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LOI CAM DPOAN

T6i xac nhan rang D& 4n nay 1a két qua nghién ctru cua riéng t6i, duoc thyuc hién dudi
sy huéng dan cua PGS. TS. Lé Hitu Lap. Cac thong tin, két qua phén tich dugc thu thap
va xu ly mot cach trung thuc, khach quan.

T6i hiéu vé cac quy dinh lién quan dén sy trung thuc trong hoc thuat va xin cam doan
rang nghién ctru nay di duoc t6i thue hién ma khong vi pham bat ky yéu cau ndo vé su
trung thuc trong hoc thuat.

Ha Noi, ngay thang nam 2025

Nguwoi cam doan

Nguyén Poan Quin
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LOI CAM ON

Sau gan hai nim tham gia chuong trinh cao hoc nganh Hé thong thong tin tai Hoc
vién Cong nghé Buu chinh Vién thong, t6i xin giri 1ong biét on siu sic dén cac Thay/Co
gido cong tac tai Hoc vién. Nho sy day dd va hudng dan tan tinh, t6i da tich luy dugc nhiéu
kién thirc quy bau va da phat trién kha ning tu duy mot cach dang ké. Téi mudn thé hién
su cam kich dic biét di voi PGS. TS. Lé Hiru Lap, thay da danh rat nhiéu thoi gian va tim
huyét, huéng dan t6i trong qua trinh thyuc hién ludn van. Thay da chi day va hd trg t6i mot
cach tan tam, gitp t6i xac dinh hudng nghién ctru, giai quyét van dé va hoan thanh dé an
nay mot cach thanh cong.

To1 cling xin chan thanh cam on cac anh chi can bg, giang vién cia Hoc vién Cong
nghé Buu chinh Vién théng, noi t6i dang lam viéc, vi d3 nhiét tinh hd tro, cung cip thong
tin, chia sé kinh nghiém va déng gop nhiéu y kién quy bau va dong vién tinh than dé toi c6
thé hoan thanh tot ndi dung nghién ciru.

Xin chan thanh cam on moi nguoi!
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LOI MO PAU
1. Ly do chon dé tai

Trong thap ky qua, nganh coéng nghiép giai tri k¥ thuat s6 di chimg kién sy bung nd
manh mé, dac biét 1a linh vuc tro choi truc tuyén nhiéu nguoi chot. V61 doanh thu toan cau
du kién vuot méc 300 ty USD va hang ty ngudi choi, cac hé théng game hién dai khong
chi don thudn 13 phan mém giai tri ma di tré thanh nhimg hé théng phéan tan phirc tap bac
nhit. Dic thu cta cac tro choi nay 13 yéu cau duy tri hang triéu két ndi dong thoi trong thoi
gian thue, véi do tré cuc thap dé dam bao tinh trong tic va trai nghiém ngudi ding.

Pé giai quyét bai todn quy mo, k¥ thudt can bang tai dong vai trd xuwong séng trong
viéc phan phdi luu lugng truy cdp t6i cum may cha. Tuy nhién, thuc t& van hanh cho thiy
cac thudt toan cin bang tai truyén thong nhu Round Robin hay Least Connections — vén
duoce thiét ké toi vu cho céc ung dung Web — lai boc 19 nhiéu han ché nghiém trong khi ap
dung vao méi truong Game Online. Sy bién thién ngiu nhién cta luu luong ngudi va su
khong ddng nhét vé ciu hinh phan cimg thudng din dén tinh trang: mot sé may chu bi qua
tai cuc bo din dén sap ngudn, trong khi cac may cha khac van nhan rdi.

Ly thuyét hang doi cung cip mot khung tham chiéu toan hoc viing chac dé mo hinh
hoa hanh vi cho doi va tic nghén trong cac hé thdng dich vu. Viée tmg dung 1y thuyét nay
vao cin bang tai hira hen mang lai kha ning "dy bao" sém cac diém nghén c6 chai dya trén
nang luc xtr Iy thyc té, thay vi chi phan tng thu dong dua trén sb lugng két nbi.

Xuat phat tir nhu cau cip thiét vé viéc tdi wu hoa hiéu ning hé thong may cha game
va khéc phuc nhuoc diém cia cac giai phap truyén thong, ti lya chon dé tai: “Nghién ctru
mo hinh can bang tai ap dung 1y thuyét hang doi cho Game Online nhiéu ngudi choi” lam
dé an tot nghiép thac si. Dé tai khong chi c6 ¥ nghia khoa hoc trong viéc két hop toan hoc
mg dung vé&i k¥ thuat hé thong, ma con mang gia tri thuc tién cao ddi voi cac nha phat
hanh game trong viéc dam bao chat lugng dich vu.

2. Tong quan veé van de nghién ciru

Bai toan cin bang tai trong hé thdng phéan tan dd dugc nghién ciru rong rii trong
nhiéu thap ky. Céc giai phap kinh dién nhu Round Robin (phan phdi vong tron) hay Least
Connections (két ndi it nht) di tré thanh tiéu chuin trong cac bd can bang tai phan cing
va phan mém (nhu Nginx, HAProxy). Tuy nhién, cic nghién ctru gin dy cua H. Chen va
cac cong su di chi ra rang, d6i véi cac tng dung nhay cam véi do tré nhu Game Online,
cac thuat toan nay thuong that bai trong viéc duy tri do on dinh khi hé théng chiu tai cao
hoic khi ha ting phan cing khong dong nhat [13].

Van dé c6t 16i nam & chd cac thuat toan truyén théng thudng hoat dong theo co ché
"mu trang thai" hodc gia dinh ndng lyc x1r Iy cua cdc may chu la ngang bang nhau. Trong
thuc té, nang lyc phuc vu ctia mgt may chu game bién thién dong theo mirc dd ti€u thu tai



nguyén (RAM/CPU). Khi tai nguyén can kiét, tbc d6 xir 1y giam sut, dan dén thoi gian chd
trong hang doi tang vot theo ham mii — di€u ma céc thuat toan dém s6 lugng két né1 don
thuan khong thé nhan dién kip thoi.

Trén thé gidi, hudng nghién ciru 4p dung 1y thuyét hang doi (nhw mé hinh M/M/1,

M/M/c) vao quan Iy mang di dat dugc mot s6 thanh tyu nhit dinh trong linh vyc vién thong
va dién toan dam may. Tuy nhién, viéc cu thé hoa cac mé hinh toan hoc nay thanh mot
thudt toan can bang tai thyuc té, c6 kha nang thich ing véi cac tham s tai nguyén thoi gian
thuc cho may chi Game van 1a mot thach thirc mé can duogc giai quyét chi tiét.

3. Muc dich nghién ctru

Muc dich c6t 161 cua dé an la nghién ctru va ki€ém chirng mét mé hinh can bang tai mai,
thong minh hon, cé kha nang khac phuc cac nhugc di€m cia hé¢ thong cti. Cu thé bao gom:

a)

b)

Mo hinh hoa toan hoc: Ap dung 1y thuyét hang doi (cu thé 1a mé hinh M/M/1 véi
tdc d6 phuc vu bién thién) dé biéu dién mdi quan hé giira tai trong dau vao, tai
nguyén hé thong va thdi gian chd du kién.

Phat trién thuat toan QPLB (Queue-Prediction Based Load Balancing): Thiét ké va
cai dit thudt toan cin bang tai c6 kha ning du bao tic nghén. Thuit todn ndy st
dung dit liéu do ludng tir xa (nhu muc tiéu thu RAM, CPU) dé tinh toan "Chi phi
tic ngh&n" va ty dong diéu hudng luu luong tranh xa cac may chi dang suy giam
hi¢u nang.

Danh gia thie nghiém: Trién khai mé hinh trén méi trudng gia lap sat thyc dé ching
minh hi€u qua vuot trdi cia thuat toan dé xut so véi cac thudt toan cin béng tai
truyén théng vé cac chi sb: ty 18 15i két ndi, d6 6n dinh va kha ning tan dung tai
nguyén.

4. P6i twong va pham vi nghién ctru

a)

b)

Déi twong nghién ctru:

He¢ thdng kién triic may chi Game Online theo m6 hinh Client-Server.

Cac thuat toan can béng tai: Round Robin, Least Connections, IP Hash va thuat toan
dé xuat QPLB.

Céac mo hinh toan hoc trong Ly thuyét hang doi.

Céc chi s6 hiéu nang hé théng: Thoi gian phan hoi, thong luong, ty 18 16i va mirc

tiéu thu tai nguyén.

Pham vi nghién curu:



o D@ tai tap trung vao tang phan phdi két nbi cua hé thong Game.

e Nghién ctru dugc thyc hién trén moi truong gia lap sir dung cong nghé Container
(Docker) va nén tang Node.js d¢ mo phong cic cum may chu game.

« DA tai khong di sau vao viéc tdi vu hda ma ngudn tro choi hay d6 hoa, ma tap trung
giai quyét bai toan dinh tuyén va quan 1y tai nguyén hé thong ha tang.

5. Phuong phap nghién ciru
Pé dat duoc cac muc tiéu dé ra, dé tai sir dung két hop cac phuong phap nghién ciru sau:
a) Phuong phap nghién ctru 1y thuyét:

o Thu thép, tong hop va phan tich cac tai liéu khoa hoc, bai bao chuyén nganh
vé kién triic game server, k¥ thudt can bang tai va ly thuyét hang doi.

o  Sitr dung toan hoc dé xay dyng cong thirc tinh toan thoi gian chd ky vong dua
trén m6 hinh M/M/1.

b) Phuong phap mo hinh héa va gia lap:

o Thiét ké kién trac hé théng bao gdm: Load Balancer trung tim, cum Game
Server va Client tao tai gia lap.

o Str dung Docker va PM2 dé quan 1y va gi6i han tai nguyén cho tirg node
nham tai hién cac kich ban qu4 tai.
c) Phuong phap thuc nghiém va so sanh:

o Xay dung cac kich ban kiém thir da dang: Kich ban co s¢, kich ban chénh
1éch c4u hinh, va kich ban qua tai tai nguyén.

o Thuc hién do dac sé liéu dinh luong ddi véi timg thuat toan.

o So sanh dbi chung két qua giira thuat toan dé xuat (QPLB) va cac thuit toan
truyén thong dé rat ra két luan khoa hoc vé tinh hiéu quéa va kha nang trng
dung.

6. Noi dung chinh ciia dé 4n gom 3 chwong.
e Chuong 1: Nghién ctru tong quan vé game online, cic k¥ thudt cin bang tai,
co so 1y thuyét hang doi va kha niang mg dung trong mé hinh hé théng can

bang tai trong game online.



e Chuong 2: Xay dung co s& 1y luan va thiét ké chi tiét cho giai phap can bang
tai du bao dua trén hang doi.
e Chuong 3: Thir nghiém va danh gia két qua vé giai phap can bang tai dugc dé

xuat.

Do thoi gian ¢6 han nén dé 4n khong tranh khoi nhitng han ché nhat dinh. Mong cac

thdy c6, dong nghiép thong cam va gop y dé dé an duoc hoan thién hon.



CHUONG 1. NGHIEN CUU TONG QUAN

1.1. Téng quan vé game
1.1.1. Khdi niém va boi canh
Trod choi dién tir (Video Games) 1a cac phan mém tng dung tuwong tac, cho phép ngudi
dung diéu khién cac ddi twong trong moi trudng 4o. Trong ky nguyén sd, nganh cong
nghiép game da phat trién vuot bac v6i doanh thu toan cdu wdc tinh dat hang trim ty USD,
trong d6 thi trudng Viét Nam déng gop mot ty trong dang ké véi lwong ngudi choi truc
tuyén 16n.
Dua trén yéu cau vé ha téng mang, tro choi di¢n tir dugc chia thanh hai nhém chinh:
« Game Offline: Véan hanh doc 1ap trén thiét bi nguoi dung, khong yéu cau két ndi
may chu lién tuc.
« Game Online: Yéu cau két ndi mang thudng truc dé twong tac thoi gian thuc gitta
ngudi choi voi nhau va véi may chu trung tam. Day 1a ddi tuong nghién ctru chinh

ctia dé tai do cac yéu cau khit khe vé bang thong va xir 1y dit lidu.
1.1.2. Phan loai Game Online dua trén kién tric hé théng

Thay vi phan loai theo ndi dung (nhu Bin sung, Nhap vai, Chién thuit), goc d6 hé thong
thong tin phan chia Game Online thanh hai mé hinh chinh dya trén quy mé va co ché duy
tri phién:

1. Tro choi dya trén phién dau (Session-based Multiplayer):

o Bao gdm cac thé loai nhu MOBA (League of Legends), FPS (CS:GO), Battle
Royale (PUBG).

o Pic diém: Ngudi choi duge chia vao cac phong nho (Room/Match) véi sb
lwong giéi han (10-100 ngudi). Khi tran ddu két thuc, trang thai phong choi
dugc giai phong.

2. Tro choi tryc tuyén nhiéu nguoi choi (Massively Multiplayer Online - MMO):

o Bao gdm MMORPG (World of Warcraft), Sandbox MMO, MMORTS.



o Dic diém: Hang nghin dén hang tridéu ngudi choi cing tham gia vao mot thé
gidi 40 duy nhét va lién tuc (Persistent World). Trang thai nhan vét va thé
gidi van ton tai va thay ddi ngay ca khi ngudi choi ngoai tuyén.

o Thdch thire: Day 1a mé hinh phirc tap nhét, doi hoi hé thong cin bang tai phai
xtr 1y lwong két ndi khdng 16 dong thoi va duy tri tinh nhat quan di liéu trong
thot gian dai.

Bdng 1.1 Bdng so sanh ddc trung ky thudt giita cdc thé loai game

Tiéu chi Game Offline Game Online Game Online (MMO )
A . Yéu cau lién tuc trong .
Két n61i mang | Khong yéu cau , Yéu cau lién tuc 24/7
tran dau
Quy mb ddng . Thép (10 - 100 R4t 16n (Hang nghin
' 1 nguoi _ )
thot nguoi/phong) nguoi/Server)

Luu trir trang | Cuc b0 trén mdy | Tam thoi (Reset sau

_ o . Vinh vién
thai nguoi choi moi tran)
Kién trac

Khong co Phéan tan Tap trung
Server
Ap luc Can ,
. ' Khong co Trung binh Rat cao

bang tai

D4 tai s& tap trung nghién ctru siu vao nhém Game MMO, noi ma cac k¥ thuit can bang
tai dong vai tro séng con trong viéc duy tri d6 on dinh va trai nghiém nguoi ding trudc
lwong truy cap bién dong 16n.

1.2. Cac dic trung vé game online
Viéc phén tich va mo hinh héa luu lvong mang déng vai tro then chdt trong viéce thiét
ké kién trac ha ting cho cac hé thong trd choi truc tuyén. Cac nghién ctru thuc nghiém da

chtng minh ring, luu luong sinh ra boi cac ing dung giai tri twong tac mang nhimg dic

thu k¥ thuat hoan toan khac biét so v6i cac dich vu Internet truyén théng nhu duyét web



(HTTP) hay truyén tai video [1]. Viéc ndm bét chinh xac cac dic trung nay la tién dé dé

xay dung cac giai phap cin bang tai va dinh tuyén hiéu qua.
1.2.1. Ddc trung vé lweu leong truy cdp

Luu lugng cua cac tro choi truc tuyén, dic biét la cac thé loai yéu cau phan xa nhanh
nhu Bin sung goc nhin thit nhat hay Nhap vai truc tuyén, dugc dinh hinh bai ba yéu t6 ky
thuat ¢t 15i: kich thudce goi tin nho, tinh chu ky cao va sy bat ddi xting vé bang thong.

a. Kich thudc goi tin va higu suét truyén tai

Khac véi giao thirc TCP truyén théng von t6i wu hoa viée dong géi dit liéu 16n dé dat
thong luong tdi da, luu luong game bao gdm cac chudi goi tin c6 kich thude rat nho [2].
Phén tich trén cac may chu Counter-Strike cho thay hon 90% céac goi tin van chuyén trong
mang co kich thudc duoi 200 bytes [1].

C6 sy chénh 1éch 16 rét vé kich thudc géi tin gitra hai chidu truyén tai:

« Chiéu nhan (Tt nguoi choi dén may chi): Kich thuée trung binh rat nho, chi khoang
40 bytes. Cac goi tin nay chii yéu chta cac 1énh diéu khién tir phia nguoi choi nhu
di chuyén, thao tac k¥ ning [3].

o Chiéu gtri (Tir may chii dén ngudi choi): Kich thuée trung binh 16n hon, dao dong
khoang 129 bytes [4]. Sy gia ting nay xuét phat tir chtic ning "quang ba" ctia may
chu: né phai tong hop trang thai tir nhiéu ngudi choi va giri tra lai thong tin cap nhat
cuc bd cho tung client. Dac diém nay tao ra ganh nang xu ly 16n cho cac thiét bi
mang trung gian, von thudng duoc toi uu cho hiéu sut bing thong thay vi tbe do
xu ly goi tin [2].

b. Tinh chu ky va moé hinh phat sinh luu lugng

Luu luong game thé hién tinh chu ky rat cao do su chi phdi cua logic dong b hoa
trang thai [1]. May chu game dugc thiét ké dé guri cap nhat trang thai dén tt ca nguoi choi
theo cac khoang thoi gian ¢ dinh. Vi du, mot may chi hoat dong & tan sb 20Hz s& phat
sinh dit liéu mdi 50ms mat 1an [5].

