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LOI CAM DOAN

T6i cam doan rang luan van: “Nghién ciru chinh sich bén virng nham xiy
dung thuit toin ning cao hiéu qua cin bang tai ciia dién toan dam may” 1a
cong trinh nghién ctru cua chinh toi.

T6i cam doan cac s liéu, két qua néu trong luan vin 13 trung thuc va chua

ting duogc ai cong bd trong bat ky cong trinh nao khac.

Khong c6 san pham/nghién ctru nao cua ngudi khac dugce sir dung trong luan

vin nady ma khong duoc trich dan theo ding quy dinh.

TP. H6 Chi Minh, ngay 25 thang 01 nam 2022

Hoc vién thuc hién luan van

Nguyén Thanh Trung
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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 v6i su dong vién va ung ho cua gia dinh, ban bé va dong nghiép. Vi long
kinh trong va biét on siu sic, t6i xin giri 101 cam on chan thanh téi:

Ban Giam Déc, Phong dao tao sau dai hoc va quy Théy C6 d3 tao moi diéu
kién thuén lg1 gitip t61 hoan thanh luan 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 lic khé khin dé toi c6 thé hoc tap va hoan thanh luan
van. Mic du da c6 nhiéu ¢ gang, nd luc, nhung do thoi gian va kinh nghiém nghién
ctru khoa hoc con han ché nén khong thé tranh khoi nhiing 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 thién hon.

Xin chan thanh cam on!

TP. Ho Chi Minh, ngay 25 thang 01 nam 2022

Hoc vién thyc hién luin van

Nguyén Thanh Trung
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MO PAU
1. Tinh cdp thiét ciia dé tai

Trong thoi dai ngay nay, cong nghé thong tin va truyén thong ngay cang phat
trién, doi hoi nhu cau xtr Iy thong tin ngdy cang cao, can c6 hé thong c6 kha ning
luu trir va khai thac duge mot lugng dit liéu 16n. Su phat trién khong ngung ctua nén
kinh té thé gi6i va trong nudc doi hoi cic doanh nghiép, cac tip doan 1on phai c6
giai phap dé luu trir va khai thac thong tin vé cac dit liéu 16n lién quan dén cong
viéc kinh doanh cua ho. Viéc trang bi may chu vat 1y doi hoi phai c6 mot by phan
k¥ thuat am hiéu vé cong nghé thong tin dé quan tri va van hanh hé théng. Pong
thoi cling mat nhiéu chi phi dé dau tw, nang cip phan mém, phan cing, phi béao tri,

nhan céng...

Chinh vi thé, dién toan dam may (cloud computing) 1a mot trong nhiing giai
phap dang thu hut dugc mot s6 lugng 16n cac doanh nghiép str dung. Dién toan dam
mAy thue chat 1a mo hinh cac may chu o, sir dung cac cong nghé may tinh va phat
trién dua vao mang Internet. O md hinh dién toan nay, moi kha ning lién quan dén
cong nghé thong tin déu duoc cung cap dudi dang cac "dich vu". “Dich vu” nay cho
phép nguoi st dung truy cép cac dich vu cong nghé tir mot nha cung cp nao do
"trong ddm may" ma khong can phai c6 cac kién thirc, kinh nghiém vé cong nghé
d6. Ngoai ra, ngudi dung ciing khdng can quan tdm dén cac co s ha ting phuc vu

cong ngh¢ ma minh dugc cung cap.

Dién toan dam may giai quyét cac van dé toi uvu hoa luu trit, 40 hda may chu,
co s¢ ha tang mang véi muc dich mang lai dich vu véi chat lugng tot nhat. Cac tap
doan, doanh nghiép va ca nhan ngudi ding chi can tra phi véi dich vu twong tng

ma ho str dung.

N6i vé chit luong dich vy trén dién toan dam may, nguoi dung cam thiy chat
luong dich vu dap tng tét trong cong viée quan 1y diéu hanh, luu trir va khai thac tai
nguyén. Mit khac, viéc quan 1y tai nguyén tré thanh mot cong viée phuc tap ddi véi
cac nha cung cép dich vu ddm may. C6 mot s6 van dé duoc dit ra; lam sao khic
phuc van dé thiéu tai nguyén, giam d6 tré trén ddm mAy va kha ning cai thién hiéu

suat mang khi nhiéu nguoi dung sir dung cuing lic.
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Pé giai quyét cac van dé trén, hién nay da c6 hé thong can bang tai dé phan
bd dong déu luu lugng truy cap gitta hai hay nhiéu cac may chu c6 cung chirc ning
trong cing mot hé thdng. Bang cach do, sé gitip cho hé thong cung cap dich vu cia
nha cung cip giam thiéu mot cach téi da tinh trang mot may chi bi qué tai va ngung

hoat dong.

Hién nay c6 nhiéu thudt toan can bang tai trén cac dich vu dam may. Tuy
nhién, hiéu qua cua cac thuat toan van con nhiéu han ché, chua dua ra duoc giai
phap gitp bo can bang tai cung cap tai nguyén mot cach hiéu qua va khong ton thoi
gian quay vong lip. Ngoai ra, cac thuat toan ciing chua c6 kha ning sin sang va

dam bao d¢ tin cay cua hé théng.

Do d6, viéc dé xuat “Nghién ciru chinh sdach bén vitng nham xdy dung thudt
toan ndng cao hiéu qua cdn bang tdi ciia dién todn dam mdy” 1a vo ciing can thiét.

Thuat toan dé xuat c6 kha nang chiu 18i (Fault Tolerance), viéc truy cap ciing
dugc phan bo dong déu trén cac ngudn tai nguyén, tham chi la trén cac Datacenter
khi nhu cau ting 1én mot cach nhanh chéng. Hodc khi mot may chu gip su ¢d, chire
nang can bang tai ddm may s& chi dao phan phdi cong viéc cia may chit d6 cho cac
may chu con lai, ddy thoi gian (Uptime) ctia hé thong 1én cao nhét va cai thién ning

suat hoat dong.

Nham nang cao hi¢u qua can bang tai trén cac dich vu dién todn dam may da
dugc dé xuat, em xin dua ra ngi dung dé tai nghién ctru nhu sau: “Nghién ciru chinh
sach bén vitng nham xdy dung thudt toan nang cao hiéu qua cdn bang tai cua dién
toan dam mdy”.

bé cuong luan van bao gobm 03 phan: Phan mé dau, ndéi dung gom 04

chuong va phan két luan.
2. Tong quan vé vin dé nghién ciru
2.1. Tinh hinh nghién ciru trong nwoc

Trong bai bao [1] cua Train Cong Hung va cac cong su ding trén tap chi
Khoa hoc cong nghé Thong tin va truyén thong s6 04(CS.01) 2018 cua Hoc vién
Cong nghé Buu chinh vién thong, nhém tac gia da dé xuat mot thuat toan can bang

tai nhdm giam thoi gian dap Gng trén dién toan dam mAay. Y tudng chinh cia bai la
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su dung thuat toan dy bao ARIMA dé du bao thoi gian dap ung, tir d6 dua ra cach
giai quyét phan phdi tai nguyén hiéu qua dwa vao gia tri ngudng thoi gian. Bai bao
da dua ra thuat todn, thir nghiém mé phong véi mo hinh nho va da dat duge mot )

két qua mo phong kha tich cuc va tiém ning trong du bao twong lai gan.

Bai bao [2], [21] cua tac gia Nguyén Thanh Thuy va cac cong sy ding trén
tap chi “International Journal of Computer Science and Network, Volume 4, Issue
2, April 20157, da trinh bay mét cach tiép can méi dé cai thién thuat toan ngan chan
bé tic. Cuy thé 1a 1én lich cho cac chinh sach cung cap tai nguyén dé phan bd cho céc
tai nguyén khong dong nhat. Thuit toan ngin chin bé tic c6 do phirc tap thoi gian
chay 1a O (min (m, n)). Trong d6, m 1a s6 lugng tai nguyén va n 1a sé lugng quy
trinh. Ho d& dé xuét thuat toan phan bo nhiéu tai nguyén cho cac dich vu canh tranh
dang chay trong cdc may 4o trén nén ting phan tan khong dong nhat. Cac thi
nghiém ciing so sanh hiéu suit ciia phuong phap dé xuét voi cac cong viéc lién quan

khac.

Luan vin ciing nghién bai bao [3] cua Cac tac gia Nguyén Ha Huy Cuong,
Ping Hung Vi, Pham Nguyén Minh Nhut va Lé Van Son trong cudn sach “Nhimng
tién bd gan day ciia cong nghé thong tin va truyén thong nam 2015 trang 285-295”.
Trong bai viét ndy, ho di nghién ctru viéc phan bo tai nguyén & cip co so ha tang
thay vi nghién ciru cach 4nh xa tai nguyén vat 1y véi tai nguyén ao dé sur dung tai
nguyén tét hon trong moi truong dién toan dam may. Nhom tac gia dé xudt mot
thuat toan moi dé phan bd tai nguyén cho co so ha ting. Sau do, co so ha tang sé tu
dong phan bod cac may 4o vao mot trong s cac tmg dung dién toan dam may dya
trén phat hién gian doan. Tir d0, thuat toan co thé tiép can va st dung phuong phap
ngudng dé tdi wu hoa quyét dinh phan bd lai tai nguyén. Ho cling da trién khai va
thue hién thuét todn minh dd dé xuat bang cach str dung trinh mé phong CloudSim.
Két qua thi nghiém cho thdy thuat toan dé xuat cia nhom tac gia co thé nhanh
chong phat hién bé tic va sau d6 giai quyét cac tinh hudng twong dwong cac trudng

hop trong thuc té.
2.2. Tinh hinh nghién civu trén thé gigi

Trong bai bao [4] “Deadlock Avoidance through Efficient Load Balancing to

Control Disaster in Cloud Environment” ctia nhom tac gia Mahitha. O va Suma. V,
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An Do nam 2013 da trinh bay mot k¥ thuat cAn bang tai hiéu qua dé kiém soat tham
hoa trén moi truong dién toan dam may. Thuat toan dé xuat duoc ap dung dé can
br:ing tai. Cu thé 13 so sanh hiéu suit hé théng dugc thuc hién trong ca hai truong
hop c6 va khong c6 can bang tai. Thuat toan dé xuit duoc thyc hién bang cach sir
dung cong cu Cloud Analyst. Két qua mé phong thu dugc dd mo ta viée chia sé va
quan 1y tai nguyén tot hon véi thoi gian phan hoi tong thé téi thicu, thoi gian xur 1y
va théng luong tot hon.

Trong bai bao [5] “Deadlock prediction in linear systems” cua tic gia
Zbigniew Suraj dugc dua ra tai Hoi nghi chuyén dé vé 1y thuyét tinh toan nim 1984
da dé cap dén o phtrc tap tinh todn cta van dé du doan gian doan. Trong cac hé
thong tuyén tinh duoc diéu tra. Tac gia di dé& xuat mot thuat toan dé giai quyét van
dé nay cho cac hé thong tuyén tinh. P phuc tap cia nd 1a da thire. Bai bao ciing
chtra mot thuét todn giai quyét van dé tranh bé tic trong cac hé thong. Do phuc tap

tinh todn cua thuat toan dé cling 1a da thuec.

