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abstract

In the current age of breakthrough AI technology, things once thought too difficult
for humans to solve are, one by one, becoming more feasible. However, even presuming
AT technologies such as machine learning (including deep learning) are highly accurate
in their predictions, complex statistical models can make AI bases for judgment inex-
plicable to humans, presenting something of a black box problem. This has become a
significant issue in research on automated negotiation, where different automated agents
try to reach an agreement cooperatively. Namely, although the result of the agreement
reached through automated negotiation is known, humans are unable to explain the ba-
sis for the agents’ decision and the process by which the decision was made. This issue
remains a major barrier to the introduction of automated negotiation to areas where it
is potentially applicable, such as the electronic market, crowdsourcing, or autonomous
driving, and a solution is desired in order to facilitate such implementation in the real
world. The purpose of this study is to establish a model that can represent the cooper-
ative process of automated negotiation in a way that is understandable to humans. As
such, we compare and verify (1) negotiations by humans with (2) negotiations with the
current automated negotiation technology in order to design a cooperative system that
can be understood by humans. To accomplish this, we first examined the cooperative be-
haviors involved in reaching an agreement in (1) human negotiations. This investigation
of human negotiations was conducted with certain constraints based on the parameters
of automated agent negotiations, and an experiment on the human negotiations was con-
ducted over chat. The human negotiation experiment confirmed that those who made
concessions or compromises as part of the cooperative process were less satisfied with the
agreed upon results than those who were convinced.

The study next examined how the algorithm in (2) a typical automated negotiation
operates in order to reach an agreement between automated agents. In this study, we
used the ANAC (Automated Negotiating Agents Competition) and the PRIANAC (Pa-

cific Rim International Automated Negotiation Agents Competition) as environments



representative of typical automated negotiation. The automated agents in the negotia-
tion in this study were implemented such that their cooperative behaviors were based on
references to past negotiation data, using a K-nearest neighbor algorithm to search for
proposals for enhanced social welfare. In the evaluation experiment, negotiations were
simulated with agents who made it to the finals of international automated negotiation
competitions PRIANAC and ANAC. The negotiation simulation found that the proposing
agents were able to find solutions that resulted in high social welfare in various domains
of negotiation. However, in the (2) typical automated negotiations mentioned above,
agreement was reached through adjusting the threshold of the utility values according to
a complex mathematical formula, unlike in (1) human negotiations where agreement is
reached through adjusting one’ s proposals according to constraints and the matter at
hand, making the cooperative process of automated negotiation difficult to understand
for humans.

Accordingly, in this paper we propose a cooperative automated negotiation process that
can be understood by humans, in which issues are tempered by removing constraints found
in human negotiations, rather than reaching an agreement through threshold adjustment.
The proposed process uses constraint relaxation for the issue at hand to reduce the total
number of possible utilities (values) by reducing the number of constraints to be satis-
fied. When constraints are relaxed, it becomes possible for humans to understand the
process simply by which constraints were relaxed according to the parameters “Believe
in the constraint” or “Do not believe in the constraint.” In the automated negotiation
model proposed in this study, constraint relaxation is introduced by having agents that
have a set of constraints that they believe in (IN) and a set of constraints that they do
not believe in (OUT). We introduced a process that relaxes constraints by changing the
constraints that are believed in to constraints that are not believed in (from IN to OUT).
This process considers various strategies in order to change constraints from IN to OUT.
In this paper, we propose four methods of constraint relaxation: constraint relaxation
based on value, random constraint relaxation, constraint relaxation based on distance,
and constraint relaxation based on value and distance. The evaluation experiments con-
firmed that the constraint relaxation methods based on value, on distance, and on value
and distance were able to obtain significantly higher social surplus values than random
constraint relaxation. From the above, this study goes on to propose a model for auto-
mated negotiation that reaches an agreement through constraint relaxation, resulting in

a cooperative process that is understandable to humans, resolving the once opaque black



box problem. The results of this study show great potential with regards to the question
of whether automated negotiation implemented on a computer can be made to also be

understood by humans.
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1.1 HROER

Bl e ND &S BHIEENTE D LD ICT DA, NEHOKREIRED 1 DThHo/-.
BEAEART ORI, TNE TIZEBRDAATREAREAM TH o 72 € OWVEBIARERFAAN &
BoTETCWD. ZO&D BN RIEEZITZDEMOERIX, ATHIEE [1), [2](Artificial
Intelligence: AI) &FFIEN D DB THZUICL Y, FELTE TS, ALHEGEDOWHZEIEAD
FMEZNREUTHY, REROBMTIIER T 2 2 & B3R R AN DORIMERED L 2 ilAH 7z
EDTHD.

UL, Ml % ORMEDEMZ T TIE, AD XD IR REY ORI 2 RS 5V %
HEBZL3IHNETHD. TOLED, 22RO RDEFNENR L U 25N THI6E
[3](Distributed Artificial Intelligence: DAI) DfFEATHONT WS, WA THIEETIE, =
=V NEENDHAENRY 7 8T 2T EYV a0 &Y, ADHEREOEFIEE
WBWTHVZKZTEOMMEERZREL TS, T—Y v hOBEEE AWML
MIBEDHE Z Bond[4] 1&, K& < pEpMERR e XNV F -V 2V MY AT A 5], [6]
(Multi-Agent System : MAS) @ 2 D278 ULTWd. 1 DHODO RN ERR &%, &
BOMEMRRENHI LT, HD 1 DOMEZMRI S & 5 MEMROE TV [7) DWFZET
H2. 220HOIYNF TV VY MY ATLLE, BEOT—Y Y MEOMEIERHIZE
HUZMRETHD. HEtGdAMERRE SV F =YY NV AT LD 2 DDOH5 % FH
5 (8] 1F, BEABBAIZEDEDTHD LBRANT WS, St FMERROEL & LT,
Lesser[9] 5 1980 fELHOWIZETIX, / — RANOWMEL L ) — RE DG & IZE T £ 3FEN =
ThHok. J—=R&E, 2747V, 3=, BLUMEOHEZHFOETDILTHS.
LITAN, 1980 I ARD L, J— ROBEBEMEN S HMEEROMEL 2, <L
FL—I LV N ATLAEDBERPEIRIZZ >, MEDZ L E2BEEFAT, GHS [8] &
A ER R e XN F T =V 2V NV AT LD 2 DORHEEBEDOED L L, Fizllh
AR, RB AL 2 D2 REBMEL LTWD. 1 FBHITRU LGP ERR &



% 1. FFi 2

E, O -—YzV BIEOHMZEK TS e 2 HEETHRTH L. 2HBHBIZRLA
BBk, BN OHEZ R OEBO TV Y MRBIZ LY, BEPHTED 5 Y
FLWIHM MR L BABROBRADOHNZERT 2 Z & 2L ULEMEMTON TS, K
e T, 202 F/BHDORB L2 SR NRIERZ L TTHD.
T—VzY hALORBEEFHRELIIZN, ThTNOT—V Y hDOEEMEICHE
GEIEEZ 9. Z<OHBRETE, BEZEEL, HDBEEORIEDSEIC
T35, GREEHTIEZOICHCONDIZAEIEZ, T—Y =Y MR ORAZER» 5k
N, HEIRBIZE T D3RRI, ADRHZER 2 BRT S 72 OICEMEREH R O LB 5
lINTWS., TDRD, T—YzV MNALOGEEZAPEETL I LIFHL <, 52D
TOv A%EHTE I EIENETHS.

2T
B
b5

1.2 HREROBEN

AWZEDOHIIE, 1L1HITRAZ NIZHAT R BERBOmA 7o 22 KRB L ZET
VOWMITH D, HER W2 G0 N THEEICET HMimE, TOIERIZEWTHAELA K
DENDESITR>TETWD. HIRIE, NTHENEHEOZE CHVDERT — A N—2
WREDI T —DH5-ODITERS B WFEREENTUEDS RN H S, FFEE LT, K
H5 &, 7 AV WENFEEMZEFT (national institutes of health : NIH) 2@k U T2 &
T — 2 R—212% K ORES 7R T NV EINTND LR RTW5 [10]. 20
Mo T NV EFEE U N THIBEN RS 2 W 2 . AN THIBEA > TR UZBRIZED
E, BHINEEIIH U CTERITAZ T LIFEFEIBRTHD. TDAD, NTHIBE,
TNZRHTEZI—FITH U TR TELFHIHE TE2HERH D, ZDOANTHEEDHEHRHL
ZNIZAMBDITEIHTE S L DI LA, FHHHATEEAR N TAIEE [11] (Explainable
AT : XAID) LIEENDHEAOMMTH S, XAI[12], [13], [14] 1%, KE D E B S r2E51
J& [15] (Defense Advanced Research Projects Agency : DARPA) IZX2EFTHY, A
THIGEIZEE T 2 Bl D B vy, HEZSE & UTHRIFEENREE>TEI TS, il
ATREZR N TAIBEIR, NI U CHANBE RIS TH 5 EES W, BHENEIRR &% Ik
D, BEREIZHRERWIEL Z>TWS. TD7/~d, HHMHEZR N THIBEDIFEIEATE DX
RKTHLHIRBIZ I DERREIETOIMEIIEENTWS. HEIZRBIE, BENET—
VIV IPANIRD>THDHNEERT 2 72OIIRBE2ITOILMADZ LT, YIVFIT—
VIV hNYATLAD 1 DOHEBTHD. AFETIE, NIHHAMERBEIRBOWHH 70
AMBRETEDETIVDOMESLZ HINIZLTWD., ZD728, RWFSETIEIADE T DR L
PERD Al 2 HOW - HEI R W2 kL, SRR RN 2 ERE > THLMNITS. TU
T, FoNAEREEE 2, NIHATRZABRBOHH 7O ANKEHTELET VO



1.3. AKX DL 3

sz % HiEd.

1.3 AERWI DI

RO E L TIORY. £9, 2 W TAMBICE T 2HEE R L HEIREP A REMEK
DOHFICET B RITDONTIEANS., FHZ2ETIE, T—Y oy MIET 2 HHAOB &% %
U, NMIEHHATEERHERZBICDOWTHET 9 5. RIZ, 3ETIXEHEIR B ARTORHEZ
ST D20, FIERETD. FMERIIARLORBIZE T GBI 72O DT
BHefads. flhE, T—Y oV NALOHBRBOREEZEE Z, ik, & 0HmMA%E R
7, Fry b HOTARLORBOFERZFEMT 5. RIZ, 4 HTREHRBE AFRLDOR
B B 72DITERD BENRHIC L 2 FHEEREZ TS . A TIIREROBHE LB E U
THEWN AR HBREEHSTHD ANAC[16], [17], [18] (Automated Negotiating Agents
Competition) B & ¥, PRIANAC (The Pacific Rim International Automated Negotiation
Agents Competition) DEBEZHWS. AR TEEL ZHHRBOT—Y =¥ NIt
FEIZHEDOZBIERNSGBIRTE I TEEL, KOEFEIEIZL 2 ABERBEHOBR 2T
ST &Y, HRNRFEEEZ FDD & D BEBEORERITD. /2, FHIERIZEERK
RHEHEBRBE 2O PRIANAC, 8LV ANAC OB ARKNCHEG LAZT—Y Y DR
Brial—rvarvegEfidsd. 5ETIE3HEL A HONEEHE A ZMDET )V & %
U, #ffidod. 3 mOMKRDBEHERLHETIX, MAEORMEEZ EMZEANLHETLHZ LT
AREEEBLTCNS. TOED, 2EOANALORBTRONZFmEPHANSBHDOAR
FEEETDH L ITEN, NTHUTHATO L ZAOBHPHETH L. £ T, KX
TIXEMEOHTEN S ABEEZ1TO DTIF AL, ANALORBTHOLNSHIFIZHY R Z
ET, MRERATDAMAND, NIHHARREIZBICS T HH 7o A2 RET
5. MR ERNTOMMAL UT, KRR TIEHZIANSHHOKZDR<TE5ILT, H
ML) 135 %0 (lifiE) ORI Z2 A2 < § 2 HIFEMZHWS. HIREMATThN g
BT, TEOHIHZEFELT), TEDHIZELTHROD] 26 ED & D IHIFHEM U 72
MOFBANARRIZ RS, AR TRETLIHERBOETIVCTIH, T—Y VY MBMEUD
(IN) HRES LEFEL RN (OUT) #INEGZFED, fNZEL D IN 250 < DOl
Z2fEUBWV OUT IZZMLIED Z & T, iR o AfAazEALL. ZITEALKLML
A, EDEDIZHlFZE IN 25 OUT IZZHE L TH LK NI DWW TERA ZHIRNE 2 50
5. KX T, 4 D0 HEZRERET D, IO HREM, Bk D < HIRIRER,
B &, flifl & BRI D < HIRIRRR, TV X AGIRIRHITH D, RIFETIE, FRELU 7Af
V2D HIRURRRD, BEMEZ D SHIRER, X0, ffiffl & BRSO Gk, 5>
B LHIFFREROD 4 DDFIE L HERKOBMEIC L 2 EABWRFELZ LKL, TETLOENEZ R
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N5, mED6ETAMEDELDHE LT, KIETHLNAZHA L SEOPFEIZONWTIR
N, HEIRBEOSHEDRELEIZOWTELHD.

1. 1ICAGm SO = B E=DOBEEX & UTmRTY.
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=

o

ESpy

21 FE

ARETIE, AFROER L RDEEMNZIIONTHRRD. £79, 220 Tk, KOS
MR THDHIRBOBEFRIZOVTENDS, IRIZ23HTIIAMIED LR T —X T
H D HBLZII BT DI DOV TRA 2RI Hi TRl iE &R HBI R IZ B 1T S il DFR
BIZDOWTRTY. BRI, AEDZRHCTHENHELZEEHHICOVWTERL, AEZZ L
5.

22 BHERSOEEMFR

HERBIET—V Y MNALORBOMETHLNZHENS, AORBORITRLELE
T5ZENRBEINTVD. ADORHEIX, ABBERIZBENTHEEIFORE & 5 5 RIFEK
HEICTHY, SRRAFERREDOREDOHG 2 MRS L HEL UTEETHD. TDLD,
ANDLZWORITEFEBRT LMY MAL UT, HERBIZHETIHEIEDSNT NS, HT
t, EEGRSRBRE (Multi-issue negotiation problem) D#fZRIE A I L EE U T,
REHXNTHY, ZhETIoSelt [19),[20,21),[22] 5 &% < ORFEREAEE X NTH 2.
UL, ETRUZBGEHE CIEERROMNIEIMIE I N T WD 20, RBIZBIT DR
ML TOARBIMNABETH Y, EHAPSERHEL TWD. EHAOMBETIE, EHOMwN
P HEMARGEBRZR>TEY, AN THYLTWS ZLIFMTHD. D0, Klein
5 [23] DRFFETIE, HEIRZBOEM R R ASBREIS, JUOTHEKFERRZEATHS.
Klein 51, By UTWRINETH I MEDOMETRERAEBRER KA TE S Tk
TH, MAKGFEREZ a1 F> TV 5A TIIAEMPEHTH D -0, BTRVWE
BEEADIZZIENTERNILEZREBLTVS.

FHTRR RSP EMRGFRERZ R > T2 LR HZRWEMIC RS 720, AELE
HHOMBENTE D LIEE V. £ 2T, Rafik[24] 51, ez g =T 7



95 2. BEHEATSE 6

TEHEUAZETIVEZRELTWS., ULAL, WITNOFEEMEN AR EZRELTWE -
D, KO ERMENRTHIEZ T O AZ2MBETEZ LI TIRVE VWS MEE LA
TWb, TIT, AFETIIZE 7O ARERARERET I 2 RETd 5.

2.3 BERFHICHET 1R

23fiTI, T—Y v MEOHIAICOWTEIEL, HERBIIE TSI DOV TEH
Ud.

