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LOVE FOR 
PROGRAMMING

(CLAUDE SONNET)
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main( ) {

       extrn a, b, c;

       putchar(a); putchar(b); putchar(c); putchar('!*n');

}

a 'hell';

b 'o, w';

c 'orld';
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B programming 

language

4-character limitation. ☺

1972-3: “HELLO WORLD” STYLIZATION



programming at scale programming with trust
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1972

Hello World program in 

BCPL/B, before C

Brian Kerninghan

94-2022

Windows / Linux 

Software as a Service

Huge Code-base, - software 

model checking, Linux is 

30M in 2022

Internet -> Software delivery

 

2022

GitHub Copilot

Automatically generated 

code integrated - importance 

of verification rises.

.

2025

Year of LLM Agents

Need for verification of auto 

generated code integration



SOFTWARE INDUSTRY OVER 50 YEARS
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~1975: 
In-house

~2000+: 
SaaS 
/Cloud

~2025: 
Agentic 
AI1972-3:

”Hello world” 

program in B and C

Hosting of  SW –

Salesforce  (CRM) Other app domains 

Tech/Horizontal:  

Engineering of  SW itself !

App/Verticals: the next SalesForce?



THE DAY OF A SOFTWARE ENGINEER

• More of program improvement, 

rather than coding 

• Come in the morning, and see a host 

of “issues” 

• An issue can refer to a bug report and 

needed fix 

• Feature addition

• Even efficiency improvement in a 

part of  the code? 
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Buggy 

program

Sample

Tests  ???

“Fixed” 

program

Issue

Resolution



UNPACKING  “ISSUES”:  INTENT

SemFix,  ICSE 2013

Angelix,  ICSE 2016
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An issue can refer to a bug report and needed fix

Buggy 

program

Sample

Tests 

“Fixed” 

program

Issue

Resolution



LEARNT AS A SCHOOL-CHILD ☺
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MAY NOT HAVE LEARNT SO FAR?
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Test id a b c oracle Pass

1 -1 -1 -1 INVALID
Yes

2 1 1 1 EQUILATERAL Yes

3 2 2 3 ISOSCELES Yes

4 2 3 2 ISOSCELES Yes

5 3 2 2 ISOSCELES NO

6 2 3 4 SCALANE
NO

Given ”intent” as tests Buggy Program

Automatically generate the fix (a == b || b == c || c == a)



Test id a b c oracle Pass

1 -1 -1 -1 INVALID
Yes

2 1 1 1 EQUILATERAL Yes

3 2 2 3 ISOSCELES Yes

4 2 3 2 ISOSCELES Yes

5 3 2 2 ISOSCELES NO

6 2 3 4 SCALANE
NO

FROM INTENT TO CODE – RELIABLY !
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(a == b || b == c || c== a)f(2,2,3) and f(2,3,2) and f(3,2,2) and not f(2,3,4)

Given ”intent” as tests



TRUSTED AUTOMATIC PROGRAMMING
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Gaining Trust

INTENT (tests)

Buggy Code

Analysis Logical Property Improved Code



INTENT INFERENCE !
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INTENT FROM TESTS
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Higher order logic 

inference from tests.

Lot of  machinery in achieving it 

efficiently in a first order logic 

framework.

Need a mechanism for extracting intent 

when tests are absent.

 



PRE-LLM
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TRUSTED AUTOMATIC PROGRAMMING

Gaining Trust

INTENT (tests)

Buggy Code

Analysis Logical Property Improved Code



THEN AND NOW

SPEC. INFERENCE. - 2013 vs. 2025

17

Program Structure captures intent. Extract coarse specs from structure for autonomous SE

Suggest

Synthesize

Infer

Tests ->
Issues

Symbolic Execution ->LLM agent

Program Synthesis ->LLM 

Patches ->
Patch  with explanation 
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ISSUE
RESOLUTION
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Do not see Code as text!

