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A Metric of Opposition Level between the Utility Information
based on Game Theoretical Fairness for Multi-issue Negotiation
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A negotiation is the interaction process in which intelligent agents reach an agreement. Especially, a multi-
issue negotiation problem is challenging in the field of muti-agent systems. In order to address such challenge,
the Automated Negotiating Agents Competition (ANAC) is organized every year. In negotiations, the utility
information influences the overall results because each player’s preference is based on its own utility information.
However, there were only qualitative evaluations about the difficulty of negotiations in ANAC 2015. In this paper,
we propose a metric of opposition between the utility information, which quantitatively indicates the difficulty in
making an agreement, measuring how much hostile the opponent has. The opposition is geometrically calculated

based on the concept of fairness in Game Theory. For evaluating the opposition, we compare the opposition

with

qualitative evaluations existing in ANAC 2015. Furthermore, we analyze the opposition by empirical experiments

with an automated negotiating simulator.
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NNVF L=V bOMEDTHIZENT, =—TVx MED
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HEAO—2L LTEIF O, FRICERORMMAPEFLET IR
P (BGR RRWE: Multi-issue negotiation problem)
[Faratin 02] DEELMAEHETH S LIEHINT WS,

BEGRARBMER2 R E U e LT, HERH
IT—Yz ¥ b (Automated Negotiating Agent) H3d 5. HE)
R T—V v MY, BHERROREEETVLL 72 K5
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HEIRXW T —Y v P3SN BHE2 BT 2 Wid 5
Hiffie UTHEEINTWS. 3512, FRA RIS
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with Intelligent multipurpose Usage Simulation (GENIUS)
[Lin 14] #F A MRy b UTHWE. £20HICIX, B
R —vzy b OEEEES 6th Automated Nego-
tiating Agents Competition (ANAC 2015) [Baarslag 16,
Baarslag 13] (ZTHWSNZRBW R A1 2 Wz,

2. WRETBXHSHRIEEEAEME
2.1 IHEE

AWK T, BB T -V POEBRBEERTH
% Automated Negotiating Agents Competition (ANAC)
[Baarslag 16, Baarslag 13] 12381 5 R EIHEZ HW 5.

(FRAA V)

R RRAA 2 L FRBT BT DR EiR DD 132 ED
EHETHD. KR TIE, BEMAOLZFHE LN (issue)
TEIZARL, B DD 152 BRI 2 BUE (value) (ZZ5H
THILT, TV r hOMYFLRBREREE UTHREL
TWa. ZWIIBMNT 28T —Y ¥ MEIZERREHRI LG
Ih, Ry varyhiERETHS.

(62 XREH (Bid))

AEERME X, RBHEOGEEL UTEBTRZMEMT
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LREHEIND.
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(1)
(%1% (Utility function)]

RFIZBMT 28T —Y = v MIE OREL (RA) %80l
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B DG (issue) 12 ko TRILZh, LEMESIHBERE 25T
Wb, X560, fsld T &N U 22 5B R eval (v;) &%
L, STABEROMIRE [0, 1] ICERLT %72 DIEHMLERE
wi (Nwi = 1.0) I E>TERMEE N 5. Bk, =& (2)
LEFEIND.

= Z w; - eval (v;) (2)
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Closed Negotiation Z X% & 5. HEORBMEIZSNT
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ERHIONDZ I3 E L L2V, shHABRO NI X > TR
TELBEEMABRD LT UES WREMLVH E 5 TH 5.

(5773 ~3)L)

AWFZE T, R 70 b3 & LT Stacked Alternative
Offers Protocol for Multi-Lateral Negotiation (SAOPMN)
[Aydogan 16] ZEH T 5.

