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OUTLINE+
 

!  !General!thoughts!about!models,!modeling,...!
!  !Specific!Thoughts!about!Early!Requirements!Engineering!
!  !Goal!Oriented!Requirements!Modeling!

!  !Design!@me!models!
!  !RunA@me!models!

%

Warning:! first! part! may! be! tenden@ous,! opinionated;! second!
part!is!workAinAprogress!
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MODELS+&+MODELING+
 

!  !�Models!abstract!away!details! for!a!purpose�! (wide%agreement%

here%yesterday)%

!  &Many+ kinds+ of+ details.! [And! to! build! big! models! you! need! to!
refine%your!original!small!model.]!

!  !classifica@on![instan@a@on]!(+in!Taxis,RML:design![runA@me])!
!  !generaliza@on![specializa@on]!
!  !aggrega@on![decomposi@on]!
!  !�sta@c�![dynamic/behavior]!
!  !specifica@on![implementa@on]!
!!
(The% above% thoughts% inspired% by% the% field% of% Conceptual%

Modeling)!!!!
%
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MODELING+LANGUAGES/NOTATIONS/...+
 

!  !�models%are%for%purpose�:%%what!is!�purpose�?!
!  !for!us:!answer!ques@ons!

!  !!others!(simulate/execute,...)!
!  !!need!a!seman0cs%on!which!to!base!|=!

!  !language!issues:!i)!expressiveness;!ii)!ontology:+what%kinds%of%
things%are%in%the%subject%domain?%

!  !this!strongly!influences!the!models!you!build!by!direc@ng!
the! kinds! of! ques@ons! you! ask! –! be! aware! of! it!! (ER,!
Statecharts,!FOPC!(vs.!Z),...)!

%
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Requirements+Engineering+
!  !Concerned!with!the!elicita@on,!analysis!and!refinement!of!
stakeholder! requirements! in! order! to! produce! a!
specifica@on!for!a!systemAtoAbe.!
!   ! Founded! on! seminal! works! by! Douglas! Ross,! Michael!
Jackson!and!others!in!the!midA70s.!
!  !Unique!research!area!within!CS!because!its!task!is!not!to!
solve!problems,!but!rather!to&define&ones.!
!  !Interes@ng!area!because!(early)!stakeholder!requirements!
are! necessarily! vague,! informal,! selfAcontradictory,! and!
more! (...! in! short,! "scruffy"),! but! they! are! requirements!
noneAtheAless!!!
+
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Interes4ng+ideas++
!  Requirements!derived!from!models!of!the!domain!(Ross).!
!  Requirements!and!specifica4ons! are!different! things,! though!
logically!related!(Jackson).!
!  Requirements!as!goals!stakeholders!want!(vanLamsweerde).!
!  The!requirements!problem!is!a!social!problem!(Yu).!
!  The! requirements! problem! is! solved! through! problem!
refinement! (all),! and! this! refinement!has!many! forms:! ac@vity!
decomposi@on! (Ross),! abduc@ve! inference! (Jackson),! goal!
refinement!(van!Lamsweerde),!social!delega@on!(Yu).!
!  With! goal! models! and! refinement,! you! are! not! exploring! a!
design,!but!rather!a!design!space.!
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GORE:&Goal&Oriented&Requirements&Models+
+
+
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GORE&Ontology+
+
+
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Goal+Models+circa+2013+
!  Goals!can!be!mandatory/niceAtoAhave,!can!have!priori@es!
[Jureta08],!probabili@es![Le@er04],!u@li@es![Liaskos13],!…!
+
+ Schedule!

mee@ng!

Choose!
schedule!

By!!
person!

Collect!
@metables!

By!system!

By!person!

OR+

By!!
system!

Collect+ Rooms!
available!

Good!
quality!
schedule!!

>70%!
par@cipa@on!

Find!free!
!room!OR+

OR+

OR+

AND+
AND+ AND+

++
3+

OR+
OR+

AND+

Schedule+Conflict&

Quality&
constraint&

cp1 
cp2 

cp3 

X+ Get!free!
room!

Low!cost!
scheduling!! AND+

Influenc&

MISE�13  -- 12 

Reasoning+with+(design34me)+Goal+
Models+
!  + What3if:! Assuming! that! some! goals! succeed/fail,! infer! the!
status!of!the!rest!of!the!goal!model.!
!  +Sa4sfiability:!Is!there!a!set!of!task!specifica@ons!that!achieve!
the!topAlevel!goals!
(!
!  WhatEif% reasoning! can! be! handled! with! simple! label!
propaga@on!algorithms,!sa@sfiability!requires!a!minASAT!solver.!
!  Reasoning! with! preferences,! probabili@es! and! u@li@es!
requires!more,!e.g.,!AI!planners![Liaskos10],!SMT!solvers,!…!
)!
!

+
+
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What+do+these+models+tell+us?++
!  ! They! give!us! alterna@ve! specifica@ons! (sets!of! func@ons!
quali@es!and!assump@ons)!for!fulfilling!requirements.!

!  ! If! someone!wants! a! design! that! fulfills! requirements! in!
mul@ple! ways! (e.g.,! product! families,! flexible! business!
processes,! adap@ve! somware! systems)! then! our! solu@on!
and! implementa@on! should! encompass! mul@ple!
specifica@ons,!not!just!one.!

