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Parallel Working Memory
Modification and 
Pattern Match

Lock and schedule processes
run asynchronously.





P1

(A wombat)   
(B  koala)

(A wombat) (B koala)
(C wombat) (D wombat)
No P2 match 
if P1 is executed serially.

(A wombat) (B koala)
(C koala) (E koala)
No P1 match 
if P2 is executed serially.

P2

(A wombat) (B koala)
(C wombat) (D wombat)
(C koala) (E koala)

P1: +(A <x>), -(C <y>) -> +(C <x>), +(D <x>).
P2: +(B <x>), -(C <y>) -> +(C <x>), +(E <x>).

If P1 and P2 execute concurrently,
the result is an impossible working 
memory state for a serial system.

P1 & P2

Initial working 
memory















(P fill-actor-slot
     (cd-frame ...)
     (cd-attr  ^attr actor ^val nil)
     (fill-req ^slot actor ^val <val>)
  -->
    ....) 
    

Match

cd-framefill-req

Space select Space select

"Base" space
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CE1 (gate element) CE2

CE3

CE4

CE4

P-Node

Joins can not take place
until after the gate element
has been added.

CE1 CE2

CE3

CE4

CE4
 (gate element)

P-Node

Joins can take place
before the gate
element is added.

A. B.















Parallel Speedup for Toru-Waltz
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Action and matching
parallelism disabled.



Processor Utilization for Toru-Waltz

Time (in seconds)
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Processor Utilization for TSP

Run Time in Seconds
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Parallel Speedup for TSP

Number of Rule Demons
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Parallel Speedup for TSP
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New Right Token

AND
NODE

Tests

Left Token 1
Left Token 2
Left Token 3
Left Token 4
    :     :     :
Left Token  N

Tests

Left Memory

Left Memory Right Memory

New
Right 
Token

Left
Tokeni

(Left Tokeni  + New Right Token )

AND
NODE

Tests

New 
Right Token
Right Token 1
Right Token 2
  :       :       :
Right Token N

Left Token 1
Left Token 2
Left Token 3
Left Token 4
    :     :     :
Left Token  N

Left Memory Right Memory

New Right Token

A. B.

C.

Right Memory

New 
Right Token
Right Token 1
Right Token 2
  :       :       :
Right Token N



New Left Token

NOT
NODE

Tests

Tests

Left Memory

Left Memory Right Memory

Right 
Tokeni

New
Left
Token

NOT
NODE

Tests

Right Memory

A. B.

C.

Left Memory

Right Token 1
Right Token 2
Right Token 3
  :      :      :
Right Token N

New Left Token 
          (0)
Left Token 1 
    (# matches)
Left Token 2
    (# matches)
    :     :     :
Left Token  N
    (# matches)

 test succeeds

#matches

If #matches = 0
(i.e. no matches were found)
then propagate token through 
remainder of network.

Left Tokeni

Right Token 1
Right Token 2
Right Token 3
  :      :      :
Right Token N

New Left Token

Righthand side memory
represents possible match to 
negated condition element in 
production LHS.

New Left Token 
          (0)
Left Token 1 
    (# matches)
Left Token 2
    (# matches)
    :     :     :
Left Token  N
    (# matches)

Right Memory





Tests

Left Memory Right Memory

New
Right 
Token

Left
Tokeni

NOT
NODE

Tests

New Right Token
Right Token 1
Right Token 2
  :      :      :
Right Token N

Right Memory

New Right Token

A. B.

C.

Left Token 1 
    (# matches)
Left Token 2
    (# matches)
Left Token 3
    (# matches)
    :     :     :
Left Token  N
    (# matches)

Left Memory

New Right Token
Right Token 1
Right Token 2
  :      :      :
Right Token N

Left Token 1 
    (# matches)
Left Token 2
    (# matches)
Left Token 3
    (# matches)
    :     :     :
Left Token  N
    (# matches)

 test succeeds

#matches + 1

If #matches = 1
  (i.e. was previously 0)
new token has negated clause and
left token should be deleted from network
below.

