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Adap,ve	  So0ware	  Systems	  
 

!   So#ware	  lives	  and	  operates	  in	  uncertain	  environments,	  where	  
system	   components	   may	   under-‐perform,	   and	   domain	  
assump9ons	  may	  not	  hold.	  

!   How	  to	  cope?	  Make	  so#ware	  adap/ve.	  
!   But,	  when	  to	  adapt,	  and	  how?	  
	  

Adapt	  to	  requirements	  failures,	  
	  or	  when	  requirements	  say	  so	  …	  
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Requirements-‐driven	  Adapta,on	  
 

!   Requirements	   are	   (stakeholder)	   goals	   and	   generally	   have	  
many	  solu9ons.	  

!   A	  system	  can’t	  be	  adap9ve	  unless	  it	  supports	  several	  of	  these	  
solu9ons.	  

!   Adapta9on	  takes	  place	  when	  one	  or	  more	  requirements	  fail.	  
!   Adapta9on	   amounts	   to	   having	   the	   system	   switch	   from	   one	  

solu9on	   to	   another,	   with	   an	   expecta9on	   that	   the	   new	  
solu9on	  will	  work	  beIer.	  

!   Adapta9on	  is	  driven	  by	  an	  adapta/on	  mechanism	  that	  takes	  
into	   account	   the	   failures-‐at-‐hand	   (divergence	   from	  
requirements),	  and	  picks	  an	  alterna9ve	  solu9on	  among	  those	  
available	   by	   exploi9ng	   qualita9ve	   rela9ons	   between	  
alterna9ve	  solu9ons	  and	  requirements.	  	  
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Adapta,on	  
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Monitoring	  and	  Diagnosis	  
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Awareness	  and	  Evolu,on	  Requirements	  
 
!   These	   are	   special	   classes	   of	   requirements	   that	   lead	   to	  

adapta9on.	  
!   Awareness	   requirements	   define	   limits	   on	   the	   amount	   of	  

run9me	  failure	  that	  can	  be	  tolerated.	  
!   For	  example,	   if	  R	  =	  “Schedule	  mee9ng”,	   let	  R’	  =	  “R	  will	  not	  

fail	  more	  than	  4%	  of	  the	  9me	  during	  any	  one	  month	  period”.	  
!   Evolu/on	   requirements	   are	   requirements	   that	   define	  

changes	  over	  9me	  to	  other	  requirements.	  
!   For	  instance,	  “If	  R	  fails,	  try	  R-‐	  instead”,	  where	  R-‐	  =	  “Schedule	  

conference	  call”.	  
!   No9ce	   that	   evolu9on	   requirements	   specify	   what’s	   to	  

change,	  awareness	  requirements	  do	  not.	  
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Adapta,on	  vs	  Evolu,on	  
!   In	  biology,	   individuals	  adapt	  and	   species	  evolve,	   	  both	   to	  
survive.	   Adapta9on	   involves	   switching	   to	   an	   alterna9ve	  
behaviour,	  evolu9on	  involves	  changing	  the	  gene9c	  makeup/
blueprint	  and	  physical	  structure	  of	  a	  species.	  
!   By	  analogy,	  we	  say	  that	  a	  par9cular	  so#ware	  system	  (e.g.,	  
the	  MacOS	  running	  on	  my	  machine)	  adapts	   if	   it	  switches	  at	  
run-‐9me	   to	   an	   alterna9ve	   behaviour.	   A	   so#ware	   system	  
evolves	   if	   its	   requirements	   change	   and	   the	   system	  
architecture,	  implementa9on,	  etc.	  change	  in	  accordance.	  
!   So#ware	  individuals	  adapt,	  so#ware	  species	  evolve.	  
!   Evolu9on	  entails	  requirements	  changes,	  adapta9on	  entails	  
no	  changes	  to	  requirements.	  
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Notes	  
 
!   The	  concepts	  presented	  cons9tute	  the	  basis	  of	  three	  theses:	  

ü  Vitor	  Souza	  (2012,	  UTrento)	  
ü  Yiqiao	  Wang	  (2009,	  UToronto)	  
ü  Fabiano	  Dalpiaz	  (2011,	  UTrento)	  

!   Two	   other	   theses	   have	   explore	   the	   no9on	   of	   variability	   in	  
Requirements	  Engineering:	  
ü  So9ris	  Liaskos	  (2008,	  UToronto)	  
ü  Alexei	  Lapouchnian	  (2010,	  UToronto)	  

!   Finally,	   the	  no9on	  of	   requirements	  evolu9on	   is	   explored	   in	  
the	  thesis	  of:	  
ü  Neil	  Ernst	  (2011,	  UToronto)	  
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Ongoing	  Work	  
 
!   Run9me	  requirements	  models	  [Dalpiaz13]	  
!   Adapta9on	  mechanisms	  with	  mul9ple	  control	  variables	  and	  

indicators	  [Angelopoulos]	  
!   Agile	  requirements	  engineering	  [Ernst13]	  
!   Adapta9on	   and	   evolu9on	   for	   socio-‐technical	   systems	  

[Aydemir]	  
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“Like	  Darwin,	  we	  don’t	  focus	  anymore	  
on	  how	  soEware	  species	  came	  to	  be.	  
Rather,	  we	  are	  interested	  in	  ways	  

they	  can	  adapt	  and	  evolve	  in	  order	  to	  
survive!”	  
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