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Analysis of Two-Player Round System Item Picking Games
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There exist several alternative rules for allocating indivisible goods to agents. (e.g., allocating rookies to sports
teams). In one rule, which is used in major professional sports leagues’ drafts in the USA, agents (teams) take turns
to pick items (players) according to a predefined sequence of the agents. Previous works examine computational
complexity of agent’s decision making in this rule. This paper examines another rule based on lotteries, which
is used in the Japanese professional baseball league’s draft. We showed that if there are only 2 agents, deciding
whether a set of items can be obtained certainly or possibly for an agent can be computed in polynomial time

assuming the possible actions of the other agent are known.

1. iR

BREOT A T GEAEIN) 2BBOT—Y x> MzEID Y
THRBEIEESHRINTVEIHED 1 D THh D, HYE M
BUZIRET 5 /i LT, HEficAI Nz —Y 2V MOJH
FH (Y — 2TV A sequence) X THEI—Y v AT A
TLEEETZHENRD . ZO[EEFAR—YI—FDRS
7 MET U VIR E N, BAEIE Sequential Allocation
(SA) LW AR TIRIAS I NT NS,

I—Yz v bD 2 NDYETHS VT O BRI % 58
RIS TWAEDD &, HIMDES (N FV) 2ER
T HMIBVEET 202 L HARA CHETE 5 Z L HRRITR
INTW3 [Bouveret 11]. F7z, MUKED® & T, MEN
REIZ BT 2R AE E RIS B URIR AL I AR E] CRIA T
B LHRINTVS [Bouveret 14]. T HIZ, T—Y YV
M2 ADBZEIZBWT, AT —L%ety v alaging
HARM CEHAETE S Z L HRINT WS [Kalinowski 13b)].
F7z, AU (social welfare) % E A LT BIEFIZDWT
AL I NT WS [Kalinowski 13a.

=7, MEZHWTEHY2ROLGERLFELET S, 0
I—VxV bDFARIZHFEE S\, HEBW - 725/ IEQER
MREIZ K DRI D Y TEPRET 2 HETH Y, HEAD 1
BERIZBIT B NI 7 hai (A ETERRE) © UIHEO
AHEN) MEAINLTWD " 2 ZTAMETIE, BEEMEIC
0 SA IZBVWTLHEARM TR 2 LRI N, (B
) HExE WS HEICBWTHLIHEHAR M T 5 0% 35
5. RHZARMSI T, [Bouveret 11] X [Bouveret 14] #3/R
LRIz DWW TH#RT 5.

BARBNIZIE, £9, ~BBETLELT2 AT T N
(Round System) Item Picking Game (2-RSIP Game) % i&
#L, TOETILHNT SA PHELZHAVDS HiEEzL—LEL
TEHTD. ZTOH, ==YV b2 AOEE, HENVEK
IUHTERIZHER/TED0ED, ELIIERTEZIHEEND D
PEPHBHREZ VS HIEICBWTHZIHARE CHIERET

RS Bk B, JUNKZERZER Y AT MEHAER, T 812
0395, A& i B AR R 3 P8 X oG ] 744 F i1, (092)802-3576,
tominaga@agent.inf.kyushu-u.ac.jp

*1 HGETF BRI 2010 FEHREE 9 RI2L 5.

HBZEERT. EOIITNAE LT, INENRRIF2/EOT—
VY N BHIRIC & ST 2RO R s E iz D
WTC, 2o D KENRLHARMCHEWRETH S Z & %2R
7. kb, MEo#s L, e THETS.

