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Multiagent Planning
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PLANNING
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MULTIAGENT PLANNING
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MULTIAGENT PLANNING
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DISTRIBUTED PLANNING FOR CENTRALIZED PLANS
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CENTRALIZED PLANNING FOR DISTRIBUTED PLANS

o

o

o

o

o



P
re

p
a

re
d

 b
y

 K
a

z
im

 F
o

u
la

d
i  

| 
  

F
a

ll 
2

0
1

7
  

| 
3

rd
E

d
it

io
n

7

CENTRALIZED PLANNING FOR DISTRIBUTED PLANS

move( , , ) // move from to 

PRECOND:  on( , )  clear( )

POSTCOND: on( , )  clear( ) 

on( ,  clear( )

movetotable( , )

PRECOND:  on( , )  clear( )

POSTCOND: on( , )  clear( )  on( , )

A

B D

C E

F

Sinit

Agent1Agent2

on(A,B)  on(C,D)  on(E,F)

on(B,T)   on(D,T)  on(F,T)

C

A

E

B F

D

Sfinal

on(B,A) on(F,D)

on(A,E)  on(D,C)

on(E,T) on(C,T)

work backward from each “on” goal:

on(B,A)  

S1: move(B,T,A)

on(B,T)   clear(B)   clear(A)

movetotable(A,B)    move(A,B,y)

S2: move(A,B,E)

clear(A)   clear(E)   on(A,B)

…………..

………….

on(E,T)

S3: movetotable(E,F)
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CENTRALIZED PLANNING FOR DISTRIBUTED PLANS

S1: move(B,T,A) To satisfy the preconditions, we have:

S2: move(A,B,E) S2 < S1, S3 < S4

S3: movetotable(E,F) S6 < S4, S6 < S5

S4: move(F,T,D) Also

S5: move(D,T,C) S2 threat to S3  S3 < S2

S6: movetotable(C,D) S4 threat to S5  S5 < S4

Then the partial ordering is: S3 < S2 < S1

S6 < S5 < S4

S3 < S4

Any total ordering that satisfies this partial ordering is a good plan for Agent1

A

B D

C E

F

Sinit

C

A

E

B F

D

Sfinal
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CENTRALIZED PLANNING FOR DISTRIBUTED PLANS

A

B D

C E

F

Sinit

C

A

E

B F

D

Sfinal

DECOMP1

SUBPLAN1: S3 < S2 < S1

SUBPLAN2: S6 < S5 < S4

and S3 < S4

Agent1:    S3 < (clear(F)) < S2 < S1

Agent2:    S6 < S5 < (clear(F)) < S4

S3: movetotable(E,F) S2: move(A,B,E) S1: move(B,T,A)

S6: movetotable(C,D) S5: move(D,T,C) S4: move(F,T,D)
< <
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CENTRALIZED PLANNING FOR DISTRIBUTED PLANS

A

B D

C E

F

Sinit

C

A

E

B F

D

Sfinal

DECOMP2

SUBPLAN1: S3 < S5 < S4

SUBPLAN2: S6 < S2 < S1

and S2 < S2 and S6 < S5

Agent1:    S3 < (don’t_care(E)) < (clear(D)) < S5 < S4

Agent2:    S6 < (don’t_care(E)) < (clear(F)) < S2 < S1
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DISTRIBUTED PLANNING FOR CENTRALIZED PLANS
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DISTRIBUTED PLANNING FOR CENTRALIZED PLANS

A

B D

C E

F

Sinit

C

A

E

B F

D

Sfinal

Agent 1 - is specialized in doing movetotable(b,x)

Agent 2 - is specialized in doing move(b,x,y)

PAgent1 = { S3: movetotable(E,F) satisfies on(E,T)

S6: movetotable(C,D) satisfies on(C,T)

no ordering }

PAgent 2 = { S1: move(B,T,A),  S2: move(A,B,E)           satisfies on(B,A)  on(A,E)

S4: move(F,T,D),  S5: move(D,T,C) satisfies on(F,D)  on(D,C)

ordering  S2 < S1  and S5 < S4 }

Merge PAgent1 with PAgent2 by checking preconditions and threats

S3 < S2, S6 < S5, S3 < S4, S2 < S1  and S5 < S4

one agent executes (as is centralized)
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DISTRIBUTED PLANNING FOR DISTRIBUTED PLANS
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MULTIAGENT PLANNING
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ACTOR
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PLANNING WITH MULTIPLE SIMULTANEOUS ACTIONS
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PLANNING WITH MULTIPLE SIMULTANEOUS ACTIONS: TRANSITION MODEL
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PLANNING WITH MULTIPLE SIMULTANEOUS ACTIONS: LOOSELY COUPLED ACTORS



Tennis Doubles



P
re

p
a

re
d

 b
y

 K
a

z
im

 F
o

u
la

d
i  

| 
  

F
a

ll 
2

0
1

7
  

| 
3

rd
E

d
it

io
n

20



P
re

p
a

re
d

 b
y

 K
a

z
im

 F
o

u
la

d
i  

| 
  

F
a

ll 
2

0
1

7
  

| 
3

rd
E

d
it

io
n

21

PLANNING WITH MULTIPLE SIMULTANEOUS ACTIONS: LOOSELY COUPLED ACTORS
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COOPERATION: JOINT GOALS AND PLANS
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MULTI-BODY PLANNING

[<Go(A,[Left,Net]), Go(B,[Right,Baseline]>; <NoOp(A), Hit(B, Ball)>]

POP
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MULTI-BODY PLANNING

POP

concurrency

required actions

POP
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PLANNING WITH MULTIPLE AGENTS: COOPERATION AND COORDINATION

o(social law)

o

oflocking behavior
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FLOCKING EXAMPLE

 Three rules:

 Separation: Steer away from neighbors when you get too close

 Cohesion: Steer toward the average position of neighbors 

 Alignment: Steer toward average orientation (heading) of neighbors

 Flock exhibits of flying as a pseudo-rigid body.
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COORDINATION MECHANISM

e.g. Mine! Or Yours! in tennis example

(reactive) (deliberative)
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COMPETITIVE ENVIRONMENTS

o

o

o

o
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Stuart Russell and Peter Norvig,

Artificial Intelligence: A Modern Approach,

3rd Edition, Prentice Hall, 2010.

Chapters 11


