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S o f t ware  He al t h  M an age m e nt  Syste m  
F r o m  r e s e a r c h  t o  p r a c t i c e

Monitor the degradation, variation, and evolution of software projects
Metrics for comparison and contrast

Hotspot detection
Pinpoint design flaws with ever-increasing maintenance costs

Quantification
Calculate the cost of each flaw and estimate the benefits of refactoring
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S o f t ware  He al t h  M an age m e nt  Syste m  
S y s t e m s  w e  h a v e  a n a l y z e d

252 Open Source Projects

50+ Industrial projects 
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Step 1: Data Collection

Code dependency, history, issue record

Ge n e ra l  Wo rk  F lo w
O v e r v i e w

Step 2: Automated Analysis

Measurement, hotspot detection, cost calculation

Step: Collect Feedback

Surveys and Interviews
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Source Code

Understand

File Dependencies
Report

Revision History

Input files InputOutput files

Bug Report

Output

Step 1: Data Collection

Structure DSM

History DSM

2. HDSM Generator

1. SDSM Generator

DL & PC values

3. DL & PC 
Calculator

5. ArchRoot
Detector

4. ArchIssue
Detector

Architecture 
Roots

Architecture 
Issues

ArchRoot Debt  
analysis results

6. ArchIssue Cost 
Quantification

ArchIssue Cost 
analysis results

8. Report 
Generator

7. Arch Debt 
Quantification

Step 2: Automated Analysis Step 3: Collect Feedback

Surveys 

Phone Interviews 
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3rd-party Tool Metrix

DV8 Tool Suite

Hotspot Quantification
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• Currently support Understand Cytoscape output 

• Extensible to other dependency formats through standard interfaces 

S te p  1 :  Data  Ac c e pte d  by  DV 8  to o l  s u i te  
B e y o n d  s o u r c e  c o d e  

Dependency information 

• Commit history such as git record, svn record 

• Extensible to other history record types through standard interfaces 

History information (optional)

• Issue tracking info such as Jira record, MTF work item, Bugzilla record etc. 

• Extensible to other records through standard interfaces 

Issue information (optional)
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Design Rule Space (DRSpace) [Xiao et al. 2014]
A  n e w  a r c h i t e c t u r e  m o d e l  s u p p o r t e d  b y  D V 8

A DRSpace is composed of a meaningful subset of a system’s files along 
with the architectural connections among these files. 

• Any subset of files may form a design space
• Architectural connections

• Structural couplings: call, inherit, aggregate, etc..
• Evolutionary couplings
• One or multiple types
• Implicit or explicit
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Design Rule Space (DRSpace)
A  n e w  a r c h i t e c t u r e  m o d e l  s u p p o r t e d  b y  D V 8

Non-trivial software system must contain multiple design spaces: 
each feature implemented
each pattern applied
each concern addressed

Each file can participate in multiple design spaces

We propose that software architecture can, and should be modeled as 
multiple, overlapping design spaces

Each design space can be visualized as a Design Structure Matrix (DSM)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
1 mij.bnf.Node (1)
2 mij.io.Pipe (2)
3 mij.ast.Node (3)
4 mij.Filter (4)
5 mij.io.InputPipe ext (5)
6 mij.io.OutputPipe ext (6)
7 mij.io.WriterOutputPipe Impl (7)
8 mij.io.MemoryOutputPipe Impl (8)
9 mij.io.ReaderInputPipe Impl (9)

10 mij.io.MemoryInputPipe Impl (10)
11 mij.ast.TreeVisitor (11)
12 mij.Interpreter Impl Impl (12)
13 mij.parse.Parser Impl (13)
14 mij.lex.Lexer Impl (14)
15 mij.parse.Convert Impl (15)
16 mij.ast.Variable ext (16)
17 mij.ast.Number ext (17)
18 mij.ast.OperExpr ext (18)
19 mij.ast.FuncExpr ext (19)
20 mij.ast.UnaryOperExpr ext (20)
21 mij.bnf.ValueExpr ext (21)
22 mij.bnf.AddExpr ext (22)
23 mij.bnf.ParamExpr ext (23)
24 mij.bnf.UnaryExpr ext (24)
25 mij.bnf.LexExpr ext (25)
26 mij.bnf.ExponExpr ext (26)
27 mij.bnf.MultExpr ext (27)

Design Rule Space (DRSpace) in Design Structure Matrix (DSM)

