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ABSTRACT

The gaming server is based on a distributed server. In order to distribute workloads
of gaming servers, distributed gaming servers apply some algorithms which divide each
of gaming server’'s workload into balanced workload among the gaming servers and as a
result, efficiently manage response time and fusibility of server requested by the clients.
In this paper, we propose a load balancing agent using PPO(Proximal Policy
Optimization) which is one of the methods from a greedy algorithm and Policy Gradient
which is from Reinforcement Learning. The proposed load balancing agent is compared
with the previous researches based on the simulation.
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1. M B Fab EAkel@ UEYA A|2"ldA B ALS
AE9 23& W] AHEskes Aow FES A
MMORPG(Massively ~ Multi-player  Online S5 ddd 2SS skl A=A Ae)st
Role-Playing Game Server) A= 53 71 7] Slel Zag 7 elu1]
F7AF A TR AFEAT SA0] AEs s <kl Aldle] F42 AAdE HEYZ Aol
2 gsls Alole] AWE watth o]k Al AEo] FH9-Adola el tegE, Add F 7 a4
M Abex R wal el sleA s sz 7F ek 9 EBandwidth) > A9 G (E A
AR} HEA )8 dEhi, Ad4d(Latency)> A9
BaEe el @ delom, des] USRS tehid oldd asse 948 A
Jukglk 71 olth. Folzl 7ol A agent7t 37 <] ola, Aol Ui ARES IAHE AYe HH3
APE olAE Mesls g% wat BAS Ho) 83 Fats EAATE Vo] Hak watelgar
et dsolv s wAE d™sts Zlojth g 5 JrH2] Aol UEY A godFa) 224
oA B vlEmx A4 xR Asz godo] A AT Wk Adane Ad Fad ane
Faity, Qubzlol x| matsals wal Qe  SHlolojolth E#lololrh Al Fb el ghgA
o2 o]Folz Hgle] FolxR| Folm Hm, T 7t o wioh FREioFd dlolElet QIE ]
H aAlzol A BHAA A FHAgel gk dl bkl Har, ciell wel e E aREe] St
1E19] AR} EAo] 8ol MsstlE Aol i, AEE fla ZEAAM AREEo] S8l Hnh
9ttt L F, Policy Gradient 71¥ % 3lu<l olf Ao urhld ofy (D)3} Zrh A &
PPO(Proximal Policy Optimization)= 2H42] © BE Hasslof MESA Fahet AN Aol
o]6lE A Z¥3}al surrogate objective function M=ol el o] JiAdc) Ao e 7}
o HAslel= AL Wzl W oz M 7H QA4AE A= WY ez st Aoy
webl stesha, duwdolrilzl Wb w ok Aae] 54 wel gene Auwd ue
e sl A dolez} obd gel A4 FEHem ASd dark vzl
tlolHE o]&3) 3tFstr] fls) PPOE A=
E =dAe duielE AHE 7iter 54 Resource= MxHxBx TxP (eq.l)
k= MMORPG AW Alz=glollA B st Fot5
AAsHA EAkskE el disiA Ak HEd M @ AldEztel A HEE s HAIA
S Faste] AgeRe AFE Sl 2 e H: ZF ARG 522 %E}O]OJE e
12 Fshte] 71w 2 7IHES] FHdS doln B: ZAXE fAxE T A7 A=
3, 3 2 =EeA Akl daEFel tiE T : F7e 224% =g A7k
Arsta,  4FelA HaedE A3 Y 74 P : mAAG 2] ZEAA Alo]E F
g, Ay A digk 24 9 A9E Ak, A MMORPG A ®ol A 3} #iF dF5 9
53CA A7 A8 9 &% A7 WEs AEgich g EfY o] oyr] uwjio ZloldE =
=974 Edg £38& 7% @tk Eql &
EY Axte g WS HoFErh. MMORPGE
2. & gy 544 JEAE, AR, Fdlolole] BE diEle|
w2 sjFlAfo] 28} e, tgEe] thd Y-S
2.1 B35t 24 B3]
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S AdlAM AREAFE] B Al7)= FekE
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th 5 Ao A9 7h AdolA Mn|ads 9o

o Folz

FAskAN, 2 Aol whel Eelo]ol e
Ao A4l

A A= Mu)= staAsts Ade] F=o
dAe] wel Fal kel el bt
(Room)& 74314 7Algde] Aae = oplol= &
21 RTS(Real Time Strategy) 3=, FPS
(First-Person Shooter) =22 - oA v
g Aol AgAld waogn FHe] 7Hest
o4]. MMORPG HZ% <&E(Zone)wit W2jo=
Taste o] Aol Ag, AuE
ool ES5 AEstH Aul=E ek, 4 Eeo]o]

s wEe AR yeiE W

Ao = wWor
oT.J_ Wi ]7

, T
Aol HFEAQl g40]7] wide] T3] o] Huh
4 MMORPG Aol tfair= dutdoz =
Ak wbAle] Ayl o] o]Foixjm 9tk

[6,9,10,12,13].

