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Definition  
“The  use  of  the  crafts  of  
typography,  graphic  design,  
animation,  and  cinematography  
with  modern  human-­computer  
interaction  and  computer  
graphics  technology  to  facilitate  
both  the  human  understanding  
and  effective  use  of  computer  
software.”

Price,  Baecker and  Small,  ‘98

Software  Visualization



Subdomains

• Two  main  subareas  of  software  
visualization
- Program  visualization
Use  of  visualization  to  help  programmers,  coders,  
developers
Software  engineering  focus

- Algorithm  visualization
Use  of  visualization  to  help  teach  algorithms  and  
data  structures
Pedagogy  focus



Caveat

• This  is  a  HUGH  area
• Presentation  goal:  provide  flavor  of kinds  
of  techniques  and  systems  that  have  been  
created
- Lots  of  screen  shots
- Some videos



Program  Visualization

• Can  be  as  simple  as  enhanced  views  of  
program  source
• Can  be  as  complex  as  views  of  the  
execution  of  a  highly  parallel  program,  its  
data  structures,  run-­time  heap,  etc.



PV  is  a  big  research  Area



PV  is  a  Big  Product  Category

• Do  Google  searches  on
- Program  visualization
- Code  visualization
- Software  visualization

• Lots  of  companies/products
• List  of  some  tools  at  
http://softvis.wordpress.com/tools/
• https://scitools.com/feature-­
category/graphing/



https://softvis.wor
dpress.com/tools/



http://semmle.com/solutions/



http://semmle.com/solutions/technical/#tech-­keypoint1



What  Might  We  Visualize?

1. Structure  of  code  base
- Static  – not  execution  time

2. Dynamic  (run-­time)  behavior  of  code  base

3. Software  development  team  &  code  base  
dynamics
- Code  repository  structure/evolution
- Program  team  communications  patterns





Talk  to  your  
neighbor  J



Static  Structure  of  Code  Base

• Call  graphs
• Object  class  hierarchy
• Scope  of  variables
• Code  module  sizes
• ??
• ??



Execution  Data

Summaries,  such  as
- Total  running  time
- Number  of  times  a  method  
was  called

- Amount  of  time  CPU  was  
idle

- Bytes  read/written
- Memory  high-­water  mark
- Etc  etc  etc

Details,  such  as
- Memory  allocations
- System  calls
- Cache  misses
- Page  faults
- Pipeline  flushes
- Process  scheduling
- Completion  of  disk  reads  or  
writes

- Message  receipt
- Application  phases
- Etc  etc  etc



Test  Results

• Hundreds,  maybe  thousands  of  tests
• For  each  test:

- Purpose
- Result  (pass  or  fail)
Could  be  per-­configuration  or  per-­version

- Relevant  parts  of  the  code



Really  Detailed  Execution  Data

• Logging  virtual  machines  can  capture  everything
- Enough  data  to  replay program  execution  and  
recreate  the  entire  machine  state  at  any  point  in  time

- Allows  “time-­traveling”
- For  long  running  systems,  data  could  span  months

• Uses:
- Debugging
- Understanding  attacks



Team  and  Code  Base  
Evolution/Dynamics

• Who  wrote  code
• Who  modified  code
• History  of  code  modifications  (ala  Wikipedia)
• Programmer  productivity
• Programmer  bug  frequency
• Programmer  interactions
• ??
• ??



VISSOFT  2014  Program
• Combining  Tiled  and  Textual  Views  of  Code
• Integrating  Anomaly  Diagnosis  Techniques  into  Spreadsheet  Environments
• Action-­Based  Visualization
• Slicing-­Based  Techniques  for  Visualizing  Large  Metamodels
• Search  Space  Pruning  Constraints  Visualization
• Live  coding  the  SynthKit:  Little  Bits  as  an  Embodied  Programming  Language
• A  Domain-­Specific  Language  for  Visualizing  Software  Dependencies  as  a  Graph
• Feature  Relations  Graphs:  A  Visualisation  Paradigm  for  Feature  Constraints  in  Software  Product  Lines
• Validation  of  Software  Visualization  Tools:  A  Systematic  Mapping  Study
• Using  a  Task-­Oriented  Framework  to  Characterize  Visualization  Approaches
• Mr.  Clean:  A  Tool  for  Tracking  and  Comparing  the  Lineage  of  Scientific  Visualization  Code
• Visual  Clone  Analysis  with  SolidSDD
• Polyptychon:  A  Hierarchically-­Constrained  Classified  Dependencies  Visualization
• How  Developers  Visualize  Compiler  Messages:  A  Foundational  Approach  to  Notification  Construction
• Lightweight  Structured  Visualization  of  Assembler  Control  Flow  Based  on  Regular  Expressions
• Templated  Visualization  of  Object  State  with  Vebugger
• The  Challenge  of  Helping  the  Programmer  during  Debugging
• ChronoTwigger:  A  Visual  Analytics  Tool  for  Understanding  Source  and  Test  Co-­evolution
• Visualizing  the  Evolution  of  Systems  and  Their  Library  Dependencies
• AniMatrix:  A  Matrix-­Based  Visualization  of  Software  Evolution
• Visualizing  Developer  Interactions
• Information  Visualization  for  Agile  Software  Development
• FAVe:  Visualizing  User  Feedback  for  Software  Evolution



