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Abstract. This paper presents an application of the g則ne refinement theory to a c1ass of roundｭ
ma.tch gam伺. It describes the basic idea. of game refinement theory while showing the process of 
gamed朗ignusing tW'かpersonround-match RoShamBo. It then deals with ..，αic抑gen，a thr時・person
card game. Sinc坦 a round-match is the 自rst・levelmeta game，比曲n be refined by the same way as 
for the board gam田. Simulation experiments performed show the effectiven田sof the idea. 

1 Introduction 

Wc havc studicd thc propc凶y of thc dccision 
spacc in g訓c playing[5][6][8][9]. TIωdccision 
spacc is thc minimal so.制'ch spacc without forcｭ
casting. It providcs thc common mcωurcs for a1-
most a11 board gamcs. Thc dynamics of dccision 
options in thc dccision spacc has b∞n inv，倒i­
gatcd 創ld wc obscrvcd that this dynamics wa.~ a 
kcy factor for g組1Ccntcrtainmcnt. Thcn wc pr炉
問cd thc mc制1'Cof thc rcfincmcnt in gamω[6]. 
Intcrcstillg gam08 arc a1ways Ullccrtaill ulltil 
thc last clld of gam08. Thus thc variation in availｭ
ablc optiOllS stays COllSta.nt a11 ovcr gam08. Hcrc 
thc gamcs arc a kind of scωaw gamc bctwccn 
possiblc rcsults. In contrast, onc playcr quickly 
domillatcs ovcr thc othcr in unilltcr08tillg gamcs. 
Hcrc optiollsω'c likcly to bc dimillishillg quickly. 
Thcrcforc, thc rcfincd g組108arc morc likcly to bc 
III a s∞saw gamc. 
From thc propcrty of sccsaw gamCS, wc prか

pωcd a mcasurc of rcfincmcnt ill g，組問 play­

illg. This mcasurc should rcß.∞t somc aspccts of 
thc attractivcllcss of gamcs. ¥Vc thcn compar，αl 

a dass of board gamcs by m叩1S of this m('.aｭ
surc. Wc O8pccially comparc various chωs vari・
創出 by mcans of this mcasurc alld othcr characｭ

tcristi叫:6]. Thc mcasurc was 手 whcrc B 制時
for thc avc1'agc numbcr of possiblc movcs alld D 
st叩ds for thc avcragc gωnc lCllgth. 
Wc should noticc that thc rulcs and dctails of 
a gamc should havc ch叩gcdovcr thc long hi針。ry
of gam08 in most g組問a.lldthc currcnt ga.mcs arc 
thc cvolutiona.ry outcom08 of a. long history from 
thc original gam('.5. For c.'"{amplc, m叩yvariants of 
dlC剖・likc board gam08 arc known in history a.nd 
thc modcrn chωs is thc dcsccndant of th08c v釘i­

組ts. Hcrc considcr ぬc historical changc渇 of rcｭ
fillcmcnt m四surcin chcss vari叩ts. Supposc that 
a. ncw va.ria.nt is born from thc old vcrsion of a. 
gamC. If thc old va.ria.nt is lO8s rcfincd than a ncw 

vari叩t ， such a vari叩t should bc rcplaccd by thc 
ncw onc, bccausc it is 1('.5s attractivc. Thcrcforc, 
thc g;剖ncitsclf should bc rcfillcd in a long history 
of a. gamC, and thc currcnt gamc is thc cvolutionｭ
ary outcomc of thc long history of gamcs. Thc 1'c・
fincmcnt mca.'lU1'C should bc cxpcctcd to incrca.~c 
in a.long history of a. ga.mc. Conscqucntly thc hisｭ
tory of gam08 can bc vicwcd 総 an cvolutionary 
optimization of gamc-rcfincmcnt factors as wcll 
邸 ωmplc:対ty.

