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LOI CAM DOAN

T6i cam doan rang ludn van: “Dé xudt thudt todn cdn bang tdi trén dién todn
ddam mdy bang céng nghé Al hién dai” 13 cong trinh nghién ctru cua chinh toi.

T6i cam doan cac s liéu, két qua néu trong lusn vin 13 trung thuc va chua
tirng duoc ai cong bd trong bét ky cong trinh nao khac.

Khong c6 san pham/nghién ctru ndo ciia ngudi khac duoc st dung trong luan

vin nay ma khong duoc trich dan theo dung quy dinh.

TP. H6 Chi Minh, ngay 25 thang 1 nam 2022

Hoc vién thyc hién luin van

Bui Quang Tuyén



LOI CAM ON

Trong subt qué trinh hoc tip va nghién ctru thuc hién luan vin, ngoai nd luc
ctia ban than, t6i dd nhan dugc sy huéng dan nhiét tinh quy bau cta quy Thay C9,
cung véi sy déng vién va ung ho cua gia dinh, ban bé va dong nghiép. Vi long kinh
trong va biét on sau séc, t6i xin gtri 161 cam on chan thanh toi:

Ban Giam Péc, Phong dao tao sau dai hoc va quy Théy Co da tao moi diéu
kién thuén lgi gitip t61 hoan thanh luén van.

T6i xin chan thanh cam on Thay PGS.TS Tran Cong Hung, ngudi thay kinh
yéu da hét long giup dd, hudng dan, dong vién, tao diéu kién cho t6i trong sudt qua
trinh thyuc hién va hoan thanh luan van.

T6i xin chan thanh cam on gia dinh, ban b¢, dong nghiép trong co quan da
dong vién, ho tro toi trong luc kho khin dé t6i c6 thé hoc tap va hoan thanh luan van.

Mic du da c6 nhiéu ¢ gang, nd luc, nhung do thdi gian va kinh nghiém nghién
ctru khoa hoc con han ché nén khong thé tranh khoi nhing thiéu sét. Toi rit mong
nhan duoc su gdp ¥ cia quy Thay Co cung ban bé dong nghiép dé kién thuc cua toi
ngay mot hoan thi¢n hon.

Xin chan thanh cam on!

TP. H6 Chi Minh, ngay 25 thang 1 nim 2022

Hoc vién thuc hién luin van

Bui Quang Tuyén
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MO PAU

1. Tinh cap thiét cia dé tai

Ngay nay, véi sy bung nd thong tin cling nhu doi hoéi nhu cau vé xir 1y thong
tin ngdy cang cao thi nhu cau vé kha niang luu trit mot lwong dit liéu 16n 1 vo cing
cap thiét. Su phat trién khong ngirng cta nén kinh té thé gidi da day cac doanh nghiép,
cac tap doan 16n vao tinh thé phai c6 dugc mot giai phap gitp ho luu trit duoc mot
khéi luong khong 10 cac dit liéu lién quan dén cong viéc kinh doanh cua ho. ..

Vi vay dé dap mg tat ca cac nhu cau néi trén thi d& c6 Dién toan dam may
(Cloud computing).

bung vé khia canh nguoi dung thi ho mudén minh duogc phuc vu mot cach tién
loi nhat, d& dang nhét va khéng phai luc ndo ciing tic truc quan 1y hay tiéu tén vao
d6 mot lugng tai chinh nhét dinh.

Pumng vé khia canh cic doanh nghiép thi ho luén mudn 1am hai long khach
hang ctia minh mot cach t6t nhat dé tir 46 moi gitr chan duge khach hang.

Pung vé khia canh cong nghé thi hién tai cdc cong nghé phat trién di kip thoi
dap g cac bai toan vé tai, luu trit, bing thong. ..

Dién toan dam may 13 viéc cung cip tai nguyén may tinh cho ngudi dung tiy
theo muc dich sir dung thong qua két ndi Internet. Ngudn tai nguyén do c6 thé 1a bat
ky tht gi lién quan dén dién toan va may tinh, vi du nhu phan mém, phan cing, ha
tang mang cho dén cac may chu va mang ludi may chu ¢ 16n.

Nguoi dung khong phai quan tdm dén k§ nang cai dat, trién khai va ing dung
phan mém hay cac yéu cau vé phan cting nhu may chii, co s& ha tang truyén thong dé
truy cép cac dich vu. Nguoi dung chi can tra tién cho chat lugng twong tmg ma ho da
su dung.

Pé dam bao chat luong dich vu trén dién todn ddm may, viéc quan 1y tai
nguyén da tré thanh mot cong viée phirc tap tir goc nhin kinh doanh ctia nha cung céap

dich vu dam may. Do d6, ta phai khic phuc van dé thiéu thén tai nguyén, giam do tré



trén ddm mAy va kha ning cai thién hiéu suit mang. Diéu nay duoc bd can bang tai
xtr 1y va diéu phdi.

Tuy nhién, trong mét s truong hop x4u ma bd can bang tai chua xir 1y kip
hodc chua duoc tinh toan dén thi ¢6 thé c6 tai nguyén nho hon (sé lugng may a0 VM
it hon) so nhu cdu can xtr Iy céng viée (cac tién trinh c6 nhu cau tai nguyén 16n, dic
biét tai nguyén & xa) ma ngudi dung yéu cu. Trong tinh hudng nhu vay, cac loai
(tién trinh) xir i s& xung dot canh tranh dé c6 dugc xur 1y trén tai nguyén gidi han
(ciing mot may ao VM) ciing mot luc, dan dén tic nghén va ding may... hiéu mot
cach ndm nay 1a qua tai. Tir d6, gay gian doan dich vu cho khach hang, din dén viéc
that thoat kinh té va tai chinh. Dé giai quyét viéc ndy mot cach tot nhat thi phai co
céc thudt toan can bang tai trén dién toan ddm may. Trong d6, xu hudng ap dung Al
vao tat ca cac linh vuc dang duoc trién khai rat manh trén thé gioi.

Chinh vi vay, thuat toan can bang tai trén dién toan ddm may bang cong nghé
Al hién dai duoc dé xuét trong luan van nay, dé tai nhu sau: “Dé xut thuat toan can
bang tai trén dién toan dam may bang cong nghé Al hién dai”.

Pé tranh duoc viée gian doan dich vy, bd can béng tai s€ lam viéc hi¢u qua
hon, dac biét s€ cang hi¢u qua voi viéc ap dung cong nghé tri tu€ nhan tao (Al), hi¢u
qua kinh doanh ctia nha cung cdp dich vu ddm may duoc cai thién mot cach dang ké.

Luan vin bao gdm: Phan mé dau, ndi dung gdm bon chuong va Phan két luan.

2. Tong quan vé van dé nghién ciru

Can bang tai 1a k¥ thuat phan phdi khdi lugng cong viéc dong déu giira hai hay
nhiéu may tinh, két nbi mang, CPU, b cung hodc céac nguén lyc phan tan to 16n trén
mang, dé c6 thé tan dung c6 hi¢u qua cac nguén luc, tdi da hoa thong lugng, cai thién
thoi gian dap tng va thoi gian xtr 1y dit liéu. Dong thoi tranh tinh trang qua tai mot
sd nat tinh toan nhung nhimg nut khac duge nap tai nhe khi ¢6 nhiéu yéu cau xu Iy
can duoc dap ung. K thuat can bang tai hién nay chil yéu tap trung vao hai k¥ thuat
13 can bang tai tinh va can bang tai dong.

K§ thuat can bang tai tinh khong thu thap thong tin trang thai hién tai ctia hé

théng. Nhitng yéu t6 dugc do luong trude khi gan coéng viéc cho mot nut tinh toan



nhu thoi gian den, quy mo ngudn tai nguyén, thoi gian thuc thi va giao tiép cac tién
trinh.

K¥ thuat cAn bang tai dong trong tur nhién khong xem xét trang thai trude do
hozc hanh vi ctia hé théng, n6 chi phu thudc vao hanh vi hién tai ctia hé thng.

2.1 Lgi ich cta dién toan dam may

Gitp tiét kiém chi phi: Vi khéng can trung tam dir liéu tai chd nén khong can
phai lap dat may chu, phan cing, phan mém...

Truy cap tirc thi moi luc moi noi: Ngudi dung co thé truy cip vao tai khoan
ngay khi dang di chuyén, théng qua bt ci thiét bi nao, bat ky noi nao trén thé giéi
mién 14 thiét bi d6 dang dugc két ndi véi mang Internet.

Kha ning bién doi vo tdn: Nguoi dung c6 thé tiy chon tao mé hinh ddm may
riéng, cong cong, két hop (hybrid) hodc tiy chon dé quyét dinh vi tri clia trung tim
dir liu do.

Kha nang thich tmg [21]: C6 thé chuyén ddi tir mang riéng sang mang két hop
hoac tam thoi mé rong dung lugng luu trir thi dién todn ddm may cé thé lam tat ca
mot cach sudn s¢é, dap ing moi nhu ciu nguoi dung.

Hop tac bén viing, khong xao tron: Cac file dugc tap trung luu trir ¢6 dinh va
nhat quan, tranh duoc tinh trang bj mat phuwong hudng khi dang theo ddi dy an.

Bao mat dir lidu: Cac nha cung cap dich vu phai luon dam bao rang hé thong
bao v€ dugc cap nhat lién tuc va cung lic voi tat ca cac tinh nang mai thong qua vige
kiém dinh chat ché. Tt ca cac hoat dong trén dam may s€ dugc bén thir ba giam sat
va kiém tra thuong xuyén dé dam bao chuan an toan dugc dap ing.

2.2 Cac mé hinh dich vu [3]

Mo hinh dich vu cta dién toan dam may [19] duoc cic nha cung cip dich vu
chia thanh 3 loai 16n:

2.2.1 Co s6 ha tdng nhw mét dich vu (Infrastructure as a Service -
laaS)

laaS 1a mot dang dich vu tra tién theo dinh mirc (pay-per-use) hay chi tra tién

cho nhitng gi sir dung. Dich vu nay cho phép ngudi st dung truy cép vao co sé ha



tang may tinh tir xa. [aaS bao gdm cac mdy chu server, storage luu trit va cac bao vé
an ninh nang cao. T4t ca nhitng yéu té nay gitp cho IaaS tré thanh ngudn luc vo gia
cho ca doanh nghiép 1an ca nhan.

2.2.2 Nén tang nhw mét dich vu (Platform as a Service - PaaS)

Mo hinh hé thdng cua PaaS ciing twong ty nhu IaaS nhung c6 thém nhiing
cong cu phat trién doanh nghiép thong minh (BI), middleware, cac tool quan 1y dir
lidu ciing nhu cac hd trg khac giup phat trién va trién khai ing dung.

2.2.3 Phdn mém nhw mét dich vu (Software as a Service - SaaS)

SaaS 1a mot mo hinh noi trdi trong dién toan dam may, cho phép nguoi ding
tan dung cac tng dung nén tang ddm may thong qua Internet. M6 hinh dich vu nay
mang dén kha nang truy cap tién lgi hon @ moi goc do thoi gian va vi tri. Chéng nhirng
vay ma con giup doanh nghiép giam thiéu phan 16n chi phi ban dau nho loai bo dugc
cac nhu cau vé server hay céac giai phap backup dat tién.