SAOPMN Ti%, D 3 DD7#H%2&T—Y = v b DIEF

ICEERL TV 222k O R TDNS.

e Accept: MHFHIAIERUZEEEMEHM (Bid) 2% A
N5, BEZHUANOEEIT Accept NG5G, GREVE
X, &ﬁ%ﬂﬂ%%ﬁfﬁﬁE’@?‘bﬁﬁ@?ﬁ(fﬂfﬂﬁbfc&ﬂ
FREE/T, XBEVKRTT 5.

o Offer: MTFMAFERL 2 i‘iﬂlﬁ%?ﬁrb iz
IHONOABRBMERET 5. ARBERINT, K
BiEikfi T 5.

e EndNegotiation: T—Y Y MPRERAKERET
5. REBESBMEBONTNHNTH EndNegotiation 73R
INWERT, RV EINTREIKTT5.

I—YxzVYhA, B, KU CHEFEMEREETSHEDHR
%&@fub:wwméﬁﬁ.if,l~9:ybA#1—
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E’l?)‘ C fJ‘J”E§ CAEEREIRL, 2EVREOSEEREMEZ
AN GEIZABIERVEIIL, -V MIEGDR)
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WS SN BRI HAE! iﬂ“{&ﬁ‘t?&é.

(£I51%1F8 (DF: Discount factor)]

LB ORI DA AEAE 5] X 2 E5I %A
[Fatima 06] # 3% &3 5. Ik, AROZAEIXRRFIIC
BT 2NN HD I L 2EE LTS, [0,1] ZE&HE L
THEFIRE S IZEDVT, R B) DI ITHIELZETH 5.

Up(w,t) =U(w) -8 (3)
FRIRE S IIRBMEZ L IZREINT WD, R ¢ A3k
EWVIF AT E DRAMENEAD L, WDRITEF R 6 A
INEWIFERELRDE., LMo T, =T—VzV MOERKE L
TEDRA IV TEBRR /L PNEEL LS.

#% 1: ANAC 2015 THWOHNZRBR A A >~

Domain | #5168 | #ALRMMHE

1D Size 1) RV Cooperativeness

1 5 1.0 0.5 very competitive
2 s 1o 0.5 | a bit cooperative

3 25 0.2 0.0 | very competitive
VI N Lo 0.5 | quite collaborative -

5 320 0.5 0.0 competitive
6 | 320 05 0.0 |  collaborative

7 6561 1.0 0.0 competitive
S8 | es6l | Lo 0.0 |  collaborative

9 65536 0.4 0.7 | very collaborative
10 | 65536 | 04 | 0.7 | very competitive

(B {Rffit& (RV: Reservation value)]

B IRMMiAE & EndNegotiation DHERI NG E IS TE S
MAMETH 5. BRIk RV 3B HED &1 aEﬁﬁé‘ﬂ, #l
I L BHIEZZR LA (4) D& S ITBIFFHEIND.

Ugr(t) = RV - &' (4)

mﬁ%fﬂﬂ% RV OEFRKIL[0,1] TH D, 0 %8R 58 HRMEH

BESINTWHE, REBERIZH 0 %iﬁié?‘ﬂ)ﬂ@%%
5 EWTESL. LhoT, RBEMVE W&o TH2
Z L IAT E DR FAMESE MR L D /AT W» Z#U[’fﬁbf’i% Iz,
EndNegotiation % #iRT 2BV HET 5.

2.2 KHERAAVOERTONFE

EEREERB T - v MRS ANAC IZBWT, FEED
PWHATHOWONIZZEH R AL VOFHMEIALTD L > 1z23 T
W3, ZoOfHiiL X, REBSNELBOMARBRESHTE S
RINTDORE R ALV DAFIZED VT NS, RIFRFEIC
BV TRBESMEPERIFMTE 2D TIFRWY. 2% 0D,
RN A A v DOaH, ROFHIBMKE, SREBSINEORANE
WHRBBTERHEFEIZEI>TRINDZEDTHEH, KHEN
AA VD5, BROGTHEIZIIRBSINE I BIE T8 28T
RETH5.

