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Outline	
  

•  Introduc=on	
  to	
  SoEware	
  Architecture	
  
•  Styles,	
  Pa+erns,	
  Reference	
  Architectures	
  
•  Architectural	
  Modeling,	
  Visualiza=on	
  
•  Architectural	
  DriE	
  and	
  	
  Recovery	
  	
  
•  Case	
  Study:	
  Grid	
  Compu=ng	
  
•  Conclusions	
  



Now	
  for	
  an	
  applica=on	
  of	
  architecture	
  
to	
  Big	
  Data	
  

•  Next	
  sec=on	
  of	
  the	
  lecture	
  covers	
  a	
  specific	
  
example	
  that	
  will	
  bring	
  together	
  SoEware	
  
Architecture	
  and	
  Big	
  Data	
  and	
  illustrate	
  the	
  
principles	
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Introduc=on:	
  Grid	
  Compu=ng	
  

•  The	
  goal	
  is	
  to	
  provide	
  an	
  infrastructure	
  AND	
  
architecture	
  for	
  providing	
  seamless	
  u=liza=on	
  and	
  
access	
  of	
  heterogeneous	
  resources	
  

•  The	
  big	
  picture	
  
– Two	
  predominant	
  types	
  of	
  resources	
  

•  Data	
  (large	
  data	
  sets,	
  heterogeneous	
  storage	
  methods,	
  
difficult	
  quality	
  of	
  service	
  goals)	
  

•  Computa=onal	
  (heterogeneous	
  compu=ng	
  systems,	
  
environments,	
  security,	
  types	
  of	
  jobs)	
  

– As	
  such,	
  two	
  predominant	
  types	
  of	
  grids	
  
•  Data	
  Grids	
  and	
  Computa=onal	
  Grids	
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Mo=va=on	
  

• Workshop	
  paper	
  
– (Paraphrased):	
  “The	
  grid	
  technology	
  you	
  
are	
  studying	
  is	
  nothing	
  more	
  than	
  a	
  
simple	
  Object	
  Oriented	
  Framework”	
  

•  Ask	
  ourselves	
  the	
  ques=on	
  
– Was	
  the	
  reviewer	
  right?	
  

•  Alleged	
  Object	
  Oriented	
  Framework	
  
was	
  2003	
  Runner-­‐up	
  NASA	
  SoEware	
  of	
  
the	
  Year	
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Mo=va=on	
  (cont)	
  

•  State	
  of	
  the	
  prac=ce	
  in	
  grid	
  compu=ng	
  
– Li+le	
  understood	
  or	
  known	
  about	
  the	
  as-­‐implemented	
  
architectures	
  of	
  current	
  grid	
  technologies	
  [FINK04]	
  

– Li+le	
  understood	
  or	
  known	
  about	
  understanding	
  the	
  
requirements	
  of	
  grid	
  compu=ng	
  
•  Requirements	
  normally	
  wri+en	
  as	
  “high	
  level”	
  objec=ves,	
  rather	
  
than	
  your	
  everyday	
  soEware	
  engineering	
  style	
  requirement	
  

•  Risk	
  of	
  architectural	
  driE	
  
– myriad	
  of	
  grid	
  technologies	
  that	
  all	
  generally	
  claim	
  to	
  have	
  
the	
  same	
  capabili=es	
  
•  but	
  are	
  clearly	
  implemented	
  using	
  different	
  approaches,	
  
technologies,	
  with	
  different	
  requirements	
  in	
  mind	
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Our	
  Approach	
  

•  Object	
  Oriented	
  Grids	
  
–  Thanks	
  to	
  the	
  reviewer,	
  we	
  wanted	
  to	
  study	
  OO	
  style	
  grids	
  
–  Also	
  a	
  by	
  product	
  of	
  the	
  chosen	
  architectural	
  recovery	
  approach	
  