3. Muc dich nghién ctru

Muc tiéu chinh: Dé xuit thuét toan can béng tai trén dién toan ddm may béng
cong nghé Al hién dai.

T muc tiéu chinh trén, luan van s& du kién cac két qua dat dugc nhu sau:

- Tim hiéu tong quan vé dién toan dam may.

- Tim hiéu tong quan cac nguyén nhan dan dén deadlock.

- Tim hiéu vé céac thuat toan trén dién toan ddm may.

- Dé xudt thut toan.

- Trén co s& 1y thuyét da nghién ciru, ludn van dé xuat thudt toan can bang tai
trén dién toan dam mdy bang cong nghé Al hién dai.

4. Poi twong va pham vi nghién ciru

4.1 Poi twong nghién ciu

Déi trong nghién ciru chinh 13 thuat toan nang cao hiéu quéa cin bang tai trén
dién toan dam may.

Nghién ctru 4p dung thuit toan can bang tai bang cong nghé Al hién dai.



4.2 Pham vi nghién cau

Xay dung mo6 hinh m6 phéng ddm may & muc do nho: khoang 10 — 20
may ao.

Do phtc tap trén mdi may ao chi & mic do thap: dudi 10 tng dung chay trén
trén cac may ao.

Yéu cau (Request) giri vé may chu ciing don gian, dung luong dit liéu gui vé
nhd: khoang dudi 1 Mb.

5. Phuong phap nghién ciru

Phwong phdp Iudn: Dya trén co so cac 1y thuyét vé dién toan dam may, cac
thuat toan can bang tai trén cloud.

Phwong phdp déanh gid dwa trén co sé todn hoc: Trén co so cac 1y thuyét vé
dién toan dam mAy, kha ning xay ra deadlock trén dam may. Pé xuat ra thuat toan
can bang tai dé du bao tranh kha ning xay ra deadlock cao trén dam may dua trén
thuat toan du bao Al. Chirng minh thuat toan va danh gia hiéu qua cua thuat toan.

Phurong phdp déanh gid bang mé phong thuc nghiém: Xay dung mo hinh mo

phong va thuc nghiém thuat toan da dé xut.



CHUONG 1 - PE XUAT THUAT TOAN CAN BANG TAI
TREN PIEN TOAN PAM MAY BANG CONG NGHE Al
HIEN PAI

1.1 Téng quan vé dién toan dam may

Lich st ctia dién toan dam may bat dau tir nim 1983, khi Sun Microsystems
dé xuat rang "web 1a may tinh". Trong thang 3 nim 2006, Amazon gi6i thiéu dich vu
dam may dién toan dan hoéi. Vao thang 8 nam 2006, Eric Schmidt - Giam dbc diéu
hanh ciia Google, 1an dau tién dé xuat khai niém "Dién toan dam may" tai hoi nghi
cong cy tim kiém. Nam 2009, Nair M K. va Gopalakrishnan V. da phat trién mot
khung hé thong, sir dung cac dich vu web nhu SaaS va méi trudng web dé hién thuc
hoa Paa$, thiic day hiéu qua su phat trién cua dién toan ddm may. Takahiro Miyamoto
va nhém ctia 6ng da nhan ra chirc ndng mang cua dién todn ddm may vao nam 2009,
dit nén tang vimg chic cho su phat trién cua dién toan ddm may. Ké tir d6, dién toan
dam may da budc vao thoi ky phat trién nhanh chong. Pién toan ddm may duoc phat
trién tir dién toan song song la dién toan phan tan va dién toan ludi. Nhu trong Hinh
1, n6 1a mot mo hinh dién toan kinh doanh méi. Hién tai, van chua cé dinh nghia
thong nhét vé dién toan dam may. Wikipedia dinh nghia dién toan dam may 1a mot
phuong thirc tinh toan méi dua trén Internet, cung cip tinh toan theo yéu ciu cho
ngudi ding ca nhan ciing nhu doanh nghiép thong qua cac dich vu khong dong nhat
va tu tri trén Internet. Eric Schmidt, Gidm d6c diéu hanh cta Google, cho ré“mg dién
toan dam may vé co ban 1a mot mo hinh cung cip dich vu, 4o hoa tai nguyén may
tinh, tai nguyén luu trir va tai nguyén mang. Bao gdm mot s6 lwong 16n may ch, tao
thanh mgt nhom tai nguyén 4o véi tai nguyén dién todn, luu trit va mang cling nhu
quan 1y va 1én lich thong qua mot nén tang dién toan dam may théng nhat.

bién toan ddm may (cloud computing): hay con goi la di¢n todn may chu do
noi cac tinh toan dugc “dinh hudng dich vu” va phat trién dua vao Internet. Cu thé

hon, trong mé hinh dién toan dam mady, tit ca cac tai nguyén, thong tin ciing nhu



software déu duoc chia sé va cung cip cho cic mdy tinh, thiét bi, ngudi dung duéi
dang dich vu trén nén tang mot ha tang mang coéng cong (thuong la mang Internet).
Céc user st dung dich vu nhu co s¢ dir li€u, website, luu trit,... trong mo hinh cloud
computing khong can quan tdm dén vi tri dia 1y ciing nhu cac thong tin khac cua hé
théng mang dam mady - “dién toan dam may trong sudt dbi v6i ngudi dung”. Ngudi
dung cudi truy cip va sir dung cac tmg dung dam mdy thong qua cac tng dung nhu
trinh duyét web, cac rng dung mobile hoac may tinh cd nhan thong thuong. Hi¢u
nang str dung phia ngudi dung cubi duge cai thién khi cac phan mém chuyén dung,
cac co so dir liéu duoc luu trir va cai dat trén hé théng may chu 4o trong moi truong
dién todn ddm may trén nén cua “data center”. “Data center” 1a thuat ngtr chi khu vuc
chira server va cac thiét b luu trir, bao gém nguén dién va céc thiét bi khac nhu rack,
cables... ludn san sang va c6 do 6n dinh cao. Ngoai ra con co cac tiéu chi khac nhu:
tinh module hoa cao, kha ning mé rong dé dang, nguén va lam mat, hd trg hop nhat
server va luu trir mat do cao.

C6 3 m6 hinh trién khai dién toan ddm may chinh 1a public (cong cong), private
(riéng) va hybrid (“lai” gitra ddm may cong cong va riéng). Pam may cong cong la
mo hinh ddm may ma trén d6, cac nha cung cap dam may cung cap cac dich vy nhu
tai nguyén, platform hay cac ing dung luu trit trén ddm may va public ra bén ngoai.
Céc dich vu trén public cloud c6 thé mién phi hodc c6 phi. Pam may riéng thi cac
dich vu duogc cung cép ndi bd va thuong 1a cac dich vu kinh doanh, muc dich nhim
dén cung cap dich vu cho mot nhom ngudi va dimg dang sau firewall. Dam may “lai”
12 moi truong dam may ma két hop cung cép cac dich vu cong cong va riéng. Ngoai
ra con ¢ “community cloud” 13 ddm mdy giita cac nha cung cap dich vu ddm may.
Vé mé hinh cung cap dich vu c6 3 loai chinh 14 TaaS — cung cap ha ting nhu mot
service, PaaS — cung cap Platform nhu mot service va SaaS — cung cp software nhu
mot service.

Theo cac loai hinh dich vy, di¢n toan ddm may c6 thé duoc chia thanh ba loai

Sau:



- TaaS, hodc co sé ha ting nhu mot dich vy, cho phép ngudi ding truy cp truc
tiép vao tai nguyén luu trix, tai nguyén mang va tai nguyén may tinh bén dudi. laaS
st dung cong nghé 4o hoéa dé ao hoa va dong goi tai nguyén may tinh, tai nguyén luu
trit va tai nguyén mang ctia may chu, dong thoi cung cip cac tai nguyén nay dudi
dang APL Khi can st dung céc tai nguyén nay, nguoi dung khong cin mua céc thiét
bi phan cimg nhu may chi ma chi can mua cAc tai nguyén ndy tir cac nha san xuat
cung cip dich vu IaaS. Nén tang dién toan dam mAy IaaS cung cip quan Iy va 1ap ké
hoach cua cac tai nguyén nay. Vi du dién hinh bao gdm Pam may tinh toan dan hoi
(EC2) va Dich vu luu trir don gian (S3) cua Amazon.

- Paa$S, hodc nén tang 1am nén tang dich vu, cung cip nén tang va moi trudng
cho hoat dong kinh doanh phan mém. Paa$S cung cip giai phap cho cac cong ty khong
thé hoidc khong mudn xay dung moi truong van hanh phan mém. PaaS cung cap moi
truong hoat dong va hé diéu hanh cho cac doanh nghiép khac nhau. "May chii 40"
thudc danh muc dich vu PaaS. Chi ¢6 ma nguén can duoc tai 1én dia chi cua "may
chu 40". "M4ay chu 40" s€ chay ma va tao mot trang web theo ma. Vi du dién hinh bao
g6m GoogleAppEngine ctia Google va MicrosoftWindowsAzure ctia Microsoft.

Theo cac phuong phép trién khai khac nhau, dién todn dam may c6 thé duoc
chia thanh dam may riéng, ddm may cong cong va ddm may lai. PAm may riéng la
co so ha tang ddm may do mot t6 chirc s¢ hiru hodc thué, co thé duoc dit tai dia
phuong hoidc & mot noi khac. Pam may cong cong 1a co s¢ ha tang dam may thudc
so hitu ctia mot to chirc diéu hanh cung cap dich vu dién toan dam may. To chirc nay
ban cac dich vu dién todn dam may cho cong ching hodac mdt ) lugng 16n cdc nhom
doanh nghiép vira va nh. Pam may két hop bao gdm dam may riéng va dam may
cong cong, mdi ddm may van 1a mot thuc thé doc 1ap. Nhung can két hop ching véi

cong nghé tiéu chuan hodc doc quyén dé lam thanh dir liéu va tng dung di dong.
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Hinh 1.1: M6 hinh dién toan dam may [1]

Dién toan dam may 1a mdt xu hudng coéng nghé ndi bat trén thé gidi trong
nhitng nim gan dy va di co nhiing budc phat trién nhay vot ca vé chat luong, quy
mo cung cap va loai hinh dich vu. Minh ching 12 mét loat cac nha cung cip 16n, ndi
tiéng nhu Google, Amazon, Microsoft, ...

Dién toan dam may 1 mé hinh dién toan ma moi giai phap lién quan dén cong
nghé thong tin déu dugc cung cap dudi dang cac dich vu qua mang Internet, giai
phong ngudi st dung khoi viée phai dau tu nhan lyc, cong nghé va ha tang dé trién
khai hé thong. Tir d6, dién toan dam may gitp tbi gian chi phi va thoi gian trién khai,
tao diéu kién cho nguoi sir dung nén tang dién toan dam may tap trung duogc toi da
ngudn lyc vao cong viéc chuyén mén. Loi ich cua dién todn ddm may mang lai khong
chi goi gon trong pham vi nguoi sir dung nén tang dién todn ddm may ma con tir phia
cac nha cung cip dich vu dién toan.

