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Hierarchized Distributed Constraint Satisfaction/Optimization
for resource allocation problem in distributed sensor network

KAzUHIRO OTA ,* TOSHIHIRO MATSUI + and HIROSHI MATSUO*

Distributed sensor network is an important research area of multi agent systems. We focus
on a type of distributed sensor network systems that cooperatively observes multiple objects
using multiple autonomous gaze control sensors. The sensor resource allocation problems of
the distributed sensor network can be formalized as distributed constraint satisfaction/opti-
mization problems. However, in the previous works, computation cost to solve the resource
allocation problems highly increases with scale/density of the problems. In this work, we
divide the problem into two layers of problems. Then two layered cooperative solvers are ap-
plied to those problems. The result of the experiment shows that proposing method reduces
number of message cycles.
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initialize own variables;
empty tabu_list
send values of variables to neighborhood agents;
until meet the end requirement do
receive other agents values;
call set_new_value;
if all values are in tabu.list then
send status that all values are in tabu_lis to
neighborhood agents;
else if new values of valiables is assigned then
send own values of variables to neighborhood
agents;
add new value to tabu_list;
end if
end while
procedure set_new_value
if all values are in tabu_list then
noting to do;
else if all conflicting agents are in tabu state then
assign new values to variables;
else if A > 0 then
assign new values to variables with pi;
else if current violation> 0 then
assign new values to variables with ps;
end if

02 DSTSOOO

0000000000000 30 d,d,20000

jJoobooooooo

e (z}):0000000000D000DO0
0000000000000000000000
00000000000 ;0000000000
0000300000000000000000
0000000000000 0000000
0f000(1)000000000000 v O
00000D0000000000000 n; 00
000+ 0000000000000000

0
wg n; =0

wi n;=1

i (1)

Foopei =
¢ (actj) wS nj =2

0 otherwise
o c'(ayl,2;,):0000000
D0000UD00DDDD0000000000
0000000000000100000000
0200000000000000000000
000000000000000000000 ¢

[I[IDDDlljljD fa00 (2)0000D0OO0OO
000 w® 000000O000O00000000

1 . .
w®  zyiNnz £
fcl(zsi’ z5i ) = ’ .j/
tj Tt 0 otherwise

(2)

o A(xfi,2;¥):0000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000 &0

69

038 STAVOOOOOOOOO

ooooooo f. 00 (3)00000O0O0O0
2
000 w® 00000000000 OODOOOO

2 . S.

c S il

= w xtj ?é :L.tj
0

otherwise
4.2 TAV (TargetAsVariable)
Joo00oo0ooOooOooooDoDoooooDooo
(TAV)DDDDDDDDDDDDDDDDDDDD
Jd0o00o0o0o0oooobOoOoobOoOooonoo 10
00000 100000000 TAVOOOOOOo
0400000000 40000 =, 00000 j
oooooooo000e, OOODODOOOO 50O
O0000oU00o0o00oooUO jO00DoOoOoooOg
0000000000 jOoO00000O0DODO0OO
O {so, - ,s,}00000000000000OODOO
o {¢7{80}v"'7{8"}7{80731}7"'7{307"'78"}}D
ooooooooooDooD 40 f,Joooo 20
oogoo
. co(xtj):DDDDDDDDDDDDDDDDD
0oo00Do0ooo0ooOoooooooooon
goboooooobojbooboobonbo
dooo3000p0o0oooobooooonoa
0000000000000 Loooooog
0 foDOO (4000000000000 v O
0000000000000o0o0o0o00 n; 00
000 ¢ 000000000000 O00o0on

®3)

wg n; =0

wi n; =1
fco(mtj): wco nJ .y (4)
2 J =
0 otherwise

o c'(x4,7,):0000000
0000000000000000000000
0000000000000000000000
0000000000000000100000
0000200000000000000000
0000000000000 0DO0D00O00O0n
00 £ 00000000 f.00 (5) 0000
00000000« 000000000000
00000

1
_ w® Tt; ﬂZUtj/ 7é ¢ 5
fcl(mj,wtj,) { 0 otherwise )



