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Outline	
  

•  Update	
  from	
  Soar	
  Workshop	
  2009	
  
–  A	
  Soar	
  Model	
  of	
  BoHom-­‐Up	
  Learning	
  from	
  Ac(vity	
  

•  Experiment	
  
–  Demonstra(on	
  

–  Algorithm	
  

•  Results	
  
–  Developmental	
  approach	
  to	
  cogni(on	
  
–  Soar	
  for	
  something	
  else	
  than	
  problem	
  solving	
  

–  Future	
  work	
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This	
  is	
  not	
  a	
  maze	
  

… this is a hierarchical sequence 
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This	
  is	
  not	
  percep(on	
  
Touch:	
   Move:	
   Turn:	
  

0	
  

-­‐1	
  

0	
  
10	
  

-­‐10	
  

0	
  

0	
  

0	
  

-­‐5	
  

… this is sensorimotor schemes (Piaget, 1937) 
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This	
  not	
  about	
  reward	
  

•  Impetus	
  =	
  expecta(ons	
  it	
  works	
  *	
  Sa(sfac(on	
  
•  Bumped	
  episodes	
  (n)	
  *	
  Sa(sfac(on	
  bumping	
  (-­‐10)	
  

•  +	
  Moved	
  episodes	
  (m)	
  *	
  Sa(sfac(on	
  moving	
  (10)	
  

•  =	
  impetus	
  to	
  try	
  to	
  move	
  

•  This	
  is	
  self-­‐mo(va(on	
  
–  In-­‐born	
  predilec(on	
  for	
  sensorimotor	
  schemes	
  
– Pre-­‐defined	
  impetus	
  	
  

– Self-­‐organiza(on	
  of	
  behavior	
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Elabora(on	
  of	
  behavior	
  

Link	
  

Touch:	
  

Bump:	
  

Ouch!	
  

Oh!	
  
Surprise:	
  

Rub:	
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Learning	
  Mechanism	
  

Turn,	
  w	
  Touch,	
  w	
  

Turn	
  
	
  S	
  (0)	
  

Touch	
  
	
  S	
  (-­‐1)	
  

Touch	
  
F	
  (0)	
  

Schema	
  

Act	
  

Schema's	
  context	
  

Schema's	
  inten(on	
  

Act's	
  schema	
  

Learning	
  

Move,	
  w	
  

Move	
  
	
  S	
  (10)	
  

Bump	
  
	
  F	
  (-­‐10)	
  

Touch-­‐Move,	
  w	
  

Touch-­‐Move	
  
	
  S	
  (9)	
  

Touch-­‐Move	
  
F(-­‐1)	
  

Turn	
  
	
  F	
  (-­‐5)	
  

Touch-­‐Move-­‐Turn,	
  w	
  

Touch-­‐Move-­‐Turn	
  
S	
  (9)	
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Construct	
  and	
  test	
  episodes	
  
	
   # O	
   	
  	
  	
  	
   O	
   	
   O	
   # # ## # # 	
  	
  # # # O	
   # O	
   O	
   	
   O	
   # # O	
   	
  	
   O	
   O	
   # O	
   	
  # # 	
  	
  	
  	
   O	
   # 	
   O	
   O	
  

O	
   # 	
   O	
  

	
  

	
  	
  	
   O	
   	
  	
  	
   O	
   	
  O	
   	
  	
  

O	
  

	
   O	
   	
  

(O)#

O	
  

O	
  

O((O))	
  

(O)#

O	
  

O	
  

O	
  

(O)#

O	
  

O	
  

(O)(O((O)))	
  

	
   	
  	
  

O	
   O	
  

O	
  

1	
   2	
   3	
   4	
   5	
   6	
   7	
   8	
   9	
   10	
   11	
   12	
   13	
  14	
   15	
   16	
  17	
   18	
   19	
   20	
   21	
   22	
   23	
  24	
   25	
   26	
  27	
   28	
   29	
   30	
   31	
   32	
  33	
   34	
   35	
   36	
   37	
   38	
   39	
   40	
   41	
   42	
   43	
   44	
   45	
   46	
   47	
   48	
   49	
   50	
  

	
  

51	
   52	
   53	
   54	
   55	
  56	
   57	
   58	
   59	
  60	
   61	
  62	
   63	
  64	
   65	
   66	
   68	
   69	
   70	
   71	
   72	
   73	
   74	
   76	
   77	
   78	
   79	
   80	
  

O	
  

67	
  

O	
  

75	
   81	
   82	
   83	
   84	
  

85	
   86	
   87	
   88	
   89	
   90	
  

O	
  

(O)(O((O)))	
   (O)(O((O)))	
  

