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Mo+va+on 	   	  	  
•  Many	  approaches	  for	  so@ware	  adapta+on	  adopt	  
requirements	  or	  architectural	  models.	  

•  We	  propose	  to	  conduct	  a	  comparison	  experiment	  that	  
answers	  ques+ons	  such	  as:	  
– What	  aspects	  of	  a	  problem/solu+on	  do	  these	  types	  of	  
models	  capture?	  

– What	  are	  their	  advantages	  and	  disadvantages?	  
– Can	  we	  develop	  approaches	  to	  adapta+on	  that	  use	  
both	  types	  of	  models	  synergis+cally?	  (future	  work)	  
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Comparison	  Process	  

•  Use	  Zanshin	  for	  requirements-‐based	  adapta+on	  and	  
Rainbow	  for	  architecture-‐based	  adapta+on.	  

•  Use	  the	  Znn.com	  (news	  portal)	  case	  study,	  an	  exemplar	  
for	  the	  SEAMS	  community.	  

•  Apply	  Zanshin	  and	  Rainbow	  to	  the	  case	  study.	  
•  Compare	  solu+ons	  in	  terms	  of:	  
– common	  concepts	  adopted	  
– models	  used	  
– monitoring	  and	  effec+ng	  mechanisms	  
– adapta+on	  mechanisms	  

3	  



	  
	  

Znn.com	  Case	  Study	  

	  Znn.com	  news	  portal	  
	  
Objec+ves:	  
1.  Low	  Cost	  
2.  High	  Fidelity	  
3.  High	  Performance	  
	  

Adapta+on	  strategies	  for	  balancing	  traffic:	  
1.  add/remove	  servers	  
2.  increase/decrease	  fidelity	  
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Architecture-‐based	  Adapta+on	  (Rainbow)	  1/2	  

	  Baseline:	  
•  Adopts	  feedback	  loop	  concepts	  from	  Control	  Theory.	  
•  Architectural	  models	  (ACME)	  describe	  target	  system.	  
•  Decision	  mechanisms	  (based	  on	  U+lity	  Theory)	  to	  select	  
adapta+on	  strategies.	  

•  Script	  language	  (S+tch)	  to	  compose	  adapta6on	  strategies	  
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Architecture-‐based	  Adapta+on	  (Rainbow)	  2/2	  	  

Overview:	  

6	  The	  components	  of	  the	  Rainbow	  framework	  [Cheng08]	  



	  
	  

Architecture-‐based	  Solu+on	  
•  An	  ACME	  model	  	  describes	  the	  system’s	  architecture	  
•  Adapta+on	  strategies	  in	  S+ch:	  

SimpleReduceResponseTime:	  
reduce	  fidelity,	  if	  response	  +me	  s+ll	  	  
low	  then	  reduce	  again	  
SmarterReduceResponseTime:	  	  
add	  server,	  add	  server,	  reduce	  	  
fidelity	  un+l	  response	  +me	  is	  low	  	  
ReduceOverallCost:	  
If	  response	  +me	  low	  then	  remove	  servers	  
ImproveOverallFidelity:	  
If	  response	  +me	  is	  low	  raise	  fidelity	  
	  

•  Detect	  objec+ve	  viola+ons	  having	  as	  a	  reference	  the	  architectural	  model	  
•  Select	  strategy	  to	  apply	  
•  Apply	  Strategy	  
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	  strategy	  SmarterReduceResponseTime	  
[styleApplies&&cViola+on]{	  
	  	  define	  boolean	  unhappy	  =	  numUnhappyFloat/
numClients	  >	  M.TOLERABLE_PERCENT_UNHAPPY;	  
	  
