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LOVE FOR
PROGRAMMING

(CLAUDE SONNET)

AutoCodeRover Talk, 2026

Today

Still Gets Me

Even now, after thousands of lines of code, complex architectures,
and sleepless debugging sessions, there's something beautifully

pure about those two simple words. They remind us why we fell in
love with programming in the first place.

> console.log("Hello, World!™); // Never gets old

"No matter how complex your code becomes,
you'll always remember the simple joy of your
first 'Hello, World!'"

— Every Programmer, Ever



1972-3: "HELLO WORLD™ STYLIZATION

B programming

main( ) |
language
extrn a, b, c; guag
putchar(a); putchar(b); putchar(c); putchar(''!'*n'); 4-character imitation. ©
}
a 'hell';
b 'o, w';

c 'orld';
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1972

94-2022 2022 2025

Hello World program in
BCPL/B, before C

Brian Kerninghan

programming at scale

Year of LLM Agents

Windows / Linux GitHub Copilot

Software as a Service
Need for verification of auto

Automatically generated
generated code integration

code integrated - importance

Huge Code-base, - software
of verification rises.

model checking, Linux is
30Min 2022

Internet -> Software delivery

programming with trust

—
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SOFTWARE INDUSTRY OVER 50 YEARS

A Tech/Horizontal:
y N2025} Engineering of SW itself!
1972-3 ~2000+: Agentlc App/ Verticals: the next SalesForce?
I Al
“Hello world” ~1975: SaEIlS q
program in B and C In-house /Clou

Hosting of SW —
Salesforce (CRM) Other app domains
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THE DAY OF A SOFTWARE ENGINEER

* More of program improvement, Buggy
rather than coding program

Issue “Fixed”

* Come in the morning, and see a host Resolution program

. Sample
f “1 baJ
O SSUES Tests 777

* An issue can refer to a bug report and
needed fix

e Feature addition

* Even efficiency improvement in a
part of the code?
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UNPACKING “ISSUES™: INTENT

-
SYNTHESIZE
SUGGEST
vV VIV
-

SemFix, ICSE 2013
Angelix, ICSE 2016

Buggy

program :
Issue “Fixed”

Resolution program

Sample —
Tests

An issue can refer to a bug report and needed fix
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LEARNT AS A SCHOOL-CHILD ©®

1 int triangle(int a, int b, int c){
2 ifla<=0|| b<=0|| c<=0)
E return INVALID;

4 iffa==>0b~&8b==r¢)

5 return EQUILATERAL;
&
7
8
9

ifa==b || bl=c)// Hugl
return ISOSCELES;
eturn SCALENE;

.
}
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MAY NOT HAVE LEARNT SO FAR?

Test id a b c oracle Pass

1 int triangle(int a, int b, int c){

2 ifla<=0|| b<=0|| c<=0)
E return INVALID;

4 iffa==>0b~&8b==r¢)

5 return EQUILATERAL;
&

7

8

9

ifa==b || bl=c)// Hugl
return ISOSCELES;
eturn SCALENE;

.
}

NO

Given "intent” as tests Buggy Program

Automatically generate the fix (a == || b ==c¢c || ¢ == a)
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FROM INTENT TO CODE — RELIABLY !

1 int trianjle_ (int a, int b, int ) {
if (ave=0 || b<=10 ||
c=<=0) return INVALID;
if (@ == b && b == ¢)
return EQUILATERAL;
if (f(a, b,c))
return|1SOSCELES;
return S#ALENE

NO

Given "intent” as tests

2
3
4
5
[
7
8
9

f(2,2,3) ==true

f(2,2,3) and f(2,3,2) and f(3,2,2) and not f{2,3,4)

A 4

(a==Db || b=c

Symbolic Execution

a)

AutoCodeRover Talk, 2026
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TRUSTED AUTOMATIC PROGRAMMING

INTENT (tests)

Analysis Logical Property Improved Code

Buggy Code
Gaining Trust
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INTENT INFERENCE !

SYMBOLIC EXECUTION (1976)

Symbolic Execution
and Program Testing

Jamers €, King
IBM Thomas ] Witson Rescurch Center

“Program testing and program proving can
be considered as extreme alternatives

This paper describes a practical approach
between these two extremes...