•  Open	
  Source	
  
–  Needed	
  source	
  code	
  as	
  input,	
  because	
  many	
  of	
  the	
  grid	
  technologies	
  

had	
  somewhat	
  limited	
  documenta=on	
  
•  Off-­‐the-­‐shelf,	
  useful	
  systems	
  

–  Globus,	
  the	
  de	
  facto	
  grid	
  technology	
  
–  OODT,	
  NASA’s	
  and	
  Na=onal	
  Cancer	
  Ins=tute’s	
  grid	
  technology	
  
–  DSpace,	
  rapidly	
  becoming	
  pervasive	
  in	
  the	
  digital	
  library	
  community	
  as	
  

a	
  “data	
  grid”	
  technology	
  
–  GLIDE,	
  a	
  lightweight,	
  data-­‐intensive	
  grid	
  technology	
  	
  
–  JCGrid,	
  open	
  source	
  computa=onal	
  grid	
  technology	
  from	
  

Sourceforge.net	
  



Aug-­‐28-­‐14	
   BIGDATA-­‐SCHOOL-­‐14	
   CAM-­‐8	
  

Our	
  Approach	
  

•  Inputs:	
  
–  Detailed	
  literature	
  review	
  among	
  4	
  seminal	
  grid	
  papers	
  

•  Chervenak	
  (data	
  grid),	
  Foster	
  (3	
  point	
  checklist),	
  Kesselman	
  (anatomy),	
  
Foster	
  (physiology)	
  

•  Allowed	
  us	
  to	
  dis=ll	
  a	
  set	
  of	
  “reference”	
  requirements	
  for	
  grid	
  
technologies	
  
–  Along	
  with	
  a	
  “reference”	
  architecture	
  for	
  grid	
  technologies,	
  the	
  famous	
  

layered	
  architecture	
  proposed	
  by	
  Kesselman	
  et	
  al.	
  

–  Source	
  code/documenta=on	
  from	
  the	
  5	
  selected	
  “representa=ve”	
  grid	
  
technologies	
  

•  Recover	
  the	
  architecture	
  of	
  the	
  5	
  technologies	
  using	
  the	
  Focus	
  
[JASE-­‐MED]	
  architecture	
  recovery	
  approach	
  
–  Gives	
  you	
  “Recovered	
  Architectural	
  Model”,	
  or	
  RAM	
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Our	
  Approach	
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Our	
  Approach	
  

•  “Cluster	
  components	
  according	
  to	
  reference	
  architecture”	
  
–  i.e.,	
  try	
  and	
  “shoe	
  horn”	
  the	
  components	
  into	
  their	
  appropriate	
  layer	
  

of	
  the	
  5	
  layer	
  grid	
  ref.	
  arch	
  
–  	
  Used:	
  

•  Documenta=on	
  of	
  grid	
  technology	
  (e.g.,	
  web	
  site,	
  txt	
  files	
  included	
  with	
  
distribu=on,	
  white	
  papers	
  and	
  research	
  papers,	
  javadocs)	
  

•  Reference	
  requirement	
  table,	
  maps	
  layer(s)	
  to	
  requirements	
  
•  Observa=on	
  of	
  the	
  component’s	
  role	
  in	
  the	
  running	
  system	
  
(instrumenta=on)	
  

•  “Analyze	
  conformance	
  to	
  reference	
  requirements”	
  
–  Use	
  the	
  following	
  table	
  to	
  map	
  requirements/desired	
  capabili=es	
  to	
  

architectural	
  layers	
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Reference	
  Requirements	
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Recovering	
  the	
  RAM	
  of	
  OODT	
  



Aug-­‐28-­‐14	
   BIGDATA-­‐SCHOOL-­‐14	
   CAM-­‐13	
  

“Shoe	
  horn”	
  components	
  into	
  Grid	
  
Reference	
  Architecture	
  

Is	
  there	
  anything	
  wrong	
  
with	
  this	
  picture?	
  

