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First few papers of deep learning for software engineering
(2015, 300+ citations each)
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Wave 1: Deep Learning

                        20

Key Question: How Can We Learn Better Representations 
of Code and Other Software Artifacts?

Deep Belief Network (DBN)

Recurrent Neural Network (RNN)

Convolutional Neural Network (CNN)

Long Short-Term Memory Network (LSTM)

Transformer

…
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Wave 1: Deep Learning

                        24

ACM Computing Survey 2022
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Wave 2: Large Language Models (LLMs)
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LLMs Seem to Win for Many SE Tasks
IC

SM
E 

20
20
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IC
SE

 2
02

4

Multi-LLM collaboration + data-centric innovation = 2x efficacy

Early work on LLM4SE, most cited paper of ICSME 2020
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LLMs Seem to Win for Many SE Tasks
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LLMs Seem to Win for Many SE Tasks
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RE is Among Early Adopters of LLM in SE
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Early work on LLM4SE, most cited paper of RE 2020
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Talk Structure
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Vision/Dream

Future of Software Engineering Track, ICSE 2023

“Anything one person can imagine, 
other people can make real.”

- Jules Verne
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Vision/Dream

Future of Software Engineering, ICSE 2023
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Vision/Dream

Future of Software Engineering Track, 
ICSE 2023

: Software Engineering 2.0
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Software Engineering 2.0
Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 
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Software Engineering 2.0

Smart Tool

Smart Workmate

Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 
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Software Engineering 2.0

Manager

Peer

Assistant

Smart Tool

Smart Workmate

Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 
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Software Engineering 2.0
Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 

Smart Tool

Smart Workmate
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Software Engineering 2.0
Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 

Smart Tool

Smart Workmate
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Software Engineering 2.0
Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 
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Software Engineering 2.0

History Challenges Vision

Roadmap I Roadmap II Call4Action

AI for Software Engineering

Towards Software Engineering 2.0

ICSE 2023 Future of Software Engineering
Post Proceedings, 17 pages
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Software Engineering 2.0: One Year after ICSE 2023
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Software Engineering 2.0: One Year after ICSE 2023
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How to Make Software Engineering 2.0 a Reality?

SE2.0

GenAI rendering of 
“magnificent large 

futuristic building with 
strong foundation”

Need for 
RE4(SE2.0)RE
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How to Make Software Engineering 2.0 a Reality?
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Talk Structure
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 Many AI4SE studies focus on one narrow task tested on one 
benchmark. 
 Year after year, new methods outperform the old ones
 Does it matter?

                        49

Common Scenario for AI4SE Research

Are We Building the Right Thing?
Do We Get the Requirements Right?
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Illustrative Example: Fault Localization

                        50

Test Cases
T1 T2 T3 T4

Buggy 
Program

Automated 
Techniques to 
Localize Faults

Ranked Suspicious 
Program Elements

1. Check Block #4
2. Check Block #3
3. …

Test Cases
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Illustrative Example: Fault Localization
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ASE 2005
(ASE 2019 Most Influential Paper Award, 1600+ citations)
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Illustrative Example: Fault Localization
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ICSM 2010, Data mining

IJCAI 2009, Bayesian analysis

A long list of studies extending this line of work, designing 
various AI methods, considering several variations of the problem 
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Illustrative Example: Fault Localization
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ISSTA 2016, Learning to rank

ICSE 2012, Analyze bug reports rather than spectrum

A long list of studies extending this line of work, designing 
various AI methods, considering several variations of the problem 
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Illustrative Example: Fault Localization
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ISSTA 2011
(ISSTA 2021 Most 
Influential Paper, 
700+ citations)

“Statistical debugging with the tool was no more effective than traditional debugging 
for solving a harder task.”

“The ranking list was too long and didn’t help me with enough context. Actually, I 
know NanoXML and work with it, but [...] it was faster to use breakpoints.” 

However …
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Are We Building the Right Thing?

Do we meet the key requirements 
from the end users 
(i.e., practitioners)?