((O)(O((O))))	
  ((O)(O((O))))	
  

O	
  

O	
   O	
   O	
   O	
  	
  

O	
  O	
  

O	
  

(O)#

(O)#

O	
  

(O)#

O	
  

(O)#

O	
  

O((O))	
   O((O))	
  O((O))	
  

O	
  

O((O))	
  

(O)(O((O)))	
   (O)(O((O)))	
   (O)(O((O)))	
  

(O)(O((O)))	
  

((O)(O((O))))	
  ((O)(O((O))))	
  ((O)(O((O))))	
  ((O)(O((O))))	
  
((O)(O((O))))	
  ((O)(O((O))))	
  

O((O))	
  

(O)(O((O)))	
  

((O)(O((O))))	
  ((O)(O((O))))	
  

O	
   # 	
   # X	
   X	
  Touch	
   Forward	
   Right	
   Led	
   Succeed	
   Fail	
  

(O)#

O((O))	
  

(O)(O((O)))	
  

(((O)(O((O))))	
  ((O)(O((O)))))	
  (((O)(O((O))))	
  ((O)(O((O)))))	
  

(O)(O((O)))	
  

91	
  

((O)(O((O))))	
  ((O)(O((O))))	
  

Control	
  cycles	
  

S4	
  

[S4,F]	
  

S5	
  

[S5,S]	
  

S7	
  
S6	
  

[S6,F]	
  

S8	
  

S7	
  

S10	
  

S8	
  

S12	
  

S10	
  

[S2,S]	
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An(cipa(ve	
  Situa(on	
  Awareness	
  

S7	
  

S3,	
  S	
  

S7,S	
  

Time	
  

S8	
  

S10,	
  4	
  

S8,	
  S	
  
(3)	
  

S10,S	
  

S9,	
  6	
  

S9,S	
  

S13,1	
  

Current	
  
situa(on	
  

S6,S	
  
(5)	
  

Base	
  
situa(on	
  

S6	
  

S3,S	
  

83	
   84	
  

S12,1	
  

S11	
  

S11,S	
  

Enacted	
  schema	
  

Enacted	
  act	
  

S5,	
  S	
  
S2,	
  S	
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Results	
  

•  It	
  learns	
  to	
  increase	
  it's	
  sa(sfac(on/step	
  
•  It	
  learns	
  to	
  perceive	
  its	
  environment	
  

– No	
  pre-­‐defined	
  perceptual	
  buffer	
  
– Pragma(c	
  understanding	
  of	
  percep(on	
  

•  It	
  constructs	
  a	
  situa(on	
  awareness	
  	
  
–  Includes	
  an(cipa(on	
  and	
  affordances	
  

•  It	
  constructs	
  temporal	
  episodes	
  
– Episodic	
  memory	
  with	
  temporal	
  paHerns	
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Scheme	
  
Scheme	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Alterna(ve	
  view	
  of	
  cogni(on	
  

Symbolic	
  computa(on	
  

Percep(on	
  
Ac(on	
  

Environment	
  
Time	
  

Scheme	
   Scheme	
  

Scheme	
  

Keeps perception and action unified (plenty of authors) 
Grounds meaning in activity (Harnad, 1990) 
Opens the way to second-stage learning (Piaget, 1937) 

Elabora(on	
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Weaknesses	
  

•  It	
  is	
  very	
  low	
  level	
  
•  Long	
  way	
  to	
  go	
  
•  Unusual	
  usage	
  of	
  Soar	
  

– Soar	
  helps	
  a	
  lot	
  
•  Graph	
  processing,	
  valued	
  preference	
  mechanism…	
  

– But	
  	
  
•  Soar	
  is	
  op(mized	
  the	
  other	
  way	
  around	
  
•  Maybe	
  use	
  seman(c	
  memory	
  to	
  store	
  episodes?	
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Future	
  work	
  

•  Gradually	
  increase	
  complexity	
  

•  Support	
  distal	
  percep(on	
  
•  Support	
  distal/spa(al	
  representa(ons	
  
•  Support	
  internal	
  simula(ons	
  of	
  course	
  of	
  ac(on	
  

–  Based	
  on	
  learned	
  ability	
  to	
  predict	
  and	
  on	
  ac(on	
  inhibi(on	
  
– Would	
  (we	
  hope)	
  lead	
  to	
  the	
  emergent	
  autonomous	
  
construc(on	
  of	
  symbols	
  

•  Blog:	
  hHp://e-­‐ernest.blogspot.com/	
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