10

File set

File set

File 5: mij.io.InputPipe extends File 2 mij.io.Pipe

File 7: mij.io.WriterOutputPipe implements  File 6 mij.io.OutputPipe

A  s m a l l  c a l c u l a t o r  e x a m p l e

DRSpace 1: Polymorphism DRSpace : formed by “extend” and “implement”
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
1 mij.bnf.Node (1)
2 mij.io.Pipe (2)
3 mij.ast.Node (3)
4 mij.Filter (4)
5 mij.io.InputPipe ext (5)
6 mij.io.OutputPipe ext (6)
7 mij.io.WriterOutputPipe Impl (7)
8 mij.io.MemoryOutputPipe Impl (8)
9 mij.io.ReaderInputPipe Impl (9)

10 mij.io.MemoryInputPipe Impl (10)
11 mij.ast.TreeVisitor (11)
12 mij.Interpreter Impl Impl (12)
13 mij.parse.Parser Impl (13)
14 mij.lex.Lexer Impl (14)
15 mij.parse.Convert Impl (15)
16 mij.ast.Variable ext (16)
17 mij.ast.Number ext (17)
18 mij.ast.OperExpr ext (18)
19 mij.ast.FuncExpr ext (19)
20 mij.ast.UnaryOperExpr ext (20)
21 mij.bnf.ValueExpr ext (21)
22 mij.bnf.AddExpr ext (22)
23 mij.bnf.ParamExpr ext (23)
24 mij.bnf.UnaryExpr ext (24)
25 mij.bnf.LexExpr ext (25)
26 mij.bnf.ExponExpr ext (26)
27 mij.bnf.MultExpr ext (27)

4 leading files and Design Rules

OutputPipe Module

InputPipe Module

Visitor Module

Filter Module

Ast Node Module

Bnf Node Module

Design Rule Space (DRSpace)

DRSpace 1: Polymorphism DRSpace : formed by “extend” and “implement”

A  s m a l l  c a l c u l a t o r  e x a m p l e
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1 2 3 4 5 6 7 8 9 10
1 mij.ast.Node (1)
2 mij.ast.TreeVisitor (2)
3 mij.ast.Variable Ext, dp dp (3)
4 mij.ast.UnaryOperExpr Ext, dp dp (4)
5 mij.ast.OperExpr Ext, dp dp (5)
6 mij.ast.Number Ext, dp dp (6)
7 mij.ast.FuncExpr Ext, dp dp (7)
8 mij.Interpreter dp Imp dp (8)
9 mij.parse.Convert dp dp dp dp dp dp dp (9)

10 mij.Console dp dp dp (10)

12

Ext: Extend  Impl: Implement  
dp:  General dependencies such as call, use, and create

 Visitor interface: mij.ast.TreeVisitor
 Element interface: mij.ast.Node
 Concrete elements of the pattern: m(rc3-7)
 Concrete visitor role: Calculator

Design Rule Space (DRSpace)
A  s m a l l  c a l c u l a t o r  e x a m p l e

DRSpace 2: Visitor Pattern DRSpace: formed by multiple dependency types
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Ext: Extend  Impl: Implement  
dp:  General dependencies such as call, use, and create

DRSpace 2: Visitor Pattern DRSpace: Viewing the evolutionary coupling and the modular 
structure of a DRSpace simultaneously helps to reveal flawed architectural connections. 

1 2 3 4 5 6 7 8 9 10
1 mij.ast.Node (1)
2 mij.ast.TreeVisitor (2)
3 mij.ast.Variable Ext, dp, 5 dp (3)
4 mij.ast.UnaryOperExpr Ext, dp, 10 dp (4)
5 mij.ast.OperExpr Ext, dp, 25 dp 5 (5)
6 mij.ast.Number Ext, dp, 8 dp 20 (6)
7 mij.ast.FuncExpr Ext, dp, 6 dp 15 (7)
8 mij.Interpreter dp, 10 Imp dp (8)
9 mij.parse.Convert dp dp dp dp dp dp dp (9)

10 mij.Console dp dp dp (10)

 Visitor interface: mij.ast.TreeVisitor
 Element interface: mij.ast.Node
 Concrete elements of the pattern: m(rc3-7)
 Concrete visitor role: Calculator

Design Rule Space (DRSpace)
A  s m a l l  c a l c u l a t o r  e x a m p l e
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S te p  2 :  Au to m ate d  Arc h i te ctu re  An alys i s
O v e r v i e w

Step 2.1 Measure and Monitor

Compare, Contrast, and Monitor

Step 2.2: Pinpoint Hotspots

Detection and Visualization Costs and benefits

Step 2.3: Quantify  Design Debt

[DISTRIBUTION STATEMENT A] Approved for public 
release and unlimited distribution.