Trong bai bido ngay 03/9/1990 [6] “DEADLOCK PREDICTION FOR
ESCROW TRANSACTIONS” cuia tac gia PATRICK E. O’NEIL da dé¢ cap dén
phuong thire giao dich ky quy cho phép cac giao dich ton tai 1au dai va cap nhat ho
so ma khong chin quyén truy cip dong thoi cia cac giao dich khac dé ghi lai cac
ban ghi da sira doi. Tinh hudng c6 thé xay ra trong hé thong ky quy phai ké dén yéu
cau cép nhat hién khong thé duoc cip. Nhung néu giao dich yéu cau duoc phép cho
doi, tinh huéng két qua s€ an toan theo thuat toan ctia nhan vién ngan hang. Noi
cach khac, tirc 1a mot lich trinh dugc cip yéu cau ton tai va theo sau do, tat ca cac
yéu ciu hién tai ciing c6 thé dugc cdp. Bat ky thuit toan nao dé tim lich trinh nhu
vay phai du doan nhiing bé tic tiém an va tac gia da chi ra rang van dé nay 1a NP-
eomplete - sir dung mot bién thé cua bang chimg bang vang. Bang chung rat ra
duoc mot sy tuong dong gitra du doan bé tic giao dich va thuat toan ctia nhan vién
ngan hang. Do d6, n6 hinh thanh duoc cac loi ich doc lap. Trong két luan ctia Muc
5, tac gia cling chi ra dugc mot s6 phan nhanh hiéu suat tidu cuc co ban cia viéc
tranh phét hién bé tac von cé trong cach tiép can tiéu chuan thuat toan ciia nhan vién
ngan hang. Piéu nay gitp md ra mot huéng mai trén con duong nghién ciru thuat

toan sau nay.
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Sb dac biét cua Tap chi Ung dung May tinh Quéc té (0975 - 8887) vé Cong
nghé Dién toan va Truyén thong Tién tién cho Ung dung HPC - ACCTHPCA,
thang 6 ndm 2012 da dang bai bao [7] “Enhanced Load Balancing Approach to
Avoid Deadlocks in Cloud”. Bai bao dé cép dén cong nghé tién tién tap trung vao
xtr Iy dir liéu dé ddi phé voi lwong dir liéu khong 16. Thoi diém nay, dién toan dam
mAy 13 mot cong nghé mai ndi, cho phép ngudi ta hoan thanh muc tiéu noi trén, dan
dén cai thién hiéu suat kinh doanh. N6 bao gém ngudi dung yéu cau dich vu cia cic
tmg dung da dang tir cac may chu 4o phan tan khac nhau. Pam may nén cung cip
tai nguyén theo yéu cau cho khach hang cua minh véi tinh kha dung va kha ning
mo rong cao ciing nhu giam thiéu duogc t6i da chi phi. Can bang tai 1a mot trong
nhimg yéu t6 thiét yéu dé nang cao hiéu suat lam viéc ciia nha cung cip dich vu
dam may.

Niam 2015, mot cong bd qudc té ciia nhom tac gia Ha Huy Cuong Nguyen
[3] “Detection and Avoidance Deadlock for Resource Allocation in Heterogeneous
Distributed Platforms” dd nghién ctru vé deadlock trén nén tang khong dong nhat
chinh 1a cloud. Trong nén tang dich vy nay, xir Iy tic vu 13 tong hop cia cac bd xur
1y phan tan trén mang hodc tinh toan song song trén hé thong grid. Chinh trén hé
thng nay, dé dat duoc hiéu qua phan bd tai nguyén, nhém tac gia da chu trong vao
viéc nang cao cach phat hién va du doan Deadlock. Ttr do, dua ra thuat toan tranh
deadlock ciing nhu 1én ké hoach va chinh sich phan bd tai nguyén trén mang co su
khong dong nhét vé ha ting. Trong nghién ctru nay, di sir dung 4o héa thong qua

cac may 4o dé thuc hi¢n thyc nghi¢m céc thuat toan dé xuat.

Trén tap chi Innovative Technology and Interdisciplinary Sciences ndm 2018
[8], nhom tic gia Ha Huy Cuong Nguyen, ciing di céng bd qudc té “Avoid
Deadlock Resource Allocation (ADRA) Model VV VM-out-of-N PM”. Trong bai bao
nay, cac tic gia da chu trong hon vé clou, va md hinh hoat dong cia cloud. Tir d6 dé
xut ra thudt toan ADRA va xay dyng mé hinh V (VM-out-of-N), tic 1a cic may o
da hét kha nang xtr 1y. O bai nghién ciru ndy, cic tic gia da giai thich rd su phat
trién cua cloud trén nén tang grid, ddc trung nhat 1 sy da dang nguoi dung thi vo
han nhung tai nguyén thi ¢6 han. Deadlock xay ra trén cloud & mac kha 16n, tic 1a

deadlock trén cloud 16n hon tat ca deadlock trudc gio von co. Trong bai viét nay,
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mot ¥ tuéng méi duoc phat trién dya trén ving khong gian trong trén cloud nham
tranh deadlock, thong qua viéc biét cac tai nguyén trong tir cac nguoi dung da duogc
phuc vu. Thuét toan mé&i dé xuat 1a phan bo cac tai nguyén dén cac dich vy dang
duge phuc vu trong cac may 4o trén moi truong cloud khong dong nhét. Trong
nghién ctru ndy, mé phong dugc thuc nghiém trén CloudSim va két qua thu duoc 1a
tuong dbi tot.

* Nhan xét danh gia: Nhin chung, d3 c6 kha nhiéu thuit toan can bing tai
trén cloud. Cac két qua nghién ctru kha da dang va tiém ning. Tuy nhién, viéc
nghién ctru nay con kha it. Cu thé 1a cac nghién clru va cai tién hé thong can bang
tai. Vi vay, viéc nghién ciru vé chinh sach bén viing nham xay dung thuat todn nang
cao hiéu qua can bang tai trén cloud con rat nhiéu huéng nghién ctru phat trién va
cach tiép can khac nhau. Khong ngoai 1¢, dé tai nay hoan toan c6 tiém niang va do
kha thi cao. Thé nén, phuong phap nay chinh 1a tién dé vimg chéc va 1a co sé thyc
tién cho de tai.

3. Muc dich nghién ciru

Muc tiéu chinh: Nghién ciru chinh sach bén vimg nhiam xay dung thuat toan
nang cao hiéu qua can bang tai ciia dién todn ddm may.

Ttr muc tiéu chinh trén, luin van du kién céc két qua s& dat dugc nhu sau:

- Tim hiéu tong quan vé dién toan dam may.

- Tim hiéu vé céc thuét toan trén dién toan dam may.

- Tim hiéu vé céc thuat toan can béng tai trén dién toan dam may.

- Tim hiéu kha ning xay ra qu4 tai, tai nguyén phan bo khong dong déu, may
chu qua tai va ngung hoat dong.

- Nghién ctru k§ vé chinh sach bén viing va tinh bén vimng trén moi truong
cloud.

- P& xuét thudt toan c6 thé sir dung tai nguyén bén virng hon, tiét kiém ning

lugng hon.
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- Trén co so ly thuyét da nghién ctru, luén van dé xuat thuat toan nang cao
hiéu qua can bang tai cua dién todn ddm may. Thém vao do, mo phong va thuc

nghiém thuat toan da dé xuét.
4. Doi twong va pham vi nghién ciru
o Dbi twong nghién ctru

- D6i twong nghién ctru chinh 13 thuat toan ning cao hiéu qua cin bang tai
trén dién toan ddm may.

- Nghién ctru cac thuit todn cin bang tai hién dang sir dung. Pham vi nghién
ctru trong cloud:

o Pham vi nghién clru

- Xay dyng m6 hinh mo6 phong dam may ¢ mic d6 nho: khoang 10 — 30 may
a0.

- Do phirc tap trén méi may ao chi & mic do thip: dudi 10 tng dung chay

trén trén cac may ao.

- Yéu cau (Request) giri vé mdy chu ciing don gian, danh gia chinh xac phai
la hanh dong ctia nguoi dung cloud.

5. Phwong phdp nghién ciu

Phurong phdp ludn: Duya trén co sé 1a cac 1y thuyét vé dién toan dam may,
cac thuat toan can bang tai trén cloud.

Phuong phap danh gia dya trén co so toan hoc: Dya trén nghién ctru cac co
so 1y thuyét vé dién toan dam may va kha ning bi tic nghén trén dam may. Pé xuét
ra thuit toan dé ning cao hiéu qua can bang tai trén ddm mdy. Chirng minh thuét
toan va danh gia hi¢u qua cta thuat toan.

Phwrong phdp ddnh gid bang mé phong thiee nghiém: Xay dung mo hinh mo

phong va thuc nghiém thuat toan di dé xuat.
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CHUONG 1. GIOI THIEU TONG QUAN VE HE THONG
CAN BANG TAI CUA PIEN TOAN PAM MAY

1.1. Tong quan vé dién toan dam may

Lich str cua dién toan dam may bét dau tir nam 1983, khi Sun Microsystems
dé xuit rang “web 1 may tinh”. Trong thang 3 nim 2006, Amazon gi6i thiéu dich
vy dam may dién toan dan hoi. Vao thang 8 nim 2006, Eric Schmidt — Giam ddc
diéu hanh cia Google, 1an dau tién dé xuat khai niém “Dién toan dam may” tai hoi
nghi cong cu tim kiém. Nam 2009, Nair M K. Va Gopalakrishnan V. B phat trién
mot khung h¢ théng, st dung cac dich vu web nhu SaaS va moi truong web dé hién
thuc hoéa PaaS, thuc day hiéu qua su phat trién cia dién toan dam may. Takahiro
Miyamoto va nhom ctia 6ng da nhan ra chirc ndng mang cua dién todn ddm may vao
nam 2009, dat nén tang viing chac cho su phat trién cua dién toan dam may. Ké tir
d6, dién toan dam may di budc vao thoi ky phat trién nhanh chong. Pién toan dam
may duoc phat trién tir dién toan song song 12 dién toan phan tan va dién toan ludi.
Nhu trong Hinh 1, né 13 mot moé hinh dién toan kinh doanh méi. Hién tai, van chua
c¢6 dinh nghia thong nhat vé dién toan dam may. Wikipedia dinh nghia dién toan
dam may 1a mot phuong thire tinh todn méi dya trén Internet, cung cép tinh todn
theo yéu cau cho ngudi dung ca nhan va doanh nghiép thong qua cac dich vu khong
déng nhét va tu tri trén Internet. Eric Schmidt — Giam ddc diéu hanh cua Google,
cho réng dién toan ddm may vé co ban 1a mot md hinh cung cép dich vy, a0 hoa tai
nguyén may tinh, tai nguyén luu trit va tai nguyén mang. N6 bao gdm mot sd luong
16n may chu, tao thanh mot nhom tai nguyén 4o véi tai nguyén dién todn, luu trir va
mang, quan 1y va 1én lich théng qua mot nén tang dién toan dam may thng nhat.

bi¢n toan ddm may (cloud computing): hay con goi la dién todn may chu ao,
noi cac tinh todn dugc “dinh hudéng dich vu” va phat trién dua vao Internet. Cu thé
hon, trong mé hinh dién todn dam may, 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 cong cong (thuong 1a mang Internet).
Céc user thuong str dung cac dich vu nhu co s¢ dir liéu, website, luu trit,... Trong
mé hinh cloud computing, khong can quan tim dén vi tri dia Iy cling nhu cac thong

tin khac cua h¢ thong mang dam may — “dién toan ddm may trong sudt doi voi
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nguoi ding”. Ngudi dung cudi truy cdp va sir dung cac ung dung ddm may thong
qua cac ing dung nhu trinh duyét web, cac rng dung mobile hodc may tinh cd nhan
thong thuong. Hiéu ning st dung phia nguoi ding cudi duoc cai thién khi cac phan
mém chuyén dung hay cac co s& dit liéu dugc luu trit va cai dat trén hé thong may
chu 4o trong mdi trudng dién toan dam mdy trén nén cua “data center”. “Data
center” la thuat nglt chi khu vuc chtra server va céac thiét bi luu trir, bao gém nguén
dién va cac thiét bi khac nhu rack, cables... véi kha ning san sang va do 6n dinh
cao. Ngoai ra, n6 con bao gém céc tiéu chi khac nhu: tinh module héa cao, kha
ning mé rong dé dang, ngudn va lam mat, hd tro hop nhat server va luu trit mat do
cao.

C6 3 mo hinh trién khai dién toan dam mAy chinh 1a public (cong cong),
private (riéng) va hybrid (“lai” gitta ddm may cong cong va riéng). PaAm may cong
cong 12 mo hinh dam may ma trén do, cac nha cung cap dam may cung cp cac dich
vu nhu tai nguyén, platform hay cac tng dung luu trit trén ddm may va public ra
bén ngoai. Cac dich vu trén public cloud c6 thé mién phi hodc c6 phi. PAm may
riéng thi cac dich vu duogc cung cép ndi bo va thuong 1a cac dich vu kinh doanh,
muc dich nhim dén 14 cung cp dich vu cho mdt nhom ngudi va ding ding sau
firewall. Pam may “lai” 1a moi truong ddm may ma két hop cung cap cac dich vu
cong cong va riéng. Ngoai ra con ¢ “community cloud” Ia ddm may gitra cac nha
cung cdp dich vu ddm may. V& mo hinh cung cip dich vu c¢6 3 loai chinh 13 IaaS —
cung cdp ha ting nhu mot service, PaaS — cung cap Platform nhu mot service va
SaaS — cung cap software nhu mot service.

