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Evaluation of Search Strategy in the Multistage Negotiation
Kazuniro KuwaBarat

This paper describes evaluation results of the search strategy (which is called three-
phase protocol) in a multistage negotiation. The multistage negotiation has been develop-
ed to realize resource allocation cooperatively in a distributed network. The problem it
handles can be considered a distributed ‘constraint satisfaction problem. The three-phase
protocol consists of an asynchronous search phase, a coordinated search phase, and an
overconstrained resolution phase. The characteristics of this protocol is clarified through
comparison with an asynchronous backtracking algorithm, which is one of basic algorithms
for a distributed constraint satisfaction problem. In this paper, the mapping between the
multistage negotiation and the distributed constraint satisfaction is described, and evalua-
tion results based on example problems created using a real-world communication network
database are shown. The results indicate that the three-phase protocol tends to spend
more time to recognize a overconstrained situation than the asynchronous backtracking
algorithm due to the overhead to calculate the goals to be given up in such a situation.
The results also indicate that the three-phase protocol is effective especially for problems
with weak constraints.
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Table 2 Subgoals in the example.

Agent | Global Goal | Global Plan | Subgoal | Stations to be
A gl gpl la la-ac
B 92 gp2 15k 1b-be
c gl gpl lc¢ ac-cd
92 gp2 2¢ ) be-ce
gl gpl 1d cd-1d
E g2 gp2 le ce-le

R PICBIEEL-VaY bOFTT-w,
FSvISTSAV N, BR
Table 3 Subgoals, plan fragments, and resources
in the example.

Agent A Resource
Subgoal l Plan Fragment rla
Resource Count 1
la ’ pla 1
Agent B Resource

Subgoal ‘ Plan Fragment | 72

Resource Count 1
15| 16 1
Agent C Resource

Subgoal ’ Plan Fragment | 7lc 72¢c 3 7dc 75¢

B8 Blick3BELAY bT—7
Fig. 3 Communication network example.

K1 flcBdad7a-nrrsy
Table 1 Global plans in the example.

Global Goal | Global Plan Stations Used

gl gpl la-ac-lc-2c-cd-1d

92 gp2

1b-be-1c-2c-ce-le

* EEOBEBTR 73 22BAT 3L SO TERKE
EBRTEBEILONDY, CLTOREIZHETD
CWNFAF—VRZTYIL - g ¥ ENRE TSRS
D=y EY S E BT B bR BIL L b
DTH5B.

Resource Count 1 1 1 1 1
1c¢ ple 1 1 1
2¢ 2 11 1
Agent D Resource

Subgoal | Plan Fragment rdd

Resource Count 1
1d | p1d 1
Agent E Resource

Subgoal ‘ Plan Fragment r5e

Resource Count 1

le ‘ ble 1
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Table 4 Intra-Agent constraints in the example.

Agent Constraint

C —((Xic #=NIL) A (X2 e#NIL))

x5 Pt sr—Y =y LI

Table 5 Inter-Agent constraints in the example.

Global Plan Constraint
apl —((X1a#=NIL)YD( X1 £ NIL))
“I((ch#:NIL)@(Xm#NIL))
gpz —\((X1D¢NIL)@(X20=#NIL))
—((Xze = NIL)YP( X, e £ NIL))

PNFRTF -V ATV I=Ya VBT BEREE T 1645
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Table 6 Global constraints in the example.

Global Goal | Constraint

g1 Xia%:NIL

g2 Xip#NIL
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Fig. 4 Processing time (in the number of stages).



Vol. 34 No. 7

WIMEL LB LEZ NS,

54 EBEZR

R 4 ICERER AT, B AIEE LD,
W4 DRBICHT AR 7~ VA Lo, B
i, THIONEL o — T — BT RTERT
x5OV TIERBINv I PSSy s icBF B R
T = VROPITOIRICEEE S, RiICBHFORE
ROWTHERB Ny 2 b w2 it BT 525V
DA RICRIEE Y, BEROREIC VTR
CPNFRF-IRT VIV a YCRBENTHEC
LARETAGIAERT - XETORT—VHES
gy PLTWS, 72K L, 7=x—XHEKRTNTOD
IV VTC—FROEDLLEDTRILVDT,
ZLTRENDH~DDEZ—~Y 2V FPBRDT = —R
KBTLEEE S - T7 2 — X2 BDL-ELT
N5,

