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ABSTRACT

In online games, interactions with other players may threaten player satisfaction.
Therefore, matching players of similar skill levels is important for players experience.
However, with the current evaluation method which is only based on the final result of the
game, newbies and returning players are difficult to be matched properly. In this study, we
propose a method to improve matchmaking quality. We build machine learning models to
predict the MMR of players and derive the basis of the prediction. The error of the best
model was 40.4% of the average MMR range, confirming that the proposed method can
immediately place players in a league close to their current skill level. In addition, the basis
of predictions may help players to accept the result.

Keywords : Machine Learning(7]78}s5), StarCraft(2=E}= 8|2 E), Matchmaking (W] ] o] =])

Received: Nov. 10. 2021 Revised: Dec. 13. 2021 © The Korea Game Society. All rights reserved. This is an
Accepted: Dec. 23. 2021 open-access article distributed under the terms of the Creative
Corresponding Author: Young-Min Kim (Hanyang University) Commons Attribution Non—-Commercial License
E-mail: yngmnkim@hanyang.ac.kr (http://creativecommons.otg/licenses/oy—-nc/3.0), which permits
unrestricted non-commercial use, distribution, and reproduction in
ISSN: 1598-4540 / elSSN: 2287-8211 any medium, provided the original work is properly cited.

Journal of Korea Game Society JKGS | 33



—7IAES &3 gAY WAl At —

S AgEa Qo Be A =9l AYoA ouE

1. M B oF AlgEo] & waow 7 WeAy AF LS} Y

SHADL ZeoloER FEAAS T8I olHs)

FAAT Aol WH A Ade wee R L Atk 2 e sk it Edele]

& AL FAS 8 Fasul]. 53 Sgolo]  F Al AAE WE VIS Fdololrt Al A

FA9] A YARIL wE Al AU TwE5r] 9] Hol| gt A4 537 YeiAe A8 ¥ &

o T8 94 AgAXH2] FHolol T A glol7b dastn, o A FHdolo] 7+ mjA <]

Ql Uxlele 918 A Zgololrt AQS dsksl =wRel Aoyl Huks A2 o] Alzgle] WAl
A Zeld & JE= AYY A (FAXE, ol olth.

£)e 2xoz fxleldls wido] =2 A1HEY 2 AFoxE Al ZEI(StarCraft 1)<

o} ey HiodE giiE Aele] WEZgoel 3 AY HOlHE ol&dte] Edloleje] MMR(Match

Al o] F-o]A] T2 Zgoloje} A Making Rating)& ¢lS53tth 2AIAMH Z24F

— o

Qo] Fglon Zio|o] 7 BE A" gle] FYolols tidoeR 3l

- rl= Zyolole} a7 ZgolatHA] AE 7+ 4 MMRE d5dla oS APEE dolio) FEHF
Ao} Aeo] Ao}l o]ZHE] A2 HE < d5 RYgS FEiM AYS Edlold ddel 719
AnE AFSF3] olHs An aixs Zosker S Fdelole AHE AHs| @riste] vjA| el
71 B E ZHolol5S AHs] wjAAT)E Aol e B " AT = de e AXstaat
Fast 5, Zelolols oJg9A siFavkel B @

gA] Zaolole] AlQl Adle] e = = glowm A2l A= FHlolole] AHFTLE flEiA ol &
= Zgojole] Astet Ayl 7|ukgl A&sla He WRES ZolEth A3Fdde BEE dAF
Aeat wx|wo]ADe Zasirta 8 = 9t A £ Adsta & A7t 7HE ApEAS AT
2 Ago] u|%3k Algo} g7 thAsta U AdgelA = Al AREE dlolEE AdWsta,
2 slele BA- A AAdS Zyolsi: Zyolo]s  MMR oSS 918 23E AAGE A5 =
o Z2S AYsA Hu slg AUYL A% o] &s) BAATNE AL, A6FelA AFEe] At}
A HE fow st geb A ok A AAEE AR

v ddisk M s s A A ZAdsta s Al

folA olgd hgdo]l woplnh olAH Al 2. AlEEI} AlAH

Ars 8 o8 o= % 3

Az {7 A]~®(Elo Rating System)[5]2 ¥

R EEOPET D stem)l
g AQAlAE Aess) 9 aAelRe oa  Ha B8 AN AR ARSy Hiel,
A2ES AF sl ADE S Er)% o) Zy Z710A EHolo7t FEld FES 0014 14}