Software Issue Front end
Back end 
wrapper

LLM

Program 
Representations

& Files

Project 
structure

(Analysis)
Tools)

How to 
gain trust?

AutoCodeRover:  ISSTA 2024, Zhang, Ruan, Fan, Roychoudhury.
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AUTOCODEROVER

https://autocoderover.dev/
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IMPLICIT INTENT
Context  Ret rieval f rom Program St ructure

LLM agent for decision-making, (lightweight) program analysis for retrieval

Issue
Statement

Search
“I need to

know more
about func A”

Codebase

File

File

File

cls X

cls

func
A

func

STMC

Found 1

function “A”

in class “X”, 

implementat ion is 

def A (args):

….

Developers do not view a software project as f iles;

they understand it from the code structure!

Search APIs for the agent to choose:

search_func()

search_class()

search_code_snippet()

search_func_in_class()

….
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• 𝐶𝑜𝑛𝑡𝑒𝑥𝑡𝑖 = 𝑆𝑒𝑎𝑟𝑐ℎ_𝐴𝑃𝐼(𝑈𝑖−1)
• 𝑈𝑖 = 𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠(𝑈𝑖−1, 𝐶𝑜𝑛𝑡𝑒𝑥𝑡𝑖)

We need to understand how the 

ModelChoiceField class handle validation 

and error messages …

Signature of  the ModelChoiceField class:
   def __init__(…):
  def get_limit_choices_to(self):
  def __deepcopy__(self, memo):
  def label_from_instance(self, obj):
  … …
  def prepare_value(self, value):
  def to_python(self, value):
  def validate(self, value):
  def has_changed(self, initial, data):

𝑈0

𝐶𝑜𝑛𝑡𝑒𝑥𝑡1
search_class(“ModelChoiceField”)

Iteratively refine issue understanding based on latest context.

AutoCodeRover Talk, 2026 20

STRATIFIED SEARCH

ModelChoiceField does not have a 

clean method. It likely uses 

another method like validate or 
to_python to validate inputs.

Next step: Examine the validate 

and to_python methods of  

ModelChoiceField.

Implementation of  validate: 

    …

Implementation of  to_python: 
    …

𝑈1

𝐶𝑜𝑛𝑡𝑒𝑥𝑡2
search_method_in_class(“validate”, “ModelChoiceField”)

search_method_in_class(“to_python”, “ModelChoiceField”)

Method validate simply calls the 

validate method of  its parent class.

to_python method is responsible … 

Should adjust the error message …

𝑈2



AGENTIC DESIGN

• Analysis embedded inside the agent 

• Could invoke tools as part of  the analysis

• Cannot be accomplished simply by 

mathematical analysis of code 

• Cannot be accomplished simply by 

natural language analysis of text

• In this example used only program 

structure for analysis. More involved 

analysis is possible!
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EXPLICIT INTENT
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SpecRover:  ICSE 2025, Ruan, Zhang, Roychoudhury.



“UPS” AND “DOWNS” IN INNOVATION

All agents using gpt-4o 

as the backend LLM.
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(v2)



SIGNAL TO NOISE RATIO !

• Signal-to-noise ratio is 
important!

• Does the reviewer agent 
improve signal-to-noise ratio?

If  an automated tool has efficacy of  20%, does it mean the user needs to manually examine and reject the 

wrong patch in the remaining 80% of  the cases?

“patch is accepted” => when reviewer agent 

decides both test and patch are correct.

Four categories:

- True positive: accepted and correct.

- True negative: rejected and incorrect.

- False positive: accepted but incorrect.

- False negative: rejected but correct.

In practical deployment, only 

send a patch if  it is accepted 

by reviewer.

 Higher signal-to-noise 

ratio

 Greater trust !