Co ché nay tao ra mé hinh lru luong dang "bung nd" thay vi dong chay lién tuc. Mic

du diéu nay giap mé hinh luu luong cé tinh du bao cao trong dai han, nhung lai gay ap luc



xur ly tirc thot cyc 16n 1€n cac bo dinh tuyén tai cac thoi diém "nhip" dir lieu dugce gui di
ddng loat [6].

c. Giao thirc truyén tai

Dé dap tmg yéu cu khit khe vé thoi gian thyuc, da sd cac game hanh dong hién dai
sir dung giao thire UDP thay vi TCP [7]. Viéc str dung TCP véi co ché truyén lai va cho
xac thuc dugce coi 1a khong thyc té, boi 18 trong moi truong game, mot goi tin bi mat tha bi
bo qua dé cap nhat dir li€u méi nhét con hon 1a cho truyén lai. Dtr liéu duoc truyén lai

thudng da tré nén 15i thoi va khong con gid tri str dung tai thoi diém no6 dén dich [8].
1.2.2. Pdc trung vé thoi gian phan héi (Response Time & Latency)

Thoi gian phan hdi 1a chi sé Chét luong Dich vu (QoS) quan trong nhat, anh hudong
truc tiép dén Trai nghiém Ngudi dung (QoE) trong mdi truong game online.

a. Do nhay cam véi do tré mang

Céc tmg dung game duoc thiét ké dé tdi da hoéa tinh twong tac, do d6 chung cuc ky
nhay cam véi do tré va do bién thién tré. Dé dam bao tinh cong bang, hé thong thuong phai
thiét ké bang thong yéu cau dya trén muc bao hoa cua lién két mang cham nhat [9]. Tuy
nhién, thach thirc 10n nhét thudng ndm & do tré xtr 1y tai cdc nit mang trung gian va bo can
bang tai.

b. Tac dong cua by dém (Buffering)

Trong dinh tuyén Internet thong thuong, viéc st dung bd dém 16n dé xur Iy tac nghén
1a giai phap pho bién. Tuy nhién, dbi véi game online, diéu ndy gy ra tic dung nguoc. Cac
nghién ctru da chi ra nguyén 1y: "Géi tin bi tré con té hon géi tin bi mat" (Delayed packets
can be worse than dropped packets) [10]. Viéc dém céc g6i tin cip nhat trang thai (vn
duoc giri mdi 50ms) s& lam gia ting do tré vuot qua ngudng chip nhan duoc cua trong tac
thoi gian thuc. Do d6, ha ting mang cho game can uu tién kha ning chuyén tiép nhanh

(fast forwarding) cho cac géi tin nho thay vi toi vu hoa thong lwong tong thé [1].
1.2.3. Hanh vi tuong tdc cua nguoi choi

Hanh vi ctia ngudi choi 1a bién sé quan trong quyét dinh tai trong 1én hé thong may

chu theo khong gian va thoi gian.



a) Phan phdi thoi gian phién choi

Trai nguoc voi gia dinh phd bién rang thoi gian sir dung dich vu Internet tuan theo
phan phdi dudi ning hodc phan phdi mii, cac dit lidu thuce nghiém khang dinh thoi gian mot
phién choi game tudn theo phan phdi Weibull [11]. Thng ké cho thiy hon 99% cac phién
choi kéo dai duoi 2 gio [12].

Pang chu ¥, ty 1¢ rdi bo bién thién manh & cac phién choi ngan. Nguoi choi ¢6 xu
huéng thoat game rit nhanh néu gip trai nghiém khong t6t (lag, mat két ndi) hoic khong
tim duoc tran ddu phii hop ngay tir dau. Diéu nay nhin manh tdim quan trong cia toc do

phan hdi va su 6n dinh cta hé thdng cin bang tai ngay tai thoi diém thiét 1ap két ndi [13].
b) Phén bb theo dia 1y va thoi gian

Hanh vi két ndi ctia ngudi choi chiu anh hudng 16n boi chu ky sinh hoat trong ngay.
Mic du khoang cach dia 1y 12 yéu t6 gy tré, nguoi choi van thudng xuyén két ndi dén cac
may chii & xa (thdm chi khac chau luc) vao cac khung gid thap diém tai dia phuong dé tim
kiém dbi thu [14].

Dir liéu cho thdy khoang cach trung binh giita ngudi choi va may chu dat dinh vao
sang sém va giam xudng vao budi chiéu téi khi lwong ngudi choi cuc bo ting 1én [15].
Thyc té nay goi y rang cac hé théng mang phan phdi ndi dung hoic dién toan dam may
cho game can tich hop co ché diéu phdi tai nguyén dong theo mui gid dé tdi uu hoa do tré

[16].
1.3. Kién triic mé hinh hé thong trong game online

Trong hé sinh thai cac trd choi tryc tuyén nhidu ngudi choi, kién tric mang khong
chi déng vai tro 12 xuong sdng két ndi ma con 13 yéu td quyét dinh dén tinh toan ven dir
liéu va chat lugng trai nghiém thoi gian thuc. Hién nay, m6 hinh Client-Server (Khach-
Chu) d3 trd thanh tiéu chudn cong nghiép, dic biét ddi voi cac thé loai yéu cau tinh nhit
quan cao va kha ning chng gian 1an nghiém ngit nhu Ban sing goc nhin thir nhat (FPS)

hay Nhap vai truc tuyén (MMORPG).

1.3.1. Co ché van hanh ciia mé hinh Client-Server
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Ngudi dung
~ May chu

\/ TN

Nguoi diing > Mang ( LAN, WAN, . <

Q S
<

@ .
M6 hinh Khach - may chu ( Kién tric )

Hinh anh 1.1 Cdu triic mé hinh Khdch — Mdy chii

Khac véi kién tric Ngang hang vén dua trén su giao tiép phan tan tryc tiép giita cac

may tram, mo hinh Client-Server hoat dong dua trén nguyén tic tip trung hoa kiém soat.

1.3.2.

Vai tro trong tai cia may chii: May chii dong vai tro 13 "ngudi ndm giit chan 1y", luu
trit va quan 1y trang thai toan cuc cua thé gii a0. N6 tiép nhan dit liéu tir ngudi choi,
thuc thi logic game (vét 1y, va cham) va dong bd hoa trang thai dén cac may tram.
Chirc nang cia may tram: Thu thap tuong tac tir ngudi dung (phim, chudt), gui
vé may chil va nhan ban cap nhat dé hién thi hinh anh/am thanh

Chu trinh ludng dir liéu: Dién ra vong lp lién tuc gdbm: Client giri 1énh = Server
mo phong logic = Server ddng bo trang thai thé gisi

Cdc k thudt xir Iy do tré va dong bo héa

Mic du kién triic Client-Server tdi uu hoa tinh bao mat va nhat quan dir liéu, né lai
d6i mat v6i thach thirc vat 1y ¢b hiru: d6 tré mang. Do thong tin phai di chuyén hai
chiéu giira nguoi choi va may chi, néu khong co cac bién phap can thiép ki thut,
ngudi choi s& gap phai trai nghiém phan hoi cham, lam giam dang ké tinh tuong tac.
Dé giai quyét vin dé nay, cac hé thong game hién dai tich hop ba k§ thuat nang cao

sau:
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a. Nguyén tic may chu y quyén

Day 1a nguyén tic thiét ké nén tang dé dam bao tinh toan ven. Server duogc lap trinh
dé khong tin tudong bat ky dit liéu vi tri hodc trang thai nao do Client giri 1én. Thay vao do,
n6 chi nhan céac chudi 1énh diéu khién va tu minh mo phong lai toan by hanh dong do dé
xéc thyuc tinh hop 16. Co ché nay loai bé hoan toan kha ning ngudi choi can thiép vao bo
nhd may tram dé thuc hién cac hanh vi gian 1an nhu dich chuyén turc thot hay di xuyén vat
thé.

b. Du doan phia may khach

Dé triét tiéu cam gidc tré trong khi chd phan héi tir Server, Client st dung thudt toan

du doan hanh vi:

« Co ché du doan: Ngay khi ngudi choi thuc hién thao tac, Client 1ap tirc mo phong
cuc by va cap nhat trang thai nhan vat trén man hinh ma khong can cho xac nhan tir
Server.

« Co ché hoa giai: Khi nhan duoc ban cap nhat chinh thirc tir Server (thuong dén tré
hon vai chyc mili-gidy), Client s€ so sanh trang thai du doan cua minh véi trang thai
thue té tir Server. Néu phat hién sai 1éch (do mit géi tin hodc xung dot vat Iy khong
luong trude), Client bude phai diéu chinh lai vi tri nhan vat dé khép véi Server. Khi
su sai 1éch qua 16n, nguoi choi sé théy nhan vat bi giat lui vé vi trf cii, hién tuong

nay duoc goi la "Rubber banding".

c. K§ thuat bu tré
Trong méi trudng chién du thoi gian thue, sy chénh 1éch do tré giita cac ngudi choi
(vi dy: ngudi choi A ¢6 ping 20ms dau voi nguoi choi B ¢6 ping 150ms) tao ra su bt cong.

K¥ thuat bu tré dugc ap dung dé giai quyét van dé nay:

« Van dé: Do d0 tré truyén tai, hinh anh nguoi choi B ma nguoi choi A nhin thay trén
man hinh thue chit 14 vi tri cua B trong qué kh.

7
SN

« Giai phap: Khi Server nhin duoc 1énh "ban" tir A kém theo dau thoi gian, né sé truy
xudt bo dém lich sir dé "tua nguoc" trang thai thé giéi game vé dung thoi diém do.

Server sau d6 kiém tra duong dan trong bdi canh qua khir dd duoc tai dung dé xac
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dinh két qua tring dich. K¥ thut nay dam bao rang phan xa va ky nang clia nguoi

choi dugc ghi nhan chinh xac bat chép d6 tré mang.
1.3.3. Két lugn vé kién tric

Toém lai, mé hinh Client-Server, khi két hop véi giao thirc truyén tai UDP va céac k§
thut xtr 1y d6 tré tinh vi (dy doan va bu tré), di trd thanh kién trac tham chiéu tiéu chuan
cho céc tro choi truc tuyén hién dai. N6 giai quyét bai toan cin bang phuc tap giita viéc
duy tri sy dong bo trang thai cho hang ngan nguoi choi, dam bao tinh cong bang cua trd
choi, va t6i wu héa trai nghiém muot ma cho ngudi ding cudi bat chip nhitng gidi han vat

Iy cta ha ting Internet.
1.4. Céc k¥ thuit can bang tai

Can bang tai 1a qué trinh phan phdi hiéu qua luu luong truy cdp dén mot nhom céac
may chu hau phuong, hay con dugc goi 1a cum may chu hodc nhém may chu.

Céc trd choi true tuyén nhiéu nguoi choi (MMO) hién dai v6i luu luong truy cap cao
phai phuc vu hang trim nghin, tham chi hang triéu yéu cau dong thoi tir ngudi dung hodc
khach hang. Hé thong phai phan hdi chinh x4c cac vin ban, hinh anh, video hodc dit liéu
mg dung mot cach nhanh chéng va dang tin cdy. Dé dap tng hiéu qua khéi luong 16n cac
yéu cau va phan hoi ndy mot cach tiét kiém nhat, giai phap t6i wu thuong 1a bd sung thém
cac may chu.

Mot bd can bang tai (load balancer) hoat dong nhu mot "canh sat giao thong" phia
truéc may chu, thuc hién viéc dinh tuyén cac yéu cau tir may khach dén tat ca cac may cha
c6 kha nang xir Iy. Viéc nay nham t6i wu hoa tdc do va hiéu sut, dong thoi dam bao khong
c6 may cha nao phai hoat dong qua tai. Néu mot may chu don 1é gip su cb, bo can bang
tai s& tu dong chuyén hudng luu luong truy cap dén cac may chi truc tuyén con lai. Khi
mot may chi méi duge thém vao nhom, bd can bang tai s& tu dong bat ddu phan phdi yéu

cau dén may chu méi nay.
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Hinh anh 1.2 Cloud Load Balancer

Toém lai, mot bd can bang tai s€ thuc hién cac chiic nang chinh sau day:

« Phan phdi cic yéu cau ngudi dung hodc network load mot cach higu qua trén nhiéu
may chu.

« Dam bao tinh kha dung va do tin cdy cao bang cach chi giri cac yéu cau dén cac may
chu tryc tuyén.

e Thém vao hoac loai bét cac may chu theo yéu cAu mot cach linh hoat va dé dang.
1.4.1. Céc ky thudt cdn bang tdi truyén thong

Céc thuat toan kinh dién nhu Round Robin va Least Connections da dugc phan tich
rong rai vé hiéu qua phan phdi tai trong cac nghién ciru trudc dy [17]. Di vé6i cac hé
thdng yéu cau tinh duy tri phién, thuit toan IP Hash cung cép giai phap dinh tuyén dya trén
dia chi nguén [18]. Trong khi d6, thuat todn Least Response Time tap trung vao viéc tdi
thiéu hoa d6 tré phan hoi, tuy nhién ciing ddi mit véi thach thirc vé sir dn dinh thong tin tai

[19, 20].

1.4.1.1. Thudt toan Round Robin
La thuat toan diéu phdi vong tron, cac may chu s& dugc xem ngang hang va sip xép
theo mot vong quay. Cac truy van dich vu sé 1an luot duoc guri t&1 cac may chu theo thir ty

sap xep.
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Round Robin

Hinh anh 1.3 Thudt toan Round Robin

Thuét toan Round Robin (RR) 14 phuong phap can bang tai tinh phd bién nhat, hoat
dong dya trén nguyén tac phan phdi yéu cau theo trinh ty vong tron. Trong kién tric nay,
cac yéu ciu dén duoc phin bo déu cho cac may chu backend ma khong xét dén tai trong
hién thoi hay thoi gian phan hdi cua ting nit.

V& mit toan hoc, gia sir tdp hop cac may cha kha dung 14 S = {S, Sy, ..., S,_1} vOin
1a tong s6 may chu. Néu I 1a chi sb cua yéu cau hién tai (i ting dan theo thoi gian), may
chu S duge chon dé xir 1y yéu ciu thtr i duoc xac dinh boi cong thirc dong du k =i mod n

Trong do:

k: Chi s6 index ctia may cha duge chon (0 <k < n)

mod: Phép toan chia ly du.

Co ché nay dam béo tinh cong bang tuyét ddi vé s luong yéu cau duoc giri dén mdi
may chu trong mdt chu ky x4c dinh.

Co ché hoat dong ctia Round Robin trong hé thdng can bang tai dwgc chuan hoa thanh

mat chu trinh khép kin gém 4 giai doan chinh:
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1. Quan ly danh sach kha dung: B can bang tai quan Iy va duy tri mot danh sach dong
cac may cha backend dang ¢ trang thai hoat dong 6n dinh. Danh sach nay dong vai
trd 1 tp hop ngudn dé phan phdi cac yéu cau dén.

2. Phan phdi tuan ti phi trang thai: Khi mot yéu cau méi phat sinh, thuit toan thuc
hién diéu phéi tuyén tinh bing cach chon may chu ké tiép trong danh sach theo trinh
tu dinh san. Qua trinh nay dién ra doc 1ap véi cac chi s tai trong hién thoi (nhu mirc
tiéu thu CPU hay RAM) ctia may chu, gitip toi wu hoa tde d6 xur Iy va giam do tré
tai ting cAn bang tai.

3. Co ché vong lap: Quy trinh phin phdi tuan theo cdu trac hang doi vong. Ngay khi
yéu cau dugc giri dén may chi cubi cing trong danh sach, con tro diéu phbi sé tu
dong quay tré lai vi tri khoi dau dé bat diu mot chu ky phan phdi méi, dam bao moi
may cha déu nhan dugc luot xir 1y theo phién.

4. Co ché ty phuc hoi va giam sét strc khoe: Dé dam bao tinh sin sang cao, hé thong
tich hop co ché giam sat sirc khoe dinh ky. Néu phat hién mot may cha gip su cb
hoic khong phan hoi, né s& 1ap tirc bi loai bo khoi danh sach phan phdi dé cach ly
16i, ngan chin viée giri yéu cau vao "ngd cut". May chii nay chi duoc tai gia nhap

mang ludi xu 1y sau khi da khoi phuc hoan toan trang thai hoat dong binh thuong.

Trong thuc té, cac backend server thudng khong hoan toan giéng nhau. C6 may chu
manh (nhiéu CPU, RAM 16n) va c6 may chu yéu hon. Néu dung Round Robin co ban (chia
déu 1-1), may chu yéu co thé bi qua tai trong khi may chii manh chua dung hét cong suét.
Weighted Round Robin ra doi dé giai quyét van dé nay.

Co ché hoat dong cua thuit toan Weighted Round Robin: Thay vi chia déu, quan tri
vién s& gan cho mdi server mot trong s6— mot gia tri sé nguyén dai dién cho ning luc xir
1y cua server do.

« Quy tic: Server c6 trong sb cang cao s& nhan duoc cang nhiéu yéu cau xir 1y trong
mot chu ky phan phéi.

« Muc tiéu: Can bang tai dua trén nang lyc thuc té thay vi s6 lugng may chu.
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Hinh anh 1.4 Thuat toan Weighted Round Robin
Mic du 1a mot trong nhitng thuat toan so khai nhét, Round Robin van giit vi tri quan
trong trong k¥ thuat can bang tai nhd sy can bang giira tinh hiéu qua va do phirc tap vén

hanh:

o Tbi vru hoa chi phi tinh toan: Pay 13 wu diém vuot troi nhit ciia Round Robin. Do
hoat dong theo co ché phi trang thai va khong yéu cau thu thap dir liéu tai trong thoi
gian thue tir backend, thuit toan tiéu tén rat it tai nguyén CPU va bo nhd tai ting
Load Balancer. Piéu nay cho phép bd cin bang tai xir Iy mot luong 16n yéu cau
ddng thoi v6i d6 tré chuyén mach gan nhu bing khéng.

« Phén phdi dong déu vé sb luong: V& mit thdng ké, Round Robin dam bao moi may
cht nhan duoc sb lugng yéu cau bang nhau trong mot chu ky du 16n. Piéu nay tao
ra sy cong b?lng tuyét ddi vé mat "luot phuc vu", loai bé hoan toan hién tugng bo

sot do1 vai bat ky may chu nao trong cum.
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« Han ché vé nhan thirc tai trong: Round Robin hoat dong véi gia dinh ring moi yéu
cau déu tiéu ton tai nguyén nhu nhau va moi may cha déu c6 ning luc xir Iy ngang
bang. Do d6, trong cac tinh hubng thuc té phtic tap (noi mot request xir Iy video
ning gip 100 lan request vin ban), thudt toan co thé vé tinh gy ra tinh trang nghén
cb chai cuc bd tai mot s may chu trong khi cac may khac van nhan rdi.

« Pham vi img dung: Thuat toan 1a giai phap 1y twong cho cidc mé hinh kién tric sau:

o Dich vu phi trang thai: Cac hé théng RESTful API noi mdi yéu cau 1a doc lap
va khong phu thudc vao dir liu phién luu trén may chu.

o Cum may chu dong nhat: Méi trudng ma tat ca cac may chu backend cé céu
hinh phan cimg (CPU/RAM) va ning luc xtr Iy twong duwong nhau.

o Moéi trudng kiém thir va Phat trién: Noi can sy don gian trong cdu hinh va kha

ning du doan trude hanh vi phan phdi dé phuc vu viéc debug 13i.

1.4.1.2. Thuat toan Least connections:

Thuét toan Least Connection 13 mot chién lugc can bang tai dong, trong d6 cac yéu
cau méi duge didu phdi dén mdy chu c6 sé lugng két ndi hoat thip nhét tai thoi diém ra
quyét dinh. Khac voi cac thuit toan tinh nhu Round Robin, Least Connection danh gia
trang thai thuc té ctia hé thong dé dam bao su phan phdi tai dya trén nang lyc xir Iy tic thoi
cua tung nat mang.

V& mit toan hoc, gia st mot cum may chi bao gom tap hop S = {S1, S2,S3, ..., Sn}.
Goi C(Si) 1a s6 luong két ndi hién hanh trén may chu Si tai thoi diém t.

M4y cht muc tiéu Serget dugc chon dé xir Iy yéu cdu méi (Ruew) thoa man diéu kién:

Starget = { S1 € S | C (S1) = min(C(S1), C(S2), ... .C(Sn))}

Trong truong hop c6 nhiéu may cha cung dat gia tri cuc tiéu, thuat toan c6 thé ap
dung co ché Iya chon ngu nhién hodc quay vong gitta cac may cha do.

