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MO DAU
1. Ly do chon dé tai

Theo cac théng ké®, lwong dir liéu truyén trén hé thong mang toan cau néu luu
trir trén dia DVD thi s luong dia nay xép hang sé& c¢6 chiéu dai bang 2 1an quing dudng
tir trai dét t6i mat tring, du bao luong dit lidu ndy s& ting thém 44 1an vao nim 2020.
Theo du bao ctia ViettelIDC® vao nim 2021 thi dién toan ddm may déng vai trd quan
trong trong viéc dbi pho véi cude khing hoang COVID-19. Khi cac doanh nghiép &
khip moi noi ¢d gang duy tri hoat dong bang cach dé nhan vién lam viéc tir xa, tat ca
cac nha cung cdp dam may vé co ban da ting doanh thu va tiép tuc ting trudng véi toe
d6 chong mat. Con theo Forrester®, thi nam 2021: Dién toan dam may ddy nhanh qua
trinh chuyén ddi cta doanh nghiép sau dai dich COVID-19, su dich chuyén lén dam
may la bat budc, va 1a giai phap hiru hiéu giup doanh nghiép c6 thé ton tai va phat trién;
Forrester du doan thi truong co so ha ting ddm may cong cong toan cau sé ting trudng
35% 1én 120 ty USD vao nam 2021. Con theo to Thoi bio ngan hang® thi cho rang,
thi truong dién toan dam may dang bung nd sau khi doanh nghiép Viét Nam tham gia
vao cudc canh mang 4.0 va Chinh phu ban hanh “Chuong trinh chuyén d6i s6 qubc gia
dén nam 2025, dinh hudéng dén nim 2030”, bai bao nay cho rang, theo thdng ké cia
Garner Inc, chi tiéu cua nguoi st dung cudi d6i véi dich vu dién toan dam may cong
cong trén toan thé gidi nam 2020 1a 257,5 ty USD. Con sb nay vao nam 2022 du béo
tang khodng 40% dat 362,2 ty USD. V&1 Viét Nam, theo thong tin tr B Thong tin va
Truyén thong, thi trudng dién toan dam may Viét Nam nam 2020 dat khoang 3.200 ty
ddng (trong dwong 133 triéu USD), du bao dén nam 2025, s& dat 500 triéu USD. Mot
cudc khao sat gan ddy ciia Vién Gia tri doanh nghiép IBM (IBV) cho thdy 56% doanh

nghiép Viét Nam d3 va dang st dung nén tang quan Iy dam may.

Vi su bung nd do, d3 dat ra nhiing thach thirc rat 16n cho nguodi dung trén toan
thé gidi vé cac van dé: xu ly dir liéu, an toan dir liéu va dac biét van dé can bé“mg tai
truy cap. Dién toan dam may duoc xem nhu mét trong nhitng nén tang tot nhat giup

Iwu trir dit liéu va cung cap dich vu tinh toan véi chi phi tdi thiéu va truy cap moi luc

@ http://cloudvps.vn/dien-toan-dam-may-thach-thuc-va-co-hoi/

@)https:/iviettelidc.com.vn/tin-tuc/du-doan-xu-huong-dien-toan-dam-may-nam-2021

@ https:/ivticloud.io/forrester-du-doan-nam-2021-dien-toan-dam-may-day-nhanh-qua-trinh-chuyen-doi-cua-
doanh-nghiep-sau-dai-dich-covid19/

@ https://thoibaonganhang.vn/thi-truong-dien-toan-dam-may-dang-bung-no-111922.html
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moi noi tir Internet. Pién toan dam may ra doi cho phép cac tmg dung bdt 1€ thudc vao
mang ha tang, tiét kiém cho nguoi ding khi khong qua dau tur vao hé théng phan ctng.
Dién toan dam mAy dang tr& thanh dich dén cta nhiéu doanh nghiép 16n, dic biét co

lién quan t61 mang trung tam dit ligu.