Dién toan dam may (Cloud Computing) [1], [2] 12 xu hudéng phat trién manh
nhat hién nay, ké thira cic mang ludi trudc diy cling nhu cac khai niém mady tinh

phan tan. Muyc dich chinh 1a dé tich hop céc tai nguyén may tinh, luu trit, nén tang va
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cac dich vu khac theo nhu cdu mot cach thudn tién va nhanh chong. Bong thai cho
phép két thic str dung dich vu, giai phong tai nguyén dé dang va giam thiéu cac giao
tiép v6i nha cung cip. Theo d6, mo hinh chinh 1a cho phép st dung dich vu theo yéu
cau (ondemand service). Ngoai ra con cung cap kha ning truy cap dich vu qua mang
rong rai tir may tinh dé ban va may tinh xach tay téi thiét bi di dong (broad network
access). Vi tai nguyén tinh toan dong, phuc vu nhiéu ngudi (resource pooling for
multi-tenanci), nang luc tinh todn phan mém déo, dap tng nhanh theo nhu cau tir thap
Ién cao (rapidelasticity).

Dién toan dam may duoc dua trén cong nghé ao hoa [3], thong qua cac dich
vu mang dé cung cap cho ngudi ding véi cac ngudn luc co ban, nén tang Gng dung,
phan mém va cac dich vu khac. Trong truong hop IaaS (co so ha ting nhu mét dich
vu), cac nha phat trién cung cap mot moi truong ing dung phan mém [17] hoan chinh
bang cach tip hop cac phan ctng, phan mém va cac thiét bi c6 lién quan lai v6i nhau
nhim dap ung thoa thuan chat luong dich vu v6i ngudi dung. Cong nghé may ao
(Virtual Machine) thuong dugc st dung trong cac trung tam dir li€u, may tinh cum
va cac ung dung khac. Cong nghé nay cho phép nhiéu hé diéu hanh c6 thé chay trén
cing mot may tinh va cung cap cac dich vu doc 1ap dang tin cdy, cai tién rat nhiéu
kha nang tai sir dung cac tai nguyén vét ly.

Dién toan dam may [4] 1a mot hudng nghién ctru rong, s€ dem lai gia tri 16n
vé cac chi phi cho cac doanh nghiép trén toan thé giéi. Dién toan dam may s& gitp
giai quyét duoc viéc luu trir dir 1i€u trén hé théng nhanh, gon va nhe hon. Cung cép
cac dich vu vé co s& ha tﬁng, nén tang phén mém va cac dich vu theo yéu cau nguoi
dung thdng qua Internet.

Dién toan dam may [5] 1a mot mo hinh dich vu cong nghé thong tin, ké thira
cac mang ludi trude ddy trén thé gidi giup ngudi dung truy cap tai nguyén dir lidu,
Iuu trit dén hé thdng quan 1y, xir Iy dir liéu phire tap cua cac hé théng nhu Google,
Facebook... Trén thuc té, nguoi dung chi truy cdp vao thiét bi dau cudi dé truy xuat

vao cac tai nguyén trén dién toan. COn bén trong hé théng dién toan s& lap lich xtr Iy
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C4C Y8u cdu trén bao gdm xur 1y thoi gian cho, thoi gian xir 1y tin hiéu cho dén thoi
gian hoan thanh nhi¢m vu.

Dién toan dam may [6] dang chuyén ddi nganh cong nghé thong tin, thay doi
cach thuc st dung va cung cap phin mém ciing nhu phan cimg. Lam cho viéc st dung
cac tai nguyén may tinh theo yéu cau nhu biang thong, luu trir hoic cac ing dung phan
mém va dién todn ¢ sin tré nén d& dang hon bao gid hét. N6 che gidu duogc sy phic
tap ctia co so ha ting co ban, cho phép ngudi dung cudi tap trung vao san pham cia
chinh ho ma khong can nhiéu khoan dau tu vao phan cing. Theo hop dong dich vu
d3 duoc thiét 1ap gitra nha cung cap dién toan va khach hang, cic rang budc vé chat
luong dich vu (QoS) nhét dinh duoc xac dinh thong qua cac thoa thuan theo mirc dich
vu (SLA). Tuén tha véi cac SLA nay, nha cung cap dam bao cung cap mot chat luong
nhét dinh cho dich vu d3 thoa thuan. Viéc st dung cac may 4o cho phép st dung tbt
hon céc tai nguyén phan ctng hién tai trong khi van duy tri QoS yéu cau. Dé tranh sy
xubng cap cua hiéu suit, may ao dugc di chuyén tir cAc may bi qua tai dén cac may
khdng dugc sir dung. Vi vy, cac thuat toan phat hién 13 can thiét dé chu dong phan
loai qué tai va khong qua tai. Cac thuat toan chi dong xac dinh mot ké hoach t6i wu
cho viéc di chuyén va phan b cac mdy ao trong thoi gian chay.

La mot mo hinh tinh todn méi, [7] duge phat trién sau khi cong nghé phan phdi
may tinh, dién toan ludi, luu trit mang, cong ngh¢ cum va tinh todn song song ra doi.
Do tinh da dang ung dung trong nén dién toan ddm may va su khong dong nhat cia
cac nut ngudn may cha, mot sb may tinh bi qua tai va mot sé lai rat nhe khi luu luong
mang truy cap va dir lidu ting l1&n nhanh chéng. Do d6, chiing ta can chién lugc can
bang tai dé diéu chinh tai may chu, giam chi phi truyén thong va cai thién viéc st
dung tai nguyén. Tuy nhién, v6i sy xuat hién cta dir liéu 16n va phat trién cua dién
toan dam may, khi giai quyét bai toan coéng viéc bang cic may 4o giao dich véi dir
lidu, s& mang lai nhiéu chi phi truyén thong giita cAC may chu trong qué trinh di
chuyén va tinh toan. Qua d6, giam ty 1¢ sir dung tai nguyén hé théng.

Dién toan dam may 1a mot kiéu [8] mAu méi va tién héa dang chu ¥ nhit trong

tinh todn. Co ché can bang tai dugc chia thanh cac nguodn lyc va cung cap cac ngudn



12

lic cing véi nhiém vu 14p ké hoach giita cac hé thdng phan phdi. Trong can bang tai
truyén thong, ta phai ddi mat voi mot s6 van dé khac nhau cta cac giai doan cung cip
tai nguyén trong méi trudng dam may. N6 ciing co tac dong to 16n trong cac hé théng
dam mAy vé hiéu suat va van dé do ludng do su tham gia ctia cic thong sd can bang
tai khac nhau ciing nhu ban chat ciia moéi truong dam may.

Trong thé gii ngay nay [9], dién toan dam mAy 1a mot cach dé giir phan cing
cling nhu phan mém ¢ mot noi roi sir dung nd tir bat ky noi ndo trén thé gidi. N6 da
1am cho phan cting dugc yéu cau tré nén linh hoat hon nhiéu. Do d6, moi ngudi c6
co hoi str dung nhiéu tai nguyén khi can va chi phai tra sb tién cho khoang thoi gian
ho da str dung nguén dung lugng cu thé. Dich vu do dugc goi la dich vu tra tién cho
mdi 1an sir dung, d3 gop phan 1am cho nganh cong nghiép cong nghé théng tin hudng
dén gﬁn hon viéc kinh doanh dién toan dam may. Giéng nhu mot CPU ¢6 nhiéu 161,
nhitng doanh nghiép s& hitu mot cum cia cac CPU/May vat 1y dé dugc goi 1a ddm

may. Cac cum cd mot sO lugng hiru han khong gian va bo nho.
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Hinh 1.2: Cung cép tai nguyén dam may [4]
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Vi viy, khach hang phai tra tién dé c6 khéng gian va bo nhé trong mot khoang
thoi gian tir cum duoc phan bd cho ngudi ding. Khi ngudi sir dung doi hoi cac ngudn
lic bao gdm bd nhd, khong gian va biang thong, dugce thuc hién boi cac cong ty thong
qua phan b6 cac may chii dén nén tang nhu cau khach hang. Cung cép tai nguyén trén
dam may 1a qua trinh cung cip khong gian bd nhé 4o tir cic ngudn luc bang cach tong
hop may vat 1y (PM) duoc goi 13 may a0 (VM). BO can bang tai quan 1y ghép kénh

cac tai nguyén theo yéu cau.
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Hinh 1.3: Can bing tai trong dién toan dam may [5]

Céc bién phap can bang trudc ddy cé hidu qua trong viéc cai thién thoi gian
phan hoi va thoi gian phuc vy ctia ddm may nhung khong cung cap dung chat lugng
dich vu. Cac QoS c6 thé dugc cung cép hiéu qua béng cich thém tham s ctia nd vao
tham s6 cin bang tai. Xem xét bang thong nhu tham s6, ta phai d6i mat véi cac van
dé suy giam va nhitng van dé khac ma s& 1am cho ngudng gia tri chinh xac hon. Do
do, QoS s€ duogc coi la ¢o hi¢u qua. Vi vay, giam thiéu yéu cau dugc cép phat cho céc
may vat 1y dung v6i kha ning cung cp ciia cdc may 4o va duy tri trang thai 6n dinh

trong sudt thoi gian cung cap dich vu.
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Hinh 1.4: Kién tric ciia dién toan dam may [7]

Trong khi sir dung tinh toan ty dong, tranh chi phi chung 1a mot van dé 16n va
giai quyét bang cach dit ra cac ngudn luc thong qua thuit toan quy mé. Sau do, van
dé cudi cling 1a gt tai cAn bang ngay ca trong thoi gian ciia giai doan phat trién. Didu
nay dugc thyc hién bé“mg cach st dung cac thuit toan khéac nhau.

1.2 Tong quan vé can bang tai trong dién toan dam may

1.2.1 Gidi thiéu vé can bang tdi

Ngay nay, nganh cong nghiép CNTT dang phat trién mdi ngay va nhu cau vé
tai nguyén luu trir va tinh todn cling ngay cang tang. Mot lugng 16n dit li¢u duoc tao
ra va trao d6i qua mang, diéu nay doi hoéi nhu cau vé tai nguyén may tinh ngay cang
nhiéu. Cloud di gitup céc doanh nghiép tan dung lgi ich cia tai nguyén dién toan dugc
chia sé trén moi1 trudng 4o hoa. R4t nhiéu doanh nghi¢p da str dung céc dich vu dya
trén dam may & dang nay hay dang khac. Piéu nay dua chung ta dén khai niém can
bang tai trong dién toan dam may.

Cung v6i viée phat trién rong rdi ctia Internet, cic website hay cac img dung
trye tuyén dang ngay cang duoc rat nhidu ngudi truy cap va st dung. Khi luong truy

cap nay qua 16n thuong xay ra van deé 1a ha tang mang va kha nang xu ly ctia Server
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s& bi tic nghén cuc bo. Vi vdy, Can Bing Tai luén 1a mot trong nhitng tinh ning cong
nghé rit quan trong giup cic mdy chu ao hoat dong dong bd va hiéu qua hon théng
qua viéc phan phdi dong déu tai nguyén[15].