FADERITILIRTDH DM, DA THBEDLEMN AR EZE L U Thdl (Cooperation) 1%
FHXFS2f (Nonantagonistic) T— x> MEDFH# (Coordination) DV & D TH B [25].
LA L, EBOABRLORETIEEWVIIHLTDZENELH D720, HHADOEREL AR
STW5. [ [26] 1%, 77— L8 [27], [28], [29], [30] DRI ZAREL & et 2R
DO EZEEATE I THHFAZEELTWS., F—AHERE I, B0 RO E IR
EDITEI O BERIERPIRI 2 BFERET VN SERIL L ZFRTH . 77— LBHTIE,
TS A RORPLTE) 1FDHIEN S EREDPELT D2 NE DN E Y, TORNEHII 7T — A
EIEMN T — LI LU TS, My —AakiX, EEROT VA Y —IZ &k E A RE
BIGEDT—=LTH5. BT —ATIE, HWIZHHTE I L IZEEZNE SN IS R
Mmolt, TV Y MITOMBEIITTLILIZRD. EHNT—LLiE, HWIZ
BHT2EERBL LR IRMTH D, Z 2 TRRD 7135 & FRkD Cooperation
ERHERLUTWS. hEidn-TE, BEREETHLI{T—Y oV MR RHEMICH 1T
DTIRBN, TDAO, T—YVz Y MNHDEFPIY TV 7 MIMRRE UTHFELTSESY,
BBl SN 5 5. AR TIEENE DRI Z FEENEE L TSR [26) ##E X T,
IT—VxY MNEDHEFRPAV 7 )7 NRHoIGETEERTIHHAE L, HEIREZ %
OXNRET D, HERWTIE, A, Z, ESPUEUVEEKOEERTHWLNTEY,
REAINNETHS. fiad, Zhh, 850 3 DOME%2 BERBICESWTEREYT 52014
B SEI AL, HRT2. £, IZUDICBRANZGHIE, LE [31] kb TFIED
WALT B EREAEZPNHAEMOMEZ R L L5 T2 8] THD. IRIZZmIE,
U TSR NE>T—HNEZREL, F2ELdhdIl L] THD. mEOES
%, TEZWT>TMHAZLIITNED ML T, HODOFEEYPERZ0 >0, o
BUIRES 2] THD. AAETIE LEHORE®RZHEE A THEBRWTOWHM, X, @bz
EHFLTD, ML ILTWd =Yy NAEWEEREZHIET I THD. ZiH
CIEHVLUTWR T =YY NONAMERETDIZODIING e Thd. sl —Y
TV M ELERREHTFICEDLETHEITOTIEEL, —ARICHTFOEEZIIGHOEDL I L
Thd. LAEOWH, Zhh, BHAOEHREZ S LICAMETITHEREEDD.



2.4, FMWRER HEIRBIZ BT B il 7

2.4 EREAFBERBERIFICE T B HH

HEIZHIZB 253, T—Y Y NALOMEMFERIZ & 2 R RIZE KRR EE &
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HOFNTIE, #BRE 31 TFREEMEEZENTRY] LEbNABICHERE3 81X
ADIND I8 %#E 25 EEHBORERHME OO ODE LNBNTT ] LRk E
DI L zZRUWHRE4DERIIINSEFEEZRIToTND. TDD, HERHE 3 ITHERE
AR U TCESZIT 2 ENDONDS.

72, (4) OZWTIE, #ERE 3IVWESLUAZRIZ TEBLHIZ95 7 LW RBIWIZH LT
WERE 4 BRHEFEICLEL LD L HOLDRIDREIEMNSEE T DHEFOH UWVREICHE
RUTWD, TD/d, WERE 3 L HERE 4 IZIITHTFITR U T, BYNTR A2 3 [\
EEEL, #D)EVIMThNTEY, ZHea->T\n5.
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WEE 3 [HBEDH LR OREAESE LA ?
WEE 4 TAERETT
WERE 3 [FREZEOE L7z
WEE 3 TARREIEAZHE T T35
WEE 4 THIBIEVCTT A7 |
WEE 4 TARBEAT L v itvcd
WEE 4 [RFOLEELBLRVOB—FDP L |
WiEE 3 THENZETET ]
WEE 4 (€ F T
(3) WEE 3 THhichcim< T
WEE 3 LERZHHZ 26T
WEH 3 [ERbEFIEL TV 2L TT
WEE 4 [T REfEEE Tl
WHBE3 (77 v 70 LA
WEE 4 TISEEEHT- L T2 LiBEhasE
WEaE 3 [BEFSANVWDEZ L 2ER D L EFEOMERR

PEVWOLLLDE LNAWLTT ]

WEE 4 [BIFFEDIT S 2358 ich 5 1)
WEES [LobiiER?

WEE 4 IBEbticLEL 25

WEES3 (25T, chThE-2h]

(4)

X|3.6: A, ZOXEET Z D

PLED & S 12350808 L ilan D, EE LS %O T, A7ELAEE%, K3.60
B L AL REL VO RINEBE AT, MAREEEET S 2 L SHRAT I 2. RO
B e T I A S 2 B O FIEE I & > CATR AT > T3, UL, AMckd
BEWEO-OOHE T O AL, $HE2HD5, HEO-OIEEEEET 25 BES)
ST X T WAV T X 72
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BARIZ3.7, B3.8ITIFRIEAE o &RIEFE 5 DB ER D 7= 817 5 73 A GH AR & i

EORGREZRT.

N=8 N=32 N=23N=17 N=37N=3 N=22N=18 N=0 N=40 N=16N=24
REBF BHRERORR BREROIER AL CFRL C:3.) ARDHER

HEE
N w IN

o

EXEEO Y (CERREER Do O ICBIRHEMERIC & 2D ENEFEN TULES
BN EEOVICRERER DD ICHEREREEIC L 20 EEN TVRWLED

3.7: KEEFE o Dl L & FRERE R D 72 D 1T e ZE 78 FH R BE

5 1 T -

0 I |
N=5N=35 N=24N=16 N=34N=6  N=15N=25  N=1 N=39 N=21N=19
EEEF BREERORR HHREROBR Bl CRBRt 2D BEORR

nEO Y ICEREER D e ICREIFFEBEEIC L B DENEENTVWER
m X FEO Y ICRREEER D o 6 IO D BIRFEIEREIC K 2 DN E TN TVARWER

HEE
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N

I
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3.7, K38tk EE TH Y, HEIREZRD - DI BERELHEEEETHD. §
B DMEEIIN FE T VI EREER D 72 D IZ BB R FERERE I & 2 A ENT W72 BB D # ik
ZOWREZEZL TS, REOOHHEIZNEED ZICHEER D - DI D ER I L 250
FNEGEENTORVWEIOHEREDHREEZRL TS, K3.7, KM3.8DT T —/\—(FfFEHER
ZERUTWS. UREDAREKEEZ0.05:%, 0.01:%*F £33, £/, URER2TD L THE
BNETHD 6 NATONDHBHIFMEZFERL RN L Ldd. UREDHERIE AF
DOHERIZDAREEE o, KERE B D & BRBHERL D 72 D 1T B RGHEHEREIZ 2% p<0.05

LAROONTZ. X5, AROWRE LTV —THREVHEEEZEB TS, TDRD, i
RIEZFELSTDINIEBOWHRANEETH D Z L bhr o /-,

3.6 #&S5

ARETI, MM UCTHARBERBERBOmMHA T 22 EHT D201, ANILEE
BREFEML 2. EBRIGGAEL ZNGED TR Y AT AZHWT, ANZE2REETo772. A
L2 RWE N2 -OOREHA R, WBRICETTEHEINTL20, 70t
A, BEOY YA UDPREL ZREERD 72 DI BB GHEREIIN U CildRDl e E % U
WETRME L 72, a7 0 2B B A5 RIS, M1, sk, ZMOIEFRTHL L T»
B EMDoTe. REERD 72O BB T ORENLIE, WeEz2E<T5
DI EEOMRANPEETH L Z e Dro /.

it, ARWFEDOERBRITFERD T —~ & UTRAFES e 2 520 U /2. S2BuRG R, (@mmE

LB DB L 7 ERE DONFED 2R L, HIFNEOT, AL TV HER
%%%’E*&Eﬁu 4§ ENTE .
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BA4E

HEZHICE VT B 1R O

N

41 FE

YNVFT—Y Y NV AT LADOMRESFICE VT, HEIREBT—Y oY MASEELRIZEHR
e UTHEHINTWS., HEIRB LYoV Mo —Y oV b HEREZRITD T—
VIV DI LT, NOWEELZSHME UTEMEL U ZIFERE & 212, AfoMRHEE
ULTRBZITD I Z2HNE L TWS., HEIRBIEHERFICESWTRELIRHZR DAL
MR L2 A I T2 -OICHEREETH YD, FRINIZIX G 2 RIS 2 R BB
TV Y bOEEMLHEIWNIT & > T, A TIEMRET R R G C KRB B REIC B
T, GHMNBREEEROXEL2ITI ZENTEDLEZALNT WS, HERPT—Y Vb
B0 H e UTIFEFEIEI Y AT A [52], ATVa—) VIV AT LB, AXN—h7
727 M) OHBMERHITE5ND.

HEIRW T —Y = v MAROEENZE) flas UT, HERBT—Y =V MEEHRES
(Automated Negotiating Agents Competition : ANAC) [54], [55] A%, International Joint
Conference on Autonomous Agents and Multi-Agent Systems (AAMAS) 72 & & HET
2010 FE L DRI N TV S, ANAC IR & § 2 KB HEI, HOOEFEREWH S 72
WEWS DL T, FEREIZE > THESNDMANRD T D EEIZIA, GREIZEK
UEBEICEWT—EDRAE %G5 Z LT & 2 F Rl (Reservation Value) 7% & H35%
EINTHY, HEORBITED T DD MANINT WS, ANAC TR HE) R
TV VbW, &YBRERISGEORERERE1FD 7204 BEREFEMBERFIEEZ AV
TWd., KEXIZHE T2 RWRERER L IE, BEOLZBEREZPIRCAHAEL T, BHIZE
BIEE % 17\, Social Welfare (RIESNMNE OELSMAMEDOEH) NRES R EEEL LR
5ZLTh5.

BEAF DS (72 & Z13F3CHR [56],matsune2018weighting,iwasa2018prediction) T¥, #Z
DRWIEE =R U 728 E AN AU 21350, ZHIEARXFERARTH D ANAC »
PRIANAC IZ25WT, #BEORBBEBEDOTEHANEILINTWEEEL H S, 2018 FIT#HE
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DR VBIEIENTEH ATREIZIV— IVEE I N DI, KR TR EDORBEREEZFIH L T
B EENCINHT 2 HEZRELTWS.

ANAC [F#RIZ, —HMEEGR RSB REZ ) o TS e, PRIANAC (Pacific
Rim International Automated Negotiating Agents Competition) 2018 %% 2018 EIZ# 2
THIfE I N7z, PRIANAC Tl ANAC L FEBRZINV—IVIZIIZ, HEIRB LYz MDE
R TIIWOT, BMPENRT 70 —F RN HEREINT V.

PRIANAC2018 Tl&, HMPEE DR EZMHEND D722, BEOREBT -2 &M 25 &
DBV —IVIEER M T oz, BARRNIZIE, BRICRBLUAZROT—2%0 =)V 7 7 1)U
RIFTOIEMNTED. ZhCkY, MURBHFICH U TREDORET — X &> 72
MR DREENTRETH D, —F, WBED ANAC TIEBERIO R HIFIEARIZIIHNZITHY, 1
FIDORBDT —RIZHEDOVTUNRBEEITD ZENTEIRVE WS HIERH 5.

RKIMXTIE, BEOLZHENFHATEAEBEIINUTL YR EES BT -V b2
RETD. BEIIHIRBT -V oV ML, SERGHOBERFIEL UT KaoEikx H
W AREBREORREITD. KX CRETIHHRB LI oV M EFHET 5 72012,
PRIANAC2018, ANAC OWPFER2HG U ZHBRBT Yy hERBEOYIa b —
YavETY, HEIRBL -V Y NOREERNOFGA T 2 EHT 5.

AREOMERZIRIRT., 2HTHBRBT—Y Y NOBEEMEICDOWTEY EiFd. 3
i PRIANAC2018 O & 28IV — 2DV TR 2. 4 AR X CTIRET 2 A
BT —Y Y NOEEBERBMOBRFEIIOVWTHRRS. 5 HiTIRETLIHHR BTV
> b & PRIANAC2018, KU ANAC ORBEARICHB L ZHBRBT—Y Y MIL>T
RBEAT, HBABOGFHMAIC LRI A I 7 2 k4 5. 6 HiCTRAEDE LD LL5HD
R Z R

42 BEIRSI—I TV NDORXHEREOREEZT

AHITIE, HEIRBT—Y oY hORBIEICEET 222DV TiRS. £79, ANAC
MBI XN D LARTOMZE L LT, Faratin 513 OREIZ L > TESEDORKZI IDNE(T S
EAEBEREL T3 [57]. Faratin 5 DFESREBIET RAY 7B H[ETHY, Tl
SVHEBRB TV oy MEIESEBDONR T A= 2R ET DI EIZE > TRBORER
Mt POV DEI G EMAT D, BHERBT—Y oy MIGESBEBD /ST A — &2 ITHKF
T30, KEBHEFICETERE HINED IR TERVRR T TIERENH#L AR
%. E£7-, ANAC OBESIZEWTEEKIZFA I N8I HIETIZZW. IR, ANAC
DBEHSZBIMUEEHBRBI—Y Y MIOWTHRARS, 9, BEOREEREL FHV
ZUNTERVGEORXNLZHIRB L -V 2V MIDWTHANDS., 1 D2OKRFILE
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WTC, TOBETHELNDMHTOREBREIIK U CHEYRESZHEET D FIEIREIN
T3, AgentK[58] & ANAC2010 TER L -HERBL—Y Y M THS. AgentK D
Rl UC, HFOREBENGHFOBIFHERE RWLEAZHNT 183D ITON5S.
TheFawkes[59] (& ANAC2013 O@EB L -HERB L —T = hThHS. TheFawkes DIt
B UT, HFPOREEREICS U THRY =— 71w Pl [60] & EIENDFEFIEIC&
DREESDESNEHTT S, Atlas3 I& ANAC2015 DER L ZHE LT —Y 2V M TH
%. Atlas3 DR E UT, RFHIKZMIZIL S — A 8 UTHTd 2 2 LIk > THlY) 45
HEBE R LTV B ELRHITFONSE. X512, FV T4 V%E [61] $H Y Al [62] 1
BEOWEFEEREINTVDID, UEOHBRB LYy MIUBEORWEREZHNS
ZEF T o TWARY. ZhiE, ANAC OFH2TIE, BEORBOERERETD I M
FINT, EAWIIIBEORBICE T HEMZITEMHED ZERHFINT W20 THD.
— 7, PRIANAC2018 DR FEBM CTHERS U 72 Agent33[63] IXRMIEE % V2 HE)
KWL=V D1 DTHD. REHMFOREEE SIREDMA % KD, RWHTFODE
UG e T 2 R FIEE £ 5. Sk [56] TIRRBIZBEWTHFORHERE #ET S
DI, EBOEBNEHHEBOMAET L TODEADITEZ 1 DOXBLy Y avyOfhT
O HEEREL TS, RIBREDEWVE, RMEETIHBEOZHEREZFHL TV
P, SCHR [56]) TIRMEDORBEREZFHAL THRWVETH S, Sk [64] TlX, AMDOZ A1
TOIMOREFEERANCTTOMABRKBEZREL, 7y Yot Tl D HEPREIN
TWa. ULAX-ST, HEREBL UL TORB IV —LT — I DERNRELRDHL, BEDK
WIEEZFIHLU TORWED, KX TRETDIFEEFE o< ®AR5. 3k [65] T,
BRI T 72RENSB/ONZFEEET VR, NROLZHITER L UCHAT D HIEMN
REXNTVD. Hk [65] T, ZEEAKIE 1 20%BHLy YavofTHLTEY, A
MTRET D LD BB EORWEEZ ) AN, BEORBIIGHT D I LIEL TOZRY,
AL TRETDIHHRB LV Y NOARBEBMERTIEL UT KaofFikz An-&
BREGEMHORRZTD. AREBEMOERETIIIHY, BEROZHFRE TILKBHT
POREINEZERE, BLUABULAZAEEE% AgreedBid & UTHWVEAS M REL TH
EINZEER%E RejectedBid & U TR, —EDONHMEIERTE 2 HEDEEEFEM
WxE 2077 ATHHL, FLW Agreed Bid BEE2ERL L 72 ECARBRERM2HET D, 08
THRICHAT 2 RHEE UT, RKBMHTEVREL ZIFH, GEEEMOMAME, U ED 2
DEREELTHKD. UAP>T, BEITLIHHRBT—Y oV MNIMGFEFELD ELEL
TRPWEREFKZITWAD S Social Welfare 2 &b Z N T3, REEL LT, BHHD
ERALZIAE S &K CEHEI N ARBREEZ ATV, ZORKT S L 2 A1, ANAC
X PRIANAC TIZHF Iz HZEM %2 V> I WB A X &2V (Closed Negotiation) &5 15
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LNBEHRPADZSEELTEY, TORE FTHELNSNIIZ, HEDOIEFREIAMEL E
BALI N 2RI D 2 DR UDREEDR R WD THS.