ANAC 2012 Tl¥, Competitiveness &\ 5 & &K 7225l A3
INTW5. Competitiveness %, ZIFHZEM EDH 5 E5EEME
fliw &, BEWNZE > THRARYAMELZ & 268E M Da—2
Uy NE#OR/IMEE L TW5A. L L, Closed negotiation
TIAEVOMAGHREEABHL LTWE70, BRI
ERIFTTEARERMERET 5 Z L IIRETH L. LizdisT
RFREBRIZDOVTDOADRKEFIZEED < Competitiveness
EWIERELY, ZBRAS O/ E LTRA+2TH 5.

ANAC 2015 T, SREEBRMAEEDRZLESNE ORI FE
DN S, F1 DL DIZ Cooperativeness &\ D EM:IY7R
FHiRS IR E T WS, UL, E@EMNARGHECIRENIZES
TERSHE U WD BRI B TR T Z 23 TE T, OkiE2
RV TE T 272 e Wo 2RI NEETH 5.

3. NEMHICEDWEMABRONIIE

3.1 THRNXA Y DOEENLFTMIBROMLEY

AETI, ZE A OEBAGIHEREE UT, RN
WO EHEEEZERT D, RPB P AL V2ERNIZFMiTZ
SIREIZE D, AFD& S Lfmhd 5.



Uy
z Fair’g
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< Unfair%
G AEEEM
oo
< @ : bid
Agent B’s Utility  ug

BEAR L ua = up ICNT D2EBEBEMO NG L AT
o FHIFERMBEIZL > TREND 2D, HEHK TS
L > TEBIZHHTE 5.

o RBMHFOMANHE ERITHETERITH, HED
22 TENERBHFODMNTE S,

o RUBMHTF & ORI S, IR DR P

O bhaNVORHREDISHLHETE 5.

FHZARRFZEDSH R E LTV BT — LHERIZ S 1T 2 38 RHEP B
DR T # RBHETIE, BERMROHA LI ND 720
ERIZFHIHERRIIEETH 5.

3.2 WABROMNIENER
SR IRORNIE L LT, 77— LHH
WZHEDOWTERMET B, F—LAHEIB T2, SN
FEBIZAVIZRBZ2ENTAHI e THD. AR TIERIZ,
R B WTERBENERT H2HAMEIE LS REZ %N
EMEDEHRL LTHLEB I L LT 5.

128 B RO

B 1T, —HHERBHEEZHE L AEEEMONm L
ANFHEIZDONTRT. R1ITRT &1, ‘f'ﬁl tua=up &

DA REVIFY, — DT —Y v MIR UL TENZE

FEFEMchHsd., TITHEMIIE, 7F—LHEERIBIT LD
ez dERERL, Bl LICAET 2 ARERMTIR

BTV NOSAENPETE LS 2D. 72, BRI H»S
PEEEAS R EWVMEL BT —V v b ORAEDIR Y IR E L A
D, AREREEEBMTH D L EXD. AATREEEBM
TlE, BAEICBEL TAEMN R —Y oY MZE > TIRREEDIE
SNRTVH, FRAT-—YVy MIt-TRAER2EBELIE
DL W28, AREROESEN G EARERMTH D LH
ZAohb.

iz —F R ME T
IZRIN5G.

BRI 2o OfEEE, R (B)DkS

()

& (5) H10D Ua(), Up() RFNFRI—YzY AL BOD
SIFBIEY U, w35 U AMEks T,

ZUT, MR R 2AEERHET 5R (5) DFSR%
ERULL 26D %, &8 KA1 VB 2 AERO S T
i LT, o L e LT 3.

2
s

Ua(
IWEXA
X (6) FD QMR TEEEREHES, |Q FEEQD
EHEEERT. A (6) DENRKEVIZY, DFEEORKNE
BRDZ NI L EEERL, HROZW N AL VIZABROH
BEEDEN & AT 5.