5.4.1 FAXTORHIKESHE

BHOBEOMEICEL TR LFRF—V 3Ty
T v g YTCRTNTEREER? = —XTHERD
3 EWTAETH- . JERE Ny 2 b5 v 7 TR
Ny bFwrELIC (T8 DB, NoGood D2 v
= VBT INDB LK) BBROPE DLy
I E5 v BEDBDEMBEENTNS.,

CDTZT7obPhEEICTNFRT V2TV
Cx—vg VTRATFT-VHEIcENEERERESOX
BENbOD, FERENy 7 b5 v 7 IKBOTIRHEE
WE>TRF—~VHBKRE L BEIBEREBELN .

5.4.2 BHHOME

X5 13X 4 OBHFOHBEOEI % R

TNFRF=I RV -V a VICEBT AEREE O XM 1647

MRt EokE: FFRMERT = ~X0HR) :

RNy 7 b5 v s TRERMITIR Ny 7 + T v
7R EVBEBHOERICHL TITONB., v b5y
7 2T HRICiREN L DB OER OB T ~TOH
BEERLSTIEBHNELNSE, Licds-T, ik
%, BUOERICBNTHR THNER 25 & BT X
IEORBAELUIEE, Ny VS v s EECTR
DICK & BRI DS > TLE .

—F, TNFRF=VFITVI Y3 vOIERLE
R7 2—=XWCBBFBN 7 v 5y iTHYT BNET
RIEFH Ny 2 b5 v 2B 5 id 288503
DITEL, BAWEC - KEC e —h vicEd%E
g2 LS5 IBDY 7T — BRI S, Lk
> TRy 7 + 5 v 7 DX D ITEMOEHICHL
TNy 7 b3 92T 5RDITBMNOERTHLW B4
BEERTCERLEG. FRE v 2 b5 2B
WTENOERTHBER ZRC T &5 BEICREX
NTLE D LRHLERERDER & 12 22 Mok
ULy 7 b5 w7 inhhsd, MBI THEESLD
O ARRICBO TRERESDENTTLE - &R
T3, Licti-> THBHERGE TN TO®EH
BETIRICE =V FRF V2TV —~v s ViTE
O BIERER T = — XS RERET E C L b
3.
BHHIORMBICE I IMELHED L —FF T :

RNy 7 + T v 7 ICBNTREZDHDT—V
v FTZED NoGood HSHERE X dfzBef CHIRHRE
EDHCEDRBEING, Licds->T, $TOHHsE

PRI T BIBIIAL b DTH 3. 10
CCLTHRHLLEESTwIVFRTF—V R
Tvx—vs VIKEALTR7 = —XZ&

Asynchronous Search Phase
Coordinated Search Phase
B3 Overconstrained Resolution Phase

e Asynchronous Backiracking

DRAF—VHEERLTH S, £, BH

KBHE7 = —XbdbETTey PLT
N3, BFEROMEICBO TRV F X
F=U AT VT~V a yOFHBIERE
v }5y 2 CHBRLTEL DGR, @

50

HWTHBC EERBTLDOICRTF—Y
BB -TNBT Ebhs,

Processing Time (in the Number of Stages)

5.5 # z
DEOEBERID, 372—X7n

FPaMCBLTRDED 2T EBNZ
5,

Example Problems

B 5 B (X7 — V3 —BsNoss

Fig. 5 Processing time (in the number of stages)—when

overconstrained.



1648 BB E AR

ROMAREF 2bI TSN, —F, T VFRF—
ATV IV a VTRINTCOBELSEFRER 12D
WCABER7 = —XCBDTRIRNTOHESEEZF =
w 7 UTeh 2T 3720 acknowledge A - 727
2 baAEBRELTHEY. 207y, BRICHE
HTH B ERBT A 1DITRTNTOESBRE T~
REFT T EBREICH D, X5C acknowledge 73&
DT\ b ANDE =Ny FREH DD, BERTH
5T EAEBHET BDICKEIbR-TNEEERL LN
5.