Theo céc loai hinh dich vy, dién toan dam may co thé duoc chia thanh ba loai
Sau:

e IaaS, hoic co so ha ting nhu mot dich vy, cho phép ngudi dung truy cap truc
tiép vao tai nguyén luu tri¥, tdi nguyén mang va tai nguyén mdy tinh bén
duéi. TaaS sir dung cong nghé 4o hoa dé a0 hoa va dong goi tai nguyén may
tinh, tai nguyén luu trit va tai nguyén mang cta may chi, déng thoi cung cap
céc tai nguyén nay dudi dang API. Khi cin s dung cac tai nguyén nay,
nguoi dung khong can mua céc thiét bi phan cing nhu may chi ma chi can
mua cac tai nguyén ndy tir cac nha san xuat cung cp dich vu IaaS. Nén tang

dién toan dam may IaaS cung cap quan 1y va 1ap ké hoach ciia cac tai nguyén
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nay. Vi du dién hinh bao gdm Pam may tinh toan dan hoi (EC2) va Dich vu
luu trir don gidn (S3) cua Amazon.

Paa$, hodc nén tang 1am nén tang dich vy, cung cap nén tang va méi truong
cho hoat dong kinh doanh phan mém. PaaS cung cép giai phap cho cac cong
ty khong thé hoic khong mudn xay dung moéi truong van hanh phan mém.
Paa$S cung cap mdi trudng hoat dong va hé diéu hanh cho cac doanh nghiép
khac nhau. “May chii 40” thudc danh muc dich vu PaaS. Chi c6 ma ngudn
can duoc tai 1én dia chi cia “may chu 40”. “May chu 40” sé chay ma va tao
mot trang web theo ma. Dién hinh 1a 2 tng dung GoogleAppEngine cua
Google va MicrosoftWindowsAzure cua Microsoft.

Theo cac phuong phép trién khai khac nhau, dién toan dam may c6 thé duoc

chia thanh ddm may riéng, ddm may cong cong va ddm may lai. PAm may riéng la

co sO ha tﬁng dam may do mdt td chuc s& hitu hodc thué, co thé duoc dit tai dia

phuong hodc & mdt noi khac. Pam may cong cong 1 co sé ha ting dam may thudc

s hiru cia mot t6 chuc di€u hanh cung cap dich vu dién todn ddm may. To chirc

nay ban cac dich vu dién todn ddm may cho cong ching hodac mdt so lugng 16n céac

nhém doanh nghiép vira va nhoé. Pam may két hop bao gdm dam mdy riéng va dam

may cong cong. Mdi dam may van 1a mot thyc thé doc 1ap, nhung dugc két hop véi

cong nghé tiéu chuan hodc doc quyén dé lam dit lidu va ung dung di dong.

Cloud Computing

Servers Virtual Desktop  Software Platform Applications Storage / Data
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—
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Hinh 1.1. M6 hinh dién toin dim may [1]
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Pién toan dam may 1a mot xu hudng cong nghé ndi bat trén thé gidi trong
nhirng nim gin day va di c6 nhitng bude phat trién nhay vot ca vé chit luong, quy
mo cung cép ciing nhu loai hinh dich vu. Bang chimg véi mot loat cac nha cung cap
16n, ndi tiéng nhu Google, Amazon, Microsoft, ...

Dién toan dam may 1a mo hinh dién todn ma moi giai phap lién quan dén
cong nghé thong tin déu duoc cung cap dudi dang cac dich vu qua mang Internet.
Qua d6 giai phong ngudi dung khoi viée dau tu nhan lyc, cong nghé va ha ting dé
trién khai hé thong. Tir d6, dién toan dam may gitp t6i gian chi phi va thoi gian
trién khai, tao diéu kién cho cac khach hang str dung nén tang dién toan dam may
tap trung t6i da dwoc ngudn luc vao cong viéc chuyén mon. Loi ich cua dién toan
dam may mang lai khong chi géi gon trong pham vi ngudi st dung nén tang dién
toan ddm may ma con tir phia cac nha cung cap dich vu dién toan.

Dién toan dam may (Cloud Computing) [1], [2] 12 xu huéng phat trién manh
nhat hién nay. NO ké thira cac mang ludi va cac khai niém may tinh phan tan trudc
day dé tich hop cac tai nguyén may tinh, luu trit, nén tang va cac dich vu khac theo
nhu cidu mot cach thuan tién va nhanh chéng. Pong thoi, nd cling cho phép két thic
str dung dich vu, giai phong tai nguyén dé dang ciing nhu giam thiéu giao tiép véi
c4c nha cung cip. Theo d6, md hinh chinh 13 cho phép sir dung dich vu theo yéu cau
(ondemand service). Cung véi d6 1a cung cip kha ning truy cap dich vu qua mang
rong rai tir may tinh dé ban va may tinh xach tay t6i thiét bi di dong (broad network
access). Cudi cung, véi tai nguyén tinh toan dong, no c6 thé phuc vu nhiéu ngudi
(resource pooling for multi-tenanci), ning luc tinh toan phan mém déo va dap tng
nhanh theo nhu cu tir thip dén cao (rapidelasticity).

Dién toan dam may duoc dua trén cong nghé ao hoa [3], thong qua cac dich
vu mang dé cung cap cho nguoi ding voi cac ngudn luc co ban, nén tang ing dung,
phan mém va cac dich vu khac. Trong trudong hop IaaS (co sé ha ting nhu mét dich
vu), cac nha phét trién cung cip mot moi truong ing dung phan mém hoan chinh
bang cach tap hop cac phan climng, phin mém va cac thiét bi c¢6 lién quan lai voi
nhau dé dap ung thoa thuan chét luong dich vu véi ngudi dung. Cong nghé méy 4o
(Virtual Machine) thuong dugc st dung trong cac trung tam dit li€u, may tinh cym

va cac ung dung khac. Cong nghé nay cho phép nhiéu hé diéu hanh c6 thé chay trén
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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 vat 1y.

bién toan ddm may [4] 1a mdt hudng nghién clru rong, s€ dem lai gia tri 16n
vé cac chi phi cho cac doanh nghiép trén toan thé giéi. Dién toan ddm may s& gitp
giai quyét duoc viéc luu trir dir li€u trén hé théng nhanh hon, gon hon va nhe hon.
Cung cip cac dich vu vé co so ha ting, nén tang phin mém Vva céac dich vu theo yéu
cau ngudi dung thong qua Internet.

Dién toan dam may [5] 1a mot mo hinh dich vu cong nghé thong tin duogc ké
thira cac mang lu6i trude day trén thé gidi. N6 gitip ngudi dung tién loi hon trong
viéc truy cép tai nguyén dit liéu, luu trir &én hé thdng quan 1y va xt 1y dir liéu phuc
tap cila cac hé thong nhu Google, Facebook... Trén thuc t&, ngudi ding chi truy cap
vao thiét bi dau cudbi dé truy xuat vao cac tai nguyén trén dién toan. Con bén trong
hé théng dién toan s& lap lich xir 1y cac yéu cau trén bao gom xir Iy thoi gian cho
dén thoi gian xir 1y tin hiéu va thoi gian hoan thanh nhiém vu.

Dién toan ddam may [6], [18], [19] dang chuyén d6i nganh cong nghé thong
tin, thay doi cach thic st dung ciing nhu cung cp phan cing va phan mém. Lam
cho viéc str dung cac tai nguyén may tinh theo yéu cau nhu biang thong, luu trit hoic
cac tmg dung phan mém va dién toan c6 san. N6 che gidu su phiic tap cta co sd ha
tang co ban, cho phép ngudi dung cudi tap trung vao san pham cia chinh ho ma
khong can nhiéu khoan dau tu vao phan ctng. Theo hop dong dich vu da duoc thiét
lap gitra nha cung cép dién toan va khach hang, cac rang budc vé chat lwong dich vu
(QoS) nhit dinh duoc xac dinh thong qua cac thoa thuan theo mirc dich vu (SLA).
Tuan thil voi cac SLA nay, nha cung cdp dam bao cung cap mot chat lugng nhat
dinh cho dich vu di thoa thuan. Viéc sir dung cac mdy ao cho phép st dung tot hon
cac tai nguyén phan cting hién tai trong khi van duy tri QoS theo yéu cau. Pé tranh
su xudng cap cia hiéu sudt, may ao dugc di chuyén tir qua tai dén cac may khong
st dung dugc. Vi vay, cac thudt todn phat hién la can thiét dé chu dong phan loai
qué tai va khong qua tai. Cac thuat todn chu dong xac dinh mdt ké hoach téi wu cho
viéc di chuyén va phin bd cac may ao trong thoi gian chay.

La mot md hinh tinh todn méi, [7] duge phat trién sau khi cong nghé phan
phdi may tinh, dién toan ludi, luu trit mang, cong nghé cum va tinh toan song song

ra doi. Do tinh da dang ung dung trong nén dién toan dam mAy va sy khong dong
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nhat ciia cdc nut ngudn may chi, mot sé mdy tinh bi qua tai, con mot sé khéc thi rat
nhe trong su tang truéng nhanh chéng cua luu lugng mang truy cap va di liéu. Do
d6, chung ta can chién lugc can bang tai dé dicu chinh tai may chu, giam chi phi
truyén thong va cai thién vi¢c st dung tai nguyén. Sy xuét hién cua dit liéu 16m va
phat trién cta dién toan ddm may s& 1am ting chi phi truyén thong giita cac may chu
trong qua trinh di chuyén va tinh toan clia mot s6 may ao giao dich véi dir liéu trong
bai toan cong viéc. Ngoai ra, nd con 1am giam ty 1& st dung tai nguyén hé thong.

Pién toan dam may 1a mot kiéu [8] mau moi va tién hoa ddng cha ¥ nhat
trong tinh toan. Co ché cin bang tai dugc chia thanh cac ngudn luc va cung cip cac
nguén lyc cung vo1 nhiém vu 13p ké hoach gifra cac hé théng phan phéi. Can bé“mg
tai truyén thong phai ddi mat vai mot so van dé khac nhau giita cac giai doan cung
cAp tai nguyén trong mdi truong dam may. N6 ciing co tac dong to 16n trong cac hé
théng dam may vé hiéu sut va van dé do luong do su tham gia ciia cac thong sd
can bang tai khac nhau ciing nhu ban chit cia méi trudng dam may.

Trong thé giéi ngay nay [9], dién toan ddm may 1a mot cach dé gilr phan
cling ciing nhu phan mém ¢ mdt noi va st dung né tir khap noi trén thé giéi. N6 da
lam cho yéu ciu vé phan cing linh hoat hon nhiéu. Do d6, moi ngudi c6 co hoi st
dung nhiéu tai nguyén khi can va chi phai chi tra cho khoang thoi gian ho da st
dung nguén dung lugong cu thé. o duogc goi la dich vu tra tién cho mdi 1an sir dung,
lam cho nganh céng nghiép coéng nghé thong tin huéng gan hon dén viée kinh
doanh dién toan dam may. Giong nhu mdt CPU véi nhiéu 16i, nhitng doanh nghiép
s¢ hitu mdt cum cua cac CPU / M4y vat ly dugc goi 1a ddm may. Cac cum c6 mot

s6 lwong hitu han khong gian va bd nhd.
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Hinh 1.2. Cung cép tai nguyén dam may [4]

Vi viy, khach hang phai tra tién dé c6 khong gian va bd nhé tir cum duoc
phan b trong mot khoang thoi gian nhét dinh. Khi ngudi ding doi hoi cac ngudn
luc bao gébm bo nhé, khong gian va bang thong, dugc thuc hién boi cac cong ty
thong qua viéc phan bd cac may chu dén nén tang nhu cau khach hang. Cung cép tai
nguyén trén dam may 1a qua trinh cung cap khong gian b nhé 4o tir cac ngudn luc
bang cach tong hop may vat 1y (PM) dugc goi 1a may ao (VM). B can bang tai

quan 1y ghép kénh céc tai nguyén theo yéu cau.
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Hinh 1.3. Cén bing tii trong dién toan dim may [5]

CAc bién phap can bang trudc diy c6 hidu qua trong viéc cai thién thoi gian
phan hoi va thoi gian phyc vu ctia ddm may, nhung khong cung cip dung chat
lwong dich vu. Cac QoS co thé duoc cung cép hi€u qua béng cach thém tham sb cua
n6 vao tham sé cin bang tai. Khéng nhitng xem xét biang théng nhu tham sé ma con
phai d6i mat véi cac van dé suy giam cing nhimg van dé khac s& 1am cho ngudng
gia tri chinh x4c hon. Do d6, QoS ciling dugc coi la c6 hi€u qua. Vi vay, viéc giam
thiéu yéu cau dugc cap phat cho cac may vat 1y véi ding kha nang cung cip cla cac
may 40 va duy tri trang thai 6n dinh trong sudt thoi gian cung cdp dich vu la vo

cung can thiét.
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Hinh 1.4. Kién tric cia dién toan dam may [7]

Khi str dung tinh toan ty dong, tranh chi phi chung la mot van dé 16n va can
phai giai quyét bang cach dit ra cac nguodn lyc thong qua thuat toan quy mé. Sau do,
van dé cudi cung 13 phai giir tai dugc can bang ngay ca trong thoi gian phat trién.
Diéu nay duoc thuc hién béng cach st dung cac thuat toan khac nhau.