Giai phap can bang tai 13 viéc phan bd doéng déu luu luong truy cap giira hai
hay nhiéu cac may chi ¢ cung chirc ning trong cting mot hé thong. Bang cach do,
s& gitip cho hé théng giam thiéu téi da tinh trang mot may chu bi qua tai va ngung
hoat dong. Hodc khi mot may chu gap su ¢, Can Bé“lng Tai s€ chi dao phan phéi cong
viéc cia may chu d6 cho cac may chil con lai, day thoi gian uptime ciia hé théng 1én

cao nhét va cai thién ning suit hoat dong téng thé.
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Hinh 1.5: Mé hinh Can bang tii trong dién toan dam may [8]

Can bang tai 1a mot trong nhitng chi1 dé quan trong nhét trong mdi trudng phan
tan. Bai, Cloud Computing duoc coi 1a mot trong nhitng nén tang tot nhét giap luu
trit dit liéu v6i chi phi t6i thiéu va c6 thé truy cip moi lac moi noi qua thdng qua
Internet. Can bang tai cho dién toan ddm may da trd thanh mot linh vuc nghién ciru
vura tha vi lai quan trong. Can béng tai nhim muc dich théa man nguoi dung st dung
ty 16 tai nguyén cao bang cach dam bao phan bd hop 1y. C6 rat nhiéu khé khin trong
céc k¥ thuat cAn bang tai nhu bao mat, kha nang chiu 151, v.v... vén pho bién trong
moi trudng dién toan ddm mAay hién dai. Nhiéu nha nghién ctru di dé xuat mot sb ki
thuat va thuat toan nham tang cuong tim ra nhitng phuong an t6t nhat cho Can bang
tai.

Phan tan du doan qua tai trong can bang tai [10] thoi gian gan day da ndi 1én

nhu mot giai phap day hira hen. Trong d6, giai phap chuyén sang cip d6 giam sat tinh
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trang tic nghén ctia mdi con dudng va phan tan dong chay truc tiép dén con dudng it
tac nghén. Cach tiép cin nay c6 nhiéu loi thé thyc tién. La mot luge dd phan phdi, nd
c6 thé mé rong hon va c6 thé ddi phéd véi luu luong truy cdp nhanh hon cach lich
trinh tap trung. La mot phuong phép tiép can dit liéu, nd khong phu thudc vao ngin
xép mang ctia may chu luu trit va ngay 14p tirc mang lai loi ich cho tat ca luu luong
truy cap khi trién khai. Kha ning hién thi tic nghén cudi cing cta nd ciing 1am cho
n6 tré nén manh mé hon ma khong can cau hinh lai may diéu khién. Mau chdt cua
viéc thiét ké mot giao thirc cAn bang tai tic nghén 1a chiing ta can phai biét thong tin
vé tac nghén thoi gian thyc tir tit ca cac duong di gitra ngudn dong chay va diém dén.
Céch tiép can don gian 1a sir dung thong tin dinh huéng dudng di cudi: Mot switch
ToR duy tri cac chi sb tic nghén dau cubi cho tat ca cac dudng dan tir chinh n6 dén
c4c thiét bi chuyén mach ToR khac trong mang. Céc chi sd tac nghén co thé duoc thu
thap bang cac goi dir liéu. Thong thudng, c6 hang trim dudng dan ton tai gilta hai
ToR thiét bi chuyén mach va cong tic ToR c6 thé giao tiép v6i hang tram cac thiét bi
chuyén mach ToR khac. Quan trong hon, khong thé dé thu thap thong tin tic nghén
thoi gian thyuc cho tit ca cac duong dan nay, vi s& khong c6 du dong chay dong thoi
xay ra di cing mot luc véi tat ca ching. Trong giai doan dau, chi c6 ngudn va thiét bi
chuyén mach ToR dich tham gia dé lya chon t6t nhat dudong dan tir ToR dén tang tong
hop. Chuyén d6i nguon ToR sé& giri s liéu tac nghén ciia nd dén dich ToR, chung s&
két hop véi cac chi sb tic nghén dé chon ra con dudng tét nhat cho 16p tong hop.
Trong giai doan thur hai, tap hop da chon sau d6 chon cong tac 15i tot nhat theo mot
cach tuong tu vé tinh trang tic nghén ciia budc nhay thwr hai va thir ba. Con duong
quyét dinh lya chon sau d6 dugc duy tri tai ToR va tap hop thiét bi chuyén mach. Vé
co ban hai giai doan lya chon duong dan di str dung mot phan thong tin ciia duong
dan dé tim duoc dudng tét nhat cho dong chay. Bang cach khai thac cac tinh chét cAu
trac ciia 3 tang, lya chon duong dan hai giai doan lam giam dang ké sy phtrc tap ma
khong c6 nhiéu hiéu suat. Trén thyuc té, danh gia cho théy rﬁng thuc hién lua chon
duong dan trén mdi co s& luu lugng trong TCP 14 tét nhat va khong gay ra viée sip

xép lai goi tin ciing nhu khong gay bat ky do tré nao.
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Can bang tai luon 1a chu dé nghién ctiru néng cia cic trung tim dir liéu dam
may, muc tiéu ctia n6 1a dam bao rang moi tai nguyén mdy tinh c6 thé xir Iy cac nhiém
vu mdt cach hiéu qua va nhanh chéng. Cubi cung, viéc st dung ngué)n luc duoc cai
thién. Cac nha nghién ctru da dé xuat mot loat giai phap: can bang tinh, can bang dong
va chién lugc 14p ké hoach can bang tai. Ngoai ra, cling c6 mdt sé nghién ctru st dung
cong nghé di chuyén truc tiép ciia may 4o dé dap Gmg cac yéu cau dam mdy, nhiém
vu cua trung tdm dir li€u 1a yéu cau hiéu suit va €161 han tai. Cac chién luoc can béng
tai hién duoc chia thanh hai loai: can béng tai tinh va can bﬁng tai nang dong. Thuat
toan 1ap lich can bang tai tinh thuong bao gdm Round Robin, Rounded Robin
Weighted [14]. Cac thuét toan tinh chi str dung mot sd thong tin tinh ma khong thé
phan anh tai dong. Hién nay, hau hét cac nén tang ma ngudn md (ké ca laaS) da sir
dung cac thuat toan tinh dé tién hanh lap ké hoach tai nguyén. Loi thé cua thuat toan
1ap ké hoach can bang tai tinh 1 né rat don gian va dé str dung. Nhung trong cac trung
tam dit liéu dam mAy quy mo 16n vai tinh khong dong nhét cia tai nguyén va nhu cau
khong nhat quan cia ngudi st dung thi hiéu qua can bang tai tinh khong duoc 1y
tuong. Can bang tai dong (DLB), nd cha yéu duoc sir dung trong linh vuc phan phéi
may tinh song song. Muc tiéu chinh ciia né 13 1am thé nao dé phan phdi tai hop 1y hon
giita nhidu may chu dé tranh mot sb hién twong ma mot sb cac nat may tinh bi qué tai
hay mot sb nut co tai nhe. Tir 6 Ma cai thién toan bo hiéu suét cua hé théng. Chi phi
truyén thong bd sung dugc tao ra trong qué trinh DLB s& 1am suy giam hiéu ning hé
thdng ctia can bang tai dong. Vi vy, lam thé nao dé giam truyén géi tin trén cao nhat
giita cac niit trong qua trinh DLB tré thanh mot van dé quan trong c6 tim anh hudng
dén hiéu suét cua DLB. Tuy nhién, mot s6 thuét toan & trén khong thé dap ung duoc
su lya chon ciing nhu ban chit clia co ciu cin bang tai tdi wru cung mot lic. Vi vay,
nhirng cach phan phdi tiép can thudng c6 duoc su tdi uu cuc bd cia cac giai phap. Va
hiéu qua cua viéc giai quyét van dé phan phdi tai trong mot sé trudng hop dic biét
cling khong phai 13 1y twong. Thé nén, nd c6 thé dam bao can bang tai va st dung
hiéu qua tai nguyén vat 1y cta toan bd cum. Mit khac, can bang tai 1a van dé va chi

phi chung cia ddm may trong cac trung tam dir li¢u khong dugc xem xét. N6 chi tap
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trung vao quan Iy may ao dé ting cuong quan 1y va ning cao hiéu qua hoat dong cia
cac trung tam dir li¢u dién toan ddm may.

Cén bang tai [11] c¢6 thé duoc chia thanh 2 loai:

- Can bang tai cuc bo.

- Tai toan cau.

Can bﬁng tai cuc bg duogc str dung dé can béng du béo tai trong mot trung tam.
N6 phan phdi yéu ciu tir phia may khach sang phia may chu dé dap ung nhu cau.
Loai can bang tai thir hai 1a cAn bang tai toan cuc. N6 quan 1y va kiém soat yéu cau
tir phia khach hang ty dong dén may chii qua nhiéu trung tam dir liéu. N6 xir 1y luu
luong trén ca hai mat goi truyén tai. Xir Iy can bang tai toan cau cho su phic tap
nhung dong thoi diéu ndy ciing rat hiru ich cho truyén tai géi tin trén trung tim dir
liéu mang. Tinh kha dung dam bao rang, trong trudng hop that bai, hé thong sé tiép
tuc hoat dong nhu mong doi.

1.2.2 Muc dich cin bang tdi

Tang kha ndng dap Gng, tranh tinh trang qua tai trén may chu, dam bao tinh
linh hoat va mé rong cho hé thong [18].

Tang do tin cdy va kha ning du phong cho hé thong: Sir dung Can bang tai
gitip tang tinh HA (High Availability) cho hé théng, dong thdi dam bao cho nguoi
dung khong bi gian doan dich vu khi 15i sy cd xay ra tai mot diém cung cép dich vu.

Tang tinh bao mat cho hé thong: Thong thuong khi ngudi dung gui yéu cau
dich vu dén hé théng, yéu cau do s& duoc xir 1y trén bo Can bang tai. Sau d6, thanh
phan Can bang tai méi chuyén tiép cac yéu cau cho cic may ch bén trong. Qua trinh
tra 151 cho khach hang ciing thong qua thanh phan Can bang tai, vi vdy ma nguoi
dung khong thé biét duge chinh x4c cic may chil bén trong ciling nhu phuong phap
phan tai duoc st dung. Bing cach nay c6 thé ngin chin nguoi dung giao tiép truc
tiép v&i cac may chu, an cac thong tin va cAu trac mang ndi b, ngan ngra cac cudc
tan cong trén mang hoic cac dich vu khong lién quan dang hoat dong trén cac cong

khac.
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1.3 Téng quan vé Tri tué nhan tao (Al)

Tri tué nhan tao (AI) [1] 1a mot nganh khoa hoc may tinh lién quan dén viéc
tao ra cac chuong trinh nham muc dich ti tao nhan thirc con ngudi va cac qua trinh
lién quan dén viée phan tich sy phuc tap dir li¢u. Su ra doi cua khai niém nay dugc
lién két pho bién v6i hoi nghi Dartmouth ndm 1956 [2]. Tuy nhién, cong nghé tai thoi
diém nay da gidi han viéc tng dung Al. Gan ddy, nhitng tién bo dang ké da dugc thuc
hién trong linh vuc sitc manh may tinh vi cong nghé phan ciing va phan mém dugc
cai tién. Cac c4 nhan va to chirc trén mot s6 cac nganh cong nghiép dang bat dau nhan
ra tiém nang cua Al dé cai thién cac hoat dong hi¢n tai va nghién ctru Al da duoc
dugc tién hanh trong nhiéu linh vuc y té, dién toan dam may, xu 1y anh, ...