Quy trinh van hanh cua thuat toan Least Connection dya trén co ché giam sat thoi

gian thyc vdi cac budc cu thé sau:

1. Duy tri trang thai: B can bang tai duy tri mot bang trang thai dong, ghi nhan bién

C(Si) dai dién cho s6 luong két ndi dang duoc thiét 1ap trén mdi may chu Si.
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2. Quét va lya chon: Khi mot yéu cau R dén hé thdng, thuat toan thyc hién quét toan

bd danh sach trang thai dé xac dinh may chi Smin c6 gia tri C(Smin) thip nhat.

3. Diéu phdi va cap nhat ting: Yéu cau dugc chuyén tiép dén Smin. Pong thoi, bd dém

két nbi cuia may chu nay duoc cap nhat ngay lap tic:

C(Smin) « C(Smin) +1

4. Hoan tat va cap nhat giam: Khi phién két ndi két thiic hodc yéu cau duoc xir 1y xong,

tai nguyén duoc giai phong va bd dém trang thai dugc cip nhat giam:

PC1

PC2

C(Smin) « C(Smin) -1

PC3

PC4
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Hinh anh 1.5 Thudt toan Least Connection

Thuat toan Least Connection dugc xem la ti€u chuan vang cho cac hé thong can su

6n dinh trong méi trudng cé tai trong khong déng nhat va thoi gian xur 1y kéo dai:

« Can bang tai thich tmg: Khac v6i Round Robin (v6n phan phbi mu quang theo chu

ky), Least Connection hoat dong dua trén trang thai thuc té. Bang cach diéu huéng
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lwu lwgng tranh xa cac nit dang ban ron (cé chi s6 két ndi cao), thuat toan gitp ngan
chan hi¢u qua hién tugng qua tai cuc bd va t6i da hoa thong luong téng thé cua cum.
Tu diéu chinh trong méi truong di thé: Trong mdt cum may chii bao gom céc thiét
bi ¢6 ning luc xir Iy khac nhau (CPU/RAM chénh léch), Least Connection thé hién
kha ning tu cin bang ty nhién. Cac may chu manh hon s& xtr Iy yéu cau nhanh hon,
giai phong két ndi som hon va do d6 s& nhan duoc nhiéu yéu cau méi hon. Co ché
nay hoat dong nhu mot hé thong trong s6 dong ma khong can can thiép ciu hinh tha
cong.

Téi wu cho cac phién két ndi: Dbi véi cac giao thire duy tri két ndi lién tuc, viée dém
sO lwong két ndi phan anh chinh xac tai trong hon 1a dém s6 lugng request. Thuat
toan nay gitip tranh tinh trang "don " két ndi tai mot may chii duy nhat.

Pham vi tng dung: Thuét todn 1a lya chon uu tién cho cac kich ban trién khai sau:

o Dich vu Co s¢ dir li¢u: Noi cac truy van SQL hodac NoSQL co6 thoi gian thyc
thi bién thién rat 16n va cac két ndi thuong duogc giir 14u.

o Giao thire thoi gian thyc: Cac ung dung sit dung WebSocket, LDAP, hoac
Email (IMAP/POP3) noi két ndi giita client va server dugc duy tri trong thoi
gian dai.

o Xu ly tac vu nang: Cac hé théng xur ly video, ma hoéa, hoac tinh toan khoa hoc,
noi mot yéu cau don 1& c6 thé chiém dung tai nguyén trong nhiéu phut hoic

nhiéu gio.

1.4.1.3. Thuat toan Least response time:

Khai niém Thuat toan Least Response Time 1a phuong phap cin bang tai hoat dong

dua trén nguyén tac di€u phoi cac yéu cau moi dén may chu cé thoi gian phan hoi trung

binh thap nhat tai thoi diém xét duyét. Thoi gian phan hdi (Tresponse) dugc xac dinh boi

cong thirc tong quat:

Tresponse = Tprocessing + Tnetworkﬁlatency
Trong do:

Tprocessing . Thot gian méy chu xur 1}'7 yéu cau
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Tretwork latency : DO tré truyén dan qua mang

Khac v6i cac thuat toan tinh nhu Round Robin hay thuat toan dua trén trang thai két
ndi nhu Least Connection, LRT danh gia hiéu nang dua trén s liéu thuc té. Do d6, thuat
toan ndy phan anh chinh x4c trang thai tai thue té va ning luc xtr Iy hién thoi cia ting may
chu.

Co ché hoat dong

Thuat todn Least Response Time hoat dong theo quy trinh sau:

Thu thap dit li¢u: Bo can béng tai lién tuc giam sat va thu thap céac chi s6 hiéu nang
tir cac mdy chu trong cum, bao gdm: thoi gian phan hdi trung binh, d6 tré mang va s luong
yéu cau dang cho xt 1y

Dénh gia va lya chon: Khi ¢6 mot yéu cAu méi phat sinh, thuat todn s€ so sanh thoi
gian phan hdi cua tit ca cac may chu dang kha dung. May chii 6 chi s6 thoi gian phan hdi
thap nhat s& dugc xac dinh 1a nat toi uu.

Diéu phdi: Bo can bang tai chuyén tiép yéu cau dén may chu da chon.

Cép nhat vong lap: Cac chi s6 hiéu nang dugc cap nhat lién tuc theo thoi gian thuc
dé phuc vu cho cac quyét dinh diéu phdi tiép theo, dam bao hé thdng ludn thich nghi véi

sy bién dong cua tai.
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Hinh anh 1.6 Least Response Time
Thuét toan Least Response Time dong vai trd thiét yéu trong cac hé sinh thai vu tién

trai nghiém nguo1 dung cuoi va yéu cau khat khe vé hiéu nang thoi gian thye:

o Tbi wu héa do tré: Day la dac tinh dinh danh cua thuat toan. Bﬁng cich nhat quan
huéng luu lwong truy cap vao nat c6 tbe do phan hoi nhanh nhit, LRT gitp giam
thiéu chi s6 "Thoi gian nhan byte dau tién". Diéu nay truc tiép cai thién téc do tai
trang va do muogt ma ctua ing dung tr goc dd nguoi dung.

e Thich tng v61 su di biét vé ha tﬁng: Trong cic cum may chii hdn hop (noi cac thé
hé phan cimg cii va méi cung hoat dong song song), LRT thé hién su vuot troi so
v6i cac thudt toan tinh. N6 tu dong phan bd nhiéu tai hon cho cac may chu c6 cau
hinh manh (do tdc do xtr Iy nhanh hon) va giam tai cho cic may cha yéu, tir d6 khai
thac t61 da hiéu suit tong thé ctia cum ma khong can cdu hinh trong sb thi cong.

o Do nhay voi bién dong mang: Khac vai thuat toan Least Connection chi tap trung
vao trang thai ndi tai cua may chi, LRT bao ham ca yéu té do tré mang trong ham
muc tiéu. Dic diém nay khién né tré nén dic biét hiru ich trong cac hé théng phan
tan dia 1y hodc méi trudng dam may lai, noi duong truyén mang 1a mot bién sb

khong 6n dinh.
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e Pham vi img dung: Thuat toan nay la lya chon t6i wu cho:
o Céc nén tang giao dich tai chinh hodc thuong mai dién tir (noi do tré thap
ddng nghia véi ty 1& chuyén doi cao).
o Cac ung dung thoi gian thyc nhu VolP, Gaming server.
o Céc dich vu phan phdi ndéi dung (CDN) can dinh tuyén ngudi dung dén may

chu bién c6 tbc dd phan hdi tot nhat tai thoi diém truy cap.

1.4.1.4. Thuat toan IP Hash:

Thuét toan IP Hash 1a phuong phap cin bang tai mang tinh xac dinh, trong d6 may
chu dich dugc lya chon dua trén viéc tinh toan gia tri bam tur dia chi IP ciia may khach.
Khac véi Round Robin hay Least Connection, muc tiéu cdt 16i caa IP Hash khéng phai 1a
phan phéi tai ngdu nhién hay dya trén hiéu ning, ma 13 dam bao tinh duy tri phién.

Vé mit toan hoc, gia st tip hop cac may chii kha dung 13 S = {S,, Sy, ..., Sp—1} v6in
1a tong s may chu. Goi IPg 13 dia chi IP cua yéu cau dén 1a H(x) 1a ham bam duoc sir
dung. Mdy chu Sk dugc chon dé xir Iy yéu cau duoc xac dinh bai cong thirc:

k =H(P,.) modn

Trong do:

k: Chi s6 cia may chi dugc chon (0 < k < n)

H(IPs:): gia tri s6 nguyén duoc sinh ra tir dia chi IP ngudn sau khi di qua ham bam.

Mod: phép chia 14y du, dam bao két qua luén ndm trong pham vi chi sé ciia danh sach
may chu.

Co ché nay dam bao rang, mién 1a danh sich may chu khong d6i, mot dia chi IP cu
thé s& ludn duogc dinh tuyén dén cung mot may chu backend duy nhat.

Quy trinh van hanh
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Hinh danh 1.7 Thudt toan IP Hash

Quy trinh xr 1y cua thuat toan IP Hash tai ting Load Balancer dién ra theo trinh tu 4
budc sau:

1. Trich xuit dinh danh:

Khi mdt goi tin hodc yéu cau két ndi dén, bd can bang tai trich xuit dia chi IP ngudn
(IPsrc) tir phan header cua goi tin. Trong mot sé bién thé, thuat toan cé thé két hop ca dia
chi IP dich hoic cong (port) dé ting do phan tan.

2. Tinh toan gia tri bam:

Dia chi IP sau khi trich xuét dugc dua qua mot ham bam phi mat ma tbi wu toc do, vi
du nhu CRC32 hoic MurmurHash. Két qua dau ra 1a mot sd nguyén 16n dai dién cho dia
chi IP do.

3. Anh xa may chu:

Gi4 tri s6 nguyén vira tinh toan s& dugc thuc hién phép chia 14y du cho tong sb lugng

may cha kha dung (n). Két qua cia phép tinh chinh 1a chi s vi tri ctia may chi trong danh

sach phan phoi.
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4. Thiét 1ap lién két:

Yéu cau dugc chuyén tiép dén may chu dich di xac dinh. Do tinh chat tit dinh cta
ham bam, cic yéu cau tiép theo tir cting mot [P s& lap lai dang quy trinh nay va két thuc
tai cling mot may chu, duy tri trang thai phién lam viéc lién mach.

Thuét toan IP Hash dong vai trd quan trong trong cac hé thong yéu ciu sy 6n dinh vé
ngir canh nguoi dung:

« Tinh dinh phién: Dy 13 vu diém 16n nhit. IP Hash cuc ky hiéu qua cho cac ung
dung Stateful (c6 trang thai), noi thong tin phién lam viéc, gié hang, hodc bd nh¢
dém duoc luu trlt cuc bo trén mot may chu cu thé. N6 loai bo nhu cau phai déng bo
hoa dir li€u phién lién tyc gitra cac server.

« Rui ro phan phdi léch: Néu mot lwong 16n luu lwong truy cap dén tir mot dai IP hep
(vi du: phia sau mét Proxy doanh nghiép 16n), ham bim c6 thé phan phdi khong
déu, khién mot s6 may chu bi qua tai trong khi cac may cha khac nhan rdi.

« D0 nhay véi bién dong ha ting: Khi sé lugng may chu (n) thay d6i (do thém méi
hoic co server bi 151), két qua ctia phép tinh mod n s& thay d6i hoan toan d6i v6i hau
hét cac IP. Piéu nay dan dén viéc tai cdu tric anh xa hang loat, lam mét dit liéu
phién cta ngudi ding. Pé khic phuc nhuoc diém nay, cac hé thong hién dai thuong

nang cap 1én thuat toan Consistent Hashing (Bim nhét quan).
1.4.2. Danh gia hiéu qua cua cac thudt toan

Trong van hanh thyc té, luu lugng cia trd choi truc tuyén thudng xuyén trai qua cac
dot bién dong manh, ddc biét 1a trong cac khung gio cao diém hodc khi dién ra su kién
trong game. Kha ning duy tri d6 tré thip va ngin chin nghén c6 chai tai cic thoi diém nay
1a thudc do chinh dé danh gi4 hiéu qua cta cc giai phap can bang tai. Dudi day 1a phan
tich chi tiét d6i v6i timg nhém k¥ thuat:

a. Nhom thuat toan tinh: Round Robin, Weighted Round Robin va IP Hash

Nhom thuat toan nay hoat dong dua trén cic quy tic dinh sin ma khong giam sat

trang thai tai thuc té ctia may chu.
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« Round Robin (RR) va Weighted Round Robin (WRR):

o Khd néing xir Iy nghén: Mic du dam bao phan phdi cong bang vé sé luwong
yéu cau, ca RR va WRR déu boc 10 han ché nghiém trong khi xtr 1y cac phién
két ndi khong ddéng nhit vé thoi luong. Trong game online, thoi gian phién
choi tuan theo phan phdi Weibull, nghia 14 tn tai nhirmg ngudi choi duy tri
két ndi trong nhidu gid [1]. RR ¢b xu hudng tich liy cac phién két nbi dai
nay mot cach ngau nhién vao mot sé may chii nhat dinh, gay ra tinh trang
qua tai cuc bo trong khi cac may chu khac van nhan roi.

o Vé do tré: Do khong nhan biét duoc do dai hang doi xtr 1y hién tai, RR van
tiép tuc glri yéu cau mai vao cic may chii dang bi nghén (congested), 1am gia
ting do tré dot bién cho ngudi choi tai cac may chu d6 [17]. WRR tuy giai
quyét duoc van dé phan ctimg khong dong nhét nhung van bét luc trude su
bién thién cua tai trong dong.

o [P Hash:

o Rui ro phdn cuc tai: Trong cac su kién game 16n, mdt luong 16n nguoi choi
thudng tap trung tai cac diém truy cip cong cong (nhu Cyber Game, ky tuc
x4) va str dung chung mot dia chi IP cong cong (NAT). Co ché bam dia chi
IP cua thuit todn ndy s& vo tinh don toan bd nhom nguodi ding nay vao mot
may chu duy nhét. Diéu nay tao ra cac diém néng nghiém trong, giy nghén
¢ chai cuc bo va lam gian doan dich vy, bat chép téng tai nguyén cua h¢

thdng van chua duoc st dung hét [18].

b. Nhom thudt toan dong: Least Connections va Least Response Time
Nhém thuat toan nay khic phuc nhuoc diém cta nhom tinh bang cach thu thap sé liéu
thoi gian thuc dé ra quyét dinh phan phdi.
o Least Connections (LC):
o  Khd ning ngdn nghén cé chai: LC thé hién sy wu viét trong viéc "san phing"

cac dinh tai trong trong gid cao diém. Bang cach lién tyc diéu hudng ngudi
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choi méi dén cac may chu c6 it két ndi nhat, thuat todn ngin chin hiéu qua
viéc mot may chu don 1€ bi sap do qua tai ) luong két ndi [17].

o Han ché: Tuy nhién, LC hoat dong dya trén gid dinh réing moi két ndi tiéu
tén tai nguyén nhu nhau. Trong thuc t&, mot may chu c6 thé c6 it két ndi
nhung CPU lai dang hoat dong hét cong suat (100% load) do xir 1y cac tran
chién phirc tap. Do d6, LC van c6 thé giri thém ngudi choi vao mot may cha
dang bi nghén CPU, gy anh huéng dén trai nghiém.

o Least Response Time (LRT):

o Khd ndng duy tri do tré thap: Day 1a thuat toan tiém can nhit véi yéu cau
thoi gian thyc ctia game online. Bang cach wu tién may chii ¢ thoi gian phan
héi thap nhit, LRT truc tiép toi wu hoa chi sé ping cho ngudi choi [19]. N6
c6 kha ning phat hién cac may chit dang xtr 1y cham (du it két ndi) dé diéu
hudng luu lugng di not khac.

o Vin dé dao dong: Trong cac su kién game co luong truy cip ting vot dong
thoi, LRT dé gip phai hiéu tng "thundering herd”. Khi mot may chu dugc
xéc dinh 13 "nhanh nhat", hang loat yéu cau s& don vé d6 cung luc, khién né
1ap tirc trd nén cham chap. B can bang tai sau d6 lai don toan bd luu luong
sang may chu khac, gy ra su dao dong tai lién tuc gilra cdc may chu va lam
mat 6n dinh hé théng [20].

1.4.3. So sanh mirc @ ddp vimg yéu cau ciia Game Online véi ting dung web

D¢ xéc dinh tinh phu hop cta cac k¥ thuat can bing tai, cn phan biét rd sy khac biét
cin ban giita kién trac cia Game Online (ddc biét 13 cac thé loai thoi gian thyc nhu
MMORPG, FPS) va cac Ung dung Web truyén théng. Su khac biét nay duoc thé hién qua

ba khia canh co6t 161: yéu cau thoi gian thuce, co ché dong bo dir 1iéu va kha nang mo rong.
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Bang 1.2 Bang tiéu chi so sanh muec do dap vng yéu cau cua may chu

Tiéu chi so sanh

Ung dung Web

Game Online

M0 hinh tuong tac

Yéu cau - Phan hoi: Nguoi
dung giri yéu cau, server xur
1y va tra két qua. Cac giao
dich thuong ngan va ngit

quang.

Ludng lién tuc: Dir li¢u
dugc truyén tai lién tuc hai
chiu voi tan so cao trong

sudt phién choi kéo dai.

Yéu cau thoi gian thuc

Théap - Trung binh: Do tré
tir 500ms - 1s 14 chap nhan
duoc. He théng co thé sir
dung bo dém dé ti vu

bang thong.

Cuc cao: Do tré >100ms
anh hudng truc tiép dén két
quéa game [1]. Khong chép

nhan dém dir lidu.

Pong bo dir lidu

Phi trang thai: Server
khong can luu trang thai
cuc bg. Dit li¢u phién dugc
luu ¢ Database chung hoac

Cookie.

Co trang thai: Trang thai
nhan vat (vi tri, mau) thay
d6i hang chuc 1an/gidy va
phai dugc luu trén RAM

cua server xu 1y [2].

Giao thtrc van chuyén

TCP/HTTP: Uu tién do tin
cay. Néu mat goi tin, giao

thire s€ tu dong truyén lai.

UDP: Uu tién toc do. Chap
nhan mét géi tin dé dam
bao dir liéu luon la moi

nhéat [3].

Kha nang m¢ rong

Dé dang: C6 thé thém may
cht méi va phan phdi ngau
nhién vi cac request doc lap

nhau.

Phure tap: Kho phan chia tai
ngau nhién vi nguoi choi
trong cung mot phong/khu
vuc phai két ndi vao cing

mot may chu vat ly.