Each symbolic execution result may be equivalent
to a large number of normal tests”

New usage
In specification
inference

AutoCodeRover Talk, 2026

12



INTENT FROM TESTS

(a==2 | b==2 | c==3 Higher order logic

inference from tests.

Accumulated constraints 1 int triangle (int a, int b, int ) { . . .. .
F(223) == true A if (@<=0 || b<=0|| Lot of machinery in achieving it

bl c<=0) return INVALID;

if (a 4= b && b == ) efficiently m a first order logic
return EQUILATERAL; framework
if (f (a, b,c)) )
return||SOSCELES;
return S#ALEHE;

Find a f satisfying this constraint
By fixing the set of operators appearing in f

Candidate methods
Search over the space of expressions Program
synthesis with fixed set of operators

Canbe a ved by second-order solving

2
3
4
5
[
7
8
9

Need a mechanism for extracting intent

o atad when tests are absent.

flabc)=a==b||b==c||c==a

Symbaolic Execution

f(2,2,3) ==true

AutoCodeRover Talk, 2026 13



PRE-LLM

SUMMARY

Automated Program Repair
Communications of the ACM,
62(12), Le Goues, Pradel and
Roychoudhury, Dec. 2019.

Search-based
Repair

Generate patch
condidates

Tl

Validate patch
condidates

== 3]} if

we generate high quality patches?

ICEREI MIP Award Talk

H

Passing & . Extract
failing tests o constraints

semantic Repair
Buggy Program antic Repa

L

Fault localization

"

works come here

Semantic
Repair

s

Code _, | Synthesise code via
transformations : . constraint solving

Input-output examples:
{lip=2, ap=4),lip=3, 0p=9 ]}
buggy prog H
re I B
We waould r want a repaired program like
ip=2 re 4;
f ip=8 re q g

Code corpus
T8

Learning-based
Repair

%

Learning/

interference
A

. | Model of patches

e
Predict patch

AutoCodeRover Talk, 2026
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TRUSTED AUTOMATIC PROGRAMMING

";! e, ’f:;f'y
" N 8

Analysis ) Improved Code
e

Buggy Code

Gaining Trust
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THEN AND NOW

SPEC. INFERENCE. - 2013 vs. 2025

Program Synthesis ->LLM
Suggest

Tests ->

[ (S
Issues Gﬂ

Synthesize
MMM

00101010

11010101

01010101 Patches ->
Fatclies -2

00011000 . o
Patch with explanation
MMM

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

AutoCodeRover Talk, 2026
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IS S U E Software Issue = Frontend If;rcfp ;2;1
RESOLUTION

(Analysis)

Tools)

Project

Structure Prograrn

Representations

How to
gain trust?

& Files

Do not see Code as text!

___________________________________

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

https://autocoderover.dev/

Abhik Roychoudhury
bhikRoychoudh

Introducing AutoCodeRover

Presenting our autonomous software engineer
from Singapore | Takes in a Github issue (bug
fixing or feature addition), resolves in few
minutes, with minimal LLM cost ~$0.5! Please
RT

& github.com/nu
hub.com/nu

(1/4]

nus-apr/auto-
code-rover

e
W

auw-cod-merlprepmpdfat main - nus-apr/auto-code-ro...

From github.com

AutoCodeRover Talk, 2026
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IMPLICIT INTENT

Codebase
e ___..-’”".““‘"--u.___h
.t"ff-- X . HH‘“‘
file | [fite | |file |
lssue search_func{A) 4
statement i .ff _

clsX | | cls |

Toolkit for the agent to choose! X E“H,
search_func() ‘ func A ‘ fl..-ll"lﬂ'r ‘
search_class() r .
search_func_in_class() 4

search_code_snippet()

Stmt \

Context Retrieval from Program Structure

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

Codebase

Issue

Statement

Search

“I need to
know more
about func A

Found 1 function “A" in class
“X"”, implementation is

def A (args):

TIT

AutoCodeRover Talk, 2026
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STRATI FI E D S EAR C H * Context; = Search_API(U;_,)

* U; = Analysis(U;_,, Context;)

Iteratively refine issue understanding based on latest context.