S te p  2 . 1  Measure and Monitor
A  n e w  m e t r i c  s u i t e  

Decoupling Level (DL) [Ran et al. 2016]: 
an options-based metric, measuring the system’s ability to generate options

Propagation Cost (PC) [MacCormack 2006]: 
a DSM-based metric, measuring how tightly coupled a system is

15[DISTRIBUTION STATEMENT A] Approved for public 
release and unlimited distribution.
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The Concept of  “Metrics” 
W h a t  i s  a  " r e a l "  m e t r i c ?

Software “metrics”:
Lines of Code (LOC), CK metrics, McCabe 
complexity

Real metrics
Meter, Pound, Kilogram

x
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Precisely tell maintainability differences
Independent of project domains, sizes, ages, etc.

17

The Properties of a Real Metric 
To w a r d  a  r e a l  m e t r i c

Support cross-project comparison

Remain stable for non-refactored versions
Non-trivial changes should reflect architecture variation
Architectural debt thermometer

Support Evolution Monitoring 

Similar to real health chart
An industrial benchmark

Form a Maintainability Chart

50th percentileBob
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Decoupling Level (DL): Towards a Real Metric 
R a t i o n a l e

Module: A true module (with high option 
value) should be 

• Small
• Independent

System: A highly modularized system should 
• Have large numbers of true modules…
• connected by design rules

[DISTRIBUTION STATEMENT A] Approved for public 
release and unlimited distribution.
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Decoupling Level (DL) 
A l g o r i t h m

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 UI_java (1)
2 Answer_java x (2) x
3 Question_java x x (3)
4 Survey_java x (4)
5 SaveLoadFile_java x (5)
6 TextFileUI_java x (6)
7 CommandLineUI_javx (7)
8 Letters_java (8)
9 Match_java x x x x (9) x

10 MatchingAnswer_javx x x x x (10)
11 ChoiceAnswer_java x x x (11) x
12 Choice_java x x x x (12)
13 EssayAnswer_java x x x (13) x
14 Written_java x x x x (14)
15 Test_java x x x (15)
16 AnswerSheet_java x (16)

The more files are clustered into true 
module, the higher the value

Upper Layer modules: 
• The fewer dependents, the 

higher the value
• The smaller the module, the 

higher the value

True modules: 
• The smaller a true module, 

the higher the value
• The more true modules, the 

higher the value

[DISTRIBUTION STATEMENT A] Approved for public 
release and unlimited distribution.



Propagation Cost (PC) 
R a t i o n a l e  
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Decoupling Level (DL) and Propagation Cost (PC) 
F r o m  1 2 9  o p e n  s o u r c e  p r o j e c t s :  1 0 8  o p e n  s o u r c e ,  2 1  i n d u s t r i a l
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Decoupling Level (DL) and Propagation Cost (PC) 
C r o s s  p r o j e c t  c o m p a r i s o n

Open Source(%) Commercial(%)
DL PC IL DL PC IL

Avg 60 20 43 54 21 35
Median 58 18 41 56 20 28

Max 92 72 100 93 50 83
Min 14 2 12 15 2 9

20th Pt 47 8 28 36 6 24
40th Pt 55 14 37 46 17 26
60th Pt 66 21 45 59 24 38
80th Pt 75 34 55 65 35 46

Pt: Percentile

• Best DL (93%) is from 
industrial 

• Worst DL (14%) is 
from open source

[DISTRIBUTION STATEMENT A] Approved for public 
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Decoupling Level (DL) and Propagation Cost (PC) 
To w a r d s  a  H e a t h  C h a r t

An industrial project: 
DL: 29%, 10th percentile: Confirmed to have severe maintenance difficulty

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 0.2 0.4 0.6 0.8 1

Decoupling Level

10th percentile
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Non-trivial variation in DL indicate major architecture variation
• An industrial project: Evolved for 6 year, 29 releases, 1082-1852 files
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Evo lu t io n a r y  M o n i to r in g
Non-trivial variation in DL faithfully indicate major architecture variation