In this papcr wc focus 011 an applicatio11 of thc 
m曲surc もo a dass of rou11d-match gamω. Si11CC 
a round-matdl is a gamc, thc propωcd mcωurc 
would bc aIωa kcy factor for thc attractivc1108S 
of thc round-match gamcs. Thc point is how to 
cstimatc thc numbcr of options and gamc lcngth 
for SUdl gamcs. Scction 1 prcscnts a twかpcr舶11

round-match g叩1C SCトcallcd RoShamBo, with cx.・
pcrimcnts and discussioll. An appopriatc rou11ds 
will bc discusscd if wc focus on thc proposcd mωp 
surc. Wc 田 thcn considcr a.nothcr typc of roundｭ
match gぉncs Saicyugcn (M，ωt Mcdiocrc), playcd 
by thrcc playc1's. It is a mcta g，姐1C with lcvcl 0 
and 1. Finally, thc conduding rcmarks arc givcn. 

2 Two-Person Round-Match 
RoShamBo 

RoShamBo (a1so known as Rock-Papcr-Scissors) 
is a simplc 酔.mc， but thc b08t stratcgy can bc 
quitc complic乱，tcd whcn playi11g agai11st falliblc 
opponcnts. Thc gamc is play.α1 bctw∞n two playｭ
crs. On ω.oh turn, thc playcrs simulta.n∞usly 
choosc onc of "rockヘ "papcrぺ or "舵issors". If 
thcy ch∞岨cthc samc itcm，色hcr08ult is a ticj othｭ
crwisc rock crushωsci鈎ors， papcr ∞，vcrs rock, or 
scissors cuts papcr. A match c011sists of a scri08 
of turns (rounds)'bctw∞n thc two playcrs. 
Thc gamc is trivial from a gamc-thcorctic 
point of vicw. Thc optimal mixcd stratcgy is to 
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Table 1. Experimental results 旧lderthe basic rules. 

、Nìnningpoint 2 3 4 5 
Round to end 3.74 6.19 8.72 11.31 
|乎 0.461 0.280 0.200 0.1.53 

Winning point 12 13 14 1.5 
Round to end 30.21 32.9.5 3.5.72 38..56 

1-* 0.0.57 0.0.53 0.048 0.04.5 

choosc an action uniformly at random (on仔third
probability of cach). This will cnsurc a brωk­
cvcn rcsult in thc long run, rcgardlωs of how 
strong (or 1 
乱，ga心úns“t pr陀'cα吋d必lict乱blc opponc叩nt旬自， a pl乱ycr cむ1 atｭ
tcmpt to dctcct pattcrn自 in thc opponcnt's play, 
and cxploit th.osc もcndcncics with 乱n 乱ppropriatc

countcr-stratcgy[I]. 
Thc tW(トpcrson round-match RoShamBo pr(ト
vidcs at cach rouud with thr∞ optious: wiu, loss 
or tic. Thc lcugth of thc gamc is thc numbcr ofthc 
total rounds playcd. Bclow thc basic rulcs for thc 
C'xpcrimcnts pcrformcd in this papcr arc showu. 

-Thc winncr at cach round gcts onc point whilc 
no point for thc loscr. Othcrwisc (tic) also no 
point. 
-If onc's total wiuuiug poiuts rcachcs a givcu 
rcgulatiou poiut, thcu thc pl乱ycr wins thc 
gamc. 

To changc thc charactcristics of thc g叩lC ，SCVｭ
cral additional rulcs will bc givcn bascd on thc 
following idca. 

-If onc wins somc consccutivc rounds, thc 
bonus points arc givcn. Thc consccutivc wins 
must not contain a draw round. 

Thc additional rulcs will m乱kc thc simplc gamc 
morc sophisticatcd whilc incrcasing thc potcntial 
of changing thc outcomc. 

2.1 Experimental design 

¥Vc sct thc computcr cxpcrimcnts as follows. 

-Thc winncr obtains onc point. 
-Various rcgulation points (say n) arc to bc 
cxamincd. 
-Rouuds go ou uutil thc winucr is dctcrmiucd. 
-Whcu onc playcr m∞臼 thc additional rulc, 
hc/shc obtains n point. 
-Each playcr sclccts an action at r乱.ndom.
-Thc first cxpcrimcnt takcs 100,000 trials with 
thc rcgulation poiut ranging from 2 to 20, 
whcrc thc additonal rulcs arc not uscd. 