2. 2 AZ7 2 Kl Item Picking Game

KX THS 2-RSIP Game DETFILEBNTSH. ZDE
FUE, 2 AR ETI—Y Yy hOEGN = {A, B}, 74
TFTLOESLE O ={1,2,...m}, TLTIL—ILRD 3 DN5IR
5. 12720, miE2 DEREREL, m=2s £ T 5. s 3%
FJUYRETHD. RIFEYFGEEZEDDHDT, IRD 2D
DO AEFD. (1) STV RITLIZEZ—Vz VU MZ 1 D2D7
A FLEEOYTE. (2) T—V VY MIESTWAT AT A
WOHETETATL%E 1 DEEIY, HELEZTATL%
BEULAEI VoY MIEIDYTENE S DHET S Z & Tl
WMAERET D, RANDANDEZ, EEINZT—Vzy MO
LOATHD. 7z, RIZEOLST, HLofk# (772 N
TEDI—V Y MIEDTAT LN Y THEND) 2R
FTEARMY h: N x{1,..,st = {0}UO (0FxZFDERETHE
HYTHEILE2RT) WEICAMINLHEHRTHD LT 5.
2-RSIP Game IZBIT 3K L1, £ 7 KIizBW\WT, 5%
5NBEAN)REDIHFRIZNLEDT A T LE2ER/T 0%
HRUL7ZEDE NS,

2.1 ABWXTHEHYHRSIL—IL

AFS Tl Fixed Sequence Rule (FS Rule), Lottery Rule
(L Rule), Random Sequence Rule (RS Rule) ® 3 DD —
NEHhS.

E# 1 (Fixed Sequence Rule (FS Rule) ) FS Rule
BRIV RZEIZ N DIEFITHZY 7Y —2 TV X (sub
sequence) T1,...,ms 25, 7 — ABBENIIZ2TARMT 5.
TUVR LT T DI THI—Y Y PIHLET S
TATLEESL, TOTATLEREMEIERT 3.

Ty Ts ZETCEF DT —L2KOEEEZ Y -2 TV R
m & U, FS Rule Mz 2y —2 v ADEE% rs &7
5. ¥, V=T UVARY T V=TT VAR IV bD
LEEWARTRELT L. HlZIEmn =AB L, UV R 1T
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X A BRINCHELEES L, TORIZ B BRHEE2EETS
Z e EERT B,

FS Rule I3k Z B —2 TV ANT T RO DIZRE X
N5, TV hDIERIZT A T LEELT L EITBNT
BEEIZED SA L2 FEUTHB. TD7d, 2-RSIP Game
IZBWT, SA X FS Rule X ad 5. #lxiEm=4 D
&, ABAB % ABBA ¥ ps 2&EHh, FS Rule THbh
5y =0T VAN, AABB % BAAA X lps Z&ENT,
FS Rule Tlkfkbhz\w., L L, Zho5DY—7 TV AT
2T SA Tldfbins.

£ 2 (Lottery Rule (L Rule) ) L Rule iZ& 7V ¥ K
ZBWT, B A, BWiAPRLEE2EET 5. 2 NOFEN
BoTwaFniE, TV v MIHLELET A 7 L% EE
PEIZEID M TS, 2 NOFEIFE > TONIXAFELR (A,B &
2 1/2 OERTHD) HinBIck->T 1 AOBEEZHD, ZTO
BEVCHLELT AT L2EDSTE. MEFIHOFLET ST
1FLEESL, TOT AT LEERMERT 5.

L Rule IR X THF$T 2V —NVTH5. /272U, L Rule
T =YY MOFEIZ K> THEOERAPRE T 57280, 7—
LDBERAVWEMTH S, 72, L Rule TV —27 TV 2D
MWz, BEFEOMER 2 AW BN TH L. 22
T, KX Tl L Rule Dl 2B 51295728, RS Rule %
BAT 5.

E£% 3 (Random Sequence Rule (RS Rule) ) RS
Rule ¥ FS Rule & [kk, UV RZ2IZHTV—r TV A
(sub sequence) 1,...,ms ZHH, TV KR t Tl 7 DIHIZ
HoTHRZ—VzV NIFETEHETATLEESL, £DT
AT LEEMICHERT D, 72720, m 1 ET UV ¢ B
WZIELOTAMEING (Z—Yz v MEBRAL D BHED T
JYROYTY—O TV AERDBIENTER) . T2,
M AB,BA L5 RITENTN 1/2 THD LT 5.