43 BERSBI—Y v bERFRS (PRIANAC)
43.1 PRIANAC OHE & B

PRIANAC 3R & w4 2 A HOMAE bV EH LB -V v b 2L, fF
BRINZHBRBLT -V MIED h—F AV NOFHA DT Z5HWE D EEEHKAT
H%. PRIANAC OHMIFIRD &S24 5.

o EIFIFHMAHS N TROVMHFIINUT, 2 2RI W THENIZHINT X 2 EA
MARHBRBT—Y v hOFE

o ZRRIZAIVEURIG D BB 72 ST FE AR D £ A1t

o WHBRIZBIIZHBRBI—Y Y MOFEPMEIGHN, X, RHNORZBHT
DET) VT FEOBK

o BAEMDHIMABIT—Y TV MR YF ) A DOINE & 1R’

AR XTIE, RETIHIRBT -V Y bOEBNR L UT PRIANC & ANAC X
RUILG LA RB T -V b 2HHT 5.

432 3HI—I

(B2 kA1 V]

BB RAA VEIFBEEMROZHMELZ I Y2 —270 75 ATHLHRBT—Y
TV IR ZENTELHUEL UTEZLAZEDTHS. —EHMEHAT 0— X Rl
& (BMCBP:Bilateral Multi-issue Closed Bargaining Problems) {28175 # R A1 > T
FRWHEEZ GRS ISR, i et D OB RBITEN Y 2T 5 72 HilfY 2 BUE 1 £
LTW2%. PRIANAC TiE, RFBIZBMTE2ITARTOHBRBL -V 2V MIRERAA
VOSERBBWRNGZOND. KRB RAAS VBT 2iMm0EEE T L35, [f% D
i(i € I) IZTNTN[0,0;]) OHPADOTEEE L 2 (v IFFRAA T D&Y D DAHE). BEEME
HEEE S, HxDEEEEM% 5§ (5€8), TUT, Mnfn THd5HE, SIEX (4.1)
TEHIND.

S={5=(s1,82,--,8,) €EN"|0<s; <v;,i=1,2,---,n} (4.1)

(% I Bl 4]
AL FEEREIL o TRBENMFDL LN TELMMHMEZERL K TH L. K
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FETIE Ito HIC &> TREINZHIRNICE D S KA [66] 2 HW5d. HlfIZE W25
HABIZOVWTHMT 2. HEBRBZ—Y oY hORBMEICSWT, KHHFIFME~ I
——IBHNEGEZRD. HNES L, HNREOEGEOZIETHY, TOHIKZ /-
FTEHANROND. GREEGM S ICE>TARINGHNESZ C(5), 4Dl %
cr(cr € C(8)) &&T. Hilf ¢ 1FH—, & U IFEBOFRAICE L THI AR SRM L 2518
O, BIUOMAMEZRD. AEEEM S ITHK o 2ART D720, KEHIFFHMEEE
w(cy, §) > THAMEZGE ZENTED. il o IS T OFEHEREE O, L Lz E &,
[0,1] TIEHALI N AR U(S) 13X (4.2) TERIND.

UG = Y Br-wick3d) (4.2)

creC(s)

PRIANAC2018 % ANAC AT, M [0,1] KESIEINTEY, A CRES
fbX N2 % ERULRI A & IS,
(%71 ha)V]

ARG Tk Rubinstein 232169 % Alternating Offers [67] # X— A& U2 #E 7O ~ 1
V& WS, Alternating Offers (2B 25513802 <R L, AL & IXATHE P 5k AY
BB DT — LB [66] R E KO T T —FBMREINTV S [61]. Alternating
Offers TIFIRD 3 2D 7 7Y a VIl > THEBEZEREA (Bid) Z#%>. B4.11F Alternating
Offers IZB TP HEAR BTV M 3207 7Y a v OBBRERUZBMENTHS.

o Offer: HHFIZBid 2IBET 27 7Y 2V, BUNZ Offer 2175 2 & W T I 2R HHIX
RIBBERTICRET .

o Accept : HFD Offer UTE /2 Bid %A 9277 3. Accept UGG IEREMN
JRALL, BEWIZAEE SO HBEK T, MU 25 s H 28 AL -
ST % 8 L TR T 5. f#HFN Offer Uz Bid 292541, AN
¥r7-72 Bid #RBEL UTHTFIZ Offer 5.

o EndNegotiation : REZWETZ 77V ay. —HMERBOGEITONTNILDOREE
M EndNegotiation % #IR U 72 i TR T4 5. EndNegotiation HERI N7z
e, RWBHIFEBRMEICESIHZEA L RS HEZEREL, RBERTT5.

Alternating Offers IZE5 1} 2 XBOHIL LT, HERBL—Y v M A L HHRBL—Y
TV N BIZKD2RWEFZD. BAIOTEIMELZ AEIRBLT -V Y N ADRKO5E, £9
HEIRWI—Y Y N ADEREOAREZRBEMTH D Bidy 2HIHRXBT—Y 2V M BIZ
Offer $4. HEIRBT—Ix2 N AD Offer D%, TEHENEHEREBET -V N BIZ
5., HEIZBI—Y LY s BIRABRBI—Y Y M AW Offer U’z Bidy 2 %57 %
B5IE Accept $5. HEIRWT—Y v N Bld, Bidy 258338 6I3ABEE LTE
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Agent A

céf;ez —> Reject or Accept Agreement
—
i d] P (EndNegotiation)

t=1 e eeeemseseseesseseseseessee e
Agreement Agent B
(EndNegotiation) €~ Accept or Reject +— &
t=2 -

—» Reject or Accept —» Agreement
(EndNegotiation)
t=3 - »_

Agreement ’ o -
(EndNegotiation) ccept or keject

& Agent B
I N (R,

: —» Reject or Accept —» Agreement
t=5 - e (EthEQOtlatlon)
v v
Deadline  =============n-=-. DisAgreement

(EndNegotiation)

[X|4.1: Alternating Offers DR 2

=~

BOAGEERBEMTH S Bidg EHHRBT—I Y b AL Offer 5. HEIRWT—Y
Y~ B D Offer D%, HUTEMENEHEIRBET -V N AIIBL. AHID & S BFHhi
EREDBEUITD 2L > T HMRBIIHETT D, /o, THMEZRORBPEIIMEET
EndNegotiation % #R$T 25 LN TE 5.
Gl

BT O L HEIZA RO ZBIFFNICH G 2 5 < 2 eAERIND., LAB->T, K
ST IR AR T 2 RBHEEZE T S, 26, HREMEZERL 2858, RBH
\& EndNegotiation % #IR9 %. AL TIIRLBHGE» S ORFEH Z [0,1] OIERAKRZ ¢
EUTHS.
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(E51%h 4]

KIS TIE, RHEMAOHFK T CHRETFGRIZ E B RWE SN2 5 FEANRA 2 25 %) H
eF BT 5. BB IZEEFMA 56] TEEEINTVLIRBFMETH L. KB
ZEBIAE, MHABBICE > THD Z A TE IR AMIIKR LT (0,1] D% & 2 EH5]1£%
BUCHDWTRIB UL 25, BEIRE A IRBEET L ICHEINTVD. ARER
i s OFFAMEE U(S) & L2a, 513 H%2Z R U 23K Up(s,t) 13X (4.3) TEH
IND.

Up(5.t) = U(3) - df* (4.3)

(B4 LR A 4% ]

AL T, EndNegotiation % IR U 7256 12— E DA %155 Z L A3T & 2 HIRM
MPFET D, BRMMIERBHE T L ICREINT WS, FRMRE IS #5130 X
N, BRMHE RV IZEIGI&H %2 @A U2 8 /MM RVp(¢) 13X (4.4) TEHRINS.

RVo(t) = RV - dft (4.4)

4.4 KoEEEEICE DK ABRERER
441 BEREFHORR

KX TCIRET D HERBT—Y v M, Social Welfare % & BHIEZE K 2 H &
UCTARBEBHOREERTS. MOFIEIZL 20> TARERA %2 R BT ICRE (K112
B3 Offer) $5%.

FIE1 RBETOBICRBHENSIREINAZ, £/, TORBIZBEVTHBIZEETE
B EE%E AgreedBid HEMWRE LU THEINZAELEZ RejectedBid & U TR
JEIEIZ RS B

FE2 —EUEOMHAEZERTE AL EMEEZINEL, KIaEE2HEHL TR
U= B REZE RN 5 NewAgreedBid # & NewRejectedBid #2403 T 5. FIH 2
WBIL TR 4. 3HITHMZIHTS.

FlE 3 DU THELN/Z AgreedBid BEL D, REHFOREBED N HILMET 2 iEE
DHE, BXOEHBIIREINZAREZE LIV — MEEZTV, BENAREE
RIEFHRE 2 ST 5.

442 RHEFBAREZZERLCAEEREHORR

PRIANAC Tl 1 [ DzE#% 10 M TITV, FRRESRAETREZ 100 [F#ED KT, €
D=, Z<DOZRTELHERVEUSATRETH Y, KBMHFOEFEREFCLPTV. &
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TEXLHEHRIIATOEDTHB.

REBNNEH DI LIS 8
o BEMERIZBIT BRI
o RBIZBITDEER

@

\

PRIANAC Tl 1 BIDOED 10 MHE & D B TIT D2 720, WG G0
@%%%ﬁ5%%ﬁ%é.%ﬁﬁﬁi%l—ﬁ:ybwéﬁiﬁﬁ®%%$ﬁ IPESHFL
IR (SA) 12 & 2 AEEMMIRR LEBRE, BERRIZES NV - MGELZTTD 2L TARE
%F%iﬁ%*ﬂé MAFTFEOG S, BAEFEIT U TV L RBOLZFIFROAZ SR /N
— MRERITD 20, RBHEBIZRLBRTNE TR BLBIERERD ZENTEI R, &o
T, MEFETEHRMHEEREZ1TD 2 NTIRL AL, FLHFRBI -V 2V MIH
S OMMEL DGR 2 #5 URBHTIC Offer $2728, REPRGEKHEICEIY AR
FRMH OB E 26T S, DD, 2RO 2 EHO D OFMERIEKZT D 721
i3, RERERHE B R U SRR EHERPBRE L 25, N42 BAFHRBZ—Y Vb
PREVZEEEONHMEOHB TH L. M2 WRT LD ITHIHRB T -V oV NI
ROERFEIZ & o T, IRETLIARENLELTS.

443 WEOEERIEFDIER

AEHBRBT =YV ML, AFD (1) & (2) D220HKT, HIOEREEMBMD
Ka2EHT 5.

1. @EDABREDBEND AN S, &6 UOHRE L 72 KBME & H/NBEHEDM D)
MzHELN, POREBRMICE2MEZ EH2HZ2ELND ALOES 2 OE
BEBHOELSLTS.

o KRB L B/IBHEIZLATD 9 DDRT NS TV ELTER. 9 DDRT LR
I Z7-fHETH D.
(B K, & /N)=(0.90, 0.85), (0.85, 0.825), (0.825, 0.80), (0.80, 0.775), (0.775,
0.750), (0.750, 0.725),(0.725, 0.70), (0.70, 0.675), (0.675, 0.650)

o FEREMIZ X ZBHME (TimeTh) IZMLFORXTEH R 5N,

0.7 — 0.1 x time (time >= 0.5)

TimeTh = : ,
0.7+ 0.4 x time (otherwise)

2. (1) OFHETEOSNDE AR ENo581F, T VAL DERREEWMEERT 5.
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IE#R AL 3R TE]

[B44.2: BN EED < GEEEME O FHIED HER

444 K-EEBEICEDERREFHEFODER

REFETEIRBSMEORKIGE —EL2ERL, RUWHTN Offer UZERRLE K
XTRETIHHRBT—I Y D Offer LIEZEEEZLUTD 2 DDEERELLTIN
AT 2 I OMEET 5.

AgreedBid : RFHFED Offer U-BREE, FLEERIOOIXBTERLEZEGE
RejectedBid : RETDIHBRBL—I Y "D Offer UZBERT IR EEE

AL TRETIHRBT -V ¥ ML, KOEFEIZ &2 5BEBEMOBREZTS. F
JIE 1 CTHRIFEFHLU 2 XD IR BHF L ORI THE 7~ AgreedBid, RejectedBid D Ftfx
RFETDH. TUTTFHE 2 T—EL LORHEZ R TS 5 AR EMEE2Z AgreedBid,
RejectedBid (27389 6. K-GFEIZE D0 ETO DT, EREL UTHREINT NS
ABEE (AgreedBid, RejectedBid) & GEEMBEMHED IR TEHERDOI—2 Y Y Nz &
HTMBERHD. PEHTIBIMHTIREELEUTCUTD 2 DOERZMEHTS.
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Time : RWEPDHDEEE% Offer U7ZIKH

Utility : ##ET2HBRBT -V bW Offer SNZEEE, £/2IXHED Offer U
FABEREETIHBLSB I -V oY bORAERICB W TR M B U C#EE
TX5%

2 % HME
4.3 12 KSR REBEAMO DO EN 2 =T,
1
[ Y o
09 o
®
= 0 ®
i e i
=®_ ' K=3
22 06 ]
m T
F‘E = o o ® : New-OfferBid
Q= o4
[
E 22 o ® ® : RejectedBid
g . .
01 - .
® : AgreediBid
0
0 02 04 06 08 1
IER L E N3k
[0.0,1.0]

4.3 KRR & 2 AREBATD 2 OB E X

—E LOMAEZERTE L2 5EEZOMRE % n fll, GEEGEHHEIEINOIAEEER
Bi(i=1,2,...,n), BEED Offer TN/ % BiTime(z =1,2,...,n), é%ﬁ%@@ﬂ)ﬂfﬁ
% BYU(i=1,2,...,n) &L, 7z, BERORBOREIGE —EL UTREINTVIAR
ROREE m f, MEINTVIAEEE RB;(j=1,2,...,m), QEED Offer /-
% RBI™(j =1,2,....,m), BREOHAME RB/"(j =1,2,...,m) L LELE,

BFEE B AT LTa—2 )y RE#ME d(i =1,2,...,n) 13X (4.5) TEEINB.

dij _ \/(BiTime _ R‘B;l'“ime)2 + (BzUtil _ RBjUtil)2 (4_5)

X (4.5) TEHINAZZ—2 )y RE#EZY — ML, —EUEOMHMEZERTI L EHEE
iRE % B L\ AgreedBid #f, RejectedBid BEIZ/AHHT 5. #2128 5072 AgreedBid #f
Hh 7> Bﬁ?ng‘%ﬂ%ﬁ@fm%%ﬁb WSV — hREETD.

K- 3k BEBHOBERIZIRD & 5 B THbNES. 7TIHIVTY XLDFHM%
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Algorithm 112287,

1. 3 %whimﬁ—w#bmwiﬁﬁﬁ%ﬁ@b(lﬁﬁ)—ﬁutwﬁﬁﬁ%ﬁﬁf

SAERE MM ST (217H).

D=2V N2 TRTEETS (7T7E™S 1 317H).

BT S (1 447E»5 2 317H).

. FIE 2 TERLUEERBMHOAREL FIH 1 TERE LU ZAEEBEMIEOATE

=
BN

SE

3. 21— 1)y REE#EZFE U, #7212 AgreedBid & 2%HI 1172 Bid % NewAgreedBidlist

NewAgreedBidlist DEEE%Z /S — MlET S 2OOKZRUHT (2 417H).