Bang so sanh dac trung k¥ thuat gitta Game Online va iing dung Web

Tur céc dit lidu trén, c6 thé thdy rd su khap khiéng khi 4p dung cac ky thuat can bang

tai truyén thong (vén dugc thiét ké cho Web) vao mai truong Game Online:
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« V& thuat toan Round Robin: Phit hop hoan hao cho Web App nh¢ tinh chat "Request
ngan". Tuy nhién, voi Game Online, do tinh chat "Két ndi bén virng", Round Robin
khong thé kiém soat duoc tai trong tich liiy khi cac phién choi kéo dai, dan dén nguy
co qua tai cyc bd khong thé du bao.

o V& thuit toan IP Hash: Giai quyét tot van dé "C6 trang thai" ciia Game, nhung lai
gip han ché vé kha ning md rong linh hoat so vdi Web App.

« V& thuit toan Least Connection: Hiéu qua véi Web App khi tai bién dong. Nhung
trong Game Online, "s6 luong két ndi" khong phan anh ding "tai xir Iy" (do mot
tran chién game tiéu ton CPU gip nhiéu 1an mot két ndi cho), khién thuat toan nay

thiéu chinh x4ac trong viéc diéu phoi.

Két luan: Sy khac biét qua lon vé yéu cau thoi gian thuc va kién trac dit liéu chinh 1a
1y do cac m6 hinh truyén théng khong dat hiéu qua tdi wu cho Game Online, dit ra nhu cau

cap thiét phai ap dung mot mo hinh toan hoc dinh lugng hon nhu 1y thuyét hang doi .

1.5. Co s6 1y thuyét hang doi va kha niing &ng dung trong mé hinh hé thong

game online

Pé khic phuc nhitng han ché ctia céc thuét toan cin bang tai tinh trong viéc xtr Iy luu
lwong ngiu nhién ciia game online, viéc ap dung mot co sd toan hoc virng chic 14 yéu cu
cap thiét. Ly thuyét hang doi cung cip khung tham chiéu dinh luong d¢é mé hinh hoa hanh

vi cho doi, tir d6 du bao do tré va toi uu hoa nang lyc phuc vu ctia hé théng.
1.5.1. Dinh nghia

Ly thuyét hang doi (Queueing Theory) 1a mdt nhanh cua toan hoc tng dung, tap
trung nghién ctru vé cac dong chd doi va co ché phuc vu. Muc tiéu chinh caa 1y thuyét nay
la xay dung cac md hinh dinh lugng dé dy bao hiéu nang hé théng, tir d6 toi wu hoa viée
phan bo tai nguyén nham giam thiéu thoi gian chd doi hodc chi phi van hanh.

Mot hé thong hang doi tiéu chuan ludén duoc ciu thanh béi ba thanh phan cdt 16i:
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« Dong dén: Biéu dién cach thirc cac yéu cau (khach hang) di vao hé thong. Trong
ngit canh Game Online, ddy chinh 14 cac géi tin hodc yéu cau két ndi tir ngudi choi
giri dén may chu.

« Co ché phuc vu : Bao gdm sb lugng may chi va ning luc xt 1y cta chung. Day 1a
kha ning ctia Game Server trong viéc tiép nhan va xu 1y cac logic game.

« Quy tic hang doi: Cach thic sip xép cac yéu cau chd duge phuc vu (thudng 13 FCFS

- Bén trude phuc vu trudc).

1.5.2. Méi lién hé giita 1y thuyét hang doi va mé hinh xit Iy yéu cau ciia mdy chii

game

Pé ap dung cac cong thirc toan hoc cua 1y thuyét hang doi vao viée giai quyét bai
toan thuc té ciia Game Online, budc tién quyét 1a phai 4nh xa chinh x4c cac khai niém triru
tuong sang cac thanh phan k¥ thuat cy thé trong kién triic may chu.

Hé théng may chu Game hoat dong dwa trén co ché xtr Iy vong lip, trong d6 cac gbi
tin ddu vao dong vai tro 1a cac yéu cu can xir Iy va cac ludng ciia CPU déng vai trd 1a cac
tram phuc vu. Su twong quan chi tiét giita cac thanh phan ctia mot hang doi tiéu chudn va

cac thuc thé trong hé théng Game Online dugc trinh bay trong bang 1.3:

Bang 1.3 Anh xa cdc thanh phan gitta mé hinh Hang doi va Hé thong Game Online

Thanh phan . . .
_ Thanh phan trong Game Online Dac diém tuong ung
Hang doi
Céc 1énh di chuyén, tan
Khach hang Goi tin Input / Action cong tur Client guri 1én
Server qua giao thirc UDP.
, Co6 tinh ngau nhién va tinh
Dong dén Luu lvong mang _
chu ky theo nhip game.
. Ludng xtt Iy chinh cua
May chu Game Logic Thread
Server, chiu trach nhiém
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tinh toan vat 1y, Al va cap
nhat trang thai.
Thot gian phuc o _ Thoi gian CPU can dé hoan
Thot gian xtr 1y 1 Tick
vu (1/p) thanh mot vong 1ap game.
Bd dém chura cac goi tin
Hang doi Socket Buffer dang cho duoc xu 1y khi
CPU ban ron.
Do tré xur 1y gy ra hién
Thoi gian cho ' y\g 4 '
w) Server Lag twong phan hoi cham trén
I man hinh nguoi choi.

1.5.3. Cdc tinh huong thuwong gdp trong hé thong game online

Duéi goc do 1y thuyét hang doi, cac sy cb phd bién trong game online co thé dugc
giai thich thong qua sy bién thién cta A va u:

1. Tinh hudng "Flash Crowd" (Tang vot 1):

Khi dién ra su kién hodc gio cao diém, sb luong nguoi choi tang dot bién khién toc
d6 dén A vuot qué téng niang luc phuc vu (cu). Luc ndy p > 1, hang doi tich liily nhanh
chong, giy ra do tré cao cho toan bo ngudi choi.

2. Tinh hudng "Heavy Calculation" (Giam p):

Trong cac game MMORPG, khi mot lwong 16n nguoi choi tap trung tai mot diém va
tung k¥ ning, khdi lugng tinh toan vat 1y/dd hoa ting vot khién thoi gian xir Iy mot vong
lap game kéo dai. Piéu nay dong nghia toc d6 phuc vu u giam xubng. Ngay ca khi luong
ngudi choi A khong ddi, viée p giam ciing lam p ting cao, din dén tinh trang "Lag giat
cuc" du duong truyén mang van tot.

3. Tinh hudng mét géi tin:
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Khi hang doi vat 1y day do qua tai, cac goi tin UDP m&i dén sé bi tir chdi phuc vu.
Trong game, diéu nay biéu hién qua viéc nhan vat bi khung lai hodc dich chuyén tirc thoi
do mét dit liéu dong bo.

1.5.4. Quy trinh tich hop hang doi vao co ché cdn bang tdi

Pé tmg dung 1y thuyét hang doi vao thyc té, quy trinh can bang tai can chuyén tir co

ché "dém két nbi" sang co ché "dy bao dua trén mé hinh" theo 3 budc:
« Budc 1: Giam sat va Thu thap tham sb (A, p):

Load Balancer lién tuc do dac tdc do goi tin dén (1) va thoi gian phan hoi trung binh

ctia tirng Game Server dé u6c lugng ning lyc xir Iy (i) hién tai.
« Budc 2: Tinh toan chi s6 hiéu ning (W):

St dung cac cong thirc hang doi (nhu mé hinh M /M /1 hoic M/G /1) dé tinh toan
thoi gian chd duy kién ( W, ) cho mdi may chi. Chi sé ndy phan anh chinh xac "strc khoe"

ctia server hon 13 s6 luong CPU hay RAM.
« Budc 3: Ra quyét dinh diéu phdi:

Thuat toan s€ so sanh W, cua cac may chu. Nguoi choi mai s€ duge diéu huéng dén
may chu c¢6 W, thip nhit (tirc 12 may chu c6 kha ning phan hdi nhanh nhat theo du bao),
thay vi may chu c6 it két ndi nhét.

Quy trinh tich hop nay giup hé thong cha dong phat hién va ngin chin tic nghén
trude khi nd thuc su xay ra, dam bao duy tri d6 tré thap va 6n dinh — yéu té sdng con cua

game online.

1.6. Két luan chwong 1

Tong két lai, Chuong 1 di hé thong hoa co s 1y luan vé bdi canh phat trién va dac
tinh k¥ thuat ctiia hé thdng trd choi truc tuyén nhidu nguoi choi. Cc phan tich cho thiy luu
lwong mang cia game online mang tinh chat ngdu nhién véi dic thu 1a cac géi tin kich

thudc nho va tinh chu ky cua cac dot dit li¢u. Trong khi do, kién trac Client-Server, du dam
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bao tinh nhat quan dit liéu, lai dé dang tro thanh diém nghén cd chai khi sé lwong yéu cau
dén vuot qua kha nang phuc vu ctia may chu, din dén hinh thanh cac hang doi xur Iy kéo
dai.

Bén canh do, viéc khao sat cac thudt toan cin bang tai truyén thdng (nhu Round
Robin, Least Connection) cho thdy cac phuong phap ndy thuong van hanh dya trén céc
quy tc tinh hoic ban dong ma thiéu di mot co sd toan hoc ving chic dé du bao va kiém
soat tic ngh&n. Chung chua giai quyét triét dé bai toan t6i wu hoa thoi gian chd trong hang
doi — yéu to then chét anh huong dén do tré va trai nghiém ngudi choi.

Tir nhitng han ché nay, c6 thé khing dinh rang dé giai quyét bai toan hiéu ning cho
game online mot cach triét dé, can c6 mot phuong phép tiép can dinh lugng chinh xac hon.
Viéc ap dung 1y thuyét hang doi dé m6 hinh hoa hanh vi d&én ciia ngudi choi va ning luc
phuc vu cua hé thdng 12 huéng di can thiét, gitp tinh toan va du bao chinh xac cac chi sb
hi¢u ndng mang, tir d6 dua ra chién luge phan phéi tai toi wu.

Trén co s& nhitng han ché cua cac giai phap truyén thong da phan tich & Chuong 1,
Chuong 2 sé& di sdu vao viéc dé xuat mo hinh can bang tai p dung 1y thuyét hang doi. Cach
tiép can nay cung cip cong cu toan hoc dinh lwgng dé mé hinh hoa hanh vi dong dit liéu,
tir 46 x4y dung co ché diéu phdi toi vu nham giai quyét triét dé bai toan do tré va tic nghén

trong hé thong may chu game.
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CHUONG 2. Pé xuiét va phén tich mé hinh cin bang tii cho game online

Tiép ndi cac phén tich nén tang tai Chwong 1 vé nhitng han ché cua cac k¥ thuit can
bang tai truyén thong trudc dic thu luu luong tro choi tryc tuyén, Chuong 2 sé tap trung
vao viéc xay dung va dé xuat mot giai phap mo hinh hoa téi wu hon. Trong tim cua chuong
1a viéc tmg dung co sé toan hoc cua 1y thuyét hang doi dé thiét ké mot co ché can bang tai
c6 kha ning du bio tic nghén va diéu phbi tai nguyén dong.

Thong qua viée x4c dinh cac yéu cau k¥ thuat khat khe vé thoi gian thyc va tinh nhat
quéan dir liéu, chuong nay sé trinh bay quy trinh thiét ké hé thong tir kién tric tong thé dén
co ché van hanh, nhdm chimg minh tinh kha thi cia mé hinh trong viéc giam thiéu do tré

va nang cao cht luong trai nghiém ngudi ding.
2.1. Phén tich yéu cu

Viéc thiét ké mot hé théng can bang tai cho trd choi truc tuyén khong chi dimg lai ¢
bai toan phan phdi luu lugng mang thong thudng, ma con phai dap g cac rang budc k§
thuat khit khe dic thu cia hé thdng thoi gian thyc. Dudi day 1a phan tich chi tiét cac yéu

ciu phi chtrc ning va nhirng thach thirc thuc tién ma mo hinh dé xuét can giai quyét.
2.1.1. Cdc yéu cau vé hiéu ning va déc ta ky thudt

Khac véi cac ing dung web truyén thong noi do tré c6 thé duoc giam thiéu thong qua
cac k¥ thuat dém, céc tro choi tryc myén, dic biét 1a cac thé loai hanh dong thot gian thuc
nhu MMORPG hay FPS, dit ra nhitng yéu cau nghiém ngit vé hiéu ning hé thong. Dé dam
bao chat lwong trai nghiém ngudi dung, hé thong can bang tai can théa min cac tiéu chi
sau:

a. Yéu cau ve dg tre thap va dg on dinh

« Ngudng do tré: Hé thong can bang tai phai dam béao tong thoi gian xir 1y va truyén
tai nam trong giGi han cho phép dé duy tri tinh twong tac thoi gian thuc. Cu thé, ddi
v6i thé loai game bin sung goc nhin thir nhat, ngudng do tré chip nhan duoc thuong

1a du6i 100ms; ddi v6i game nhdp vai truc tuyén, con sb nay 1a dudi 250ms. Bat ky
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su cham tré ndo vuot qua cac ngudng nay déu tac dong tiéu cuc truc tiép dén kha
ning diéu khién va trai nghiém cta nguoi choi.

« Do bién thién tré: Bén canh do tré thap, sy 6n dinh cta do tré 1a yéu t6 then chét.
Mo hinh dé xuit can hudng toi viée giam thiéu phuong sai cta thoi gian chd trong
hang doi ( Var [M] ). Thyec té cho thdy, viéc d6 tré dao dong manh (vi du bién thién
that thuong giita 20ms va 150ms) gy kho khan 16n cho ngudi choi va cac thuat

toan du doan chuyén dong phia may khach hon 12 mot murc tré cao nhung 6n dinh.
b. Yéu ciu vé nang luc xir Iy goi tin

« Tbc do xir 1y goi tin: Luu lugng game c6 dic thi 14 kich thude géi tin rat nhé (trung
binh khoang 40 bytes) nhung tan sé guri lai rit cao (tir 20Hz dén 60Hz). Do d6, bd
can bang tai cAn vu tién t6i vu hoa kha ning chuyén mach hang tridu goi tin mdi
gidy thay vi chi tap trung vao bang thong téng thé.

« Tbi vu hoa giao thic UDP: M6 hinh cin hd trg dinh tuyén hiéu qua cho giao thiic
UDP phi két néi, giam thiéu chi phi kiém tra tiéu dé dé tranh tao ra cac nit that co

chai tai tang can bang tai.
c. Yéu cau vé tinh nhat quan phién

e Do dac tinh "c6 trang thai" ctia game online, dit li¢u phién lam viéc ctia nguoi choi
(vi tri, trang thai nhan vat, vat phém) dugc luu trir trén bd nhd RAM cia may chu
xu Iy cu thé. Yéu cau bat budc 1a mot khi nguoi choi da két ndi vao mot may chu,
moi géi tin tiép theo trong phién dé phai dugc dinh tuyén chinh x4c vé ciing may

chu d6. Viéc diéu hudng sai léch s& dan dén mat dong bo dir liéu va ngat két noi.

d. Yéu cau vé¢ kha nang mé rong
Hé thong can hd trg kha ning md rong theo chiéu ngang, cho phép bo sung may chu
mai vao cum mat cach "trong sudt" doi voi ngudi dung cuoi. Tinh nang nay dac biét quan
trong dé ung pho véi cac su kién "Flash Crowd", khi luong nguoi choi tang vot dot bién

trong thoi gian ngan.

2.1.2. Cdc van dé va thach thirc khi dp dung ky thudt can bang tdi truyén thong
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Mic du cac ki thudt can bang tai truyén théng (nhu Round Robin, Least Connections,
IP Hash) d3 chimg minh dugc hiéu qua vuot troi trong ha ting Web va cac tmg dung phi
trang thai, viéc 4p dung nguyén trang chiing vao hé thong Game Online lai boc 16 nhiing
han ché mang tinh hé théng. Thuc té van hanh da boc 10 cac van dé han ché nghiém trong
sau day.

a. Van d¢ "Mu" trang thai tmg dung

Hau hét cac bd can bang tai truyén théng hoat dong & Lép 4 (Transport Layer) cua
mo hinh OSI. Chiing ra quyét dinh diéu phéi dua trén cac thong sé mang co ban nhu dia
chi IP, cong (Port) va trang thai két néi TCP/UDP ma hoan toan "mu" trude ngit canh logic

bén trong cua tro choi

« Sailéch dinh lwong tai: Doi voi Web Server, mot két ndi HTTP thuong tuong duong
v6i mot don vi tai nhat dinh. Tuy nhién, trong Game Online, "sé luong két ndi"

khong ty 1€ thuan voi "tai trong xur 1y".

o Vi du minh hoa: Mot may chu A dang duy tri 1.000 két ndi ctia nhitng nguoi
choi dang dung yén tai sanh chd (Lobby) sé tiéu tén it tai nguyén CPU hon
rat nhiéu so voi may chu B chi ¢6 100 két ndi nhung dang xtr Iy mét tran giao
tranh tong (Combat) véi hang loat tinh toan vat 1y va va cham phic tap.

o Hodc vi dy minh hoa: Mot may chii game c6 thé duy tri sb lugng két ndi thap
nhung CPU lai hoat dong & murc tai tdi da (100%) do phai xir Iy cac tac vu
tinh toan vat ly phtrc tap cho mdt tran chién trong game. Néu thuat toan can
bang tai (nhu Least Connection) tiép tuc diéu phdi nguoi choi méi vao may
cht nay chi vi chi s6 két ndi thap, s& ddn dén tinh trang qua tai va sip may

chu.

« Hé qua: Thuat toan Least Connections s& tiép tuc diéu hudng ngudi choi méi vao
may chu B (vi thdy 100 < 1000), v6 tinh ddy may cha nay vuot ngudng chiu dung

va gy sap ngudn (Crash), trong khi may chii A van du thira tai nguyén.

b. Hién twrong dao dong tai
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« Dbi véi cac thuat toan dong c6 phan tng nhanh nhu Least Response Time, hé thong
dé roi vao trang thai mét on dinh do hiéu ung ddm dong. Khi mot may chu dugc xac
dinh 1a "ranh" hodc phan hoi nhanh nhét, thuét toan s& don toan b luu lugng méi
vao may chu do.

« Hé qua: Su gia ting d6t ngdt nay khién hang doi xur 1y ctia may chu bi ddy ttrc thoi,
lam tang do tré vot 1én cao. Thuat toan lai ngay 1ap tic chuyén hudng dong chay
sang mdt may chu khac, tao ra hién tugng dao dong tai lién tuc gitra cac may chu.
Diéu nay lam ting thoi gian cho clia toan bo hé thong, 1am trai nghiém game bi "giat

cuc", kho chiu hon ca viéc do tré cao nhung 6n dinh.
c. Kho khén trong du bao tac nghén

« Co ché phan g thu dong: Cac k¥ thuat truyén thdng hoat déng theo co ché phan
{rmg. Chiing chi bit dau diéu tiét hodc chin két ndi khi cac chi sd giam sat (nhw CPU,
Ping) da cham ngudng bao dong.