-Left Tokeni

New Right Token

NOT
NODE

Tests

Left Memory Right Memory





AND
NODE

Tests

New Left Token
Left Token 1
Left Token 2
Left Token 3
Left Token 4
    :     :     :
Left Token  N

Left Memory Right Memory

New Right Token

A. B.

C.

New Right Token
Right Token 1
Right Token 2
Right Token 3
Right Token 4
    :     :     :
Right Token  N

New Left Token

New Left Token
Left Token 1
Left Token 2
Left Token 3
Left Token 4
    :     :     :
Left Token  N

Tests

Left Memory Right Memory

New
Right 
Token

New
Left
Token

(New Left Token  + New Right Token )

New Right Token
Right Token 1
Right Token 2
Right Token 3
Right Token 4
    :     :     :
Right Token  N

New Left Token
Left Token 1
Left Token 2
Left Token 3
Left Token 4
    :     :     :
Left Token  N

Tests

Left Memory Right Memory

New
Right 
Token

New
Left
Token

(New Left Token  + New Right Token )

New Right Token
Right Token 1
Right Token 2
Right Token 3
Right Token 4
    :     :     :
Right Token  N

New Right Token New Left Token

AND
NODE

Tests

Left Memory Right Memory

New Right TokenNew Left Token





Left Token 1
Completion Flag : Nil

Match List :
   Right Token 1
   Right Token 2
   Right Token 3

Right Token 1
Completion Flag : T

Match List : Nil
   

Right  Token 2
Completion Flag : Nil

Match List :  
    Left Token 2

Right Token 3
Completion Flag : Nil

Match List :
   Nil

Time 1

Left Token 1
Completion Flag : Nil

Match List :
   Right Token 2
   Right Token 3

Right  Token 2
Completion Flag : T

Match List :  Nil

Right Token 3
Completion Flag : Nil

Match List :
   Nil

Time 2

Left Token 1
Completion Flag : Nil

Match List :
   Right Token 3

Right Token 3
Completion Flag : Nil

Match List :
   Left Token 1

Time 3

Left Token 1
Completion Flag : Nil

Match List : 
 Right Token 1
   

Time 4

Propagate
 (Left Token 1 +   
Right Token 1)

Propagate
 (Left Token 1 +   
Right Token 2)

Propagate
 (Left Token 1 +   
Right Token 3)

and terminate.

Right Token 3
Completion Flag : T

Match List :  Nil
   

Righthand synchronization
process removes Left Token 1
from Match List and, because
list is now empty, terminates.

Left Token 1
Completion Flag : T

Match List : Nil

   

Time 4





AND
NODE

Right Token 1
Right Token 2
  :       :       :
Right Token N

Left Token 1
Left Token 2
Left Token 3
Left Token 4
    :     :     :
Left Token  N

New Right Token

T0   (Left Token 1 + New Right Token)  

AND
NODE

Right Token 1
Right Token 2
  :       :       :
Right Token N

Left Token 1
Left Token 2
Left Token 3
Left Token 4
    :     :     :
Left Token  N

- Left Token 1

T0

-T0     

A. B.

AND
NODE

Right Token 1
Right Token 2
  :       :       :
Right Token N

Left Token 2
Left Token 3
Left Token 4
    :     :     :
Left Token  N

- (Left Token 1 + New Right Token)

AND
NODE

Right Token 1
Right Token 2
  :       :       :
Right Token N

Left Token 1
Left Token 2
Left Token 3
Left Token 4
    :     :     :
Left Token  N

AND
NODE

Right Token 1
Right Token 2
  :       :       :
Right Token N

T0Left Token 2
Left Token 3
Left Token 4
    :     :     :
Left Token  N

T0

-T0     

-T0     

T0
Shows arrival order of tokens

Shows  final state of memory nodes.

Note that the 
final state of the
memory node is 
inconsistent  because
it contains  T0 which 
includes a nonexistent
working memory element.

C.
















