Algorithm 1 K-E5EC REBFHEOBRET VT X LG

1:
2
3:
4: Function KnnBidSearch:

«o

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:

PastBidlist: J@%@fmimé—%r‘: UTRIEINT WD EEEEMEE (GENIOS 25X 5d)

. Bidlist: #i% > TE#HE U 72PN LD IR T X 5 SRR AR

NewAgreedBidList: #7212 AgreedBid & U THI Nz ARG

NewAgreedBidList := {}
dis_list := {}
for ¢ = 0 to Bidlist.size do
for j = 0 to PastBidlist.size do
Bid = Bidlist]
PastBid =BidList|j]
dis_list.add(EuclidDistance(Bid, PastBid))
end for
end for
sort(dis_list)
k := sqrt(dis_list.size)
for m =0 to k do
if dis_listim]includedin Agree Bid then
agreedcount + +
end if
end for
if agreedcount > k/2 then
NewAgreedBidList.add(Bid)
end if

NV — D 728 getBidbyNeighborhoodSearch & getBidbyFrequencySearch % I3,




% 4. BEIRBIZE T B a0 34

445 BSEREFHEDONL—IRE

RBIZBEWTRBHTFOARER/DZOICEEHHDOARLTHFIZE > TERAMENK
KBLIEBEBMEZRETILENHD. MEOHHRBT—Y Y NOBEIXEEDOR)
BB OAZZR U - EBEBMOBER T o - RIGEHEREREHERERIZE S /S —
WEETOD, BETIHHRBT Iz MEHOEMNUH KOEFEEIZEVHTFICE A
MEB2 & REERGMEE RBREICE DO TER LRI — NEER TS DT
Social Welfare % &2 D RIAEREEKAWREL 25, RETIHHRBL—Y v MNIF
Jif 3 TE/NL — FEEFIRE UCEBRR ESHERRIZE S/ — MGEZ1TD.
CEBERERIZ & 575 — k)

NV — MBI ETEHBERREITD . BRI EEREPH % Y L 4 2 SRR EMOE
RIZIRET D RMERTHS. £/, EHERRBIIMHFVPREL ZABEEBEHD AL T D HIFY
FHFEPREUZAEBEEMOEMHEIIEARTI LV L a—U AT 4V T AITHDINT
W5, LRI L 2 B EEEMOBERINIEIL Algorithm 2TH Y, TOBEZRT.

1. KSEBFETHEU 8 - B a6 BE G 2 NewAgreedBidlist £ 9% (147H).

2. BMEL B2 GRE A%, RBRITHFIREL ZEELEM mOfferedBid £ 9% (2
TH).

3. mOfferedBid & NewAgreedBidList % i U, #IREANE U T HAE matchingcount
w4 VIV AVRTS (T{TENS 1 917H).

4. matchingcount A% sUE D FEL LA _E T b UK NeighborhoodBidlist (23BN 5 (1 6
TH»S 1 8147H).

[(BHEEERIZ L /8 — hikE]

B PRER & 1F, BEREIFH 2 HFOREBIEIZS W THE T2 HRIZRE T RMERTDH
5. BHERRIIMHTFVHEIIRE T 2 AREEMOERD, HFORHBESICS W THEER
iz RRETDIEND L=V AT v 7 AZHEDIWT WS, FERIERNHBIE [68] DE4,
T DO LD ITEHBOERIZE > THREINSHKNBGFLET S, LEV-oT, 5
BREMAGDE ZEEEBEMPBTHFIC L > THAENKR IV EIFRS 2v. ULy,
R TH > TH, KIaBEEOAL D €, HEHEREMHHE TS KEHEEDIES A,
MFEIRETL2EAREEMD/NL — NEVDHFTES. TORMIE, HTFOREERIZES
WTHHIE T S ERDV L VL, HEFNLVEEEZ LV HFATOSARENEWZOTDH
5. KiGfEEOADLZEIFBEIIGRUNBNEVSHERTHY, HEZITEIEZEIN
TV, HHERRIZE D AREEMOBERIZIRD & 5 2B TiTHhd. Algorithm 312
FEll &2 R Y
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Algorithm 2 JEFEHERIZL 2 AREEMOBERT IV I ) X LHEM
1: NewAgreedBidList: #7212 AgreedBid & U T4 X /- & R i
2: mOfferedBid: #HF» 5 Offer XN E6E
3: IssueList: F@MDYV A K
4: NeighborhoodBidList: f#F 25 Offer X N2 AR L FHLUE DO &S\ AR lnt
5: Function getBidbyNeighborhoodSearch (NewAgreedBidList):
6: NeighborhoodBidList:= {}
7
8
9

: for i = 0 to NewAgreedBidList.size do
AnAgreedBid = NewAgreedBidlist|i]

for 7 = 0 to issue;ist.size do

10: offeredValue = mOfferedBid.get Value()

11: agreedValue = AnAgreedBid.getValue()
12: if offeredValue == agreedValue then

13: matching__count + +

14: end if

15: end for

16: if matching.ount >= (issueyist.size/2) then
17: NeighborhoodBidList.add(AnAgreedBid)
18: end if

19: end for

20: return NeighborhoodBidList

1. B 2 A EEmM %, ITEHRRTER U 28 EEEMEE NeighborhoodBidList &
35 (1L47H).

2. XWBTTw N7 A — LD Genius DIMET 21E|WD 1 DTdHh 2 allValueFrequencylist
#HERL, RRT, REBRINZHEOSVEREZESTL (217H).

3. NeighborhoodBidList & U, FEHRIEAE U T H X matchingcount %1 > 27V
AV RT3 (917EHNS 2 447H).

4. matchingcount 235w s D P E LA ETHNIL FrequencyBidlist (28192 (2 517H
"o 2 7T17H).

45 FHMEEREER
451 FHMEERERTE

AMXTRELVZBHRBT -T2 MO %175 7212, ANAC ORPBFE R L
PRIANAC IS KD BHEIRZWT—Y =V b WU T, EAESHADT LA REA



% 4. BEIRBIZE T B a0 36

Algorithm 3 SHEHRIZL 2 AREEMOBERT IV I ) X LHEM
1: NeighborhoodBidList: Jif#Z Offer X N2 G5 EE L FMED SO A REE R
FrequencyBidList: R ¥#HHF OIREHE D &\ & B LR

N

3: allValueFreqList: 2 ¥#HHF O D SHEI 751

4: issueList: #im DY X bk

5: Function getBidbyFrequencySearch (NeighborhoodBidList)
6: for i = 0 to NeighborhoodBidList.size do

7: matchingCount:=0 //NeighborhoodBid & FrequencyBid DXLLE {5
8: for j =0 to issueList.size do

9: valueList = issueList.getValue //& s DERE Y A~

10: for k =0 to valueList.size do

11: if allValueFreqList[k] > highV alueCount then

12: [/ R D TR E FEPLX N7 PR D A4

13: highValueCount = allValueFreqList[k]

14: /] B R DR TR Y EIRE N7z PR

15: highValue = allValueFreqList.getValue

16: end if

17 end for

18: NeighborValue:=NeighborhoodBid (2 & £ M 3 Ffi sl 5- 2 5 77 IR
19: if NeighborValue == highV alue then
20: matchingCount++

21: end if

22: end for

23: if matching.ount > (issuejist.size/2) then

24: FrequencyBidList.add(NeighborhoodBidList[i])

25: end if

26: end for

27: return FrequencyBidList

37, Fv¥akiie O (Distance to Nash), RERERE (Time) 2 EH$ 5. §F
fifi/7¥Eldx ANAC DR RAAS VEHNTRE L ZHHRBT—Y v N EBF A0 HE)
RBL—Vz UV Na2EDEE 6 DHBRBT Yoy MahY/2) IEREB2TD. EE
MAAQTY, #RRFA DT, T ¥ aRiRe O, RERFEREIE BB RMT—
VY IO T ARNTORBEZWEL TEIEZRDD. HERBPT—I v Mal LTS
REBIE 10 BEIC 1 RIOREE U, FURBSRAEFTTOREE 100 [BIFED K. 100 HigEY
BUEOGHBRBT =Yy MNALORBIZKT & U, 100 [IRE% 17> T2 ESRIH A
37, HEMREIATT, Ty aRBme O, KEBaREOTEEEETETS. K-k
FEICBWTHEDT—ZDBIRIX, FA— RAA Y, F—#8HATFICFUTHTS. £4.1 1%
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FEHMSEER T TS ANACORHBRAL VD RAAL VDOKRET,
S ORERAMRG RV 220D~ RTHD. £4.2 1FZFMERCHEHT 2 K4FED ANAC DAE
THRBICER U -8B —Y v b, LU PRIANAC @ Social Welfare 35 TP

UZHBIRW TV N2 FLd/ZRTHD.

#4.1: ANAC THw LN - HlES

A AL, FIBIZOW df, &

katve w7 ar | owy
REZX

partydomain 6 3072 1.0 0

smartEnergyGrid 4 625 1.0 0
DomainTwf 2 25 0.2 0.05
Bank-robbery 3 18 1.0 0.2
Tram 7 972 1.0 0.5
freemarket 4 625 0.1 0.25
JapanTrip 4 240 0.9 0.9
triangularFight 2 9 0.1 0.3

F4.2: MED EMNOBHBLZBT -T2V b

HEIRBT—Y v b G D R2%
Atlas3 ANAC2015
Caduceus ANAC2016
Farma ANAC2016
PonPokoAgent ANAC2017
Agent33 PRIANAC2018 2 A FEIEE[

452 FHMEFREER
(H ]
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#4.3: B BRI T —Y = ¥ N 2 A 728556 QR FIED S & 1k MR
DY (FESI SRR (R 22 )

I—VxV b4 | ERYRME | WEA | HafRE | EA
Atlas3 0.839(0.160) | 3 | 1.345(0.536) | 5
Caduceus 0.782(0.198) 5 1.320(0.480) 6
Farma 0.884(0.097) 1 1.495(0.439) 2
PonPokoAgent | 0.846(0.178) 2 1.395(0.524) 3
Agent33 0.696(0.190) | 6 | 1.395(0.444) | 4
Our Agent | 0.802(0.081) | 4 | 1.522(0.336) | 1

F44: BEENOBBRBT—Y oV NEMAZGED Y Y aRERED
PREED S & a2 PRI R O fE - (R ISR HEfR 72)

HEIRBT -V~ | Fyvagsme o | E & PRI IH] g A3z
Atlas3 0.345(0.355) 6 | 5.437(4.106) | 5
Caduceus 0.286(0.307) 4 7.119(2.529) 6
Farma 0.189(0.240) 2 | 5.142(3.841) | 3
PonPokoAgent 0.217(0.299) 3 | 5.320(3.483) 4
Agent33 0.314(0.275) 5) 4.483(3.848) 2
Our Agent 0.135(0.174) 1 | 4.481(3.289) | 1

RA3Z DT F 76, BETDIT—V Y MEANAC OR% 2 R AA VT, BEfF
EfiT—Y ¥ & AT Social Welfare (25152 A 3 T HALA R E K I W LA S H
1278572, Atlas3, Agent33 I& ANAC, PRIANAC @ Social Welfare D EBFT THERS L 72T
—VIVhTHd. AMETRELVAZHHRBL-IY Y ML, R4L43DEEY, Atlas3,
Agent33 & V) £ E\ Social Welfare 2 #5425 2 A TE /2. RELAZHHRBT -V
Y N DEBERBHOERBRFILIILZEMEFD Offer UK 2 2FIZ U220, BT EAT
—VzY bEYELELTHEW Social Welfare 2 #GTX /-2 E X 5N 5.

RAAZBRHFE LN T =Y 2V FEZMAZGEDOF Y ¥ a R L OiE#E (Distance to
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Nash) & R (Time) 2R LT\, #4AD S, RELVAZHHFRIBT -V v ME
ANAC DOFk% BB R AL VTR, BEEMOBEBZBT -V 2y MR THRELZH
R T =Yy NIy Y axBENOREEVEEHTARELTEY, GRICVWAES X T
DRBRFEPHRE N W05, BELZHBRBEI -V Y MIREORBIERE S
MUABERBEMOBREITD 720, REOFENORZBHFOZEFERE THIL THEEMRE
OB =ZITO ZEMNTES. ANAC Efi=—Y ¥ MIBFET > TV 2 R B DOIFED A
* BB ZBERR, BHERERIZEZ /L —  NHEEZTF> TV, Farma 3y ¥ a s
g DN ST —Y Y hOHT 2FHITELS NV — FREMMTA TV A, R
& PRIANAC ® EfiOHBIR BT —Y =Y N Thd Agent33 LIREUZHEBRBL—Y
TV hEOEEY. HBRB I -V oY M, BHAEERO-OICEBEFEMOBER L
WO EMNDHD. PRIANAC DHEIZHT—Y Y N ThHD Agentd3 L IREL 7~ HENE
T—Y YV ME ANAC ENOHBRBT—V Y b &) ERPEBEKETS 28N TS
7z. Agent33 IEREHFDRERE ZIREIOXENOLZWTLH I L&Y, RBOFENS
TR EEHRET/SL— MEZITD ZEAHRETH DD, REBRHEZZRL 23— hilE
DBV ZOEREERITIENZ203Fy Y a R e ORI E Z->TULED. BF
UZ-HBIRBT -V Y MNIRBRMZZRUZZ &2k, K440 B RPWEREEK,
FYYARBREVCOBRTHEFOHIRB L -V MLV EENTVWE I L ZRU .
LEES K 1220w T

AL TIE, EERK 2238, RASVIKEL TRER K BN ORERR S 5
WDOWTEHATHER L 7228, —MEDOHDHAEZ/D I LIES5DHMTEITWVARY. i,
ANAC % PRIANAC WS BHESOWE L LT, KBHTFOEHRBI—Y Y LT
RALVDFEIZE > TREILSRBARDOUEENRL D A DHITONDE. REHFP R AA
VICE S TRBEAKROEENRZD Zens, —EE2 REERWAZD, KX TD K D
EDOPWDF, KEFEIZS T —HRNZRBAIE LTHoNnd [T7—2BDOEHR] 2H
W (COCHR [68] A E). AL IITIHT =R L RDEREBMOBDFTHRE UTEHE
LTWa. AFEEZHWSZ LT, EHTRTEIR, BMFOHBRBT -V 2B
5 EWESSHE, B\ Social Welfare, 77w Y a B ROEY, RBHMOBE X 2FEB L
TW5.

HAMIZIE, K OMEICH U THERENEDREDT N M, RAAL VITKFL 2 &iER K
DEREDRREIZRDZMNIIDOVWTHEEZ T I2HENDH D, & 2, BENZRRA L Ve
MR ZHBHT2E LS A CTHAN AR K OfEZ KD, BARKRZHEHTR RA A VI
HIEX TS ZEWARETH D, 7272, ANAC » PRIANAC L WH EHFE20OEE & U
TR=ATAVERZDT—RYY bR > TOBRWVRNTH . — R IZEET %
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hgel, —MINIZIEINR—A T A 2 8225 T =&Y MHBH5ITH > TSR TELARK 2
KDfizkdz. Uzd>T, ANAC ¥ PRIANAC D@Lz /L LTIFH 12X, RX—
A7 Ve RDBEIVELDT—REZY be, TOT—XOEHE, T U THHENZ K OfEIZ
M3 2E5L, ANAC % PRIANAC TN TS GENIUS & 5 75— BE % H\W-%
< DERHZ BT L T2 FMEREFETT2HENH L. ZUEKEIFRENIERETH
D, SBOHFELT 5.

PVl & REHEfR 2212 X B FERDEREEIZDONWT]

SEYIME & AR 22T & ) BEHEEE IC DWW T R D L D ITHERT 5.

o BRI OWTIE, FEERAVEEMEISH LT 1/5~1/10 B> TEHEY, NFVY
FRPPAIWVERTH - 7.

o Social Welfare IZDWTIE, BEHERAEIEIIMEICH LT 1/2~1/4 £ B>TEY, NI
VERIEZNFERE R,

o RPBWEMNIZDOWTIE, LOREEE FEHMEICEHERZENIET 1L, NTYFDDRN
FERENZD.

o TV ARPMOMEIIIONWTI, P U TEERENREI V. ZEFy Y
ARWIRE DFE I DWTIFIRD T — A TIHER D APMRET S RV Bbhd.