RS Rule iZ2H5WT, FERMIZEHL 27 —L2RONEE %
V=PI VALIER, Y= TV AL Hpg OFD S —REE
RTOBIINTEIT 5. RS Rule Z¥—27 T2 2D H
0, BAERZEORERZ WA ARETH 5. £ 2 THRIMX
Tl3E 3 RS Rule 2T L, ZORHEZE £1Z L Rule % fi#
#9 5. RS Rule IZ4& 9 L Rule DMEN AT BEIZ 72 B B IZIX
DETHLUL BT S.

2.2 RE

RESL T, 2-RSIP Game (28175 A OMIKIZ DWW T
9 5. 7272L, [Bouveret 11, Bouveret 14] & [F URE% &
<. BARINIZIZE 9, Ald B OMIEZEERIZH > TW\W5 2K
ET D, 51T, B AL DEIEITEMCIER I (simple
deterministic strategy) T» 3 L{NET 5. EIRWIZIX, B
X O I UTERSI N DR 2IEF > (BEIEF & IT
) 2D, BIIE->TWATATLDSS > T EMIZ
HETATLEHIOERINT S LINETS. bp 2525¢ B
DBFICIENREIEIE—RITEES. £LT, Aldpp %
o7z ETTEIT 5.

L LR % B\ 7= 2-RSIP Game & (O, R,>p) TR
TE3. 22T, 32D —Lizk% 2-RSIP Game % T
F# 2-FS Game, 2-L Game, 2-RS Game *IEXR. £7z, B
DEEIEF LTI, A 1203 2 >p: 123 &
MEld 5.

2.3 A DHIEDRE

A DYk %E oy TRT. £/, WENLIRIED A E TR L
UCiamd 2.

SEEES 3 DDNL—IUZBWT, o4 DIREMTHNIE, o4
EABETEKTZLNTES. KO-y, RIZIETr -5
WERTDIREER KT o 25K, MUNDOHES t OTHAITIE, F
YNt OFREZRT B, ZHIER TV (i,5) TR,
YR ELITANLG BWj RERLEZZLERT.
BEDAAN D TH 5% 43I 5 & P3N,

FS Rule D&, WERIIZEE B2 BEEN L WZD, Nk
EERV—EBOKRL L (BB OTFIE 1 D).

L Rule D&, T t-1(1<t<s) DAlHE o T3
&, o WREOTFORIZT T v R t THIEWFRLE ST 20 E0TE
D5, HEPRLEL LD o758, o DFIX1 DT, TORIT
137~V NC (No Conflict) #2175, HENFEELES,
o DFIE2 DT, 222DHUTIFFNFNT X)L Win, Lose %
DB, A DHBETH - 72560178 Win OOz, A
PHET AT 72358 DI7ENE Lose DB DLICHERT 5. L —
L&D, Win, Lose DRUCHEDHERIZZNEN 1/2 TH 5.

RS Rule D54, HX t—1 ODBE%E o 2 35L, il o
X2 D0DF%2FD. TNENDOFIZIET )V AB, BA 23D\»
THY, m = AB ODEEDTEIE AB ORDEIZ, m = BA
DIGFGEDITHNE BA OEO&IZEERT S, v—L &b, AB,
BA OBIZEGHERIZZNEN 1/2 TH 5. £7-, RS Rule
DOLGEIXBEO R 2L TE S, Dl o D2O0F%
FNEFNIRET B 2 DDOWHADERIZFELWES, 1 D05
DARIZFLDOND., HHAKRE 1 DITELDGE, o &
DARDRDODIIZIE T )V AL (ALways) 22} 5. %7z,
N EERADARE 2O 5 NRWREZ RHRE & PR,

- -
— -

7
‘t“Y

Bll1 m=6,>p5:421635 ® 2-RSIP Game IZ8\WT, L
Rule TD A O¥IEOFI %X 112, RS Rule TD A O¥LIKD
Bz 2 1ZRT.

B 1Ii22WTlE, &5 7Y RTOREIZRK > THED SIEIZ
W EHFEENESND., IR 1 CIIHEZTHLITICAN
2, BWA%2ERTE. HEPHKETEIV R 2T, Al
BANZ Win ORICHED Z & 2idAa s, T58, AREAIZ1
EHLETHILILDD, BOMELW L -DMENFAET
5., TZTAWPOE AlLl, Bid6z2¥EL, ADAITS
L AWX3, Bix12¥ET5. 772K 3 IOV THRABKC
RIS 5.

