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Mo+va+on	  

•  Train	  Agents	  cheaply	  
•  Perfect	  Knowledge	  
Engineering	  is	  Costly	  

•  Plan	  and	  Act	  with	  
Incomplete	  Domain	  
Knowledge	  

•  Focus	  on	  Incomplete	  
Ac+ons,	  but	  complete	  
set	  of	  Proposi+ons	  
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Anatomy	  of	  an	  Incomplete	  Domain	  

•  STRIPS:	  (P,A,I,G)	  
– P:	  Set	  of	  proposi+ons	  
– A:	  Incomplete	  Ac+ons	  

•  Known:	  Precondi+ons,	  Adds,	  Deletes	  
•  Possible:	  Precondi+ons,	  Adds,	  Deletes	  
•  Impossible:	  Precondi+ons,	  Adds,	  Deletes	  

–  I:	  Ini+al	  State	  
– G:	  Goal	  
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PARC	  Printer	  
(:ac+on	  HtmOverBlack-‐Move-‐A4	  
	  :parameters	  (	  ?sheet	  -‐	  sheet_t	  )	  
	  :precondi+on	  (and	  (clear)	  (Available	  HtmOverBlack-‐RSRC)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Sheetsize	  ?sheet	  A4)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Loca+on	  ?sheet	  HtmOverBlack_Entry-‐EndCap_Exit))	  
	  :effect	  (and	  (not	  (Available	  HtmOverBlack-‐RSRC))	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Loca+on	  ?sheet	  HtmOverBlack_Exit-‐Down_TopEntry)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  (not	  (Loca+on	  ?sheet	  HtmOverBlack_Entry-‐EndCap_Exit))	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Available	  HtmOverBlack-‐RSRC))	  
	  :poss-‐effect	  (and	  (not	  (clear))))	  
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Plan	  Seman+cs	  
•  Op+mis+c:	  	  

–  Ignore	  possible	  precondi+ons	  and	  deletes.	  	  	  
– Keep	  possible	  adds.	  

•  Pessimis+c:	  	  
– Assume	  possible	  precondi+ons	  and	  deletes.	  
–  Ignore	  possible	  adds.	  

•  Cau+ously	  Op+mis+c:	  
– Don’t	  assume	  anything	  
– Count	  models	  under	  which	  plan	  succeeds	  
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Synthesizing	  Plans	  

•  Op+mis+c/Pessimis+c	  
– Translate	  Instance	  to	  STRIPS	  instance	  

•  Use	  favorite	  classical	  planner	  

•  Cau+ously	  Op+mis+c	  
– Translate	  to	  Conformant	  Planning	  

•  Use	  favorite	  Conformant	  Planner	  (count	  models)	  

– Default	  Planner	  
•  Count	  models	  
•  Count	  failure	  diagnoses	  
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Conformant	  Planning	  
•  Ac+on	  Incompleteness	  à	  State	  Incompleteness	  

– New	  proposi+ons	  (e.g.,	  pre(a,p),	  add(b,	  q),	  …)	  
–  Ini+al	  Belief	  State	  (e.g.,	  unknown(pre(a,p)))	  
– Condi+on	  each	  effect	  on	  incompleteness	  

•  -‐pre(a,p),	  r,	  s	  =>	  g	  
•  pre(a,p),	  p,	  r,	  s	  =>	  g	  
•  add(b,q),	  m,	  n	  =>	  q	  

•  Must	  be	  Conformant	  Probabilis+c	  to	  count	  
(weighted)	  models	  
– Conformant	  Non-‐determinis+c	  requires	  strong	  plans	  

6/16/11	   7	  



DeFault	  

•  Extend	  [Garland	  and	  Lesh,	  AAAI02]	  and	  
[Robertson	  and	  Bryce,	  HDIP09]	  from	  single	  fault	  
to	  mul+-‐fault.	  

•  Founda+ons	  in	  Model-‐Based	  Diagnosis	  [Reiter,	  
AIJ87]	  and	  Assump+on-‐Based	  Truth	  Maintenance	  
Systems	  [de	  Kleer	  AIJ86].	  
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Plan	  Failure	  Explana+ons	  

Propositions   = {p,q,r,g}    
Incomplete Actions  = {a,b,c}   
Initial State   = {p, q}    
Goal    = {g} 
Incomplete Features  = {pre(a, r), add(a, r), del(a, p), del(b, q), pre(c, q)} 
Complete Features:  pre(a) = {p, q}; 

   pre(b) = {r}, add(b) = {r}; 
   pre(c) = {r}, add(c) = {g}. 