Lal, —F, TVFRF—VxT VT~ g VT
BNTHE SN 5 NoGood Goal Set icid s a—,vv
TV OBEEBEROBERBA-THEDTED S
O— T - VEHELHNTEVO S a—rpa —
MU TIIEL 2 &M TE % A% NoGood Goal
Set ZF~NEF T Thh b (HEEFTREMEICE
TR e =N — v E DD BENENDT, ED
TN T =B ELDIS XODIRERTIRG
VL) BSKR, ZOBAICBNTR S =TS v,
YT T =D LRV BGEBEAICEL THERNE
SNTOBDTEDS a—r T =W DOTHEL »
FREUVICEET Ny 7 bS5 v 7 EBLICEEARDSC
L DSEIREIC L » TN B,

LichS-T, RWFRTF—IVRITVYI—Ya /il
NWTILBEINRAEAZ BT 20K S0 2 O
D, Vo ARBBLBRED I a—NvT—EH
X500 LD EDERNEBLINTNE LN K
MbsH .

6. 5 H b [

LETRINFRATF =3IV T—Ya vORSHA
SBHNFRHEE L TRAE, Fokl5itey ey
TENBPEBESLHICL, 851, EEBOBERD
F—shS LI LIHEEF T, wVFRTF—TY 1
Ty —Yg v ERERTE R OERN S HET
HLIERB Ny 7+ 5 v 7 EOWBEOREAT - 7.
FORR, TRTOSMa -~ —VvOBSKRE B &
BB ASBHEICH L TR VFRF—Y 4T
YI—2 g VBT BIEEMIERT » —~ XA R
L, FERE Sy 7 F 5 v 2N, D0 R
(RF—=VH) THERDBCEMTEBT ENbh
stz i, fFISEE TEINTDOS n—rv T —
NVDIREDRD LN & D IS HEIC LT, v
AF—=VRT YL -3 YISTRTOESEOEHE

July 1993

EHTHBC Licii v, ERMNy 7 Py rick
~, L OBARKMML»S. UL, ERHH Ny 2
b5 w2 TROLNB NoGood DE#HIITTITNT
Ld, FOT—-1%HEx50NI, BOOT—MCH
UCHEL T EBTEDZ RO S,

AEIOFHMEER T BFROME S Z > TRV RE
WKEARDOWTEICERL 1205, FEOERES opE
FEfEIC 52 228, SHIERENy 2 5 v 2 PAD
TNTY XbEDHBIISROBRETH 5.

k7, ERAE Sy 7 b5 v o TRERDIEFELHED
BRICEELERE2H-TL 5. chic20 Tk
b= U254 A2BALTEROETEZ 217~
FEOSRSHEIN TV EY. SEOBERICES
WIHIREIC BT HERDIEFEER 5 LIk R
E—F7 v 78RN ECENTFRENS. EEICED
SO EHDIEEAEZL 50, EHIKEDXIIC=N
FRF=V 32T~V vITBT S IERALEEY
2 —RD &S BHERFEEAEATNZ LIS HO
BHETH 5.

XS5, TNNFRF—=IRITVIL—Y g /BT
BFNw 7 b5 w7 QJEFICBELTHEDEREL THIE
Pole Ny 7 +5y 7 KHHET S retry DA v E—
PICEALTEOY 7T — a2 50501 EYIcHk
OTNB). ZNIKELTHAL»DE2—Y X5 4
7 2AEBAT L LIk, HEEOHESERTEC
EBTELD.

Ftz, ATV FRF—V AT VI~V a vDD
LB EOHBETH LBEMOPEICET O THHMEE
BET-7. wWnFRF-V 1TV —va vkl
JROBHATEZ X5 &9 5L, OISRICENTES
IR ETT D BDENDHA . _

BMEE Ay PV BREET - N—2EREHL
TR0 NTT (kv 2 7 AR O BEH T
BHFEE, RABEMERTCORHELET. T4, B
EEOBIEEN S NTT 23 a b —v g vRI2E
EFROBENIERRE, THREIS V-7 —F, &
7o, BRICEL D2 A Y b AN O RRFORBF
FRHEE, BRVEZVEZEFOKBREIERE
B, HHEELBRICRS L 5.

