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Background	  

  SoPware	  Traceability	  
  To	  demonstrate	  that	  all	  idenHfied	  hazards	  have	  

been	  sufficiently	  miHgated	  in	  the	  delivered	  system,	  
and	  that	  the	  system	  is	  safe	  for	  use.	  

  	  Trace	  links	  
  incrementally	  constructed	  between	  hazards,	  

contribuHng	  faults,	  miHgaHng	  requirements,	  
design,	  code,	  and	  test	  cases.	  [1]	  
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Background	  

  Current	  	  techniques	  for	  trace	  creaHon	  and	  maintenance	  
  VSM,	  LSI,	  probabilisHc	  network,	  etc.	  [2][3][4]	  
  Problems:	  low	  precision	  rate	  

  Barrier:	  	  
  mismatch	  of	  terminology	  
  Example	  :	  

  Highway	  Wayside	  Segment	  shall	  monitor	  signal,	  road	  work	  
direc7ve,	  and	  hazard	  detector	  informa7on	  from	  field	  devices.	  

  During	  lamp-‐out	  condi7ons	  the	  WIU	  shall	  send	  the	  current	  
state	  of	  the	  highway	  signal.	  
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Related	  Work	  

  EvaluaHng	  regulatory	  compliance	  of	  product	  requirements	  to	  
standards(T.	  D.	  Breaux,	  A.	  I.	  Antón,	  et	  al)	  [5][6][7]	  

  CreaHng	  and	  mapping	  ontologies	  from	  requirements	  (L.	  Kof,	  N.	  
Assawamekin,	  et	  al.)	  [8][9]	  

  GeneraHng	  for	  traceability	  relaHons	  using	  Rule-‐based	  approach	  
(G.	  Spanoudakis,	  A.	  Zisman,	  et	  al)	  [10]	  
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Overview	  of	  the	  DoCET	  System	  

  Domain-‐Contextualized	  Expert	  Traceability	  system	  

  Knowledge	  Base	  

  LinguisHc	  Model	  

  Inference	  Rules	  	  

Overview	  of	  the	  DoCET	  System	  

	  Construct	  or	  acquire	  a	  domain-‐
specific	  knowledge	  base	  of	  concepts	  
and	  relaHonships.	  

	  Construct	  inference	  rules	  that	  
depict	  general	  heurisHcs	  for	  retrieving	  
expected	  requirement	  links.	  

General-‐Specific	  
Synonyms	  

Different	  
PerspecBve	  

PrecondiBon	   Subsequence	  

	  Map	  requirements	  to	  a	  format	  
interpretable	  by	  an	  inference	  
engine.	  

The Wayside Segment shall monitor 
signal….	


Executor  Action  Input  InputSender 
….	


	  Generate	  trace	  links	  using	  the	  
constructed	  expert	  system.	  
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Constructing	  Knowledge	  Base	  

  Prolog:	  logical	  programming	  language	  

  Vocabulary:	  object,	  object	  type,	  ajribute,	  relaHonship	  
	   	  wayside_segment,	  system,	  opera7onal,	  synonym,	  …	  

  Basic	  Facts:	  atomic	  sentence.	  
	   	  is_a(wayside_segment,	  subsystem)	  

  Complex	  Facts:	  complex	  formulas	  
	   	  is	  a(X,	  self_diagnos7c)	  :-‐	  
	   	   	  is	  a(X,	  diagnos7c),	  
	   	   	  X	  \=	  on_demand_diagnos7c.	  

  Terminological	  Facts:	  Disjointness,	  	  Symmetry,	  	  Inverses,	  etc.	  
	   	  father_of(X,	  Y)	  :-‐	  

	   	  child_of(Y,	  X).	  
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Executor	   	  AcHon	   	  Input	  	   	  Input	  Sender	  

Output	   	   	  Output	  Receiver	   	  CondiHon	  

Mapping	  to	  Linguistic	  Model	  

The	  OBM	  should	  acquire	  the	  current	  state	  of	  the	  highway	  signal	  

OBM	  should	  send	  any	  failure	  message	  to	  central	  server	  during	  the	  Disengaged	  Mode.	  

Inference	  Rules	  

  Rule1&2:	  General-‐Specific,	  
Synonyms	  
  ArHfact	  1:	  the	  DH	  subsystems	  

shall	  automa7cally	  execute	  
background	  tests	  for	  cri7cal	  
func7onality	  without	  impact	  on	  
current	  opera7on.	  

  ArHfact	  2:	  the	  DH	  system	  shall	  
be	  capable	  of	  performing	  self-‐
diagnos7cs.	  

Ar7fact	  1	  

Ar7fact	  2	  

Each	  role	  present	  in	  
both	  arBfacts	  

Consistent	  with	  

Each	  role	  present	  in	  
both	  arBfacts	  

General-Specific & 
Synonyms	
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Inference	  Rules	  

Knowledge	  base	  

Executor1	  	  :	  
the	  DH	  	  
subsystem	  

Executor2	  :	  
the	  DH	  system	  

AcHon1	  	  :	  
execute	  

AcHon2	  :	  
perform	  

Output	  1	  :	  
background	  	  
tests	  

Output2	  :	  
self-‐	  
diagnos7cs	  

the	  DH	  system	  

the	  DH	  subsystem	  

has	  part	  

perform	  

execute	  

Synonym	  

self-‐diagnosHcs	  

background	  tests	  

Include	  

ArBfact	  1	   ArBfact	  2	  

Inference	  Rules	  

  Rule3:	  Different	  PerspecHve	  
  ArHfact	  1:	  Automobile	  segment	  

shall	  send	  the	  highway	  signal	  to	  
the	  central	  control	  system.	  