PLEXY, KFHXOHWTH D, Social Welfare & A HBEFEIZDWTIE, NTVFDADR
WHER A B ZEMNTEI TS,

46 S

AIFZETIE, HTFOBIFERS S L TRV —F MERG SR BRI BV T K-
CHIEHER, DEHRICEIDEREBRMOEREEH L 2. KOEFERIZLD0HEITD 2
ETHOMUDEWIHEFZ2EDOOND &5 REREGEMEES L, HERREIEHERRIC
LN —FHEEITD ZETRE R AL VKT T D Z L7 < Social Welfare % = 7=.
FBERBERESRTL I ICI Y RPAEERERE AREIC L. SBROFELE LT, &
DL ORBIIETREV-ZHEBRB I -V bOMWREZTMIITE I 2%, IRETDHIT—
VIV NOARBREBHRBEFEL L EMRBMEEANLIET 2 2R ERHITEND. I 5
2, ERTIEMEEZRE U ZTHMERDT, EH55DHBEDHNTNDEDN, FHLRALY
WL THIRDMEANEDD D, FERE L UFRESHOHREL TS,
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frh—5;5,;

=

ERBARIBE R TREAE T L DER

5.1 F&

AR TIFIEREAHBEBE» SR HERZ R U2 R A1 Y BTN S HEIREIZE W
THENATRAZHOE T IMEOERE Bl E LT3, HBIZ&HE 69, 70, 71, 72, 73, T4,
75,76, T I NF TV Y MY AT ADFEHTHENEDSNTESY, FRIZHER
Hffie UTHifF X, EREBIRBH 2 (International Automated Negotiating Agents
Competition : ANAC) 72010 FFEN S INT WS, ANAC IER I —)V % HELEE
5T, ZLOBRRBZIZIAFHRBT IV MPIEEINTWS. UL, ANAC TlE
BHLU TV HZEMOETIVOZOICHEE UTHEREZ U TSE Z EPRELRMERD 5.
%MCi?&TﬁfU'&X’%EﬁﬁﬂTé CTHD. KB TREFZB TV MDHLOHED
AEEBTDIEERITETDIENTIRVGEENHD. LAMK->T, HEIRBL -V YV
Féifﬂ%té%L:LTéf: W, 1T MR BERAIRTH S, capd B THBNZHE)
RBT—yYzv hegd, BFOHBRBT -V DL L<IE, HFEOH U H 2 @il
ZFAND LA L UTBIEZ BIZHHET D ad-hoc BEH TR AZHHLTWS. €D
720, BERBHEL -V oY "REGRICAELRMEEZ B T RWES, Bfiz NIFeZeT
BREZZITANDITEHNADOLEBIZE T EDITHIZL 22002 3iHT2IENTIAR
V. ARBFZE Tl B ORI LT 2 7212, B RERZ G T O ANKBTE 2T T
2IRET L. ZH O ARREHBRB TV 2V ORI EHIRT S Z & T, fHEOHLUH
EZITAND ZENTES. FlfNIFEMAICEEN, MAZINDEHFRBTL—T Y bAY
ZOHFIOKAMEEZIET S, /2L 21, HOWBAICEET S5, HKOM, fififk,
HENEGEND LT D, s THiE] B TAK—Y7—] OBE, HEO ) & k)
72 EHAMENRETES. 2F 0, HIMNHZIND L HHRBET - =Y MNIZA
EZEEL, Wz INZWGEIAHEORENT I RVEREIZZ>T NS,

F7z, RERIZE T D HIIRE DR ZHEL T\Wd. ZOETIEHNE UT, Shared
Issue & Local Issue ZFE L TW5. 1 DHD Shared Issue & 1%, EHOHBRBT—Y
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TV METHELTWSiMD I L THD. Shared Issue TIENHDHEL BT —Y =V
R UMRDEZ > TS HEIE, BRHRXBI YV MPEELAEZZEEZRLTY
5. 2 DH®D Local Issue & 1%, HEIRHEL—Y Y NOBEHFDHMD I & THD. Local
Issue [3MEDHBR BT —Y =V MRV BRVERTHD. LAETEREL 72 Shared Issue
& Local Issue 22 5 AWFFETHEZE Y % Shared Issue and Local Issue Model (BAR, SL €7
V) IEERINT WS, SLETIVICEBIIEEEKTIE, HEBXEL—Y Y hD Local
Issue # AIHERIR D i 72 U A2YS, FKRHICHFOHBRBT—Y > b LA U Shared Issue
D% RFETOHBENDHD. HERBT—Y =¥ MO Shared Issue 2 F & [FIRRDEIZZ
ETEGE, HORBI VoY MNIARIETDIILNTES. TDAD, HERET
—VIVMNIBEHOHHETELIR)EAILLDDE, HFEOHHRBLZ—Y VU MEH
U Shared Issue DfEIZZAR 2 &S IZdd% 17>, WHAIZABRBPELT—Y =¥ MEEHD Local
Issue & 1 29 DHIbRT 5 Z & T MHIREM] & UTEREHT S, BEMIIZAEIREB T —3
TV MR UTEUDHIES (IN) EURVENES (OUT) dd ET 5. Wi
WETIETANTORHMININ THY, BHHRBLZ YoV MPREDTHIFZ IN »»5 OUT
WREIT 2 Z & THIFEFR A TN 5.

FIREAIEEE R BT —Y =¥ MR Z IN 25 OUT 129 2 Z & Thk 4 Rk % A
THIEMNTE, RIIETIEATD 4 DD HERRET 5.

1. B/MEZE D < BRI ORER]
2. T V& NHIFIRER

3. PRI 3D < HIKIREF

4. B/ME & EREEFE D < HIFIREFR

AED 2 TEHBRB LIy MeRHETD NIV OWTHIAT S, 3HITIE,
U BRI NAZFBFFEAICE S ZMT IV T XA 2BELT 5. 4 HiCIRRERERIZOWT
BHIL, @S D, SHITIIIBELUARBE TN EREROBEMZ L OE N Z IS 5.
6 HiCIIARMEDONEZ FL D, SHOMEIZDODVTIHRND,

5.2 BEIRHFBICBITENAN=TSTICLBHHEDORIR

521 NAN—=TZT7ICLB5BEDXRIIR

HEIRBT—Y oy MIEMLRHZER (32) 22035, EMELYHZEM (78],
[79], [80] IZidbk% RRBIGEMREINT VD, KX TIE, dsBEOMKFRERIZERL
FETNERBETS2012, NMIS—=T5712& KB [81], [82] & WS, [)NA =7
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F71 BTV INERD ) — REFETIDIHFNRITHD. NN—=T 57 %[HL
ShAZEMIE TSNS N=272 7] LIFEN, J— R THRAESTHY, T C Il
HEATHS. BFRBT—Y Y b o DIAZEM U I, A4A~777([CUT§*M
5. I e I FdstEs (V—N8), CBHHES (ZyY) »oMEINnTHS. %j

ZIZFrE DI D; NG SE (Issue Value) 239 2. HlZIX, HEZEATIHE '50)
—D THAEOME] &, Tk, &, & CWHSHEFEOENLOHRAMEZFED. #C; € C &
(ve,, b0y, 0c,) TREIND. T2 TO vg, Ml C; DIEERL, oo, FHFIOD 2
LETHD. LEWoT, i, &, do, = {rangec,(I;) : I; € O, } OHiPH (Range) 0)%/\
Thd. filfC; W= INDRMEFRDEE Y THB. Issue [; WHEET BMHEIE 2, TH
. C; Miir=3hd & C; R OARHT—Y v MEZ Ol vo, ZHHFT 5.

O — satisfy if x5, € rangec;(I;) VI; € ¢c,
unsatisfy otherwise

NAN=T T TS EHE T VOREFIRDEE) THD.

o HIRIOMSIME « BHFNIIIZREL TS, DEY, 1 DOHKMERNINTE,
DHEFN BT G Z2R\. £, HIFEMTIZ 1 DD/ — ROEMAMED ) — N D%
FMEIZRCEET B Z L1380,

o ANFHEED T T 7 : ANFHEETREINAZT T 7%, K VEMITRDREENH
5. ANWFHEED 7T 7 DEGETEH, fllx OFEFINMNLL TWD /28, RIfRTRE
I DMK IIHERE T D .

o FMAROMEARLT : HIFIE, RWITBTOMADOHAKEEZEXRL TS, LAEN-T,
FIRIR DRI E Z T2 2 L TR AEIZE K R0, RIFERN LY BHEICR 5.

 Nonlinearity : IHNA 3—=27F 7%, ANOEMEZXIH % IERRE 8 HBIEU» 6 RIS
5 7-DICREI N, RO AL, EANRT TV r—>avik5 7

(IR < HFSE [83][84][85][32][81] INTH Y, —MAMEN % HEAMIITAE L T
AR

o Applications : RN /8= 5 712k 2 RKEUE, A% R > T\ 2546
DRBERITDHIENTED. RZEAEREWEATIIEE FTEICWH L D0D6m
MEBETHIREENRH B, fanild Mg, Mifikk), TMEEME), DEBERE) 255
95, MIEBORBFRIE MEFHI), T3k, T3, THEGRE S Th
5. EEIBLOERENE TEX Y, TR, THE] &35, HDT—Y v hA,
il e U C{EE IS 2 2L, ROMEMEE UT THIE 23ERT 5. Zhiddns
EREBEOHEMAEBRERLTWS, /2, AIETIIREBREEH/ZIEMTSZ
LIFETERVEDETS.
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INAIN=TF TINZHDN 8 FH O RBUIFERI A FH BB % SHRLE T X 5 720,
BYATLREDFERNZRT TV r—aVIiEBATEIENHETHS.

5.1 Tl& Shared Issue & Local Issue Z R DHERBL—T =¥ NORIHANA N—=T7F
7 D% R

ol

FEIRE

Agent A's utility graph

@ Agent A's individual issues @ shared issues @ Agent B'sindividual issues
C:O Agent A’s constraints C’_J\] Agent B’s constraints

X]5.1: Shared Issue and utility graph.

ZITH, 220 —VxY "PIANASN—T T 7% 5D L HEFIZ3 DDimMEIA L
TWd. T TNhOT—Y oy M, Kz E D, iz & 5. HliiE,
FEATODEMOMED, FlfEe UTOHB (range) ICHENDINALTD. HINLALT
5, T—UxY MIZOHKMNOIMEEZGD I LNTES.

Assumption 1 729 DML WHIE LY SWMEZFF>TW5.
REVZHE, KERXDERTIILATD 2 D2 KEL TV 5.

o LVJRVDIEE (rangec,) ZFi> TOBHFIDTBFHR LR TVDT, flifEIdE.
—H KD PNMEEEZ R > TR HIRNIE AR LI WD T, fiifElL&E .
o XLIZHTFLDEEMNNKEL Shared Issue D SiD Local Issue & ) flif I &y,

522 SLETILOFEE

HEIZBDODTHIZEWTRBHTOEEEBEMENENIIE OIS Z L IFHEERRE L
BoTW5. BERWTIE, MHEEORBHFANIEFEICKIW O, BRIRBIZ -V
MZEoT, MAME»E S REBHEFLHE U AVEEEBEM 2 RAIE DT Z 83U
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V. HESBI—Y Y N ASERE AT BRI 2 RO B 2D DFHELR I EER I R
DR (52) DEBYTHS.

O(nm) (5.1)

ZZTOnlEimmDTHY), mik1 DOmRICBITI2MHAMBTH D, AR TIE, &K
HEEE L LT, fEOBE RS BN TV A HROB» b HEZ2 kD Z Z LT, A
TIENTED. REFREL L, HIUBIZEDE>BANES R LTH, ThME
IGEWHERIZRSZEDTH .

EROBMEIZE DV AZFIETI, SHBRBT—Y =V NORBIMEZERIZHS LTS
LT, GENMREAMMEN EOSAEE RO &S LT 5. T ld NI, BELE
FIETIE, &UIZ 1 DO Z2ZRU THIRL, BIBRINWAZHKZ2EELR2NT, $H% &
KT 2 EREMAE RO 5.

5.2.3 B#ESoakal

ARETIEFZH T IV T ALERZELS 2O, RB70 b 2)VIEHEKS Z B 0%
AWd., AT RUFRKHEEZ IO NIV 2RATS. bbb, Eh, fT—Y v
N FEIRFIZIRE Z B, IBEPEWVIZE S TRZIIANLNDIGEIIERTS. TO TR
NI, MOBEZFO VO HEMATONINTHD. 20710 NIV, [Adro B E%K
BL—Y oy MPZHTERVEIE, BEMICHEYIRT LS ITR>TVS.

Algorithm 4IZBAHZERZTH D.

Algorithm 4 Simultaneous repeated offer protocol.

1: repeat

2 Each agent finds an optimal issue value assignment that maximizes its own utility

3: If there are multiple optimal assignments, each agent chooses one of them randomly.
4 Each agent simultaneously proposes the issue value for the Shared Issue as an offer
5: bf Judging agreement :

6: if if Both agents offer the same issue value for the Shared Issues then then

7 they reach an agreement

8: else

9: Each agent performs the compromise process (refer to the next section).
10: end if

11: until one of the agents cannot continue, i.e., no constraint can be relaxed or when the prescribed

number of iterations is reached.

I—VxVMRZHTAE A% I THLDYHEME LRI, TOHThi# 4



% 5. SRR E TV DFEBL 46

EafrD. DFY, AT NINTE, BRIOMEIZBNTIT—Y Y MIHODORhHZERM
WCEDWTRERREZTTD.

HEIR B O SEF CIERBERE T N 2L [67] BNRAIND D, &6 5IEFTRE
2HTNITEY, ZHOBBPEDL>TUE S 28, SENIEMARY KU FRREERE 70 b
DVEFRATS. RAERETO N INADHGRIESHOEETH 5.

5.3 HIMEMICE DK HRATREAZIH IO
5.3.1 EREAFEEAZIHIOER

ARETIE, HIRBEANCE DS G O 2 %2R, HRER &I, 2T X SHo %
DRLTBHILT, AP ELH (fifd) ORMZDLRITEI L2 NS,
INETDIFE AEDIFETIE, BMEIZEDOWAZHGIETEENED LS ITERINDE N E
T 2 AN ALADPREINTOAEN D 2. AHIETI, FRRETELHIIEMING Z
T, ZHEREL TS, ZH 70w AT, EORKMPHIRI N0 2R TE 5720,
HERB LIy "R EDESIZZH L, EDOFRINERDZOITEMINZNE S Z
EMTED. ZONRHEAERZH 7O A2 ERT 52O AMETIEGHNEZEFL S (IN)
fil#y (5 v (OUT) Hl#NICHET L. BT R TORKIE IN ICREI N, TN
ZHENE OUT W& EXI NS, X528 M5.31%, IRETI2ZH 0t ADffEAaf%2 R LT
Wb, M52TIEHBRBT—Y Y b 1AL i I, 2> TV 5.

Agent 1 Agent 2

Issue I1 Issue I2

5.2: HIFAEFICEE D < HEOH 1 - gL
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i rt I, 1% Shared Issue ThHd. HEIRBL—IY ¥ b 2121, il L, 8O L,
Whd. Fammllld, 1, 2, £2E30%AERH B. ﬁﬁbxﬂil Yz b1z, O,

BLUC, @%H%’Jz)la@é i 5 OHIFI N 72 X ND LR AENE L RS -0, IO REF
E L OBEIRL I, OBARIE2THE. AFIRBI—V Y h210ECs, C) LU Cs
DOFID D 5. Bl EIRITIER, @S I, OBEIE 3, LOEEIE2THD. Z0GE, A
P —Y v M Shared Issue I, IZW U TCERDHMDOMEZFF->-TWE., 2FY, &

WELTWARW, ULAR->T, FEHEBRBZ Yy ML 12D ZHIRTSZ LIk
D270 ANFEIFTE S, K5.3TlE, HERBT—Y Y M 1IEHK C, 2 OUT 1IZ3%
EL, HBRBIZ—Y Y N 213H# Cs 2 OUT IZ3RET D.

Agent 1 Agent 2

A
4 \ A \

(

a
o g%@
@] c2 ] @
@ %Ziié(si Issue)

Issue I1 Issue 12

£45.3: HIFFEANCED < GEOH 2 : BRIZL D AR

ZTO/E, BELKBI -V UM 1O [ MAEIF2DFEEEPEERBTL -V b
20 [ fsfElX 21285, TORE, HERPT—Y oV b CHERBZ-Y Vb
QIEEIETL. AMETIRELAZTTIVTIE, ZRIZE>TEDHIFIMN OUT (EU
BN) IZREINEZNDR DN 720, EOFINERINLZD, TOHEZFHHT LI &
MNHREIZR D, ZHNIEHBIRB T —Y =V NBZIF AN/ZBME % 8IS 5 B 5E
[69, 70, 71, 72, 73, 74, 75, 76, 77] LIXEE>T V5. EHOFINWRT LI, =T—Y YV
MIEDHIRIZRENTE LT, AENTEIZOPZHPANRTE S, EROHHZH T
TV NEIZHBIZEDZB T AZBEL TORNEZD, ZOLD BEHHANTERD. 20
ST REME 2 RBLT D SL ET NVIFHBIRBO SIS T 2H L WVAATH 5.

AL TIRET S SLETNVIFHIAZBH T —Y = bBLAETD Offer IZKED Z ENTED.
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WA D HEI RO ST CTIRHBRBT—Y > M BETO Offer IS Z & 2 EL TV AR
W [69, 70, 71, 72, 73, 74, 75, 76, T7).