1.4 Tong quan vé Machine Learning

Hoc may (Machine Learning / ML) [3] 12 mot phwong phéap dé tao ra AI. ML
lién quan dén cac chwong trinh mdy tinh viét 1ap trinh cua riéng chung dé hoan thanh
mot nhi¢ém vu dinh trudc. Qua trinh nay co thé duoc giam sat, ban giam sat hoac
khong giam sat (Hinh 1). Trong hoc tip c6 giam sat, may duoc cung cap tap dit liéu,
v6i mdi vi du trong tap dir liéu di duoc gan nhin kém theo cau tra 1i. Sau d6, cac
may hoc thong qua viéc thir va sai dé du doéan cau tra 1o tir tap dir li¢u da nhap. Hoc
tap khong giam sat 1ién quan dén viéc phan tich dit liéu dau vao ma khong co cau tra
101 xac dinh. Piéu nay thuong duoc sir dung dé mé hinh hoéa cau trac va phan phdi
dir liéu [20]. Cudi cung, hoc tap ban giam sat 1a mot phuong phap két hop lién quan
dén viéc két hop dir liéu duwoc gin nhan va khong dugce gan nhan. Diéu nay co thé
giip gidm bot ganh nang cia nhiém vu ghi nhan. St dung cac thuit toan phan 16p cua
ML dé tién hanh phan 16p nguoi dung dua trén cac déc trung cua ho dé thuc hién viéc
cin bang tai.

1.5 Két luan chwong

Hiéu biét duoc nhitng khai niém tong quan vé dién toan dam may. Hiéu biét
thuat toan dién toan dam may giai quyét nhitng van dé tac nghén va mat mat goi tin
khi truyén dit liéu qua mdi trudng dién toan. Muyc dich can bang tai 1a dé lam ting

hi€éu nang cua hé thong.
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CHUONG 2 - CAC CONG TRINH LIEN QUAN

2.1 Tinh hinh nghién citru trong nwoéc

Trong bai béo [5] cla tac gia Tran Cong Hung & cac cong su da nghién ciru
va dé xuit cac giai phap nham nang cao hiéu suét trong dién toan dam may, dic biét
13 vé can bang tai dira vao thoi gian dap tng. Céc tac gia dd dua ra cong trinh nghién
clru vé cac tham sb cua tinh hiéu qua nham can bang tai trong ddm may (Study the
effect of Parameters to load balancing in cloud computing), trong d6 chi rd ring cac
k¥ thuat can bang tai c6 rat nhicu cach giai quyét: (i) Can bang tai sau khi may chi
bi qua tai; (ii) Can bang tai va du doan tai tiép theo nham phan b tai nguyén; (iii)
Cai thién cac tham sd anh huéng dén can bang tai trén dam may. Trong nghién ciru
nay ciing dé xuat mot sé phuwong phap nham nang cao hiéu qua cin bang tai va ting
hiéu sut hoat dong ctia ddm may.

Trong bai bao [6] ciia Tran Cong Hung va cac cong su dang trén tap chi Khoa
hoc cong nghé Thong tin va truyén théng s6 04(CS.01) 2018 ciia Hoc vién Cong nghé
Buu chinh vién thong, da dé xuat mot thut toan can bang tai nham giam thoi gian
dap tng trén dién toan dam may. Y tudng chinh 14 sir dung thuat todn dy bao ARIMA
dé dy bao thoi gian dap tng. Tir d6 dua ra cach giai quyét phan phdi tai nguyén hiéu
qua dua vao gia tri ngudng thoi gian. Bai bdo da dua ra thuat toan, tht nghiém mo
phong voi md hinh nhé va da dat duge mot sd két qua md phong kha tich cuc, tiém
nang du bao trong tuong lai gan.

Trong bai bao [7] cua tac gia Nguyén Thanh Thuy va cac cong su ding trén
tap chi “International Journal of Computer Science and Network, Volume 4, Issue 2,
April 2015, da trinh bay mdt cach tiép can dé cai thién thuét toan ngan chan bé tic.
Pong thoi, 1én lich cho cac chinh sach cung cip tai nguyén dé phan bé tai nguyén
khong dong nhat[13]. Thuit toan ngin chin bé tic co d6 phuc tap thoi gian chay 1a
O (min (m, n)), trong d6 m 14 s6 luong tai nguyén va n 1a s6 luong quy trinh. Ho dé

xuat thuat toan phan b6 nhiéu tai nguyén cho cac dich vu canh tranh dang chay trong
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cac may 4o trén nén tang phan tan khong ddng nhat. Cac thi nghiém ciing so sanh
hiéu suit ctiia phuong phap dé xuét véi cac cong viéce lién quan khac.

Bén canh d6, c6 rat nhiéu nghién ctru va bai bao tir Viét Nam duoc cong bd
rong rii vé can bang tai trén ddm may. Tuy nhién, da sé déu & mic thuc nghiém mo
phong va chua ap dung vao thuc té cong nghé cloud hién tai do tinh chat quy mé cua
dé tai nghién ctru.

2.2 Tinh hinh nghién citu trén thé giéi

Trong bai bao [8] “Deadlock Avoidance through Efficient Load Balancing to
Control Disaster in Cloud Environment” ciia nhém tac gia Mahitha. O va Suma. V,
An D6 nam 2013, da trinh bay mét k¥ thuat can bﬁng tai hi¢u qua dé kiém soat tham
hoa trén méi trudng dién toan dam may. Thuat toan dé xuit duoc 4p dung dé can
bang tai, dé cap dén thoi gian dép Gmg tong thé, thoi gian xr Iy va thong lugng. Thuat
toan cai tién dugc trién khai bang cach sir dung cong cu Cloud Analyst. Cac két qua
mo phong thu duoc tot hon véi thoi gian dap ung tong thé va thoi gian xir 1y ciing
duoc cai thién.

Trong bai bao nam 2012 [9] “Enhanced Load Balancing Approach to Avoid
Deadlocks in Cloud” ctia nhom céc tac gia Rashmi. K. S, Suma. V, Vaidehi. M, An
Do da dé cap dén van dé 1a can thiét phai c6 mot k§ thuat can bang tai hiéu qua dé
tranh cac bé tic. Do 1a phuong phéap can bang tai nang cao st dung hiéu qua hé thong
quan 1i ddm may. Pé dat dugc muc tiéu di dé cap ¢ trén, trong bai bao ndy cac tac
gia di dé xuat mot thuat toan can bang tai. Trong moi trudng dién todn ddm may, tai
lién quan dén sb luong yéu cau phai duoc phuc vu béi cac may ao co san trong dam
mAy. Thuit toan dé xuat tranh bé tic bang cach cung cap cac ngudn lyc theo yéu ciu
dan dén tang s6 1an thyuc hién cong viéc. Bai bdo da thao luan cac van dé hién con ton
tai cling nhu dé xuit thuat toan va mé hinh hoa thuat toan theo cong thuc toan hoc.
Dong thoi, bai bao ciing dua ra cac thiét 1ap dé mo phong thuat toan da dé xuat, so
sanh két qua ctia thuat toan dé xuét v6i cac thuat toan hién c6 va trinh bay cac két qua

dat duoc.
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Nam 2013, trong bai bao [10] “Intelligent Computing Relating to Cloud
Computing” cua tac gia B S Panda Asst va nhom sinh vién nghién ctru, trinh bay cac
khéi niém vé tri tué nhén tao trong dién toan dam may.

Niam 2018, Usman Ahmen va cac cong su [11] dd cong bd nghién ciru vé
“RALB-HC: A resource-aware load balancer for heterogeneous cluster”, trong
nghién ctru ndy, mot bo can bang tai nhan biét tai nguyén méi cho cum khong dong
nhat (RALB-HC) duoc dé xuat dé phan phdi khdi lugng cong viée dia trén tinh toan
kha ning cua tai nguyén va nhu cau tinh toan cua ng dung. RALB-HC sir dung hoc
may c6 giam sat dé phan loai cac Gmg dung bang cach sir dung cac tinh ning ma tinh.
Khung RALB-HC bao gém hai giai doan: (1) Lap ban d6 cong viéc dua trén sy sin
c6 ctia cac ngudn lyc; (2) Can bang tai nhan biét tai nguyén dé dat dugc ty 1& sir dung
tai nguyén cao hon. Két qua thir nghiém trén mot tap hop 16n khdi luong cong viéc
tong hop va trong thé gidi thuc cho thiy RALB-HC giam thoi gian thuc hién 31,61%,
tang ty 1é str dung tai nguyén 1én 67,8% dong thoi cai thién 147,35% minh bach so
voi b lap lich co s6.

Niam 2018, Priyanshu Srivastava va Rizwan Khan [1] d4 cong bb nghién ctru
vé “A Review Paper on Cloud Computing”, nghién ctru ndy nhan dinh vé nhimng loi
ich ma dién todn ddm may mang lai. Pong thoi ciing so sanh su khac nhau trudc va
sau khi xuét hién cong nghé dién toan dam may.

Nam 2019, Hogarty Daniel va cac cong sy [4] di cong bd nghién ctu
"Artificial Intelligence in Dermatology—Where We Are and the Way to the Future:
A Review", da néu 1én cac dinh nghia co ban vé tri tué nhan tao. Pay 13 co so 1y thuyét
vé tri tué nhan tao duoc st dung cho dé cuong nay.

Niam 2019, Michael Haenlein va Andreas Kaplan [12] da cong bd nghién ctru
“A Brief History of Artificial Intelligence: On the Past, Present, and Future of
Artificial Intelligence”, nghién ciru nay khai quat lich st phat trién cia tri tué nhan
tao cling nhu du doan cac hudng phat trién cua tri tué nhan tao trong thoi gian toi.

Nghién ctru nay ciing dong gop cac 1y thuyét vé tri tué nhan tao cho dé cuong nay.
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2.3 Tong két chwong

Trong chuong niy théng qua viéc nghién ctru tim hiéu dugc mot sb thuat toan
cling nhu nhitng cong trinh lién quan dén can bang tai trong dién toan dam may, gilp
luan vin nay hiéu rd hon vé can bang tai va tai trén dién toan dam may. Tur d6, hiéu
dugc nhitng vu, nhuoc diém cia cac thuit toan ciing nhu cic cach xir 1y cin bang tai,

tao tién dé va co sé viing chac cho viéc nghién ctru dé tai cua luan van nay.
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CHUONG 3 - PE XUAT THUAT TOAN CAN BANG TAI
TREN PIEN TOAN PAM MAY BANG CONG NGHE Al

3.1 Gi6i thiéu chung

Ngay nay, cac thuit toan trong cin bang tai d3 dugc nhiéu bai bao néu 1én va
ci tién nham nang cao hiéu ning cAn bang tai ciing nhu cai tién thoi gian xir 1y/thyc
hién nhiém vu. Ngoai ra, thoi gian hoan thanh va tai nguyén ctia may ao cling da giam
thiéu duoc su mat can bang tai trong moi truong dién toan dam may, tranh dugc tinh
trang qua tai trén may chu. Cac thuat todn cung vdi cong nghé Al hién dai da gop
phan 1am ting tinh hiéu qua mot cach dang ké trong viéc phan chia tac vy trén cloud,
tang tinh bao mat, dam bao tinh linh hoat va m& rong ctia hé théng. V61 nhiing muc
dich da néu trén, chuong nay sé trinh bay y tudong thuat toan dé xuat nham nang cao
kha ning can bang tai dya trén cong nghé Al hién dai dé img dung vao mo hinh cloud
v6i hé théng host va cac may ao.