t0:unhappy	  -‐>	  enlistServers(1)@[500/*ms*/]{	  
	  	  t1:(!cViola+on)	  -‐>	  done;	  
	  	  t2:(unhappy)	  -‐>	  enlistServers(1)@[2000/*ms*/]{	  
	  	  	  	  t2a:(!cViola+on)	  -‐>	  done;	  
	  	  	  	  t2b:(unhappy)	  -‐>	  lowerFidelity(2,100)@[2000/*ms*/]{	  
	  	  	  	  	  	  t2b1:(!cViola+on)	  -‐>	  done;	  
	  	  	  	  	  	  t2b2(unhappy)	  -‐>	  do[1]t2;	  
	  	  	  	  	  	  t2b3(default)	  -‐>	  TNULL;	  //no	  more	  steps	  to	  take	  
	  	  	  	  	  	  }	  	  
	  	  	  }	  
}	  



	  
	  

Requirements-‐based	  Adapta+on	  (Zanshin)	  1/2	  

Baseline:	  
•  Awareness	  requirements:	  Define	  allowable	  thresholds	  
on	  the	  success/failure	  of	  other	  requirements	  

•  System	  Iden6fica6on:	  define	  the	  parameters	  of	  the	  
system	  (CV	  and	  VP)	  and	  the	  impact	  over	  indicators	  (e.g.	  
serversé	  then	  performanceé	  )	  

•  Adapta6on:	  a)	  Reconfigura+on	  by	  changing	  parameter	  
values	  or	  b)	  Evolu+on	  requirements	  (e.g.	  relax	  a	  
constraint	  from	  2.5sec	  to	  3sec)	  
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Requirements-‐based	  Adapta+on	  (Zanshin)	  2/2	  

	  Overview:	  
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Requirements-‐based	  	  Solu+on	  

•  Elicit	  goals	  
•  System	  Iden+fica+on:	  

	  	  	  	  	  	  Δ(AR	  1/NoS	  )	  [0,	  maxServers	  ]	  <	  	  0	  (1)	  

	  	  	  	  	  	  	  	  	  	  Δ(AR	  3/NoS	  )	  [0,	  maxServers	  ]	  >	  	  0	  (2)	  

	  	  	  	  	  	  	  	  	  	  Δ(AR	  2/VP1)	  >	  	  0	  	  (3)	  

	  	  	  	  	  	  	  	  	  	  Δ(AR	  3/VP1)	  <	  	  0	  	  (4)	  

•  Define	  Strategies	  
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Experiment	  and	  Results	  
Infrastructure:	  
•  5	  Apache	  servers	  (4	  hosts,	  1	  proxy)	  
•  1	  MySql	  db	  server	  
•  Apache	  Jmeter	  load	  tester	  tool	  

We	  run	  2	  trials	  of	  a	  high	  traffic	  scenario	  (Slashdot	  effect)	  with	  and	  without	  
adapta+on	  mechanisms:	  
•  Rainbow	  [Cheng09]:	  

•  Improved	  the	  response	  +me	  by	  75%	  
•  The	  throughput	  by	  7%	  
•  U+li+es	  of	  the	  objec+ves	  were	  also	  increased	  

•  Zanshin:	  
•  Response	  +me	  improved	  by	  67.4%	  	  
•  The	  throughput	  by	  8.7%	  
•  Awareness	  requirements	  failures	  were	  reduced	  
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Comparison	  Overview	  

Rainbow	  (Architecture-‐based)	  
•  Capture	  technical	  proper+es	  and	  

constraints	  (reusable	  models)	  
•  Requirements	  are	  embedded	  in	  	  

adapta+on	  strategies	  
•  Hierarchic	  adapta+on	  language	  

(automates	  administra+ve	  
processes)	  

•  Quan+ta+ve	  adapta+on	  using	  
u+li+es	  (human	  experience)	  

Zanshin	  (Requirements-‐based)	  
•  Capture	  strategic	  goals	  

(stakeholders	  needs)	  
•  Requirements	  are	  explicitly	  

captured	  in	  a	  model	  
•  Evolu+on	  requirements	  and	  

reconfigura+on	  (offers	  dynamic	  
strategy	  composi+on)	  