Two	
  layer	
  
boundary	
  

upcall	
  

Couldn’t	
  
determine	
  right	
  
“layer”	
  

Examine:	
  

	
  	
  -­‐	
  DocumentaEon	
  about	
  classes	
  
	
  	
  -­‐	
  Source	
  code	
  
	
  	
  -­‐	
  funcEonality	
  of	
  running	
  classes	
  
	
  	
  -­‐	
  which	
  requirements	
  the	
  component	
  saEsfies	
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What	
  about	
  this	
  one?	
  
(Globus’s	
  RAM)	
  

Two	
  layer	
  
boundary	
  AND	
  

Upcall	
  

Two	
  layer	
  
boundary	
  AND	
  

Upcall	
  

Two	
  layer	
  boundary	
  
AND	
  
Upcall	
  

Couldn’t	
  
determine	
  right	
  
“layer”	
  

upcall	
  

upcall	
  

upcall	
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Numerous	
  viola=ons	
  of	
  the	
  reference	
  
architecture	
  

•  Component	
  upcalls	
  
–  Viola=on	
  of	
  the	
  layered	
  architectural	
  style	
  
–  Possible	
  architectural	
  “driE”	
  

•  Crossing	
  two	
  (or	
  more)	
  layer	
  boundaries	
  
–  Worst	
  of	
  these	
  was	
  a	
  cross	
  of	
  all	
  four	
  layers	
  in	
  the	
  reference	
  

architecture!	
  
–  Possibly	
  a	
  “refactoriza=on”	
  problem	
  

•  Too	
  many	
  needed	
  capabili=es	
  in	
  lower	
  level	
  componet,	
  not	
  enough	
  
abstrac=on	
  

•  Can’t	
  determine	
  what	
  layer	
  the	
  component	
  goes	
  in	
  
–  Not	
  enough	
  documenta=on,	
  or	
  component	
  with	
  capabili=es	
  that	
  

seemed	
  to	
  “span”	
  several	
  layers	
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Discussion	
  

•  Grid	
  technologies	
  appear	
  to	
  be	
  DSSA’s	
  for	
  the	
  
domain	
  of	
  grid	
  compu=ng	
  
– Each	
  has	
  its	
  own	
  instan=ated	
  subset	
  of	
  the	
  core	
  grid	
  
components	
  

•  Size	
  and	
  Complexity	
  of	
  the	
  Grid	
  technologies	
  
– Large	
  varia=on	
  
– 2000	
  SLOC	
  in	
  GLIDE	
  to	
  over	
  55,000	
  SLOC	
  in	
  Globus	
  
– 61	
  classes	
  in	
  GLIDE	
  to	
  over	
  14	
  Emes	
  as	
  many	
  in	
  Globus	
  
(around	
  900)	
  

– Each	
  technology	
  has	
  its	
  own	
  design	
  foci	
  	
  
•  Pervasive	
  grids	
  versus	
  computa=onal	
  grids	
  versus	
  data	
  grids	
  and	
  so	
  
on…	
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Iden=fica=on	
  of	
  “op=onal”	
  requirements	
  

•  Iden=fied	
  through	
  careful	
  examina=on	
  of	
  study	
  
results	
  
– Grid	
  Technology	
  A	
  supports	
  Requirement	
  X	
  and	
  claims	
  to	
  
be	
  Y-­‐type	
  “grid”	
  

•  Op=onal	
  requirements	
  
– Enable	
  single	
  sign	
  on	
  
– Delegate	
  and	
  authorize	
  
– Ensure	
  access	
  control	
  
– Ensure	
  “exactly	
  once”	
  level	
  of	
  reliability	
  service	
  
– Data	
  Grid	
  requirements	
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Dis=nc=on	
  between	
  “Computa=onal”	
  
Grids	
  and	
  “Data”	
  Grids	
  

•  In	
  terms	
  of	
  iden=fied	
  requirements	
  
– Dis=lled	
  from	
  the	
  results	
  of	
  our	
  study	
  

•  Data	
  Grid	
  requirements	
  
– Ensure	
  neutrality	
  of	
  data	
  sharing	
  mechanism	
  

– Ensure	
  neutrality	
  of	
  data	
  sharing	
  policy	
  
– Provide	
  uniform	
  informa=on	
  infrastructure	
  
– Support	
  metadata	
  management	
  

–  Interface	
  with	
  heterogeneous	
  storage	
  systems	
  
– Manage	
  data	
  replicas	
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Related	
  Work	
  