1.2. Tong quan vé can bing tai trong dién toan dam may

1.2.1. Giéi thiéu vé can bang tai

Ngay nay, nganh cong nghiép CNTT dang phat trién mdi ngdy, nhu cau vé
tai nguyén luu trit va tinh toan cling vay. Mot luong 16n dir liéu duoc tao va trao doi
qua mang, diéu nay doi hoi nhu cau vé tai nguyén may tinh ngay cang nhiéu. Cloud
da gitp cac doanh nghiép tan dung loi ich cua tai nguyén dién toan dugc chia sé
trén moi truong ao hoa. R4t nhiéu doanh nghi¢p da st dung céac dich vu dua trén
dam may, hoic & dang nay, hodc & dang khac. Diéu nay dua chung ta dén khai niém
can bang tai trong dién toan dam may.

Cung v6i viéc phat trién rong rdi cta Internet, cac website hay cac ing dung
tryc tuyén hién dang dugc rat nhidu ngudi truy cap va str dung. Khi luong truy cap
nay qua 16n thudng xay ra cic van dé 1a ha ting mang va kha nang xir 1y ciia Server
s& bj tic nghén cuc bd. Vi vay, Can Bﬁng Tai luon luén 1a mot trong nhiing tinh
nang cong nghé rat quan trong gitip cac may chii a0 hoat dong dong bo va hiéu qua

hon thong qua viéc phan phdi déng déu tai nguyén.
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Giai phap can bang tai 13 viéc phan bd dong déu luu luong truy cap giira hai
hay nhiéu mdy chi cé cing chirc ning trong cing mot hé théng. Bing cach do, s&
gitip cho hé thdng giam thiéu ti da tinh trang mot may chu bi qua tai va ngung hoat
dong. Hodc khi mot may chu gip su cd, Can Bing Tai s& chi dao phin phdi cong
viéc ciia may chu d6 cho cac may chu con lai, ddy thoi gian uptime cua hé théng 1én

cao nhét va cai thién ning suit hoat dong tong thé.

Web Servers
Firewalls ‘
| : Load Balancers 1B A Database Servers

Hinh 1.5. M hinh Cén bing tii trong dién toan dim may [8]

Can bang tai 13 mot trong nhimg cha dé quan trong nhit trong mdi truong
phan tan. Cloud Computing duoc coi 1a mot trong nhitng nén tang tét nhat giup luu
trit dit liéu v6i chi phi téi thiéu va c6 thé truy cip moi luc qua Internet. Can bang tai
cho dién toan dam may da tré thanh mot linh vuc nghién ctru vd cung tha vi va
quan trong. Can bang tai nham myc dich théa man nguoi dung va dam bao ty 1¢ sir
dung tai nguyén cao bang cach phan bd hop 1y. Co rat nhiéu khé khian trong cac k¥
thuat can bﬁng tai nhu bao mat, kha ning chiu 15i, v.v... von phé bién trong moi
truong dién toan ddm may hién dai. Nhiéu nha nghién ctru da dé xuit mot sd k¥
thuat va thuat toan dé ting cudng tim ra nhitng phuong an tdi wu cho Can bang tai.

Phén tan du doan qua tai trong can bang tai [10], [20] thoi gian gan day da
ndi 1én nhu mot giai phap ddy hira hen. Trong d6 gém chuyén sang cip do giam sat
tinh trang tic nghén ciia mdi con duong va phan tan dong chay truc tiép dén con
duong it tac nghén. Cach tiép can nay co nhiéu loi thé thuc tién. La mot lwgc dd

phan phéi, né ¢ thé mo rong hon va cé thé dbi pho véi luu lugng truy cap nhanh
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hon cach lich trinh tap trung. La mot phuong phap tiép can dir liéu, né khong phu
thudc vao ngin xép mang cua may chu luu trit va ngay 1ap tirc mang lai loi ich cho
tat ca luu luong truy cap khi trién khai. Kha ning hién thi tic nghén cudi ciing ciing
1am cho no trd nén manh mé hon ma khéng can cu hinh lai may diéu khién. Méau
chét cua viéc thiét ké mot giao thirc can bang tai tic ngh&n 1a chiing ta can phai biét
thong tin vé tic nghén thoi gian thuc tir tit ca cac duong di gitra ngudn dong chay
va diém dén. C6 mot cach tiép can don gian 1a sir dung thong tin dinh hudng dudng
di cudi: Mot switch ToR duy tri cc chi s6 tic nghén dau cudi cho tat ca cac duong
dan tir chinh n6 dén céac thiét bi chuyén mach ToR khéc trong mang. Céc chi sb tic
nghén c6 thé duoc thu thap bang cic goi dit liéu. Thong thudng, c6 hang trim
duong dan ton tai giira hai ToR thiét bi chuyén mach va cong tac ToR c¢6 thé giao
tiép v6i hang tram céc thiét bi chuyén mach ToR khéac. Quan trong hon, khong thé
dé viéc thu thap thong tin 1am tic nghén thoi gian thyc cia tat ca cac dudng din
ndy, vi s& khong c6 du dong chay dong thoi cing xay ra cho tit ca ching. Trong
giai doan dau, chi ¢ ngu@m va thiét bi chuyén mach ToR dich tham gia dé lua chon
t6t nhat duong dan tir ToR dén tang tong hop. Chuyén doi nguon ToR s& giri s6 lidu
tac nghén ctia né dén dich ToR, chung s& két hop véi cac chi sb tic nghén dé chon
con dudng tot nhat cho 16p tong hop. Trong giai doan thtr hai, tip hop da chon sé&
chon cong tac 16i tét nhat theo mot cach tuong tu vé tinh trang tac nghén cua budc
nhay thur hai va tht ba. Con duong quyét dinh lga chon sau d6 dugc duy tri tai ToR
va tap hop thiét bi chuyén mach. Vé co ban, hai giai doan lua chon dudng dan da sir
dung théng tin ciia mdt phan dudng din dé tim ra duong tot nhat cho dong chay.
Biang cach khai thac cac tinh chéat ciia cu tric 3 tang, lya chon duong dan hai giai
doan lam giam dang ké cac van dé phirc tap ma lai khong c6 nhiéu hiéu suét. Trén
thuc té, danh gia cho thay rang thuc hién lya chon dudng dan trén mdi co so luu
lugng trong TCP 1a tot nhat va khong gay ra viéc sip xép lai goi tin cling nhu khong
gay bat ky do tré nao.

Can bang tai ludn 1 chi dé nghién ctru ndéng cua cac trung tam dir liéu dam
mAy, va muc tiéu cta nd 1a ddm bao rang moi tai nguyén may tinh co thé xir 1y cac
nhiém vy mot cach hiéu qua va nhanh chéng. Cubi cung, viée st dung ngudn luc
duoc cai thién. Cac nha nghién ctru da dé xuit mot loat can béng tinh, can br:?mg

dong va chién lugce 1ap ké hoach can bang tai. Ngoai ra, cling c6 mot so6 nghién cuu
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sit dung cong nghé di chuyén truc tiép ctia may ao dé dap tng cac yéu cau dam
may, nhi¢m vu cua trung tdm dir li€u 1a yéu cau hiéu suét va gi61 han tai. Cac chién
luoc can béng tal hién duoc chia thanh hai loai: can b?mg ta1 tinh va can béng tai
ning dong. Thuit toan 14p lich cAn bang tai tinh thudng bao gdm Round Robin va
Rounded Robin Weighted. Céc thuét toan tinh chi str dung mét s6 thong tin tinh ma
khong thé phan anh tai dong. Hién nay, hau hét cac nén ting mi ngudén mo, ké ca
laaS, da st dung cac thuat toan tinh dé tién hanh lap ké hoach tai nguyén. Loi thé
cua thuat toan 1ap ké hoach céan béng tai tinh 13 n6 rat don gian va dé su dung.
Nhung trong cac trung tdm dir liéu dam miy quy md 16n ¢ tinh khong dong nhat
clia tai nguyén va nhu cau ngudi st dung 13 khéng nhat quan nén hiéu qua cin bang
tai tinh khong duoc 1y tuéng. Can bang tai dong (DLB), né chu yéu dugc sir dung
trong linh vuc phan phdi may tinh song song. Muc tiéu chinh ctia né 14 1am thé nao
dé phan phdi tai hop Iy hon gitta nhiéu may chii dé tranh mot sb hién tuong nhu mot
s6 nit may tinh bi qua tai va mdt s6 nut c6 tai nhe, tir d6 cai thién toan bd hiéu suét
ctia hé théng. Chi phi truyén thong bd sung duoc tao ra trong qua trinh DLB s& 1am
suy giam hiéu niang hé théng ciia can bang tai dong. Vi vy, lam thé nao dé giam
truyén géi tin trén cao nhat giita cac nat trong qua trinh DLB trd thanh mot van dé
quan trong Va c6 anh hudng dén hiéu suat cia DLB. Tuy nhién, mot sb thuat toan ¢
trén khong thé dap tng duoc su lya chon va ban chét ctia co cau can béng tai toi uu
cung mét lac. Do d6, nhitng cach phan phdi tiép can thudng c6 dugc su tdi vu cuc
bd clia cac giai phap. Va trong mot sd truong hop dic biét, hiéu qua cua viée giai
quyét van d& phan phdi tai khong phai 1a 1y twong. Thé nén, nd ¢ thé dam bao cin
bang tai va sir dung hiéu qua tai nguyén vat 1y cua toan bo cum. Song, can bang tai
lai 13 vAn d& va chi phi chung ctia ddm mdy trong cac trung tim dit liéu khong duoc
xem xét. N6 chi tap trung vao quan 1y may 4o dé ting cudng quan 1y cac trung tim
dir liéu ddm may va nang cao hiéu qua hoat dong cua cac trung tam dir li€u dién
todn dam may.

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

e Can bﬁng tai cuc bo
e Tai toan cau
Can béng tai cuc b duoc su dung dé can bé“mg du bao tai trong mdt trung

tam. N6 phan phdi yéu cau tir phia may khach sang cho méay chu dé dap ung nhu
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cu. Tht hai 12 loai can bang tai toan cuc. N6 quan 1y va kiém soat yéu cau tir phia
khach hang ty dong dén may chu qua nhiéu trung tam dir liéu. Ngoai ra, nd ciing xir
Iy Iwu lugng trén ca hai mat goi truyén tai. Xir Iy can bang tai toan cau cho su phic
tap nhung dong thoi didu nay ciing rat hiru ich cho truyén tai goi tin trén trung tim
dir liéu mang. Tinh kha dung dam béo rang, trong trudng hop that bai, hé thong van
tiép tuc hoat dong dugc nhu mong doi.

1.2.2. Muc dich can bang tai

Tang kha nang dap ung, tranh tinh trang qua tai trén may chu, dam bdo tinh
linh hoat va mé rong cho hé thong.

Tang do tin cdy va kha ning du phong cho hé thong: Sir dung Can bang tai
gitip ting tinh HA (High Availability) cho hé thdng, dong thdi dam bao cho nguoi
dung khong bi gian doan dich vu khi xdy ra 161 sy ¢d 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 cu do s& duoc xur 1y trén b Can bing tai r6i mai chuyén
tiép dén cho cac mdy chil bén trong. Qua trinh tra 15i cho khach hang ciing thong
qua thanh phan Can bang tai. Chinh vi vy ma nguoi ding khong thé biét chinh xéc
dugce cac may cha bén trong cling nhu phwong phap phan tai duoc sir dung. Bang
cach nay co6 thé ngan chin nguoi dung giao tiép truc tiép voi cac may chu, an cac
thong tin va cAu trac mang ndi by, ngan ngra cac cudc tan cong trén mang hodc cac
dich vu khong lién quan dang hoat dong trén cac cong khac.