SoftVis  2010  Program
• An  Interactive  Ambient  Visualization  for  Code  Smells
• CodePad:  Interactive  Spaces  for  Maintaining  Concentration  in  Programming  Environments
• User  Evaluation  of  Polymetric Views  Using  a  Large  Visualization  Wall
• Software  Evolution  Storylines

AllocRay:  Memory  Allocation  Visualization  for  Unmanaged  Languages
• Heapviz:  Interactive  Heap  Visualization  for  Program  Understanding  and  Debugging
• A  Map  of  the  Heap:  Revealing  Design  Abstractions  in  Runtime  Structures
• Trevis:  A  Context  Tree  Visualization  &  Analysis  Framework  and  Its  Use  for  Classifying  Performance  Failure  Reports
• Exploring  the  Inventor's  Paradox:  Applying  Jigsaw  to  Software  Visualization
• Dependence  Cluster  Visualization
• Towards  Anomaly  Comprehension:  Using  Structural  Compression  to  Navigate  Profiling  Call-­Trees
• Embedding  Spatial  Software  Visualization  in  the  IDE:  An  Exploratory  Study
• 3D  Kiviat Diagrams  for  the  Interactive  Analysis  of  Software  Metric  Trends
• Graph  Works  -­ Pilot  Graph  Theory  Visualization  Tool
• Visualizing  Software  Entities  Using  a  Matrix  Layout
• ImpactViz:  Visualizing  Class  Dependencies  and  the  Impact  of  Changes  in  Software  Revisions
• VIPERS:  Visual  Prototyping  Environment  for  Real-­Time  Imaging  Systems
• Towards  Automated  Analysis  and  Visualization  of  Distributed  Software  Systems
• TIE:  An  Interactive  Visualization  of  Thread  Interleavings
• GEM:  Graphical  Explorer  of  MPI  Programs
• Fault  Forest  Visualization
• Visualizing  Windows  System  Traces
• Understanding  Complex  Multithreaded  Software  Systems  by  Using  Trace  Visualization
• Zinsight:  A  Visual  and  Analytic  Environment  for  Exploring  Large  Event  Traces
• Jype -­ A  Program  Visualization  and  Programming  Exercise  Tool  for  Python Off-­Screen  Visualization  Techniques  for  Class  Diagrams
• An  Automatic  Layout  Algorithm  for  BPEL  Processes
• Visual  Comparison  of  Software  Architectures
• Representing  Development  History  in  Software  Cities
• Frank  xDIVA:  Automatic  Animation  Between  Debugging  Break  Points
• Understanding  Relaxed  Memory  Consistency  Through  Interactive  Visualization

the  Execution  of  Object  Orientated  Concurrent  Programs



Commercial  System  Screen  Shots



Dependency  Graph

Ndepend commercial  product;;  
http://www.ndepend.com/SampleReports/OnDb4o/NDependReport.html#/?screen=Main



Graph  and  Matrix  Rep’n

Ndepend Video    http://www.ndepend.com/features/  -­ overview



Code  Hierarchy  Treemap;;  Lines  of  Code

NDepend



Imagix -­ http://www.imagix.com/



Imagix Relationship  strength  among  subsystems  –
shown  by  colors  and  numbers

Subsystems



Imagix – Three  Levels  of  Code  Views
1

2

3



Test  Coverage

dotCover



GitHub Does  Software  Vis  J

https://github.com/blog/1093-­introducing-­the-­new-­
github-­graphs/



Languages  in  GitHub

http://githut.info/



Open  Source  System  Screen  Shots  

• From  jBixbe
- http://www.jbixbe.com/index.html



Structure  Diagram



Message  Exchanges



Multi-­threading



SolidSX https://www.youtube.com/watch?v=Rd-­0CgqifS4#t=50



Structure  101  
http://structure101.com/resources/#resources=0



Codstruction – Eclipse  Plug-­In

https://codstruction.wordpress.com/



Jive  – Another  Eclipse  Plug-­in

http://www.cse.buffalo.edu/jive/

https://www.y
outube.com/w
atch?v=ifQFe
WT0RZ0&feat
ure=player_e
mbedded



Stargate:  An  Author-­Centric  Approach  
to  Software  Project  Visualization

Ogawas  and  Ma,  Stargate:  An  
Author-­Centric  Approach  to  
Software  Project  Visualization
Proceedings  of  IEEE  PacificVis  
2008  March,  2008  



Stargate – Start  with  Modified  Sunburst



Stargate  – Add  Developers

• Dots  are  
developers
- Placed  close  to  
files  they  
worked  on

- Size  =>  
amount  of  
activity

• File  colors  =>
File  type



Stargate – Add  Communications

• Email  
communications  
among  
developers



Stargate  – Add  File  History



Stargate Video

• http://vidi.cs.ucdavis.edu/research/videos
/stargate

• (Show  from  SV  folder)



SV  Takeaways

• Multiple  dimensions  to  SV
- Static  code/program  relationships
- Dynamic  code/program  relationships
- Testing/coverge
- Project  evolution

• Many  methods  we  have  studied  are  
applicable,  such  as  ways  to  depict
- Time-­varying  behaviors
- Object  relationships



Back  to  GitHub – Design  Exercise

• Use  GitHub  Viz tools  on  your  repository
- 4460  project  or  other
-What  are  they  lacking?

• Sketch  ways  to  extend
OR

• Sketch  new  Viz  tools  for  GitHub



The  End


