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Problem-solving communities on the Web

‣ open source software (OSS) communities
‣ engineering design communities
‣ e-learning communities
‣ medical research communities

‣ Professionals using the Web to collaboratively 
- diagnose problems
- design and create artefacts
- analyse and understand information
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Open Source Software (OSS) Communities



4

A typical OSS Community ...

OpenACS/dotLRN

– Toolkit for building 
Web community-
oriented applications: 
mailing lists, forums, 
shared files and 
calendars, chat, issue 
tracking system

– Extended to e-learning 
platform dotLRN (used 
by MIT, Uni. 
Heidelberg, …)

– Community 
interactions through 
in-house tools
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Fixing

‣ Discussion about bug over several channels
‣ Duplicate bug filed
‣ Poorly linked information
‣ More than one month to fix the bug

Bug report
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How to interpret a bug report message?

1/02/2004 Opened by Tilmann Singer 
forums-security-procs.tcl was changed to check 
for standard privs instead of the packages 
custom privs, e.g. create instead of 
forums_create etc., but 
1) The privileges are still created upon package 
installation. This is very confusing for users since 
as far as I can see, apart from forums_moderate 
they have no effect  anymore.
2) They are still used, at least in 
forum::posting_policy_set and 
forum::new_questions_allow, which from 
reading the code I assume don't work anymore, 
since they grant for example 'forum_create' but 
forums-security-procs.tcl require 'create' now.
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Interpreting content of message requires knowledge of technical 
terms, source code structure and past discussions
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Supporting bug resolution

Two distinguishing characteristics of problem-solving in bug 
resolution:
1. Knowledge of the past history of interactions about a given 

topic is crucial
2. Exploration of relations between code objects 

Locating files, discussions and bug reports, and finding experts is 
not straightforward search problem:

– What are the keywords to search for?

– Not obvious which artifacts are going to be helpful finally

– Person who wrote the code may not be around or person 
who discussed problem may not know its implementation 
details
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Semantic Web system to support bug resolution

… monitor bug report messages

For each bug report message
‣ Identify ‘semantics’ of message
‣ Use ‘semantics’ to search for 

similar resources
- Discussions
- Bug reports
- Files
- People
- ...

‣ Use heuristics to recommend 
relevant resources
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What does the Semantic Web provide?

• Metadata
– Links: references to code, files, packages, error traces, other 

bug reports and discussions
– Semantic concepts: technical vocabulary meaningful to 

community members

• Ontologies
– Content: Where are links and semantic concepts in 

software code and bugs?
• To identify what the bug report message is about

– Interactions: Who has done what when?
• To identify people who are experts in area of bug

– Community: Who typically does what?
• To make suggestions appropriate to roles of experts
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Semantic Web Reserach

Research focus on tools and techniques
‣ Ontologies and annotation 

[Borgida, Brachman 03] [Welty 02] [Handschuh et al. 03] …

‣ Reasoning
[Horrocks, Patel-Schneider, van Harmelen 03] [Haarslev, Möller 01] [Kopena, Regli 03] …

‣ Applications
• Semantic Web services [Sycara et al. 03] …

• Semantic Portals [Maedche et al. 03]

• E-learning [Schmitz et al 2002]

• Agents for Semantic Web [Hendler 01] [Finin et al. 02] …

• Semantic Web browsers: Haystack [Quan,Huynh,Karger 03], Magpie 
[Dzbor,Domingue,Motta 03]

Need for application in real-world community context
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‣ Provides an enhanced 
semantic interface to 
bug resolution 
messages

‣ Provides message 
recommendations of 
resources for each bug 
resolution message

Dhruv

OpenACS Bug #1338
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Realizing Dhruv for bug resolution …

Focus on linking bug report messages to code

A. Metadata for community artifacts
• Identify potential code terms in messages

B. Ontologies of the content, interactions and community of 
project
• Locate code terms in an ontology of the code

C. Heuristics to automatically link related objects and artifacts
• Use ontology relations to identify context of code terms (cross-

links)

D. Recommendation procedures to suggest related artifacts 
during bug resolution
• Use multiple cross-links to generate message recommendations
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A: Identifying potential code terms

References in message text
– Information extraction (IE) rules to extract code references, 

files, error traces
– Potential code terms indicated by

• Programming language syntax
• Terms with underscores, hyphens etc.

