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We	  Are	  Living	  a	  Lie	  



Real	  Architecture	  Is…	  Unstructured	  



iRODS	  –	  Descrip8ve	  Architecture	  

How	  Many	  Systems	  Start	  off	  
iRODS	  –	  Prescrip8ve	  Architecture	   …and	  End	  up	  



What	  Happened?	  
•  SoEware	  decay	  

– Dri0	  –	  introduc8on	  of	  design	  decisions	  into	  a	  
system	  that	  are	  not	  encompassed	  or	  implied	  by	  its	  
architectural	  design	  

– Erosion	  –	  introduc8on	  of	  design	  decisions	  into	  a	  
system	  that	  violate	  its	  architectural	  design	  



At	  What	  Point	  Does	  Change	  Become	  Decay?	  

	  	  	  	  	  Apache	  Chukwa	  0.3.0 	   	   	   	   	  	  Apache	  Chukwa	  0.4.0	  



Can	  We	  “Smell”	  Decay?	  
•  Yes,	  both	  in	  the	  design	  and	  code	  
•  SoEware	  smell	  

•  Commonly	  made	  design	  or	  implementa8on	  decision	  
•  Nega8vely	  impacts	  your	  system’s	  lifecycle	  proper8es	  
•  It	  is	  not	  a	  bug	  –	  it	  doesn’t	  break	  your	  system	  

•  Our	  goal	  is	  to	  discover	  architectural	  design	  smells	  
automa8cally	  

•  Inspired	  by	  
•  Refactoring:	  Improving	  the	  Design	  of	  Exis=ng	  Code	  	  

	  	  	  	  	  by	  Mar8n	  Fowler	  



A	  Catalogue	  of	  Architectural	  Smells	  
•  Brick	  Concern	  Overload	  
•  Brick	  Use	  Overload	  
•  Brick	  Dependency	  Cycle	  
•  Unused	  Interface	  
•  Ambiguous	  Interface	  
•  Duplicate	  Component	  Func8onality	  
•  ScaWered	  Func8onality	  
•  Component	  Envy	  
•  Connector	  Envy	  
•  Connector	  Chain	  
•  Extraneous	  Adjacent	  Connector	  
•  …	  



Example:	  Hadoop’s	  Recovered	  
Architecture	  



Hadoop	  –	  Dependency	  Cycle	  



Hadoop	  –	  Component	  Use	  Overload	  



Hadoop	  –	  Concern	  Overload	  

Value	  Aggregator	  



Hadoop	  –	  *	  Envy	  
InterDataNode	  Protocol	  



iRODS	  –	  Descrip8ve	  Architecture	  

How	  Many	  Systems	  Start	  off	  
iRODS	  –	  Prescrip8ve	  Architecture	   …and	  End	  up	  



What	  Can	  Be	  Done?	  
•  Architecture	  recovery	  	  

–  The	  process	  of	  determining	  a	  system’s	  architecture	  from	  its	  
implementa8on-‐level	  ar8facts	  and	  many	  other	  informa8on	  sources	  

–  Source	  code,	  executable	  files,	  Java	  .class	  files,	  …	  
•  Difficult	  in	  prac8ce	  

–  Size	  of	  code	  bases	  
–  Irrelevant	  details	  
–  Misleading	  details	  
–  Missing	  informa8on	  
–  Lots	  and	  lots	  of	  unstructured	  data	  



Automated	  Solu8ons	  Are	  Available	  
•  ACDC	  –	  Algorithm	  for	  Comprehension-‐Driven	  Clustering	  

–  Structural	  paWern-‐based	  clustering	  
•  ARC	  –	  Architecture	  Recovery	  Using	  Concerns	  

–  Concern-‐based	  hierarchical	  clustering	  based	  on	  similarity	  measure	  

•  Bunch-‐NAHC	  &	  Bunch-‐SAHC	  
–  Hill-‐climbing	  algorithm	  for	  maximizing	  Modulariza=on	  Quality	  

•  LIMBO	  –	  scaLable	  InforMa8on	  BOWleneck	  
–  Probabilis8c	  hierarchical	  clustering	  

•  WCA-‐UE	  &	  WCA-‐UENM	  –	  Weigted	  Combined	  Algorithm	  
–  Dependency-‐based	  hierarchical	  clustering	  

•  ZBR	  –	  Zone-‐Based	  Recovery	  
–  Hierarchical	  clustering	  based	  on	  textual	  informa8on	  



Different	  Architectural	  Views	  of	  Bash	  

ACDC	  

Bunch	   ZBR	  

Manual	  



iRODS	  –	  Descrip8ve	  Architecture	  

How	  Many	  Systems	  Start	  off	  
iRODS	  –	  Prescrip8ve	  Architecture	   …and	  End	  up	  



	  
SoEware	  Architecture	  	  
as	  a	  “Big	  Data”	  problem	  



What	  We	  Can	  Do	  
ARCADE	  1.0	  –	  Architecture	  Recovery,	  Change,	  and	  Decay	  Evaluator	  