!   ! These! are! designG4me& goal! models,! of! no! use! during!
run@me!and/or!evolu@on.+
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Adap4ve+So`ware+Systems++
!   ! Somware! systems! increasingly! operate! within! vola@le!
environments! where! the! one! constant! is! uncertainty:! cyberA
physical!systems,!socioAtechnical!systems,!…!
!   ! In! response,! there! has! been! growing! interest! in! adap@ve!
somware! that! monitors! its! own! performance! and! the!
environment,!and!adapts!if!its!requirements!fail.!

�Need&to&monitor&requirements,&but&how?&
!   ! Two! approaches:! (a)! Monitor! design! ar@facts! (code,!
architecture,! business! process)! and! draw! conclusions! about!
requirements;!(b)!monitor!requirements.!
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Design34me+vs+run4me+models+
!   DesignA@me!models! are! intended! to! help! us! capture! required&
func4onality!for!the!systemAtoAbe.!

!   Run@me!models!are!intended!to!help!us!monitor&behaviour&of!
the!system!and!take!correc@ve!ac@on,!if!necessary.!

!
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Run4me+goal+models+
!   Are! augmented! goal! models! that! capture,! in! addi@on! to! a!
problem!space!
  Behaviour+ –! possible! sequences! of! ac@ons! for! fulfilling! a!

goal;!
  State+–!possible!states!of!a!goal!instance;!current!state!of!a!

goal!instance;!
  History+–!the!state!history!of!all!instances!of!a!goal!
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Example+
!  !Excerpt!from!example!ATM!model![Yiqiao!Wang07]!

!  !What!ques@ons!might!we!ask!about!a!run@me!model?!For!
example,! if!we!know! that! for!one! instance!of!W,! followed!
by! 2! instances! of!D,! all! sa@sfied,! and!2! instance!of! B,! one!
sa@sfied,!the!other!s@ll!being!pursued,!what!is!the!state!of!
the!correspoding!instance!of!SC?!
!+
+
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State++(fixed!model)!
!  !We!use!FSMs,!such!as!the!following!one!(for!goals).!
!  !Every!goal!instance!can!be!in!one!of!these!states.!…!

+

+

Running!

Succeeded!

Failed!

Wai@ng!
start 

succeed 

fail 

suspend 

resume 
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Behaviour:+refining+design+4me+GM++
!   ! Described! by! annota@ng! every! nonAleaf! goal! with! a!
regular!expression,!e.g.,!

!annot(SC) = (D | W | B)+ ; Dn !!!
!
!
+
+
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Behaviour+–+Shuffle+
… or … ((D | W) + # B+) ; Dn 
!Means!exactly!what!you!expect!…!
!  !If!w1 = abb and!w2 = acbb,  
   then!w1 # w2 consists!of!strings!!
!!!!like!aabcbbb, aacbbbb,!…!lot�s!of!them!!
!  !More!interes@ngly,!shuffle!closure!…!

!w# = w | w#w | w#w#w | …  
!!!!allows!for!unbounded!concurrency!
!  For!example,!!annot(SCS) = SC# 

!  !(Recogni@on!for!shuffle!regular!expressions!!
!!!!!is!PTIME!(in!size!of!input!trace!only)!)!

!!
!

+
+
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RUNTIME+History+
!  ! At! run@me,! goals/tasks! are! instan@ated! (possibly!many!
@mes)!

!  !a!system!trace! is!a!history!of!state!transi@ons/events!for!
goal!instances:!

++++d1.start,d1.succ,d2.start,…,dn.start,dn.succ!
!  !REASONING:!Also!given!DGM+

!

+
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Infer: 
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RUNTIME+GOAL+MODEL+INSTANCE+
!   ! More! general:! RGI% reconstruc@on! from! par0al% (ini0al)%
trace!of!leaf&of!instances!+
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RUNTIME+GOAL+MODEL+INSTANCE+
!  !Consistency!requirements!

!  +children+goal+instances+must+sa4sfy+behavioral+annota4on+

!  +states+of+children+need+to+correlate+with+states+of+parents+via+
RegExp+rules!(e.g.,!if!a!step!fails,!supergoal!fails)!
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Reasoning+with+Run4me+Goal+Models++
!  + Recogni4on:! Given! a! trace! and! a! DGM,! determine! if! the!
(par@al)!trace!is!legal.!
!  +RGI+reconstruc4on:!Given!a!trace!and!a!DGM,!construct!a!
corresponding! goal! instance! model! and! infer! the! states! of!
nonAobservable!goal!instances.!
!  +Diagnosis:!Assume!a!class!of!possible!failures;!given!a!trace!
and!a!DGM,!determine!if!there!is!a!failure;!if!so,!determine!all!
possible!root!causes.!
!

+
+
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Summary+
!  !Unlike! their!design!cousins,! run@me!requirements!models!
need!to!capture!behaviour,!state!and!history.!
!   ! Reasoning! for! such! models! is! founded! on! recogni@on!
problems!for!formal!languages,!rather!than!sa@sfiability.!
!   ! The! everAgrowing! demand! for! flexibility,! adaptability,!
customizability,!etc.!dictates!the!use!of!requirements!models!
both!at!design!@me,!run@me!and!throughout!the!lifecycle!of!a!
somware!system.!

+
+
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