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Software Visualization?
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More examples: visualcomplexity.com
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Software Visualization!
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code dependencies design and metrics

How should we deal with scale?

company
of interest

simplified visualizations?

continuous simplification?
what to simplify exactly?
reinvent wheel for each app?
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Software Visual Analytics — Process View

“The science of analytical reasoning facilitated by interactive visual interfaces”

Analysts
p f0°

9. Search for
Evidence

Structure _>
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for Relations

8. Schematize

3. Search for
Information

5 Read & 0%
Extract V‘

1. External

Data Sources

Dual Search

11. Build Case
Sense-M2¥*

16.

Presentation

)
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Effort

The Sensemaking Loop

* going from raw data to meaning (semantics) to insight to decisions

 data — hypothesis — (in)validation — conclusions — presentation
* put simply: combine analysis and visualization

P. Wong, J. Thomas, Visual analytics, IEEE Comp. Graphics & Applications, 24(5), 2004
J. Thomas, K. Cook, llluminating the Path: The R&D Agenda for Visual Analytics, NVAC, 2005
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Software Visual Analytics — Technical View

Queries & filters Fact database Visualizations Applications
- call graphs Selections - edge bundies g SoldSX e
- code patterns . =D - treemaps ] — . =
- metric engines - IDs of facts in the - table lenses N—] 39|IdSDD L ¥ \j
fact database i - annotated text e
‘ refor fo - dense pixel charts L ¥
Source code Static analysis Facts and metrics U -
-C, C++ - code parsing - COLT_WPO;EG graphs Graphics engines : {E—
- Java - binary analysis - hierarchy e — .
- .NET/C#/VB - code duplication - association ) 853'}@';1_6[_ S?""?’t_;ﬂ‘ & F‘:
- node/edge attributes ) - el .
- - — - metrics - wxWidgets = || E—
EVOlUtIOﬂ data Reposnory mmmg - string, numerical f: 1 ; —_—
- Subversion - changes | — -
- CM/Synergy - authors wn‘te& fread
- CVS, Git - commit logs . — .
Persistent storage Scripting engines
Legend - SQLite database - Python
) data flow - XML & plain text files - TellTk
)y implemented using - 3" party formats - makefiles
m) refers to

Many types of data and questions — many types of visualizations
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1. Assessing system modularity

Modular system Monolithic system Decoupled system

methods
files
classes

e blue = caller, red = called * blue = virtual, = static functions + many intra-module calls
« all functions in the yellow file * red class has many virtual calls » few inter-module calls
call the purple class (possible interface class) « typical for library software

* green file has many self-calls

university of
groningen
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2. Structure, dependencies, metrics

SolidSX analytics tool (www.solidsourceit.com)
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0. I EE
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More information: www.cs.rug.nl/svcg/SoftVis/Dependencies
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3. Code duplication

SolidSDD tool (www.solidsourceit.com)
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4. Clone evolution

Questions
* how does code duplication change in time?
« which clones are added, removed, merged, or split? And why?
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Evolution of clones in Mozilla Firefox (~55K clone relations)




5. Program trace and structure

Questions
* where (in the program structure) are the calls executed now?

« when (during execution) are calls to this subsystem done?
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Code: Chrome browser (2.7 MLOC C/C++, 8900 files+folders)
Trace: 9000 calls to 914 functions
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Tool implementation: www.softwarediagnostics.com



6. Comparing program traces

Questions
* given 2 traces, where are similar and where are different call-blocks?

* how to spot differences in call moment, duration, and called functions?

Code: 1MLOC C#, 45 developers, 8 years
Traces: 2x150K calls to 1500 functions

university of
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7. Software Evolution

Questions
* how to correlate metrics over large software repositories (>10K files, >100K commits?)

* how to detect trends to predict the future (cost, effort, risk)?
time (revision)
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Tool implementation: www.cs.rug.nl/svcg/SoftVis/EvolVis



Analyzing developer effort

Show aggregated developer impact (#files modified by each developer) over time

Project A (open-source)
« software grows in time
* impact: balanced over most developers
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Ieuus o g = i

Project B (commercial)
« software grows in time at about the same rate

*  but one developer owns most of the code
« what if this person leaves the team?!