  ArHfact	  2:	  The	  control	  segment	  
shall	  receive	  informa7on	  from	  
the	  automobile	  segment.	  

AcBon	  

AcBon	  

Ar7fact	  1	  

Ar7fact	  2	  

Output	  

Input	  

OPPOSITE	  	  
flow	  

Output	  
Receiver	  

Executor	  

Executor	  

Input	  
Receiver	  

Consistent	  with	  

Different Perspective	
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Inference	  Rules	  

  Rule4:	  PrecondiHon	  
  ArHfact	  1:	  The	  DH	  system	  shall	  

provide	  the	  ability	  of	  each	  
subsystem	  to	  upload	  diagnos7c	  
data	  to	  the	  HCS.	  

  ArHfact	  2:	  The	  DH	  system	  shall	  
provide	  centralized	  logging	  of	  
diagnos7c	  informa7on..	  

AcBon	  

AcBon	  

Ar7fact	  1	  

Ar7fact	  2	  

Other	  roles	  
present	  in	  both	  

arBfacts	  

Consistent	  
with	  

Other	  roles	  
present	  in	  both	  

arBfacts	  

NOT	  
consistent	  

	  
SAME	  	  
flow	  

Precondition	


Inference	  Rules	  

  Rule5:	  Subsequence	  
  ArHfact	  1:	  The	  system	  shall	  enter	  

Ini7alizing	  Mode	  at	  the	  start	  of	  a	  
new	  mission,	  and	  occupy	  this	  
mode	  un7l	  road	  database	  update	  
and	  departure	  test	  procedures	  
have	  completed	  successfully.	  

  ArHfact	  2:	  Upon	  comple7on	  of	  the	  
ini7aliza7on	  tasks,	  the	  OBM	  shall	  
transi7on	  into	  Disengaged	  Mode.	  

Output	  

CondiBon	  

Ar7fact	  1	  

Consistent	  
with	  

Subsequence	


Ar7fact	  2	  
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Experiments	  

  Datasets	  
  224	  System	  Requirements	  	  (SRs),	  	  
  945	  System	  Design	  arHfacts	  (SDs)	  
  582	  SubSystem	  Requirements	  (SSRs).	  	  

  IniHal	  Focus	  
  small	  subset	  of	  funcHonal	  requirements	  that	  

included	  30	  SRs,	  and	  24	  SDs,	  41/720	  correct	  links.	  
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Experiments	  

  Experiment	  1:	  Does	  the	  Expert	  System	  improve	  traceability?	  
  Our	  approach	  successfully	  idenHfied	  38	  out	  of	  41	  true	  links,	  and	  only	  retrieved	  7	  

false	  posiHves	  resulHng	  in	  recall	  of	  0.93,	  precision	  of	  0.84,	  and	  F2-‐Measure	  of	  
0.898.	  
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	  	  	  Standard	  trace	  retrieval	  using	  	  	  	  	  	  	  
	  	  	  Vector	  Space	  Model	  

	  	  Trace	  retrieval	  using	  Expert	  	  
	  	  System.	  

Numbers	  depict:	  	  
Correctly	  retrieved	  	  Links/	  All	  
Retrieved	  links	  

38/45	  

32/169	  

28/101	  

26/77	  

37/250	  

Experiments	  

  Experiment	  2:	  Are	  all	  five	  inference	  rules	  effecHve?	  

Rule	  1,2:	  	  	  55%,	  0.955	  

Rule	  3:	  	  	  	  	  	  16%,	  0.75	  

Rule	  4:	  	  	  	  	  	  13%,	  0.833	  	  

Rule	  5:	  	  	  	  	  	  16%,	  0.667	  

21	  
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TRUE	   FALSE	  
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Experiments	  

  Experiment	  3:	  Are	  the	  inference	  rules	  generalizable	  to	  other	  
domains?	  
  Ten	  traceability	  links	  between	  requirements	  for	  the	  World	  Vista	  

electronic	  health	  record	  and	  health	  informaHon	  system	  and	  
cerHficaHon	  requirements	  taken	  from	  the	  CerHficaHon	  
Commission	  for	  Health	  InformaHon	  Technology	  (CCHIT).	  

  Rule	  General-‐Specific:	  6/10,	  Different	  PerspecHve:	  3/10	  

Experiment	  

  Experiment	  4:	  Is	  an	  iniHal	  domain	  model	  effecHve	  for	  tracing	  
addiHonal	  requirements?	  
  10	  new	  SDs,	  24	  SRs:	  14	  true	  links	  

  Without	  addiHonal	  knowledge:	  expert	  system	  returns	  5	  true	  links	  
and	  1	  false	  link.	  

  With	  9	  items	  of	  addiHonal	  knowledge:	  expert	  system	  returns	  13	  
true	  links	  and	  1	  false	  link.	  

synonym(field_device,	  field	  _element)	  
synonym(broadcast,	  send)	  
synonym(automobile_segment,	  car)	  
…	  
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Future	  Work	  

  Automate	  the	  KB	  creaHon	  and	  the	  mapping	  from	  
arHfacts	  to	  the	  linguisHc	  model	  

  Construct	  expert	  system	  across	  mulHple	  domain,	  
expand	  and	  fine-‐tune	  the	  idenHfied	  rules	  

  Expand	  the	  expert	  system	  to	  support	  non-‐funcHonal	  
requirements.	  
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