3.2 M0 hinh nghién ciru

Dé phan loai cac request, md hinh can bang tai trén dién toan dam mAy sir
dung thuat toan phan 16p Decision Tree — mét trong nhitng thuat toan dugc danh gia
cao trong vi¢c phan 16p. Ngoai ra, md hinh ciling st dung thém thuat todn K-means
dé tién hanh phan cum cac may 4o (cac host) c6 tinh sin sang cao, vira va thap. Cac
request cO yéu cau phai xt li nhiéu s& duoc phan bd vao cac may 4o co tinh sin sang
cao (may ao c6 murc 6 hoat dong thap) va twong tu nhu vay, cac request cé yéu cau
xtt 1i vira hay it hon s& duoc phan bd vao cic may 4o twong tmg. Theo hudng tiép can
ndy, thuat toan dé xuat s& t6i wu dugc thoi gian xu 1i cac request trén cloud va c6 thé
tmg dung trén mdi treong cloud theo thoi gian thuc. M6 hinh can bang tai gdm 2
budc thuc hién chinh:

- Budc 1: Nhan thong tin tir cac request.

- Budc 2: Str dung cac thuat toan trong tri tu¢ nhan tao dé tién hanh can béng

tai.
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Str dung AI tién hanh
can bang tai

Tiép nhan request

Hinh 3.1: Mb hinh can bang tai

Vé muc tiéu:

- Hé théng may chu giam thiéu dugc cac ri ro nhat dinh.

- Thoi gian hoat dong cho cac yéu cau trong dién toan dam may duoc
giam thiéu.

- Ngan chin mét can bang tai ddng thoi han ché t6i da sy mét can bang tai giita
cac may ao.

- Cac yéu cau duoc giai quyét nhanh chong [22], dong thoi di doan thoi gian
xtr li ctia cac may chi ciing nhu téng thoi gian hoan thanh cho ting hay toan bo yéu
cau.

Gia dinh:

- B9 can bang tai nhan biét dugc trudce cac dich vu nao dang chay trén cac may
a0 vao bat ki thoi diém nao.

- Qua trinh nghién ctru s€ tap trung vao dich vu Web (Web Service).

- Thot gian xur 1y cua ting dich vu chay trén web va trén ting may do s€ duoc
thong tin trudc cho cac may chu web.

- RAM, vi xr 1y va I/O néu cé cau hinh tuong ty nhau thi thoi gian thyc thi
cua cac dich vu s€ c6 su chénh léch khong dang Kké.

Mo hinh nghién cvuu:

- M6 hinh du bao tac vu trén di€n toan dam may dugc thuc hién nhu sau:

o Budc 1: Nhan thong tin tir cac request.
° Budc 2: St dung cac thuat toan trong tri tu¢ nhan tao dé tién

hanh qua trinh can béng tai.
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Yéu cAu | |

ngudi diing \/

] CAN BANG TAI
SU’ DUNG THUAT TOAN DTLBA

(Decision Tree in Load Balancing Algorithm)

MAY AO MAY AO MAY AO MAY AO

Hinh 3.2: Can bing tai sir dung thuat toan DTLBA

Thuat toan dé xuét 13 noi xur 1y cac yéu ciu va dwa vao cic may ao phu hop dé
Can bang tai.

Trong mé hinh nay sir dung Regression (dwa vao cong nghé Al hién dai) dé
phan loai cac request dau vao va du bao cic thong sb cloud can dé xur 1y task ma
request nay dem dén (Power, CPU Usage, RAM Usage). Pé phan 16p véi k¥ thuat
Regression nay, thuat toan sir dung b data trong lich str cloud dugc luu lai (sir dung
dir lidu gan nhat).

Sau d6 véi s liéu (Power, CPU Usage, RAM Usage) ma cloud can co dé xir
1y Task/Job twong tng da dugc tinh toan & trén, thuat todn dugc sir dung tiép theo la
DT, dung dé phan 16p Task/Job. Trong d6, bo dit liéu 1a dir liéu thue di duoc luu lai
két hop vai dir liéu du doan mai tinh toan ra ¢ trén va phan 16p cac tac vu dua vao do
vu tién. Tir d6, phan bd vao cac may 4o twong tng.

Mo hinh nay 1a mé phong thuat toan mot cach tu nhién va 1én ké hoach cho

cac yéu cau tiép theo dé khong bi mat can bang tai. Theo thuat toan ndy s& giam dugc
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cac tai lién lac gitta may 4o va cac ngudn tai nguyén hién co. Vi vay, giam duoc bing
thong va thong luong khong can thiét, ting phuc vu cho yéu cau ngudi dung.

3.3 Thuat toan K-mean

Thuat todn phan cym K- mean 1a mdt trong nhirng thuat toan khai thac dir li¢u
manh m& va manh mé nhét trong cong ddng nghién ctru. Tuy nhién, mic du mirc do
phé bién cta nd, thuit toan c6 mot s6 han ché nhit dinh, bao gém cic van dé lién
quan dén khai tao ngau nhién cua centroid dan dén su hoi tu bat ngo. Ngoai ra, mot
thuat toan phan cum nhu vay yéu cau sb lwong cum dugc xac dinh trude, chiu trach
nhiém cho céac hinh dang cum khac nhau va hi¢u ting ngoai 1€. Mot van dé co ban cua
thudt toan K-mean 1a khong c6 kha nang xt 1y cac loai dit liéu khac nhau.

Thuét todn k-mean phu thude vao gia tri cua k, luon can duoc chi dinh dé thuc
hién bat ky phan tich phan cum nao. Viéc phan cum véi cac gia tri k khac nhau cudi
cling s& tao ra cac két qua khac nhau.

Kmeans phan vung tap dir liéu thanh cdc nhém (cum) con khdng trung lap
duoc xac dinh bai Kpre, trong d6 mdi diém dir liéu chi thuéc vé mot nhom. N6 cb
ging lam cho cac diém dit liéu trong cum cang gidng nhau cang tot ddng thoi giir cho
cac cum cang khac biét (cang xa) cang tot. N6 chi dinh cac diém dit liéu cho mot cum
sao cho tong khoang cach binh phuong giira cac diém dit liéu va trung tAm ctia cum
(trung binh cdng ciia tit ca cac diém dit liéu thudc cum d6) 1a nho nhat. Khi cang co
it bién thé trong cac cum, thi cac diém dit liéu trong cung mot cum cang déng nhat

(tuong tu).

3.4 Thuat toan Decision Trees

Decision Trees (DTs) 1a mot thuat toan hoc gidm sat phi tham sé (non-
parametric supervised learning) str dung cho cac bai toan phan 16p (classification) va
hdi quy [16] (regression). Y tudng cia thuat toan 14 tao ra md hinh dé du doan gia tri
ctia mot bién muc tiéu béng cach hoc cac quy luat dugc suy ra tir cac dac trung ctua
dir liéu.

Mot vai loi ich cua thuat toan Decision Trees:
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. Thuat toan twong ddi dé hiéu, d& dang dién giai va hinh dung.

° Decision Trees ngém thuc hi¢n va “sang loc bién” (variable
screening) hodc lva chon dédc trung (feature selection).

o Decision Trees khong yéu cau qua nhiéu cac bude tién xur li dix
li¢u.

. Moi quan hé phi tuyén tinh giita cac tham s6 khong anh hudng
dén hiéu suat cua cay.

Mot diém dang luu y cta Decision Trees 14 nd c6 thé lam viéc véi cac dac
trung (trong céc tai liéu vé Decision Trees, cac dic trung thuong duoc goi 1a thude
tinh — attribute) dang categorical, thuong 1a roi rac va khong ¢6 thir tu. Vi du, mua,
ndng hay xanh, dé, v.v. Decision Trees ciing 1am viéc voi dif liéu ¢6 vector dic trung
bao gdm ca thudc tinh dang categorical va lién tuc (numeric). Mot diém dang luu

nita 12 Decision Trees it yéu cau viéc chuan hoa dit liu.

3.5  Pé xuat thuat toan dw bao thai gian tai tdi da/tdi thiéu trong

ngay nham nang cao hiéu qua can bang tai cia dién toin dam may

Duya vao yéu t6 thoi gian xur Iy (Makespans) ctia cac request va mot s thudc
tinh khéc, ta str dung thuat toan Decision Trees dé phan 16p cac request ndy. Tir do,
ta biét cach phan bo tai nguyén cho céc request nay. Song song do, cac tai nguyén
(may ao/host) dugce phan cum theo mirc do sir dung. Két hop véi danh gid sé 1an sai,
va sai s0, ta cai thién thuat toan br?mg cach ap dung may hoc vao, tuy nhién, viéc ap
dung nay sé& it dién ra vi c6 sai s6 cho phép.

Luin vin nay xin dé& xuat thudt toan DTLBA (Decision Trees in load
balancing algorithm) gdm 3 nhém Module chinh:

(1) Module tinh todn ra cdc théng sé cia request bang thudt todn Decision
Trees:

Trong Module nay, thuat toan Decision Trees s€ dya vao cac thudc tinh cua
request ma tinh toan ra thoi gian xtr 1y cia request do, tir d6 phan 16p Request nay.

Céc thudc tinh bao gdbm: Size, Response Length, Max Length,. ..
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Nhoém Thoi Gian xir 1y = MKnew = DT(X1, Xa,.. ., Xn)

Trong do Xj la cac thudc tinh ciia Request khi guri 1€n cloud.

O day c6 thé chia thanh nhiéu nhom (tir 4 ~10 nhom) hodc hon nira dua vao
d6 bién thién cua Request.