M 21Z2WTiE, 57V RTOY TV —2 TV A>T
W SNEICIS LFERG NS, Flzidn= ABABBA W
FEHEUEES, AX{2,1,5}, Bi¥{4,6,3} 2¥HET5. £
7o, M2 2ERERFICTIEE3IDOLDIZRS. M1LX3
BT 2E, TR S T CROMEEEIZEL V.

2.4 ADEET NV NILOEEHRER

—f%D 2-RSIP Game (ZH\WT, (FS-Rule DG&EIZHTEH
ThHhHD) ADERTENY RIVITHRNIZEES. 22T,
MERIIZEE DNV PV (HOHEE) 2BFICRET 5.

W, MRS ST 588, HERZEE (random vari-
able) 2% 2 5 Z LML\, EREHL, WRFR2KOES
(BuAZE[E: sample space) Q 75 FEHEEK R ~OBE 2 T
xIhs.

—f%D 2-RSIP Game (Z8WT, A WEST LNV RV,
fEAZEf] 5 20 ~NOBE LTE2 605, £2T, Z0OM

x2  IEFEZ I TH 5.
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W (3,5) B 3.5)
< (1,6 )

) 4)\&“ ( )g(sj) . 4){(1 6) P~ 53)
ZO&@ @3, 1)&(5' 6) NJ SN (3,1) ;9 (5,6)
™ (5,6)

$
1: L Rule (25 2 M4 2 s (1,6) :gg;;

2,4 !

AL (2'4)< &> (5,3) Do 56)

@B 56)
2: RS Rule 281} 28
3 M 2 OEMHRE B
BE O TRT. Z0&DIZ, MEMIZEZZHEEDI L%
ERES (random set) EFEXR. g4 2 1 DITEDD E 04 D
DAE—TRIZEFE 5720, ADMIE o4 2L o728 EOMERE
G% Oa(oa) TRT. £72, 04 ITE2THBENNV NV X A

3. 2-RS Game & 2-L Game & D%

AETIE, HU O,>p 2FD 2-RS Game & 2-L Game D
g %47\, 2-RS Game %4 2BEHIZ DWW TR S,

2-RS Game IZBWT ADE b 3 3L TOMKDOESE F7,
2-L, Game IZBWVWT AL D 332 TOMBOEESE X &
T5. ZLTC, L5 ICBTWMKDOS L, HEFO—-EVEER
OWIKD Z 5 A $EC EHTB.

EE 4 (75AXEC) 2B 035, LLFO&MEZ T
BoESE DE5C v 35,

BEERFUCB VT, AEDODERE o (RT t—1(1 <t < s))
ETBE, ol FARD20D5BEL LN 1 DT,

Type 1 c DFWP 1 2DH (LGN . 2D, itk
STHIZRE 7T 1 T LE2EBL, TOROITEDL
IZX 56730,

Type 2 c DTH 2 DDHH. AB, BA DDRIZHBHIH
HEIEITNWEN (iAB,jAB),(iBA,jBA) L3 BL, iag =
iBa(# jap) 2723, DF0, m = AB DL EIZ AN
HETET71TL, m=BAKRY BIZRSGATLE
S3TATLTHD. TDHEDH, o DFIN2DTH5.

YESC v vk OERIZOWT, UTFOEHERL .

EIE 1 ¥ 6. 2E5C 5 2L AEEL, § IR TR

FED o859 € 55¢ oRERH 2 RBRIIZLT, *
ZITHEBIT 2 70V R 1 ISR TH EMA 7 ARERBUL,
o = 6(c55°) OAMERETH S, T51Z, 04(0F%) &
Oa(oh) ODHFAIFEL .

EH 11, 2RO v nk offick 1 TREND T O
ISBROBEIEL, TNLDEESHZIZE T 285C TE T
e ShITB TS 2 HEICEMTESZ L ERLTVS,
X 51z, § THBRMITONB 2 DOEIKITHEWIZETRL & 5
BTHBIEERLTVAS.

