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ABSTRACT

Many multiplayer online games need to organize their players with a
variety of game experiences as a team for playing games or sports with fun. To meet
this requirement, it is often that some simple technique working on a random basis
or a simple rule-based comparison of skill or geo-location of those players are
popularly implemented as defaults. By working in this manner, this sort of
implementations overlooks taking players’ requirements into account for team
assignments and hence may introduce a critical problem of unfair competitiveness
among teams. We argue that a better implementation should take players’ criteria
into the assignment loop so that such a problem can be potentially avoided. In this
regard, we investigate some model-based multi-criteria decision making techniques
and conducts experiments via numerical analysis. It is found that the Analytic
Hierarchy Process seems to be attractive due to allowing qualitative and quantitative
criteria to be considered altogether. However, it needs some involvement of Fuzzy
rule-based concerns so that more efficient method of team assignment can be
achieved. While our study can provide a promising solution, it yet requires some
further study on experiments in actual game environments for realistic performance

confirmation.
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1.1 anudAgyuaziuIvasInednus

wnunainuategiaueaulal (Multiplayer Online Games #38 MOG) [1]
Iosuanudsaiiusnnlulagdu Wewin inuwaliinsUalenalvgiauladfanssudengy
iuiaudug Snvansaunumaasetnedumeside wu

e msinsinunuiuiugauagluiufeIiu euvessadalifiuiy wu
.3 Ragnarok Online! vi3e Tenfia grsnnasuads (Yulgang) ilusiu vise

e nsTINTiNLieuYITusiadiuuduY WU 1Ny Dota 2 (Defense of the Ancients
2)’ %58 League of Legends® \{udu

FerFsuiflsussninunuiuy MOG Autnunuuiigiduudafufulusunsy
gyaaInwuuUgy1usehivg (Artificial Intelligence) nnglumauianasuad uLUY MOG
Faduszriedauiduuyudiedu Sanuiaules aaime uazarwayniiilanimnn
[2] ety MARINANINUSUNUTOUNNLUY MOG F13dunda azwiulddnalnnisdnass
drawnuiiiedalidunguegiamunzan (Matchmaking) [2] finnud1fyann ieaninay
ansaibenledluismnuvainvansvesfiaunusznauiudiduiiu dsoraduiunslsogs
vanvaneUluu/uleung fnee 1w

® msiangumuinasivessEiuTnYzAINA1NTD (Skill-based criteria) [3, 4] Lile
Folviinsnaumanuiidunane sy viestseiuilndidsiu wie

o nsimnduideusemuiuisiidanianiimans (Geo-location-based criteria)
[5, 61 Wiolvigiduiiogluvinuvioginiadsafuiui@innesliuinising
(Game Server) gninagniglunguidendu Jdldssernardulunisifuniswes
dyarauniglunsetiedunesidasznindaulufin dwadneuszaunisalves
HLe (Player Experience) Tumsiaunaiug Gudu

! http://ro.exe.in.th
2 http://yulgang.playpark.com
3 http://www.dota2.com

¢ https://na.leagueoflegends.com
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(Implementation) Lﬁaé’masi@duquaaulaﬁﬁi’wmumnS] Wngulaagnesanga ogalsh
p1u FodordAyrosnuavnaiitinaeifansundreiuiinldoudy egiinsansuifies
anznyENeswealluinnnaiudifty (Game-server centric viewpoint) iwhiu Tngd
Lilddhanudesnisanyuueweiay (Game-player viewpoint) 1133ufiasanaae Fala
am1505055ULNLUNYTEAN Tao1adeansiiiinisdanduuuunazfidunainvaissesiu
vinwgAuannsaneg audifiaudeans liinnduiiegauszadvesnsiindang vie
deasrsanuviinielvilg aelunuduing msandesesdrsdulunisiaduladaassndy
nuglaunyg 33nsAnwinunaiaiseneg flzdeliinsunnaeiaudesnisine ve
ALAULNULTHNTIUR TN Famnfinnsauindulanddymnisdndulawuuransunas
(Multi-Criteria Decision Making %38 MCDM) [7] Ad1u1saasdunafinizanieg Tuns
uitlmusziniidhaiiuauuldlnenss fregrsveunalinisideniala

e MswSeuisulang (Rule-based approach) kuunssna1ansnauAse (Fuzzy
Logic) [8] annAadnwazmulun1sAndAsITiinsihuunaunIale (feg1auy
MsuUssgduinuzanuamnsansdudsefuuuuInnfign 11n Uiunans vee
wazdosun Wusu) vie

o NSETUIUNSARIAT UL UTY (Analytic Hierarchy Process %38 AHP) 210
Andnwaziey [9] Wu n) miasdliidunuudasuiiondym wag v) nsi
RS ILUULET I (WY 918veiau [Wudu) wasldanmnin (W
seAuTinwzaNaunge Wudu) Whanfiasanswiuld wa

e AlAlBuuUgNNaNYesaRunATiAIEUeAY (Fuzzy AHP) [10] 31nAMENYMLLAY
Tunstfinasivuunquiese Whanldunuiinisimunaisefuanudifyuuy
mei (W nnsldavesdiuauiy 521319 1 - 9 wnunislasyivaintesld
yundian Tusuawiee 9 sesu Wudu) Tu AHP wuusaAy

[
=1

nnsineTlueady wurwedaitwantenstansai v ld sy mlandluysasiy
Fgenslafniy LLG]SLUV]NUJ;]UG]LLE}’J wmAdAIS AHP mvummmau%mmaﬂ 1N
Forvaenislduuusiansdrsudu (Hierarchical Model) Lwal,mﬂmwﬂumqumaaumum

v’[fnLmi”Jwwﬂuaﬂwm“%amiwsaumsyuLmﬂawuﬁwuuwmaﬂmammmLma mmmﬂ
n73117A ImaLawwaaNaqiuﬂsmmamfuemwm'ﬁmmmmummu6‘] uammuummmms
AHP auﬂuwugwﬂmumc—wumﬁ Fuzzy AHP 8nfae ag1lsiniy mmwuquzmmmau
Tumonisedduaeste fuoluil
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nsInassnguanemnailnds AHP Tunisihluldgsfifeensls

2. msdwmssnmaninquinseuldlummunseiuaudifny aseinliinediais AHP
Fapuiszavsnmlumsdaassnduliiaung MOG sndunielsl meimgle

[ |

v s ° av v v Ha ° P ! a v
NAANTINNNTINBUATNINIIYV NN UUNAINUATIAYNINFADINATTENL MOG IUﬂqiwzﬂzﬁﬂLaiﬂi‘VT

fmalladsnvanganiinduiuiagu dsadsamddisanudeinisvesdiduunldusznaunis
Joassnqulifudiausiuiunng dae unuitassjsludenuazainvesdliuinisinuuddy

1.2 InguszasAvaaInendnug

121 AnwnazWauimadaisuvugnaay dmiunisdnassnqulviuyiau
aeluinyd MOG

122 Usziduuszansainnisiiuanuaaiandouseunaiaisuuugnnan fu
wAlATs AHP wuuRAL

1.3 YOULIAVDI NI TNUS

131 Anwinsdaassnguglaunuamiemailais AHP 9 nTayannainiIufenIsiie
NsnAaey 31U 10 Nt waznduriaunsensunsinasslidesndt 100 Ay

1.3.2  Awpsiznanuduiussenintadadednuiunmd ssesnainldlunisuszaiana
WaETUIULLEUTNITEARY AIENITNAFBUINLULIIABIMEINATIATS AHP