                        56

GenAI rendering of 
“ivory tower”

Need for RE4(AI4SE)
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RE4(AI4SE): Engineering/Elicitation of Practitioners’ Key Reqs. 
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RE4(AI4SE): Engineering/Elicitation of Practitioners’ Key Reqs. 
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How practitioners perceive a research problem?
 Are we solving a real problem that matters? Do 

practitioners require a solution? 
 Are there special aspects (requirements) 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 requirements when tech. changes?
 How new “wave” of innovations of AI4SE introduce 

new requirements?
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RE4(AI4SE): Engineering/Elicitation of Practitioners’ Key Reqs. 
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How practitioners perceive a research problem?
 Are we solving a real problem that matters? Do 

practitioners require a solution? 
 Are there special aspects (requirements) 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 requirements when tech. changes?
 How new “wave” of innovations of AI4SE introduce 

new requirements?
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Won an ACM SIGSOFT Distinguished Paper Award

ESEC/FSE 2015

                        60

How Practitioners Perceive the Importance of a Task/Method?
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Objectives

 Use practitioners as a sounding board of high-level research 
ideas 

 Get practitioners feedback on the relevancy of software 
engineering studies from their perspectives

 Assess the degree-of-disconnect between researchers and 
practitioners

                        62
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Experimental Design

Research Papers

Summaries

Responses

1
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Data Analysis

                        63



SMU Classification: Restricted

Devs:

• Performance
• Collaboration 

conflicts
• Debugging 

techniques
• Concurrency 

bugs

Highly Rated Research

Testers:

• Monitoring
• Adaptive 

systems
• Traceability
• Lightweight 

verification 

PMs:

• Agile teams
• Team 

awareness
• Product line
• Bug finding

                        64
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 Generalizability issue
“I don’t see this being used for large-scale systems”
“For a complex program, there will be too much info, and the developer will 
not be able to understand”

 Cost outweighs benefit
“Huge time investment for little return”
“I believe the cost of implementing and maintain such a solution would be 
greater”

Reservations from Practitioners (Special Aspects / Reqs.)

                        65
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 Questionable assumptions about inputs or conditions
 “Such a tool makes it easier for people to focus on test coverage & state 
coverage. Which doesn’t really help detect bugs.”
 “Description is often not filled correctly. hence it is unwise to rely on it”

 Another solution seems better
 “Making yet another language isn’t really solving anything. Instead, give 

me more functionality within my language …”
 “Better organization of how Linux is packaged and distributed would 

solve this issue without the need of deep analysis and investigations”

…

Reservations from Practitioners (Special Aspects / Reqs.)

                        66
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Follow-Up Studies

RE 2017

ESEM 2016

                        67
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Follow-Up Studies

TSE 2020 

TSE 2023

                        68
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RE4(AI4SE): Engineering/Elicitation of Practitioners’ Key Reqs. 
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How practitioners perceive a research problem?
 Are we solving a real problem that matters? Do 

practitioners require a solution? 
 Are there special aspects (requirements) 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 requirements when tech. changes?
 How new “wave” of innovations of AI4SE introduce 

new requirements?
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RE4(AI4SE): Engineering/Elicitation of Practitioners’ Key Reqs. 
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How practitioners perceive a research problem?
 Are we solving a real problem that matters? Do 

practitioners require a solution? 
 Are there special aspects (requirements) 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 requirements when tech. changes?
 How new “wave” of innovations of AI4SE introduce 

new requirements?
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What Thresholds Need to be Met for Practitioners to Adopt?

                        71

ISSTA 2016
(350+ citations)
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Survey Demographics

72

• 386 responses
• 33 countries
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RQ4: Minimum Success Criterion

76
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RQ5: Trustworthiness

77

Proportion of times a technique works.
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RQ6: Scalability

78

Program sizes a technique can work on.
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RQ7: Efficiency

79

Time taken to produce the results.
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RQ8: Willingness to Adopt

80

• More than 98% willing to adopt a trustworthy, scalable and efficient 
fault localization technique.

• Unwilling:
 Resistance to Change

“Since I already have one and to use another would require training time and time to get 
used to it” 

 More information needed
“Would it be open source? Would it work with my main programming language? Would it 
work with distributed environments?” 

 Disbelief of possibility of success
“I don’t think you can do it.” 
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RQ9: Other Factors

81

• Rationale
 An automated debugging tool must provide a rationale why some program 

locations are marked as suspicious.
 Survey question: I will *still adopt* an efficient, scalable, and trustworthy 

automated debugging tool, even if it cannot provide rationales.