« Do tré xir Iy: Trong mdi truong thoi gian thue, khoang thoi gian tir lic méy chi bét
dau qua tai dén luc bo can bang tai phat hién ra thuong 1a qua mudn. Hang doi vat
1y da bi tran, dan dén mat g61 tin hang loat. HE théng thiéu mot co ché toan hoc dinh
lugng (nhu Ly thuyét hang doi) dé du bao xac suét tic nghén va chii dong diéu tiét

dong vao ngay tur khi tai trong méi chi chém tang.
d. Thach thtrc vé duy tri két néi bén viing

« Khac véi giao thic HTTP noi cac yéu cau dién ra ngan va ngit quing, mot phién
két ndéi Game Online thuong kéo dai tir vai chuc phit dén hang gid va mang tinh
chat "C6 trang thai". Dir liéu nhan vat, vi tri va vat pham dugc luu trix tryc tiép trén
RAM cuia may chu xtr 1y.

« Khi mot may chil bj qua tai, viéc can bang lai bang cach chuyén ngudi choi sang
may chi khac 13 cuc ky khé khin va ton kém tai nguyén. Viéc di chuyén doi hoi
phai tuan tu hoa toan bo trang thai bd nhé va dong bd sang may méi, giy ra hién

tuong "dung hinh" trong game
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e Hg¢ qua cua thuit toan tinh: Cac thuat toan nhu Round Robin hodc IP Hash phan
phéi két ndi ngay tir ddu ma khong du bao trude d dai phién choi. Néu thuat toan
v6 tinh don nhiéu nguoi choi 1au vao cing mot may chi, may cha d6 s& bi qua tai
vinh vién trong sudt thoi gian dién ra sy kién, trong khi bo can bang tai khong thé
can thiép dé chia sé b6t ganh ning.

Tom lai, viéc ap dung nguyén trang cac ky thuat can bang tai truyén thong vao moi
truong Game Online ton tai nhirng 16 hdng mang tinh hé théng. Sy thiéu hut kha ning nhan
thirc ngit nghia tmg dung va co ché van hanh thy dong khién cac giai phap nay bat luc
trong viéc duy tri tinh 6n dinh trude cac bién dong dac thu nhu sy kién bung nd luu luong
hay sy khong dong nhat ciia phan cing. Thuc té ndy dit ra yéu cau cap thiét phai chuyén
dich sang mot moé hinh quan 1y tai nguyén thong minh hon, c6 kha nang dinh lugng chinh
xéac nang luc xur Iy va du bao tic nghén dya trén co sd toan hoc vimng chic thay vi cac quy

tac kinh nghiém don thuan.
2.2. Lwa chon k¥ thuét cAn bang tii phu hop

Dua trén phan tich yéu cau tai muc 2.1, viéc lya chon k¥ thuat can bang tai cho h¢
thong game online khong chi dung lai & vi€éc so sanh cac tinh nang san c6, ma doi héi1 mot

phuong phap tiép can dinh lwong nham giai quyét bai toan ti wu hoa thoi gian cho.
2.2.1. Tiéu chi danh gia va sang loc giai phap

Pé dam bao tinh khach quan va khoa hoc, qué trinh lga chon duoc thyc hién dya trén

bo bon ti€u chi trong yeu sau:

1. Kha ning nhén thtc trang thai: Giai phap phai c6 kha ning giam sat cac chi s6 thoi
gian thuc cua may chu (CPU, RAM, d6 dai hang doi hién tai) thay vi chi dya vao
cac quy tic tinh.

2. Tinh thich tng véi méi treong di thé: Thuat toan phai hoat dong hiéu qua trong cum
may chu bao gdm céac nit ¢6 ning luc xir 1y khac nhau (mdy manh/may yéu), tu

dong diéu phdi tai trong tuong tng v4i kha ning phuc vu ( ) cla ting nut.
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3. Co ché du bao tic nghén: Thay vi phan Gng thu dong khi sy c¢b da xay ra, hé thong
can kha ning du béo xu hudng ting trudng cua hang doi dé thyc hién diéu tiét sém.

4. Tbi thiéu hoa do tré ky vong ( Min(E[W]) ): Him muc tiéu cta thut toan phai 1a
giam thiéu thoi gian phan hoi trung binh cho ngudi choi, phit hop véi dinh luat Little
trong 1y thuyét hang doi.

2.2.2. Phdn tich logi trir cdc ky thudt truyén thong

Dua trén céc tiéu chi trén, cac k¥ thudt truyén thdng boc 16 nhitng khiém khuyét khong

thé khic phuc trong mdi trudng game online:

« Round Robin (RR): Bi loai trir do vi pham tiéu chi s6 1 va 2. RR phan phdi tai mot
cach "mu quang" theo chu ky ma khoéng quan tim dén trang thai tai hién tai hay
ning lirc xir 1y ciia may chu. Diéu nay din dén rui ro cao gdy qué tai cuc bo tai cac
may chi c6 cAu hinh thip hoic dang xir Iy cac tac vu ning, nhu di dugc ching minh
trong cac nghién ctru thuc nghiém.

e Least Connections (LC): Mac du théa man ti€u chi s6 1, LC bi loai trir do han ché
& tiéu chi s6 2. Thuat toan nay gia dinh rang moi két ndi déu tiéu ton tai nguyén nhu
nhau. Trong thyuc té game online, mot két ndi "treo" tiéu ton tai nguyén khong dang
ké so voi mot két ndi dang tham gia giao tranh. Do d0, chi s6 "sé luong két ndi"
khong phan anh chinh xac 4p luc Ién hang doi xu ly cua CPU.

« IP Hash: Rui ro vé phan cuc tai, trong cac su kién game, mot lwong 16n ngudi choi
thuong tap trung tai cac diém Cyber Game, hoac cac noi c6 st dung chung mot dia
chi IP cong cong, IP hash s& don toan bd nhém nguoi choi nay vao duy nhit mot
may chu, gdy qua tai cuc bo trong khi cac may khac nhan rdi. Khi can thém hoic
b6t may cha dé bao tri, cau tric bam thay d6i dan dén viéc bi ngit két ndi cuia hang
loat ngudi choi hién hitu vi pham yéu cau vé trai nghiém lién tuc cia Game Online.

o Least Response Time: Khi mot may chu vira dugc giai phong va tré nén nhanh nhat,
thuat toan s& don rat nhiéu luu luong méi vao d6, diéu nay khién may cha nay lap

tire bi qua tai va cham lai, thuét toan chuyén hudng dot ngdt sang may khac. Sy dao
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dong nay s€ gay ra do tré bién thién cao va lam trai nghiém game bi giat, kho chiu

hon ca viéc do tré cao nhung 6n dinh.
2.2.3. Bé xudt gidi phdap: Mé hinh cdn bang tdi duw bdo diea trén hang doi

Dua trén viéc phén tich loai trir cac k¥ thuat truyén thong, dé tai dé xuat giai phap ct
15i 1a xay dung mot thuat toan cin bang tai c6 kha ning "nhan thirc tic nghén". Dé hién
thuc hoa giai phap nay, can thiét 14p mot co sd toan hoc viing chic nham dinh lrong moi
quan hé giira tai trong ddu vao va do tré xar 1y. M6 hinh toan hoc dugc lya chon dé biéu
dién hoat dong ctia mot may chi Game Online 1a mo hinh hang doi M/M/1 (theo ky hiéu
Kendall). Viéc lira chon mé hinh nay duya trén cac dic tinh ngiu nhién cta dong géi tin dén
va thoi gian xt 1y, phu hop véi ddc thu bién thién cia moi trudng mang. Cac dinh nghia
toan hoc va cong thirc nén tang duoc thiét 1ap nhu sau:

a. Ky hi¢u Kendall

Pé chuan hoa mé hinh, ky hiéu Kendall (4/B/c) dugc st dung rong rii:

« A:Phén phdi x4c suét ctia dong dén (thuong 1a M - Markovian/Poisson).
« B: Phén phéi x4c suét ctia thoi gian phyc vu (thudng 1a M - Mii hoic G - Tong quét).

o ¢: S luong méy chil phuc vu song song.

b. Cac tham s6 va cong thirc nén tang

Céc tham s6 dau vao quan trong bao gom:

e A: Toc do dén trung binh (sé yéu cau/gidy).
o u: Tdc @6 phuc vu trung binh cia mot may chu (sd yéu cau/giy).

e c: S6 lugng may chu.

Dua trén trang thai on dinh, céac chi s hiéu nang dugc tinh toan nhu sau:

c. Hé sb st dung (Utilization Factor - p): Do ludng muc do ban ron cua hé thong.
S

Piéu kién 6n dinh: Hé théng chi hoat dong 6n dinh khi p < 1. Néu p — 1, d6 dai

hang dgi s€ tién to1 vO cung.
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d. Dinh luat Little: Day 1a dinh 1y quan trong nhat thiét 1ap mdi quan hé tuyén tinh
giita s6 lwong va thoi gian [22]:
L =W
Trong do:

o L: S6 lugng yéu cau trung binh trong hé thong.
o W: Thoi gian luu lai trung binh trong hé thong.

e.Thot gian cho trung binh trong hang doi:
1
wW=Ww,+-
U

(Thoi gian dap tng = Thoi gian cho + Thoi gian xur 1y)

Tur cac cong thirc nén tang néu trén, dic biét 1a cong thirc tinh thoi gian chd trung
binh, ta c6 thé xay dung duoc ham muc tiéu cho thuit toan can bang tai dé xuit (QPLB).
Thay vi chi so sanh s6 lwong két ndi tho, thuat toan sé& tinh toan gid tri "Chi phi tac nghén"
cho tirmg may chi dya trén ning lwe xtr Iy thuc t& p va tai trong hién tai A. Co ché nay cho
phép hé théng du bao duogc su gia tang dot bién cua do tré khi hé théng tiém can ngudong

bo hoa, tir d6 dua ra quyét dinh diéu phéi chinh xac hon.

Tt nhitng phén tich trén, dé tai dé xuat ap dung mé hinh can bang tai dy bao dya trén
hang doi. Pay 1a mot phuong phép tiép can lai, két hop giita co ché giam sat thoi gian thyc
va mé hinh toan hoc M/M/1 dé ra quyét dinh.

a. Co s& toan hoc ctia md hinh dé xuét

Xem xét hé thong bao gdm n may cha game {S;, S,, ..., S, }. Mdi may chii S; dugc md
hinh h6éa nhu mdt hang dg1 M/M/1 doc 1ap vt cac tham s6:

e A : Toc d6 dén hién tai (sd yéu cau hodc két ndi dang duoc xir 1y).
e 1 : Téc dd phuc vu trung binh (ning luc xu 1y ctia may chi, do bang sé yéu
cau/gidy).

Theo ly thuyét hang doi, thoi gian luu lai trung binh ( Mean Response Time) clia mot

yéu cau tai may chu S; dugc xac dinh bdi cong thirc:
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Yo

Piéu kién on dinh: p; = % < 1.Néu A; tién gan t6i y; , thoi gian chd s& ting theo
ham mil va tién téi vo ciing (tdc ngh&n hoan toan).

b. Ham chi phi va thuét toan diéu phdi

Mo hinh QPLB dinh nghia mdt "Ham chi phi tic nghén" C; cho mdi may chu tai thoi
diém t , dai dién cho d6 tré ky vong ma mdt ngudi choi méi s& phai ganh chiu néu két ndi
vao may chu do:

Truong hop 1: Khi téc d6 dén nho hon kha ning xir Iy ( A;(t) < g; ), ham chi phi

duogc tinh bang cong thic:

Ge) = w — A (t)

Truong hop 2: Khi tée d6 dén vuot qua hodc bang kha ning xur 1y ( A;(8) = w; ),
ham chi phi tién t6i v6 clng:
C;i(t) = o
Céch viét nay vira rd rang, vira dé trinh bay ma van dam bao tinh chinh x4c cta thuat

toan QPLB ban dang dé xuit.

Quy tic ra quyét dinh:
Khi ¢6 mot yéu cau két nbi méi tir ngudi choi P,,,,, bd cin bang tai s& chon may chu
muc ti€u S,,; sao cho ham chi phi dat gia tri cyc tiéu:
Sopt = argmin;_, { C;(t)}

c. Uu diém ciia md hinh QPLB so véi truyén thong

1. Nhan thirc nang luc: Thong qua tham ) W;, thuat toan phan bi¢t dugc may chi manh
va may chil yéu. May chii manh (c6 p 16n) s& ¢6 C; thap hon ngay ca khi dang chiu
tai cao, do d6 s& duoc vu tién nhan thém két ndi. Piéu nay giai quyét triét dé van dé

cua thuat toan Least Connections.
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2. Bao vé qua tai: Khi A; tiém can ; , gia tri C; ting vot rit nhanh (do mAu sb tién vé
0). Co ché nay tao ra mot "rao can mém", ty dong ngin chin viéc giri thém yéu cau
vao cac may chi dang c6 nguy co bio hoa, gitip duy tri d6 6n dinh hé théng cao hon
so vo1 Round Robin.

3. Can luu ¥ rang, trong méi trudng thuc té, nang luc phuc vu ( ) khong phai 1a mot
hang s6 bat bién ma chiu anh hudng bdi trang thai tai nguyén tirc thoi (CPU/RAM).
Do d6, mé hinh dé xuét duoc thiét ké dé hd trg tinh toan u dong, cho phép thuat
toan thich nghi v6i su suy giam hiéu ning khi may chu chiu tai cao. Co ché nay s&

duoc kiém ching chi tiét trong kich ban thuc nghiém tai Chuong 3.

2.3. Thiét ké mé hinh dé xuét

Dua trén co so 1y thuyét hang doi va cac yéu cau thuce tidn da phan tich, dé tai dé xuét
kién tric hé thong can bang tai méi c6 tén goi. M6 hinh nay duoc thiét ké dé khic phuc
nhugce diém "mu trang thai" ciia cic bd cin bang tai truyén thong, chuyén dich tir co ché
phan phdi ngau nhién sang phan phdi dua trén du béo ning lyc xir 1y.
2.3.1. So db kién triic tong thé

Kién tric hé thong dugc t6 chirc theo mé hinh tip trung, trong d6 bo can bang tai
dong vai trd 14 16p trung gian thong minh diéu phdi ludng két ndi giita nguoi dung va tai

nguyén may chu.
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Hinh dnh 2.1 So' do kién tric luong dit liéu ciia mé hinh QPLB

Nhu thé hién trong Hinh 2.1, hé théng duoc phan tach thanh ba ting chirc ning rd rét:

1. Tang khach: Noi phét sinh cac yéu cau két ndi tir thiét bi nguoi choi.

2. Téng can bang tai: Trung tAm xur 1y, noi dién ra cic hoat dong thu thép, tinh toan va

ra quyét dinh diéu phdi.

3. Tang xtr Iy: Cum may chu game khong dong nhét, bao gdm cac may chii c6 ning

lyc xtr Iy khac nhau.

2.3.2. Cdc thanh phan chinh va chire ning

Bo can bang tai QPLB khong hoat dong nhu mot hop den nguyén khdi ma duoc

module hoa thanh ba thanh phan twong tac chit ché:

a. BO diéu phoi

Pay la cong giao tiép duy nhat cta hé thdng d6i véi phia Client.

« Chirc ning: Tiép nhan yéu cau két ndi ban dau tir ngudi choi. Thay vi chuyén tiép

toan bo luu lugng dir liéu, dispatcher hoat dong theo co ché chi dinh. N6 tham van

Bd may tinh toan dé xac dinh may chu t61 uu nhat, sau dé tra vé dia chi IP va cong

cua may chu do cho Client.
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e Vai tro: Giam tai cho niit trung tim. Bang cach dé Client két ndi tryc tiép P2P véi
Game Server sau khi dugc chi dinh, Dispatcher tranh dugc viéc tré thanh nut that

cb chai vé bang thong.

b. B0 thu thap dir licu

Day 1a thanh phan giam sat thoi gian thuc, dong vai trd nhu "gidc quan" cua hé thong.

« Chuc nang: Duy tri két ndi lién tuc voi cic may chi game thong qua co ché cap nhat
dinh ky.
o Dir li¢u thu thap:
o Tdi trong hién tai (X ): SO lugng ngudi choi hodc tic vu dang duoc xir 1y
trén moi may chu.
o Nang liec xir 1y (1 ): Thong s cAu hinh ctng hodc chi s6 hiéu ning thoi gian
thuc (CPU/RAM) ctia may chu.
« Y nghia: Thanh phan nay dam bao hé thong ludn co cai nhin toan canh va chinh xéac
nhat vé strc khoe ctia cum may chu, phan biét rd rang giita may cha "Manh" va may

chu "Yéu".

c. B may tinh toan

Day 1a "bo ndo" cua hé thdng, noi ap dung 1y thuyét hang doi dé ra quyét dinh.

« Chirc ning: Tiép nhan dit liéu thé tir bo thu thap va ap dung thuat toan M/M/1 dé
tinh toan "chi phi tic ngh&n" cho timg may chu.

« Nguyén ly hoat dong: Thay vi chi dém s6 luong két ndi nhu cac thuat toan cii, bd
may nay tinh toan thoi gian cho ky vong. Mot may chu cdu hinh thap du c6 it két
nbi van co thé sinh ra thoi gian chd cao, va nguoc lai. Két qua tinh toan sé duoc giri

lai cho Dispatcher dé thyc hién diéu phéi.
2.4. Quy trinh xir 1y yéu cau trong mé hinh

Quy trinh van hanh cua hé théng QPLB khéng chi dimg lai & viéc phan phdi két ndi
ma 12 mot chu trinh kiém soat khép kin. Quy trinh nay dam bao rang moi quyét dinh dinh

tuyén déu dua trén trang thai thuc té va du béo xu hudng tai cia toan bd cum may chu.
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2.4.1. Lubng xir Iy yéu cau két néi

Quy trinh tir khi nguoi dung khéi tao yéu cau dén khi thiét 14p thanh cong phién choi
duoc chia thanh 5 budc tuan tu sau:
Budc 1: Khéi tao yéu cau
« May tram giri mot yéu cau HTTP/RESTful dén cong giao tiép cong khai ctia bo didu
phéi. Yéu ciu nay chira cic thong tin dinh danh co ban cta ngudi dung nhung chua
thiét 1ap két ndi thoi gian thyc.
Budc 2: Tham van trang thai
« Ngay khi tiép nhan yéu ciu, bo diéu phdi khong ra quyét dinh ngdu nhién ma gui
tin hiéu tham van dén b may tinh toan.
o Tai day, bo may tinh toan truy xuét dit liéu trang thai maéi nhét tir bo thu thap dir
lidu, bao gém: s6 luong két ndi hién tai ( A; ) va ning lyc xt 1y dinh danh ( y; ) cta
tung may chu S; .

Budc 3: Tinh toan va ra quyét dinh

« Dua trén dir liéu thu thap dugc, hé thong ap dung thuét toan M/M/1 dé tinh toan
"Chi phi tac nghén" ( Cost; ) cho tirng may cha kha dung.

« H¢ théng so sanh cac gia tri Cost; dé timra may chu t6i wu Sopt - Trong truong hop
may chu uvu tién (vi du: Server 1) da dat ngudng bao hoa tai, thuat toan s€ kich hoat
co ché tran tai (Spillover) dé chon cac may cha du phong cé tai nguyén dbi dao hon.