DL increases from 45% to 74%: 
Transforming from a prototype to a real product
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Evo lu t io n a r y  M o n i to r in g
Non-trivial variation in DL faithfully indicate major architecture variation
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DL decreases from 78% to 68%: 
New features were added and Technical debt accumulates
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Evo lu t io n a r y  M o n i to r in g
Non-trivial variation in DL faithfully indicate major architecture variation
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DL decreases from 65% to 48%: 
Unsuccessful refactoring
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Evo lu t io n a r y  M o n i to r in g
Non-trivial variation in DL faithfully indicate major architecture variation

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Decoupling Level

(1)

(2)

(3)
(4)

Release

DL increases from 48% to 62%: 
“Cleaning up” technical debt

4

[DISTRIBUTION STATEMENT A] Approved for public 
release and unlimited distribution.



S te p  2 . 2  P i n p oi nt  Ho t s p ots :  ( 1 )  F l aw Dete c t i o n
F l a w s  r e s p o n s i b l e  f o r  h i g h - m a i n t e n a n c e

We automatically identify 6 types of design flaws

These flaws are highly correlated with bugs, changes, and churn

1. Unstable interface
2. Modularity violation
3. Crossing
4. Improper inheritance
5. Cliques among files
6. Package cycles

29[DISTRIBUTION STATEMENT A] Approved for public 
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F law 1 :  Un sta b le  Inter fa c e

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 config.DatabaseDescriptor (1) dp,44 ,14 ,10 ,10 ,6 ,14 ,36 ,118 ,12 , ,16 ,12 ,42 ,52 ,4 ,18 ,30
2 utils.FBUtilities dp,44 (2) ,40 ,4 ,6 ,10 ,6 ,12 ,38 ,28 ,12 ,8 ,14 ,24 ,46 ,6 ,18 ,28
3 utils.ByteBufferUtil ,14 dp,40 (3) , , , ,4 ,10 ,20 ,4 ,4 ,10 ,26 ,12 ,4
4 service.WriteResponseHandler ,10 dp,4 ,2 (4) ,4 ,6 ,18 dp,22 , ,6 , ,
5 locator.TokenMetadata ,10 ,6 ,4 (5) ,4 ,10 dp,24 , ,8 ,4 ,6 ,4 ,
6 locator.NetworkTopologyStrategy ,6 dp,10 ,2 ,6 dp,4 (6) ,10 ih,22 ,4 , , ,16 , ,8
7 service.DatacenterWriteResponseHandler dp,14 dp,6 ,2 ih,18 ,10 dp,10 (7) ,20 , , ,6 ,6 ,
8 locator.AbstractReplicationStrategy ,36 dp,12 ,4 dp,22 ag,24 ,22 dp,20 (8) ,6 ,16 ,10 , ,10
9 config.CFMetaData ,118 dp,38 dp,10 , , ,4 ,6 (9) ,16 ,36 ,46 ,56

10 dht.RandomPartitioner ,12 dp,28 dp,20 ,8 , , (10) dp,4 ,4 ,16 ,50
11 utils.GuidGenerator , dp,12 ,4 , , ,4 (11) ,4 ,
12 io.sstable.SSTable ,16 ,8 dp,4 ag,16 (12) ,4 dp,68 ,10 ,
13 utils.CLibrary ,12 dp,14 ,4 (13) ,12 ,
14 io.sstable.SSTableReader dp,42 ,24 dp,10 ,36 ,4 ih,68 dp,12 (14) ,22 ,4 , ,10
15 cli.CliClient ,52 dp,46 dp,26 ,6 ,4 ,16 ,6 ,16 ,46 ,16 ,4 ,10 , ,22 (15) ,6 ,14 ,48
16 locator.PropertyFileSnitch ,4 dp,6 , dp,6 , ,6 ,10 ,4 ,6 (16) ,4
17 dht.OrderPreservingPartitioner dp,18 dp,18 dp,12 ,4 , ,50 , , ,14 (17)
18 thrift.ThriftValidation dp,30 ,28 dp,4 , , ,8 , dp,10 dp,56 , ,10 ,48 ,4 (18)