V2
2

Ua(w) - Us(@)

OPPy(Q (6)

# 2 FEER1.1 ROFEER 1.2 DR

SIAE®RD | EIER
1D Size Cooperativeness SEYIR T ELER e
1 5 | very competitive 0.192 0.6427
"2 | 5] abit cooperative | 0.160 | 0.7341
3 25 | very competitive 0.1049 0.4127
~ 4 | 25| quite collaborative || 0.0481 | 0.7701
5 320 competitive 0.1037 0.3707
6 | 320 | collaborative | 0.0708 | 0.6708
7 6561 competitive 0.0413 0.6770
"~ 8 | 6561 | collaborative | 0.0241 | 0.7651
9 | 65536 | very collaborative 0.0236 | 0.6570
10 | 65536 | very competitive | 0.0353 | 0.5634
3.3 WREYTIEBEEMESICEY 2ER
ﬁ%@t@“é HEEMES Q1T BB R ORI ’?3%

AREEMOEA LTS, FAL VOFHIICEEDA

fﬁ%ﬁf»bﬁzéé}’fiﬂ%ﬁ%‘*%ﬁ%wé &T, RMERAR %ﬂ%
DI N R R A A~ DBRFEDOFHMIFIRIZ B 1T B

MEMPRT 5. ¥4 5 Closed negotiation % Fifg e LTW
LZRBHETIE, BT —Y oy MIHTFORAEE2SIRY
HIENTEY, HYLARREMORENNETH H720T
H5.

FHZARMIZRE T, NRETE2EERBEMES Q IZ2E
frffiz HRIZMBELG LT 5. 2L, REBMEREKIZE -
THIAMEMEWEE R L1E, [0 R HRERIZIL
BEZITRNEEZ SN, RIEFAA V2l 2BICEET
«%é?%@ﬁ%Auéﬁ®%ﬂﬁﬁ% $ﬁnfiﬁi®$

HALD 7=, RIEOBE P ORERIZITBEEEBMIHET 2
Zb‘a’ﬂiﬁE@T, wmam D 5.
4. FHE=EER

Zli ST, RAEHRO SN E A E W TFIE &0

BREBRMDVE LT HHTFTHEDT, ARBROHS
fE?ﬁi‘%LWH?T‘%%) EE X REITE, ERIZSAEHRON
SLERE TR O MG BV B 2 2 FHET S 5.

BARMIZIZ AT OEBRE 1T - 72

FEER 1.1: ANAC 2015 1B B3R R AL > (KR 1) 1267
5 EMERFEAT Competitiveness & LLERS 5.

FEA1.2: Al—T—Y Y MNATLOKHY I al—Y a3 vk
B s, MO ENE VTR L O S ER O %
BIEREET D,

2B 1.1: EHEEMEHE Competitiveness & DELER

£ 11TRT, ANAC 2015 I THWSNZZHR A VI
DWT, MABHMONLEZGHE T 5N (6) O & EMIEE
fii Competitiveness & Ih#k3 5. FIRONR L T 5 E5EEMR
WELIE, 2ABEEME U TR AERONIEZFHEL 2.
ANAC 2015 F=FHMRBAAEENRL LTWE D, £40D
ZHFITBT RN HEHRD R E OEDFIE (8 HIERD S
MAZE) &KL 7=,

£ 2 1B B EMERFHE Cooperativeness & &) &R D
VAR % iR 5. AEEBEAHOE (Domain Size) 235 L W
KA1 VAL ZEET % &, Cooperativeness 7 competitive
EREINTVDB KA VDAED, MAERO X LEDOE
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X 2: EER 1.2 DA ERER

PEWZ eAbh %, DF Y, Domain Size BFEL WK A A
VAL OERFHEER E UT, SIAEROMNLEIZHWSZ &
MTEBLEZILND.