Budc 4: Phan hdi dinh tuyén

« B0 diéu phdi tra vé& phan hoi cho Client duéi dang cdu trac dit liéu JSON, bao gdm
dia chi IP va céng (Port) cua may chu S,,,; da dugc lya chon.

. Déng thoi, hé théng cap nhat tang gia tri tai trong du kién (Aopt < Aope + 1) trong
bd nhé dém dé dam bao cac quyét dinh tiép theo c6 tinh dén yéu ciu vira dugc xir
1y nay.

Budc 5: Thiét lap két ndi truc tiép
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« Client str dung thong tin nhan dugc dé thiét 1ap két ndi thoi gian thuc (thong qua
giao thirc WebSocket hodc UDP) tryc tiép toi may chi Game Sopt -

« K& tir thoi diém nay, toan bd luu luong dir liéu game sé& di theo ludng ngang hang
giita Client va Game Server, khong di qua bd can bang tai, gitip giam thiéu nut thit

cb chai biang thong tai trung tam.
2.4.2. Co ché phoi hop gitta cdn bang tdi va hang doi

Sy khac biét cbt 16i cia mé hinh QPLB nim & co ché phdi hop chit ché giita viéc
diéu phdi tai va 1y thuyét hang doi, thé hién qua hai chu trinh song song:

a. Chu trinh giam sat chu dong

e Khac voi cac hé théng thu dong cho bao cao 161, bo thu thap dit licu duy tri mot co
ché cap nhat dinh ky hoic ling nghe sy kién tir cac may chit Game.

« Céc thong sb vé strc khoe may chii nhu muc tiéu thu CPU, dung luong bo nhd (RAM
Usage) va do dai hang do1 xur 1y ndi by dugc cap nhat lién tuc. Piéu nay dam bdao
tham sb u (tbc 6 phuc vu) trong cong thirc toan hoc ludén phan anh ding thyc té

phan ctmg, dic biét trong moi truong khong dong nhat.
b. Chu trinh diéu tiét dya trén du béo

« Hé thdng str dung cong thirc thoi gian chd ky vong E[W] = 1/(u — 1) nhu mot
cong cu dy bao som.

« Khi tdc d6 dén A tiém can tdc do phuc vu p , gia tri E[W] ting theo ham mil. Piéu
nay cho phép hé¢ théng nhan dién rui ro tic nghén ngay ca khi may chu chua thuc
su qua tai vé mat vat 1y.

o Nho dd, co ché can béng tai c6 thé thuc hién hanh dong "ngét mach" hoac chuyén
huéng lru lugng sém, ngin chin hién tuong xép hang chd doi gdy anh hudng dén

trai nghiém nguoi dung cuoi.
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2.5. Phén tich wu va nhwoc diém ciia mé hinh

M3 hinh c4n bang tai du bao dua trén hang doi (QPLB) duoc thiét ké nham giai quyét
céc han ché cin ban clia cac thuat toan tinh trong moi trudng game online. Tuy nhién, moi
giai phap k¥ thuat déu ton tai sy danh d6i. Phan ndy s& phan tich khach quan cac vu diém

vuot trdi cling nhu nhirng han ché con tdn tai cia md hinh dé xuét.
2.5.1. Uu diém néi bt so véi kj thudt truyén thong

Duya trén co so 1y thuyét hang doi va kién trac giam sat cha dong, mé hinh QPLB
mang lai ba loi thé k¥ thuét chinh so v6i cac phuong phép truyén thong nhu Round Robin
hay Least Connections:

a. Kha nang nhén thirc nang luc va thich tng v61 mo1 truong

« Van dé giai quyét: Cac thuat toan truyén théng (Round Robin) coi tit ca cac may
chu 14 dong nhét vé phan cimg. Diéu nay din dén sy lang phi tai nguyén ¢ may chu
manh va qua tai & may chu yéu.

« Uu diém cua QPLB: Théng qua tham sb téc dd phuc vu ( u ), md hinh c6 kha ning
dinh luong héa sirc manh xir Iy ctia timg nit mang. Thuat todn tw dong phan phdi
tai trong ty 1¢ thuan véi nang lyc cia may chi (may chil ¢o u cao s& nhan nhiéu yéu
cau hon). Diéu nay cho phép tan dung tdi da ha ting phan ctng khong dong nhit,
t61 wu hoa chi phi dau tu bang cach két hop linh hoat giita cac thé hé may chu cii va
moi.

b. Co ché dy bao va ngin chin tic nghén chii dong

« Van dé giai quyét: Cac thuit toan dua trén trang thai (nhu Least Connections)
thudng hoat dong theo co ché phan g — tirc 1a chi diéu phdi lai khi két ndi da duoc
thiét lap, thuong dan dén d6 tré cao khi hé théng tiém can bao hoa.

« Uu diém ctia QPLB: Bing viéc ap dung cong thirc E[W] = 1/(u — 1) , hé thong
c6 kha nang dy bao xu hudng tang truéng cia thoi gian cho theo ham mi trude khi

hang doi1 vat 1y thuc sy bi déy. Co ché nay hoat dong nhu mot "van diéu ap" som,



48

chu dong diéu hudng luu luong sang cic nit du phong (theo Chién luge Tran -

Spillover), dam bao d¢ tré ctia toan hé thong ludn duy tri dudi ngudng cho phép.
c. Pam bao tinh on dinh trong cac sy kién tai dot bién

« Trong cac tinh hudng luong truy cp ting vot, md hinh QPLB duy tri d6 6n dinh
cao hon nho tinh toan chi phi thyc té thay vi phan phéi ngau nhién. Viéc loai bod cac
may chu dang c6 nguy co qua tai ra khoi danh sach diéu phdi gitip ngan chin hiéu

mg "sap diy chuyén", dam bao tinh sin sang cao cho dich vu.
2.5.2. Han ché va thach thirc

Bén canh céc vu diém, viéc trién khai mé hinh QPLB trong thuc té cling ddi mat voi
mot sb thach thirc ky thuat can dugc can nhic:

a. Chi phi tinh todn tai tAng diéu phbi

« Khac véi Round Robin c6 d6 phtrc tap thuat toan 1a 0(1) (chi can tinh tién con tro),
thuat toan QPLB yéu cdu d6 phurc tap 0(n) dé duyét va tinh toan ham chi phi C;
cho n méay chi v6i mdi yéu cau dén.

« Trong cic hé théng quy mé cuc 16n (hang nghin may chu), viée tinh toan lién tuc
nay co thé tao ra do tré xir Iy ngay tai Bo diéu phdi, bién né thanh mot nut that cb

chai tiém ning néu khong duogc tdi uu hoa tot.
b. Do phrc tap trong viéc udc lugng tham sd thuyc té

e Do chinh xéc cua thuat toan phu thudc hoan toan vao do chinh xac cua hai tham )
dau vao: A (tai hién tai) va pu (ning luc xtr Iy).

« Trong méi trudng thyuc té, gia tri u khong phai 1 hing sé (nhu trong gia 14p) ma
bién thién theo tinh chét cua tac vy trong game (vi du: combat tong s& ton tai nguyén
hon di dao). Viéc do dac chinh x4c u theo thoi gian thuc doi héi co ché giam sat

phtrc tap va tén kém tai nguyén hé thong.

c. Do tré cap nhat trang thai
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e Do B0 thu thap dir licu hoat dong theo chu ky cap nhat (vi du: mdi 1 giay), luon tdn
tai mot khoang tré nho giira trang thai thuc té cua may chu va dit liéu ma Bo diéu
phdi nhin thay. Trong khoang thoi gian ndy, cac quyét dinh diéu phdi cé thé khong

hoan toan chinh xac, dac biét khi tai bién dong qua nhanh so véi chu ky cap nhat.
2.5.3. Piéu kién dp dung hiéu qua

Tt phan tich trén, mo hinh QPLB duoc khuyén nghi ap dung cho cac trudng hop sau

dé dat hiéu qua ti uu:

1. Hé thong may chu khong dong nhat: Noi cac server ¢é cu hinh phan cing khac
nhau (vi du: két hop gitta server vat 1y cii va server ddm may méi).

2. Yéu cau khit khe vé SLA: Céc tua game yéu cau do tré thip va on dinh (EPS,
MOBA), noi viéc chd doi trong hang doi 1a khong thé chap nhan duoc.

3. Quy mé hé théng trung binh va 1én: Noi loi ich cta viéc can bang tai thong minh
vuot qua chi phi tinh toan ting thém. Ddi v6i cac hé théng qua nho hodc tai qua

thap, cac thuat toan don gian nhu Round Robin ¢6 thé van 1a lua chon kinh té hon.

2.6. Két luan chuwong 2

Chuong 2 d3 hoan thanh viéc xdy dung co sé 1y luan va thiét ké chi tiét cho giai phap
"Can bang tai du bao dua trén hang doi (QPLB)". Thong qua viéc phan tich sdu sic cac
han ché cua nhém k thuat truyén thong (nhu sy "mu" trang thai cia Round Robin hay su
thu dong cua Least Connections), chuong nay da khang dinh tinh cAp thiét cua viéc chuyén
dich tir co ché phan phdi tinh sang co ché diéu phdi thong minh dya trén dir lidu.

DPoéng gdp quan trong nhat ciia chuong 13 viée thiét 1p thanh cong mé hinh toan hoc
M/M/1 vio quy trinh can bang tai. Bang cach dinh lugng hoa nang lyc xtr Iy () va tai
trong (A) thanh mét chi sé "Chi phi tic nghén" (C;), md hinh dé xuét da cung cip kha ning
du bao som do tré ky vong, cho phép hé thong chu dong diéu hudéng luu luong dé bao vé
cac may chu yéu trude nguy co qué tai. Kién trac hé thdng ciing duoc thiét ké module hoa
v6i cac thanh phan bo diéu phdi, bo thu thap va bo tinh toan hoat dong phdi hop chit ché,
dam bao tinh kha thi khi trién khai.
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Tuy nhién, moi mé hinh 1y thuyét du chat ché dén dau ciing can dugc kiém ching
thong qua s6 liéu thuc té dé khéng dinh tinh ding d4n va hiéu qua. Li¢u thuat toan QPLB
c6 thyc sy ngan chan dugc hién tugng sap may chu trong moi truong phén cung khong
ddng nhat? Kha ning thich tmg cua hé thdng trude cac dot bung nd luu luong dién ra nhu
thé nao so voi cac giai phap cii? Nhitng cau hoi nay s& duoc giai dap trong Chuong 3: Thir
nghiém va danh gia, noi mé hinh s& duoc trién khai trén méi truong gia 1ap sat véi thyc té

van hanh.
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CHUONG 3. THU NGHIEM VA PANH GIA
3.1. Muc tiéu thir nghiém

Muc tiéu cdt 18i cua chuong nay 1a kiém ching tinh dung dén va hiéu qua cua mé
hinh cin bang tai dy bao dya trén hang doi (QPLB) di dé xuét tai Chuong 2. Qua trinh

thuc nghiém tap trung vao ba muc tiéu cu thé:

1. Pénh gia giéi han cia cac thuat toan truyén thong: Chimg minh cac han ché cua
Round Robin trong méi trudng may chu khong dong nhit va cé trang thai.

2. Kiém ching hi¢u qua cua thuat toan QPLB: Xéc dinh kha nang tu dong phat hién
va ngin chin qua tai tai cac may chu ¢ ning luc xu 1y han ché.

3. So sanh hiéu nang: Po ludng su cai thién vé ty 18 151 két ndi, do on dinh tai va kha

ning tan dung tai nguyén gitra giai phap dé xuat va giai phap truyén thong.
3.2. Moi trwong thir nghiém

Dé dam béo tinh khach quan cta dir liéu, hé théng thir nghiém duoc xay dung trén
nén tang ao hoa Docker, md phong mot cum méy chii thu nho.
3.2.1. Kién triic trién khai
Hé théng bao gém 4 thanh phan chinh hoat dong trong ciing mot mang:
« B0 can bang tai:
o Software: Nginx.
o Vai tro: Tiép nhan toan bd yéu cau tir Client va phan phdi téi cac Node xir
1y.
e Cum may chu xu 1y:
o S6 lwong: 3 Node (S1, S2, S3).
o Software: Node.js (Colyseus Framework).
o Céng ndi bo: 2567, 2568, 2569.
o Vai tro: Xt Iy logic game va duy tri két ndi WebSocket thoi gian thuyc.

« Co so dir liéu & dong bo:
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o Redis: Quan Iy trang thai phong va co ché Pub/Sub.

o MongoDB: Luu trit dit liéu bén virng.
3.2.2. Cdu hinh méi truong
CAu hinh méi truong thue nghiém:

« Tbng tai trong ( N ): N ngudi dung dong thoi.
« Céu hinh may chu:
o Node 1 (Port 2567): C4u hinh thap. Do tré xit Iy At = 60ms. Toc do phuc
vu udce tinh u, = 17req/s .
o Node 2 & 3 (Port 2568, 2569): Cau hinh cao. D6 tré xir Iy At = 50ms. Toc

do phuc vu udc tinh p, 3 = 20 req/s.
3.2.3. Céng cu va tham sé

o (Cong cu tao tai: @colyseus/loadtest.
« Tham s6 dau vao:
o S6 lugng ngudi dung dong thoi (N): N
o Thoi gian tht nghiém (T): T giay.
o Loai phong: chat_room (Yéu cau két ndi WebSocket lién tuc).
o bDia chi dich: ws://localhost:80 (Thong qua Nginx).
3.3. Kich ban Thir nghiém
3.3.1. Thir nghiém kich ban 1: Ddanh gid gidi han cia ky thudt truyén thong

Thir nghiém st dung thuat toan Round Robin Str dung thuit toAn Round Robin mac

dinh, phan phdi déu cac may chi bat chp c4u hinh cia tirng may.
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Bdng 3.1 Bdng thong ké két noi khi thir nghiém cdn bang tdi bang thudt todn Round
Robin

Chi s6 Gia tri Ty 1é phan trim

Téng s yéu cau (Total Requests) 50 100%

Két n6i thanh cong 15 30%

Két ndi that bai 35 70%

ws://localhost:80
chat_room

schema
4 minutes 50 seconds

40.08 MB
1 0.2%

BN PM2 Dashboard [m]

Process List — game-node-1 Logs
[ ©] game-node- Erro
[ 1] game-node-
[ 2] game-node-3

r.<anonymou
t onParserExecuteCommon (node

HTTPP. r.callbac
: 2025-11-25 21:29:41 :

: 2025-11-25 21:29:41 :

— Custom Metrics — Metadata
Used Heap Size App Name game-node-1
Heap Usage 96.48 Namespace default
Heap Size 30.64 Version 1.0.0
Event Loop Latency Restarts (2]

left/right: switch boards | up/down/mouse: scroll | Ctrl-C: exit

Hinh anh 3.1 Hinh dnh két qua thir nghiém cdn bang tdi sir dung thudt todn Round Robin
Ghi nhén 15i hé théng:

« M3 16i chii dao: 4002: Seat reservation expired.
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« MO0 ta: May chu tir chdi két ndi do khong tim thay thong tin dit chd hop 18.

Nguyén nhan tht bai

Ty 1& 16i 70% minh chting cho su khong tuong thich cua thuét toan Round Robin ddi
v6i cac g dung c6 trang thai nhu Game Online.

Phén tich su bt twong thich giita Kién trac Stateful va Thuét toan Round Robin

a) Pic thu cia Quy trinh Két nbi Colyseus:

Hé théng Colyseus van hanh dya trén co ché két ndi hai pha chét ché:

« Pha 1: Client gtri yéu cau HTTP dé tim phong. Server dich (vi du: Node A) s& khai
tao mot phién 1am viéc va luu trit thong tin dat chd trong bd nhd cuc bo cia tién
trinh do.

« Pha 2: Client sir dung thong tin dit chd dé thiét 1ap két ndi thoi gian thue. Yéu cau
bét budc 1a két ndi nay phai duge dinh tuyén chinh x4c téi Node A - noi dang luu
trir dit liéu phién cua nguoi choi.

b) Co ché hoat dong ctia Round Robin:
Thuat toan Round Robin hoat dong theo nguyén 1y "Phi trang thai". B can bang tai
coi mdi yéu cau giri dén 1a mot su kién doc 1ap, hoan toan khong lwu giit ngit canh cia cac

yéu cau trudce do.

« Nginx phan phéi tai dya trén danh sach may cha tuan ty (S; - S, = S;3 = S; ...).
« Khi Client chuyén tir Pha 1 sang Pha 2, Nginx theo quy tic tuan tu s& diéu huéng
Client sang may chii ké tiép (vi du: Node B).

c¢) H¢ qua:

Do sy ¢b 1ap vé& bo nhé gitra cac tién trinh, Node B khong ¢6 quyén truy cip vao dix
liéu d3t chd nam trong RAM cua Node A. Diéu nay dan dén ngoai 1¢ MatchMakeError:
seat reservation expired (M4 16i 4002), khién két ndi bi tir chdi du hé thong chua qua tai.

Ty 18 15/50 client két ndi thanh cong phan anh x4c suat ngau nhién.

e V6i 3 server (k=3), xac sudt dé Nginx diéu hudng ngu nhién request thir 2 tring

vao server cii 1a P = 1/k = 1/3 xap xi 33.3%.
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« Két qua thuc t& 30% hoan toan phu hop véi 1y thuyét xac sudt ndy.

Két luan Giai doan 1

Thuc nghiém Giai doan 1 khang dinh rang:

"Viéc ap dung cac k¥ thuit cAn bang tai web truyén théng (Round Robin) vao hé
théng Game Online ma khéng c6 co ché duy tri phién s& din dén su sup d6 cua hé thong
két n6i, bat ké tai nguyén phan cimg c6 manh dén dau."

Day 1a co s thuc tién dé dé xuét ap dung cac thuit toan nang cao hon trong cac giai
doan thir nghiém tiép theo.

Thir nghi€ém thuat toan Least connection.

Muc tiéu cta kich ban nay 1a kiém chimg hiéu qua cta thuat toan Least Connections
(LC) trong mdi truong may chi khéng dong nhat. Cuy thé, thir nghiém nham 1am rd gia
thuyét: "Thudt todn Least Connections chi dam bdo cdn bang vé so lirong két néi dinh
danh, nhung thdt bai trong viéc can bang tdi trong thuc té, dan dén nguy co qud tdi cuc bé
tai cdc mdy chii ¢é cau hinh thdp hodc dang xir Iy tdc vu ning."

Quy trinh thyc hién:

« Khéi tao 300 nguoi choi 4o dong thoi
« B0 can bang tai phan phéi nguoi dung dua theo s6 lugng két ndi hién hanh
« Giam sat trang thai sdng va sb 1an khéi tao lai ctia cac node
V& phan phdi sb lvgng: Thudt toan hoat dong ding theo 1y thuyét thiét ké, duy tri sb
luong két ndi twong duong nhau giita cic may chu.
« Node 1: 100 két ndi

« Node 2: 100 két ndi
« Node 3: 100 két ndi

Veé trang thai stc khde may chu: Trai nguoc véi su can bang vé so luong, trang thai

strc khoe hé thdng thé hién sy mat can dbi nghiém trong:
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Node 1: Ghi nhan tinh trang sap nguon lién tuc. Chi s6 Restarts ting 1én mirc 3-5

lan chi trong vong vai phtt. Nguyén nhan do dung luong RAM tiéu thu vuot qua

gi61 han cho phép.