(2) Module phan lop tac vu theo do wu tién:

Trong Module nay s& sir dung thuét toan phan cum K-Means (v6i k = 3) dé
phan cum cac may ao dua vao mirc dong hoat dong, str dung tai nguyén ctia may ao,
bao gdm cum cao, trung binh va thap. Viéc phan cum mdy 4o nay dua vao thong sd
turc thot cua cadc may 4o;

Cluster; = K-Means (CPU usage, RAM, ...);
Trong d6:  i=11a nhém thép

i =2 la nhom trung binh

i =3 lanhém cao

(3) Module phén bé cdc dich vu (chon mdy do)

Module nay c¢6 nhiém vu phan b cac yéu cau dén cac may 4o thong qua loai
request va cum may ao phu hop. Néu mét yéu cau duoc giri dén thi yéu cau nay duoc
phan loai bai Module 1. Con cac VM dang xét ké ca VM khong tai cling dugc phan
cum theo Module 2. Sau d6 thuit toan s& tinh toan ra request nao phti hop nhat véi
may a0 nao thong qua thong s tra vé ciia 2 ham DT va K-Means ¢ trén. Néu thoi
gian x1r 1y tinh toan ciia Request dang xét (dugc tinh toan tir module 1) nhé nhét thi
yéu cau nay sé& dugc xtr Iy trén VM vé6i mirc d6 xa means nhat (tirc thudc nhoém 1 va
c6 mirc do sir dung thap nhat). Pbi véi cac request khong nho khong 16n ta co thé

dung cac phuong phap tinh toan nhu loai suy hay sai phan dé tinh toan viéc phan bé.
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Module 1 Module 3

RT= New response time

DT(request)

Allocate new request to the
Selected VM

Module 2

W -

Complete

Hinh 3.4: So' @6 cia thuat toan DTLBA

Thuat toan DTLBA

1 For each Request in CloudRequests

2. isLocated = true;

3 RT new = DT (RT1, RT2....); // Module 1

4. VM Cluster = kMeans(situation); // situation:

Trang thdi cua céc VM Module 2

5. For each VM in VMList

6. If isFitSituation(Request.RT new ,
VM.VM Cluster)

7. AllocateRequestToVM (VM, Request);
// Module 3

8. isLocated = true;

1 break;

2 End If

3. End For

4 If (!isLocated)

5 VM = VMList.getMinFromMean (); // Module
2

6. AllocateRequestToVM (VM, Request);

7. End If

8. End For
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Phwong phap danh gia thuat toan DTLBA

Thuat toan dé xuit cho thiy cac két qua kha quan trong viéc cai thién thoi gian
phan hdi va xir 1i tic vu ctia ddm may trung tdm cling nhu han ché sé luong yéu cau
xép hang dé phan phbi mot cach hop li. So vé6i cac thuat toan cii nhu MaxMin, Round
Robin, MinMin va FCFS, thuat toan dé xuat ¢ kha ning toi wu héa qua trinh can
bﬁng tai va hiéu nang cua dién toan ddm may, thé hién duoc su vuot troi va tinh on
dinh cao hon.

3.6 Két luan chwong

Chuong nay dua ra mo hinh nhim giai quyét van dé can bang tai thong qua
cac k¥ thuat Al hién dai. V&i muc tiéu ban dau 1a duy tri tinh 6n dinh va hoat dong
lién tuc cua cloud, thudt toan dé xuat DTLBA da chirng minh dugc tinh hiéu qua cua
minh trong qua trinh cin bang tai. Bang chimg 13 giam thiéu duoc thoi gian hoat dong
cho céc yéu cau Va céc rui ro nhit dinh, d@)ng thoi han ché va ngan chan t6i da sy mat

can bang tai gilra cac may ao.
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CHUONG 4 - MO PHONG CHUONG TRINH VA PANH
GIA KET QUA

4.1 Giéi thiéu chung

Trong chuong nay trinh bay vé cai dit mo phong thuat toan duoc dé xuit vé
can bang tai dya vao cong nghé Al hién dai. Tur két qua thuc nghiém mé phong cho
thdy mot phuong phap mdi giai quyét van dé can bang tai, cu thé 1a sir dung thuat
toan du bao Decision Trees phan loai request. Tir 46 dua ra cach giai quyét phan phdi
tai nguyén mot cach hop 1y dén cac may ao c6 mirc do hoat dong thap nhat. Vi co
ché hoat dong nay, thuat toan dé xuat DTLBA s& tdi vu hod thoi gian xur 1y can bang
tai trén cloud va c6 kha nang ting dung trén moi truong cloud theo thoi gian thuc. Sau
khi két thuc cac buéde thuc nghiém, két qua thu dugc s€ dugc phan tich va so sanh voi
cac thuat toan khac, tir d6 ching minh dugc tinh hi¢u qua cua thuat toan dé ra.

4.2 C4c thong so dau vae, méi truwong thuc nghiém

* Pau vao 1a cac request ciia ngudi dung.
* Str dung Java va CloudSim dé thuc hién nghién ctru ny.

Dua vao dir liéu ctia cac request da biét, ta c6 thé st dung thuat toan Regression
dé phan loai request bang cach tinh toan ra bo Priority = {Power, CPU, RAM}, tir d6
biét cach phan bo tai nguyén cho cac request vao cic may ao da phan cum. Két hop
v6i danh gia sb 1an sai va sai s, ta cai thién thudt toan bang cach ap dung may hoc
vao, tuy nhién viéc ap dung nay s& it dién ra vi c6 sai s6 cho phép.

Gia 1ap moi truong cloud sir dung bd thu vién CloudSim va lap trinh trén ngén
ngit JAVA. Mai truong gia 1ap cloud c6 tir 5 dén 15 may ao, tao moi trudng request
ng'flu nhién dén cac dich vu trén cloud. Bao gé)m dich vu cung cép may 4o, dich vu
cung cip va dap tng thir nghiém ctia ngudi dung CloudSim.

Cai dat thuat toan Regression, DT trén méi truong md phong duoc phat trién
boi bo thu vién Weka va kiém nghiém ra két qua.

Cac tham so ciia m6 hinh mang mo phéng:
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Thue nghiém moé phong thuét toan dé xuit duoc cai dit trén ngdn ngit JAVA
va st dung APACHE NETBEAN IDE d¢é chay thtr, sau d6 hién thi két qua dudi dang
console. Moi truong gia 1ap véi bd thu vién ma ngudn mé CloudSim 4.0 (duge cung

cAp boi http://www.cloudbus.org/), két hop voi bo thu vién vé datamining 1a WEKA.

Moi truong méd phong gia 14p gdm céc thong sb sau:
- 01 Datacenter v6i thong s6 nhu sau:

Bang 4.1: Thong s6 ciu hinh Datacenter

Thong tin Datacenter Thong tin Host trong
Datacenter
- S6 lugng may (host) trong Mobi host trong
datacenter: 5 Datacenter c¢6 cdu hinh nhu
- Khéng str dung Storage (cac 6 | sau:
SAN) - CPU c¢6 4 nhan, mdi
- Kién trtc(arch): x86 nhan co6 tbc d6 xu Iy 1a 1000
- Hé diéu hanh (OS): Linux (mips)
- Xir Iy (VMM): Xen - RAM: 16384 (MB)
- TimeZone: +7 GMT - Storage: 1000000
- Cost: 3.0 - Bandwidth: 10000
- Cost per Memory: 0.05
- Cost per Storage: 0.1
- Cost per Bandwidth: 0.1

- Cac may 40 c6 cu hinh giéng nhau khi duoc khoi tao:

Bang 4.2: Cau hinh may o

Kich thwdéce
_ 10000 MB
(size)
Mips 512 MB
RAM 250
Bandwidth 1000
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S6 lwong CPU )
(pes no.)
VMM Xen

- Cac Request (cac Request chay trén web, WebRequest) dugc dai dién boi
Cloudlet trong CloudSim va kich thuéc cta cac Cloudlet duoc khéi tao mot cac ngau
nhién bang ham random ciia JAVA. S6 luong Cloudlet 1an luot 1a 20 = 1000.

Biang 4.3: Céu hinh thong s cic Request
Chiéu dai
(Length)
Kich thudc file
(File Size)

3000 ~ 1700

5000 ~ 45000

Kich thude file xuit ra
(Output Size)
S6 CPU xir ly
(PEs)

450 ~ 750

- Thuat toan dé xudt dugc xdy dung bang cach tao ra 16p
DTLBASchedulingAlgorithm ké thira tir ddi twong BaseSchedulingAlgorithm.
Ngoai ra con cdp nhat thém mét sé phuong thic va thudc tinh lién quan t6i
predictRequestRegression nham diéu chinh cac ham dyng san dé phu hop véi thuat
toan dé xuat:

@Override

public void run() // Module 3

public CondorVM getMostFreeVM(String vmClass)
// Module 2

public String predictRequestDT(Cloudlet req)

// Module 1

Tiéu chi danh gia:
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Str dung thuat toan can béng tai c6 san cia CloudSim va thuét toan dé xuét
méi cai dat duoc dé chay thuc nghiém mé phong cloud véi cac tham s6 & trén. Ca hai
thuat toan c6 cung dau vao dé phuc vu cho qua trinh so sanh két qua dau ra, dic biét
1a thong s6 thoi gian xir Iy (Makespan).

Céac may 40 va cloud c6 thoi gian xtr 1i véi sai s6 cang thip thi hiéu qua cua
thuat toan cang dat duoc két qua tdt.

4.3 Két qua thuc nghiém ciia md hinh

Két qua chay thuc nghiém mo phong trén CloudSim véi 5 may ao duoc dyng
san dé dap Gmg cac yéu cau. Cac yéu cau dugc khoi tao v6i chiéu dai va kich thudce
ngau nhién. Cung sb luong Request tir 1-30, dem so sanh v&i cac thuat toan Round-
Robin, MaxMin, MinMin va FCFS véi thoi gian thuc hién la:

Bang 4.4: Két qua thwe nghiém mé phéng véi 30 Request

S6 lan Round- _ o

Request Robin MaxMin | MinMin FCFS | DTLBA
1 18.1 18.69 18.53 18.87 19.82
5 84.58 153.07 19.22 18.36 20.05
10 684.37 531.03 368.76 082.36 659.43
15 39.63 5.74 5.91 10.62 6.22
20 23.61 45.06 6.07 10.92 5.53
25 630.88 1036.08 899.76 601.5 463.99
30 34.27 4.97 5.11 9.19 5.38
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== Round-Robin

Hinh 4.1: Biéu dd so sanh thoi gian thuc hién ciia 5 thuat toan véi 30 Request

O 10 Request dau tién, thuat toan MinMin c6 phan chiém wu thé hon vé thoi

1én dugc mure trung binh.
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10

MaxMin

MinMin

25

30

FCFS  emmm=DTLBA

gian xu 1y so véi cac thuét toan con lai, thuat toan FCFS lai tén qua nhiéu thoi gian.
Trong khi d6, thoi gian xir 1y tac vu cta thuat toan DTLBA van duy tri & mirc trung
binh. Nhung tir Request 15 — 20 thi ca 5 thuat toan da khong con cach biét qua nhiéu
vé d6 chénh léch thoi gian xtr 1y cac tac vu trén cloud. Tuy nhién tir Request 20 trd
di, cac thuat toan lai c6 su bién chuyén mai, thuat toan DTBLA da bat pha vuon 1én

vi tri dan dau, thuat toan MinMin d3 tut hang xuéng gﬁn cudi va thuat toan FCFS da

Bang 4.5: Két qua thwe nghiém mé phéng véi 50 Request

S6 lan Round- _ o

Request Robin MaxMin | MinMin FCFS | DTLBA
20 1248.77 511.93 940.91 483.94 645.0
25 17.58 5.9 9.77 5.95 6.28
30 11.7 10.02 9.35 6.51 6.35
35 17.38 5.7 10.15 8.17 6.19
40 710.6 312.47 1056.66 356.97 587.13
45 1266.75 1234.5 1105.19 | 1822.32 | 762.82
50 17.56 5.89 9.75 5.94 6.28
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Hinh 4.2: Biéu dd so sanh thoi gian thuc hién ciia 5 thuat toan véi 50 Request

Véi su khoi dau khong qué sai biét & Request 20 — 35, cac thudt toan gan nhu

20

37

25

Round-Robin

30

MaxMin

35

MinMin

gan nhu gap doi thuat toan DTLBA & Request 45.

