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Consrtaint Relaxation in Distributed Constraint
Satisfaction Problem

Makoro Yokoof

The distributed constraint satisfaction problem (DCSP) formulation has recently been
identified as a general framework for formalizing various Distributed Artificial intelligence
problems. In this paper, we extend the DCSP formalization by introducing the notion
of importance values of constraints. With these values, we define a solution criterion for
DCSPs that are over-constrained (where no solution satisfies all constraints completely).
We show that agents can find an optimal solution with this criterion by using the asyn-
chronous incremental relaxation algorithm, in which the agents iteratively apply the asyn-
chronous backtracking algorithm to solve a DCSP, while incrementally relaxing less
important constraints. In this algorithm, agents act asynchronously and concurrently, in con-
trast to traditional sequential backtracking techniques, while guaranteeing the algorithm
completeness and the solution ~optimality. Furthermore, we show that, in this algo-
rithm, agents can avoid redundant computation and achieve a five-fold speed-up in example
problems by maintaining the dependencies between constraint violations (nogoods) and
constraints.
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when initialized do — (i
select d € Dy where Fy{{(z;, d)}) < threshold; — (i - a)
current_value«— d;
send (ok?, z;, d) to receiver_list; end do; — (i - b)

when received (ok?, z;, d;) do — (ii)
add (x;, d;) to agent_view;
check.agent_view; end do;

when received (nogood, z,n0good, condition) do — (iii)
add (nogood, condition) to nogood_list;
when (z;,d;) where z; € sender_list is in nogood do
request z; to add z; to its receiver_list;
add z; to sender.list; add (z;,d;) to agent_view; end do;
old_value « current.value;
check_agent_view;
when old_value = current_value do
send (ok?, z;, current_value) to z;; end do; end do;

when received (revise_threshold, z;,new_threshold) do — (iv)
when new.threshold > threshold do
threshold — new._threshold,
send (revise_threshold, z;,new_threshold)
to other agents except z;; end do; end do;

procedure check_agent_view — (v

)
when Fi(agentview U {(z;, current_value)}) > threshold do
if there exists d € D;

where Fi(agent.view U { (i, d)}) < threshold then — (v - a)

current_value « d;
send (ok?, z;, d) to receiver_list;— (v - b)
else backtrack; check_agent_view; end if; end do;

procedure backtrack — (vi)
nogoods — {V | V C agent.view and
mingep; Fi(V U {(2;, d)}) > threshold};
for each V € nogoods do;
new_condition — mingep, Fi(V U {(z, d)} ) — (vi- 2)
if V={} then threshold «— new.condition;

send (revise_threshold, z;, threshold) to other agents; — (vi - b)

else select (z;,v;) from V where j is the largest;
send (nogood, z;, V, new_condition) to z;;— (vi - c)
remove (z;,v;) from agent_view; end if; end do;
B2 Ave—VRETEHINIFHE
Fig. 2 Procedures for receiving messages.
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B {n/2-+1, 0} WHIBUCRIEAH VS (2 3B
THDHTERFETB).

Bl 4ic, n 2L EEED, RALIELIERY
BREEBM T ) R A (Basic Asynchronous Incre-
mental Relaxation, Basic AIR) & nogood Dik#EE
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—u— AIR with nogood dependency

—e— basic AIR
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Fig. 4 Required--stages for over-constrained
distributed n#-queens Problem.
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Fig. 5 Threshold Change in over-con-
strained distributed 12-queens
Problem.

FRAEBAUIERMBEEEM 7 L3 ) X4 (AIR with
nogood dependency) & @, &L n-queens %
BLDICMELINEI AT -V HERT. EA AIR
T ) LTI, nogood OEERE A A LTINS
Wi, EEREBEICET AERETY, Ho, s
BoNROBERIE, £ E TIKE S 172 nogood %
FETIMEND L0, DHOHEOKREAFIEST 3
CEBTERD. B 5505 K51, nogood DI
HHEHEEE ALK AIR 702y Xald, EA AIR
FTNTYRLERBUT, RBEISNERAF—UHIT
16 BERRBRL LTS,

R 5ic, BEHITH 548 12-queens IR i 1513
%, iD= D07 NIT Y XL BITAHEBED, =
F—Y OBINCBY 2EMDBTFERT. BEOwH
EIZ0THY, AT — VLT DN TERBERICRN
UCBHE=1/72=0.014 75D, BB S5 N3. no-
good DIRFEBFBABA LK AIR 7A=Y XATH,

ABENARME BT 5 680 281

#HAR AIR 73 ) o & UKL BIMEICEd
LERETDIBNCEIREINTVS, Fi, Drio
SEOBREABHFRTIC &L, KBMETOE
RICETIHEMBBHB I NTOECEBRINATH
3. BAIE, BE=1/162=0.0062 iz B3 2ERII,
nogood DIFFEFEAEZA Lz AIR Tidbhd hic 23
AF—ITHRTLUTVEH, A AR Tl 249 =
ToUVBPELING.

6. & -3

AHRITE, HRBRICBD 2BOKEE, LDE
BRHERE XD S TRE LTEB LN, A
NCREISNIT AT ) R8I, L0 —BETERO%
BB THERATRETH S, A7) Xalt, &
T—Y = Y ORORPIISFHMERE F B LT,
NS DFFHISFHRERORKE (BEMWE) D&/
LZTT > T3 (maxi=1,..,nFi(S) #B/MLT 288 S
ZRDTNB). Fi OFBFEERAT VT ) 20K
B L mERTHY, Fi & LTIEED BE
RAN2CEnTE3. Fi DEBAEFETIC &Ik
D, K7V ) X AEMOBOSKICEN D T LT
BeEIB. BRI, FiAx—Yv bt i OBGT
SHMRE R OBEBEEHRTNL, K7 Y o
REZ—Y 2 v MCETIHPEEER OEROEX
% B/Mbe 2% 5% 3.

7. 8 H b I

AT, S 5NIEBRBY TEBEEL
BOABERERBEICB VT, HROEERE B
THIRZ BRI s EELERLL, JERY v s 5
v F TS Y RARIERENZ ST L&Y, #]
W& HERBICHE 3R R 2 EEHIREERN 7L o
YXLMEZ6NBTEER LI, KT VT YRLAT
12, BIRISEEDONNy 2 25w F v 7aoa )Xo
SRR, =Y = v MIFERHICEIT LT EfE
T B, TT Y XLADESYE, BOSREETX
3., ¥, 7 VTV XLATRZ-Y = v FETE
EEh2HH0%MER BT 2158 (nogood) iz,
Z OROE RIS T 28455 Lick
D, EEKESEHESHER SN, FIEICBNT S ERED
BEEMENSONG C EAEREREHOTRLE.

SBOPIEREE LT, K7D Y XahkBES v
P -2 ic B0 A EFE M METO KRB REDN
HEICHBRT 2 EBBTF NS,



282 WL 2 IGE

W APEOBSAEHEITTFI -7 NTT 28 a
=4 —v a3 YREREFGOHEN 7 R, KB ZFE
T—F ) ~F BB LE T, T, BEROBE
THRIE A Y PEAVCHEBRZORHE ¥ &%
B LEd.
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