(7 List
game-node-1
] game-node

game-node-1 L

om Metri

Po5 Latency
Mean Latency

Event Loop Latency p9 pt args
Event Loop Latency ter
Active handles
Active requests

left/right: switch boards | up/do

n b2 gi2.
v2n b2 gi

B2m 100MB R2c
B2m 10@MB R2c

B2m 10@MB R2c

OOMErrorHand
:Utils: :Report0 ternal:
fMems
erver/ /ind
1lectGarbage (1

inEventLoopInter
nInstance: :
ar**) [nof
_64-linux-gnu/lib

tart [node /

game-node-1
default

Hinh anh 3.2 Node 1 da bi restart 5 lan trong khoang thoi gian 34s khi thuc hién thuc

nghiém

Node 2 & 3: Hoat dong 6n dinh, mic tiéu thu tai nguyén thap.
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Used Heap Size
Heap U
Heap Size
Event Loop Latency
Event Loop Latency
ctive handles
ctive
HTTP
5 Latency
an Latency

Hinh énh 3.3 Hiéu sudt hoat dong cua node 2

B PM2 Dashboard =8 o X

ame-node

Heap Us:
Heap Si
Loop Laten
Loop Latency
ctive handles
Active requests
HTTP
HTTP P95 Latency
HTTP Mean Latency

Hinh anh 3.4 Hiéu sudt hoat dong node 3
Két qua thyc nghiém chi ra rang thuat toan Két ndi it nhat tuy dam bao su can bang
tuyét dbi vé sb lugng két ndi dinh danh, nhung lai that bai trong viéc danh gia tai trong tinh

toan thuc té. Do van hanh dua trén gid dinh moi két ndi tiéu ton tai nguyén ngang nhau,



58

thuat toan da diéu hudng luu lugng vuot qua ngudng chiu dung vat Iy ciia may chu cdu
hinh thép, dan dén 13i tran bd nhé va gian doan dich vu cuc bJ.

Nghiém trong hon, co ché phan phdi "mu" tai nguyén nay tiém 4n rai ro giy ra hiéu
mg sap ddy chuyén, khi tai trong tir cac nut bi 16i chuyén don dot ngdt sang cac nut con
lai. Tom lai, thuat toan nay khong dam bao do tin cay va tinh on dinh cho cac hé théng tro

choi tryc tuyén van hanh trén ha ting phan cimg khong dong nhat.
3.3.2. Thir nghiém kich ban 2: A'p dung thudt toan QPLB voi chién lugc tran tdi

a. Muc tiéu va thiét 1ap tham s

Trong thuc t& van hanh, cac cum may chi thudng bao gdm nhiéu thé hé phan ctng
khac nhau véi ning lyc xtr Iy khong dong déu. Muyc tiéu cua kich ban nay 1a kiém chimg
kha ning cua thuit toan QPLB trong viéc nhan dién va phan phdi tai trong phu hop véi
nang luc thyc té cta timg nit mang, thay vi phan phdi cio bang.

b. Co sé 1y thuyét cta hanh vi phan phdi

Thuat toan QPLB van hanh dya trén ham muc tiéu tdi thiéu hoa thoi gian cho ky

vong:

_ 1
Sopt = arg mln( 7 )

i A
Véi cau hinh trén ( puy; < Uy 3 ), ham chi phi cua Node 1 ¢6 do cao hon nhiéu so véi
Node 2 va 3. Khi 4, tang 1én mdt don vi, thoi gian cho tai Node 1 ting nhanh hon so véi
viéc tang tai tai Node 2. Do do, vé mat Iy thuyét, thuat todn s€ c6 xu hudéng han ché cép
phat két ndi cho Node 1 dé bao vé hiéu ning chung cua toan hé théng.
c. Két qua thyc nghi¢m

Qua trinh kiém thir ghi nhan két qua phan phdi két ndi nhu sau:
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[var/www/gam;

valid byte 129 at offs . Skip to end of stri
id byte 129 at offset 10. Skip to end

o end of
» to end of

decode.utf8Read(): Invalid byte 129 at offset 10. Skip to end of s

decode.utf8Read(): Invalid byte 129 at offset 10. Skip to end of

decode.utf8Read(): Invalid byte 129 at offset 10. Skip to

decode.utf8Read(): Invalid byte 129 at offset 10. Skip Server/lb-qulo g
decode.utf8Read(): Invalid byte 129 at offset 10. Skip to end of string

decode.utf8Read(): Invalid byte 129 at offset 10. Skip to end of string: 13

Hinh anh 3.5 Hinh anh thiee nghiém phén phoi két néi QPLB véi chién hege tran tdi
Phan tich s6 liéu:

e Giai doan khoi tao: HE théng ghi nhan mot s6 it két ndi duoc dinh tuyén vao Node
1 (Port 2567).

« Giai doan 6n dinh: Khi téng tai tdng 1én 150 users, luu luong d6 vao Node 1 bi ngét
gan nhu hoan toan. Node 1 duy tri & mirc tai thp (khoang 3-5 users), trong khi toan
bo luu luong con lai dugce chia sé can béng gitra Node 2 va Node 3.

« Ty 1é phan phdi: Node 1 chiém ~2-3%, Node 2 va 3 chiém ~97-98%.

d. Banh gia
Két qua thyc nghiém cho théy mot hién tuong thoat nhin c6 vé "mat can b?mg" vé s6

lwong, nhung thuc chat lai phan 4anh sy t6i vu vé thoi gian phan hoi:
1. Co ché bao vé chu dong :

Thuét toan QPLB di nhan dién chinh x4c ring Node 1 13 "diém nghé&n tiém ning".
Véip = 17 , néu Node 1 phai nhan 1/3 lwong tai (50 users) nhu thuit toAn Round Robin,
hé théng s& roi vao trang thai 1 > p , din dén thoi gian cho tién t6i vo cung.

Viéc giéi han Node 1 & mirc 3-5 users 13 quyét dinh chinh xac dé giir cho Node nay

hoat dong trong vung an toan.
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2. Tbéi uu hoa thoi gian chd bién:

Thuat toan da tinh toan duogc rﬁng: Viéc thém nguoi dung thir 100 vao Node manh
(Node 2) van mang lai d6 tré thap hon so v6i viéc thém ngudi dung thir 10 vao Node yéu
(Node 1). Pay 1a minh chtng cho su "thong minh" cia mé hinh dé xuit so voi cac phuong
phap dém két nbi don thuan.

Két luan: M6 hinh QPLB khong chi can bang tai ma con dong vai trd nhu mot co ché
quan tri rui ro, tw dong cach ly cac thanh phan yéu kém dé dam bao chét luong dich vu

(QoS) tong thé & muc cao nhét.

3.3.3. Thir nghiém kich ban 3: Can bang tdi thich tng dwa trén do lwong tai nguyén

thoi gian thuc

Muc tiéu

Trong méi trudng van hanh thuce té, tdc d6 xir Iy cia mot may chu ( u ) khong phai 1a
hang s6. Khi tai nguyén hé théng (nhu RAM) bi chiém dung qua nhiéu, may chi s& chim
dan, 1am giam toc do xir 1y cac yéu ciu méi.

Muc tiéu ctia kich ban nay 1a kiém chimmg kha ning ctia mé hinh QPLB trong viéc tur
dong diéu chinh thuat toan hang doi dua trén strc khoe thuc té cla may chu.

M6 hinh hoéa tac dong cua Tai nguyén 1én Hang doi:

Thay vi st dung cac cong thirc vi tich phan phtc tap, dé tai 4p dung mé hinh suy giam
hiéu ning tuyén tinh don gian dé tich hop vao cong thirc M/M/1:

1. Cong thuec toc d6 phuc vu thuc € ( taeryar ):

Khi tai nguyén bj tiéu ton, kha ning phuc vu cia may chu giam di twong Gng:

Hactual = Hmax X 1- %RAMused)
e Gidi thich: Néu RAM dung 0%, may chay 100% cong suat. Néu RAM ding 90%,
may chi con 10% cong suét.
2. Cong thirc Thoi gian chod du kién ( Cost ):
Dua trén toc do phuc vu thuc té vira tinh duoc, ta ap dung cong thirc co ban cua ly

thuyét hang doi dé tinh "do tac nghén":
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Cost =
Uactual — A

o Gidi thich: Néu pgeryq giam xudng (do ddy RAM) trong khi A (s6 ngudi choi) giir
nguyén, mau sb s& nho lai, lam gia tri Cost (thoi gian chd) ting vot. Thuit toan s&
dwra vao gia tri ndy dé quyét dinh tranh xa cic may chi dang "mét moi".

Thiét 1ap méi trudng thuc nghiém
Pé kiém chung 1y thuyét trén, hé thong duoc cau hinh véi su chénh 1éch 16n vé tai
nguyén bd nhé nham tao ra cac diém nghén rd rét:

« Node 1 (Tai nguyén han ché):

o Gidi han RAM gia lap: 300 MB.
o Bdc diém: Chi can mot lugng nho két ndi cling khién %RAM tang nhanh
khién cho kha ning xir 1y giam nhanh.

o Node 2 & 3 (Tai nguyén ddi dao):

o Gioi han RAM gia lap: 500 MB.
o Pdc diém: Chiu tai t6t, duy tri pgeeyq On dinh & mirc cao.

o Co ché phan hdi: Cac Node tu dong giri bdo cdo %RAM va sb lugng két ndi vé bd
can bang tai mdi 1 gidy.

Cau hinh proxy dé co thé diéu chuyén cac yéu cau vao server tuong ung.

Hinh anh 3.6 Ham tinh gid tri Cost theo Iy thuyét hang doi



62

Hinh anh 3.7 Xir [y diéu phoi cdc yéu cau ciia client
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3.3.3. Két qua thyc nghiém va phén tich
Qua trinh kiém thr tai trong ting dan cho thiy thuit toan di hoat dong chinh x4c theo

mo hinh hang doi thich ing:

Node

[
decode.utf8Read(): Invalid byte 129 offset Y, string:

decode.utf8Read(): Invalid byte 129 offset 10. f string:
[
decode.utf8Read( Invalid byte 129 offset 5 string:
decode.utf8Read(): Invalid byte 129 offset 10. string:
.utf8Read(): Invalid byte offset 10. Ski i t 23] LB fink Port 2569
utf8Read( Invalid byte 129 offset = 0 string:
24] LB ¢ finh Port 256
4 = ) . . utf8Read( Invalid byte 129 offset & string:
-utf8Read(): Invalid byte 129 offset 10. Sk : 13 decode.utf8Read(): Invalid byte 129 offset 10. string:
Invalid byte 129 at offset 1@. Skip t string: 13 jecode.utf8Read(): Invalid byte 129 at offset 10. string
decode.utf8Read( Invalid byte 129 offset 3 string:
[Client 26] LB chi dinh -> Port 25€
decode.utf8Read( Invalid byte 129 offset 10. string:
decode.utf8Read(): Invalid byte 129 at offset L string:
Invalid byte offset 10. Ski tring: 13 [ t 27] LB chi
decode.utf8Read(): Invalid byte 129 offset 10. string:
Invalid byte offset 5 i i decode.utf8Read( Invalid byte 129 offset 10. string:
[Client 28] LB chi Port 256
Invalid byte 129 offset 10. Ski string: 13 decode.utf8Read(): Invalid byte 129 offset 10. f string:
utf8Read(): Invalid byte 129 offset 2 string:
Invalid byte 1 offset . Ski string 2 29] LE tinh -> Port 2569
.utf8Read( Invalid byte offset 4y string:
utf8Read( Invalid byte offset 10. string:
r ) ¢ t 30] LB chi dinh -> Port 2569
I.,;‘v_yaljd et 9 . Ski of string: 13 decode.utf8Read(): Invalid byte 129 offset string:
i t decode.utf8Read( Invalid byte 129 offset 10. string:
salid by . Ski string 3 [Client 31] LB chi dint ort 2569
u ad() salid f 5 t str 37 decode.utf8Read( Invalid byte 129 offset : string:
t 25] ii - 25 decode.utf8Read(): Invalid byte 129 offset g string:
.utf8Read(): Invalid 29 a S| sSkd o string: [Client 32] LB chi dint Port 2569
tf8Read( IAnv.ralid b.\'t? 2 t . to string: 13 decode.utf8Read(): Invalid byte 129 offset 10. string:
ANt z s 2l i X X decode.utf8Read(): Invalid b 129 offset 10. string:
Invalid byte 9 A ri I -
Invalid byte 12 S

.utf8Read() salid byte 9 offset

Invalid byte offset

Invalid byte 129 at offset

Read() id byte 129 at of i of strin
.utf8Read(): S

i ] LB chi dinh - 2569
decode.utf8Read( Invalid byte 129 offset it f string:
fv“w.ualid byte L + 13 decode.utf8Read(): Invalid byte 129 offset 5 of string:
Invalid byte 1 se 5 i 3 } lient 34] LB ct AL Port 2

d I salid 2 . Skip t string: decode.utf8Read( Ivvwalid byte 129 offset
.utf8Read(): Invalid 1 s s string: 13 decode.utf8Read( Invalid byte 129 offset . Sk f string:

[

.utf8Read Invalid by 9 . Ski 0 string: 13 [Client B ct ! Port 2567

Invalid 29 = 2 p string: 13 decode.utf8Read(): Invalid byte 129 offset 10. f string:
decode.utf8Read(): Invalid byte 129 offset 3 string:
decode.utf8Read( Invalid byte 129 at offset 2 string:

[

Invalid by t offset s stri
Invalid byte t offset 10. Sk string:
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.utf8Read(): valid byte 129 offset = i string:
.utf8Read( valid byte 129 offset 5 i string:

(): Invalid byte 129 fset 5 ip string:
Invalid byte 129 offse . ip string:

.utf8Read(): I lid byte a offset 10. string:

e.utf8Read(): Invalid byte 9 offset . Ski string:

id byte 9 offset - i string:
byte 129 . Skip string:

offset
| t%SRead(): id byte ] 9 offset . 0 string:
ut‘fSRead(): j :,. b‘,'vte ‘, at offset S i string:
4L1t.f8REad()Z id hyvte ' offset . Skig s
,.ut{;‘aR-:-tad : vali ; b{,"te »
ut‘fSRead( v L i ;w‘re 3 A i string:
.utf8l ‘;*ud ) [ id byte ] offset 1@. Ski e f string:

ecode.utf8Read(): Invalid byte offset & i of strin
ecode.utf8Read(): Invalid byte i f

e.utf8Read Invalid 9 offset . Ski d string:

e.utf8Read Invalid byte 9 at offset . ip ] string
.utf8Read(): d byte 1 at fs . i end string:

.utf8Read(): id byte 9 S 5 o end string:

.utf8Read(): id by 9 f . Skip end of string:
.utf8Read(): id by 9 fse 0. Ski end of string:
.utf8Read(): 9 . i end of string:

.utf8Read(): Invalid byte at offset 5 end strin
.utf8Read(): id byte offset A i end strin

e.utf8Read Invalid byte . Skip e of string:
.utf8Read(): Invalid byte . Ski f string:

(): I i 9 at 5 o i f string:

.utf8Read(): g 5 i string:

Hinh anh 3.8 Két qua diéu phoi cdc yéu cau tir client vao cdc node trong mdy chii
Dién giai qua trinh:
1. Giai doan khoi dong (Anh hudng cia chi phi nén):

o Ngay khi chay, Node 1 di tiéu tén mét luong RAM nén cho hé thong. Vi
téng dung luong nho (300MB), %RAM sir dung cia Node 1 cao hon hin
Node 2, 3.

o Theo cong thirc (1): Pyeruqr cia Node 1 thap hon.

o Theo cong thuc (2): Cost cua Node 1 cao hon.

o Két qua: Hé théng wu tién don cac két ndi dau tién sang Node 2 va 3 dé tdi
uu hi€u nang.

2. Giai doan Can bang:
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o Khi Node 2 va 3 bit dau nhan tai, Cost ciia ching tang 1én. Khi dat diém can
bang voi Node 1, thudt toan bit dau phan phdi xen k& ngudi dung vao Nodel.

3. Giai doan Bao vé (Khi RAM day):
o Khi Node 1 dat mrc sir dung RAM cao (>80%), Ugctua: L14m nghiém trong.

o Gia tri Cost ctia Node 1 tién téi vo cung.

o Hanh dong: Bo can bang tai ngay lap tic ngat ludng két ndi vao Node 1,

chuyén toan bo sang Node 2, 3.

Két qua so ligu:

« Node 1 duy tri hoat déng 6n dinh & mirc tai thap, khong bi sap ngudn do tran bd

nho.

« Node 2 va 3 ganh vac phan 16n luu lugng, dam bao thdi gian phan hodi trung binh

clia toan hé thdng & mirc thip nhat.

3.4. Panh gia tong hop va so sanh hiéu qua

Dua trén dir li¢u thu thap duoc tir 3 kich ban thyc nghiém, bang 3.2 tom tat hiéu qua

cai tién cia mo hinh QPLB so v&i ky thuat truyén thong:

Bdng 3.2 Bang tong hop két qua thir nghiém

' ) QPLB (Thich ung
Tiéu chi Round Robin QPLB (Co ban) _
tai nguyén)
. . o Duya trén cu hinh | Dua trén sirc khoe
Co ché phan phoi Chia déu tuan tu ,
cung (u tinh) thuc té (u dong)
- Cao do Node yéu ) S,
Ty I¢ loi Thap Rat thap
sap
Trang thai Node 1 , y Tai bién thién linh
. Qua tai Tai thap an toan
(Yéu) hoat
— Bao vé dua trén Tu dong ngét khi
Kha nang chiu 161 Khong c6 .
ngudng RAM day
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3.4. Chi s6 danh gia
pé luong hoéa hi¢u qua va tinh vu viét cia mo hinh dé xuét, dé tai sir dung bd chi s6 hiéu
nang (KPIs) tiéu chuan trong danh gia hé thong phan tan. Céc chi s6 nay dugc do luong

ddng thoi trén ca ba thuat toan: Round Robin (RR), Least Connections (LC) va QPLB.

3.4.1. Binh nghia cdc chi s6 khoa hoc

1. Ty 1& hoan thanh yéu cau (Success Rate - Ry, ):
Ty 1& phan tram s6 luong két ndi dugc thiét 1ap va duy tri 6n dinh dén khi két thuc phién,
khong gap 16i ngat quing hay tir chdi phuc vu.