RELUZSLETIVE, HEBRBL -V Y NOFIRIZEM L 2%, AU Offer, DE Y F
UshAfE %2 EIRT D L\ D BEIRTLARTD Offer IS Z 2N TE 5. SL £ 5 )V TCld Shared
Issue % Local Issue 5 284 5. Offer IXFEERIZ1E Shared Issue IZX4 5 EDTH 2 A3,
Local Issue DEDERIE Offer DEFIZHEET S, UL >T, SLETFTINTIIHEBRBELT
— Y ¥ MHERIEEFNIZ & > T Local Issue DffZ 2 U 72, HEIRBLT—T =¥ bAYHE]
DEEE ZIHTIGE, PARIO Offer ICK2 Z N TED. ZIUIHERD HEIR BT TV & Eig
LT, BETORNINVDFLVETHS.

AWFFEIZBE T 2 HIFNIIRD LD IZFHAT E 5. fIITHBRBLT—Y = NDOSIHRIKD
BRNDHRERTH L. HRIEHHO—HE U TRS I LN TED.

HEIRMB LT —Y ¥ MISHERICRR% 2235 5. HFNICIZ TN ET I U TEZ
B, s OE, BLXOMAERHS. ZhoDHNEEMT S L THERRB LV
VNI HER AR R BZITHRE T2 2N TERY., LM TIRA UGS 2R RM1R5
RIZDMADOMEZEFFD 2 DDLU ZHIMNFIET D AEEMED H S . HIFEAIEE A AT

BRERBBHEEZ RO HETHD. BEIRW LTV Y MEIZHIZ I > THFOHR L H
#ZITAND ZENTEIDERBEMEEZROITEO>LTD. ZOZBIZHTEENS D Offer %
ZIFANDAHENZ A 72T 2D TIEAR L, BEHRGIETHONS.

532 ZH7AatR

23 TR L ZEANEICEDEZEHEZITV, ZH 70 A0 &% 3T
5. KGR THRARZZH T O 2 LI, a%ﬂ%&%}fm%é\/uf:ﬂ%ﬁblﬁ&é HER#BLT—Y
YVNATEPREREEZHETEEDOZ L THD. AETIE, ZWH7 0L A%2FHT D201
i, MO 2EFDHBRBL—V Y MEHWS. tik Offer DR ZRLTHY, ¢ TKY
T35, G ] ORI E ¢ &35, BIEHIINHZINE I LT, foNdgHEZENE
TEULZ2DNDESEVDOELETHD. HERBL Yy NOARBRBIL, u(r;B) £745.

HEIRWBT—Y 2 b i OFERLUZE dI1EK (5.2) TRIND.

di = argmaxu,(z; B;) (5.2)
72, BHBRBT YoV b jDdlk A (53) TRIND.
ds = argmaxuj(a:; Bj) (5.3)

SEBABT—Y Y FOREE, S—(d, d) CEBET2. M EORREANT, ZH

1) g

TOX ATHDESEZHIZOWVWTHAZITD.
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(5]

FALIE, RBMHTFOHFZHI Y2 bD Offer IZW LT, HSDORHAN IR ST
t, ARZELL, AENEONIREREEZERTLZIIETHD. TDRD, HTIFNKR
BER2ZHTDHZ LIFRW.

B5.41%, FEHEOHIZRL TS,

@ O

I—YzUhi JVrvhij

jsoffer:b

t=1

j’'s offer : a

=t
i's offer : a

X[5.4: A DH

ZIT, MMOERE I, 1 €a,bD2DTHDLT 5. t=0 DHAHIE S=(d7Y,
d:=")=(a,b) THS. Offer [M#H*t = 0 DHIGIFIX, ABLKBT—Y > b i OFIFIEF &
UT, wi(a,B;) > wu (b,B;)) THY, BERWT—Y Vb j OEIFIEF L LT, ui(a,B;))
< u; (b,Bj) Tho7td 5. Offer MMt =1T, HEIRB L=V ki Offer & L
T, a 2HHRBIT -V b jIf7R-2ET 5. HEIKB TV Vb jik, EiFHEE
M uj(a;BEY) < wy (0,8 THBD, HBHLRBT—Y Y hid Offer HFT 5. ¢t
=1 &VEHEOD Offer TIE, HEIRBIT—Y Vb j BHKENZIT> 2T, t=t' IIR
5 FETHYVIET. TUT, Offer DEIEM t=t' D TIIE, HEBRWBL—V v hiDi#E
WER & UTC, wi(a,BEY) > w; (0,BY) THY, HEIKBT—Y Y b j OBRFIET I
ui(a,B5) > uy (b,BEY) BB 728, GEMSHALL, BT TE. TORO, HBRET—

’
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VIV hj OBFIEFOEER ¢ =00 ui(a,B0) < uy (b,B70) 25 t=t' D uj(a,B)
> u; (b,BIF) NEHIIERERIT S Z L TEEL TS, £oT, MbAND d; & d; DBk
EAD L, t=0 OYMIED A0 # d7° DR B, t=t’ Td™" =df" £ %52 L TH
BIRINTHEY, S=(di7", di")=(an) L% 5. #o&E, HELBT—TY b i OEL
EF L BRI —Y oV b j OBIFIET & LT, di° # di=, o di0 =d, &1
d=0 = d=', O d0 £ TV L BB BENDB. BB, AWETELBIISMLTHE 0
TP —HOABRZB TV Y hBRBEOEELTORVGEDAZEE L ELT .

€375)

Zheld, HOIZHLDRAN IR -TH, AEEEEL, AEVRONLIREEEE
MTBZeTHD. AWVICHHITERL T /ZREZUNDORBERETERETLIHEE
HD.

5.5, X5.61%, ZHOHZRL TS, ZHE 2 EEHS. 1 DHIZ, HERKBI-Y
TV MAEWICHIHNER U T RBEDSE 1 EIGERL Z2&I2E5 500 HER W
I—=YV Y FPHINTER U TOARBETERET LA TH L. 2 OHIREHRBTZ—Y
TV FWEWNIZHINERL TORWRBRIZESDI AR ZTOHLATHDS. AT
DHEZHERBI -V MOYIMEREEEM-TZ e U TG ER 229 %
EFETD. 2 2HIE, AHISGERL TOBRWRERIZEDARETO%ZHE UT, HIHITE
RUTHWBRWVRBRIZEDZMEERT D, 25, K55, K5.6L & IZHRDOERE © 13,
r€abcD3IDOH2LT5.

(B & TS % Wi /2 S 2 1 ]

551, MHIAREELMZTZHOHERL TS, =0 DEAIE S,=(d=°, di™%)=(a,b)
TH 5. Offer MHA t = 0 DRIIARHE, BEBIRBT—Y v b i OEFIEF L UT, w(a,B;)
> u; (b,B;), 22 u;(b,B;) > u; (¢,B;), 2 ui(a,B;) > u; (¢,B;) THY, HERBL—Y =
Vb g O & UT, u(a,B;) < uj (b,Bj), 2 uj(bB;) > u; (¢,Bj), 2 uj(a,B;)
> uj (¢,Bj) THoLd 5.

Offer H#»t = 17T, HEREBIZ—Y 2 M i N Offer £ UT, a ZHERKBT -V
NjifiRo2eT S, HBRBT—Y Vb &, BEETH v (e, B5Y) < u; (0,87,
M2 ui(a,BY) > uy (e,BS) THBRD, HEZKBT—V v hid Offer kHITY 2,
Offer FI#Mt =2 THHAIRB LYz b i BN Offer L LT, a ZHEBRB LYV N j
R TE. HBRBT—Y Y b j ik, BT u(b,B5Y) < uj (a,BY), »
2 u;(a,Bi7Y) > uy (C,B’zzl) THd720, HREIRKHB TV b idD Offer 2H T3 5.
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Offer HI#AY ¢ = 2 £V LD Offer T, HFRBZ—T v b j HPHIFEM 217D Z
LT, t=t' 1282 ETHYIKY. TUT, Offer DR t=t' DK 7L, BEIRBT—Y
TV i OFFIERF & UT, ui(a,BYY) > w (b,B5Y), 20w (b,BY) > w; (¢, B,
D ui(a,BEY) > w; (¢,BY) THY, HBRBT—Y v b j OBIEIEFE, u(e,BSY) >
u; (b,B=Y), 2 wi(b,B) > i (¢,BFY), D wi(a,BY) > wy (¢,BY) LB 72,
BEMEILL, BT T5. TDLO, HRIZBIZ -V Vb j OBEKFIEFOEEIL L =00
u;(a,B0) < uy (b,B70) 25 t=t' D uj(a,B") > u; (b,B) NEHIRIEEMT D 2 &
THEELTVD. £oT, 5525 d; & d; OBRERND &, t=0 OXHUED d/=0 # d)~°
DR S, t=t' D di~" = d L85 2L TERBPRINTEY, S=(d!~", d=")=(a,a)
ER5. MMARELMZTZHTIE, BELKBT—Y Y i OBEFIEY & HEIZBHT—
VIV jOBFIEFE LT, dF0 £ dEY, o diE0 = di, ik dE0 = diEY, o
di=0 £ di= L BB BEN DD,

a>b a<b
b>c b>c
a>c a>c

I—YzUhi Vb
j's offer: b
t=1
a>b a<b
b>c b>c
a>c i's offer : a>€
j's offer: a
t=2

a<b a>b
b>c b>c
a>c a>c

j%oﬁm:a

=1
a>b a>b
b>c b>c
a>c a>c

5.5: FIMEEEZ /2 Zn
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(MBI L TR W RIZ & 521
X5.61%, #FHIERLU TOHRWVREBRICE 2 ZHOFZRUTNS.

a>b a<b
b>c b>c
a>c a<c

I—YzUhi Vb
j’s offer: b
b>c b>c
a>c a<c

j’s offer: c

a<b a<b
b>c b<c
a>c a<c

t=2

j's offer: c

=1
a<b G Q a<b
b<c b<c
a<c a<c
15.6: #FIHIIZEIN L TOARWRERIC & B2

t=0 DHEE Si=(d=°, d=°)=(a,b) TH . Offer [H#A t = 0 DFALAKHE, ABRH

—Yx Vb iDj JI}HIEF?:‘: UT, wla,B;) > u; (b,B;), 2 uy(b,B;) > u; (¢,B;), M2
ui(a,B;) > u; (¢,B;)) THY, HERJPL—IY Vb jORIFIET L UT, uia,B;) < uy
(b,B;), W2 u;(b,B;) > u; (¢,B;), 2 wu;(a,B;) <uy (¢,B;) TH272LF 5.

Offer FI¥At =1 T, HERBT—I v b i BN Offer L LT, a HERBT -V v
NjlfiRo7eT 5. HBRBT—Y 2V b j &, BEEEH v (e, B5Y) < u; (0,87,
M0 uj(a,B5Y) < wy (e,B'TY) THEAD, HBZHETZ—Y x>V id Offer £HITT 3.

Offer [M#A t =2 THBMRP LYz i W Offer LT, a ZHBRBLT -V
MRS EET S, HEIRBT =Yz Vb j I, BIFIETEA u;(a,B7Y) < u; (¢,B'57Y),
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12 uy(b,B") < (C,B’zzl) THd720, HREIRB TV b idD Offer 2H T 5.

Offer HI#AN t = 2 £V BED Offer T, HFRBZ—TY v b j HHIFEM 217D Z
&T, t=t' IZR B ETHYET. TUT, Offer DR t=t' DI TH}E, ABRBPT—T
TV N i OEIFIEF & LT, ui(a,B7Y) < (b,BEY), 20 wi(b,BEY) < wi (¢,BEY),
D ui(a,BE) < g (¢,BY) THY, HEBRBT—Y Vb j OBEIEFIE, ula,B)
<w; (,BFY), 22 wi(b,BY) < wy (¢,BY), 2D wi(a,BEY) <y (¢,BEY) LB 7
O, SEMPHIL, BT7TT2. T0ALO, BERWBZ YV b j OBIFIHTOLEER ¢
= 0D u;(a,B;) < u; (b,Bj), W2 ui(b,B;) > uj (¢,Bj), W2 uj(a,B;) <uj (¢,B;) "H
t=t' D u;(a,B=") < wy (b,B), 2D wi(b,BY) < wy (¢,BEY), 20 wi(a,BEY) < wg
(¢, BF") N BRI ERERIT S Z L TEE LTS, £oT, M5.605 d; & d; OBIfRE R
NB &, t=0 OYWUEA di=0 # di=0 DRWMP S, t=t' D di=" = di" L7522 Z & THIpH
RINTHY, S=(d=", d=")=(c,c) L% 5.

£, HEIRWI YV b i OBFIHTLHBRBT -V b j 0BT 0
£ d=, O A0 £ AT LR BENHD.

5.3.3 HRORRANEES

AT TIRET B HIFRHIEIE 2 DWW TR RS, HIREER &1k, #7723 X EHOB % IR
LI THY, AV EDIZH (lifd) ORMZEDLRITEIILTHD. HIRENIX
TRTOMPHEMIEIN THY, TRXTOMPFEAMHENIEOUT &5, UFD (1) b
(4) D4 DOHIFFENEIEZ KT D.

(1) random:
IN OHIFID 1 257 2 Z LITGERI , OUT 12 Push IN.

(2) min:
B/AMEDZIFEDHIFIE, IN HHIH» SERI N, OUT IZ Push I,

(3) distance:
Shared Issue 5 D FHEEN H 2 Hl#IHY IN TEIR XN, OUT IZ Push Ihd. Z
Z T, Bf#ElE Shared Issue 2 58N> TV A HIHDOHMTH 5.

(4) distance_mine:
Shared Issue 75 € FREE DY B 5§l D i THR/NDOFFE % K D HlFI A IN 52 5 52 IR
I, OUT IZ Push 1.
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distance & distance min TlE, fil#J& Shared Issue O D FEHE % HIFFEEE & U T2l
T5. I ZTIRHEMARAENRE%FHWT, Shared Issue 2 5 filfE#E % 5189 5. Algorithm
SIZFNEZ ZEM 2R Y.

Algorithm 5 Distance: A greedy algorithm to obtain Distance.

Initialization
T := Ishared, Wherelgpareqaisaseto ftheSharedl ssues.

distance := 0

for ¢; € C do d., := ¢¢; (gzbcj is a set of issues wherein constraint C; is joined.)
end for
while T # () do

I; := car(T)

for each C; in C do

if I; € ¢¢, and dg; = () then

10: dc, := distance
11: T =T+ ¢c, — {1;}
12: end if

13: distance = distance + 1
14: end for

15: end while

Algorithm 5Tl 1 D0 Shared Issue & E#E L 95, Algorithm 51% Z ® Shared Issue %
BOHREEEEZ 1 2 U TEHY LTS, RIZINSDHIFIZE D MO % T 2 il
HEESZINET D, Algorithm 51 Z DFIFIEAITK U TR U AETETINDS.

2, HRNE UZHNEEPEOGEIMTIET S, 17 6~15 1F 2DV RINDHI KT
TOX A% KLU TWD, 7TH7HTHEE lTcar (T)) & MEE T ORYIDOERZIET S |
L EE®RTS.

5.4 =B

5.4.1 HIRIFRFIEES D LEERER

AR TRELZ SLET NV, SHEEVBERERERAS VERRELTEY, BFM,
F 7 IFERBLNEEAD N T H D, TDD, L a—Y AT 4 ZATIEH 2D, AN HIE
THEBEZIT, RETTIVORBE AL RT.
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REINHIRBEREIED /ST A —~< Vv AR FAEEL UTT V4 LMK & KT 2 EiR %
75, ANICERBREZRT.

2O0HHRWBT—Y Y M EHWS.

o 1 DDFMDAIRERMEIFRKT 10 £§ 5.

e Shared Issue I 1 D¢ 9 5.

o MM EADHPIOEIT 2 THD.

e ZHEXBIT VY My DiENrHD.

o BHEFNZIFADARLSEE 1 DDFMENEETNT NS,

DF Y, FIMAUEFEIZ 1 DU EDHINEEFN TS, Fulfid RO 2 720DMEHIE
EUT, 2AR— NafEREE WS, Ll 7T TEILT v A LIZHY
BTHENTWD. BAEOFREIE, HEOHAOEL G AL BHBELITERS. ZD-D, A
HETIE, MREKRFHEZITS 72012 1,000 [FIDAIT 2 ETTS.

1000 M DFAFT 2 ET U2, FRTTREHRBL -V oY MPREL TV RIRRE Y
OhINTERAN®Offer 2 E$5. NIRHHOBTHS., HEZEIT—-Y oV MIK
RETH—DHPZHIRT 5720, KEORKBIIHHROBIZELL LS. 1 ROKET,
FHERB T -V y MIZ AL — MNafER 2 fH U CRIEOME % Rt 5. 24—
NRFERIE, RREE CHEREER T T2 21T 22OV T WS, AWfET
X, AR — NRAFBERTEEAEIM% 100 BIERK L, MEEZ 100 ATy T UTHRE
LTV,

5.4.2 THIRIRRFNEES D LLEIRERIER

ZOEBRTIEIWS OPDRZLIZFZETHIT U2, TNHDHRED D B RAHIFIEM 3 D
THROLNZMGERZ XS T HKX5.15127R7.