30

S a m p l e  F l a w
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F law 2 :  C ro ss in g
S a m p l e  F l a w
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
1 path1.Bean_java (1) , , , , , , , , , , , , , , , , , , , , , , , , , ,
2 path2.Pear_java , (2) , , , , , , , , , , , , , , , , , , , , , , , , ,
3 path3.FirstFruit_java , , (3) , , , , , , , , , , , , , , , , , , , , , , , ,
4 path4.SecondFruit_java Create, , , (4) , , , , , , , , , , , , , , , , , , , , , , ,
5 path4.ThirdFruit_java Create, , , , (5) , , , , , , , , , , , , , , , , , , , , , ,
6 path4.FourthFruit_java Create, , , , , (6) , , , , , , , , , , , , , , , , , , , , ,
7 path5.FifthFruit_java , , , , , , (7) , , , , , , , , , , , , , , , , , , , ,
8 path5.Pear_java , , , , , , , (8) , , , , , , , , , , , , , , , , , , ,
9 path5.FirstJuice_java , , , , , , , , (9) , , , , , , , , , , , , , , , , , ,

10 path5.SecondJuice_java , , , , , , , , , (10) , , , , , , , , , , , , , , , , ,
11 path5.SixthFruit_java , , , , , , , , , , (11) , , , , , , , , , , , , , , , ,
12 path5.SeventhFruit_java , , , , , , , , , , , (12) , , , , , , , , , , , , , , ,
13 path5.EighthFruit_java , , , , , , , , , , , , (13) , , , , , , , , , , , , , ,
14 path5.NinethFruit_java , , , , , , , , , , , , , (14) , , , , , , , , , , , , ,
15 path5.TenthFruit_java , , , , , , , , , , , , , , (15) , , , , , , , , , , , ,
16 path5.EleventhFruit_java , , , , , , , , , , , , , , , (16) , , , , , , , , , , ,
17 path5.TwelvethFruit_java , , , , , , , , , , , , , , , , (17) , , , , , , , , , ,
18path5.ThirteenthFruit_java , , , , , , , , , , Use, , , , , , , (18) , , , , , , , , ,
19 ath5.FourteenthFruit_java , , , , , , , , , , , , , , , , , , (19) , , , , , , , ,
20 path6.FirstFood_java , , , , , , , , , , , , , , , , , , , (20) , , , , , , ,
21 path7.SecondFood_java , , , , , , , , , , , , , , , , , , , Use, (21) , , , , , ,
22 path8.ThirdFood_java , , , , , , , , , , , , , , , , , , , Use, , (22) , , , , ,
23 path7.Apple_java , , , , , , , , , , , , , , , , , , , Use, , , (23) , , , ,
24 path9.FourthFood_java Create, , , , , , , , , , , , , , , , , , , Use, , , , (24) , , ,
25 path9.FifthFood_java Create, , , , , , , , , , , , , , , , , , , Use, , , , , (25) , ,
26 path10.FirstFig_java Cast,Use, , , , , , , , , , , , , , , , , , , , , , , , , (26) ,
27 path2.SecondFig_java Cast,Use, , , , , , , , , , , , , , , , , , , , , , , , , , (27)

F law 3 :  M o d u la r i t y  V io lat io n
S a m p l e  F l a w

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
1 path1.Bean_java (1) , ,10 , ,10 , , , , , , , , , ,8 ,8 , , , ,16 , , , ,8 , , ,
2 path2.Pear_java , (2) , , , , , , , , , , , , ,8 , , , , , , , , , , , ,
3 path3.FirstFruit_java ,10 , (3) , , , ,8 , , , , ,8 ,8 , ,10 ,10 ,8 , ,8 ,8 , , , , , , ,
4 path4.SecondFruit_java Create, , , (4) ,10 ,8 , , , , , , , , ,8 ,8 , , , ,10 , , , , , , ,
5 path4.ThirdFruit_java Create,10 , , ,10 (5) , , , , , , , , , , , , , , ,14 , , , , , , ,
6 path4.FourthFruit_java Create, , , ,8 , (6) , , , , , , , , , , , , , , , , , , , , ,
7 path5.FifthFruit_java , , ,8 , , , (7) , ,8 , , ,12 ,16 ,14 ,16 ,10 ,10 ,8 ,10 , , , , , , , ,
8 path5.Pear_java , , , , , , , (8) , , , , , , , ,10 , , , , , , , , , , ,
9 path5.FirstJuice_java , , , , , , ,8 , (9) ,8 , ,10 ,10 , ,12 ,8 ,10 ,12 , , , , , , , , ,