1.3. Tong quan vé tri tué nhan tao (Al)

Tri tué nhan tao (AI) [1] da trd nén rat pho bién trong thé gidi ngay nay. N6
la sy mo phong tri théng minh ty nhién trong may moc duge lap trinh dé hoc va bat
chuéc cac hanh dong cua con ngudi. Nhitng mdy nay cé thé hoc hoi kinh nghiém va
thuc hién cac nhiém vu giéng nhu con nguoi. Al cé thé thuc hién nhiém vu tét hon
con nguoi. Bac bi¢t khi noi dén céc cong viéc lap di 1ap lai, dinh hudng chi tiét nhu
phan tich s lugng 16n cac van ban phéap luat dé dam bao cac linh vyc lién quan
duogc dién dung cach, cac cong cu Al thuong hoan thanh céng viéc nhanh chong va
tuong di it 16i. Piéu nay da gitp thic day sy bung nd vé hiéu qua va md ra co hoi

kinh doanh hoan toan méi cho mét s6 doanh nghiép 16n hon.
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1.4. Téng quan vé machine learning

Hoc may (Machine Learning / ML) [3] la mot ing dung cua tri tué¢ nhan tao
(Al) cung cap cho céc hé thdng kha ning tu dong hoc hoi va cai thién tir kinh
nghiém ma khong can duoc 1ap trinh rd rang. Hoc may tap trung vao viéc phat trién
cac chuong trinh may tinh c6 thé truy cap dir liéu va sir dung no dé ty hoc. Qué
trinh hoc tap bat dau véi cac quan sat hoic dit liéu, chang han nhu vi dy, kinh
nghiém truc tiép hodc huéng din, dé tim kiém cac mau trong dir liéu va dua ra
quyét dinh tét hon trong tuong lai dyua trén céc vi du ma ching tdi cung cap. Muc
dich chinh 13 cho phép may tinh hoc tu dong ma khéng can su can thiép hoic tro
gilip cia con nguoi va diéu chinh cac hanh dong cho phi hop. Céc thuat toan hoc
may thuong dugc phén loai 1a c6 giam sat, khong dugc gidm sat va ban giam sat.

e Cic thuat toan hoc may duoc giam sat co thé ap dung nhiing gi da hoc trong
qué khtr vao dir liéu moi béng cach str dung cac vi du duogc gén nhdn dé du
doan cac su kién trong tuong lai. Bit dau tr viée phan tich mot tap dir li¢u
dao tao da biét, thuat toan hoc tao ra mot ham suy luan dé dua ra du doan vé
cac gia tri dau ra. Hé thong co thé cung cap cac muc tiéu cho bat ky dau vao
moi1 nao sau khi dao tao dﬁy du. Thuat toan hoc tap cling co thé so sanh dau
ra ctia n6 v4i dau ra ding, du dinh va tim ra 16i dé stra d6i md hinh cho phu
hop.

e Nguoc lai, cac thuat todn hoc mdy khong dugc giam sat dugc st dung khi
thong tin dugc st dung dé dao tao khong dugc phan loai hodc gén nhan. Hoc
khong giam sat nghién ciru cach hé thong c6 thé suy ra mot chirc nang dé mo
td4 mot cAu trac an tur dit lidu khong dugc gén nhan. H¢ théng khong tim ra
dau ra phu hop, nhung né kham pha dit lidu va c6 thé rat ra cac suy luan tir
tap dir liéu dé mé ta cAu trac an tir dit liéu khong dugc gén nhan.

e Cic thuat toan hoc may ban giam sat nam ¢ dau dé giita hoc tip co giam sat
va khong giam sat, vi ching st dung ca dit liéu duoc gin nhin va khong
duoc gén nhin dé dao tao — thuong 1a mdt lugng nho dir liéu dugc gén nhan
va mdt lugng lon dir liéu khong duogc gén nhan. Cac hé théng su dung
phuong phéap nay co thé cai thién dang ké d6 chinh xac cta viéc hoc. Thong

thuong, hoc ban giam sat dugc chon khi dit liéu duge gan nhan thu duoc yéu
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cau cac nguon lyc co k¥ ning va lién quan dé dao tao / hoc héi tir d6. Néu

khong, viéc thu thap dir liéu khong dwoc gin nhin thuong khéng yéu cau

thém tai nguyén.

St dung cac thuit toan phan 16p cua ML dé tién hanh phan 16p nguoi dung
duya trén cac diém dic trung cua ho dé thue hién viéc can béng tai.

1.5. Chinh sach bén virng

Céc chinh sach bén viing 1a tap hop con cac bién phap c6 kha ning dat dugc
cac muc tiéu mong mudn, kha thi vé mat chinh tri va hiéu qua vé mat kinh té. Véi
phong trao xanh dang dién ra manh mé&, nhiéu cong ty di cung nhau dua ra Chinh
sach phat trién bén vitng dé cho thiy ho dang thuc hién vai trd cia minh nhu thé
nao trong viéc bién tinh bén vimng trd thanh st ménh cot 15i trong to chirc cua ho.
Du bang cach ndo thi viéc két hop Chinh sach Bén viing 1a mot y twong hay va no
khong chi giup tép trung vao nhiing gi c6 thé lam dé gilp cho cong ty cta ho tro
nén ‘xanh’ hon ma con c6 thé ghi nhd mot sé cach ma cong ty da lang phi trong qua
khu.

Tinh bén viing 1a mot chién lugc kinh doanh nham thic ddy ting trudng dai
han va lgi nhuan cua cong ty béng cach bit budc dua cac van dé xa hoi va moi
truong vao mo hinh kinh doanh. Hodc c6 thé hiéu tinh bén viing 1a kha ning dap
g mot cach cong bang cic nhu ciu quan trong ciia con ngudi ¢ hién tai ma khong
lam anh huéng dén kha ning cua cac thé hé twong lai trong viéc dap tng nhu cau
ctia chinh ho bang cach giit gin va bao vé cac hé sinh thai va tai nguyén thién nhién
ctia khu vuc. Khai niém veé tinh bén viing mo ta diéu kién trong d6 viéc st dung tai
nguyén thién nhién cta con nguoi, can thiét dé duy tri su song, can bang véi kha
nang bd sung chiang véi thién nhién.

1.6. Két luan chuong

Hiéu biét dugc nhitng khai niém tong quan vé dién toan dam may. Hiéu biét
thuat toan dién toan ddm mAy giai quyét nhitng van dé tic nghén, goi tin mat mat
khi truyén dir liéu qua moi trudong dién toan. Muyc dich can bang tai dé 1am tang hiéu

ning cta hé thong.
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CHUONG 2. CAC CONG TRINH LIEN QUAN

2.1. Gi¢i thiéu chwong

Trong chuong ndy, ludn vin s& gidi thiéu cac cong trinh lién quan dén dé tai
& trong va ngoai nudc. Nghién ctru cac cong trinh nay s& gop phan giup cung cb
hon phéan co s& 1y thuyét va dinh huéng nghién ctru, phat trién cho dé tai.
2.2. Cac cong trinh nghién cau tai Viét Nam

Trong bai bao [1] ciia Tran Cong Hung va cic cong sy dang trén tap chi
Khoa hoc cong nghé Théng tin va truyén thong sé 04(CS.01) 2018 cua Hoc vién
Cong ngh¢ Buu chinh vién thong, da dé xuit mot thuat toan can béng tai nham giam
thoi gian dap Ung trén dién toan dam may. Y tudéng cua bai bao nay chinh 1a su
dung thuat toan dy bio ARIMA dé du béo 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 bao
da dua ra thuat toan ciing nhu thtr nghiém mo6 phong véi mé hinh nho va da dat

duge mot s6 két qua mo phong kha tich cyc, tiém ning trong du bao twong lai gan.

Trong bai bao [2] cla tac gia Nguyén Thanh Thuy va cic cong su ding trén
tap chi “International Journal of Computer Science and Network, Volume 4, Issue
2, April 2015, da trinh bay mot cach tiép can dé cai thién thuat toan ngan chan bé
tac Pong thoi ciing 1én lich cho cac chinh sach cung cép tai nguyén dé phan bo tai
nguyén khong dong nhat. Thuét toan ngin chin bé tic c6 do phirc tap thoi gian chay
la O (min (m, n)), trong d6 m 14 s6 lwong tai nguyén va n 1a s luong quy trinh. Ho
dé xudt thuat toan phan bd nhiéu tai nguyén cho cac dich vu canh tranh dang chay
trong cic may 4o trén nén tang phan tan khong dong nhat. Céac thi nghiém ciing so
sanh hiéu suét ctia phuong phap dé xuit vé6i cac cong viée lién quan khac.

2.3. Mt s6 cong trinh nghién ciru trén thé gisi

Niam 2018, Afrianto va cong sy [12] dd cong bd nghién ctu “Weighted
Round Robin Load Balancer to Enhance Web Server Cluster in OpenFlow
Networks”. Nghién ciru nay nham muc dich thiét ké va phan tich mé hinh can bang
tai trén mang OpenFlow va thuc hién thuét toan Round Robin trong ) (WRR). Qua
trinh phan tich dugc tién hanh bang cach do gia tri cac thong sb trinh bay QoS cia

may chii web. Két qua cho thy thuat toan WRR c6 kha ning can bang hé thong
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mang voi phan bo tai nguyén dong. Trong luong cong viée ctia mdi dich vu ¢ thé
14y duoc tir nhu cau va tai nguyén mang hién c6. Hiéu suét cua bo can bang tai trén
mang OpenFlow tot hon 57% so v&i mang truyén thong trong kiém tra thoi gian
phan hdi.

Niam 2019, Shi va cong su [13] d3 cong bd nghién ciru “Concury: A Fast and
Light weighted Software Load Balancer”. Trong nghién ctru ndy, mot phan mém
trang thai cAn bang tai méi duoc gidi thiéu, goi 13 Concury — giai phap dau tién dé
giai quyét hai van dé: (1) Céc trang thai dugc luu trir nhu cac ban tiéu hoa c6 kha
ning gay ra sy khong nhat quan cta géi tin do cac xung dot ctia ban phan tich. (2)
Mat phéng dit liéu can cap nhat cho moi két ndi mai va viée cap nhat thuong xuyén
s& lam anh huong dén thong luong ciing nhu tinh nhat quan cia géi. Cai tién quan
trong cua Concury la mot cach tiép can theo thuat toan dé luu trit va tra cu cac
trang thai mang 16n. Cai tién mai véi két ndi thuong xuyén va gon gang vé chi phi
bd nhd, nhat quan theo cac thay doi ciia mang va khong thudng xuyén cap nhat mat
phang dir liéu. Két qua danh gia cho thay thuat toan Concury cung cap thong luong
gap 4 1an va tiéu thy it bd nhd hon so véi cac thuat toan can bang tai khac. Pong
thoi cung cap kha ning can bang tai co trong s va tuy do danh nham, cho ca luu

lugng trung tam dit liéu thuc va tong hop.

Trong thap ky gan day, su gia ting cac yéu cau (cac ung dung da dang va
phtec tap) cho cac dich vu ddm may dang lam ting khéi lwong cong viée trong mdi
truong dam may. Cac k¥ thuat dinh thoi kém hiéu qua dang phai d6i mat v6i nhiing
thach thirc vé tai nguyén khi chlng duoc sir dung qua mirc va mét can bang. Piéu
d6 din dén suy giam hiéu suat dich vu (do s dung qué muc) hoic ling phi tai
nguyén dam may (do chua dép Gng du). Y tudng co ban dang sau thuit toan dinh
thoi 1a phan phdi cac nhiém vu (da dang va phtc tap) gitta cac tai nguyén dam may
dé tranh duoc van dé mat can bang. Thuat toan dinh thoi nén tdi wu hod cac thong
s6 trinh bay chinh: thoi gian phan hdi, thoi gian chd, d6 tin cy, tinh kha dung, murc
tiéu thu nang luong, chi phi, mic sir dung tai nguyén,... Thé nén, vao nam 2019,
Kumar va cong su [14] dd cong bd nghién ctru “A comprehensive survey for
scheduling techniques in cloud computing” nham cung cap danh gia hé thong ciing

nhu phan loai cac k¥ thuat 1ap lich dé xuét cung voi nhitng uu diém va han ché cua
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chung. Pay la mot cudc khao sat c6 h¢ thong va toan di€n, 1a budc dém tot cho céac

nha nghién ctru di€n toan dam may cling nhu k¥ thuat dinh thoi trong tuong lai.