• IDE Integration
 An automated debugging tool must be integrated well to my favourite IDE.
 Survey question: I will *still adopt* a an efficient, scalable, and trustworthy 

automated debugging tool, even if it is not integrated well to my favourite 
IDE.
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RQ9: Other Factors

82
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Key Takeaways
• Large demand for fault localization
 >98% mention “Essential” or “Worthwhile”

• High adoption barrier
 Satisfy 75% of practitioners: successful results in Top 5, works 75% of time; 

≥100,000 LOC; takes <1 minute
 These are some key requirements for adoption

• Rationale and IDE Integration are important.
 Additional requirements for adoption

• Current techniques cannot satisfy the requirements

84
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Follow-Up Studies

                        86

ICSE 2022



SMU Classification: Restricted

Follow-Up Studies

                        87

ESEC/FSE 2023
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How practitioners perceive a research problem?
 Are we solving a real problem that matters? Do 

practitioners require a solution? 
 Are there special aspects (requirements) 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 requirements when tech. changes?
 How new “wave” of innovations of AI4SE introduce 

new requirements?

RE4(AI4SE): Engineering/Elicitation of Practitioners’ Key Reqs. 



SMU Classification: Restricted

RE4(AI4SE): Engineering/Elicitation of Practitioners’ Key Reqs. 
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How practitioners perceive a research problem?
 Are we solving a real problem that matters? Do 

practitioners require a solution? 
 Are there special aspects (requirements) 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 requirements when tech. changes?
 How new “wave” of innovations of AI4SE introduce 

new requirements?



SMU Classification: Restricted

New Requirements?

 Technological change often translate to requirement change
 And possibly unwanted side-effects

                        90

Apps

Internet Connectivity

Permission

Privacy

Security

Social & psychological effects

Weaknesses
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New Requirements for LLM4SE? 

 Weaknesses:
 LLM4SE is large and slow

                        91

Addressing New Weaknesses



SMU Classification: Restricted

Code LLMs are Large, Slow, …

Developers often prefer local AI4SE tools due to privacy and latency concerns
 E.g., Apple banned internal use of external AI tools
 E.g., 20% of GitHub Copilot’s issues are related to network connectivity

Deploying LLMs to IDE has issues:

                        92

RealityExpectations

• “50MB model is upper bound, and 3MB is 
preferred in modern IDE” 

• “0.1 seconds is preferred in modern IDE or 
editor design”

- VSCode Team

CodeBERT 
Size: > 400MB

Latency: > 1.5s/query
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Code LLMs are Large, Slow, and not Green

LLM has high energy consumption and carbon footprint

                        93

• Typical laptop’s battery can 
support CodeBERT for 13.2 mins

• Using CodeBERT a thousand times 
produces 0.14 kg of CO2  
(driving a car for 1 km)

• Much worse for larger LLMs
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New Requirements for LLM4SE? Addressing New Weaknesses

 Weaknesses:
 LLM4SE is large and slow

                        94

New Requirement
Efficient and Green LLM4SE
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New Requirements for LLM4SE? Addressing New Weaknesses

 Weaknesses:
 LLM is large and slow
 LLM opens new security threats
 ….

                        95
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Backdoor (aka. Poisoning) Attack of Code Models
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New Requirements for LLM4SE? Addressing New Weaknesses

 Weaknesses:
 LLM is large and slow
 LLM opens new security threats
 ….
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New Requirements for LLM4SE? Addressing New Weaknesses

 Weaknesses:
 LLM is large and slow
 LLM opens new security threats
 ….

                        98

New Requirement
Understanding and characterizing new 

security threats affecting LLM4SE
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RE4(AI4SE): Engineering/Elicitation of Practitioners’ Key Reqs. 
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How practitioners perceive a research problem?
 Are we solving a real problem that matters? Do 

practitioners require a solution? 
 Are there special aspects (requirements) 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 requirements when tech. changes?
 How new “wave” of innovations of AI4SE introduce 

new requirements?
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Talk Structure
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Req.-Guided 
AI4SE

RE4(SE2.0)

V

VI AI4SE

SE2.0
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RE4(AI4SE)

IV

I

Self-Intro.
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How Has Identifying Key Reqs. Spurred AI4SE Research?

Adoption

Req.

Adoption

Illustrative Example I
(Fault Localization)

Traditional Towards SE2.0

Illustrative Example II
(Eff. & Green LLM4SE)

Illustrative Example III
(Security of LLM4SE)

Req.



SMU Classification: Restricted

                        105

How Has Identifying Key Reqs. Spurred AI4SE Research?

Adoption

Req.

Adoption

Illustrative Example I
(Fault Localization)

Traditional Towards SE2.0

Illustrative Example II
(Eff. & Green LLM4SE)

Illustrative Example III
(Security of LLM4SE)

Req.
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Illustrative Example I: Fault Localization (Requirement Studies)
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ISSTA 2011
(ISSTA 2021 Most 
Influential Paper, 
700+ citations)

“Statistical debugging with the tool was no more effective than traditional debugging 
for solving a harder task.”