NSUCCBSS

Ry = X 100%

Neotar
2. D6 6n dinh may chi (Server Stability - Sy, ):
Puoc danh gia thong qua sé 1an khai dong lai (Restarts) cta tién trinh may cha duéi ap luc
tai.
o On dinh: S6 lan khoi dong lai = 0.
o MAt 6n dinh: S6 1an khéi dong lai > 0 (D4u hiéu cua sap ngudn/Crash).
3. Hiéu suit sir dung tai nguyén Node yéu ( U,peqr ):
Chi s6 nay do luong mirc do chiém dung bd nhd (RAM) tai may chi ¢6 cdu hinh thap nhat
trong cum. Muc tiéu 1a giit chi s6 nay dudi ngudng bio hoa (vi du: < 80%) dé tranh nghén
cd chai.
4. Chi s6 can bang tai trong thyuc (Load Balancing Efficiency - E; 5 ):
Danh gia kha nang phan phéi tai dya trén nang lyc xur ly. Mot thuat toan hi¢u qua la thuat
toan phan phdi it tai vao mdy yéu va nhiéu tai vao may manh (Phan phdi bat d6i xtng phu

hop v6i phan ctng).
3.4.2. Bdng tong hop so sanh hiéu nang giita cdc thudt todn

Dua trén dit liéu thu thap tir cac kich ban kiém thir bang dudi day tong hop hiéu ning cua

toan hé thong:
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Bdng 3.3 Bang tong hop danh gid hiéu ndng cia hé thong thong qua thir nghiém

Ti€u chi danh gia Round Robin Least Connections QPLB (Pé xuat)
L L, , Du bao tic nghén
Nguyén ly hoat Chia déu tuan ty | Chia déu so luong két _
_ . _ (Nhén thirc tai
dong (Mu trang thai) noi (Mu tai nguyén)
nguyén)
Ty I¢ thanh cong ~90% (Gian doan khi
30% 100%
(Rsuc) Node sép)
Binh thuong (Do , '
Tinh trang Node 1 A Sap nguon do qua tai . o
, it két no1 thanh On dinh (Tai thap)
(Yéu) ram
cong)
S4 1an Restarts . .
0 3-51lan 0 lan
(Node 1)
Phén phdi tai
. 1:1 I:1 1:15
(Node Yéu/Manh)
Kha nang duy tri That bai (Ldi , ,
Tot Tot
phién 4002)
Danh gia tong Khéng kha thi cho | Rui ro cao voi phan .
) . , T61 wu va An toan
quat Game Online cung khong dong nhat
Bdng 3.4 Bdng tong hop cdc chi sé danh gid hiéu ning
. Round Least
Chi s6 QPLB Danh gia
Robin Connections
~85% (Gian '
Ty 1€ dap _ QPLB dam bao dich vu
_ 30% doan khi Node 100% _ .
ung dich vu lién tuc tuyét doi.
sap)
Thoi gian | 0s (Ldi , ,
~60s (Sap dinh oo (Khong Do tin cay cia QPLB la
trung binh | ngay lap ' N ,
_ - ky) ghi nhan 101) cao nhat.
gitra cac 101 tuc)
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Murc tiéu thu | N/A (Do .
L, > 250 MB (Vuot QPLB tiét kiém >80% tai
RAM dinh 101 két sng) ~45 MB 1 cho Node v
, . ngudng nguyén cho Node yeéu.
(Node Yéu) noi)
S4 1an khoi . . QPLB bao v¢ an toan cho
' 0 5 lan 0 lan .
dong lai ha tang.
Do 1éch Cao (Phan .
i ~0 (Chia ) , QPLB chap nhéan Iéch tai
chuan tai . ~ 0 (Chia déu) phoi 1&ch . _
déu) dé t61 uu hi€u nang.
trong chu dong)

Dit liéu tir bang 3.3 va bang 3.4 khing dinh rang cic thuit toan truyén théng déu that bai

trong viéc dap ung cac ti€u chuan dich vu co ban cua Game Online:

1. That bai cia Round Robin (RR): Thuat toan RR dat ty 18 13i 1én t&i 70% (trong khi

QPLB dat 100% thanh cong). Ldi nay khong dén tir su qua tai vé tai nguyén ma tir

su thiéu hut kha nang duy tri phién (L8i 4002), minh chimg cho sy bat twong thich

can ban gitta cac thudt toan phi trang thai va kién trac c6 trang thai cia Game Online.

2. That bai ciia Least Connections (LC): Mic du giai quyét dugc van dé duy tri phién,

LC lai bi loai trir do 15i sap hé thdng. S 1an khoi dong lai cua Node 1 1én t6i 3-5

lan d4 chi ra rang thudt toan ndy khong dang tin cdy trong viéc bao vé phan cing

yeu.

3. Thanh cong ctia QPLB: M6 hinh QPLB dat Ty 1é dap tmg dich vu 100% va s6 lan

khéi dong lai 1a 0, chirng minh kha ndng duy tri dich vu lién tyc.
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So sanh phan phdi tai trong gitra cac thuat toan

801

60

S6 luang User

40+

20

Least Connections QPLB (P& xuat)
m Node 1 (Yéu - 250MB) m Node 2 (Manh) m Node 3 (Manh)
*Ghi chi: Cot mau do (Node 1) & RR va LC cao ngang biing Node manh, gy qud tdi. 7 QPLE, Node T dugc gidr tdi tol da.

Round Robin

Hinh dnh 3.9 Hinh anh phén phéi tdi trong giita cdc thudt todn

Phén tich nghich 1y: Biéu do phan phéi tai da thé hién nghich 1y cbt 161 ciia cic md
hinh cii. Ca Round Robin va Least Connections déu phdn bd tai trong theo ty 1& gan nhu
1:1:1 gitta cac may chu. Sy phan chia déng déu cac két ndi ndy 1a nguyén nhan tryuc tiép
dan dén viéc Node 1 (yéu) nhan luong tai cao gip nhiéu lan kha ning chiu dyng thyuc té
ctia n6 (chi nén nhan 3% - 5% tong tai).

Tinh hiéu qua cia QPLB: Nguoc lai, biéu d6 QPLB cho thiy su phan phbi bat ddi
xung 1o rét, vdi Node 1 chi nhan khoang 3% tai va Node 2 va Node 3 ganh 97% tai. Su
mat can bang co chu dich nay 1a bang ching cho thiy thuat toan QPLB da thanh cong trong
viéc chuyén hoa dit liéu strc khoe vat Iy thanh quyét dinh dinh tuyén. Day chinh 13 ban chét

ctia chi sb can béng tai trong, noi tai dugc phan phéi ty 1€ thuan véi nang lyc thuc té.

Phan tich va danh gia do on dinh cta céc node:
Dua theo két qua thuc nghiém, dudi ddy 1a cac hinh anh bién thién vé muc tiéu thy tai

nguyén hé théng tai cac node.
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Bién thién murc tiéu thu RAM tai Node 1 (Yéu)

300+

NgtShg Crashi2bOMBY === == e s S S e o SR S S e

RAM Usage (MB)

Hinh danh 3.10 Hinh anh muec tiéu thu Ram tai node 1

Bién thién RAM tai Node 2 (Server Manh - Giéi han 500MB)

—~ 6001
e
? ------------------------------------------------------- NgUSng gidkhan (500MBY sassssssnmimetumeasiataaniter s
% 450+
=
(5,;
300 Node 1-Crash
e 0— — —0
150
0+ ; ; . ,
0Os 10s 20s 25s 30s 40s 50s 60s

-o- Least Connections - QPLB (Dé xuét)

Hinh anh 3.11 Hinh anh bién thién Ram tai node 2
Biéu dd bién thién RAM tai Node 1 cho théy su tuong phan rd rét vé d6 6n dinh:

« DPuong Least Connections (LC): Thé hién hinh anh noi RAM ting vuot ngudng an
toan (>250MB) rdi dot ngdt tut vé 0, sau d6 khai dong lai va lip lai chu ky. Diéu
nay minh chimg cho tinh trang hé théng khong kiém soat dugc va mat on dinh
nghiém trong.

« Duong QPLB: Nhanh chéng dat dén mot muc tai an toan rdi duy tri 6n dinh dudi
ngudng . Piéu nay khang dinh thuat toan QPLB hoat dong nhu mot "hang rao bao
vé€ chu dong".

Biéu do bién thién RAM tai Node 2 va 3
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Biéu do bién thién RAM tai Node 2 (may manh) cung cap bang chimg cho rii ro hé
théng:

« DPuong LC: Cho thay sy ting vot dot bién tai thoi diém Node 1 d3 bi sap. Mitc RAM

cua Node 2 tang tr 180MB 1én 350MB trong vai gidy do phai ganh toan bg tai tu

Node 1 tran sang. Su ting séc ndy chinh 1a nguyén nhin gay ra hiéu tng sap day
chuyén, dit Node manh vao tinh trang nguy hiém ngay sau khi Node yéu thit bai.

« Duong QPLB: RAM ting trudng nhanh nhung 6n dinh va duy tri & muc cao nhung

an toan (<300MB). Diéu nay cho thdy QPLB chil dong chuyén tai ngay tir dau nhung

theo co ché kiém soat, tranh giy sbc cho cic may chi con lai.
3.5. Két qua thir nghiém

Céc s6 liéu dinh luong va bang chimg truc quan déu khang dinh tinh wu viét cia mo
hinh QPLB. Trong khi cac thuét toan truyén thong chi giai quyét duoc mot phan van dé
(Round Robin chi giai quyét phan phdi sé lugng, Least Connections chi giai quyét trang
thai) va tao ra rii ro hé thong méi, thuat toan dé xuat da tich hop thanh cong Ly thuyét
hang doi dé dat duoc su 6n dinh tuyét d6i va kha ning thich tng tai nguyén t6i wu.

Két qua thuc nghiém di khing dinh tinh ding dén cta gia thuyét nghién ciru. Viée
tich hop co ché do ludng tir xa vao cong thirc hang doi M/M/1 d3 bién hé thong can bang
tai tir trang thai "mu" sang trang thai "nhan thirc ning luc", gitip duy tri do 6n dinh 100%

ngay ca trong méi trudng phan cing khong ddng nhat.
3.6. Két luan chwong 3

Tha nhat, két qua thuc nghi€ém da minh chirng dugc gidi han chiu dung cua céac thuat
toan truyén thong. Cac thir nghiém cho thay viéc ap dung cac co ché phan phdi tinh (nhu
Round Robin) hodc cac co ché chi dya trén sb luong két ndi (nhu Least Connections) déu
dan dén nhiing rii ro hé thong nghiém trong. Sy thiéu hut kha nang "nhan thirc tai nguyén"
va "duy tri phién 1am viéc" cta cac thuat toan nay 1a nguyén nhan truc tiép gay ra tinh trang

mat on dinh, tir viéc ngat két ndi nguoi dung cho dén vi¢c gay sdp ngudn cac may chu co
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c4u hinh han ché. Diéu nay khang dinh rang su cong bang vé mit con s phan phdi khong
déng nghia voi sy 6n dinh vé& mit van hanh.

Thir hai, mo hinh dé xuat QPLB d ching minh duoc tinh wu viét va kha ning thich
{rmg cao. Trong cung mot diéu kién ap luc tai va méi truong phan cing khong dong nhit,
giai phap QPLB di thé hién sy vuot trdi hoan toan vé do tin cdy. Thuat toan khong chi duy
tri sy lién tuc cua dich vu ma con hoat dong nhu mot co ché "phong v¢ chu dong", tu dong
nhan dién va cach ly cac diém nghén tiém ning trude khi ching gy ra sy ¢b. Viéc hé thong
tr dong diéu tiét giam tai cho cac nut yéu va tan dung t6i da ning luc cta cic nit manh 13
minh chimg 13 rang nhit cho tinh dang din cua viéc ap dung 1y thuyét hang doi vao bai
toan dinh tuyén.

Két luan, cac két qua thu duoc tir Chuong 3 khong chi kiém chimg tinh ding din cua
cac gia thuyét nghién ctru ban dau ma con khing dinh tinh kha thi khi trién khai thyc té.
Giai phap QPLB d giai quyét thanh cong bai toan danh ddi giita hiéu nang va chi phi, cho
phép hé théng van hanh an toan trén nén tang ha tang hdn hop, mo ra trién vong tng dung
rong rai trong viéc nang cao chat luong dich vu cho cac hé thong tro choi truc tuyén quy

mo lon.
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KET LUAN

Dé 4n “Nghién ciru mé hinh can bang tai 4p dung 1y thuyét hang doi cho Game Online
nhiéu ngudi choi” xuat phat tir nhu cau cap thiét trong viéc giai quyét bai toan hiéu ning
cho cac hé théng phan tan thoi gian thuc. Qua qué trinh nghién ciru tir Iy thuyét dén thuc
nghiém, dé 4n da hoan thanh cac muc tiéu dé ra va dat duge nhirng két qua cy thé sau:

Dé an da hé thong hoa dugc cac dic thu ky thuit cua luu lugng Game Online (tinh
két ndi bén viing, yéu cau do tré thip, tinh chu ky). Nghién ctru di chi ra rang cac thuét
toan cAn bang tai truyén théng nhu Round Robin hay Least Connections vén duoc thiét ké
cho méi trudng Web phi trang thai, di boc 16 nhitng han ché mang tinh hé thdng khi ap
dung cho Game Online. Cu thé 1a sy thiéu hut kha nang "duy tri phién" va sy "mu" vé nang
lue xtr Iy thuc t& ciia may chu.

Pé an da xay dung thanh cong md hinh can bang tai du bao QPLB. Dong gop cbt 16
clia giai phap 1a viéc ing dung Iy thuyét hang doi dé chuyén hoa cac dit liéu thé vé tai trong
va niang luc phan cung thanh mot chi sé dinh luong duy nhét 1a chi phi tic nghén. Co ché
nay cho phép hé théng chuyén tir "phan Gmg thy dong" sang "du bao chi dong", gitip nhan
dién sém cac diém ngh&n ¢ chai trudce khi chung gy ra sy cb.

Qua trinh kiém thtr trén moi trudng gia 1ap phan cing khong dong nhat da cung cap
nhitng bang chimg dinh luong thuyét phuc, khiang dinh tinh ding din cta viéc ap dung céc
mo hinh toan hoc x4c suat vao k¥ thuat hé théng. Khi so sanh, néu nhu Round Robin va
Least Connections boc 16 han ché nghiém trong din dén nguy co qua tai cuc bo va sap day
chuyén, thi thuét toan QPLB thé hién wu diém vuot troi vé kha nang nhan thire trang thai.
Viéc tich hop 1y thuyét hang doi giup QPLB duy tri ty 1é dap tmg dich vu tuyét ddi va tdi
vu héa thoi gian chd cho ngudi dung théng qua viée bao vé chu dong cac diém nghén tiém
nang.

Giai phap nay c6 y nghia thuc tién cao, dic biét di véi cac nha phat hanh game mudn
tan dung ha ting phan cing hdn hop dé téi wu chi phi van hanh ma khong 1am giam chat

luong dich vu.
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Mac du giai phap QPLB da chimng minh dugc tinh vu viét trong moi1 truong gia lap,
qua trinh nghién ctru va thuc nghiém ciing d3 nhan dién duoc nhitng diém yéu va thach
thirc k¥ thuat can duoc khac phyc khi trién khai thuc té. Diém yéu 16n nhat nam ¢ do tré
cap nhat trang thai ciia hé théng do luong tir xa. Do co ché thu thap dir li¢u hoat dong theo
chu ky, ludn ton tai mot khoang tré nhit dinh giita trang thai thuc té ctia may chu va dir
liéu ma bo diéu phdi tiép nhan. Trong cac tinh hudng tai bién dong cuc nhanh, cac quyét
dinh diéu phéi 6 thé dya trén dit liéu chua kip cap nhat, lam giam d¢ chinh xac cta thuat
toan. Ngoai ra, vi¢c udc lugng tham ) nang lyc phuc vu hién tai ma1 chi dua trén mure tiéu
thu tai nguyén phan cirng ma chua phan 4nh hét do phirc tap cua logic game tai thoi diém
thue, vi du nhu su khac biét veé tai xtr 1y gitta mQt nhan vat diing yén va mdt nhan vat dang
tham gia giao tranh. Hon nita, chi phi tinh toén tai ting diéu phéi cia QPLB cao hon so
v6i cac thudt toan tinh, c6 thé tao ra ap luc xtr 1y khi quy m6 hé thong mé rong 1én hang
nghin may chu.

Dua trén nhitng han ché k¥ thuat dd nhan dién, hudng phat trién tiép theo cua dé tai
s& tap trung vao ba giai phap trong tim nham hoan thién mé hinh QPLB cho céc hé thong
quy md 1én. Dau tién, dé khic phuc d6 tré do co ché thu thap dit liéu theo chu ky, nghién
ctru s& chuyén dich sang co ché dong bo hudng su kién, cho phép cac may chu chu dong
giri bao céo trang thai ngay lap tirc khi phat hién bién dong tai nguyén hodc tai trong dot
ngot, két hop vai cac giao thirc truyén tin tée do cao dé dam bao dir lidu tai bd diéu phdi
luén cap nhat theo thoi gian thuc. Tiép theo, nham nang cao d6 chinh xac trong viée wdc
lwong ning luc phuc vu, dé tai s& tich hop cac mé hinh tri tué nhan tao va hoc may dé phan
tich lich str van hanh, tir 86 dinh lugng chinh xac mdi twong quan gitta ngit canh logic game
(nhu trang thai giao tranh hay ding yén) vdi tai trong xir 1y thuc té thay vi chi phu thudc
vao chi s6 phan cing. Cudi cing, dé giai quyét ap luc tinh toan khi mé rong quy mo, kién
trac hé thong s& duoc nang cip theo hudng phi tip trung va ty dong hoa trén cac nén tang
dién toan dam may, cho phép tu dong mé rong ning luc xir Iy song song va trién khai thuat

toan tai cac nut bién mang nham loai bé diém nghén c6 chai tai trung tdm di€u phoi.
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BAN CAM DPOAN
T6i cam doan da thyc hién viée kiém tra mirc d6 twong ddng ndi dung dé an qua phan
mém Turnitin mét cach trung thuc va dat két qua muc do tuong déng 17 % toan bo ndi
dung d& 4n. Ban dé an kiém tra qua phin mém 1a ban cing dé an di ndp dé bao vé trudc

hoi déng. Néu sai tdi xin chiu céc hinh thirc ky luat theo quy dinh hi¢n hanh ctia Hoc vién.

HOC VIEN CAO HOC
(Ky va ghi ro ho tén)
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zﬂ turnitin  Trang 2/106 - Téng quan vé tinh toan ven

17% Tinh tuong déng néi chung

Téng cdng clia tat ca cac két qua trung khdp, bao gém ca cac ngudn trung 1ap, cho méi c...

Pa loc khdi Bao cdo
*  Muc luc tham khao

*» Van ban dugc trich dan

» K&t qua trung khdp nhé (it hon 8 tin)

Ngudn hang dau
15% @ Ngudn Internet

4% M@ Anban

5% A& Baitap dugc ndp (bai clia hoc sinh)

Hoc vién thyc hién

Nguyén Poan Quin

ID bai ndp trn:0id:::1:3441666456

Giao vién hudng dan
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