UL, Domain Size 8% 5 R A A Y [HET DKL, Co-
operativeness ¥ BHMNAH S WZ bbb, Zhik
X (6) IZRU7Z& ST, HDOIER D25 IZ Domain Size T
SEAMEE->TWDE ZEDFATHRVWREFZSNDS. Kifn
XTRHNGRET2ABERRFBREATEEERBEMLLTVS
7280, RUHEOBEE R ORI EE JIF S R VAREEERD,
Domain Size DK E WK A A V3% < 494 LT WS A[REMED
H5.
£ 1.2: A—I—Y Y MNEXTOXRBIIalL—Y 3V

FhR 1.2 T, SABERONSIENERICEBIROHSE
WBIRL CTWA 2% ¥ X 2 L —& GENIUS [Lin 14] %\ 7z
FHMEZEERIZ K > THMrd 5. BAEKIZIE, =Z&FMRBMEICES
WCH—DOIZ—Yz v MALTRESE, WLEOENRER
A VUDFNLEDRNZ I R A1 v ORBfERE ik 5 Z &
T, XY EPEEEREHEL LTWE220WT 5. Lk
EWXUTDEY TH 5.

(SRERFEE]
SMI—y v b BHOESVHIEWIEIZ Boulware, Lin-
ear, KU Conceder % H\WTHEEZ1TS.

BETEE: [H—
B$HER: 1000 Round LABED R MIZITH D,

IRRBERMET 10 MR EIT D

A

A

TH R XAV ANAC 2015 DR A A > (K1) 2.
(EEER]

EBR 1.2 OFERIZONWT, #2102
BARMW B %, 2 I CREEEMEEL Y Z 710k d. FE
R 1.2 DFERIZOVWTH, AREEMODE (Domain Size) H°
FLUWR AL VHEL T 2 &, RIAEROEIN LD E

B 5 VFIIRER S I

WA S B T BEBDIH, A SR
LW bbb,
5. AMROI LD

KX T, HEIRHIC B)‘éﬁ&ﬂ“]\%’f/@ﬁ%lﬁ’]&ﬁ
Hrd7zb, RFINEROXLE Z2HKEH L7z, BARIZE, 4R
BRIZIET — L MRz B 7‘5“?[‘%0)1@&@7553%@%5 MANYE 1|
573%, ARFRERHOZS AR K DR FED A IZH D
’L\\I‘ﬁ@iﬁ,m%&ﬁ%m&??"ﬂ Fho e ERL

7L\_. Z T Closed negotiation Z & L 7-8%&, RKEDE

ERHIZED2RE RN AL U TIEA
b, REFE R OFER
RAA VDR TEL LS IZLE.

REGER ORI 722 72
’%%%&i? BEEMES»ORW
I B B R R Al

alz AREEMEERE U,
ZLUT, AHEDEWEBERAMEZZ S HOHTIRE, 68

%W@%%ﬁﬁ%mtbjﬁm@%t,Mﬁqﬁ@ﬁiﬁéA
ER OGS EOFMIZ AW, ZhlE, AEEDEWE
ML, FEEORBBIMEZ TR L TOA—FIIZ %mm#ﬁb
720, AEMENHTR S AR EF[L I VAR EX 5
EPHTHB.

ZUTC, #E USRI EREIZDOWT, ANAC2015 D33k
R A A 2B 2 BEAF O 8 M 70 5T & Thik U, BEEE: % 43
Mritz. F7z, EBUZRARERON L E DRI E % K
ETHEIn%E, HEIREB T -V v b2 AWZEIERIC X
DB L 7z, FHEEBROERY S, SEEBEM DI (Domain
Size) DFE L WK R A A VEL T, BEFOE MR 227 &
OFEMEPRE 2. 512, SIABROMELRENHEFEDLS
W R A A VT, REBRERICB W OB IEMNNE < 72
5205, MARBBROXNEE SRR OH S & Ol FH
WBHZ N TEBLZ L 2R LI

S XXk
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