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A general IR system

Bug Report

Source 
Code Files

❏ In 2013, global cost of software 
debugging was $312/year

❏ Average time to fix a bug is 6 
months in both commercial and 
open-source projects

❏ Spectrum-based fault localization 
was common

❏ The exploration of Information 
Retrieval (IR)-based bug 
localization had started and shown 
to hold promise



Prior work: Structured Retrieval (1/2)
 First ACM international conference on Digital libraries, 1996



Prior work: Structured Retrieval (2/2)
Computer networks and ISDN systems, 1998 - Elsevier

heavy use of the structure 
present in hypertext



Idea: Code has structure!
Bug ID: 80720
Summary: Pinned console does not remain on top 
Description: Open two console views, ... Pin one 
console. Launch another program that produces 
output. Both consoles display the last launch. The 
pinned console should remain pinned. 

Source code file: ConsoleView.java
public class ConsoleView extends PageBookView 
   implements IConsoleView, IConsoleListener {... 
     public void display(IConsole console) { 
         if (fPinned && fActiveConsole != null){return;} 
     }... 
     public void pin(IConsole console) {
         if (console == null) { 
             setPinned(false); 
         } else { 
             if (isPinned()) { 
                setPinned(false); 
            } 
            display(console);
            setPinned(true); ..
}

Both bug report and document have rich structure!



Idea: Constructs Hold Valuable Info
Bug ID: 80720
Summary: Pinned console does not remain on 
top 
Description: Open two console views, ... Pin one 
console. Launch another program that produces 
output. Both consoles display the last launch. The 
pinned console should remain pinned. 

Source code file: ConsoleView.java
public class ConsoleView extends PageBookView 
   implements IConsoleView, IConsoleListener {... 
     public void display(IConsole console) { 
         if (fPinned && fActiveConsole != null){return;} 
     }... 
     public void pin(IConsole console) {
         if (console == null) { 
             setPinned(false); 
         } else { 
             if (isPinned()) { 
                setPinned(false); 
            } 
            display(console);
            setPinned(true); 
} 

Figure: A real bug report from Eclipse 
Project and the corresponding fixed source 
code [Zhou et al., ICSE 2012]
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Higher level of program constructs have more important information



Our System Architecture



Improvement from Leveraging Structure

AspectJ ZXing

SWT Eclipse



Titles from all Citing Papers



Impact: SE Areas Influenced
Areas # Citations

Fault Localization 234

Other Bug Related 99

IR in SE 15

Recommendation 14

Tests 12

Security 11

Feature Location, API, Program 
Repair

20

Conferences/Journal # Citations

TSE 27

ICSE 26

arXiv 25

ASE 19

IST 14

JSS 13

FSE 10

Non-SE: AAAI,  USENIX, S&P, ICDM etc.



Impact from Proposed Future Work 



Impact from Proposed Future Work 



Christopher Manning, SIGIR 2016 Talk

Neural models have transformed 
IR & NLP fields since our work

Onal et al. Neural Information Retrieval: At the End of the 
Early Years. Information Retrieval, 21(2-3), 2018.



Trends in 2024 (1/2)

Test Behavior Tracking, 
Document-Guided Search, and 

Multi-Round Dialogue



Trends in 2024 (2/2)

Source: https://openai.com/index/introducing-swe-bench-verified/



Study data still available today
● https://mattlease.com/data/ASE2013-BLUiR-Detailed-Results.zip 

ASE 2013 PC led by Tevfik Bultan and Andreas Zeller
ASE 2024 MIP Award Committee led by Myra Cohen and Lars Grunske

Special thanks to Darko Marinov and Lingming Zhang for insightful 
comments and discussions

Our research was supported in part by NSF Grants SHF-1117902, 
SRS-0820251, CCF-0845628, and a Temple Fellowship.

Thank you!

https://mattlease.com/data/ASE2013-BLUiR-Detailed-Results.zip


Lesson: look beyond your primary area
Take (research-focused) courses in other areas/fields
• Product of Saha taking Lease’s “Information Retrieval” class
• Other examples

– Vasic took Soloveichik’s “Unconventional Computing” 
class, and defined a novel link between traditional CS 
and synthetic biology [DNA’20🏆, PNAS’22]

– Ray took Khurshid’s “V&V” class, and defined effective 
testing of SSL/TLS certificate validation [Oakland’14🏆]

Collaborate across different research groups
Attend talks in different areas



A few more lessons learned
TA-ing can help with research
• Helping others understand improves the depth of your own 

understanding
• Basic material from a class you TA can open new research 

directions

Persevere
• Getting (some) papers rejected is inevitable
• Read the reviews in a positive frame of mind
• Improve the work and re-submit