Can bang tai c6 thé cai thién cac chi sé Chét lugng dich vu (QoS), bao gdm
thoi gian phan hoi, chi phi, thong lugng, hidu suit va sir dung tai nguyén. Vay nén,
Ghomi va cong su [15] vao ndm 2017 d3 cong bd bai nghién ciru “Load-balancing
algorithms in cloud computing: A survey” vdi tai liéu vé cac thuat toan dinh thoi tac
vu va can b::ing tai. Déng thoi, ho con trinh bay mot phan loai mdi cua cac thuat
toan. Vi du: danh muc can béng tai Hadoop MapReduce, danh muc can béng tai dua
trén Hién tugng tu nhié€n, danh muc can béng tai dua trén tac nhan, danh muc Can
béng tai chung, danh muc huéng ing dung, danh muc nhan biét mang va danh muc
quy trinh 1am viéc cy thé. Ho da cung cap cac danh gia vé ting loai danh muc trén
v6i thong tin chi tiét vé viée xac dinh cac van dé mé va hudng dan cho cac nghién

clru trong tuong lai.

Dién toan dam may da trd nén pho bién hon do cac dich vu ma nd cung cap.
Trong mdi truong dién todn dam may, can bang tai 1a mot van dé rat quan trong.
Boi ngudi ding va yéu cau cua ho ddi véi cac dich vu khac nhau trén nén tang dién
toan dam may ngay cang ting, nén can thiét phai str dung hiéu qua tai nguyén trong
moi truong ddm mAay. Thuét toan can bang tai hidu qua 13 thuat toan phai dam bao
dugc viée st dung tai nguyén hiéu qua bang cach cung cap day du tai nguyén cho
ngudi dung theo yéu cau. Pé vu tién ngudi diung Can bang tai st dung dinh thoi,
thoi gian phan hoi va thoi gian chd 13 cac chi sb hoat dong cuia cac thuat toan can
bang tai. Trong bai bio “A Comparative Study of Static and Dynamic Load
Balancing Algorithms in Cloud Computing” nam 2017, Deepa va cong su da cung
cAp mot nghién ctru so sanh c6 hé thdng vé cac thuit toan can bang tai hién c6 trong

dién toan dam may. [16]

May chu web la co sé cua hau hét moi hoat dong st dung Internet. Phai co
mot may chu web trong dudng dan tir may khach dén dich vy. Véi tinh ning can
bang tai cia may chii, ngudi dung khong con gap phai tinh trang mang nging hoat
dong, khoéi phuc thong tin chdm hodc két ndi bi huy. Bai bdo “An Improved
Weighted Least Connection Scheduling Algorithm for Load Balancing in Web

Cluster Systems” dugc cong bd nam 2018, Singh va cong su [17] da dé xuét thuat
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toan WLC cai tién dé duy tri tai gifra cac may chu khac nhau bang cach ngin cac
yéu cau dugc truyén dén may chu thue méi. Khi cic yéu cau web lién tuc duoc chi
dinh cho mot may chil thyc méi nhiéu hon s6 phan bo lién tuc tdi da (C), thuat toan
duoc dé xuét s& loai trix may chu thuc méi khoi danh sach dinh thoi may chu thuc
d3 dugc kich hoat va hay kich hoat né. Cudi cung sau cac vong phan bd C-1, may
chu thuc mdéi duge kich hoat va dua vao danh séach dinh thoi mdy chu. Thuat toan
dugc dé xudt cin bang tai gitta cic mdy chu thuc bang cach tranh tinh trang qua tai

cua may chu thyc méi.
2.4. Tong két chwong

Trong chuong nay thong qua viéc nghién ctru tim hiéu dugc mot sb thuat
toan va nhitng cong trinh lién quan dén cin bang tai trong dién toan dam may, gilp
luan van hiéu rd hon vé can béng tai trén dién toan dam may. Tu do, hiéu duoc
nhimg wu nhugc diém cua cac thuat toan ciing nhu cac cach xir Iy can bang tai, tao

tién dé va co s¢ virng chac cho nghién ctru cua dé tai ludn van nay.
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CHUONG 3. NGHIEN CUU CHINH SACH BEN VUNG
NHAM XAY DUNG THUAT TOAN NANG CAO HIEU QUA
CAN BANG TAI CUA PIEN TOAN PAM MAY

3.1. Giéi thiéu chung

Hién tai, cac thudt toan trong cin bang tai [18], [19], [20] da dugc nhiéu bai
bao néu 1én va cai tién nham nang cao hiéu ning cin bang tai. Vi ¥ twong ap dung
mot s6 thuat toan va ky thuat Al nhim xay dung mot chinh sach bén viing, tu do
dua ra cach xir Iy va phan bd cac request vao cac tai nguyén hop 1y nhat. Muyc dich
chinh 14 nang cao va cai tién thoi gian xir Iy/thuc hién nhiém vy, thoi gian hoan
thanh cling nhu tai nguyén cta may ao di giam thiéu sy mat cAn bang tai trong moi
truong dién todn dam may. Vi muc ti€u trén, chuong nay s€ trinh bay y tudng
thuat toan dé xuit nham nang cao kha ning can bang tai bo chinh sach bén vimng

trén mo hinh cloud véi hé thong host va cac may 4o.

3.2. M6 hinh nghién cau

Mo hinh nghién ctru str dung thuat toan Cay phan loai hoi quy (CART) nham
muc dich loai bo cac task twong ung véi cic Request dua trén chinh sach bén viing.
Chinh sach bén vitng dugc tinh toan dua trén mac do ti€u thu nang lugng cua task
(Power Consumed), mirc d6 st dung CPU (CPU Usages), mic do st dung RAM
(RAM Usages) va chi phi (Costing) dé thyc hién céc task trong cloud théng qua
thuat toan K-Means. Sau khi phan loai cac job/task theo chinh sach bén viing, bo
can bang tai s& phan bd cac request tuong Gng voi cac task co do bén viing cao hon
vao nhirng may ao/host ¢6 niang luc xt 1y tot hon, tic 13 mirc d6 ranh task cao hon.
Tir d6, phan bd cac request c6 nhu cau xtr Iy cao vao c4c mday ao/host o6 muc do
hoat dong thap nhat. Vi cach tiép can nay, thut toan dé xuat s& cai thién thoi gian
xtr Iy can bang tai trén cloud dong thoi tng dung trén moi truong cloud theo thoi

gian thyc. Trong luén van nay tam dat tén thuat toan 1a RCVKA.
Thuét toan dugc dé xuét nhu sau:
* Budc 1: Tiép nhan request

* Budc 2: Ap dung céac chinh sach ctia thuat toan dé can bang tai
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* Bude 3: Dua vao két qua thu dugc tién hanh can béng tai

Vé muc tiéu:

- Giam thiéu cAc rai ro cho hé théng may chi.

- Giam thiéu t6i da thoi gian sng cho cac yéu cau trong dién toan ddm may.

- Han ché t6i da va ngan chin sy mit can bang tai gitra cac may ao.

Gid dinh:

- B0 can br:ing tai s& biét trudc duoc nhitng dich vu nao dang chay trén cac
may 40 vao bat ky thoi diém nao.

- Luan van nay chi tap trung vao dich vu Web (Web Service), cac may chu
web s& biét trude thoi gian xir Iy cta ting dich vu chay trén web va trén
teng may ao.

- Néu hai may 4o c6 cdu hinh twong duong nhau vé RAM, vi xtt Iy va I/O thi
thot gian thyc thi cia céac dich vy s€ khong co nhiéu khac biét.

Mo hinh nghién ciru:
Thuét toan duoc dé xuét nhu sau:
*  Budc 1: Tiép nhan cac request

* Budc 2: Ap dung cac chinh séach cua thuat toan dé thuc hién can béng tai

*  Budc 3: Dya vao két qua thu dugc tién hanh thyc hién can bang tai

Tiép nhan
request

Chay thuat
toan

Can bang tai

Hinh 3.1. M6 hinh cin bing tii
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3.3. Thuat toan Cay phan loai va hdi quy (Classification and Regression Tree —
CART)

Thuat toan CART [21] 1a mot loai thudt toan phan loai can thiét dé xay dung
ciy quyét dinh trén co so “chi sb tap chat Gini”. N6 1a mot thuat toan hoc may co
ban va cung cap nhiéu truong hop st dung. Nha théng ké Leo Breiman di dit ra
cum tir ndy dé mo ta cac thudt toan Cay quyét dinh c6 thé duoc sir dung cho cac vén
dé phan loai hoic mé hinh dy bao héi quy.

CART la mot tir bao ham dung dé chi cac loai cdy quyét dinh sau:

- Cay phan loai: Khi bién muc tiéu lién tuc, cay duoc str dung dé tim “16p”

ma bién muc tiéu c6 nhiéu kha nang roi vao nhat.

- Cay hoi quy: Puogc sir dung dé du béo gia tri ciia mot bién lién tuc.

Trong ciy quyét dinh, cac nit duoc chia thanh cac nat con trén co s& gid tri
nguong cua mot thudc tinh. Thuat todn CART thuc hién diéu d6 b::ing cach tim
kiém su déng nhét t6t nhit cho cac nat con, véi sy trg giip cua tiéu chi Gini Index.

Nut goc duge 1y lam tap huan luyén va duoc chia thanh hai bang cach xem
Xét gi tri ngudng va thudc tinh tét nhat. Hon nita, cac tdp hop con ciing dugc chia
theo cting mot logic. Piéu nay tiép tuc cho dén khi tim thay bo con thuan tiy cubi
cung trén cay hodc sb 14 t6i da co thé c6 trén cay dang phat trién d6. Diéu nay con
dugc goi 1a Ct tia cdy (Tree Pruning).

Cong thuc tinh toan chi sé Gini.

GI =X P;(1— P)hoic GI =1— X, P}

O day c 1a tong s6 16p va P 1a xac suét cia 16p i.
3.4. Thuat todn K-Means

Thuét toan K-Means 13 thuét toan rat quan trong va dugc su dung phé bién
trong k¥ thuat phan cum, dugc dé xuat boi J.B.MacQueen. Thuat toan khong giam
sat nay thuong duoc sir dung trong khai thac dit liéu va nhan dang mau. Hudng dén
viéc gidm thiéu chi sb hiéu suit cum, tiéu chi 13i binh phuong va 151 14 nén tang cua
thuat toan nay. Dé tim kiém két qua toi wu hoa, thuat toan nay cd gang tim K bo
phan dé théa man mot tiéu chi nhit dinh. Dau tién, chon mot s6 diu chAm dé dai
dién cho céc tiéu diém cum ban dau (théng thuong, chon K diém méiu dau tién cia
thu nhap dé dai dién cho tiéu diém cum ban dau); thir hai, gom cac chAm mau con

lai vé tiéu diém theo tiéu chi khoang cach tdi thiéu thi ta s& dugc phan loai ban dau,
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phan loai néu khong hop 1y thi sira doi (tinh lai ting tiéu diém timg cum), lap di lip
lai cho dén khi c¢6 duge mot su phan loai.
3.5. Thuit toan dé xuat RCVKA

Duya vao tham khao tir tai liéu [20], luan vin nay xin dé xuét thuat todn gém
3 nhom module chinh:

(1) Module tinh todn ra céc théng sé ciia Request bang thudt todn K-Means:

Thuat toan K-Means trong Module 1 déng vai tro tinh toan cac thong sb sir
dung tai nguyén cua cac task/job dua trén cac thudc tinh ctia Request sau khi chon
loc boi chinh sach bén ving. Cac thudc tinh ciia Request bao gém: Size, Response
Length, Max Length,...

Ponew = K-Means(Request, Power)

CPUpew = K-Means(Request, CPU)

RAMyew = K-Means(Request, RAM)

Request = {X1, Xy, ..., Xy}, voi Xj la cac thudc tinh ctia Request khi giri 1én

cloud.
Trong do:

POnew (Power du doan Power New): Power ghi nhan dugc trong qua khur

CPUpew (CPU du doan CPU New): CPU ghi nhan duoc trong qua khir

RAMpew (RAM du doan RAM New): RAM ghi nhan dugc trong qua khur

O day, ta c6 thé sir dung nhom 3 yéu to {Po, CPU, RAM} dé tong hop tinh
toan hodc dé tinh toan riéng bi¢t tirng dai lugng.

(2) Module phan lop tdac vu theo hanh vi nguoi dung:

Module nay s& str dung thuat toan CART dé phan 16p Request dang xét, dira
vao chinh sach bén viing trén cloud cia céc tac vu.