133 Wisuiieu@iansigrisuaiiuaatnndauteinaanslun1sdnassngu vy
Yo & Y a aa ) a U a ad
Flaukuuvanaeimemalads AHP Wisuliguiumallals Fuzzy AHP

1.4 Uszlgminaninazslasu

141 uummamsdszgndldmailads Fuzzy AHP lngihainusensvaeslauidnnsiy
#1301 dmsudnassnaulvitugiauniglung MOG

142 wanmswIsuiisudszdniaimnisdiuaiiuaainindeusenitanaiais
Fuzzy AHP flumafinds AHP uuUsaLRy

143  wadaddfimnzaudmiugimuning annsahluussgndlilunisinassngu
Iifudiaun wagvilffiduwnuAnauessasaunnd iy
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Ineinusiladnnadassadiaduung sauviedududiuiu 5 un dereludl
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WATATSITINHUUATINANENSARULATE, WATIATE AHP uazmAllAISuuugnNay
FIAINTNUNMIUINATE NIV

v 1

" ynil 3 WJunsfnviuSeuiisuussansnnlunisdnassnquliiudiauiny
MOG 5eni1aunATiaIsiganuuunIINAIEnsAquLAse Auwmalads AHP wiay
NsANwIANUALRUSTEnIladenenud N IUauNTensy uag

LnaUlunIsUsELNaNa

B oyni 4 1WWunisUseliulsEanS Ay 199 IUAILARIALAADUTENINUNATATS
AHP LaginAtads Fuzzy AHP WIDULAUDLULLUININITIANTS
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2.1 unin

Tuunilasifuniseduredanasinneg Aldtunlddaasanduliiugiauny
MOG sasflsnnsesueideduieafiumeilnisaeg Afedesfuauddod Woraeusdym
mssmdulanuuvaneinas (MCOM) lunisdassngulifugiauvesny MOG Gaagléianld
TusAdeillnenaon uenaint dasdintmunuaideildimaiads AHp Wldatuayu
nsdnassngulsidudiaunisluinyg MOG ilevaesinlinuieuuiniuanideluids
Wisuieuszrinenuddedfuemisedug Iadnauunndsiu

2.2 jUuuumsdnassngulviiugiau

msdnassngulifugidunieluinuuuy MOG figausrasdifloTiusiugiay
dudunguudstundenguriausiudu Tnsarunsaduiunisldlu 2 sUuuu Ao 1) wuud
Frawdufidenngudnenutes vide 2) wuuiiszuuliuinsinudugidonngulyt usiduann
foaldguuvud 2 whasiidedesdfylunsiaiudesnsidmiiiansaniaudeini
(91371971 2-1 Usznov) Tnedanvndrdgluizeswes n) mnuazmnlunisimundanesiy
aelulusunsu waz 9) arwsandlunsdeassndulitugiu Tulnerdnusiifiuude
szuulduinsnm MOG asfelvl msiidnwasfuuuugnuan (Hybrid system) as3uLuui
a0s naafe faunudulinudnvaieinusiideanisiussuuliuinsing wagszuy
Tiusnisinu azanunsadfiunislalu 2 dnvae fe n) WuliSesddungu (Group Ranking)
aaneifiglaudesnisiesisatuayunisinaulaidennguldlaemanz g (Optimal
Selection) v3e %) Wufdnassaundnmelungulaenadesiuinasiniuieanislsnniiga

2.3 inauiinasanlunsdnassngulvfiudiay

ingRasunlun1sinassnguliiudiay aunsadiudiunaIudiiy
AMUAIAYLANAIBTEAU ALTUFOENTUAINT 2-1 LUIAINAAYBLNUTINITINATIIUTZAU

1%
&

139 wusoenidu 4 szAU nadfe LnatlussAuugIu (Basic Level) Dunawiidesdud
azmesmledaduaduusn mummsm“tusvmumawuq (mﬂ Intermed|ate level Advance
level ez Supreme level) mﬂam qummsmwmmmwuuﬂ AU Fauuoudn Aedes
Tsvevnailunsiasandiuannunaludegui [14]
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¥ o < v Yy 1 oA v o
daudugiaen | e lgnguiidenndeaiuey | @

Wunsemauladenlnedsis Tne

NAwLDY ADIN1SVRIFIAY 15feeanszuulrusniseng
ssuulliinis | e ginduflunisuuudu e | @ lalldhanusiesnisvesdiauiny
Dudidenngulsi Jnassiaudingulaegng W INRsanlunsdenngy
TILT o Lisududesldnguiiaenndesues
AYUABIN1TVBIEUITN
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sEAUNUgIY

Lngun 2

e 5

\
-

\neuat 6

s 7 TEAUTUGa

LNUIINTTA

CEERHE

szaulunans

TAUTUGER

AT 2-1 LNANANNITIATEAUTUAUEIAQTON T TUTZAUAISY U

2.4 n5zUUNSHRFUTILUUNRABNMGN

TulanddamrvesnsandulandinayinangfadnuingItenietu @mulse
PnataISn1srainratedneuLuItIeanIuNT Fanun1nd 2-2 tesnuneaniiy

3 ANYE bALA

o naufilduuimaudlymidsadaemans: \Wunisiigasnisiuamnsadaemans
UINITUANONIAINBY LU NITAUNILUULRNIZT (Local Search) wag Greedy

Search 1usu




nasangulawuunanenuel

\Tendinfans 1330y WWaLuuIang
Local Search Greedy Search || Boolean Logic Fuzzy Logic AHP Fuzzy AHP

= v a ¢
AR 2-2 nsdnaulanuuraleLnu

o naudlduuimanidanndeng: WunisadenguiSsuiisuiionidineu Wi
nITNNZWUUYA (Boolean Logic) LLazmiiﬂmﬁG}%ﬂquLﬂ%@ (Fuzzy Logic)

o nauilduwimanidynidauudiass: Wunisadisuuuitassiuundiniy
wilayyiiiemArneu Wy waladd AHP wag wallals Fuzzy AHP (Hudu

Feluanerdnusiaulalunguilfuamauddaguidang fudavudans
iesan mnuazanlunsldausiunssuiunsiilidudou Tuvai nquitlduuimanis
WidamiBendinand danududorlunsuitymannnit dofu seazideaveunaiaia
yosnguiiaula azeSurglushidednly

2.4.1 WATATSANNYUUUATINAIEATARULATE

wmAdadBi3ang gniunlfiiedndulowuuvateinasi (8] Tu 2 sUuuu Ae
1) WUUASINEUUUYA ke 2) wuuRssnAnaninaulase daanslunmil 2-3 feens (n) sz
VINYEANNANLNTARUUATINZUUUYA WAy (V) 9AUTNYEAMUAINNTILUUATINAARS
pauiaie lnevsaosgUuuuiauunndenssiianaia n) ldaase 2 a1 do 0 (sedud) fu
1 (sduge) Inegunuuivangaudwiuilulflumsdnaulafidduiuey diu o) 1d1e3s
Hutesendng 0 - 119y sedush sedutunans sefugs wazsedugann Wudu Tneguuuy
dmngavdniuilulflunsdnaulafgailduiuou degrsnsldinaiaiBitanguuy
p3snzuULYa Fanandlunaedl 2-2 foil