State Sequence:  (s0 = {p,q}, s1 = {p,q,r}, s2 = {q,r}, s3 = {q,r,g}) 
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Propaga+ng	  Failure	  Explana+ons	  
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Coun+ng	  Models	  and	  Diagnoses	  

•  Proposi+onal	  Models:	  26	  
•  PI1:	  2	  
•  PI2:	  1	  

•  Proposi+onal	  Models:	  24	  
•  PI1:	  2	  
•  PI2:	  0	  

pre(a, r) ∨ del(a, p) ∨ (del(b, q) ∧ pre(c, q))

pre(a, r) ∨ del(a, p)
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Heuris+cs	  

•  Op+mis+c/Pessimis+c	  
– FF	  Heuris+c	  

•  Cau+ously	  Op+mis+c	  
– Propagate	  PFE’s,	  ignore	  deletes	  
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Heuris+cs	  Cont’d	  

•  Select	  Suppor+ng	  ac+on	  for	  each	  proposi+on	  
– hM	  Fewest	  Models	  of	  effect	  PFE	  
– hPI	  Fewest	  Prime	  Implicants	  (Diagnoses)	  of	  effect	  PFE	  

•  Extract	  Relaxed	  Plan	  using	  chosen	  ac+ons	  
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DeFault	  Planner	  

•  Dual-‐Queue	  GBFS	  w/	  Preferred	  Operators	  
•  Return	  First	  Solu+on	  
•  All	  code	  iden+cal	  except	  heuris+c	  func+ons	  and	  
search	  nodes	  

•  Compute	  plan	  quality	  aler	  search	  
•  Pure	  Java	  
•  JDD	  BDD	  package	  
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Domains	  
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Incomplete	  Features	  
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Ques+ons	  

•  Q1:	  Does	  reasoning	  about	  incompleteness	  lead	  to	  
high	  quality	  plans?	  

•  Q2:	  Does	  coun+ng	  prime	  implicants	  perform	  
bemer	  than	  coun+ng	  models?	  

•  Q3:	  As	  the	  number	  of	  incomplete	  features	  grows,	  
does	  stronger	  reasoning	  about	  incompleteness	  
help?	  
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Q1:	  Quality	  
(#	  Bemer	  Quality)	  
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Q2:	  Coun+ng	  Performance	  
(Problems	  Solved)	  
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Q2:	  Coun+ng	  Performance	  
(Cumula+ve	  Solving	  Time)	  
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Model	  Coun+ng	  
Is	  More	  Costly	  

PI1	  Coun+ng	  
Is	  Cheapest	  



Q3:	  Coun+ng	  and	  Features	  
(Problems	  Solved)	  
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Execu+on	  in	  Incomplete	  Domains	  
•  [Chang	  and	  Amir,	  ICAPS06]	  	  

–  Plan	  op+mis+cally	  much	  like	  a	  classical	  planner	  
–  Learn	  adds	  and	  dels	  
–  Emphasizes	  Compact	  Filtering	  

•  Goalie	  
–  Plan	  with	  DeFault	  
–  Learn	  pre,	  add,	  and	  dels	  
–  Emphasizes	  Robust	  Planning	  

•  Q4:	  Does	  reasoning	  about	  incompleteness	  reduce	  the	  
number	  of	  execu+on	  failures	  during	  execu+on?	  
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Q4:	  Planner	  Invoca+ons	  
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Ac+ons	  Applied	  
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Total	  Time	  

6/16/11	   26	  



Summary	  

•  First	  approach	  to	  planning	  in	  incomplete	  STRIPS	  
domains	  

•  Coun+ng	  diagnoses	  (PIs)	  is	  faster	  than	  model	  
coun+ng	  and	  returns	  comparable	  quality	  plans	  

•  Execu+ng	  robust	  Incomplete	  plans	  requires	  less	  
re-‐planning	  
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Future	  Work	  

•  More	  types	  of	  models	  
– Condi+onal	  Effects,	  Temporal,	  First-‐Order,	  …	  

•  Correlated	  Incompleteness	  
•  Priors	  
•  Alterna+ve	  Representa+ons	  of	  Failure	  Expl.	  
•  Approximate	  Belief	  States	  
•  Knowledge	  Acquisi+on	  
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Thanks	  

	  
	  

DeFault	  and	  Goalie	  Java	  source	  code	  and	  domain	  
generators	  available	  online	  

hmp://www.cs.usu.edu/~danbryce/solware/default.jar	  
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