F1T2009 8

04 TAVOOOOOOOOO

05 OD000000000DODOOO0O

TAVODOOODOO00DO00000000000
000000000000000000000000
0000000000000 00000000000
0000D000000000000D0O0TAVOODO
0000000000

4.3 0000OO0OO0OOOOOO0OOOO
000000/0000000000000000
000000000000000000000000
00000000 00000D00O0OO0O0O®7000
000000000000000000 500000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
000D00AVA: ActiveVisionAgentD 000000
000000000000000000000000
000000000000000000000000
0o0oo0oooon

e AVADODODDDODOODODOODOOOO

e AVADDODDODODODOOODOODODOOD

0000000000000

e 00IDDOIDOODOD AVADDOODODO) O

100000000 AVAOODOOODOOODOO

0oooo

e I00DDDONODONDODDDDONOONOODOD

oooooooo

e 1000DDODDDODODDODOODDODO
5. 0000

STAVO TAVOOOOODOODOO0OO0O00O0000
0000000000000 00000000000
0000000000000 00000000000
0000000000000 00000000000
0000000000000 00000000000
000000000000000000000000
00000000D0200000000000000
000000000000000000000000
5.1 0000000
000000000000000000 10000
000000000000000000000000
000000000000000000000000
00000000000 0000000000000
0000000000000 00000000000

70

000000000000000000000000
000000000000000 100000000
000000000000000 6()000000
00000 6()0000 2 000000000
00, ;000000000002 00000000
j000000000000D 000000000
0000 {so, - ,8.,3 0000{¢,80, - ,8n} 00
000000000000000000000000
0000000 6(a)0 2,2, 0000 50
oooooooon
o “(a):0000DDOD
0000000000000000000000
00000000000 ;0000000000
0000000000000000000000
000000000 L 00000000 foO
0 (6000000000000 »w 00000
00000000Dooon

CO
— Wo
fc()(act;) = { 0

o c'(ayl,2;,):0000000
0000000000000000000000
0000000000000000100000
0000200000000000000000
0000000000000000000000
00000 < 00000000 f.00 (7)0
00000000000 »© 000000000
0ooooooon

7y =9 ©)

otherwise

ol

w zpl =y,
fcl(z,f;!zf;,>:{ 0 J J
o F(af!,;/):0000000000000
gbooboobooboboobooboooboooo
gboobooobooboobobbobooon
gboobooooooooboooobooobo
000000000000000 000000
00 f.00 (8000000000000 w®
goboboobooboobooboobooog

(7)

otherwise

2
c S; EN
w Ty #* Ty

e A(23):0D0000DDO1
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
00000000000000 30000000
0000000000000000 30000
0000000000000000000000
0000000000000 000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000

8
otherwise ®)



F1T2009 8

0000000000000 A0000000
0f.00 (9000000000000 w® O
0000000000000000000I0 ¢
0000000000000000v 0000 4
000000000000000

w®’ diel,vi<v .

f R x5’

Bt T ) ’
J 0 otherwise

(9)

.&@gwgyDDDDDDDDQ
A00000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
000000000000 00000000000
0000000000000000000000
0000000000000000000000
00000 40000000000000000
00000000 20000000000000
00000000000000000 ¢*0000
0000 f.00 (10)000000000000
v’ 00000000000000000000
A, 0000:000000000000000

0 otherwise

w54 |AIS1 ﬂAISi | >1
f&(mf?,xfi = 4 ti (10)
J 3/

goooboooodob 4100b00boobooboo
O00o0opoooOdOo STAVOOooooooooo
goobooob 2000000bD0D0DOOD O
gboobooobooobooboooboobooobooo
gboooboooobouooooboooooboo
goobo40000000DOOODOOODO
2*=1600000000000000000000
gbooboobooboobooobooobooobooo
goo0os0000000000DO00DOODOOO
gbooboobooobooboooboooooooo
gooooo

5.2 UJUOOODOOO

gooooooobooobooboobooooboo
gbooooboboobooobooooboooobooo
goboobooboobboobobooboboon
gboooobooobobbobooooboooooobooo
gbool10obooboboobobooboboobooboo 1o
000000O000oOooooe(b)y0oooOOOO
000 6(b)000OO :L’tjDDDDDjDDDDDDD
DDDDDDDDDDDDDDDDCEtjDDDDDDD
gsjo0boboobobobobobobogob jsobo0oooboOon
gooooooooooboy0o0oooooooooo
O {so, -+ ,$,} 0000000000000 DOODODO
O {()b’{s()}v"'7{‘9”}’{80781}""7{50""73’“}}D
gooooobo0oooooboooooooooobooo
goooboooooobooooobobooobobo
gobooooooobooboboooboooboooo
O000000ooooUooooooooooooo 6(b)