bién todn dam may da tré thanh moét trong nhitng nén tang duoc lya chon st
dung nhiéu nhat trong cic giai phap cong nghé hién dai, bai vi n6 ¢é tinh linh dong,
cung cip dich vu theo nhu cau st dung, va kha ning mo rong hay thu hep mot cach
dé dang. Chinh vi vay, né luon doi hoi nhitng budc nghién ciru méi, mang tinh tién
phong trong viéc nang cao hi¢u qua hoat dong va phai sir dung t5i wu nhat nguén tai
nguyén nhung van dam bao viéc cung tmg dich vu 1a t6t nhat va thoi gian nhanh nhat.
Trong viéc ning cao hiéu qua hoat dong cua dién toan dam may, cin bang tai dong
vai trd rat quan trong va mau chot, day 1a mot co ché chu yéu dé gitp cho cac giao
dich trén dam may dién ra t6t nhat va an toan nhat. Vi su phat trién nhanh chong vé
quy mé ciing nhu sb luong cia cac tng dung chay trén nén tang dam may thi can
bang tai phai ludn ludn dugc cai tién va nang cap cho phi hop voi luong va chat cia
su phat trién d6. Vi thé ma can béng tai [a mot thach thic 16n, ludn dugc sy quan tam
ctia cac nha khoa hoc, nghién ctru nham dap ing ngay mot tot hon cho méi trudng
dién toan dam may.

Hién nay véi su phat trién bung nd cua Internet thi viée trao doi dir liéu, phan
b tai nguyén mdy tinh ctia mot to chirc, doanh nghiép 1a van dé dat ra nhiéu thach
thirc. Cé nhiéu cong trinh nghién ctru dé nang cao kha ning cén bang tai trong moi
treong dién toan dam may [3], [11], [21], [28], [44], [72], [93], [104], [109]. Trong
tai liéu [93] tac gia dung phuong phap can bang dong véi kha ning giam sat tip trung,
sir dung y tuong du moi truong tinh toan 1a phan tdn nhung trang thai cta tung yéu
cau (request) phai dugc quan Iy tap trung nham ting kha ning 14p lich, kiém tra tinh
trang cac bo xir Iy trudc khi 1am nhiém vu diéu phdi tai, cin bang tai trén cac tuyén
duong di. Va van dé nay thu hut dugc rt nhiéu su quan tdm cta cic nha khoa hoc va

cling di dat dugc nhiéu thanh tyu & cac cong trinh [5], [18], [23], [31], [34], [35],



[42], [83], [84], [108]. Vi vay, viéc nghién clru cai tién hiéu ning can bang tai cho
dién toan dam may la mot cach tiép can cua deé tai.

Xuét phat tir nhirng 1y do trén, viéc nghién ciru cac giai phap méi nang cao can
bang tai 1a van dé cap thiét. Bé tai “Nang cao hiéu ning cén béing tdi trén dién todn
ddim mdy” dugc thyc hién trong khuon khé lun 4n tién si chuyén nganh Hé thong
thong tin. Két qua nghién ciru dong gop vao viéc cai tién cac thuat toan can bang tai
trén dién toan dam may. Thach thuc dat ra voi dé tai 1a rat 16n vi véi luu lugng dir ligu
truyén di trén Internet ngdy cang bung n6, mdi loai dir liéu cé dic thu riéng va cd
phuong phap xir 1y riéng. Viéc lua chon ky thuat dé cai tién can bang tai 1a rat quan
trong, voi ¥ nghia to 16n 1 nang cao chat luong dich vu dam may cho ngudi ding.

2. Muc tiéu ctia luin an

- Muyc tiéu thir nhat: Nghién ciru, phat trién mot so thudt todn can bang tai nham
cdi thién thoi gian dap Gng trén dién toan ddm may.

- Muyc tiéu thtr hai: Nghién ctru, phat trién mot sd thuat toan can bé“mg tai nham
cdi thién thoi gian xur 1y trén dién todn ddm may.

3. Pham vi, ddi twong va phuwong phap nghién ciru

- Pham vi: Cac thuat todn cAn bang tai nham cai thién cac tham s thoi gian dap
ung, thoi gian xur 1y trén moi truong di¢n toan dam.

- Déi tuong nghién ciru: Cac thuat toan can bang tai, cdc tham s anh hudng dén
can bang tai, cac phuong phap dénh gi thut toan cAn bang tai trén dién toan
dam may.

- Phuong phéap nghién ctru: Xay dung mo hinh; Cai dat/thtr nghi€ém md hinh trén
cac phan mém mé phong; So sanh, danh gia két qua so véi cac thut toan khéc.