Source	  
Code	  

Issue	  
Repository	  

Recovery	  
Techniques	   Issue	  Extractor	  

Issues	  Architectures	  
Architectural	  
Smell	  Detector	  

Architectural-‐
Smell	  Instances	  

Change	  Metrics	  
Calculator	  

Decay	  Metrics	  
Calculator	  

Change	  
Metrics	  

Decay	  
Metrics	  

Rela8on	  
Analyzer	  

Correla8on	  
Data	  



Empirical	  Study	  of	  Change	  and	  Decay	  

1.  In	  what	  ways	  do	  architectures	  change?	  
	  

2.  When	  and	  how	  do	  architectures	  decay?	  
	  

3.  What	  is	  the	  rela8onship	  between	  architectural	  
smells	  and	  implementa8on	  issues?	  

21	  

CHANGE	  causes	  DECAY	  



Subject	  Systems	  

22	  

System	   Applica.on	  Domain	   Versions	   Time	   MSLOC	  
Ac8veMQ	   Message	  Broker	   20	   8/04-‐12/05	   3.4	  
Cassandra	   Distributed	  DBMS	   127	   9/09-‐9/13	   22.0	  
Chukwa	   Data	  Monitoring	   7	   5/09-‐2/14	   2.2	  
Hadoop	   Data	  Processing	   63	   4/06-‐8/13	   30.0	  
Ivy	   Dependency	  Manager	   20	   12/07-‐2/14	   0.4	  
JackRabbit	   Content	  Repository	   97	   8/04-‐2/14	   34.0	  
Jena	   Seman8c	  Web	  Framework	   7	   6/12-‐9/13	   2.7	  
JSPWiki	   Wiki	  Engine	   54	   10/07-‐3/14	   1.2	  
Log4j	   Logging	   41	   01/01-‐06/14	   2.4	  
Lucene	   Search	  Engine	   21	   12/10-‐1/14	   5.1	  
Mina	   Network	  Framework	   40	   11/06-‐11/12	   2.3	  
PDFBox	   PDF	  Library	   17	   2/08-‐3/14	   2.7	  
Struts	   Web	  Apps	   36	   3/00-‐2/14	   6.7	  
Xerces	   XML	  Library	   22	   3/03-‐11/09	   2.3	  
…and	  many	  more	  



A	  Few	  Background	  Bits	  
•  Versioning	  Scheme	  

–  major.minor.patch	  release	  

•  Change	  metrics	  
– MojoFM	  
–  a2a	  
–  c2c	  

•  Decay	  metrics	  
–  #	  structural	  dependencies	  
–  Change	  proneness	  
–  Coupling	  and	  cohesion	  
–  Smell	  density	  and	  coverage	  

23	  

1.5.3	  

1.6.0	  

1.6.1	  

2.0.0	  



Recovery	  Techniques	  Used	  

•  PKG	  	  	  	  	  	  –	  package	  structure	  recovery	  
	  

•  ACDC*	  –	  algorithm	  for	  comprehension-‐driven	  clustering	  

•  ARC**	  	  	  –	  architecture	  recovery	  using	  concerns	  

*	  V.	  Tzerpos	  et	  al.,	  ACDC:	  an	  algorithm	  for	  comprehension-‐driven	  clustering,	  In	  Working	  Conference	  on	  Reverse	  Engineering	  (WCRE),	  2000	  	  

**	  J.	  Garcia	  et	  al.,	  Enhancing	  architectural	  recovery	  using	  concerns,	  In	  Interna8onal	  Conference	  on	  Automated	  SoEware	  Engineering	  (ASE),	  2011	  	  

	  
	  



How	  Architectures	  Change	  	  
	  	  

	  

Value	  unit	  is	  percentage	  
Lower	  numbers	  mean	  more	  change	  
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System	  vs.	  Component	  Level	  	  
•  Changes	  occur	  within	  components	  even	  when	  system’s	  	  

architectural	  structure	  remains	  rela8vely	  stable	  	  

Architectural	  similarity	  between	  minor	  versions	  of	  “Ivy”	  

ARC	  view:	  architecture	  
changes	  more	  than	  80%	  
within	  components	  



•  Drama8c	  architecture	  change	  can	  occur	  across	  minor	  versions	  
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Architectural	  Decay	  
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What	  We	  Don’t	  Know	  How	  To	  Do	  
ARCADE	  n.0	  –	  Architecture	  Recovery,	  Change,	  and	  Decay	  Evaluator	  

Source	  
Code	  

Issue	  
Repository	  

Recovery	  
Techniques	   Issue	  Extractor	  

Issues	  Architectures	  
Architectural	  
Smell	  Detector	  

Architectural-‐
Smell	  Instances	  

Change	  Metrics	  
Calculator	  

Decay	  Metrics	  
Calculator	  

Change	  
Metrics	  

Decay	  
Metrics	  

Rela8on	  
Analyzer	  

Correla8on	  
Data	  