“The ranking list was too long and didn’t help me with enough context. Actually, I 
know NanoXML and work with it, but [...] it was faster to use breakpoints.” 
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Illustrative Example I: Fault Localization (Requirement Studies)
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“… techniques [should] focus on improving absolute rank rather than percentage 
rank, for two reasons. … programmers will stop inspecting statements, and transition to 

traditional debugging, if they do not get promising results within the first few 
statements they inspect.”

ISSTA 2011
(ISSTA 2021 Most 
Influential Paper, 
700+ citations)
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Illustrative Example: Fault Localization (Requirement Studies)
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“It seems that there could be potentially disastrous results if the automation does not 
[do things] correctly..”

“I doubt any automated software can explain the reason for things ...”

How Practitioners Perceive
the Relevance of Software Engineering Research

ESEC/FSE 2015

“If the tool tells me where the bug is but that’s not actually true, that annoys me greatly.” 

Practitioners’ Expectations of 
Automated Fault Localization

Finding: Software developers have a high threshold (minimum success criterion,  
trustworthiness, scalability, efficiency, etc.) for tool adoption that is unmet by existing tools.

ISSTA 
2016

Rationale and workflow integration are important
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Illustrative Example: Fault Localization (Shape Research)
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ICSM 2010

ISSTA 2016

Evaluated using 
percentage rank

Evaluated using 
absolute rank
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Illustrative Example: Fault Localization (Shape Research)
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ICSME 2016

TSE 2022

Demonstrated to be 
Helpful for Professionals in 

Lab Setting

Demonstrated to be 
Helpful for 

Professionals in 
Industry Setting
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ICSE 2021

Demonstrated to be 
Helpful for 

Professionals in Real 
Deployments

Illustrative Example: Fault Localization (Shape Research)
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ICSE 2021

Demonstrated to be 
Helpful for 

Professionals in Real 
Deployments

“Interpretability of a model is important for engineers to build trust in its predictions, 
independent of how accurate the model can be. Owing to these considerations, we posit that 
there is still more room for improvement for industrial applications of IR-based localization 
methods, and that they are not a panacea, based on our perspective from Facebook.”

Illustrative Example: Fault Localization (Shape Research)



SMU Classification: Restricted

                        113

Provide Explanations 
with LLM

SANER 2024

Illustrative Example: Fault Localization (Shape Research)
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How Has Identifying Key Reqs. Spurred AI4SE Research?

Adoption

Req.

Adoption

Illustrative Example I
(Fault Localization)

Traditional Towards SE2.0

Illustrative Example II
(Eff. & Green LLM4SE)

Illustrative Example III
(Security of LLM4SE)

Req.
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Illustrative Example II: Efficient & Green LLM4SE

ASE 2022
Compressor

                        117

ICSE 2024
Avatar

Optimize code LLMs: 160x smaller, 76× faster, 184× more energy-saving, 
and 157× less in carbon footprint

First work to optimize code LLMs: 160× smaller and 4.23× faster
Nominated for ACM SIGSOFT Distinguished Paper Award
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One Door Opens, Many Doors to Be Opened

                        125

TOSEM SE Vision 2030 @ FSE 2024

• More experimentation and adaptation: 
- Compressing more and larger models
- Consideration of various SE tasks

• More LLM inference acceleration methods in combination with compression:
• Quantization, dynamic model inference, static program optimization, etc.

• LLM training acceleration, e.g., training data reduction
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FS
E

20
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PR
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22

Illustrative Example III: Security of LLM4SE
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IEEE Transactions on Software Engineering 
(TSE 2024)
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One Door Opens, Many Doors to Be Opened

                        133

• Need to investigate novel attack vectors
- beyond adversarial attack, data poisoning attack, etc.

• Need more effective data auditing tools 
- identify and sanitize poisoned data examples

• Need for trustworthy LLM4Code ecosystem 
- trusted datasets and models that developers can reuse and build upon
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How Has Identifying Key Reqs. Spurred AI4SE Research?

Req.

Adoption

Req.

Adoption

Illustrative Example I
(Fault Localization)

Traditional Towards SE2.0

Illustrative Example II
(Eff. & Green LLM4SE)

Illustrative Example III
(Security of LLM4SE)
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Talk Structure
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Req.-Guided 
AI4SE

I
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ISSTA 2016

What requirements on AI agents’ 
intelligence should be met before 

we can find them useful for 
diverse tasks?

• High adoption threshold
 Satisfy 75% of 

practitioners: successful 
results in Top 5, works 
75% of time; ≥100,000 
LOC; takes <1 minute.