VMgeect = RandomForest(Po, CPU, RAM);

Trong do:

VMgejeet: may do duoc chon

Cart: ham phan 16p tir mé hinh Cay quyét dinh CART di duoc xay dung dua

trén bo dir li€u trude day cua cac Request

Po: Power du doan tinh toan tir Module 1

CPU: muc st dung CPU du doén tinh toan tir Module 1
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RAM: muc st dung RAM dy dodn tinh toan tir Module 1
(3) Module phdn bé cdc dich vu (chon mdy do)

Nhiém vu ctia Module nay I1a phan bb cac loai Request dén cac may ao phll
hop. Néu mot Request dugc guri téi thi Request d6 s& duoc phén loai bai Module 1
va cac VM dang xét bao gdbm VM khong tai ciing duge phan cum theo Module 2.
Ngoai ra, Module 3 ¢6 nhiém vu phan bo Request dang xét vao mdy ao da dugc tim
thiy tir Module 2, tir d6 xtr Iy va tra vé két qua cua Request. Sau d6, luu két qua vao
lich str bd nhé cac Request gan nhét da xir 1y dé 1am dir liéu dau vao cho qua trinh

xay dung mo hinh Cay quyét dinh CART & Module 2.

Thuat toan RCVKA (Request CART Classification & VM K-Means Clustering
Algorithm)

1. For each Request in CloudRequests

2. isLocated = false;

3. SustainablePolicy = {Po, CPU, RAM} e, = K-Means (T4, To,...,Ty); //
Module 1

4, Request.SustainablePolicyClass = Cart(SustainablePolicy); //Cart 1a m6

hinh phéan 16p tac vu
5. For each VM in VMList
6. I isFitSituation(Request.SustainablePolicyClass, VM)
7 AllocateRequestToVM(VM, Request); // Module 3
8. isLocated = true;
9. End If

10. End For

11. If(tisLocated)

12. VM = VMList.getSelectedVVM(): // Module 2
13. AllocateRequestToVM(VM, Request);

14, End If

15. End For

Trong doan ma gia trén, thuat toan RCVKA da si dung mot vong 1ap dé léng
nghe tat ca cac Request c6 trong danh sach hang doi dugc giri 1én bo can bang tai
(CloudRequests). Thuat toan sé& tiép tuc phan bd cic Request cho dén khi hét danh
sach hang doi. Cu thé, thuat toan st dung bién isLocated (kiéu luan ly — boolean) dé
lam co (flag) danh diu Request dang xét dé xem Request d6 dd dugc phan b hay
chua. Khi bt dau vong lip, bién isLocated duoc khoi tao gia tri mic dinh 1a false.
Budc tiép theo, thudt toan s& tinh toan ra vector SustainablePolicy 3 chiéu twong
ung vo1 PowerConsume, CPU Usage va RAM Usage (Priority = {Po, CPU, RAM})
can dung dé thyc hién Request dang xét. Viéc tinh toan ndy dua trén so liéu cia cac

Request T1, T2,... Tn trude do, trong d6 n 13 sé Request d duoc luu trong lich sir.
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Ti chinh 1a céc dai lugng ctiia Request thur i da dugc Iuu lai. Ti bao g@)m cac dai
lwong dau vao: MaxLength, FileSize, OutputSize... va cac dai lugng xt Iy do cloud
da thuc hién dé xt Iy Request thir i bao gdm: PowerConsume, CPU Usage, RAM
Usage. N Request trong lich st nay 1a dit liéu xay dung nén ham K-Means dé du
bdo va tinh todn ra cdc dai lugng SustainablePolicy cho Request dang xét. Pai
luong SustainablePolicy ciing chinh 14 dir liéu dau vao dé chay CART phan 16p cho
Request dang xét, 1op sau khi phan s€ dugc gan vao thudc tinh
SustainablePolicyClass ctia Request. Sau khi chay ra théng sé SustainablePolicy
cho Request, thuit toan s& thuc hién duyét vong lip dé duyét qua cac mdy 4o hién
dang c¢ trén cloud. V&1 tung may 4o tuong ing, thuat todn s€ xem xét mirc d§ phu
hop d6i v6i d6 wu tién cia Request dang xét, thong qua ham
isFitSituation(Request.SustainablePolicyClass, VM). Néu thoa, RCVKA s& phan bd
Request dang xét vao may 4o: AllocateRequestToVM(VM, Request) dong thoi gan
gia tri bién isLoacated = true. Trong trudng hop khong tim duoc may 4o nao thich
hop thi vong 1ap s€ két thic. Lic nay, thudt toan chay hét vong lap, bién isLocated
van mang gia tri false va Request van chua duoc phan bo. Vi vdy, nhiém vu chinh
cta thudt toan RCVKA hién gio 1a phan bd Request trén vao may ao dau tién trong
danh sach thong qua doan 1énh VM = VMList.getSelectedVM(). Viéc phan bo nay
dam bao cac Request duoc du bao néu khong nam trong dir liéu cua thuat toan van
dugc phan bo va xir Iy dé phuc vu nguoi dung.
Phwong phap danh gia thudt toan RCVKA

Két qua dat dugc tur thuat toan ma luén van dé xuat RCVKA da dap ung cac muc
tiéu duoc dé ra trudc d6. Chang han nhu, gidi han sb lugng yéu cau xép hang dé
phan phdi, giam thiéu thoi gian xtr 1y va phan hoi ciia ddm may trung tim, déu tot
hon so voi cac thuat toan cii. Piéu nay dong nghia véi viéc hiéu ning cua dién toan
dam may dugc thyc hién boi thuat toan RCVKA da cai thién hon so véi bon thuat
toan duoc dé cap dén trong luan vin la FCFS, MaxMin, MinMin va Round
Robin.

3.6. Két luan chwong
Chuong nay da dua trén nghién ciru chinh sach bén vimg dé dua ra mé hinh

thuat toan nhdm nang cao hiéu qua cin bang tai trén dién toan dam may. Muc tiéu
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ban dau ctia luan van 1a duy tri sy 6n dinh trong thoi gian xir Iy va phan hoi khi hoat
dong lién tuc trén cloud, thuat toan dé xuit RCVKA d3 chirng minh duoc hi€u nang
ciia minh trong qua trinh can bang tai. Cu thé, thuat toan da lam giam toi da thoi
gian thuc hién xir 1y céc tac vu trén cloud ciling nhu cac yéu cu va rai ro nhét dinh.

Ngoai ra, RCVKA con ngan chdn va han ché viéc mat can bang tai gitra cac may ao.
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CHUONG 4. MO PHONG CHUONG TRINH
VA PANH GIA KET QUA

4.1. Gigi thiéu chung

Trong chuong nay, ludn vin s& trinh bay vé cai dit mo phong thuat toan
RCVKA. Cu thé, chuong nay s& st dung thuit toan RCVKA phan bo cac task
trong Gmg voi cac Request dua trén do bén viing cac task d6 dd dugc tinh toan.
Muc dd ti€u thu nang lugng cua task (Power Consumed), muc d§ su dung CPU
(CPU Usages), mirc d6 st dung RAM va chi phi (Costing) dé thyc hién cac task
trong cloud dd dugc tinh toan k¥ cang tao nén d6 bén vimng cua thuat toan. Sau khi
phan loai cac task theo d6 wu tié d6 bén viing, bd can bang tai s& phan bd céac
request (mg véi cac task O do bén viing cao hon vao nhitng may ao/host ¢ ning
luc xtr 1y t6t hon hay ¢6 mirc d6 ranh task cao. Tir d6, phan bd vao cac may ao/host
c6 mirc do hoat dong thap nhat cac request co nhu cau xur Iy cao. Véi cach tiép can
nay, thuat toan dé xuat RCVKA s& cai thién thoi gian xir Iy can bang tai trén cloud
sau d6 tmg dung trén moi trudng cloud theo thoi gian thyc. Cac két qua thu duoc
sau khi tién hanh cic budc nhu trén dung dé phan tich tinh hiéu qua cia thuat toan
da dé xuat.
4.2. Méi trwong mo phéng thuc nghiém

Dua vao bd dit li¢u chira cac Request, luan van da st dung thuat toan K-
Means dé phan loai Request dua trén céc dic trung cta ching (hanh vi ngudi dung

cloud).
Budc 1: Tiép nhan gia tri input
Budc 2: Phén tich cac input dé rat trich cac dic trung cua cac gia tri input
Buéc 3: Dua vao cac dic trung trén, ching ta st dung machine learning dé
phan 16p cac gia tri dau vao.
Budc 4: Dya vao két qua phan 16p, ta tién hanh can bang tai cho hé thong.

Dua vao dit liéu c6 thé biét cua cac Request, ta stir dung thuat todn CART dé
phan loai ching bang cach tinh toan ra bo SustainablePolicy = {Power, CPU,

RAM}. Tir 46, ta biét duoc cach phan bo tai nguyén cho cic Request vao cac may
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40 da dugc phan cum sin trudce do. Két hop danh gia sé 1an sai va sai sd, ta co thé
cai thién thuat toan bang cach ap dung may hoc (machine learning). Tuy nhién, may

hoc s& it dugc ap dung dé cai thién thuat todn vi van xay ra sai s6 cho phép.

Khi gid 1ap moi truong cloud, ludn van da st dung ngdén ngit 1ap trinh JAVA
va bo thu vién CloudSim. Bao gom 5 dén 15 may 4o, moi truong cloud 13 noi dé cac
Request ng?lu nhién truy cap dén cac dich vu trén cloud. Cac dich vu gém co: dich
vu cung cip may 40, dich vu cung cap va dap tng ngudi dung cua CloudSim dé tién

hanh thtr nghiém.

Sau d6, luan vin tiép tuc tién hanh cai dit thuat toan K-Means va CART trén
moi truong mod phong duoc phat trién boi bo thu vien WEKA. Cudi cung 1a kiém
nghiém két qua cua thuat toan dé xuat.

Cic tham s6 ciia mé hinh mang mé phéng:

Qua trinh thyc nghi€ém mod phdng thuat toan dugc cai dat trén Eclipse IDE
hoic NETBEAN IDE va sir dung ngon ngit JAVA dé chay thtr véi két qua duoc
hién thi dudi dang console. Mdi trudng gia 1ap dung bd thu vién mi ngudn mo
CloudSim (duoc cung cap boi http://www.cloudbus.org/) két hop vai bo thur vién vé
datamining la WEKA.

MBoi trudng mod phong gia lap gom céac thong sb sau:

- 1 Datacenter v6i thong so sau:

Bang 4.1. Thong s6 cau hinh Datacenter

Thong tin Datacenter Théng tin Host trong Datacenter
- S6 lugng may (host) trong | Mdi host trong Datacenter ¢6 cau hinh
datacenter: 5 nhu sau:
- Khong sir dung Storage (cac 6 | - CPU c6 4 nhan, mdi nhan c6 toc d6 xir
SAN) ly 1a 1000 (mips)
- Kién trac(arch): x86 - Ram: 16384 (MB)
- Hé diéu hanh (OS): Linux - Storage: 1000000
- Xt ly (VMM): Xen - Bandwidth: 10000
- TimeZone: +7 GMT
- Cost: 3.0
- Cost per Memory: 0.05
- Cost per Storage: 0.1
- Cost per Bandwidth: 0.1

- CAC may 40 c6 cAu hinh gidng nhau khi duoc khéi tao:
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Bang 4.2. CAu hinh may ao

Kich S6 Irgng cpu
thuére Ram Mips | Bandwidth PRE P yvim
. (pes no.)
(size)
10000 MB | 512 MB 250 1000 1 Xen

- Céac Request (chay trén web, WebRequest) dai di€n bdi Cloudlet trong
CloudSim va kich thudc cua cac Cloudlet duoc khdi tao mot cac ngﬁu nhién béng

ham Random ctiia JAVA. S6 luong Cloudlet 1an luot tir 500 — 1500.

Bang 4.3. Cu hinh thong s ciac Request

Chidudai | Kich thwéc file Kic'; l:::"l‘f: file | & CPU xirly
(Length) (File Size) (Output Size) (PEs)
3000~ 1700 | 5000 ~ 45000 450 ~ 750 1

- Thuat toan dé xudt dugc xdy dung bang cach tao ra 16p
RCVKASchedulingAlgorithm ké thira tir d6i twong BaseSchedulingAlgorithm.
Song, thuat toan dé xuét da c6 cap nhat thém mat s6 phuong thirc va thudc tinh lién
quan t&i predictRequestkKmeans dong thdi diéu chinh cac ham dung sin dé tré nén

phu hop hon:
@Override

public void run() // Module 3

public CondorVM getFittingVm (double label)

/l Module 2

public String predictRequestPowerConsume(Cloudlet req)
public String predictRequestCpuUsage(Cloudlet req)
public String predictRequestRamUsage (Cloudlet req)

/l Module 1
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Tiéu chi danh gia
Thue nghiém mé phong cloud véi cac tham sb nhu trén dé chay thuét toan
can bang tai ciia CloudSim c6 sin. Sau d6, két hop chay thuat toan dé xuat RCVKA
méi cai dat véi dit lieu dau vao. Cudi cung, so sanh két qua dau ra, dic biét 1a thong
s6 thoi gian thyc hién (Makespan). Sai sd cua thoi gian dap tmg du doan cua cac
may 4o va thoi gian dap umg du doan cia cloud cang thip thi hiéu qua cua thuat

toan cang duogc danh gia cao.