A9 1 0 ¢ ! y
ﬂ'ﬂnﬁnmw; IzAUA ‘ FBAUG ‘
(n

A1934 < 0-0.25 . 026-050 0.51 - 0.75 | 0.76 - 1.00

)
ANATINAIFEAIAGULAID ISAUAT szaudIUNaNe ILAUPN IEAUGININ

(2)

AT 2-3 f19814 (N) AINTINZUUUYA kAT (1) A1NTINANEANTARLLATE



M19199 2-2 MegansldmalialadanguuunsInEwuUYA

ANADINTTN 1 ng
INWEANUENNTD < 7 01 (MinweALaINTa < 7) wag (218 > 20)
91y > 20 waans Ae 1 (anseiuanudesnis)
v =
AUABINITN 2 ng
VinweANNaINNTaNALALS 7 ,
anglndiAes 20 '

NNM197 2-2 Aeiulddn anudean1sil 1 aunsadinafiniBidinguuy
nssngwuuyamadindungld wu dvinveanuaiuisatiesndt 7 warerguinnin 20
wadns fe 1 (Idnsafumnudesns) drumnudeanisil 2 madaisidanguuunssnzuuuya
Lianunsamandfinguiadoldl 1y vinweanuamsalndifes 7 w3e englndifes 20 1uduy
fathy medadsidanguuuassnananinauiaiedalinrumnzanainndt ieniwadns Tne
nszvruniurenaiinifidanguuunsinaaniaguiaie Ustnauday 3 duneu
Fauandlunndt 2-a Fail

s , s ,
FJunaun 1 Im—————- T-———--- - WUNDUN 3

Fuzzification | —| Inference Engine —| Defuzzification

f !

Fune 0NA

AN 2-4 NFEUIUNMTINNUVDLNATATSIBNYUUUATINAIERSAGHULATD

Funoudl 1 fledTliadu (Fuzzfication): Humsulasdumsuuudavleyly
sULUUTRBUNARUUATINATdnIAquLATe tnanisasailsiduninuduaundn (Membership
Function) snseghawy Tugaunsaiaiugesnisd 2 $edu agldfeiduanuduaundn
FananslunInd 2-5 (1) SeFuinueaLEINnTe (@) STHUATLUUNIEUTNBEAILEINNTE
(A) SEAUYINDTY hag (1) TEAUATLUUNAIUDNY

TUndUN 2 NFBUNIUNTBAAIINAINNG (Inference Engine): WITAIAY
JUBUY IF (61) <@oulu> THEN (W) <wafiniusun> dauanslunisned 2-3 ngassnaians
ARULATRA S UMIANAZILLYBIINYEAILALTA WAZeIY
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0.251
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0.00-7 - = ~ = = — - = - —
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() Q)

A 2-5 suuvuilsiturnuiuanndn (n) ssduiineeanuainse (v) seiuazuuy
MIUTINYEAILAINTA (A) TEAUYINDIE Uag (1) TEAUAZKULUNIIAIUDNY

o ¢ 2
A1919N 2-3 ﬂ{]mi'ﬁﬂﬂqﬂmiﬂ@lumia

o BUNA AD TINWLANFINTA, D18
Ny ” S, : .,
MINWLAINEINTTH NAAWS 21 NGNS
1 i 51 Win al
2 U1unang 52 13U a2
3 G) s3 Al a3
4 GAG! s4 AR ad

funoudl 3 FledTlady (Defuzzification): Junisagunalaenisuuasduns
wuunssnAaninquiaIelfeglusuuuuvesdunanuuiiay Jalegnaisds 1wu s
nAuSA9 (Central of Gravity w§e COG) 3038n1smAnadsdrstmidn (Weighted
average method) Wudu Fslumuddedauls 38nsmanadedaiminlulddmsunism
Aradndvasnzuuy (asnaenndesiudnvasdoyaingfianUssuana

Mnlandanudiosnisi 2 1edu laennsldmaiaiBiBanguuunsinmans
aguiade annsauldlunisairenguitonidneunuuaquiaield funandunmi 2-6
HATNSYDUNATAITIIINLUUATINANANTANLATE N) BUNA AD TinveANaINNTalndLALs
7 9) W19NA AD AZLUUNNIUTINYEANLAINNTANALYINTU 0.830 A) Bunn As anglndifys
20 4a ) IANA AD AXKUUVNIIUBNENAYINAY 0.033
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o g o
vinwzarwannsalndidss 7 ATLUUNNAIUTINEEAIUEINNSA = 0.830
1.004 |
a2 a2
-4 -5 4 e
g O . g s1 s2 s3 s4
o 0501 G0 o 1.0000000 { [ .
§ s b :
0.251
> =
0.004 i - — - v v - — = - v -
00 01 02 03 04 0S5 06 07 08 09 10 0.0 0.1 02 03 04 05 06 0.7 08 09 1.0
(n) (v)
21glndiAs 20 AZUUUNIGIUDNY = 0.033
1.004 i
2 o
< 751 £L
2 0.75 : 4 41 a2 a3 ad
8 0501 wWwin fe497 8 1.0000000 = .
g dgeony g
Q 0.251 Q
3 =
0.00F
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00 01 02

a v ¢ A ad a ¢ 2
AINN 2-6 NﬁaWﬁ“UENLmﬂuﬂ']ﬁlfljﬂﬂaLLUU@'ﬁiﬂﬂ']ﬂ(ﬂ'ﬁﬂQllLﬂia

Aaliy wellAISIanguuunssnAmaniaquase Jallautauladmsunaun
Uszgnaldlunisinassnqulviiudiaunigluny MOG Aiduanunsaioninadinauaeaensi

fanunguLasale
2.4.2 walln?s AHP

wadads AHP WuAsnsdndulafianusathladedlunauazidagunn
ydunaeitiunisdaaulasiunuls Inenszuiunisvinnureunaiiads AHP [9] Usenause
3 YURDU AILEAILUNINT 2-7

r ] : o oo o
dndesnuduiugues AMUIMAEN ihdndasimiin
inasisaniuafuiy umtinanaddny unldlunisdndule

AN 2-7 ASTUIUNTINNUTRINATATS AHP

Fupaudl 1 Ta5e9AuduNUSVa LN oon JUSIFUTU: NITTALS 8

U o I3 '3 v & 1 U ::’i’ = o I3
ANFNTUSYRN U TENOUAIBRIAUSENOUAIeY Aell 1) 1Wvune nieTngussasd
2) 1nauainnsanaula e19azilinainisinaulagasinsolull dwansluning 2-8 wuudiasd
APUTUVRUNATATE AHP 1ag wy, w, lJaude w, Ao Arastuinaudifuesnueivan

] A

AU wy Az wi, Ao AasdntinaudRyvounagigeslunmgl 1 Way wyy bAute wa,

b

A AastuinAudAgURLnuTgoslunud n

Wang (Tnquszesd)

W, IWz W,
‘. ¢ y o
el 1 el 2 W8 n
Wiy S Wy Wor h Wan
inuaigas 1.1 Wneusidas 1.2 WNeUsiEae .l -+ LNEUEIERY n.n

AN 2-8 LUUINRDIAIAUTUVDUNATAID AHP
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TUABUN 2 ATUIUNIANEINUINTNALEIARY: TN1TAIUIUIIAIE1UINTN
ANUEIAYTRLNaIINITanaUla fadl

= a 6 U a = 1 14 a 1 v a I
L‘UiEJ‘ULV]EJULﬂiU‘VIﬂWiG]@ﬁNi‘UVIﬁS@J Tagn1sas1amns1aunsngn1sanauladu