10 path5.SecondJuice_java , , , , , , , , ,8 (10) , , , , ,10 ,8 , , , , , , , , , , ,
11 path5.SixthFruit_java , , , , , , , , , , (11) , , , ,10 , , ,8 , , , , , , , , ,
12 path5.SeventhFruit_java , , ,8 , , , ,12 , ,10 , , (12) ,14 ,10 ,12 ,10 ,10 ,10 ,8 , , , , , , , ,
13 path5.EighthFruit_java , , ,8 , , , ,16 , ,10 , , ,14 (13) ,14 ,16 ,10 ,10 ,10 ,10 , , , , , , , ,
14 path5.NinethFruit_java , , , , , , ,14 , , , , ,10 ,14 (14) ,14 ,10 ,8 , ,10 , , , , , , , ,
15 path5.TenthFruit_java ,8 ,8 ,10 ,8 , , ,16 , ,12 ,10 ,10 ,12 ,16 ,14 (15) ,14 ,14 ,10 ,14 ,10 , , , , , , ,
16 path5.EleventhFruit_java ,8 , ,10 ,8 , , ,10 ,10 ,8 ,8 , ,10 ,10 ,10 ,14 (16) ,12 , ,8 ,10 , , , , ,8 , ,
17 path5.TwelvethFruit_java , , ,8 , , , ,10 , ,10 , , ,10 ,10 ,8 ,14 ,12 (17) , , , , , , , , , ,
18path5.ThirteenthFruit_java , , , , , , ,8 , ,12 , Use,8 ,10 ,10 , ,10 , , (18) , , , , , , , , ,
19 ath5.FourteenthFruit_java , , ,8 , , , ,10 , , , , ,8 ,10 ,10 ,14 ,8 , , (19) , , , , , , , ,
20 path6.FirstFood_java ,16 , ,8 ,10 ,14 , , , , , , , , , ,10 ,10 , , , (20) , ,8 ,10 ,8 ,8 , ,
21 path7.SecondFood_java , , , , , , , , , , , , , , , , , , , Use, (21) , ,14 , , , ,
22 path8.ThirdFood_java , , , , , , , , , , , , , , , , , , , Use,8 , (22) , , , , ,
23 path7.Apple_java , , , , , , , , , , , , , , , , , , , Use,10 ,14 , (23) , , , ,
24 path9.FourthFood_java Create,8 , , , , , , , , , , , , , , , , , , Use,8 , , , (24) ,10 , ,
25 path9.FifthFood_java Create, , , , , , , , , , , , , , , ,8 , , , Use,8 , , , ,10 (25) , ,
26 path10.FirstFig_java Cast,Use, , , , , , , , , , , , , , , , , , , , , , , , , (26) ,8
27 path2.SecondFig_java Cast,Use, , , , , , , , , , , , , , , , , , , , , , , , , ,8 (27)
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S te p  2 . 2  P i n p oi nt  Ho t s p ots :  ( 2 )  Ro o t  Dete c t i on
D e s i g n  S p a c e s  t h a t  G r o w  a n d  P r o p a g a t e  E r r o r s

Architecture Roots

Observations about Roots

DRSpaces propagate errors among multiple files through flawed connections

The more error-prone files are, the more likely they are architecturally connected 

File in the DRSpaces led by an error prone file is also error-prone
A few (~5) DRSpaces capture more than half of the most error-prone files. 
Error-prone DRSpaces often have architectural flaws
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S a mp le  Ro o t  f ro m JB o ss
E a c h  r o o t  h a s  m u l t i p l e  d e s i g n  p r o b l e m s

34

Jboss JDBCCMRFieldBridge DRSpace

JDBCStoreManager
aggregates command 
classes and cache class

4 command classes and 
cache class also aggregate 
JDBCStoreManager
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Th e  Imp a c t  o f  Ro o t s  in  O p en  S o u rc e  Pro j ec t s
T h e  o b s e r v a t i o n  i s  c o n s i s t e n t  w i t h  o t h e r  p r o j e c t s

35

Consider JBoss: 5 Root spaces captured 52% of all files with more than 5 bugs
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S te p  2 . 3  Q u ant i f i cat io n  
C a l c u l a t e  t h e  C o s t s  a n d  B e n e f i t s