#32347 closed New feature (fixed)
ModelChoiceField does not provide value of invalid choice when raising ValidationError

UO U1 U2
e | 'We need to understand how the i | ModelChoiceField doesnot have a | isiie | Method validate simply calls the
ModelChoiceField class handle validation clean method. It likely uses validate method of its parent class.
and error messages ... another method like validate or
to_python to validate inputs. to_python method is responsible ...
Context, l search_class(*ModelChoiceField”) Next step: Examine the validate Should adjust the error message ...
and to_python methods of

Signature of the ModelChoiceField class:
def _init_ (..):
def get limit choices to(self): search_method_in_class(“validate”, “ModelChoiceField”)
def _ deepcopy_ (self, memo): C ontext, 1 search_method_in_class(“to_python”, “ModelChoiceField”)
def label from_instance(self, obj):
...... Implementation of validate:
def prepare value(self, value):
def to_python(self, value): .
def validate(self, value): Implementation of to_python:

def has_changed(self, initial, data):

ModelChoiceField.

AutoCodeRover Talk, 2026 20



AGENTIC DESIGN

* Analysis embedded inside the agent

* Could invoke tools as part of the analysis

e Cannot be accomplished simply by
mathematical analysis of code

e Cannot be accomplished simply by
natural language analysis of text

 In this example used only program
structure for analysis. More involved
analysis 1s possible!

g AutoCodeRover

AutoCodeRover Talk, 2026
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EXPLICIT INTENT

(
' (_—_ Optional Input |
, ________________ :L 2 puonal Inp :
i () Inferred Spec ;
=
R onti N
Issue Reproducer Reproducer N Context N Bugay Function
Statement Agent Test / "| Retrival Agent " Locations Summaries
_ — — F 3
/ Regression \
\_ Test Suite /
—EE ) (CE
atches
Feedback batch not O
\ 4 v atch L4
Patching Reviewer K ol Nas
l_b e —»( Patch Agent &eg@o& » Final Patch
N,
.

SpecRover: ICSE 2025, Ruan, Zhang, Roychoudhury.
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"UPS™ AND “DOWNS™ IN INNOVATION

@ OpenAl Introducing SWE-bench Verified

[l sWE-bench SWE-bench Lite SWE-bench Verified

100 —

80 —

60 —
e
[3]
=
Q
[72]
[}]
o
N

40 —

332%
28:8% 5025 28.4%
22,5 227% 23%
o
20 — . (0720 20:3% 18.3%
16% 14.4% 15.3% 15.2%
l . I . -
g | I | I |
Agentless AutoCodeRover Moatless Tools Aider SWE-Agent

100 -

80 4

60 -

40 -

20 4

m SWE-bench
SWE-bench Lite
SWE-bench Verified

38.4%

30.7%

18.8%

AutoCodeRover-v2
(SpecRover)

All agents using gpt-4o
as the backend LLM.

AutoCodeRover Talk, 2026
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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?

 Signal-to-noise ratio is

important!
* Does the reviewer agent
improve signal-to-noise ratio? In practical deployment, only
________________________________________________ Tot = TP+FP+TN=FN send a patch if it is accepted
“patch is accepted” => when reviewer agent by reviewer. .
decides both test and patch are correct. Acc. = TP+TN / Total = ngher signal-to-noise
Prec. =TP /(TP + FP) ratio

- True negative: rejected and incorrect.
- False positive: accepted but incorrect.

| Four categories: Rec. = TP/ (TP + FN) = Qreater trust !
- False negative: rejected but correct.

' - True positive: accepted and correct.

AutoCodeRover Talk, 2026
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AGENT: BEYOND PROMPTS: AUTOCODEROVER

forbes.com

Nvidia CEO Jensen Huang Consumer Electronics Show (CES) 2025 unveiled advanced Al for

Photo by : Artur Widak/Anadolu via Getty Images)

Sonar Bets On Al Code Automation With
2025: “AI agents represent a multi-trillion § opportunity” AutoCodeRover Acquisition

By Janakicam MSY @ | cover emerging technologies with a

Integrated inside SonarQube Code Analysis tool SonarQube, which is in use by >100,000
enterprise customers for enhancing code quality and security. Continuing work.

