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The boat is leaking but you keep paddling!
Why?

1. The illusion 
of progress.

2. The lack of 
measurements.

YOUR TYPICAL 
SOFTWARE PROJECT



TECHNICAL DEBT
The state of the practice in "technical debt" 
or "code smell" identification: informal, 
experience- and intuition-based.
"Debt" is still largely a metaphor.
But software managers must make 
decisions on a financial
basis.
How do we bridge this 
gap?



WHAT WE DID
Case study with SoftServe Inc. in an 
attempt to quantify 
1. the cost of technical (architecture) debt and
2. the benefits of repairing the debt.



WHAT WE DID
• Used the Design Rule Space (DRSpace) analysis 

approach* to locate architecture debts 
• Visualized the architecture flaws in these 

DRSpaces using our tool Titan
• Extracted project data to 

quantify the penalty these 
debts were incurring

• Estimated the potential benefits 
of refactoring

• Made a business case to justify 
refactoring.
*L. Xiao, Y. Cai, R. Kazman, "Design Rule Spaces: A New Form of Architecture 
Insight", Proceedings of ICSE 2014, June 2014.



ARCHITECTURAL FLAWS



BRIDGING THE GAP BETWEEN 
ARCHITECTURE AND QUALITY
Using Titan we can find architecture design flaws:*
• cyclic class dependencies
• cyclic package dependencies
• improper inheritance
• modularity violations
• unstable interfaces

Identifying these flaws allows us to: 
• Locate and assess technical debt and its economic impact
• predict the economic impact of repair strategies

*R. Mo, Y. Cai, R. Kazman, L. Xiao, “Hotspot Patterns: The Formal Definition and 
Automatic Detection of Architecture Smells”, Proceedings of WICSA 2015, May 2015.



EXAMPLE FLAWS
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Issue 2: Unusual evolutionary coupling between 
parent and child class
Issue 3: Modularity violation



HOW DO WE COMPUTE DRSPACES 
AND ARCHITECTURE FLAWS?



*L. Xiao, Y. Cai, R. Kazman, “Titan: A Toolset That Connects Software Architecture 
with Quality Analysis”, Proceedings of FSE 2014, (Hong Kong), November 2014.



TITAN GUI



PRIOR RESEARCH 
RESULTS
RQ1: A significant portion of the DRSpaces led by 
an error prone class are also error-prone.
RQ2: The 5 largest DRSpaces always captured 
more than half of the buggy files in the project.
RQ3: Error-prone DRSpaces have structural 
problems and modularity violations.
RQ4: If a file is involved in greater 
numbers of architecture issues, it is 
more error-prone/change-prone than 
average files.



ECONOMIC ANALYSIS
Based on the identified DRSpaces and an 
identification of their architecture flaws, we can 
plan refactoring strategies.
And we can make decisions about whether to 
refactor based on ROI.
This analysis is entirely based on
commonly available project data.
Consider the following analysis 
of the SoftServe project:



ECONOMIC ANALYSIS
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ECONOMIC ANALYSIS

Result: ~300% ROI in the first year alone!



FOLLOW-ON
SoftServe is now refactoring the project, fixing the 
identified flaws.
This refactoring is expected to be complete this 
month.
Further data collection and hypothesis validation 
is planned.



TAKE-AWAYS

Architectural flaws lead to quality issues.
We can locate these flaws!
We can not fix the quality 
issues without fixing 
the underlying flaws!



TAKE-AWAYS
This analysis allows us to plan refactoring 
strategies and make informed, economics-
based decisions about 
if and how to refactor.
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