MR 19 #OE RS, Al Eelo] Astol we

Vo mopololne mep  EHClOlSl HEE wsA,
WA Feelo]l A%t 5UE HES FADD 1

th o714 Re Helolofe] Helm, N& of| %

Making Rating)? %o

Al A= 2ol dRbH et MMR AHES

M= 2% Elo #l°|®”(Elo Rating)2 7]Wke

stel, Aol 548 awste] WHS A AR ) 2zleolM 2 B20[0jE M2 AZAIFIE BE.
2) ohx|molZ 2lsh 2 Saolojoi | BEE He

i~

34| Journal of Korea Game Society 2022 Feb; 22(1): 33-42



— Improvement of online game matchmaking using machine learning —

gojoj7t & Zgolojrn 10w ¥ =L 7Y%
S M o 7 Zdolole] M ApelE oju] gt
N& do=2 F7beAY AaAo=Zn el ~
I 24 4 Uk
W, =1/(1+10" /Yy )

1Azl wehbr] Fgolole] Mg BAlstE
FA2)¢ 2ok Ke @& A7I(ADY +£
= YehfiE AeEA, K7F oW & A7 2
S} 7HA Al ok o] g ~x o] 319
of welA thE grom MAsh A A4
2 YehlE Sae 58 Al 1, 58 A 05, 9
#l Al 0= 7FAA Ek Sps 71ulsE Wael 2ol
£ K9 #3319 7|1 "ol gshd M2 d4rt

o,

o]
=i
KN
=

)

e

o
o N

1

o Hl
> Ay oo o ooy
rE -

%
h

-

R,A:RA+K(5A_WA) (2)
400, 219t EHdlolole] HeE 15002

KSR
= o] Ao} of A gJolm W

2.2 22|3(Glicko)

Glicko-1[6]> 4= A Al=gd HxK(Rating

Al
Deviation) 7138 F7}ste] A#He
=

gl
) wesac Bk ldel Bgew A el
ofo] A9 A% WE Fol mw, we AP A
5 WAL AelAwA A5 wE Fo| Holxlth

s A5

At Felelo)7t #ele] 7R A
S e mgsh sk Zlo] HHoth

°]% Glicko-2[7]lAE H&E Wrs F7}ate]
AL sk o= F4 7IRbe] AojAw HAF HA
7b S7betes AASSIT wEkA, Eelolo7t

4 A AR F BN
7ET

ol
o]

2.3 ERAZ(TrueSkill)

ut

F22Z(Microsoft TrueSkilD[8] &JA] A= H
7 Alzdlo] 7]WEl Ao " wlo]ARAIEA T

ol
-

> & o @

A A AER 2eas) 3

AR EF220 BS 7

Hone e wk
A

o d
e nHsteE Ao, o’ B4
=

hl

)

B
it

Lo
M
tot
o
oX,
o
[
ofk
i
X

o
N
o
3,
[m

(e
x B
{12
OO R 1 A

dz FH A== HaFolar offstr] 914
e 58S AAAN EAAE A At &
dojoj7h el sh= s ds5sbA od
AlZbol Aelan, FA 71kew Qg d¥e] s
ghge 4= glok ®gh &2 Ao Sloloirt A
ol =3 sl Adrie 719sr] AR
oIt} oleld AR wiel x7|e] A= WA
AlaEE WY Qle] ARk A EEv

Al

Adez 7] e AdeExE 4= H4 7ake]
HMES SA g W™t Zdolole] &HE
wf7]an wiA o) el &gt gtk olHH A=
Fajell 7Rk AHsgrh RS ghekdh AxzolA
L& 7|3 8ol 1 eI AEAdel v =
tha 3 5 9l

WHE E Afols oy B AR g3 AlaE
< 7IRoR JNER WEelnr A7 dvte] wet
A A7 2T A2 s Aotk wEbA, A
71237 ALl gl Alat Edeloje] d¥HrtE

st ] Cold Start Problem3o] A7} ®t}.