4.3. Két qua thuc nghi¢m ciia mé hinh.

Ta tién hanh chay thyc nghiém mé phong trén CloudSim véi 5 may 4o da
dugc dung san dé dap tng cac Request. Céc request dugc khoi tao cd chicu dai va
kich thuoc ngéu nhién véi sd luong Request lan lugt 1a 30, 60, 100 va 1000. Tiép
theo, ta so sanh két qua nay véi cac thuat toan FCFS, MaxMin, MinMin va Round-
Robin. Trudc nhat, trudng hgp mo phong voi 30 Requets, ta ¢6 bang két qua nhu

Sau:

Bang 4.4. Két qua thwe nghiém mé phéng véi 30 request

Thoigian thue | oo | poyka | MaxMin | Minmin | Round

hién (ms) Robin
AVG 55470 | 206.43 25353 261.94 271.48
MAX 8618.72 | 273452 | 306834| 319111| 4.687.36
MIN 0.26 011 0.14 0.14 0.12




38

10,000.00
9,000.00
8,000.00
7,000.00
6,000.00
5,000.00
4,000.00
3,000.00
2,000.00

1,000.00

FCFS RCVKA MaxMin MinMin Round Robin

mAVG mMAX
Hinh 4.1. Biéu db so sanh thoi gian thue hién cia S thuét toan véi 30 Request

Vi két qua thue nghiém cua 30 Request, co thé thdy rang thuat toan dé& xudt
RCVKA dang c¢6 lgi thé hon so voi cac thuét toan con lai. Thuat toan MaxMin va
MinMin ciing theo sat thut toan RCVKA vdéi thoi gian xir 1y kha 6n dinh. Trong
khi d6, thuat toan FCFS lai ¢6 thoi gian xir Iy kha cao, chiém gip gan 4 lan so voi
thuat toan dé xuét. Tuy nhién, dé ching to thuat toan dé xuat that sy ¢ hiéu qua, ta

s€ tién hanh xtr Iy nhi€u request hon va quan sat két qua.

Bang 4.5. Két qua thiwe nghiém mé phéng véi 60 request

Thoi gian ) o Round

thue hié%l (ms) FCFS RCVKA MaxMin MinMin Robin
AVG 554.55 207.15 615.82 445.43 553.40
MAX 2,692.30 3,171.06 | 11,338.88 7,855.51 | 14,070.51
MIN 0.7 0.11 0.13 0.12 0.16
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Hinh 4.2. Biéu d6 so sanh thoi gian thwc hién ciia 5 thuit toan véi 60 Request

Khi thuc nghiém tir request 60 tré di, qua quan sat biéu d6 nhéan thay co su

chénh 1éch ro rét gitta 5 thuat toan dugc so sdnh. Thuat todn dé xuét van co thoi

gian xur ly nho, cach biét kha nhiéu véi cac thuat toan khac. Cu thé, thoi gian xu ly

ctia thuat toan Round Robin va MinMin 1an lugt chiém gan 5 lan va 2 lan thoi gian

xtr Iy cia RCVKA. C6 thé thiy rang, khi sd luong request nho va kich thuéce nho,
thuat toan RCVKA ciing kha 6n dinh.

Bang 4.6. Két qua thywe nghiém md phéng véi 100 request

Thoi gian _ o Round

thuc hién FCFS RCVKA MaxMin MinMin .
(ms) Robin
AVG 351.87 192.10 307.26 311.67 382.52
MAX 11,015.20 3,034.15 6,176.83 8,163.80 5,792.78
MIN 0.11 0.11 0.11 0.12 0.16
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Hinh 4.3. Biéu @6 so sanh thoi gian thyc hién ciia 5 thuit toan véi 100 Request

Khi tang s6 luong request 1én 100, ta thiy RCVKA vuot tréi hon han so voi

cac thuat toan con lai. Thuat toan FCFS c6 thoi gian xir 1y gip gan 4 1an, Round

Robin gap gan 2 lan so v4i thuat toan dé xuat. Qua do, nhan thay dugc tinh 6n dinh

va hiéu qua ctia thuat toan dé xuat RCVKA du c6 tang s6 lwong request. Cudi cling

ta ting 1én 1000 request dé quan sat litu RCVKA c6 bo xa cac thuat toan khac hay

khéng.
Bang 4.7. Két qua thwe nghiém mé phéng véi 1000 request

Thoi gian Round

thuce hién FCFS RCVKA MaxMin MinMin .
(ms) Robin
AVG 380.90 326.59 545.62 639.75 514.52
MAX 15,971.02 6,360.17 | 54,741.18 | 30,587.87 | 60,263.71
MIN 0.12 0.18 0.15 0.16 0.13
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Hinh 4.4. Biéu do so sanh thoi gian thwc hién ciia 5 thuit toan véi 1000

Request

Véi truong hop 1000 request nay, thuat toan RCVKA da chirng minh minh
vuot trdi hon so véi 4 thuan toan con lai. Néu lugng request bung nd, viéc xur 1y cta
thuat toan van dap tng duoc, phu thudc vao cau hinh thiét bi chay bo can bang tai vi
vay khong qua khé khin trong viée xtr Iy can bang tai néu luong request nhiéu.

So sanh thoi gian thue thi cia cac thuit toan

Sau khi chay kiém thtr thuat toan dé& xuat RCVKA voi bén thuat toan co ban
v6i s6 luong request ting dan tir 30 — 1000, ta tién hanh v& biéu dd dé so sanh,
théng ké thoi gian thuc thi trung binh cta cac thuit toan dé quan sat va danh gia

tinh 6n dinh giita cac thuat toan.
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Hinh 4.5. Thoi gian thyc hién trung binh cia S thuit toan tir 30-1000 Request
e FCFS  emmm RCVKA == MaxMin MIinMin === Round Robin
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Hinh 4.6. Thoi gian thue hién 16n nhét cia 5 thuit toan tir 30-1000 Request

Sau khi so sanh thoi gian xtr 1y ctia cac thuat toan dudi cing mot diéu kién ¢
4 trudng hop lan luot 1a: 30, 60, 100 va 1000 request, ta da thay duoc su phan bo vo
cung 6n dinh va hop 1y cua thuat toan dé& xuit RCVKA. Cu thé, khi so thoi gian xu
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1y ciia cac may ao voi thoi gian xtr 1y cta cac thuat toan khac trén cloud (bao gom
treong hop it va nhiéu request) thi sy khac biét khong dang ké. Bén canh d6, Hinh
4.5 va Hinh 4.6 ciing cho thiy RCVKA ludn ludn nam & vi tri thip nhét, du 1a so
sanh gia tri thoi gian thyuc hién trung binh hay gia tri thoi gian thuc hién 16n nhat di

chdng nira.

Tuy nhién, thuc nghiém mo phdong nay chi 1a mé phong nhom cac may ao,
chua tinh dén viéc mo rong tap hop cac may ao (VM pool) dé giam tai trong truong
hop can thiét. Boi, trong luan vin chi gia dinh nhom cac may ao xu 1y téi da bao
nhiéu request, néu vugt qua thi ta méi 1én ké hoach va tién hanh mo rong pool.
Ngoai ra, viéc thi nghiém mo phong véi lugng request 16n hon, cu thé 13 trén 1000
request, thi doi hoi phai c6 mot may tinh manh hon vé1 bo xu ly tdt hon. Vi vay,

day ciing chinh 1a khuyét diém ciing nhu han ché cia thi nghiém mé phong nay.

Thuét toan dé xuat RCVKA da cho théy su hi€u qua cua minh khi s6 luong
may ao duoc ting 1én cao hon, thuit toan van dam bao dugc thoi gian phan hoi va
thoi gian xtr Iy & murc t6t nhat co thé dong thoi giam thicu t6i da chi phi cho cac
trung tam dit liéu dam may. Dau vay, thudt toan dé xuit van con tdn tai mot sb

nhugc diém nhu sau:

- Khi s6 lugng may do tang nhiéu hon, thi viéc tim ra may c6 Usage nho nhat

cling tré' nén khé khan hon.

-Thé nén, trong trudng hop do, chi can c6 thé tim duge mot may co Usage
phu hop 1a dat yéu cau.

- Cac may 4o trong danh sach chwa duoc sip xép theo thir tu ting dan.
4.4. Panh gia két qua

Mo hinh thuc nghiém mé phong véi cac thong sb ciing nhu kich ban dua ra
déu dua vao qua trinh request clia cac browser trén méi truong cloud. Qua do, luan
van ghi nhan dugc cac thong sé vé thoi gian xur 1y ciia cac may 4o cling nhu cia
cloud. Viéc chay thyc nghiém véi thong sb ctia 5 may 4o, chiu tai tir 30 dén 1000
Request di cho ra két qua twong dbi kha quan. Ngoai ra, viéc phin bd cac Request

dén cac may do cling xur Iy kha dong déu va co tinh kha thi cao.
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KET LUAN
Luan van “NGHIEN CUU CHINH SACH BEN VUNG NHAM XAY

DUNG THUAT TOAN NANG CAO HIEU QUA CAN BANG TAI CUA PIEN
TOAN PAM MAY” nghién ctru cac thudt toan tién hanh phan 16p tir cac didc trung

cua request chon loc boi chinh sach bén viing. Sau do, phan bo céac tac vu vao cac

may 4o sao cho hop Iy va nang cao can bang tai trong moi truong dién toan dam

may, sir dung hop 1y va c6 hiéu qua ngudn tai nguyén dam may. Duya vao cac thuat

todn da co6 dé phan tich lam rd chung, sau dé c6 thé danh gia dua ra nhugc diém va

lgi thé cua tung thuat toan. Tu cac nhugce diém da phan tich, dé xuit mot thuat toan

két hop v&i chinh sach bén vitng nham cai tién va nang cao kha nang can bang tai

so v&i Cac thuat toan cii. Qua trinh nghién ctru da dat duoc nhiéu muc tiéu dé ra nhu

Sau.

Nghién ciru téng quan dam may va cic ddm may v4i ba mo hinh chinh dang
dugc sir dung. Cac k¥ thudt can bang tai duoc dung trong moi trudong dién

toan dam may.

Nghién ctru cac thuat toan hd tro dé phan 16p, phan cum céac request. Nghién
ctru chinh sach bén vimng, ap dung vao dé phan cum céc request dua trén cac

dac trung cua no.

Nghién ctru cach tiép can dam may dién toan thong qua md phong sir dung
cong cu giao dién than thién va dé sit dung cua CloudSim. Cai dit va md
phong cac k¥ thuit cAn bang tai, cac thudt toan Round Robin, MaxMin,
MinMin va thuat toan tu nhién FCFS. Cac gia tri thu dugc khi m6 phong dua
ra ding dé phén tich so sanh v6i nhau, nham tém lai duoc cac nhuoc diém va
wu diém cua cac thuat toan. Tir d6, luan vin s& dé xuit mot thuét toan stra d6i

dé khac phyuc mat han ché do.

Két qua dat duogc tu thuat toan dé xuit dap Uimg dugc cac muc ti€u nhu viéc
dap ung thoi gian dugc cai thién, han ché cac tai nguyén bi doi cling nhu
may 40 ¢ ning luc xtr Iy manh s& dugc xtr Iy nhiéu yéu ciu hon. Qua do,
gitp can bang tai hiéu qua hon céc thuat toan duoc so sanh 13 Round Robin,

MaxMin, MinMin va thuat toan tu nhién FCFS.
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- Thuat toan d& xuat RCVKA c6 thé dung dé dua vao ap dung trén thuc té.

Han ché lugn vin
- Chua duoc tng dung vao moéi truong thuc té.
- Thoi gian dap Gmg va xir Iy chua cai thién dugc nhidu.
Vin dé kién nghi va hwéng di tiép theo ciia nghién civu:
- Pua thuét toan dé xuit vao ung dung thuc té.

Ap dung mé hinh ning luong tiéu thu cua Datacenter hodc cloud twong Gmg dé xay

dung biéu do phén bb tai cho cloud.
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