1 . . . (% a = P2 A a al I [
189 (Pairwise comparlson) FaLangl U519 2-4 "USL‘VI‘NIWJ’] WaLUTIUNEUAITEAU

ANUAIAYTazATENIINAMG 1 wazinadl 2 Wiy x1 Tunieandudueiseduanudifgy

FENIIUNAA 2 Wazineusl 1 9y 1/ x1 Milinnsfndinsgiilanuauvnaunauiny
lngansuldlunrsiuwinmitniuasilumsidseuiigy duandduaunisi 2.1 uagldasedu
AMUEREY (Preference level) Auanslumsnei 2-5 oUsziliussauANaIRY TN

a a 4 v a [ 1
191990 2-4 G]’ﬁ’NLﬂJGl'ﬁﬂ“Zﬁﬂ"liﬁ@ﬁUIﬂLUﬂﬁ’]EJ@

nadinsinaula et 1 LNE 2 et 3 e 4
el 1 1 X1 X X3
Lnaua 2 1/ % 1 Xa Xs
Lo 3 1/ % 1/ Xq 1 X6
et 4 1/ x3 1/ xs 1/ X 1

= (2.1)
2
g N fe sauesilunsiieudiou
n fie dnnunsiigninIeuiey
AN9197 2-5 AnseRuATINEERY
ANIZAUANNAIALY Alleny AasUNY
dAnLiniu W 2 tnausid
! (Equal importance) AUAARYLINAL
dfgnanuunana el 1 dAudnfgy
3 . . ¢ a v
(Moderate importance) ATWNUN 2 LNUBY
adgnitegraniuladn et 1 Saudafgy
° (Strong importance) NN 2 17N
d1AYNINDLNTALIUNIN et 1 Saudify
! (Very strong importance) AN 2 ADUTIININ
é’wé’muﬂ'jwﬁzjm et 1 Saudify
’ (Extreme importance) NNt 2 1ndiga
mmﬁwﬁmﬁagﬁzwﬁwLwiazizéﬁ’u s 2 inauidaudiey
24,68 (Intermediate judgment value) 985eninaAleuteny
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AwINaTINvIAUmnfliaInMsUSsuisuteyausa

Juussiingiu (Normalize) foya uazsiudoyalunsazuad Inenadns
AR lAINNTRTToyausiaze

nng wagyinl

f
DANDINUINULA

(%
Y
=
A

1 a

aa o 1 o (% ] % a a A LY s

Tnsdaaasuanudrdsy [16] deg 3 35 Ao 1) wraawsanwuuasUny
(Questionnaire Result) 2) Uszaun1salveedlyev1ey (Expert Experiences) wag 3) 113
NUNMIWITIUNSTH (Literature Survey) og19lsin1u IngnfinusiidenUszaunisalves

[ XY [ 1

ATewey Wesn lindnguidaay msstiuegiugiauinudnaauanudfiy

Y Y

NsAWINERIIdIUAINNdEAARBITuYBITeaYa (Consistency Ratio: CR) lag
9N T1AIUANNADAARDITUYDIVBYATNINTUIINAUNTH 2.2

Consistency Index (CI)

Consistency Ratio (CR) = : (2.2)
Random Consistency Index (RI)
Iny  Consistency Index (Cl) Ao AvtinANaDnARDY
Random Consistency Index (R) ~ fia fiwtiaiuaenndpadady
MIRINATEEIAAUAEAAGDY LaRIIALNIST 2.3
. _ (Apax—m)
Consistency Index (CI) = oD (2.3)
19 Amax A8 Maximum eigenvalue
n D YUINVBIUATNG
frflnuaenadoudegduiansanainnsei 2-6
AN519T 2-6 AYlALARAATDLTIEY
n 1 2 3 q 5
RI 0 0.58 0.9 1.12
n 6 T 8 9 10
RI 1.24 1.32 1.41 1.45 1.49

laguadnsanNAIsAUINERsIdIUANARAAd Bt uYeIlaYaliA1TaEN I

0.1 wanedMsiUSeuiisunaenldlianuaumgauna 011031 0.1 wansdmsiuseuiiey
nawinlglaiinnuanmnauna Arssiasanaeinisinaulalu

dl o 1 n0/ > % a 1 dl dl
UADUN 3 U1AIDUNNUNULT L UN15ARAUTD: NIUAUNIST 2.4 tHiDNN

ey

[y

NaaN

(/) 2N
=
<)
=b.
oV
o)
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n
X = i=q WiC; (2.4)
g X AB ANAZLUY

N A9 IIUIULNUN
. a | w a =
i AD AIFLATSNINN 1, 2, 3 AUDI N
W A9 AN0UNNTNYBWNUIN |
C B ANAZLUUYDILNINN |

Aatiu wellads AHP Fsiinnuiauladmsuihundssendldlunisdeassngy
Wifuglauniglung MOG Nilduanunsadaddiuanuddgueanaeindenisla

243  wAlAISLUUGNHEY

watlesuuugnaa Wunsimalinds AHP uvhausindumalaisideng
LuuRsINAaninauLAde IeUseliusssumsliaudfyunuiidiaieiegluds 1-9 [10]
Tngfnrsaduagsuuilsiduanuduau@nunu Tnefisnsiuinegiaie lng Chang
[11, 12) fefl

fauali M € FR) Wiy Fuzzy Number 81 X, € R fivili Ly (X0) = 1 uaz
A= 0, 1), MA = [x, U (X) > Al Tunasun U v u Membership Function ¥84
M : R —> [0, 1] flsaunnsdi 2.5

x-=0D
m, X E [l, m]
Ha®) = G- yemy @5)
(m—u)’
0 otherwise

198 | way u WuUAIa1LasANUUTDIEANITNANLAIRAU way m tuAINa1s Uaq
M uagHle@duiuaswuuaiumasy (Triangular Fuzzy Numbers: TFNs) waaatdu (|, m, u)
WAAIAINNTIN 2-7 FLAUHLRUUUDTLUUANLLAREL

Ad' U N v s Ql'
AT 2-7 FlavieTiuL U UUE LAY

sEAUMIRNE ALY Faardleduuuaumasy AaLay AHP

(Linguistic Scale) (Triangular Fuzzy Scale) (AHP Scale)
LAUFIAYIINY (1, 1, 3) 1
fianudrAgguinndnaniios (1,3, 5) 3
fanudiAgyuInn1dunans (3,57 5
LAud1AgyNINNIIUIN (5,7,9) 7
fiaudrdgyuinndwniign (7,9,9) 9




14

ANUIUANYDUIRELATIEVNGT AIFUNISNA 2.6 — 2.9

m . n m . -1
Si = My ® [Z Z Méil (2.6)
j=1 i=14—dj=1

Tnen

m . m m m
. Méi = [Z . lj,z . mj ,Z . uj] (2.7)
j=1 j=1 j=1 j=1

el

PISIAR et B
i=14jmq 9 L Xieamg Xl '

bd®

n m } n n n
Z. Z Mél = (Z li’Z- mi,z. ui> (29)
=1 j=1 =1 =1 =1

Arutuniseduresaitandululdves S = S dlle S = (1, my w),
S = (i, m;, w); i # j NAUNSA 2.10
1 m; 2 m,
V(S 5)= 0 il (2.10)
(4 —w)

(m; —uy) — (mj - lj)

other

Anamszauanudululaves S > S e i # j Mnaunisn 2.11

Si2Sj=12.,mi#j=mnV(M= M;|i=12,..k) (2.11)

AMNMININNDIANEIATY NENNITN 2.12

W/ =minV(S;= S;|j=12,..m; i #J) (2.12)

glannmesamudfy W U9un3ng aeaunisi 2.13
— T
w'= (W{,Wy, .., W) (2.13)

waLyINN1s Normalization ma8d@unN1SN 2.14
w!