4. Cac déng goép cua luan an
e Dong gop thir nhat: Dé xuat 02 thuit toan can bang tai nham giam thoi gian dap
g trén dién toan dam may. Cac két qua nghién ciu cdng bé trong cac cong trinh
(CT4) va (CT7):



- Thuat toan LBAIRT (CT4): Biém mdi cia thuit toan LBAIRT 1a xét thém sd
tham s6 thoi gian hoan thanh cac yéu cau du kién ctia mdi tai nguyén (VM).
Két qua mo phong cho thay LBAIRT ¢ ti 16 chdp nhdn yéu cau du vao cao
hon, trong khi thodi gian tinh toan trung binh thap hon cac cong trinh lién
quan.

- Thuat toan RRTA (CT7): Piém mdi cua cong trinh 1a st dung thudt toan du
bao ARIMA dé du bao thoi gian dap tng, tir d6 dua ra cach giai quyét phan
phéi tai nguyén hop 1y.

e Dong gop thir hai: Pé xuat 02 thuat toan can bang tai voi muc dich cai thién thoi
gian xtr Iy trén dién toan dam may. Cac két qua nghién ciru cong bd trong cac cong
trinh (CT5) va (CT6):

- Thuat toan TMA (CT5): Diém cai tién cua thuat toan 13 st dung 2 bang chi
muc trang thai cia cac VM. Cac két qua thu duoc tir thuat toan dé xuat da
dat dugc mot s6 két qua t6t: gidi han sé luong yéu cau duge xép hang dé
phan phéi, cai thién thoi gian xir Iy va thoi gian phan hoi cia cac trung tim
dam may so véi hai thuat toan Round Robin va Throttled.

- Thuat toan MMSIA (CT6): Piém méi cua thuat toan la nhoém cac yéu cau va
cac may ao theo thoi gian hoan thanh du kién va thoi gian thyuc hién hoan
thanh tong thé. Thuc nghiém cho thiy thuat todn di cai thién thoi gian xir Iy
cac yéu cau dau vao.

Céc két qua nghién ctru cta luan an 13 nhitng dong gdp méi cho linh vire can bang tai,
dong thoi c6 thé ung dung dé giai quyét bai toan nang cao kha ning can bang tai trén
dién toan dam may. C4c thuat toan nay ciing la tién d& dé tim ra phuong phap t6i wu
gilip can bang tai hidu quéa cho cac dich vy trén dam may, thong qua d6 tang mirc do
hai long cho nguoi sir dung.

5. Bo cuc luan an

Noi dung cua luan an chia thanh 03 chuong, cu thé nhu sau:



Chuong 1 - Téng quan vé cin bing tai trén dién toan dam may: Gi6i thiéu
dién toan ddm mady, bai todn can bang tai trén dién toan ddm mAy; phan tich anh hudng
ctia cac tham sb dén can bang tai. Chuong 1 ciing trinh bay tinh hinh nghién ctru trén
thé gidi Vai cac hudng tiép can giai quyét bai toan can bang tai. Trén co so phén tich,
danh gia vé& uu, nhuge diém cac cong trinh di cong bd, xac dinh rd hudng nghién ciru
ctia d tai 1a lya chon cai tién cac tham sb nhim nang cao kha ning cin bang tai trén
dién toan dam may. Cac két qua nghién ctru dugc cong bd & cac cong trinh (CT1),
(CT2) va (CT3).

Chuong 2 — Phat trién mt s thuit toan cin bing tai nham cai thién thoi
gian dap ng trén dién toan dam may: Noi dung chuong dé xuat 02 phuong phap
nang cao can bang tai dya trén viéc cai thién tham sb thoi gian dép tng cac yéu cau
dau vao trén dién toan dam may. Phuong phap tht nhat 13 thuat toan LBAIRT (CT4),
xét thém s6 tham s thoi gian hoan thanh cac yéu cau du kién ciia mdi tai nguyén
(VM), viéc phan phdi tai két hop véi thoi gian hoan thanh du kién ctia cac may ao cho
thay ti 1& chdp nhan cac yéu cau dau vao cao hon cac cong trinh dua ra so sanh. Phuong
phap thir hai 13 thuat toan RRTA (CT?7), dung k¥ thuat duy bao ARIMA dé du bao thoi
gian d4p tmg ctia mdy 4o tiép theo. Thuc nghiém tién hanh trén dit liéu moé phong cho
théy, céc thuat toan dé xudt c6 ti 18 chép nhéan yéu cAu cao hon, cai thién duoc thoi gian
dap tng so vai cac thuat toan Roud Robin, Throttled.