I 2005! I 200!:‘!

Tool implementation: www.cs.rug.nl/svcg/SoftVis/EvolVis






8. Application: Post-Mortem Assessment

Questions

Software repository

@ ( static mining ) (evolution mining )

Fact database

automotive project: 8 years, 3.5 MLOC embedded C, 15 releases, 60 developers
project failed to deliver. Why?

Change assessment
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Team assessment
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files

Analysis 1: Modification Request (MR) Lifetime
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B MR related check-in

1
R1.3 - start

Little increase in the file curve — most activity in old files
suggests too long maintenance & closure of requirements




Analysis 2: Team Code Ownership

a|npow

AUTSC

CANCMCANDY L FLINI

1 >30

3 MMIDT | MMIPR
FLINI CALPR - ANCMCANDY FLINI

1_90 MR closure (days) B tcamA |l teamB W team C
>

Large part of software affected by long open-standing MRs

Most of these are assigned to team A (largest team)...

...and this team was reported to have communication problems!



Analysis 3: Code Dependencies

package
module

uses = call, type, variable, macro, ...

Most dependencies occur via the iface, basicfunctions
and platform packages

Filter out these allowed dependencies...
...to discover unwanted dependencies

/r\

These are accesses that bypass established interfaces
There are several such accesses (bad)



Analysis 4: Code Call graph
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High coupling at package level
This image does not tell us very much

Select only modules which are mutually call dependent...
...to discover layering violations

Not a strict layering in the system (as it should be)
Thus, the architecture is violated.




Analysis 5: Code Quality Metrics

Function Calls
Functions o A

0 PR
o S Moderate code + dependency growth
00 o-C .
- * does not explain products problems

PEP PSSP SF PSP RO O O R

FETSTIFSEEEFEFSE SO STTIE ST
Average fan-in (file level) ' Average fan-out (file level) !

o = Average complexity/function > 20

1,60
1,40 3,00
: ) o @ A
1 -~ Total complexity: up 20% in R1.3
0.80 2,00 Aversae fan-out (file .
rap——— = Averagefan-out * testing can be hard!
0,40 1,00 >~ o y)
030 * possible cause of product’s problems
0,00 0,00
S F O FTFOFPOFPOFOFS SOOI OISO P DD
VO O O i A & A A f PP SPSFPSP NP
TIPS FIITIT I FF S PP
... Average fan-out(function level)
Average fan-in (functionlevel) 3,00 —
3,00 250
2,50 2,00
2,00 1,50
1,50 1.00 —a— Average fan-out (function level)
1,00 =s=Average fan-in{function ,
0,50 0,50
0,00 0,00
S E PSS EDF S SF P S F S PSR S PSP SFSFD
FEEFIFFFFFSFIFY FEFFIFFFFFSFFSS
Average complexity / function +wcwe TotalMcCabe
’ +— McCabe/Methods AT — _/J
20 il ™
15
10
;
a 0 >
. ) S E S F S E D E P S F S E
n‘Q e O‘Qﬁ" & 3\303‘ \S ’a*egtcf'@@‘-@&i&@ '.‘c"xt‘“ FEFTFTFFF S ?&\fc‘ &
§ L i



Analysis 6: Code Duplication

External duplication
* show modules having similar code blocks
of >25 LOC

Internal duplication
* color: #duplicated blocks within a file

Little external/internal duplication
Arguably not a problem for testing

# duplicated blocks



854 doc +
html 1

1688 other ﬁles

Analysis 7: Documentation

- delay -
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2002 |

S 3 SR

time
* 30% of files are documentation

* updated regularly
* grow in sync with rest of code base

* 40% of docs frequently updated
* rest seem to be stale

A
Code is well documented...

...s0 refactoring likely doable
Start from up-to-date docs



Conclusions - Software Visual Analytics in Testing

* Provide insight in multidimensional correlations
* Program structure, dependencies, metrics, development/testing effort, documentation

« Evolution of all these aspects in time

« Added value
« Assess testing effort
« Pinpoint hot-spots (where to invest the effort)

» Make sense of all that ‘big data’
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