5.7 2651507 T ZIFHBRBLT—Y =¥ MBREREITEL 2 & O random, min,
distance, distance min @ Social welfare % L9 5.

MIZ;~9 & S1Z, min, distance, distance min ® Social welfare DfEH 1L, random D
MREVEERIIENP 2. YV TIDTRTORT OHELIZIE, Tukey-kramer € %
HWa. BMEDRRIFERKESL %], BV 1% OERE2HRATESZEDETHTH
(%], BLU T**%] TRT. YU TNEEn L UTRLUTWS. zddmmZ & DOHlfIDE
THY, y I ZHHRBTI I NT DD TH 5.
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571, =1, BLPy =5 DERREREZRL TN,

100
Emin m distance Odistance _min Orandom
(D) 90 *%
= I
S 8o =%
2 l
)
3 70 KK I
= 60
o p—
S
xn 2°
(S
o 40
&0
< 39
)
> 20
<
10
(0]
n=579 n=576 n=583 n=621
min distance distance _min random
the number
Number of Constraints Per Issue X=1
Number of Issue Per Agent y=5
Number of Constraints 5
Max Constraint Dimensions 3

comparisons for all pairs using Tukey-Kramer HSD
*:P <0.05, statistically significant **:P <0.01, statistically highly significant

4/5.7: Experimental results for x = 1 and y = 5.
5. 7TOFERIZRINTWSD & H1Z, min, distance, distance min I& random (Z T

Social welfare 2’E o 72, X 512 p EH 0.01 RiGD 28, HHMWIZEETH > /2. min,
distance, distance min OFIZEEZE ISR TI LMo /-,
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5.8 1%, r=1, B&Uy=10 DEREREZRL TV,

200
Emin m distance Odistance _min Orandom
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D] *%
= |
S 160
T) %%
3 140 | |
= 120 = | X |
o p—
o
Q 100
N
qa 80
&0
= 60
S
S
<
20
0
n=728 n=696 n=673 n=811
min distance distance _min random
the number
Number of Constraints Per Issue xX=1
Number of Issue Per Agent y=10
Number of Constraints 10
Max Constraint Dimensions 3

comparisons for all pairs using Tukey-Kramer HSD
*:P <0.05, statistically significant **:P <0.01, statistically highly significant

[X]5.8: Experimental results for z = 1 and y = 10.

5.8 DFERIRINT WS LS IZ, min, distance, distance min 1% random IZ AT
Social welfare 23@E@2 27z, X HIZ p EM 0.01 RigD 70, HHWIZEETH- /. 77,
min & distance ORNIZIE p A 0.05 RiGD 720, AEAVHRTE . XoT, WKL
T min »¥ distance &) &5 FSBEREL TWD 2 Libh o 7.
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X591, z=1, BT y=15 DEBRERZRL TN,
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Emin m distance Odistance _min Orandom
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<8 400
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O 200 [
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> 100
<
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(0]
n=772 n=744 n=735 n=888
min distance distance min random
the number
Number of Constraints Per Issue x=1
Number of Issue Per Agent y=15
Number of Constraints 15
Max Constraint Dimensions 3

comparisons for all pairs using Tukey-Kramer HSD
*:P <0.05, statistically significant **:P <0.01, statistically highly significant

[X]5.9: Experimental results for z = 1 and y = 15.

5.9 OFERIRINTWSD LS IZ, min, distance, distance min 1% random IZ AT
Social welfare @D > 7z, X 52 p ED 0.01 KD 720, #HFHIZERETH > 72, min,
distance, distance min OFIZHEEZEZ ISR T I LMo /-,
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X5.10 1, v =1, BLUy =20 DEREERETRL TN,
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Emin m distance Odistance _min Orandom
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= 300 — |
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250
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= | |
O 200
&0
20 150
)
> 100
<
50
(0]
n=837 n=780 n=802 n=942
min distance distance min random
the number
Number of Constraints Per Issue X=1
Number of Issue Per Agent y=20
Number of Constraints 20
Max Constraint Dimensions 3

comparisons for all pairs using Tukey-Kramer HSD
*:P <0.05, statistically significant **:P <0.01, statistically highly significant

[X/5.10: Experimental results for z = 1 and y = 20.

X5.10 DFERIZRINT WS & H1IZ, min, distance, distance min I random 1Z kX
T Social welfare BEh > 72, X 52 pEM 0.01 KD 720, HIZERTH > 7~. min,
distance, distance min OFIZHEEZEIIMHERTI LMo /-,
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B5.1103, z=1, BLPy =25 OEBRIERZRELTVS.
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Emin m distance Odistance _min Orandom
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n=874 n=818 n=838 n=970
min distance distance min random
the number
Number of Constraints Per Issue X=1
Number of Issue Per Agent y=25
Number of Constraints 25
Max Constraint Dimensions 3

comparisons for all pairs using Tukey-Kramer HSD
*:P <0.05, statistically significant **:P <0.01, statistically highly significant

[X5.11: Experimental results for x = 1 and y = 25.

5. 11DFERITREINT WS & 512, min, distance, distance min 1% random (ZHART
Social welfare @D > 7z, X 52 p EM 0.01 KD 720, #HEFHIZERTH > 72, min,
distance, distance min OFIZHEEZEZ ISR TSI LMo /-,
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X5.121%, =2, 8LV y=5DEBRERZRL TN,
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80 150 | |
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> 100
<
50
(0]
n=722 n=693 n=707 n=800
min distance distance min random
the number
Number of Constraints Per Issue X=2
Number of Issue Per Agent y=5
Number of Constraints 10
Max Constraint Dimensions 3

comparisons for all pairs using Tukey-Kramer HSD
*:P <0.05, statistically significant **:P <0.01, statistically highly significant

[X]5.12: Experimental results for x = 2 and y = 5.

5. 120FERIRINT WD & 512, min, distance, distance min 1% random (2 HART
Social welfare 23@E@M 27z, X HIZ p EM 0.01 KD 720, HHMWIZEETH- /. 77,
min & distance ORNIZIE p A 0.01 RiGD 7720, AEEAMHRTE . XoT, WKL
T min 2 distance KD &5 EBEEEL TWD Z &b no 7.
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X5.131%, v =2 BV y =10 DERERERL TS,

500
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O 200
&0
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> 100
<
50
(0]
n=791 n=770 n=801 n=920
min distance distance min random
the number
Number of Constraints Per Issue X=2
Number of Issue Per Agent y=10
Number of Constraints 20
Max Constraint Dimensions 3

comparisons for all pairs using Tukey-Kramer HSD
*:P <0.05, statistically significant **:P <0.01, statistically highly significant

[X/5.13: Experimental results for z = 2 and y = 10.

5. 13DFERIRINT VWD & D12, min, distance, distance min 1% random (2 AT
Social welfare @D > 7z, X 52 p EM 0.01 KD 720, #HEFHIZERTH > 72, min,
distance, distance min OFIZHEEZEZ ISR TSI LMo /-,
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55,1413, 2 =2, BEPy=15 OEBRIERZRELTVS.
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Emin m distance Odistance _min Orandom
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> 100
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50
(0]
n=842 n=800 n=805 n=965
min distance distance min random
the number
Number of Constraints Per Issue X=2
Number of Issue Per Agent y=15
Number of Constraints 30
Max Constraint Dimensions 3

comparisons for all pairs using Tukey-Kramer HSD
*:P <0.05, statistically significant **:P <0.01, statistically highly significant

[X5.14: Experimental results for x = 2 and y = 15.

5. 14DFERITREINT WS & 512, min, distance, distance min 1% random (ZHART
Social welfare D’E o 72, X 512 p EH 0.01 RiGD 28, HEHMIZEEZETH > /2. min,
distance, distance min OFIZHEEZEZ ISR TSI LMo /-,
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X5.150%, 7 =28&0y =20 DEBREREZRLTND,
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(0]
n=896 n=840 n=862 n=980
min distance distance min random
the number
Number of Constraints Per Issue X=2
Number of Issue Per Agent y=20
Number of Constraints 40
Max Constraint Dimensions 3

comparisons for all pairs using Tukey-Kramer HSD
*:P <0.05, statistically significant **:P <0.01, statistically highly significant

X/5.15: Experimental results for z = 2 and y = 20.

5. 15DFERIRINT WD & D12, min, distance, distance min 1% random (2 AT
Social welfare D’E o 72, X 512 p EH 0.01 RiGD 28, HEHMIZEEZETH > /2. min,
distance, distance min OFIZHEEZEZ ISR TSI LMo /-,
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55,1618, z=2, BEPy =25 OEBRIEREZRLTVS.

600

Emin m distance Odistance _min Orandom
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Average of Social Welfare
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n=940 n=862
min distance

*%

n=906 n=989
distance_min random

the number

Number of Constraints Per Issue X=2
Number of Issue Per Agent y=25
Number of Constraints 50
Max Constraint Dimensions 3

comparisons for all pairs using Tukey-Kramer HSD

*:P <0.05, statistically significant **:P <0.01, statistically highly significant

X/5.16: Experimental results for z = 2 and y = 25.

5. 16 DFERIRINT VWD & D12, min, distance, distance min & random (2 AT

Social welfare 23 E 572, X 512 p EH 0.01 RiGD 8, HMWIZEERTH -7~

distance, distance min OIZEZXEIIMERTI Lo /-,

min,
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HEIRBT—Y oy T2 30 2 BABMENRH 556, ZELUZERERE2EONA
Moo BARIZIE, HlGIEICKRE BV ERTERE2G 2L IEREETH 52, i,
HEIRBHT—Y oy NTLIZ30 2 R LMENRDH D5E, OBH 10%° 22, 55
BT DIZEDRY) DHEDPRBEZ 57220 THd. A7 —F TIVEAY Y ROBFKIE

SHDIERDOEERENERD. /-, HBRBT— VI/%~%E5%6%T®6777
MG VAL THD. 777 OMEICEDOTRGEIE 2R T2 T ETH 5.

5.4.3 EER 2. BMERE & DL

BREFHE & DHBERER T, HIRIAENE & 7€k D BB FE NS 2 Ll U 7=, IR A i

S

#%(%, min, distance, distance min, random M 4 D Tdhd. LA NIZERZKEZERT.

e HEIZBI—Y TV MI2DOThH5.

o 1 DDFITIERAT 10 HDOMEZE WS

o Hi— Shared Issue 2’H 1) £7 .

o MMEABLHBOEIE 2 THD.

o BHBZHT—Y Y MLy DHELDH 5.

o HHIFNIFADBRSLE 1 DDFMANEENT VS,

B fRE RO B 7200DMEGiEkE UT, £ AX— NafiRREE AWz, §ilf L e

WCHEDSLK T I 7REIX T VA LIZEIY YT HoNT WD,

PLEDREE, HEOHADOEGRSRZEMEL IXER D, TDd, RIFFETIE, MHE
R 2175 726012 1,000 RIDAIT 25473 5. £ T4 7N Tl, BBV v
FNOBELUTWBERHER 7O NNV THRA N O Offer 2 X%ET 2. N OB TH 5.
1 AOKET, SHABEBIT—Y LY MI% AKX — MR % AW CRIEOME % s 3
5. TITI, 100 DEZDHED L KMBEEZMETD 100 AT TOMEEHRET S.

BE, HROEHBRZZRETLIIET, COIIIABNEITLIONEHETS.

et -1z, BMEFEEE T L T X A (Algorithm 6) 2 L7z, 207V T) ALTIE,
KEZLIZ, HEIRBT—Y oY MNBRMEZE I, TOMEZBR2 —BFA Y NE2 RO
5L L TWa. BIEFRRT LT XAIZHEDNEL L OERH DH, 22Tk, fEHz
PXRRCIA S BHINT VDL M2 D% MHT S [69, 70, 71, 72, 73, 74, 75, 76, T7)].
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Algorithm 6 Threshold Adjustment Algorithm

1: Threshold number set as the maximum utility. Th = max,tility

2: repeat

3: Each agent finds an issue value assignment that exceeds the threshold value Th.

4: If there are multiple optimal assignments, each agent chooses one of them randomly.
5: Each agent simultaneously proposes the issue value for the Shared Issue as an offer
6: Judging agreement:

7 if Both agents offer the same issue value for the Shared Issues then

8: they reached an agreement

9: else

10: Each agent performs the compromise process (refer to the next section).

11: end if

12: Threshold is decreased at a certain number, here we assume it as 10. Th = Th — 10.

13: until one of the agents cannot continue, i.e., the threshold value of one agent is below 0.

5.44 FBHERAEEDOLLEER

AREBRTIE, WS ODNDRRDHETHAITU 2. BUEFEE & O D EERFE R % X5.175
552012 T. £ 71, HERBL—Y Y MDPEREITEL L XD min, distance,
distance min, random, & & U threshold ® Social welfare % big U T\ 5.

TARTOMEEDIIRIZIE, Tukey-kramer #E %= V5. MUEDHKE R IZA FKYE 5[%],
BIU 1% DEREEZERTCEIZbDEETNTH %], BXU [**x] TRT. 07
W% n LU TRUTWS., flfZHIRT O %Z d=1256d =4 1ZZH LU TERZ FEE
U7z, 2L, HIRIEERD/NT +—< > ARk I 2T 5. Concession degree & 13,
HEIRBT—Y ¥ MY 1 DORIKERF TR Z ENZITHIBR L 7203 % Zikd 5.
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B5.171%, d =1 OEBREREZRT.

60

Emin MWdistance Odistance._min Orandom M| threshold

[9)]
o

* %

40 *%

*¥*

N
o

Average of Social Welfare
3 1S

**

© n=205 n=200 n=195 n=182 n=89
min distance  distance min random threshold
the number
Number of Constraints Per Issue 1
Number of Issue Per Agent 5
Number of Constraints 5
Max Constraint Dimensions 3
Concessions Degree d=1

comparisons for all pairs using Tukey-Kramer HSD

*:P <0.05, statistically significant **:P <0.01, statistically highly significant

[X]5.17: Experimental result for concession degree d = 1

min, distance, distance min, random % & HIRIEEAIHEIEIE, threshold & S L T &
Y &\ Social welfare 23 o7z, X 512 p fHDY 0.01 RiD 728, MEHIZERZETH > /-,
min, distance, distance min, random OFIZEEEIIMHERTI AN /-,
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£45.181%, d =2 OEBRHERZRL TS,
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Average of Social Welfare
3 1S

0 n=325 n=324 n=328 n=320 n=94
min distance  distance min random threshold
the number
Number of Constraints Per Issue 1
Number of Issue Per Agent 5
Number of Constraints 5
Max Constraint Dimensions 3
Concessions Degree d=2

comparisons for all pairs using Tukey-Kramer HSD
*:P <0.05, statistically significant **:P <0.01, statistically highly significant

[X]5.18: Experimental result for concession degree d = 2

B SR U272 % A%, min, distance, distance min, random % & &5 il 5 55 1k BS 1%,
threshold & HE#E U T & V) &\ Social welfare 23588 67z, X 512 p fEAY 0.01 KD 7=
O, HEHIZEETH>7-. min, distance, distance min, random OMIZH =2 1T HER
TERMN-o7-.

AED Z L ISMHFHICEEETH D,
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X5.191%, d =3 OEEERZRLTNS.