1

Wi: S a7 W’
i=1""1i

(2.14)
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Mnuuaglannmesaudfglng Asaunisn 2.15

W= (W, W,, .. W)T (2.15)

[y

1089 Wy, Wa,..., W, A A169U U NANEALY

o

Aety wadadsuuugnra Jsiladuiiauladwsuihuidseyndldlunis

o

dnassnqulvitugiaunigluny MOG NiglauaunsadnaduanudAyrasnaeiffensle

Y

2.5 MsUszIUAINNUEDAARD IR

nsUsziiuAANUAenAdaInNnMe WUISAsAuIaIAIRILdenAd D
PN TIReIsaN WeldTausydnsnmaeanalaia Ssmaudenadasnunmg @130
funalldannaunisii 2.16 warAaiduanuRanaInfidaas (Mean Square Error 3o MSE)
mmsaﬁwmmlé’mﬂammsﬁ 2.17 [13]

ANPNNADAARDINIULNN = 1 - MSE (2.16)
1
Mean Square Error (MSE) = m o Kirue — Xmeasure)? (2.17)
18 MSE AD ANLRRYANURANANNNIAIEDY
Xirue A9 A193991NANUABINTS

Xmeasure P8 ANMARINAITAIUIE
Tunsdll  an LNAUNATINUAINUABINTT WAANS AB 1 D1MUANTI NAaNS A 0

2.6 "MARBMAYITRS
2.6.1 MIIRasINgULaWNN MOG MematindsvadlandUymiuuu MCDM

F5nnssalangdamiuuu MCOM anansautsesnléivatsingusvasdnisld
91U Fsanunsaaguandaoganudde Tedamsned 2-8 Wisuiilsuauidediisadesdu
wadaisveslanddamiuuu MCDM agdiulain UnAud 3, 5, 6 way 1 MWnsdnaulawuy
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YinyzAIua1INTa a1y Anuasaduldvasunum
FzAUm daaidn FzAU
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SEAUEA B9 lney SEAUGe
SEAUZIEN Y295y SEAUGAR

AR 3-3 wuudaesdrutunsnassnaulviiudidumenaiads AHP
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a o [

FUABUN 2 MUIIAETUENAMNEIAY: TTURDUNITVINIUAT

asesaunsndnisdanduladuseg dwandunisen 3-2 lnenisuian
syauANudEAey (ARavlugig 1 - 9) Iiansan uazAmuIumduIuAsIlunsUIsuLigy
laAvindu 3 (N)

a a 4 v a [ 1
N340 3-2 (5]’13’13LﬂJGl'ﬁﬂ“Zﬁﬂ"liﬁ@ﬁUIﬂLUUﬁ’]EJ@

. . . ANaNIsaLaula
NSNS PINWLAIUFIUITA 21
YAYUNUMN

INYLAUAINITA 1 3 5
218 /3 1 3

AUEUsaLaula
1/5 1/3 1

YANYUNUIN

_(n?-n) _ (3%2-3)
- 2 - 2

N =3ﬂ§'@

SIUNATINVDIARLADAUTTUANTINUASAD PauandlunnsIen 3-3

o aa ! 1Y) a ¢
A1919N 3-3 'Jﬁﬂ']iﬁ'gllNai'JlIGUENLL@agﬂ@aﬂﬂﬂumqﬁqﬂmeiﬂ%

. o Auasataula
WNAUNNITINESS PINWLAIUFIUITA 218
YANYUNUN

YINYEAUFINTA 1 3 5
218 1/3 1 3

AUENsaLaula
1/5 1/3 1

WAYUNUN

NASINWUING 1.533 4.333 9

YINATINLUIRINLADINA15197 3-3 TuNTAD 1.533, 4.333 LAz 9 NNSAIUA?
LAVN AL ULAALADANY AILAAILUAITIN 3-4
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A15199 3-4 ITN1sUNATILLUIRINSAEs Tl uLAaTARaNY

o o AUaN1saLaula
WNAUNNITINETS PINWLAIUFIUTA 218
NAYUNUIN
INYLAUAINITA 0.652 0.692 0.556
21¢ 0.217 0.231 0.333
AUEsaLaula
0.130 0.077 0.111
NABUNUIN
NATIULUIANG 1 1 1

mnaswluudazial uagyinismsigdnuununisdnass (luniiian
Wi 3) azlaAmsiintinanuddey aslandunissi 3-5
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al aal o S &Y °
A19719 3-5 I5N1TUIAINUINUNANUEALY

o

Wl Ny AMENIsaLEY | Ardastmidnanudfny
msdngss | anweansa | o lovansunum | (wasanluudazuad / 3)
Nnw
AAE1SE 0.652 0.692 0.556 0.633
21¢ 0.217 0.231 0.333 0.260
AMNEINTTA
aulaviane 0.130 0.077 0.111 0.106
UNUM
NATIURUING 1 1 1 1

WS1zaziu A101NUIMTINALFIAYYBILUUANRDIERUTUEIMTUNITINATS
naulvifugiduiny Ae vinweAuaIuIsa = 0.633, 818 = 0.260, ANUENITALEULATATY
UNUM = 0.106

[

MIMINMmMnTdumNaenndesiuveslayamunsavilanall
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AUIUIIAT Aoy AILAASIUANS19A 3-6 Tawn1sEANanTnANUE A

o
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wafualuldariaIven1s1en 3-2 ntunmasiuluudazuainisalgaialsdmin
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Lnaua NNY e ANUEINTOLEY NasIY
ANSANETS ANNEIU5D : Tonatgunun | ludnsazwan
YINWEANUEINUT 1*0.633 3*0.260 5%0.106 1.943
21¢ 1/3*0.633 1*0.260 3*0.106 0.789
AUEsaLaula
1/5%0.633 1/3*0.260 1*0.106 0.320
WANYUNUIN
NasANIULAAZ LA
I 1.943/0.633 0.789/0.260 0.320/0.106
WISAIYAINIUINLN 9.124
o w = 3.070 = 3.035 =3.019
ANEIARY
Wz Amax = 9.124 /3 = 3.041
WA nuaennded We n = 3 agld
(Apar — 1) (3.041 —3)  0.041
Consistency Index (CI) = = = =0.021
y (D n - 1) G -1 2

mAATANNAOAARBATIEN We n = 3 9zld 0.58

MABRTIdIUANNFBAARBITIYBITRYA

0.021
0.58

a3U dnduaudenndesiuvestayaviifiu 0.036 Feloendn 0.1 uand

Consistency Ratio (CR) = = 0.036

] = = ¢y va
'er']iL‘UiEJ‘UW]E’J'ULﬂm“ﬂmiﬂ]mﬂ'ﬂ’]mﬁmlaw{aamwﬁ

AMSUNUNN1SFNAULEDE NIITUINIUTURDUN 2 ATUIUNAIAIEINUINLN
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A15199 3-7 WadnsvaLNuginIsenaulagesAmewmAlnIS AHP
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v o o wnaugin1sanauladay CR
anaulavan
Vinwe M U1unang g9 g .
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1N Jogu K gy Koy
218 N = 0
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ANNEINTTOLEU fin Urunang g9 90 .
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dlafionsuriuwuusiansaglaAAzLuY = (0.633%0.125) + (0.260%0.625)
+ (0.106*0.625) = 0.079 + 0.163 + 0.066 = 0.308