Tot = TP+FP+TN=FN

Acc. = TP+TN / Total

Prec. = TP / (TP + FP)

Rec. =  TP / (TP + FN)
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Nvidia CEO Jensen Huang Consumer Electronics Show (CES) 2025 unveiled advanced AI for 
training agents, robots and cars. 
Photo by：Artur Widak/Anadolu via Getty Images）

2025: “AI agents represent a multi-trillion $ opportunity”

Integrated inside SonarQube Code Analysis tool SonarQube, which is in use by >100,000 

enterprise customers for enhancing code quality and security. Continuing work.
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AGENT: BEYOND PROMPTS: AUTOCODEROVER



SONARQUBE REMEDIATION AGENT

Function with high cognitive complexity

CWE-125: out-of-bounds read

Raw types should not be used

Generic exceptions should not be thrown

…

Commit / PR

Build and Test

Trigger Analysis

Inspect and Fix

Commit the Fix

Observe and 

Give Feedback

Agent
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May 18 2023: Most Influential Paper Award Talk for 2013 paper Intl. Conf  on SW Engg (ICSE)

Oct 24, 2023: Started solution on Large Language Model agents for SW Engg. 

                       “Imagine all of  the program analysis can be invoked autonomously”

Apr 8, 2024:   Public announcement in X, Excitement around AutoCodeRover.

Feb 19, 2025: Acquisition by SonarSource announced, 9 am EST, 10 pm SGT.

Feb 20, 2025: Contacted for a group photo, realized there are no photos at all!!

Feb 21, 2025: Met for the first time outside work as a group, strong in team spirit !! 

Crucial time in the 

innovation cycle 

REAL INCIDENT, ACTUAL TIMING

28AutoCodeRover Talk, 2026

Haifeng AbhikMartinRidwanYuntong



Automatically
generated code

REFLECTIONS

“Hello World”

1972

Linux Kernel in 2024

~30M LoC

~50 years

Programming  at Scale

Programming with Trust

Role for Verification

~X years

Cooperative Intelligence

When to trust the agent?

29AutoCodeRover Talk, 2026



30

Unified agent

Handles multiple task 

types without manual 

configuration

Dynamically deciding 

its next action like 

human SWE

• Architecture exploration

• Requirements clarification

• Issue resolution

• Regression testing

• Code generation

• Test generation

• Partial fix improvement …

AutoCodeRover Talk, 2026

BEYOND CODING, SE ?

[ Unified Software Engineering Agent 

ICSE 26 ]



SECURITY ?
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Coding Agent Code Changes

Explanations

Proofs

Tests

Intent

Generate

Infer

Validation Agent
Trigger

as NL

as formal contract

as symbolic constraint

Verification 
Sub-agent

Testing 
Sub-agent

Decide

C
o

u
n

te
r-

ex
a
m

p
le

 /
 f

a
il

u
re

s

(Repair Agent)
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V & V ?



SYMBOLIC REASONING FOR TESTS ?

2. Polyglot Systems: Not supported by existing tools. Our tool still achieves consistent coverage growth  

1. Monolingual Projects: KLEE: +234%, KLEEpending: +135%, SymCC: +130%, SymSan: +115%

11 new 

bugs
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LOOKING FORWARD: PROOFS ?

• Automation in software development is 

overwhelming 

• Put agentic AI to task in combating scale for 

proving program properties

• Automatic verification of automatically 

generated code!

• Proof  Search Automation exists 

• Lemma discovery is a research frontier

34

New Project 2026

AI for Program Reasoning

NUS & Imperial College London

AutoCodeRover Talk, 2026



WHERE IS SOFTWARE GOING ?

Abhik Roychoudhury, abhik@nus.edu.sg 35

Opinion piece

Agentic AI Software Engineers: 

Programming with Trust 

Roychoudhury et al., 

Communications of the ACM, May 26.

Trust

Capability

Terminal-based agents

Workflow-based / 

Human-in-the-loop agents

Review Patch

Code Edit

Test exec

Reproduce

Interleaving of  well-defined SE actions

SE-grounded agents

- Structured actions for interpretability

- Orchestration of actions for capability
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