•  Study	
  by	
  Finkelstein	
  et	
  al.	
  [FINK04]	
  
–  Journal	
  of	
  Grid	
  Compu=ng	
  
– Studies	
  architectural	
  style	
  requirements	
  and	
  pa+erns	
  for	
  
data	
  grid	
  systems	
  

– Level	
  of	
  “conformance”	
  to	
  architectural	
  style	
  
–  Iden=fica=on	
  of	
  83	
  data	
  grid	
  requirements	
  

•  Numerous	
  works	
  in	
  computa=onal	
  grid	
  compu=ng,	
  
data	
  grid	
  compu=ng	
  by	
  Foster,	
  Chervenak,	
  
Kesselman,	
  et	
  al.	
  

•  Architecture	
  recovery	
  of	
  middleware	
  by	
  Ivkovic	
  et	
  al.	
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Conclusions	
  

•  Grid	
  systems	
  regularly	
  violate	
  the	
  reference	
  
architecture	
  

•  Overlap	
  between	
  grid	
  layers	
  
– Components	
  appear	
  to	
  belong	
  in	
  “mul=ple”	
  layers	
  

•  Grid	
  requirements	
  are	
  under-­‐specified	
  and	
  very	
  high	
  
level	
  
–  It’s	
  difficult	
  for	
  most	
  middleware	
  to	
  “not”	
  provide	
  at	
  least	
  
some	
  of	
  the	
  grid	
  requirements	
  

•  Grid	
  interoperability	
  poses	
  a	
  problem	
  
•  An	
  ADL	
  for	
  grid	
  systems	
  would	
  be	
  very	
  useful	
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Current	
  Studies	
  and	
  Work	
  

•  Possibly	
  “forward”	
  architec=ng	
  grid	
  system	
  
–  Use	
  technique	
  such	
  as	
  CBSP	
  to	
  dis=ll,	
  from	
  recovered	
  requirements,	
  

the	
  appropriate	
  grid	
  components	
  
–  Compare	
  and	
  contrast	
  results	
  with	
  that	
  of	
  as-­‐implemented	
  

architectures	
  
•  Discuss	
  more	
  with	
  grid	
  technology	
  experts	
  as	
  to	
  “reasons”	
  

behind	
  the	
  level	
  of	
  non-­‐conformance	
  
–  Perhaps	
  grid	
  technologies	
  are	
  indeed	
  such	
  project-­‐specific	
  DSSA’s,	
  

that	
  a	
  “reference”	
  architecture	
  for	
  grid	
  compu=ng	
  may	
  be	
  impossible	
  
to	
  define	
  

•  Address	
  informality	
  of	
  grid	
  requirements	
  
–  Inves=gate	
  formal	
  requirements	
  specifica=on	
  

•  Address	
  informality	
  of	
  grid	
  architecture,	
  and	
  viola=ons	
  
–  Conformance	
  to	
  an	
  ADL?	
  



Some	
  Pointers	
  

•  CSCI	
  578:	
  SoEware	
  Architectures	
  at	
  USC	
  
– h+p://sunset.usc.edu/classes/cs578_2014b/	
  

•  Ma+mann	
  Home	
  Page	
  
– h+p://sunset.usc.edu/~ma+mann/	
  	
  

•  Study	
  of	
  Grid	
  Architectures	
  
– Original	
  Study:	
  h+p://sunset.usc.edu/~ma+mann/
GridMiddlewares/	
  	
  

– Longer	
  version	
  (submi+ed	
  to	
  J.	
  Grid	
  Compu=ng)	
  
h+p://sunset.usc.edu/~ma+mann/grids/	
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