71

(a) D0ODOOD

0 0
c c
{ X, —— X,

4

(b)y 0DODODOD0

06 0O0000O0OO0ODODDO
0&f,d00002000000000
e ’(z;);0000000000000000ODO
00000000000 000o0ooooooo
0o0o00O00DOD jo000000000
0000300000000000000000
UooOooooooooon foooooooo
fo00O (11)000000000000 w* O
000000000000000000 n; 00
U000+ 0000000000000000

wSO n; =0
ws n; =1
_ 1 i =
fco(actj) - wSO n; = 9 (11)
0 otherwise

o c'(z4;,7,):0000000
0000000000000000000000
0000000000000000000000
0000000000000100000000
0200000000000000000000
000000D00000000000000 ¢'0
0000000 f,00 (12) 000000000
000w 00000000000000000

we

fcl(ztjyztj/) = { 0

0000000O0O00ooo0oO 420 TAVOO
O0o00ooO0o0ooooooOoo STAVOOoOoooo
goooobooooooooooobooooooon
gooooooooooboooooooboooon
gboodoooooocoooobooooboo 200040
O0OooooOoOo STAvOOooooooooooo
gobooooobooooooobooooooboo

5.3 OO0O0OO

oo ooogoo
gooooooooooooobooocooooooon
goooooooooooobobbOOoOO0O0ob00o0ooao
gooobooooooooooooboooooobon

Tt ; mxtj/ #*¢ (12)
otherwise



F1T2009 8

Jgoo0oobOooooooboooboobooooon
goboodbooooboboboboobbooboon
00o0o0bOo0oo0ooOOobOOoobOooooooon
goooooooboobooooooooooon
goboooboboboooobooboobobooon
Jgoo0oodoboOo0o0obOOoOobOOooboooobooon
ogoooogo 200000
o J0I0DODUOUODLDODDOODOUDODO
goooooo -0b0o0bo0oboooboooood
JUOOOO0O0OO0O (B)ooooooooooooo
true

{ false

e 00O 0O0O0OOUODDODODOOUOOUOODO
0o000oo0ooDooDoooDoooDg Ccoo
0000 (149 0000000000000

true

Iy — Yee C,fe=0
T false

otherwise

WAL =tree00000000O0OOOOOOOOO
goooooooooooboooooooooooo
000000000000 00o0O0o00o0oooooo
O00000O000O0o00o0ooooooooooo
gooo0ooobooooooooooooooooo
g00ooooooooooooooooooooon
O0o00000000o00o0oo0oooooonoon
god0o0oooooooooooooooooooo
go0o0oooooooooooooooooooon
O0O0000o00000o0o00o0oOo0ooooOoooo
Ogo0ooo010000000o0oooooooooo 7
go000 700 mystatusOOOODOOODOOOO
Jd0000000Oleaderdist 00O00O0OO0DOOODO
000000000 OOmessage0O0OO0OOOOO
0000000 Ovariablesd 2000000000
O0000o0o0oo0ooo0oooooooooooooo
O00000000Oo0o0o0oooooooooooo
O703100000000000000000

6. O O

STAVOOOOOOODOODOOoOobOoooooog
O00o0oooooooooooooooooonon
Oo00o0oO0o0o0o0ooo0oooooooooono
DSTSOOOO0OO0DOO0D0OO0 70000000 20
O000o0ooODSTSOODDOoOoOoobDooDoooo
000000000 bSTSOOOO 1000000
go0o0oo0o0oooooooooboooooooboon
000000000000 o0O0bOOo bSTSODOOOO
0000000000000 00o0o0oo0oooooo
go0o00oobo0o0ooooboooooooooooo
god0oooooooooooooooooooood
O00000O00oO0Oo0o0oobooooooboooo
Oo00d000oooO0o0ooooooooooonbo 100
godooOolooodonooOo 100000100000
00000000000 00o0ooO00oo0ooooooo

35 € J, xf; =3
otherwise

L (13)

(14)

W T DU W N

W NN NNINLIRNNDL £ e e
SO OIS UE WD R OO TDA R WN RO ©

31

72

initialize variables;
my_status < false;
empty leader_list;
while
previous_status< my_status;
receive others messages;
check messages;
if new leader is elected then
add new leader to leader_list;
make message about information of new leader;
end if
if elected leader came off then
remove old leader from leader_list;
make message about information of old leader;
end if
DSTS for solving leader election;
if Previous status # leader then
if I Al = true then
my _status« leader;
make message about my_status;
end if
if previous_status = leader then
if i1 A la = false then
my._status«— notleader;
make message about my_status;
end if
end if
if my_status = leader then
DSTS for allocation problem
end if
send messages and values of variables to agents
connected by the constraint.
end while
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