6 7 8 9 10 11 
13.9.5 16.61 19.28 21.97 24.70 27.18 

0.124 0.104 0.090 0.080 0.070 0.064 

16 17 18 19 20 
41.27 44.09 46.8.5 49.67 .52.48 

0.042 0.039 0.037 0.03.5 0.033 

-1n thc sccond cxpcrimcnt, 100,000 ttials arc 
pcrformcd with 骨= 10 for cach 以\ditional

rulc. 

Results and discussion (1) Wc show, in Taｭ
blc 1, thc rc自u1ts of thc first cxpcrimcnt. Thc 
gωnc lcngth (i.c., avcragc numbcr of rounds to 
cnd, d伽伽cω叩u附o
g抑i旬vc叩nし. Th恥l(ωc d何1い匂e唱grcc∞ oぱf f~丘r似州\0畑m (伸d恥伽伽1い\cu叩叩uo附1ω叫oωt似削α吋1 泌 B) 
for c乱.ch playcr i泊n t廿h悶c two仔-pcrsou round-ma“tch l 
Ro必Sha但mBoi民s thr町rc∞c s討iuc∞1吃c i抗t hm邸雪 o叩uly thr，ぽrc∞cp戸os.酔. 
s討尚州iぬ耐削bi凶il削li

bc伐comcωs larg'炉;cr，thc i泊u泊曲flucncc b句〉砂ythc cha乱叩.1泊.nc∞!泡ctωot“h陀c 

ou附omc吋ofthc gamc iucrcas臥 Similarly， ω 手
bccomωsmallcr， thc outcomc of thc gamc highly 
山pcndson thc skill[7]. 
As mcntioncd iu thc iutroduction scction, thc 
modcru chcss is thc dcsccndant of mauy chcss old 
vaJ噌iωlts and must bc wcll-rcfincd. Thc mcasurc 
valuc (rougl均 0.07[6]) for chcss may rcflcct thc 
wcll balaJICC bctwccn skill and ch叩侃 Wcnoticc 
伽.t thc valuc of 手 is 0.07 in Tablc 1 whcn thc 
winniug poiut is 10. Wc thcu suspcct that thc 
twcトpcrsou round-match RoShamBo with winｭ
ning point 10 may bc wcll-rcfincd at somc lcvcl 

Results and discussion (2) Wc cxp∞t to rcｭ
finc thc two-pcrson round-match RoShamBo with 
winning point 10 using thc additional rulαs. Thirｭ
t∞n additional rulcs arc uscd for thc ncxt cxpcrｭ
imcnt. Thcsc. additioual rulcs m乱.y cllaJlgC scnｭ
sitivcly thc gω.nc propcrty whilc incrcasing 01' 
dccrcasiug thc gamc lcngth. 1u this cxpcrimcnt, 
100,000 trials arc pcrformcd for cach 似\ditiollal

rulc. ¥Vc show, in Tablc 2, thc r，ωults of thc cx・
pcrimcnt. 
Wc first noticc that thc addition of spccial 
rulcs is morc dclicatc thaJl thc changc of thc rcgｭ
ulation point whcn wc comparc thc two cxpcri晒
mcuts. From T:乱blc 2, wc assumc that fivc v乱ri­
aJlts #4 ~ #8 arc somchow iutcrωtiug. Thc v叫.

uωof 斗手 for thcsc variants arc iu thc rangc 
of [0.071 -0.080]. It is hard to dctcrmiuc thc 
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τ'able 2. Experimental results under the addinional r叫回.