AutoCodeRover Talk, 2026 25



SONARQUBE REMEDIATION AGENT
O &g/ GitLab Build and Test

- - .
Commit / PR - GitHub
e
7
Commit the Fix e
I HTH
Trigger Analysis
¢ Observe and
\\ Give Feedback CWE-125: out-of-bounds read &
\ N l' \\\ Function with high cognitive complexity &
N\ Inspect and Fix sonarqu be
N Raw types should not be used &
S J
RS -7 Generic exceptions should not be thrown &
Se - -
~ o -

AutoCodeRover Talk, 2026 26



sonarqube-agent bot commented 5 days ago X ,g)) sonarqube-agent  bot  commented 3 minutes ago

. = Agent Fix (Issue 3 of 7)
Agent Fix (Issue 1 of 25)
g))) Quality Issue
Qua“ty seue Réellilei!;:ity Use an asynchronous file APl instead of synchronous open() in this async function.

Maintainabilit . L
y Unexpected lexical declaration in case block.

. Location 1: examplesfadvanced_startup.py:60-61
@ Medium ples/ —startup-py
--- a/examples/advanced_startup.py
i . +++ b/examples/advanced_startup.py
Location 1: srclcorelcff_parser.js:914—914 @@ -60,2 +60,2 @@ class CustomBot(commands.Bot):
- f = open("bot_status.txt", "w")
A - f.write("Bot is starting up")
—-—= a/src/core/cff_parser.js I'_l;l + loop = asyncio.get_running_loop()
+++ b/src/core/cff_parser.js + await loop.run_in_executor(None, self. write_startup_status)
@@ -914,1 +914,1 @@ class CFFParser {
— case 0: ¥ View suggestion details
ils case 0: { Explanation 1:
Previously, an async method directly called open() and wrote to a file, which is a blocking file operation inside an
async function. This hunk replaces that with getting the current event loop and awaiting
v View suggestion details loop.run_in_executor(None, self._write_startup_status). That offloads the blocking file IO to a thread pool
. executor, so the event loop is no longer blocked by the synchronous open() call, addressing the warning about
Explanation 1: ' P ° yiesy pen() call, ¢ g

. . . using synchronous file APIs inside async code.
This opens ablock { ... } for case @ in a switch statement. That

allows the const and let declarations inside that case (such as

glyphsCount) to be properly scoped within a block instead of being » Show 1 other location
hoisted across the entire switch, addressing the warning about

unexpected lexical declarations directly inside case clauses.

Review

(O select fix
Select one or more fixes above to enable this action.
v Show 1 other location

Location 2: src/core/cff_parser.js:920-920
2 Commit changes (0 of 7 selected)
—— a/src/core/cff_parser.js Ll;l Select this to commit all previously selected fixes. If it takes longer than a few seconds, try refreshing the page.
+++ b/src/core/cff_parser.js
@@ -919,0 +920,1 @@ class CFFParser {
+ |

Go back to Summary

Did this fix help?

» View suggestion details O Oe¢
] Y



REAL INCIDENT, ACTUAL TIMING

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

&Main

Crucial time in the
innovation cycle

AutoCodeRover Talk, 2026
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REFLECTIONS

~50 years

Programming at Scale

. A

! Automatically ) Cooperative Intelligence
N\
generated code ~X years
Programming with Trust
Role for Verification

\

N J

When to trust the agent?

AutoCodeRover Talk, 2026 29



BEYOND CODING, SE ?

|/—Actio—n S_p-aoe— \ .
| ) Unified agent
!
l L]
® | ! Handles multiple task
» I L]
o ’: | type; Wltl;l.out manual
e configuration
| |
: ! Dynamically deciding
I ° o °
e its next action like
VTN Ny — human SWE
& Explain |~ '\&\ J)
* Issue resolution * Architecture exploration
* Regression testing * Requirements clarification

* (Code generation
* Test generation

* Partial fix improvement [ Unified Software Engineering Agent

ICSE 26 |

AutoCodeRover Talk, 2026



SECURITY ?