Bz, Bl 1i28nT, 3 TREINS RS Rule iI281) 5
W% o4 £ T28, o4 BIRC 1ZET. 2LT, M1 T
AREND L Rule 281 2Hl&IE §(ca) THD.

COEHSEEHWSZ & T, 2-RS Game DO OFEED S
2-L Game Z2f#IFTE 5.

# 1: I~V O ISER

43I D Rl RE LB s [ sh oS~
N7 L (Type 1) AL NC

53 D AB Win

(Type 2) BA Lose

4. FEZEAL/NY RILEFBER/NY RILDERFT

2-FS Game ¥ 2 A2 &% SA (2-SA) T, A D¥IE%E
HBE, ADPEETEINYRIVIE—BIZEXS. V—F T VA
21 D 2-FS Game ¥ 2-SA IZBWT, HEN Y RIL X €29
IZRL, AD X 2HEETEIWMENELETE251E, X 1F
m TEKTTRE (achievable) TH 2 &\ 5.

—7%, 2-RS Game ¥ 2-L Game Tl¥, A OHEIEEEH T
H, ADPERTEINY PIVIIHERNICEES. TITRET
1%, 2-RS Game ® 2-L Game (ZBWT IEXKAHE] OES
WEERT 2 OOMEEEET 5.

FEEA/NY RJL (certain bundle) HBNY R X € 2°
IR L, PI‘[X - OA(O'A)} =1 2= T o4 BEE
THR0IE, X BHEFELRNY NV EIES.

ATRER /N RJL (possible bundle) 273V KL X € 2°
U, Pr[X COa(oa)] >0 Zifi7z MG o4 DETE
T35, X 2R/ RV LIRS,

ZFUT, EERNYRLPED, ERIEAERERNNY FLh
G HE T 2HEOFEREEMEIC DWW TEHEmT 5. =720,
ARZEIZBIT S 2-FS Game, 2-RS Game, 2-L Game I&[H U
O,>p Z2F2HD LT 5.

4.1 RNV RIL

9, BELNY PV ThHE0DLEARHCHETES Z
EERT. Tworst = BABA... D 2-FS Game T REZ N
VIRIVOHEEE Xporst £T 5.

B4z, [Bouveret 11] DR % HA\WT, 2-RS Game (28
WCTERRNY RV TH D70 DBEDEMEER L.

EIE 2 2-RS Game IZ8WT, HEH1 NV KL X DBHEELRN
YRLVTHBDDRBEFDEMEIE X € Xyorst THD.

[Bouveret 11] &0, H2/NY RV X B X € Xyporst &1
12T ZEHARECHETE S, Zhe 2 &b a1
z185.

8 1 2-RS Game IZBWT, HB NV RIUDFEFERANV R
NTH B ITLTEARGECHETE 5.

BT, 2-L Game IZBWTHEELNY RV THBE2HD
WHEA DM E R UT.

EH 3 2-L Game IZBWT X DHEEZNVRKLTH D720
DOMBE+55M1%, 2-RS Game IZEWT X DFEELRNY R
WTHHILTHA.

2-RS Game IZHWVWTHEROMEE RNV KL X (iU,
Pr[X C Oa(0420 )] = 1 &ili7=§ o450, € S4°° #ifF
BT 5 LERELDT, TO 020 & EH 1 2MAVT &
B3 AUREB.

il 1 LEH 3 K0l 2 2195,
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8 2 2-L Game IZBWT, H»B/NY FIVDHEER NNV KL
THHPIILHEARECTHETE 3.

PAEIZE D, 2-RS Game, 2-L Game IZHWT, HBHNNV
ROVDSHEE N RV TH B DS THARMCHETES Z &
U7z,

4.2 HEEM/ANY RV

FHHIZEWE T B DY, ATREA AN Y FILIZDOWTH 4.1 i & [Fkk
DFENTUTOEHRMEEZRES. 72750, Test = ABAB...
D 2-FS Game TEEARELRNY RILDEEE Xpeor £ T 5.