(eq.2)

Pt gAom Ael sbEA
o]
b

Cw = WxN (eq.3)

o] 7tEXE 7lEo® 9 A HEEAS T3
AL AW e e AAE X REE O9F
# FHo Fale] gtFo] QQAAE AA T

BE9] A9 MulEo] 50~60HAES] CPU AH:-
S 71EoR fHeE st oleld Ao FHFT
e AL 718, FATE, HAFE Al o
A ol7] wWiEe] dEAHRE YEr]= FETh
MMORPG AH 9] 45S d4o= Yepd 84 F

FA A% 8 71Fom AR HcHe],
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input layer

hidden layer 1 hidden layer 2
[Fig. 1] DNN(Deep Neural Network)
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[Fig. 2] Reinforcement Learning

2.6 PPO(Proximal Policy Optimization)

Z3sletre] 3k%7]¢l Policy Gradiente] 243

Algorithm 1 PPO, Actor-Critic Style

1 | For iteration=1,2,... do
2 For actor=1,2,...,.N do
3 Run policy =, in environment for T
timesteps
Compute advantage estimates 4,...,4,
5 End For
6 Optimize surrogate ; wrt 4, with x epochs and

minibatch size 5 < n7

7 old —0

8 |End For

[Fig. 3] PPO algorithm

[Fig. 31 PPO Zua]£e] 3 o5 HojFrh
g Mo WHEo|A BE actorel W AA 7w, &
e} THe 528 gy 1 A9 F4 1

Ay B AR BE actore] F32ol

W #7e] 4Al dolHE olgd ssta rast
B el gaelE FES Ba Aawl 13
2 WAS: e AnyS WA 9s) PPO
£ 48350

3.1 F5l24HProGReGA) ¢12|&S
o|Zst FotEdt

adEe Fxo WS 71z MMOG AW olA 3

8| Journal of Korea Game Society 2019 Jun; 19(3): 5-14



— A Study on Load Distribution of Gaming Server Using Proximal Policy Optimization —
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fai3
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(eq.b)
79 kA A bR o vepich A

W A 9 2

P
w,(R) =) we(Ci)

i=1 (eq.6)

W al = w(Ct)
tota ; c (eq.?)

AW A d2e gdES v)For AHAY
= Aue] Aol p(S) = #E7]3tt

Alzgl Ae] o AlElel] EAjskE AE o] A2
2 oz Uehdth P 2 #7]3h

A9 A /A FoR AN W
=, AW, 9= w9jelA AHEEE S,

Algorithm 2 ProGReGA
1 Weight_to_divide <- 0
2 | Free_capacity <- 0
3 For each region R in region_list do
4 Weight_to_divide <- Weight_to_divide + w,(R)
5
6 Free_capacity <- Free_capacity + p(s(R))
7 End For
g | Sort region_list in decreasing p(s(R)) order
For each region R in region_list do
: W'htgh < E}ht_'( divid M
10 eight_share <- weight_to_divide x T
11 While w,.(R) < weight,,,, do
12 If there is any cell from R neighboring a free cell then

13 R < R |J {neighbor free cell with the highest Int (C)}

1; Else if there is any free cell then
16 R <- R |y {heaviest free cell}
17 Else
18 Stop. No more free cells.
19 End while
20 | End For
[Fig. 4] ProGReGA Algorithm
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[Fig. 6] Proposed Algorithm process
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| Algorithm 3 Decision Makingl

1 | Get currnet Cell

2 |If Current cell != null

3 Get Current cell’'s Edge

4 For all Edge

5 If edge.target !'= null and edge.target.visited
== false

6 Neighborfi] = true

7 End For

8 | Set Mask to neighbor

[Fig. 7] Decision Making Algorithm
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[Fig. 8] Simulation environment
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[Fig. 9] ProGReGA Algorithm Distributed result
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[Table 1] Fragmented cells and groups

Fragment cell Fragment group
proposed |ProGReGA | proposed |ProGReGA
9 15 5 9
8 28 4 18
10 23 7 17
12 29 5 13
18 66 4 10
13 43 7 18
11 33 6 17
15 33 6 17
9 39 5 21
19 35 7 17
8 67 4 16
15 43 6 17
29 29 11 14
12 38 10 17
19 20 4 14
22 23 7 18
20 23 9 8
7 26 5 15
14 24 5 13
7 27 5 15
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[Fig. 11] ProGReGA Algorithm and Proposed
Algorithm Fragmented cells
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