Role of text-
based
analysis to
be seen

Fuzzing

—

LLM guided
random/fuzzing
search

LLM Aget

- AutoCoce
Rover

Hstoncal Lexcal
Dalta Debugging

- — I

Fault Locakzanon

| 1
| 1
Static Analysis Patch Selection Patch Generation
|
Stave Shong Vildadon LIM Retneval
: nhalade , Augmensod :
X o e ' Generabon )
e N ‘ _
I ) T : |
1| Sliced Fine tuped LLM
* Call-Graph N
) e
1 Validation
Errors Crash
Constraint Soving Reports
via LLM 4
Input Generation m ‘
e _ Crash Analysis
Grammat i ' Groybox Fuzzing ' Crash Passing
inference Fuzaing | !
' | : Crashing s.mp .
AFLSmanee | ' Inputs .
) = }
PEoe— ; | I——
E= "
. STDOUT Guided ‘ : ! Commt Bisection
| :

LLM agent
with
significant
analysis

LLM agent

AutoCodeRover Talk, 2026
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V&V?

Sub-agent

. Generate Trigger
—  Coding Agent Code Changes Validation Agent

0]

% (Repair Agent) Infer
;.§ as NL

: «<——  Explanations “ Intent

g* {DEV}

é? as formal contract

v Verification :
3} Proofs — Sub-agent « Decide
g

3

8 $ as symbolic constraint

Testin
Tests — &

AutoCodeRover Talk, 2026
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SYMBOLIC REASONING FOR TESTS ?

1. Monolingual Projects: KLEE: +234%, KLEEPending; +135%, S

.,
o g D
% %

GCov Branch Coverage
B>
%

2
o

=5

GCov Branch Coverage
P 7, <
3, 0 T3
o %

woff2

=®= concoLLMic

== KLEE
KLEE-Pending
SymCC
SymSan
0 6 12 18 24 30 36 42 48
Time (Hours)
libyaml
£
e
0 6 12 18 24 30 36 42 48

Time (Hours)

GCov Branch Coverage

GCov Branch Coverage

oggenc
@Q _______________________
N
®
> F—
Q
0 6 12 18 24 30 36 42 48
Time (Hours)
libsoup
o | )
\"’Q
N
&
L:QQ
Q
0 6 12 18 24 30 36 42 48

Time (Hours)

GCov Branch Coverage

GCov Branch Coverage

\)
7

ymCC: +130%, SymSan: +115%

be libmatheval
ey oo oo e oo
_____________________ = ”
5
3
(o]
=
g
g — %
Y
N
g%
Q
0 6 12 18 24 30 36 42 48 6 12 18 24 30 36 42 48
Time (Hours) Time (Hours)
krep confetti
——————————————————————— ﬂ?;n ——————————————————————— -
N
g o
=l
v
=
o
2
N
.fr*_,-—f 8 R
0 6 12 18 24 30 36 42 48 6 12 18

Time (Hours)

Time (Hours)

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

&

Internal Line Coverage

J
]

ultrajson

=@=concolLLMic
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Time (Hours)

Internal Line Coverage
B

7
&N
7

P
ES 2
o Yo % o %

Jansi

6 12
Time (Hours)

véy

6 12
Time (Hours)

Internal Line Coverage

2 2w
. ) (7] (7]
o % % B %

protobuf

—

6 12 3

Time (Hours)



LOOKING FORWARD: PROOFS ?

» Automation in software development is
. le language model agent
overwhelmmg es many analysis

onallMinan

« Put agentic Al 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

New Project 2026
Al for Program Reasoning
NUS & Imperial College London

AutoCodeRover Talk, 2026



WHERE IS SOFTWARE GOING ?

Capability

G

oY

LU F‘ OpenHands

@ OpenAl Codex

Terminal-based agents

SaaS

4
Yy ”2025'2
~2000: N Agentic Al
[-= | \

Interleaving of well-defined SE actions

SE-grounded agents

- Structured actions for interpretability
- Orchestration of actions for capability

( Application domains
eg CRM ATLASSIAN Rovo Workflow-based /
———————— .
Human-in-the-loop agents
Single software component é;_é?é
watsonx Code Assistant

Opinion piece

Agentic Al Software Engineers:
Programming with Trust
Roychoudhury et al.,
Communications of the ACM, May 26.

Trust

Abhik Roychoudhury
National University of Singapore

abhiki@nus.edu.sg

Abhik Roychoudhury, abhik@nus.edu.sg
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