40

45

50

FCFS  emmmDTLBA

co su déng nhat vé thoi gian xur ly. Dac biét, cac Request tir 25 — 35 khi sy chénh 1é€ch
vé thoi gian xur 1y gifra 5 thuat toan 13 khong dang ké. Nhung tir Request 35 gitta cac
thuat toan xur 1y tac vu trén cloud lai c6 mdt su chuyén minh déy bat ngo. Cu thé,
thuat toan DTLBA ludn nam trong top nhiing thuat toan c6 thoi gian xir Iy tac vy hiéu

qua, thuat toan FCFS lai bi tut hdu so v&i nhitng thuét toan con lai khi chiém thoi gian

Bang 4.6: Két qua thwe nghiém mé phong véi 100 Request

S6 lan Round- _ o
Request Robin MaxMin | MinMin | FCFS DTLBA
10 19.8 38.36 21.85 45.17 17.73
20 22.99 38.01 31.18 45.44 23.64
30 327.99 514.68 564.03 580.27 351.49
40 1323.85 | 2663.58 | 774.97 | 1657.55 426.93
50 5.75 1041.66 6.55 12.56 5.74
60 20.95 | 4795.18 | 439.17 13.02 629.79
70 5.15 4500.71 | 595.038 13.55 5.25
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80 793.39 10.15 5.43 735.17 5.77
90 1378.11 6.42 405.95 | 1078.82 460.56
100 5.56 8.22 6.49 12.08 26.24
6000

5000

4000

3000
2000

1000

: M

10 20 30 40 50 60 70 80 90 100

== Round-Robin MaxMin MinMin FCFS  em===DTLBA

Hinh 4.3: Biéu d6 so sanh thai gian thuc hién cia 5 thuat toan véi 100 Request

Vi két qua thyc nghiém ¢ 30 Request trd lai, ta théy thoi gian thuc hién ctia
5 thuat toan 13 gan nhu twong dwong nhau, trong d6 thoi gian cua thuat toan Round-
Robin va DTLBA bam dubi nhau dé gianh vi tri dan dau. Cac Request tir 30 — 50
chinh 12 loi thé cua thuat toan DTLBA déng thoi cling 1a su bat loi cua thuat toan
MaxMin. Cu thé, khi & Request 40, thoi gian thyc hién cta thudt todn MaxMin chiém
gap 3 lan thoi gian thyc hién cia thuat toan DTLBA.

O Request 50, cac thuat toan déng loat gidm manh thoi gian xur 1y tac vy trén
cloud, trong khi d6 thoi gian xir Iy cua thuét todn MaxMin c6 su chénh 1éch rét 1on
so voi cac thuat toan con lai. Pic biét, so voi thuat toan dang chiém vi tri dau bang 12
DTLBA thi thoi gian ctia thuat toan MaxMin gap 200 lan.

Két qua thuc nghiém tir Request 50 — 70, cac thuat toan van gitt dugc su bén
ving trong thoi gian thuc hién cua minh, dac biét 1a thuat toan Round-Robin va FCFS

ludn chiém gitr 2 vi tri dau bang. Tuy nhién, & Request 70, thoi gian xir 1y cta thuat
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toan MaxMin di dén muc toi da, gip toi 900 1an thoi gian cua thuét toan ding dau
Request 70 hién gio 1a Round-Robin.

Céc Request tir 70 — 80 chinh 1a san choi ctia thuit toan DTLBA khi d6i thu 1a
thuat toan Round-Robin duong kim vo dich & Request 70 da nhanh chong bi danh bai
boi thuat todan MinMin & Request 80. Thuat toan FCFS dang ¢ vi tri thir ba cling phai
nhuong ngdi vi cua cho thuat toan MaxMin.

Nhu d3 biét, néu céi gi d 1én dén dinh diém thi s& bat ddu d6 doc xudng. Thuat
toan MaxMin ciing khong ngoai 1€, thoi gian thuc hién cia thuat toan luén nam trong
top 3 thuat toan t6i wu nhat, bang chung 13 cac Request tir 80 — 100. Hon hét, &
Request 90, thuat toan MaxMin di ngdi chém ché ¢ ngdi vi dau bang.

Véi két qua thyc nghiém cua 100 Request d6 lai, ta thiy thuat toan MaxMin
gip kha nhiéu kho khan khi ludn ton nhiéu thoi gian nhat dé xir Iy cac tac vy trén
cloud, cang nhiéu request thi do 6n dinh cang cao hon. Céc thuat toan MinMin, FCFS
va DTLBA van ludn nhat quan duy tri sy 6n dinh ctia minh qua cac thoi ky Request.
Thuat toan Round-Robin van luon chiém wu thé va xir Iy nhanh nhat so véi cac thuat
toan con lai.

Két qua chay thuc nghiém mo phong trén CloudSim véi 5 may ao duoc dung
san dé dap umg cc yéu cau, cac yéu cau duoc khoi tao véi chidu dai va kich thudce
ngau nhién, s6 lugng Request 1an lugt 13 100 dén 1000:

Bang 4.7: Két qua thwe nghiém mé phéng véi 1000 request

S6 1an request Round- MaxMin | MinMin | FCFS DTLBA
Robin
100 19.02 | 2718.88 | 26.1 22.45 32.8
200 28.58 26.13 24.74 23.88 30.86
300 1048.1 | 438.76 | 495.82 | 353.0 846.62
400 465.03 | 348.02 | 733.45 | 1437.28 | 576.93
500 13.74 | 420.48 | 827.17 6.9 7.63
600 13.72 6.51 7.83 6.71 9.11
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700 684.63 14.59 7.66 412.79 8.64
800 567.92 588.5 833.3 617.17 427.73
900 398.96 | 589.51 7.48 497.46 858.53
1000 5.66 6.47 6.22 54.11 9.7

3000
2500
2000
1500

1000

500 /\ ‘<
500 600 700 800

100 200 300 400 900 1000

= Round-Robin MaxMin MinMin FCFS e DTLBA

Hinh 4.4: Biéu dd so sanh thoi gian thyc hién caa 5 thuat toan véi 1000
Request

Tu Request 100 tré di, thuat toan DTLBA vuot troi hon hin so véi cac thuat
toan con lai do sy 6n dinh bén viing trong subt qua trinh xir 1y cac tac vu trén cloud.
Tuy khong c6 nhiing lic thoi gian xir 1y ngan nhat nhu thudt toan Round-Robin,
MaxMin hay FCFS nhung ciing khong nhiing ltc thoi gian xtr 1y ting dot bién nhu
thuat toan MaxMin hay thuét toan FCFS. Qua d6 ta c6 thé thay thuat toan MaxMin
va FCFS chua thé hién duogc su thong minh va tinh tu nhién khi xay dung thuat giai.

Thong qua 02 biéu d6 so sanh thoi gian xir 1y ctia cac thuat toan voi diéu kién
nhu nhau ta c6 thé thiy sy phin b6 kha 6n dinh va hop 1y cua thuat toan dé xuét
DTLBA. Thoti gian xtr ly ciia cac may 4o kha quan hon so véi thoi gian xir 1y ctia cac
thuat toan khéc trén cloud (6 trudng hop it va nhiéu Request).

Thuc nghi€ém moé phong nay chi 1a m6 phong nhém céc may do, chua tinh téi

viéc mo rong tp cac may ao (VM pool) dé giam tai trong trudng hop can thiét, vi gia
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dinh 12 nhom cac may 4o nay xir Iy tdi da bao nhiéu Request, néu vuot qua ta méi mé
rong pool. Tuy nhién, viéc thi nghi€ém mo phdng véi luong Request 16n 1a trén 1000,
doi hoi mdy tinh manh hon va bo xtr Iy tot hon. Vi vay day chinh 1a han ché cua thi
nghiém mo phong nay.

4.4 Két luan chwong 4

Chuong 4 cua luan van trinh bay mo hinh thyc nghiém moé phong, cac thong
s6 cling nhu kich ban dua ra 1a dya vao qua trinh request ctia cac browser trén moi
truong cloud. Tir d6, ghi nhan cac thong s6 vé thoi gian dap ung du bao ciia cac may
40 va cua cloud. Viéc chay thyc nghiém mé phong voi thong sé 5 may 4o, chiu tai tir
50 dén 1000 request da cho thiy két qua twong ddi tét, viéc phan bo cac request dén

cac may ao xtt 1y ciing kha dong déu va cd tinh kha thi cao.
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KET LUAN

Luan vin “PE XUAT THUAT TOAN CAN BANG TAI TREN PIEN
TOAN PAM MAY BANG CONG NGHE AI HIEN PAI” dya vao cac thuit toan
[23] dd c6 d6 dé phan tich va 1am rd ching. Sau dé, c6 thé danh gia dua ra nhuogc
diém va loi thé cua tung thuat toan. RO tir cac nhuoc diém da phan tich, dé xuét mot
thuat toan nham cai tién va nang cao kha nang can bang tai so véi thuat toan cil. Thuét
toan dé xuét da dat duoc hiéu qua nhét dinh trong vi¢c phan bd tac vu va nang cao
can bang tai trong moi trudng dién toan ddm may. Qua trinh nghién ciru da dat duoc
nhiéu muc tiéu dé ra nhu sau:

- Nghién ciru tong quan ddm may va cac ddm may véi ba mo hinh chinh (laaS,
PaaS, SaaS) dang duoc str dung. Cac k¥ thuat can bang tai dugc dung trong moi
truong dién toan dam may.

- M6 phoéng lai qua trinh nghién ctru dién toan ddam may thong qua cong cu
CloudSim — mot trong nhitng cong cu dugc danh gia c6 giao dién than thién va dé
dang sir dung dé thyc nghiém. Cai dit va mo phong cac k¥ thuat can bang tai voi Cac
thuét toan Round Robin, MaxMin, MinMin ciing nhu thuét toan tu nhién FCFS. Cac
gia tri thu duoc khi mo phong dua ra dé phan tich so sanh v6i nhau. Muc dich 1 tom
lai duoc cac wu diém va nhuoc diém cua cac thuat toan, tir d6 co huong dé xuit mot
thuét toan stra d6i dé khic phuc mat han ché do.

- Dé xuét thuat toan DTLBA c6 kha ning giai quyét dugc cac van dé vé quan
li tai nguyén, thoi gian dap Gmg cho cac tac vu duoc cai thién va cac yéu ciu ciing
dugc xur li nhanh chong boi may do.

Han ché luan van;

- Chua duoc tng dung vao mdi truong thuc té.

- Thoi gian dap Gmg va xtr Iy chua cai thién duoc nhiéu.

Van dé kién nghi va huéng di tiép theo cua nghién ctru:

- Pua thuét toan dé xuét vao ing dung thuc té.
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- Ap dung mé hinh ning luong tiéu thu ctia datacenter hoic cloud tuong tmg

dé xdy dung biéu dd phan bb tai cho cloud.
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