Y |

f798199 2: NMSATUIUMIAIALLUL (X) RAITAUNIINBUUINABIARNUTUNIT

[

FoassngulinudiauiuuiianarnhninanudAyvenamnanviifiu

Y

diauilinadt A vinweauaInnse = U1unans, 81y = §ivgl, Anuaianse
wulaviateunum = gean

dlafiansaundiuuuusiansazlamAzuuy = (0.333%0.125) + (0.333%0.625)
+ (0.333*0.625) = 0.042 + 0.208 + 0.208 = 0.458

WsIzastiy waleds AHP anunsatuUssendlddmsunisdnassnaulviu

[

phauunale

Y

3.5 MsfnwTeuiisulszansamlumsinassngulvfiudidunusendtanaiiniside
NUUUATINANERTAGULATD AUmALAZS AHP

3.5.1 InQUILENANITNAGDY

Junsnaaesiiemusz@vsnmlunmsinassnauliiudiaunuieweinis
IFINYUUUATINANENTAZNLATE Uazmaliads AHP niauiuwSuuiisunaansvaamalindsns
aoe Tunsdnassnqulvifugiduny MOG

3.5.2 N1SLHTYUNITNARD

lunimegeumaiiaisiien1sdnassngulviugiau lafivuadnaennly
fiansen eendu 3 il Inedseazden Al

® LNUYINIPIUTNYEANAINITA § 4 SEAU AR 1) TEAUAT TA1YI9TENI
0.00 - 0.25 2) s¥siulunans 4A1929381I19 0.26 - 0.50 3) SeAUge UA1YI9
5e1IN 0.51 - 0.75 uag 4) szauasan dA1995ening 0.76 - 1.00

® nuein1eAIueNY § 4 939 Ao 1) 1N TA19395ENING 0.00 - 0.25 2) Jugu 3

a1 1 |

A19395¢13919 0.26 - 0.50 3) flvig) AA1YI9ITENIN9 0.51 - 0.75 uay
4) figeeny AN95Ening 0.76 - 1.00

® NagINIIAIUANNAINNSaLaUlAaIBUNUIM T 4 SEAU A 1) SEAUsI JAN

929529719 0.00 - 0.25 2) s¥auUIUNaNg AA1Y29589719 0.26 - 0.50

[y |

3) 5eeuge HA1929581d19 0.51 - 0.75 wag 4) syaugedn 1A191958ning
0.76 - 1.00
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Fon Ae W@engiduun 5 AU 910 20 AU s 1 Yadeya AlidWuAzIULGIER MINAFBUME
WANATELBNLUUNTINAIARTARULATERUTUSWATY JFuzzyLogic [17] Lagn1snaaeunie
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¥ AINEAIUT ' VA UNUIN
1 Uunang 04 | ey 0.6 i 0.2
2 i1 02 | #lva | 06 g9an 0.8
3 a9 0.6 | fgweny | 1.0 i 0.2
4 g9 08 | dlwg 0.6 a9 0.6
5 a9 0.6 | d#lwg 0.6 GG 0.8
6 GG 08 | vy 0.6 Uunan 0.4
7 UUNag 0.4 T3 0.4 i 0.2
8 UTUNANg 0.4 193U 0.4 GG 0.8
9 i 02 | Hvju | 04 29an 1.0
10 Urunany 0.4 U3 0.4 Urunany 0.4
11 g9an 0.8 i 0.2 g9an 1.0
12 GG 1.0 U3 0.4 g 0.6
13 Uunand 0.4 Win 0.2 i 0.2
14 i1 02 | dawey | 1.0 Uunang 0.4
15 Uunan 0.4 | Haweny | 1.0 g9ge 1.0
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3.5.3 Wan1snNAaaIN1sInasIngulvinugiduiny MOG Ademalindsidenguuu
ATINANAASARULATE

v d o

HASNSUIEAUNYNTAFIAUMIEINATATTITINYUUUATINAIANTARULATE
Aauanalun1sei 3-9 fail

M990 3-9 JLAUTIQNANEAUMIEINATAISITINUUUATINANENTARLLATE

Y . NN ANEINIsaLaule
Flei 21 AZHUY
AIUEINTA NAGUNUIN
2 #in Hlviey GGl 1
5 a9 Alvie a49an 0.66
9 #in 193U GNGLY 0.66
1 Uunans Alvie 9N 0.33
4 49 Al a9 0.33
Y 9 ] L Y

3.5.4 Wan1INAaaIN1sInaTINguIRnudidung MOG Aemalla3s AHP wuy
aAUANEIAYNTIRANYINALY

HARNSURIELAUNYNIAGIAUAIBNATATS AHP wuudrduAMUE1ARLNaa
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PANWINAY AIanIlUANS199 3-10 F19i

= v 1 oA v o o v A aa o w o o s o 1w
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Y . N ANaENIsaraula
Hlau 21 AZHUL
AUFINTIA NANYUNUIY

2 Fi i lvigy gagn 0.624
5 Gh i lvigy ggn 0.458
9 #i 13U GG 0.458
1 Uunang A lvigy #in 0.291
4 4980 Hlvie 6N 0.291

3.5.5 NAN1IMARRIN1TINasTINgUlRNULLaUNN MOG fa8mnAtia?s AHP wuy
ANAUAMNFIAYLNTIRENANSTTY
HARNSUBIELAUNYNIRAIRUAIBNATATE AHP wuudrduAud AN
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A1509% 4-4 ansunindnisinduladusegaiewailads Fuzzy AHP wuu Chang

. o ANENIsaLaule
WNAUNNITINETS PINWLAIUEIUITA 21
VANYUNUIN
YINWLAIUEINIT (1, 1, 3) (1, 3, 5) (3,5, 7)
91 (175, 1/3, 1) (1,1, 3) (1, 3,5)
AUENsaLaula
(1/7, 1/5, 1/3) (1/5, 1/3, 1) (1,1, 3)
VANYUNUIMN
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ANUIANYDUINE LA ISV

Svnvganaunss = (1+143, 14345, 3+5+7)
= (5,9, 15) * (1/28.333, 1/14.866, 1/8.543)
=(0.175, 0.603, 1.755)
Seng = (1/5+1+1, 1/3+1+3, 1+3+5)
=(2.2,4.333,9) * (1/28.333, 1/14.866, 1/8.543)
=(0.077, 0.29, 1.053)
Semsasnsadilinaneumum = (L/7+1/5+1, 1/541/3+1, 1/3+1+43)
=(1.343, 1.533, 4.333) * (1/28.333, 1/14.866, 1/8.543)
=(0.047, 0.103, 0.507)