Bz G AZPlAE A

2et HEE SR %2 ALSAtol| g
O

Journal of Korea Game Society JKGS | 35



Fohn A4
AA A

o
of»
=)
fru
rﬂ
jat
4>
1o

Ir PN
o

o
o,

off @ >
2
SR
rir
po)
o
IAJ 2o
il
=2
fu
o
o

=
d
2
e
Bo o
fru Y
ﬁ
[
droT

X

>
TR oo oo 4y
2

2

i

7M S L‘rﬂﬂw Hul sk
22 THA] o] =357 7hA] Be A
aom wkek Al WS EAske] o

Eﬂﬂ 1017} °1L A=

¥ e Ay o o owE 2 m U o
N r1r
o
(o3
fE 1 oo O
l
o,
2o
=
oL
2
)
ko
o
>
- o,
I3 o
°
fo

"y se
2orlo ©
i
ru
o
Kl
=)

%
ot
i
lo
otk
o
!

N

o,
&

g o3t A Fx Fol A
o] 8ol % gl a]%ﬂﬂo]il‘i—‘ii BRE
ZEJ] A &
A7 AP A
B AL dleleA
5ZHOPU:1[91011] o=
3]01‘/} Akl 5(14,15,16] =
Htoll = QAE Al AlYE X
o 1@54 e ool et
o] A TH17].
Zolofe] A A3 AP
gelojgirh. A Ul MFES o] &%
A S A JFst oF AF=E I
F AT AZE dSHFE T2
A olH Wrh o FaIdAE wsle ATt
T2 o]Fojxt} [Table 193] MMRe W&
of wEbA ZF A AW ulelA E]liiEe] o] F
2 B

ol
2
]

[0
—

A% oo mo L
% ’
ofy
£
é r

™

=L

o o X
ofl
By
0\

el

AR =, Edoleirt 7 B2 EU 2 NA A
oA z} glzze] H#F MMR Range: 698°]t},
AFAES

A el ARE WFES olf
sl Zelololst &3 779 1B dZel v

|
% o
rr
o

A v v o] et —

Aoz AFE AT Thompson JJ et
al.(2013)2 336071 El&deolE &8t &1
wEbx] Al W Zdlojo]o] dFel Aolrt Slvhe
s WAATHI8L FHeloldE 7 gz EF3
i AlEstg o, Y R LRRFIE A
7F k7l witel], 29 Zpolrt U= gl &%
EHolol & 9
classifier) & %31 th Avontuur et al.(2013)2
1273719 EdelE &&3le] ZHolojEs 7
o] g EFSTHI0L BRASEE 47.3%%

BH#7](two-league

q,_/]\_ ‘5\“’}0‘4' _9__1?_731_0] 67% = O]ZJ E]:Li
Fek ATk ol 9(202D)+ V& @?Eﬁ‘r
22 46398719 ElEHelE &8s, EFA
x5 75.3%7HA MAstATH20]. o] Aol A
AL W AsHFE o] &3 AP 7hsAdol
SRIFAA, TEHoR G Tzl A
A HFEo] oS w$ Fasitte Aol T
ALt dolzl RTS Aol AxHd Azre]
A 217 QAR S FAs T g AT 24
[Table 1] StarCraft 1| League MMR Ranges
Server) gy NA | Users
League
Grand Master| 5190- 5380- | TOP 200
1 [4939-5189|5119-5379
Master | 2 [4690-4939|4860-5119| 4%
3 4440-4690|4600-4860
1 |4053-4440|4173-4600
Diamond | 2 |3667-4053|3747-4173| 23%
3 3280-3667|3320-3747
1 |3133-3280|3173-3320
Platinum | 2 |2987-3133|3027-3173| 23%
3 |2840-2987|2880-3027
1 |2693-2840|2733-2880
Gold 2 |2547-2693|2587-2733| 23%
3 |2400-2547|2440-2587
1 [2200-2400|2267-2440
Silver | 2 [2000-2200|2093-2267| 23%
3 |1800-2000|1920-2093
1 |1550-1800|1660-1920
Bronze | 2 [1301-1550(1401-1660| 4%
3 |1051-1301{1141-1401