–Detecting references to code is non-trivial because messages 
contain code in different programming languages and often 
references mangled

– Focus on high recall
–Opted for generous IE, then pruned extracted terms by 

comparison to known software objects in code ontology
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B. Locating terms in ontology

Fragment of code ontology

‣ Developed OWL DL ontologies to describe code content, 
interactions and community of the OpenACS project

‣ Relatively general: requiring modification of small percentage 
of concepts and relations for use in other OSS communities
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B: Locating terms in code ontology

Where are the code terms found 
in the software code?

Ontology with information:

• Function found in files

• Function has variables

• Function calls other function

• Function is in namespace

• Namespace is in files

• … Ontology facts (metadata) 
captured by processing the 
OpenACS code base
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C: Identifying context of code terms

• Objects and artifacts identified via code 
ontology
– Found in file
– Found as
– Defined in file
– Contains variables
– Functions called
– Has author
– Functions in same file
– Recent committers to the file
– Bug reports filed for file

• Artifacts based on text similarity
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C: Identifying context from artifact references

During discussions, people naturally 
mention related artifacts
– Capture references as inter-artifact 

links
– Explicit directed links between 

resources

Heuristic:
– Apply to artifacts determined from 

ontology relations and text 
similarity

– Convert into undirected links and 
select artifacts one hop away

Discussion

Bug report

Bug report
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For each message

1. Use set of artifacts generated for message 
terms in previous step

2. Aggregate and rank artifacts, such that higher 
rank for artifacts generated from 
1. Multiple different terms

2. Multiple sources 

In addition:
– Higher weights for terms in bug report summary

– Include artifact references within message

– Accumulate message recommendations

D. Message Recommendations
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Evaluation: Think-aloud

Objective: to obtain detailed feedback from OpenACS 
community on various aspects of Dhruv and its potential use

Participants: Veteran OpenACS community members with 
various leading roles in community 

Study
1. OpenACS community members presented with bug report to be 

analysed

2. Bug report chosen, such that
– Study participant was involved in resolution of bug report

– Bug report resolved in distant past (> 6 months ago)

3. Participant asked to use standard bug tracker first and then use Dhruv 
to analyse bug report
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What did the community think of Dhruv?

• Enhanced semantic interface
– Very useful

– Low precision of highlighted terms, but human filtering possible

– Cross-links present useful information, especially when small in 
number

• Message recommendations
– Not directly useful for bug resolution, at least in first pass 

– People recommendations good idea, but need to take area 
specialization into account

– Message recommendations are relevant, but need to reduce 
spurious recommendations
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Community suggestions for improving Dhruv
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Community suggestions for improving Dhruv

E. Direct interaction with Dhruv

F. Elicit more information from users 
at bug reporting time
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by default
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generated 
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salient C. Remove 

ontology 
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Dhruv fits into natural way of working in 
OpenACS

“If someone is … trying to learn a 
little bit more about a particular 
bug, you’ve provided many 
different pathways to code that’s 
related so you’ve learnt a little bit 
about different related procedures 
just by clicking around on those 
links.”

“I would say that it fits into that 
natural way of trying to grab at 
things outwards from a few 
little kernels … trying to take 
this one and where can I go 
with this particular piece of 
code or this comment. It would 
jive with my kind of approach.”



Findings/Issues

‣ Large amount of complex data generated by community ... 
expressivity/performance tradeoff

‣ Reasoning underutilised in Dhruv, partly due to size and 
complexity of data

‣ Community ontologies need real-world validation and usage

‣ Dhruv models OSS community as closed information space

- appropriate for current usage scenarios
- OWL more useful for linking such isolated ‘Semantic Web 

communities’? 

‣ Involve community in creation of Semantic Web

- OSS community is technically sophisticated and highly 
invested in improving their own communities and 
development processes

- Building Dhruv from the ‘outside’ makes it light-weight and 
requires little change to existing systems for deployment
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Next steps ...

‣ Deployment in real-world contexts
- Field study of system in OpenACS community to 

understand how people act on suggestions
- Improve individual components of Dhruv

‣ Application to other contexts
- Other OSS activities such as code 

comprehension
- Other OSS communities
- Online professional communities in education 

and scientific research
‣ Framework for transitioning Web communities to 

Semantic Web communities
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where does 
Web 2.0 
come in 
here?
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Thank you!

Questions?

Anupriya Ankolekar

anupriya@aifb.uni-karlsruhe.de