Aruruisyavvesauidululaees S = Sidie S = (4, m, w),
Sj = (lj, mj, Uj); i # ﬂglﬁ

V(Siinwzrmmaninsa 2 Seng) = 1
V(Svinwsamuannse = Senuamnsndulivansunum) = 1
V(Sgny 2 Snwermmannse) = (0.175-1.053)/[(0.29-1.053)-(0.603-0.175)] =
0.737
V(qu 2 Seummnmsadlivansumum) = 1
V(Sormamnsoduldmarsumm 2 Sinseanuaunsa) = (0.175-0.507)/[(0.103-0.507)-(0.603-0.175)] =
0.399
V(Saruansasulgvansumm = Serg) = (0.077-0.507)/[(0.103-0.507)-(0.29-0.077)] =
0.697

mnumszauaulululiaes 5> Sl i # |

Svnwgauannsn = mm(l, 1)=1
Senwaunsoeuldvansunum = min(O.399, 0.697) = 0.399

AUIUNINADIAINEIAY AzlanmasANUEIAY W Y0303
W = (1, 0.737, 0.399)

wazvinn1s Normalization agldtanimeasainudfglng
W = (0.468, 0.345, 0.187)

dusuinuginisanaulagesiiarsaniuiden 2 1eau axlainassndula
o8 fAauandlunsed 4-5 uaznaansn1sdnassngulvnuiidumemaidais Fuzzy AHP WUy
Chang fauanslun19197 4-6
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A15197 4-5 inaunnisanaulagesniawallals Fuzzy AHP wWuu Chang

LNEU9INTS PN

goma s inesinisanaulagas
NNwY A Urunang g9 gegn
AUFINID 0.477 0.174 0.174 0.174

\an Togu Hivigy Hegeoe

e 0.174 0.174 0.477 0.174
AAUEINNTALEY M Uunang G gedn
lavaneunum 0.174 0.174 0.174 0.477

M19199 4-6 Hlaungninasiumemalials Fuzzy AHP wuu Chang

Y . Nnwe AUEINITOLEY ArildRansan AAY
S dansa | 0t | ldvansunum Juduwe AaTALAREY
10 i HE90e gegn 0.2 1 1 0.106
6 a9an Wlviey GNG1 08 | 06 | 08 0.651
9 1 Fou 1 01 | 05 | 01 | 0131
17 i1 Hgeony 1 02 | 09 | 0.1 | 0176
5 Uunan Hlvie GY 04 | 07 | 06 0.271
f"i’]LQgﬁlﬂ’JqﬁJﬂa’lﬂLﬂgau 0.267

43U31nn15AN BNz NAaoUUTEANTAIMNIAIUAIINAGIALAG LAY

MAlAIE AHP, mAflAdE Fuzzy AHP fiviaue wasnaflads Fuzzy AHP WUU Chang WU
wmAdAdS Fuzzy AHP fiiaueiivszansnmunnninnadads AHP wazinadads Fuzzy AHP
WUU Chang Tnewnlindd Fuzzy AHP fivnaveiidnadennuaaisaiou = 0.175, wallads
AHP fandsrnuaainnden = 0.251 wavwafinds Fuzzy AHP wUU Chang finaaeniny
AaalAdeu = 0.267 daandluninil 4-6 Wisuiisunisdnassngulvdudiduinusae
wmAlAS AHP, WAlAIE Fuzzy AHP fitiaus waznaleds Fuzzy AHP WUU Chang 9zt
I§inBeAaasnunainnaeulies szdwanonudenadosmunaaTIInDy Sy lu

NUITBUINEUDUULLUINBUNATATS AHP, ARG Fuzzy AHP Mdlaus wazinalals
Fuzzy AHP wuy Chang dwisuihludszgnaldlunisinassnqulviiudiauniglunyg MOG
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ABSTRACT

Many multiplayer online games need to organize their players with a variety of game experiences as a team
for playing games or sports. This is considered a critical problem that will cause the unfair competitiveness of the
team, if some incfficient method of team assignment is employed. However, we are in favor of the method that
empowers players to be involved into the assignment process for enabling a better engagement to the game. This
is in contrast to typical method that takes merely the playcrs” skill into consideration. In this paper, we study how
such a requirement can be accomplished by using the multiple decision approach of Analytic Hierarchy Process.
Bascd on our numerical analysis. the results of sclection process look promising and the system can be [Iexible o
provide the optimal selection of players to a team. depending on the players’ requirements.

KEYWORDS: Multiplayer Online Games, Priority-based Matchmaking, Multi-Criteria Decision Making,
Analytic Hierarchy Process
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INTRODUCTION

Multiplayer Online Games, also known as MOGs [1] has drastically gained its popularity since it can allow
multiple players to join as a team for fulfilling the common objective as found in various games of Multiplayer
Onlinc Battle Arcna, such as Defense of the Ancients 2 (DOTA 2), League of Legends (LOL) and Herocs of
Newerth (HON), ctc. However, this sort of game only takes a viewpoint of game scrver into consideration for
assigning players o suitable teams owing to their skills [2 - 4] or geographical location [5]. While this sort of
game server-centric approach is rather straightforward to select a compatible team for certain player. it does not
take the player’s preferences into consideration. Therefore, it is not well-suited for serving a game policy that may
require the assorted levels of skilled players, either for practicing or more challenging purposes in games. In this
regard, some form of priority-based matchmaking mechanism will be needed for enabling the required game

olicy.

¥ Among several choices of Multi- Criteria Decision Making (MCDM). the choice of Analytic Hierarchy
Process (AHP) | 6] is in favor, due to many salient features | 7| as follows: a allowing both qualitative and
quantitative criteria to be considered together in the system, b) computing relative priorities of decision criteria
using pairwisc-bascd comparisons, and c¢)cnabling the inconsistency detection of data involved into the decision-
making process. So far, AHP has not yet found applying in the online game environment [8]. However. the system
architecture under consideration involving with AHP in the matchmaking mechanism (the circle number 2)can be
depicted in the Fig. 1. It can be noticed that a player’s preference (the circle number 1) will need to be fed as an
input to the system and the output will be the list of players assigning to the same tcam (the circle number 3) will
be given as a result. In this paper, we aim to determine how diflerent criteria and sub-criteria should be constituted
for building an efficient hierarchical structure needed for the AHP model working in the MOG environment.

T .

send 2

Player preference criteria | Matchmaking mechanism
(Matchmaking criteria) (Analytic Hierarchy Process)
Assign weights
Formulation
3 Gioip Amange players |
List of players -2 Ranking players

Fig. 1 The system architecture of a game engine and players

MATERIALS AND METHODS

In this scction, we summarize the AHP method that will be used to organize players with different
playing skills and personal preferences in dynamic teams of MOGs. Indeed, AHP is a ranking process that
derives ratio scales from paired comparisons of criteria, and allows for some small inconsistencies in judgments,
which are subjective opinions, such as player’s skill and preferences, in our case. but are transformed to 1-9
numeric scale of relations. By working in this manner, AHP will allow us to weight coefficients and compare
alternatives with relative casc. In essence, the AHP method helps us to prioritize the sclection criteria, and
differentiate the more important criteria from the less important ones in an easy manner. Using AHP [9], it is
required that the problem must be modelled as a hierarchy structure so that a) possible decision criteria, sub-
criteria, and alternatives can be known. and b) the most significant criteria with respect to the decision objective
can be selected. Then, the pairwise comparisons will be performed in such a way that logical inconsistencies can
be discovered and corrected if necessary. The similar step will continue for the sub-criteria so that the final
result of priorities for alternatives can be known, and calculated further for obtaining the ranking value of
certain playcr as desired.