Calculate the costs of each root, each flaw and each 
types of flaws

Calculate ROI (Return on Investment)
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Th e  C o st s  o f  Ea c h  F law a n d  Ea c h  Ty p e  o f  F law
S a m p l e  o u t p u t  f r o m  D V 8
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Ret u rn  o n  Invest ment  C a lc u lat io n  
E x p e r i e n c e  w i t h  S o f t S e r v e [Kazman et al. 2015] 

38

Penalty Caused by Architecture Debt Refactoring Cost Expected Savings

Result: ~300% ROI in the first year alone!
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• Architecture-level maintainability metrics

• Architecture flaw analysis and root detection

• Cost and benefit analysis

An al yz i n g  8  AB B  P ro j e c t s
R e c e n t  a n d  R e p r e s e n t a t i v e  E x p e r i e n c e s  

Using 3 complementary techniques:

8 projects developed at multiple locations (India, USA, and 
Switzerland) and differ in their ages, domains, and sizes.

We reported the results back to each project and collected feedback 
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Re s e arc h  Q u e st io ns
C o l l e c t i n g  f e e d b a c k s  o f  p r a c t i t i o n e r s

RQ1: does the tool suite help to close the gap between management 
and development? That is, does it help them to decide if, when, and 
where to refactor?

RQ2: does the tool suite help practitioners understand the 
maintainability of their systems relative to other projects internal to 
the company, and relative to a more broad- based benchmark suite? 

RQ3: does the tool suite help developers pinpoint the hotspots of 
their systems, i.e., the groups of files with severe design flaws? 

?

?

?
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M et r ic s  S co res  a n d  R a n k in g s
M e a s u r e  a n d  M o n i t o r
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H o t sp o t s  D etec ted
P i n p o i n t  H o t s p o t s

42

File Cliques

Unstable Interface

Modularity Violations

Most error-prone files 
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C o st s  a n d  B en ef i t s  o f  A rc h i tec t u re  D ebt s
C o s t s  a n d  b e n e f i t s

43

Debt Panelty

Expected Benefts
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S te p  3 :  Co l le c t ing  Us e r  fe e d b ac k
A n s w e r i n g  r e s e a r c h  q u e s t i o n s

Surveys 

Interviews 
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Post-Mortem
S u r v e y  w i t h  p r a c t i t i o n e r s  

Q1: What did the report reveal that you didn’t know about your software? 
Q2: Are the metrics useful for reflecting the architecture of your software? 
Q3: What did the architecture design flaws reveal about your software? 
Q4: What actions have you planned as a result of the architecture design flaws report? 
Q5: What did the architecture roots reveal about your software? 
Q6: What actions do you plan to take to address architecture roots? 
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RQ1: does the tool suite help to close the gap between 
management and development? That is, does it help them to 
decide if, when, and where to refactor? 

5 Participants of all 8 projects verified that the information 
provided was useful in closing the understanding gap with 
management. They have begun the refactoring process. 

Results
R Q  r e v i e w

46[DISTRIBUTION STATEMENT A] Approved for public 
release and unlimited distribution.



RQ2: does the tool suite help practitioners understand the 
maintainability of their systems relative to other projects internal 
to the company, and relative to a more broad- based benchmark 
suite? 

All participants said the report gave them quantifiable results 
with which to judge their project. The comparison with industrial 
benchmarks made it clear that maintenance difficulty caused by 
degrading architecture is common. 

Results
R Q  r e v i e w
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RQ3: does the tool suite help developers pinpoint the 
hotspots of their systems—that is, the groups of files with 
severe design flaws? 

Six of the eight projects planned to or already started 
refactoring to address the detected flaws. The project with 
the lowest DL score is undergoing a major rewrite. 

Results
R Q  r e v i e w
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It is possible to automatically and objectively assess and 
quantify architecture quality.

These results were enthusiastically received by the projects.

6 of the 8 projects are now embarking on major refactorings.

ABB is incorporating DV8 into its development process

Lessons Learned
F e e d b a c k  S u m m a r y
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Conclusion
R Q  r e v i e w

You can't manage it if you don't measure it.
DV8 tool suite make measurement of design complexity, design flaws and design debt 
less  labor-intensive and easily repeatable.

Incorporating these techniques into the build process ensures rapid 
feedback with supporting data.

This measurement, detection, and quantification practice leads to 
improved architectures.
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Office hour:
Thursday 
1:30-2:30 
Room E

Questions? 

www.archdia.net (Under Constuction)
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