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Distributed Constraint Satisfaction



سىستم های چندعاملی
P

re
p

a
re

d
 b

y
 K

a
z

im
 F

o
u

la
d

i  
| 

  
F

a
ll 

2
0

2
2

  
| 

4
th

E
d

it
io

n

2

¾ ·¨Æh﹞ ¾1u`0 ]Â﹇
¿﹁a︺﹞

¾ ·¨Æh﹞ ¾1u`0 ]Â﹇

 ﹏Ç1h﹞ b0 ¾\1Ãb ~0³±0]°±0³G ¿﹞  D`³q ·?CSP ]±³m ︿Ãa︺GĊ

¾0 ·︻³¬N﹞  b01½aÂ︽F﹞  1?·°﹞0\¾  ]±`0\ \³O² oZl﹞Ċ
Ã0 ¾0a? `0]﹆﹞ ¯ÂÂ︺GEi1½aÂ︽F﹞  ·?¾0 ·±³﹎  b0 ·︻³¬N﹞ ﹉Ã ·﹋1½]Â﹇ 1u`0 ]±³mĊ¯  ½[ف

Constraint Satisfaction Problem (CSP)

 ﹏Ç1h﹞CSP  0`®0³G ¿﹞  wi³G¾1½ «FÃ`³﹍©0 ċ\a﹋ ﹏W ³NFhO ¿﹞³¬︻
 ċ﹏Ç1h﹞ ¯Ã0 n1[ `1F[1i ﹏Â©\ ·? 1﹞0¾1½ «FÃ`³﹍©0 ¾aG]﹞2`1﹋ \`0\ \³O² 1¼±2 ¾0a?Ċ



سىستم های چندعاملی
P

re
p

a
re

d
 b

y
 K

a
z

im
 F

o
u

la
d

i  
| 

  
F

a
ll 

2
0

2
2

  
| 

4
th

E
d

it
io

n

3

¾ ·¨Æh﹞ ¾1u`0 ]Â﹇
¿u1Ã` ︿Ãa︺G

¾1
½ ·

﹀©µ
﹞

 
¾ ·

±1﹎
 ·i

 
 ︿

Ãa︺
G

¾ ·
¨Æh

﹞
 Ğ

¾1
u

`0
 

]Â﹇ĝ

1½ ·°﹞0\
Domains

1½]Â﹇
Constraints

¾0 ·︻³¬N﹞  b01½ ·°﹞0\ Ě b1N﹞ aÃ\1﹆﹞1½aÂ︽F﹞ę
  D`³q ·? ·°﹞0\ a½

¾0 ·︻³¬N﹞  b01½]Â﹇ č¾ ¶]°°﹋ oZl﹞  D1>Â﹋aG b1N﹞ aÃ\1﹆﹞1½aÂ︽F﹞
 D`³q ·? ]Â﹇ a½¾0 ·x?0`  aÂ︽F﹞ ¾\0]︺G ¾²`Ě kÃ1¬±¿FhÂ© ·x?0` ď¾ ·x?0` ¿︻0cF±0ę

 UÃaq ]Â﹇(explicit) č D`³q ·?¾0 ·︻³¬N﹞ b1N﹞ aÃ\1﹆﹞ b0
 ¿°¬u ]Â﹇(implicit)č  b0 ¶\1﹀Fi0 1?¿︺?1G  ·﹋1u`0  ®]m1½]Â﹇  ¿i`a? 0`]°﹋ ¿﹞Ċ

1½aÂ︽F﹞
Variables

¾0 ·︻³¬N﹞  b01½aÂ︽F﹞

D

C

X1 2{ , , , }nX X X…

1 2
{ , , , }

k
v v v…1 2{ , , , }nD D D…

The constraints are defined by predicates,  pk(xk1, xk2, …, xkj) 

where each pk is the function 
pk : Dk1 × Dk2 × … × Dkj  {0, 1}
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WA, NT, Q, NSW, V, SA, T

e.g.,  WA ≠ NT, V ≠ NSW, …
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THE ASYNCHRONOUS BACKTRACKING ALGORITHM
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ADOPT (ASYNCHRONOUS DISTRIBUTED OPTIMIZATION)

Constraint Graph

x1

x2

x3 x4

Tree Ordering

x1

x2

x3 x4
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ADOPT (ASYNCHRONOUS DISTRIBUTED OPTIMIZATION)

x1

x2

x4
x3

VALUE messages

COST messages

THRESH messages

• Agents are ordered in a tree

• constraints between ancestors/descendents

• no constraints between siblings

• Basic Algorithm:

• choose value with min cost

• Loop until termination-condition true:

• When receive message: 

• choose value with min cost 

• send VALUE message to descendents 

• send COST message to parent

• send THRESHOLD message to child
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