•  Qualita+ve	  adapta+on	  using	  
control	  theory	  	  
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work	  well	  in	  the	  study,	  adopt	  feedback	  loop	  concept,	  apply	  external	  control,	  	  
pre-‐condi6ons	  	  and	  post-‐condi6ons	  for	  adapta+on	  strategies	  

Both	  Approaches	  



	  
	  

Conclusions	  

•  The	  architecture-‐based	  approach:	  
ü captures	  beyer	  the	  proper+es	  of	  the	  target	  system	  
x  requirements	  are	  implicitly	  represented	  
ü captures	  precisely	  human	  administra+on	  process	  
x  only	  automates	  control	  
ü U+lity	  Theory	  allows	  a	  quan+ta+ve	  control	  	  

•  The	  requirements-‐based	  approach:	  
ü captures	  explicitly	  the	  goals	  of	  the	  system	  
x  doesn’t	  capture	  the	  technical	  limita+ons	  of	  the	  system	  
ü allows	  the	  dynamic	  composi+on	  of	  adapta+on	  strategies	  
ü Qualita+ve	  control	  (useful	  when	  numbers	  are	  not	  available)	  

•  The	  approaches	  include	  complementary	  features	  
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	  strategy	  SmarterReduceResponseTime	  
[styleApplies&&cViola+on]{	  
	  	  define	  boolean	  unhappy	  =	  numUnhappyFloat/numClients	  
>	  M.TOLERABLE_PERCENT_UNHAPPY;	  
	  
t0:unhappy	  -‐>	  enlistServers(1)@[500/*ms*/]{	  
	  	  t1:(!cViola+on)	  -‐>	  done;	  
	  	  t2:(unhappy)	  -‐>	  enlistServers(1)@[2000/*ms*/]{	  
	  	  	  	  t2a:(!cViola+on)	  -‐>	  done;	  
	  	  	  	  t2b:(unhappy)	  -‐>	  lowerFidelity(2,100)@[2000/*ms*/]{	  
	  	  	  	  	  	  t2b1:(!cViola+on)	  -‐>	  done;	  
	  	  	  	  	  	  t2b2(unhappy)	  -‐>	  do[1]t2;	  
	  	  	  	  	  	  t2b3(default)	  -‐>	  TNULL;	  //no	  more	  steps	  to	  take	  
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	  	  	  }	  
}	  
	  



	  
	  

Comparison	  Overview	  
1.  Both	  approaches	  adopt	  a	  closed	  loop	  model	  and	  apply	  external	  control.	  
2.  Rainbow	  exploits	  architecture	  models	  that	  represent	  all	  the	  technical	  

details,	  while	  Zanshin	  exploits	  goal	  models	  that	  capture	  tasks	  and	  strategic	  
goals.	  

3.  Rainbow	  uses	  hierarchically	  composed	  strategies	  (strategies⊇	  tac+cs	  ⊇	  
operators),	  while	  Zanshin	  uses	  reconfigura+on	  and	  evolu+on	  requirements.	  

4.  The	  adapta+on	  in	  both	  cases	  is	  triggered	  by	  pre-‐condi+ons,	  defined	  in	  the	  
adapta+on	  strategies.	  

5.  Rainbow	  selects	  the	  best	  strategy	  by	  calcula+ng	  u+lity	  benefits,	  whether	  
Zanshin	  priori+zes	  the	  strategies.However,	  Zanshin	  can	  select	  dynamically	  
adapta+on	  ac+ons	  by	  using	  reconfigura+on	  and	  the	  differen+al	  rela+ons.	  

6.  Both	  approaches	  include	  post-‐condi+ons	  in	  their	  adapta+on	  strategies	  that	  
instruct	  the	  framework	  to	  stop	  in	  case	  of	  success	  or	  incapability	  to	  solve	  the	  
problem.	  
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