# Additional rules R.ound 乎
llwinning tw.かin-row on開 6.02 0.288 
21winning tw.かIn-rowtwice 14.66 0.118 
31winning three-in-row once 15.48 0.112 
41winning two-in-row thr田 tim倒 21.67 0.080 
51winn泊g four-in-row 色hreeonce 21.78 0.079 
61winning three-in-row twice 23.83 0.073 
71win凶ngfive-in-row three once 23.94 0.072 
81winning sﾎX-in-row three once 24.52 0.071 
91winning seven-in-row three once 24.69 0.070 
10 winning four-in-row three twice 24.69 0.070 
11 winning eight-in-row onC!l 24.69 0.070 
12 winning three-in-row three time 24.71 0.070 
13 winning nine-in-row once 24.73 降070

bcst vari副t Si11CC thc C11総rta.i11i11g impact dcｭ
pC11ds highly 011 thc skill of playcrs. If playcrs 
strongly p陀fcr thc chancc factor, thc11 thcy will 
dloωc #4 or #5 variant. 

Wc havc shown a procωs of g，組問 dωign. 

Starting with thc primitivc vcrsio11 of thc twか
pcrson round-matC".h RoShamBo, thc first stagc of 
thc g叩10dcsign dctcrminαI thc rcgualtion point 

thatth叫'amcm匂削h即乱蹴v刊'carc蹴n帥a1油b加l

Thc so∞c∞o叩uc凶d s“tag酔c wa舗8 r.釦制ollowα吋1 h句'y thc a凶正.dd必i抗凶tio叩u l 
oぱ.ft“h悶c s叩pc閃吋lcial rul加E伺渇 t仙h乱抗t t“hωc g，拙1叩cp戸ro叩pcωrty ma;町y 
hav，刊'c cha組.ng朕E臥吋d mor.叩'c s舵cnsitivcly. W.恥ct仙1m凶s 船ct仙ha“t 

手 c伽a創組.n山bc悶)ca刊刊t刈渇a陀rcaω80叩ua帥a1油，bl仇削lc ind凶di刷c伺伺叫a剖蜘d品t
ta乱必.inmcnt for t“h陀ctwo争-pcr昂拍on roun吋d-ma乱ω，品，tdl gamc. 

Wc hcrcby givc a rcmark on thc propcrty of 
a g，創nc which has thc thrcc outcomcs: win, 1ωs 
and draw. 

Rcmark 1. Two-pcrson round-match is a gamc 
whcrc thc dcgrcc of thc fr∞dom is thr∞. 

No旬 that Chα:kcrs is a gamc for which thc 
avcragc numbcr of pωsiblc movcs is ncarly thr∞. 

2.2 Round-match RoShamBo and Chess 
compared 

Thc round-match is a lcvcl-O mcta gamc whkh 
has somc rounds at which a gamc is playcd. Thc 
g組問 to play atω.ch round is thc tw.かpcrson
RoShamBo in thc prcvious cxpcrimcnts. Howｭ

cvcr, wc rcco伊包:c that thc mcωurc 手 will bc 
applicd to any kind of gamcs if thc dcgr'∞ offrcc­
dom (pc闘iblitics for playcrs) and playing timc 
(g，乱.mclcngth) c制 bc dcfincd. 

Consiωdcr thc round-ma 
011Sぬhi恰P bctw，∞n thc world ch削a却mpiぬon a総.ll(吋d a cha必J­
lcngcr. Thc quωtion 紅iscs: “how m姐y rounds 
arc su侃cicntly to dccidc thc ncw champion?" 
Wc obscrvc that thc tw.かpcrson round-matdl 
RoSh叩由o providωat cach round with tlぽ∞ op­

tions: win, loss or tic. To cnhancc thc gamc, it is 
good to play thc 10-point match, namcly roughly 
24 round-matdl gamc. In a chωs matrh, thcrc arc 
also thrcc possibilitics at cach round: win, loss or 
dr乱'!N.