4) 20214 78 192(2021 Season?) 7| League MMR Ranges.
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[Fig. 1] Overview of the analysis process
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[Table 2] List of Features Used
Type Feature Description
General |bnet_region Server region where the game was played
General |play_race Player play race(Terran, Protoss, or Zerg)
General |oppo_play_race Opponent play race (Terran, Protoss, or Zerg)
General |is_winner Player is winner or not
General |pick_race Player selected Random or not
General |oppo_pick_race Player selected Random or not
General |play_length Game play duration
General |map_hash The map that a game was played on
General |base_build The version that a game was played
Motor |avg_apm Average actions—per-minute
. Camera events per minute generated when the player
Motor |permin_CameraEvent
camera moves, zooms, or rotates.
Motor |permin_GetControlGroupEvent The number of retrieving control group per minute
Motor |permin_SetControlGroupEvent The number of setting control group per minute
) The number of setting adding units to the group, per
Motor |permin_AddToControlGroupEvent ]
minute
. . The number of command that targets a location and not
Motor |permin_TargetPointComsmandEvent . .
a unit per minute
Motor |permin_TargetUnitCommandEvent The number of command that targets a unit per minute
Motor |distinct_GetControlGroup The number of different hotkeys retrieved
Motor |distinct_SetControlGroup The number of hotkeys set
. . Average mineral value of the current {Economy / Army
Resource|permin_minerals_used_current_{Vary} .
/ Technology} in a game
. Average vespene gas value of the current {Economy /
Resource|permin_vespene_used_current_{Vary} .
Army / Technology} in a game
. The total mineral value of all {Vary : Economy / Army
Resource|max_minerals_lost_{Vary}
/ Technology} lost
The total vespene gas value of all {Vary : Economy /
Resource|max_vespene_lost_{Vary}
Army / Technology} lost
) . The total mineral value of enemy {Vary : Economy /
Resource|max_minerals_killed_{Vary} )
Army / Technology} killed
. The total vespene gas value of enemy {Vary : Economy
Resource|max_vespene_killed_{Vary} .
/ Army / Technology} killed
Resource|mean_minerals_collection_rate Average of players’ mineral collection rate in a game
Resource|mean_vespene_collection_rate Average of players’ vespene collection rate in a game
. The average number of active workers the player has
Resource|mean_workers_active_count .
in a game
Strategy |mean_food_ratio Average supply consumption rate in a game
) Average of (current unused mineral / mineral collection
Strategy |mean_mineral_store_rate .
rate) in a game
Average of (current unused vespene / vespene collection
Strategy |mean_vespene_store_rate i
rate) in a game
Strategy |permin_food_block The minute the supply is blocked per minute
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[Table 3] Error Terms of the Best Models

Error
MAE RMSE MAPE
Type

ANN 306.42 410.23 9.47(%)
GLM 374.45 487.42 | 11.38(%)
GBM 302.46 400.27 9.22(%)
RF 320.55 424.82 9.75(%)
ET 32851 431.49 9.98(%)
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[Table 4] TOP10 Models

Errorl VAR RMSE
Type

Super Learner 282.26 378.26
Super Learner 288.68 384.93
Super Learner 292.58 388.46
Super Learner 294.01 390.32
Super Learner 294.01 390.32
Super Learner 294.83 390.78
Super Learner 296.06 392.19
Super Learner 296.43 392.63
Super Learner 301.57 399.70
Super Learner 301.65 399.82
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