FI 4 2-RS Game IZBWT, HB22 KL X HSATgEsN Y
RV THBT-DDBEFIEMIE X € Xyest THB.

8 3 2-RS Game IZBWT, HB/NY KILDAEERNV R
NTH B0 IEL AR THETE 5.

EIE 5 2-L Game IZBWVWT X BHEERNY KL TH B0
DBEFEM4E, 2-RS Game 128 WT X MA[gER ANV R
NTHBEZETHA.

R 4 2-L Game \ZBWT, HBH/NY NUDBAHERNY Kb
THDEPFLEARMCHETE .

PLEIZ& D, 2-RS Game, 2-L Game IZBWT, HB1 NV
ROVHIA[REZR /N Y RV TH B0 LA e TEsZ L
U7z,

ISRG: INERNRRFEHFOI -T2V b

INETOFEME A ITHENL#EE 2 K27 2-RSIP
Game DEFNVIZIGHL Tl s 5. Z® 2-RSIP Game &
(O,R,>p,us) CEBETE S, ZOETILTHL EME N7z
ua: O = RY X, ADIENZLEF2RITHHERTH 5.
MEZEFTH B DT, N RIL X € 29 A% (A
M X BEEUGEIT A DVEST M) X Siexuald)

—#%Z, 2-RSIP Game 2B\, A »HEET 250 MMEIX
WERPNZEE D, ZD7D, AWERSTIRHEEIZET 2R
BRE U LBEL. Uy DRAGIZ ADEIE o0 DNEFE D —F
WZEED. /o T, oalld>T AMWEERT IR HMEFRTHE
RER % Ua(oa) TR,

Ua(oa) BPEBLD BMHEDS L, &b /NSl %z &30 H
f# (minimum utility) Min[Ua(c4)] = min{z|Pr[Ua(ca) =
z] >0} &IPY, &b KE2MEEZ HEMAME (maximum util-
ity) Max[Ua(ca)] = max{z|Pr[Ua(ca) = ] > 0} &L,
ZITIE, T OBRARKI M B AE D BRME I DWW Chfim
I5. ¥/, AZEIZBEWT, 2-RS Game & 2-L Game (Z[d
U O,>p,ua 2RO LT 5.

Xyorst DD B, WAMPELE WY FLE X, U, Xy
WEEONAMEE uyw & T 5. F72, Xpest DO B, MAEIH
EEWAYRLE X, & U, Xy DPREOMAMEE w, & T 5.
BIE TR U7ZHERY ua OEEZHAWT, ROFEFHZRL .

5.

EHE 6 2-RS Game ¥ 2-L Game (ZHB W T, mHER)HE
Min[Ua] DEKXMEIE wy, BESHME Max[Ua] OEAMHEIE
Up 'Caf)é

T 512, [Bouveret 14] &0, uy X up FZHREEH TEHE
TE5728, ROMmEEE5.

B 5 2-RS Game ® 2-L Game IZHBWT, mx{ExhHME
Min[Ua] % SE20HAE Max[Ua] O KA I12% HARH T
AHEARETH B,

6. &

ATl RS Rule ® L Rule &\ o 7=, FLE () %
OB EY H DR 217572, ZDFER, 2 ADEETHD,
H3 DT OB IS 2 5222 > TWAIKED® & T,
B BNV RO T E 20 HET 2 RIENELEE W72 ik
ZBWTHLHEARMCHETELZ 2R UK. /7, ik
FZRBATIZ DN T, AR P 2 i s 2 FA AR D i KA 6 2 TH
I CEETEs 2R L.

SHOME L LTI, JIERMZRE B U TR EEO
FHED K NE % KD BHEDF EREENEIZ DOWTIRS Z A
EiFonsd., £/, KeXTld 2 AOEEIZBREL T\
b, —MBRDOANBDLE TOFERBEEIZOVWTIAND Z & 52
Fons.

HEE

AW ISPS JLEEIAE (S) (FRUVEZ S 24220003) DB %
ZFELU ZITELBH L ET
& Xk
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