Based on the AHP process [9] described briefly above, our proposed AHP model will be described in the
next section, following with the empirical study on the performance of our model. In this regard. DOTA 2
game' will be considered as an example in the paper. Due to the nature of multiplayer online battle arena game,

J http:/dota2 com:
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it demands two teams of five players to fight against each other. So, many issues of skill, language, region, and
the game mode can be well-used for formulating the strength of a team. As shown in Table I, these issues will
be needed to classify into levels so that various combinations of these issucs can be arbitrarily formed. Noted
that the other issues can be used, depending on the kind of games, such as roles in collaborative game (e.g.
Ragnarok Online?. or ages in horror games e.g. Home Sweet Home?) etc. Nevertheless, our experiment will
demonstrate on the case of DOTA 2 game. In this experiment, the description of player’s preference metrics as
given in Table I will be considered. and a dataset of 20 simulated players and preferences as seen in Table 1T
will be involved. Here, we assume that the desired requirement for recruiting players to a team is as follows:
Skill = Low, Language = Spanish, Region = Southeast Asia and Game Mode = All Pick. In addition, to
highlight our proposed method, the experiments will be conducted and compared with the typical method, where
the same issues will be similarly concerned, but the “if-else™ style of operations will be sequentially performed.

Table 1 : Preference metrics of plavers in the DOTA 2 game

Issues Levels
Skill Low. Medium, High. Very High
Language English, Chinese, Russian, Spanish
Region China, Russia, Australia, Southeast Asia
Game Modce All Pick, Captains Modc, Random Draft
Goal Selection Players
Decision ‘x0.565 ‘ 0.262 10.118 ‘ 0.055
Criteria Skill Language Region Game Mode
0.625 0125 0.125 0.125| 0125
Low, Medium, China, Russia, Australia,
» High, Very High Southeast Asia
Deaisony 0125 | 0125 0.625 ‘
Sub Criteria 0.125 0125 0.6 02
English, Chinese, Al Pick, Captains
Russian, Spanish Mode, Random Draft
‘ 0125 | o625 | 02
|
Alternatives List of Players

Fig. 2 The proposed AHP model involving player’s skill and preferences for team selection.
(Note: All weighted values are assumed to be the experiment of case 2)

> .
~https./ro.exeinth
3 https /www homesweethomegame com:
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Table 2 Dataset of players

Player No. Skill L Region Game Mode
1 Medium English Southeast Asia All Pick
Low Spanish Southcast Asia All Pick
3 Medium Chinese China Captains Mode
4 V. High Spanish Australia Random Draft
5 Low Chinese  Southeast Asia All Pick
6 Low Spanish Russia Captains Mode
7 Low Spanish  Southcast Asia Random Draft
8 Medium Russian China Random Draft
9 Low Russian Australia Random Drall
10 High Chinese  Southeast Asia Random Draft
11 Low Chinese China Captains Mode
12 V. High Spanish Russia Random Draft
13 Medium English Southeast Asia Random Draft
14 High Spanish Russia Captains Modc
15 V. High Chinese Russia Captains Mode
16 V. High Chinese China Captains Mode
17 Low Russian  Southeast Asia Random Draft
18 Medium Russian Russia All Pick
19 High Spanish Southeast Asia All Pick
20 V. High Chinese China Random Draft
RESULTS AND DISCUSSION

In Fig. 2, we show our proposed AHP hicrarchical model that looks promising for serving the general
MOGs, but are especially focused on the case of DOTA 2 game for the ease of understanding. In what follows:
let assume the weights of criteria and the normalized weights of sub-criteria under each criteria as shown in Table
IIT and IV respectively. We conduct our experiments in two testing scenarios as follows:

Casc 1:  Equal normalized weights of decision criteria

(Skill = 0.25, Language = 0.25, Region = 0.25 and Game Mode = 0.25)

Case 2:  Different normalized weights of decision criteria

(Skill = 0.565, Language = 0.262, Region = 0.118 and Game Mode = 0.055)

Table 3 : Weights of cach decision criteria: Case 1 (Ieftyand Casce 2 (righty

Decision Weight Consisten  Rankin Decision Weisht Consisten  Rankin
Criteria e cy Ratio g Criteria g cy Ratio g
Skill 0.25 1 Skill 0.565 1
Language 0.25 1 Language 0.262 2
g 0 i 0.043
Region 0.25 1 Region 0.118 3
Game Modc 0.25 1 Game Mode  0.055 4
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Table 4 : Normalized weights of decision sub-criteria under each criteria

Decision Decision Sub-criteriz Consistency
Criteria ecision Sub-criteria Ratio (CR)
Skill Low Medium High Very High 0
0.625 0.125 0.125 0.125
English Chinese Russian Spanish
Language 0.125 0.125 0.125 0625 0
; China Russia Australia Sauth.east
Region Asia 0
0.125 0.125 0.125 0.625
3 Captains Random
Game Mode Al Pk Mode Draft 0
0.60 0.20 0.20
Table 5 : Total score of top 5 playcrs (Casc 1)
Player No. Skill Language Region Game Mode Total score
2 Low Spanish Southcast Asia All Pick 0.61875
7 Low Spanish Southcast Asia Random Draft 0.51875
5 Low Chinese Southeast Asia All Pick 0.49375
19 High Spanish Southcast Asia All Pick 0.49375
6 Low Spanish Russia Captains Mode 0.49375
Tablc 6 : Total score of top 5 playcrs (Casc 2)
Player No. Skill Language Region Game Mode Total score
2 Low Spanish Southcast Asia All Pick 0.623625
7 Low Spanish Southeast Asia Random Draft 0.601625
6 Low Spanish Russia Captains Mode 0.542625
5 Low Chinese Southeast Asia All Pick 0.492625
17 Low Russia Southeast Asia Random Draft 0.470625

Afler randomized sclection of players, it can be noticed we can potentially obtain a diflerent sct of players
in a team according to the all settings in decision criteria and sub-criteria as seen in Table V and VI above. Here,
only the top 5-ranking players will be selected from the list ranking with total score to fit a 5-player team.

o Inthe case 1: All weights of criteria are equal. Only a player (Player No.2) in the team is exactly matched
to the desired specification as shown in Table V. The rest of players are sclected via the compromise among the
other criteria (by the AHP algorithmy from the sorted list by the total scorc)

o Inthe case 2: The “Skill” criteria has the highest weight compared with the other one, but specifving
with the “low™ sub-criteria. According to the AHP algorithm, all “low-skilled™ players can be best-selected to
form a team as shown in Table VI.

Based on the bar graphs shown in Fig. 3, it can be clearly seen that AHP-based method of player selection
is indeed more flexible than that of typical rule-based method. It is in the sense that the compromised criteria can
be applied to fill up the required number of players. Unlike the typical rule-based one, only the exact match of all
criteria will be strictly concerned, hence the lower number or none of players may be possibly obtained.
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Fig. 3 Comparison of experiments on both methods

CONCLUSION
We have investigated on the performance of the Analytic Hicrarchy Process applying to the case of

Multiplayer Online Games. With the advantages of AHP. it becomes easy to take both players’ skill and personal
preferences into account for sclecting a suitable tcam for certain players to the game. By working in contrast to
typical server-centric view of operation. our proposed AHP-based mechanism has shown its efficiency and
flexibility for coping with diffcrent policics as scen in comparative results of our prcliminary cxperiments.
Therefore, it can give extreme benefits to the world of MOGs in many cases that may demand the mixed levels
of players’ skills within a tcam for some purposcs. However, the performance study in a realistic game
environment will be needed. This is already scheduled in our future plan.
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