Thc indication (wcll bal副cc bctwccn skill 
副d ch創lCC) 開館:cst自主hat about 24 round-match 
would bc rcasonablc. Illdo∞d， 24 round-match sys・
tcm 1糊 bccn uscd in chc間同.Wc da.im that this 
is not by cha.llcc, but thc cvolutionary sclcction 
of thc long history of round-match 酔m低

3 Most Mediocre 

Mωt Mcdiocrc (Sa.icyugcn in Jap副ωc) is a d争
∞ptivcly simplc g，姐lC modifiα1 from Mcdiocrc 
invcntcd by Douglas Ho釦adtcr[2]. In Mcdiocrc, 
cach playcr 舵lccts a numbcr. Thc playcr who sか
lccts thc middlcmωt numbcr is thc winncr 岨d
gcts a scorc. This is known as lcvcl 0 mcdiocrity. 
A lcvcl 1 gamc of mcdiocrity involv.ωpla.ying N 
gamωof lcvcl 0 mcdiocrity. Thcn, thc winncr is 
thc pcrson with thc middlcmos色 numbcr of lcvcl 
o wins. 

Howcvcr, in Mωt Mcdiocrc ca.ch pla.ycr scｭ
lccts a card (i.c., a. numbcr) 合'om his/hcr h拙d，
whilc pla.ying N gamωof lcvcl 0 叩d M g，創ncs
of lcvcl 1. Bclow wc show ぬc standa.rd rulcs of 
Mωも Mcdiocrc.

-52 ca.rds uscd without jokcr. 
-Thcrc arc thrcc playcrs. 17 (say X) ca.rds arc 
dcalt to cach. 
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Table 3. Sωcyugen variants. 

-At cach turn, onc sclccts 乱同rd (i.c., numbcr) 
from his/hcr hand. Thc pla抑rwho sclccts thc 
middlcmωt numbcr is thc winncr and gcts a 
scorc that is thc numbcr on thc card. 
-Thcrc arc supcriority bascd on suit of card. 

Thcrcforc, wc havc only thc winncr at cach 
turu. 

-Thc winllcr's card will bc 松cd up, othcrwisc 
faccd dOW11. 
-A lcvcl 1 gamc involvcs playing 5 (say AI) 
rounds of Icvcl 0 mαliocritv. Thc willncr is 
thc pcrson with thc middlcmost numbcr of 
Icvcl 0 wins. 
-A Icvcl 2 gamc involvcs playing 3 (say N) 
rounds of Icvcl 1 mcdiocrity. Thcn , thc fiｭ
nal winncr is thc pcrson with thc middlcmωt 
numbcr of Icvcl 1 wins. 

Thcrc arc four S品icyugen varﾏa.nts wiもh difｭ
fcrcllt valuc X , Af alld N. ¥Vc show, ill Tablc 3, 
thc variallts and our calculation Oll thc OptiOllS B 
創ld galllc Icngth D for cach variant. In thc stanｭ
dard Saic仰gcn，a.t thc first round cach playcr has 
scvcntccn options, sixtccll options at thc、 sccolld

round , alld so on. Thcrcforc, thc avcragc Ilulllbcr 
of actions for cach playcr is 10. Thc galllc ICllgth 
is giVCIl by 3 x 5 x 3 = 45. 
Accordillg to thc GPCC c-ma.il discussions, 
#4 variant is known to bc 1ll0St. intcrcsting whilc 

抑制ant is bo山g[4]. Thc valucs of 手 for
t.hrcc variant.s (#1 , #3 and #4) arc in thc rangc 
of [0.07 -0.09]. Thc indication su関川s that #1 
varirult will bc morc intcrcsting th仙 #4 variant 
ωthc skill of playcrs incrca.~cs. 

4 Concluding Remarks 

Thc futurc works will considcr thc gcncral casc 
whcrc lllultiplc playcrs (morc than 3) participatc 
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thc compctition. In thc tournamcnt, a gamc at 
cach round is playαI by two playcrs or two tcams 
with Iilllitcd numbcr of roullds. Usually, such a 
tournalllcnt is organizcd whilc using Swiss Systcm 
or its lllodifi代1 pa.iring systcm. Wc thcn havc to 
cstilllatc thc potclltial optiolls at cach round，剖ld

will know sufficicnt rou11ds in thc scnsc of thc atｭ
tractivcncss of multi-playcr round-match gamcs. 
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