• Rationale and IDE 
integration are 
important.
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What requirements on AI agents’ 
intelligence should be met before 

we can find them useful for 
diverse tasks?
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Boy who cried wolf

What are the requirements of a 
responsible AI agents? 

Smart Aleck
GenAI Rendering

ICSM 2013 & EMSE 2015
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Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 

What requirements should be 
met before we can give higher 

degree of autonomy to AI 
agents?

“It seems that there could be potentially disastrous results if the automation does not [do 
things] correctly..”

How Practitioners Perceive the Relevance of Software Engineering Research
 

ESEC/FSE 2015

What are the requirements of a 
responsible AI agents? 

What requirements on AI agents’ 
intelligence should be met before 

we can find them useful for 
diverse tasks?
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What are the requirements for 
effective Human-Agent interactions?
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What are the requirements for 
effective Agent-Agent interactions?
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What are the requirements for 
effective Human-Agent interactions?

Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 

What are the requirements for 
effective Agent-Agent interactions?

What are the requirements for 
effective Agent onboarding and 

offboarding?
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Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 

What are the economics, legal, 
and ethical requirements for 

different SE 2.0 stakeholders?
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Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 

What are the requirements to 
achieve symbiotic workforce? 

Which tasks should be delegated 
to AI agents, and which one 
should be kept by humans?

Should nature of jobs for 
engineers change?
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• “We find that bug finding and fixing is not necessarily as onerous for developers 
as has often been suggested, being rated as more satisfying than developers’ 
general work.”

• “The fact that developers derive satisfaction and benefit from bug fixing indicates 
that APR adoption is not as simple as APR replacing an unwanted activity.” 

• “When it comes to potential APR approaches, we find a strong preference for 
developers being kept in the loop (for example, choosing between different fixes 
or validating fixes) as opposed to a fully automated process.”
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Low-Code Programming Frameworks

Computational Thinking and Coding 
becomes More Pervasive
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“One historical job that has become nearly obsolete because the necessary 
competencies are now widespread is that of the typist. With the advent of 

personal computers and the spread of typing skills, many people are now able to 
do their own typing rather than relying on a professional typist.” – ChatGPT 

Lamplighter

History Repeats? 



SMU Classification: Restricted

                        155

Possible Future?
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



SMU Classification: Restricted

                        156

Possible Future?
Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 

Smart Tool

Smart Workmate

H-A

H-A

A-A

Organization

H-A
Tertiary

Edu.

Job 
Market

Agent 
Market

Agent 
Vendors

Economics
Law

Ethics



SMU Classification: Restricted

                        157

Possible Future?
Symbiotic workforce of autonomous, responsible, intelligent agents & engineers 

Smart Tool

Smart Workmate

H-A

H-A

A-A

Organization

A-A
Tertiary

Edu.

Job 
Market

Agent 
Market

Agent 
Vendors

Economics
Law

Ethics



SMU Classification: Restricted

Possible Future?

                        158

A-A

A-A
A-A

Cross-Organizations
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Agent 
Market

Agent 
Vendors

Symbiotic workforce of autonomous, responsible, intelligent agents creating myriads of 
software we need and want with tech-savvy end-users + regulators & auditors

Tech-savvy
end-users

Regulators & 
Auditors

Skills: SE (RE, etc.), 
Law, etc.

Economics
Law

Ethics
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A-A

A-A
A-A

Cross-Organizations

A-A

Agent 
Market

Agent 
VendorsTech-savvy

end-users

Regulators & 
Auditors

Skills: SE (RE, etc.), 
Law, etc.

Economics
Law

Ethics

Symbiotic workforce of autonomous, responsible, intelligent agents creating myriads of 
software we need and want with tech-savvy end-users + regulators & auditors

子曰：“人无远虑，必有近忧。”
“A person who does not plan long ahead will find 

trouble at his door.” – Confucius
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How to Make Software Engineering 2.0 a Reality?

SE2.0

GenAI rendering of 
“magnificent large 

futuristic building with 
strong foundation”

Need for 
RE4(SE2.0)RE
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How to Make Software Engineering 2.0 a Reality?

SE2.0

GenAI rendering of 
“magnificent large 

futuristic building with 
strong foundation”

Need for 
RE4(SE2.0)RE

“[We need to be] engineering 
technology with 

consequences that we want.”
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Icarus and Daedalus
Greek Mythology
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Thank you!

Questions? Comments? Advice? 
davidlo@smu.edu.sg
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