2 & X #

1) Collin, Z., Dechter. R. and Katz, S.: On the
Feasibility of Distributed Constraint Satisfac-
tion, AAAI-91, pp. 318-324 (1991).

2) Conry, S.E., Kuwabara, K., Lesser, V.R. and



Vol. 34 No. 7

Meyer, R. A.: Multistage Negotiation for Dis-
tributed Constraint Satisfaction, IEEE Trans-
actions on Systems, Man, and Cybernetics,
Vol. 21, No. 6, pp. 1462-1477 (1991).

3) Conry, S.E., Meyer, R. A. and Lesser, V.R.:
Multistage Negotiation in Distributed Plan-
ning, in Bond, A. H. and Gasser, L. eds., Read-
ings in Distributed Artificial Intelligence, pp.
367-384, Morgan Kaufmann (1988).

4) Davis, R. and Smith, R. G.: Negotiation as a
Metaphor for Distributed Problem Solving,
Artificial Intelligence, Vol. 20, No. 1, pp. 63-
109 (1983).

B) B|EFIE: wVFRF—Y 2T vL—va /i
X ZAEEREY, 1900 FROSEME Y v RY
v &, pp. 87-96, |HEALEZES (1990).

6) Kuwabara, K. and Lesser, V.R.: Extended
Protocol for Multistage Negotiation, 9¢h
Workshop on Distributed Artificial Intelli-
gence, pp. 129-161 (1989).

7) ZJERE, Lesser, V.R.: =V FRF—V 3T
VI -y YRBYLIT-VEREORE, ER
B S Ak, Vol. 82, No. 10, pp. 1269-1280
(1991).

8) Mackworth, A.K.: Constraint Satisfaction, in
Shapiro, S.C. ed., Encyclopedia of Artificial
Intelligence, pp. 205-211, John Wiley & Sons
(1987).

9) Nishibe, Y., Kuwabara, K. and Ishida, T.: Ef-
fects of Heuristics in Distributed Constraint
Satisfaction : Towards Satisficing Algorithms,
11th International Workshop on Distributed
Artificial Intelligence, pp. 285-302 (1992).

10) Smith, R.G.: The Contract Net Protocol :
High-Level Communication and Control in a
Distributed Problem Solver, IEEE Transac-

TNFRF—IRxT VI —Ya VIEBT SEREEOTME 1649

tions on Computers, Vol. 29, No. 12, pp. 1104~
1113 (1980).

11) Smith, R.G. and Davis, R.: Frameworks for
Cooperation in Distributed Problem Solving,
IEEE Transactions on Systems, Man and Cy-
bernetics, Vol. 11, No. 1, pp. 61-70 (1981).

12) [WOES, B, LhEER, REEE: &y
PO - BREEF -4 ~X—X, NTTR&D,
Vol. 38, No. 12, pp. 1509-1518 (1989).

18) {KEEH, (LdEEE, B EEMA
V=Y a YVYATLICBE SRy T — 7 BKE
By - ~—2, BFMEEEEAKELEA
£, B-254(1989).

14) Yokoo, M., Durfee, E.H., Ishida, T. and Kuwa-
bara, K.: Distributed Constraint Satisfaction
for Formalizing Distributed Problem Solving,
12th International Conference on Distributed
Computing Systems, pp. 614-621 (1992).

15) #E B, tFEvYFH £—74, GHE %,
FEME  SBERFRRIC L 558 R R
DERLE £ O, ETEHEEHERGE
(D-I), Vol. J75-D-1, No. 8, pp. 704-713 (1992).

(CERE 4429 A 10 HZAD)
(P 5444 8 HiR&)

BFE MR (E£B)

1959 FEAE. 1982 EBR{ K % T4
WERTENEE. 184 FRKFER
BEFLFEMREELIEEET. B
FEHABEEHELAGALL Dk
R—2RYRF &, SERGTERERY:
REDHFEC fEEE. 1988 4£ 9 § L O —4ER] Univer-
sity of Massachusetts at Amherst ZEWH X 8. B
#E, NTT 23 2=/ —va VRSERIREEHER.