60
Emin MWdistance Odistance._min Orandom M| threshold
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Average of Social Welfare
3 1S

0 n=184 n=193 n=190 n=181 n=115
min distance  distance min random threshold
the number
Number of Constraints Per Issue 1
Number of Issue Per Agent 5
Number of Constraints 5
Max Constraint Dimensions 3
Concessions Degree d=3

comparisons for all pairs using Tukey-Kramer HSD
*:P <0.05, statistically significant **:P <0.01, statistically highly significant

[X15.19: Experimental result for concession degree d = 3
min, distance, distance min, random % & HIRIEEAIHEIEIE, threshold & S L T &

Y &\ Social welfare 23 o7z, X 512 p fHDY 0.01 RiD 728, MEHIZERZETH > /-,
min, distance, distance min, random OFIZEEEIIMHERTI AN /-,
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X5.201%, d =4 OFEEBERZRL TS,
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Emin MWdistance Odistance._min Orandom M| threshold
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40 |
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Average of Social Welfare
S
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0 n=171 n=203 n=193 n=190 n=85
min distance  distance min random threshold
the number
Number of Constraints Per Issue 1
Number of Issue Per Agent 5
Number of Constraints 5
Max Constraint Dimensions 3
Concessions Degree d=4

comparisons for all pairs using Tukey-Kramer HSD
*:P <0.05, statistically significant **:P <0.01, statistically highly significant

[X]5.20: Experimental result for concession degree d = 4

min, distance, distance min, random % & HIRIEEAIHEIEIE, threshold & S L T &
Y B\ Social welfare 23 o7z, X I p A 0.01 KRiED 728, MEHHIZERTH > 7=,
min, distance, distance min, random DRI A EAIIHERTE R /-,

PAEDBS5 1755 B5.2010 R Uz & 512, HIFURRFMEIIE, HERBI—-Y Y hAaR
WL 72 & X2, BMEFEEIE D threshold & Y € @iV Social welfare Z #HTX7~2. L
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U, AFEBROFETIX EEDFERTDH > 77223, BUEFFEEIED threshold D¥ME % & EIE K
FOEGBREDIZTEH I L TRAEDHRICKLAREMEIEEING.

5.5 BEEMREREET IO
55.1 FEEMR

AREITIE, BIEEZED S ARIFED LB ALE & ARFRDE NI DOWTHAT L. HE
LD TIE, D 70 ANRYNZ Klein FIZ L > TIREI N, [23]. HODELRG
mid, ARSI TH Y, SHETRHHZER?IE TH 2 AL T, BFRBT—Y
TV NNV — NRCIR X IZZ T2 2 L IFEMNTHD L NS 2 THhD. 2720, [
BN I L T2 56, SIHERPERTH 2720, 7O ARTNEERMTIEZA
<, BEIRBZ -V MWL =78V h2ROIT200H L <25, ZORMEIZHL

272017, Klein 51F SA ICEDWAERAT 4 T2 70 M I)VERELZ (BEERNIZZH
ZHIFEE LTWD). X 51T, Faratin 5%, [86] 13X F I X REAALE A L 7.

ANAC[87] £ 2010 £ S BERMIN TS, ANACOHBR BT —Y o> M, #
FOHRUMMNOHRMERIIZITANONLIRELZHE, SLUORRTDIHAEZRAL, KHE
HEshHEZHNT WS, & 2, ANAC2010 TZE LU ZHBRBITI—IY Y b THD
AgentK([88] &, &AEICHIFTHIY ML AHF D Offer DE/EMN S, BORNHZER & BE (5
W) E 7213 Z1m) ZHEE L TV D, REBHTFIHFARIHNOERE TH D L HW L 728
&, AN TOND. TR LT, RBHEFIBNTH D &l L 7256, REDRIM
A TESTD IRV, ZhiE, ANAC ORARMN R ZESHIE 2B L 72K TH 5.
ANAC2013 TZE LU -HERWT—Y =2 M Th D Fawkes[89] I, MHAHFD Offer DJE
JEIZEOD Y = — 7Ly b PHIZHAL T, olSBE52ET S, BEOWEDIZL
AEE, HTPOBHUHZZITAND ZENTED LD ICBIMEZE AT D HIEICHERE Y TT
W, BlEIE, BERBT—Y Y MASMHFOR Ll E2ZIT ANS ZENTE LD
ERRSIHETH D, 72720, THHDFETIE, BEZEEEMEFEL, WEHT 2 HEICDONT
BEKRLTWARW., TD7/0, BMEORMAIHEIZ R > TWARWZd, E, T35
DVWTOFHANTER., F/z, EFFOMBRY, HEGH LB HEZEE L 2R
—V v NOETIFHES, BLUORGEEAZZE 70 ZADFBHWREZR T TIVIZAR.

Sycara i, FHHIR—2DHEGREMHHL T2 2O RR L #AD 70 2% i
E9 5 DML [90], [91], [92], [93] ZRBHL TWB. EARIIZIE, FHIN—ZADHRD
TV =AU =7 N TR O TS LG 2 E&HL T\ 5. Sierral O —EDAH5EIE
aam G [94], [95] ICEBE L TEHY, AN mERICHEEL 2. IR, AREF5EiE
BUEHNZILIE T & 23 BB FE DWW T M e 2 2t 7 0 v A 2 M4 2 kMR %
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YWTTWD.

43 BUHIR £ R (DCSP : Distributed Constraint Satisfaction Problem) , i@ b [ @
DCOP : Distributed Constraint. Optimization Problem) [96], [97] I, ¥l FT—T =
YIMIREOEFEZINEY ZD1DOTHD. ZOETIVEHINZHE DN TS 728, DCSP,
DCOP & BEFEIZHHEL TW5. EREWE, SLETIVIE, BHERBT—Y x> MBEARKIZ
il % DA Z AL &5 LT BRWRPUERZ Y TTVDED, BREMSISBEND D /-
ODEWTHILTHD. ZHE, ERISETDZLNATEIRVGS, HPRNZOTHS.
7272, DCSP, DCOP Tl&, HEIRH T —Y = ¥ MIEARKNIE DfEl ~# DRI %2 ZE L 7%

LB UA, EREAFHNORR EZIEABAERBT—Y oY ML m#EbTH
5. FARS [94] 1F, ¥IVFIT—T Y NTOD consistency D53FEIZ DWW T Distributed Truth
Maintenance System (DTMS) IZBHd S5 % A U7z, #51%, Distributed consistency
D&%, consistency D72\, Local-Consistency, Local-and-Shared-Consistency, & &
U Global Consistency O A7 IV IR U2, ZOFEKTIE, AEEIE, FEHFRBPIT—
Yz v M—HEU 7 Shared Issue OEIZHIIZ T, @R &GO —EHMTH D ANIWDO—EH M
RO L RRBERT S, BETDIZGNAER, G0 —BEME2HB520DHED
12THd. 72720L, HHTIHT T 738 HZEM %2 £T A, DTMS IFEF 2RI 20,

552 1BEETFILEDHE

ARG TG 7 IR DN E WA 72 VKRB ET IV 2 RELZ. 2k, B
EIZH DN HEEZEAL TV DIRERDORBET N EITES S ERRDZETINTHD.
ZDENEIRD &S IZHAIZHSNIT .

FEED 2 PEE 5V (69, 70, 71, 72, 73, T4, 75, 76, T7] &, #EGRACHIBEOE T L TH
D, KI#7 5 7 TRETEZ I ERIEFERBINTVARY. /2, KHBETIIE, FARMIZEIHET
# (69, 70, 71, 72, 73, T4, 75, 76, T7] 1LHEDVT 3. 20 LS B AR TZH & ERT 2 0
WRHRITH 2D, ZHNEZ > -HHZHHTS Z L I3EEIINETH L. TDD, K
e TR 7 Z 7D W ZHHAE TV [81] 2HHT 5. ZOFAET NVIFAEBIRET
—VzV hORHAEGRFITHERTZH%27 77 UTERT. I, W<OhDimmDh
DRI %ERT. ZimaUHEHIRE MFENDREDMENRDH YD, TS D sl AR E DAE Tl 72
INTWDEE, ZOHMIEHZIN TS & /AT, HRRH-ZINnd e, Zofllz
FROHBRBL Yoy NP HZIETS. HNOMAOERIE, HERBT -V
NI ERT. AR T, HfT T 712DV ZRHETIVE X SIZHE LT, Local
Issue & HEI R T —Y = ¥ M D Shared Issue & &8 TV 5. Local Issue IZHEIRH T
—V Y MDA TIEEDHMTHY, Shared Issue IZX FXFRHFHR BT —Y v
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MATHEINT NS, Local Issue DBERIEE S ZL<H LT A T 7 THDMN, HEMLX
NEZBHEB R BT —Y Y D4 TlE Shared Issue 233 TIZ R TH S, KiIZET
I&, Shared Issue, Local Issue (ZMA T, FHBRBL—Y ¥ "BAREATY T T LIZH
HWEHIRT2HEBHZEALZHLORBETNTHD. ZOT AT 7, EEO AR
RBFIZZT 2 HIEICAEINT VD, KT AT 7%, AEEESZOCHBIZEY BR<
ZET, ZEeRIHALTHE., Zhid, HEOHFIIRINTVWEIRAMD LD ZEDTH
5. Rz, RWETIVTIE, Shared Issue IZDOWTEHEET 272012, HERBZ—Y vk
IZ Local Issue WO ZHLU LD 2§ 5. RFRETRELAZETNTIE, HBREBTZ—Yv
MEEDHIFIDPREEDIERF THIBRI D N E IR T Z LA TE S, Zhuk, KRif%ETH
RUEETADNZ 7O A AR LTWE 2L 2 EKT 5. DEDOZ N5, Kif
RTRELZSLETVEESHLULVETIVTHS.

56 S

AilE, BEIRBT—Y 2V bNDZODHHMGERZ G 70 A% FEHT 5 72012 SL
ETNERELZ. BEOHBRBIZE T2 Z G 7o ADIFE A LIE, HFORLEEZR
TAND ZODBMEIC L 2FATH S, MIBIIZ, AR TREL ZHEE, §iilE—>27F
DIRETDHILICEY, ZHDO T O ANHHAETH 5.

AEXOEBIFIRDEE D THD. (1) RBFFETREL 72 SL T T IVIEHIR & Gl THERR
INFRANAN=TZ T HNS LT, Zin 7w A2FHARRIC U, (2) BEGHA
LI B W T HEIRHD 72812, Shared Issue & Local Issue # X4 2H L WE T IV
ZRELUZ. (3) Zm7ue A0, HIREHM L s/NOSAMEIZE S Zm Tt 2%
FAFEL, TOERMEZEEIEL 2.

FEEAERIE, G (D, 3), B&U (4) »WAHE (2) &Y EEW Social Welfare % #4153 T
52 %m,RUT.

RELUZ SLETMIHUTIE, FEEAEZ AWZRBT, BENZEEE g% Ao
572020 DONDRHIE 2 HRE L /2. F7/2, AWISEIZE T D EERTIERERMN AR GE %
WT, BBEINZFIEOERNEZESEIEL 72,

SHBOMEOSAE LT, HIIXB IV "PRBEZ2EZHTED L1, BTN
EIRANREDOHFDAEELMAGDLEE RO I ENTEII LY, JVEMINA-ZH 7o
T AZERBTDHENDH D, Alternating Offer 710 k 2V [67] 1, EWHE, 2 HH BB B
%175 BT, REFAINTHAZT7ONIVD 1 DTH-ok. KX TlE, ABRBT—Y
TV NOBATRARZGZEAZHLUWEG 7O A2FR T e BNELRENEZ /27
&, YVTINEKEDIRURRRE 7O N 2% HW -,
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SHOEE UT, HYIEBEURKRE DO N 255, Alternating Offer 710 s 2)U(Z
LRI THd.
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6.1 AMEDI LD

AEDO ML, BEREOHHE 70 20 NICHIH A RERRBN T E 5 ETIVOMENLT
HY, KiXIEEEWTHOTCEIZMEEFLDZEDTHD. LFICHREDELOTHD 3
B, 4%, bEOERZENL, REIISBOFELZIBNRD.

JETIK, NIXD2ZBITHITLHHAICETITEZ2HEL 2. ZOHEIX, RKAFEEE
M TR U 720560 7% ¥ v 1 v [33] DMRE U 738D 72 D IC B GE R RE, K Ui
RENO N EIT o2, TORRE, RPFEETIFFREERD 2O BERHEEEE S <27
WERE 12 Y, WREMENZ R b o7z, Ez, AUZE TIXGREERK D 72 D12 B B2 5
BEE AT ZIT o 7201, s RHfZ IR U RN 6B EEZ AT L TS Z LD HERT X 72,

4T T, HEIZBOWMRAGEEZRE T2 720 —HMEEGR A BREIZEWT Kok
B e B RR, IR RIZL D EBERBEMOEREER U /2. KaFERICL 08 %217
DIETHOMNUOHEWICHIGRZ & OND GEE MM ERS L, SERR O ERRIZE
ZNV—hHEBZITD ZETRBRNAASVIMKGFT LI L B <H2NREEZ DD Z &
MTE., T/, BELSHHEREZSBTE2 LIV RICABER TS Z L WHEIZTS
ZEMTE .

5ETI, AMIFETRELZACHPETER BB REOHH T O ANKETE5ET IV
DIRE=ITo /2. BEUZET L, Shared and Local Issue model (BAF, SL €5 )V) T
H5. SLETINIE, 3EOFHMPHNEZHIRT D LNOHMER/TEY, EROETI
LU TEBEDAMORZBOHMR L FEMRIZTEDZETIVTHD. TDED, EROTETIV
TRA B> ZWMEREAGELRET IV THY, ABREE2EBIIT O GHE THRIDEE
Z%. 51k, Dosilovic 5DFEHIL T2 FAMRENMIX, 2 —YFRX—ZDHIEIZET 5 %E
FERIIAZE SRR (98] LTV A MZE 2, FEBRICHERE IZ BB RS OFHAREMEIC DWT,
NINHETE TV 0% BRRIZETHIT S PETH D.
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6.2 AMRDOEM

ANTHIBEDE AT TdH % Deep learning[99], [100] & & O -7 H 1%, SWHEETOTHI
MTELLELUTE, HHLRHENRETHD. TD2d, Al OHIWARMLA A6 U THi
755"6‘9%7&11\7“5‘77%‘77%?3%2:7&0’04\ . COMEIFEMOHEL ZERTHD T —
Vv MEORETIThNS I ﬂ/}ﬁi%ﬁﬂnﬁgﬁt LTV HERBTERE
BREE Ro TV, BRI, Q@ﬂs&ﬁ LD ARWBORERITDMEN, EDLS %
HETZHL, 88T %f:@b’)\ﬁiﬁbfl——“/“l‘/ N AVEWT U 7 AR % 3R C & R0
Nhb.

TIT, AWIETIEHRGEN 2 OB TR 2 70 AR TES SLET NV
RIELUZ. BELUAZETVE, HEIRBT—Y ¥ NSRRI & > THIF ZHIRT 5
ZET, HEOWUHZZITAND., Zhb DA, fi%@%ﬁfﬁ EOWEEERAL
13, BEBLZHUNMEMATHY, HERBOZEG 7O AZBHAEIZL TS,

RSO ERRITIA EIZBR S RV, B2, KX TRELZE ﬂﬁ/ﬁkﬁf &, BENEERD
BEBIZE EHATH T%é.it,$ﬂﬁ?%$thL%TWi,A@ﬁ@thfla
Vv NEOGEHE BT HEMRIIRS I ENHIRTES.

6.3 SERDRE

AHITIE, SHOBEL LU TAEIL222Hh1F5. 1 DHIEZ, HERBIZE T2 D
§Wﬂﬁ®¥fﬁf“3@é AFZETIRE L 2 SL €7 IVIEER 70 2% HIRIOHIR» S5 RELL T
, BEEEEZZESLLTWD. LML, AETIE, AREERICES 0 A% ET )L
b?"lﬂﬁ,fi‘f)ét&), BREEAERO N EEIZET O E TE A TETINERY. TDX
O, % DHBFRBT—I Y NOMHAN, EOXDIZSLETIVEHND Z L TELTS
DONZEZHL, ANFHEICETSEMEZ 30 Z LIS ROBELTS.

2 OHIZHBZBIZB I LHIOEEE OWTRHRRDS. £9°, A% TlE Sheared issue
DOhfEZ Local issue KV E @SB ELTWS, TOHBE LTIE, ABFKEZITS 2%
fi] % %& < Sheard issue »¥ Local issue & W GIZHIFRI NS Z L 2Fi1ET 57280 ThHd. ZD
&2 BHII ORI H DR FAEDBENMNIADRBTHET D &, A< 4D LMEND L HIKA
CHMRRIFER & BB DIEEE B S, e RIE, YA T VA - T4 72 aVDINRHRTH
2740 - TYVERINEETRLUZOKRY h T =JFA] (Three Laws of Robotics) @

SIZHBERR Y SF S BRI NER SR WBEINH D & F 5 [101]. TRy N TE=JFHHITIE
ANENDZENE, ra~ORRE, HA#EThd. L TRUZSFD NS HHEIE, EEWJHEF?
EUTRIAMEN SO & BAIZ IR TS Z L I3 E LW ETIERW. /2, Hl#ie F
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THVNRL<EY, REFTDHIT—V Y bDEROENZ RIS 2 EHANITOFRENSHE
E2ERITLHENDHL. ULE2HERD L, HIMOEEEX, HERLEORERITHIK
BrbHT2DIIEEITINIRILMETDHY, TOEBEIIFTROPEL T 5.
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