Chuong 3 — Phat trién mgt s6 thuit toan cin bang tii nham cai thi¢n thoi
gian xir Iy trén dién toan dam may: Noi dung chuong nay trinh bai 02 cach tiép cin
giai quyét bai toan cin bang tai dwa trén thoi gian xur 1y. Thuat toan TMA (CT5) va
thuat toan MMSIA (CT6) duoc dé xuat dé cai thién thoi gian xtr Iy trén dién toan dam
may. Chuong 3 ciing trinh bay thuc nghiém trén bo dix liu mé phong, két qua thuc
nghiém cho thiy cac thuat toan dé xut da cai thién duoc thoi gian xtr 1y so véi cac
thuat toan ding dé so sanh. Thuat toan TMA duoc so sanh véi thuat toan Roud Robin
va Throttled. Thuat toan MMSIA duogc duoc so sanh vai cac thuat toan: Max-Min,
Min-Min, Roud Robin.

Phan cudi 1a mot s két luan va huéng phat trién cua luan an.



CHUONG 1.

TONG QUAN VE CAN BANG TAI TREN PIEN TOAN PAM MAY

Trong Chuong 1, ludn dn trinh bdy tong quan Vé cdn bang tdi trén dién todn
ddam mady va cdc tham sé dnh hwéng dén can bang tdi. Trinh bay tinh hinh nghién ciru
trén thé gici vé cdc thudt todn cdn bang tdi trén dién todn dém mdy ciing nhw cdc
hudng tiép cdn gidi quyét bai todn can bang tai. Phan cudi la danh gia cdc wu, nhwoc
diém ciia cdc cong trinh lién quan mdt thiét dén dé tai tir dé néu ra dinh hurdng nghién

ciu. Ngi dung ciia Chuwong 1 duot ¢ng bé ¢ cac cong trinh (CT1), (CT2) va (CT3).

1.1. Can bang tai trén dién toan dam may
1.1.1. Giéi thiéu chung vé dién toan dam may

Dién toan dam may ra doi tir nhitng nam 1950 [66], khi may chu tinh toan quy
mo 16n duge trién khai tai mot s6 co s gido duc va tap doan 16n tai M. Trong nhimng
nam 1960 — 1990, xuit hién ludng y twdng coi may tinh hay tai nguyén cong nghé
thong tin c6 thé dugce t6 chirc nhu ha tang dich vu cong cong, ddy 1a tién dé 16n cho sy
phat trién sau ndy cua dién toan ddm may. Vao nim 2006, Céng ty Amazon cung cp
nén tang Amazon Web Services (AWS), danh dau viéc thuong mai hoa dié€n toan dam
mAy. Tir ddu nam 2008, Eucalyptus duoc giéi thiéu 13 nén tang dién toan dam may ma
ngudn mo dau tién, twong thich véi API cia AWS. Tinh t6i thoi diém hién tai, c6 rat
nhiéu cac san pham dién toan dam may dugc dwa ra nhu Google App Engine, Microsoft

Azure, Nimbus.

Dién todn ddm may, con goi 1a dién toan may chu 4o, 1a mo hinh di¢n toan su
dung cac cong nghé may tinh va phat trién dua vao mang Internet. Thuit ngit "dam
may" & day chi do phirc tap clia cac co s¢ ha ting mang Internet. Trong mé hinh dién
toan dam may, cho phép nguoi st dung truy cap cac dich vu cong nghé tir nha cung
cap dién toan ddm may ma khong can quan tim dén ha ting mang. Theo t6 chuc IEEE,

"N6 la hinh mau trong dé théng tin dwoc lweu triv thwong truc tai cde mdy chii trén



Internet va chi dwoc lheu trit tam thoi & cde mdy khdach, bao gom mdy tinh cd nhan,

trung tam gidi tri, may tinh trong doanh nghiép, cdc phirong tién may tinh cam tay, ..."
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Hinh 1.1. M0 hinh di¢n toan dam may

Theo dinh nghia cta Vién Qudc gia Tiéu chuan va Cong nghé My (US NIST)
[66]: Dién toan dam may la mo hinh dién toan cho phép truy cdp qua mang dé lua
chon va sur dung tai nguyén tinh toan (vi du: mang, may chu, luu trit, itng dung va dich
vu) theo nhu cAu mot cach thuén tién va nhanh chong, déng thoi cho phép két thic st
dung dich vu, giai phong tai nguyén dé dang, giam thiéu cac giao tiép voi nha cung
cap. Nhiing tai nguyén nay c6 thé dugc cung cap mot cach nhanh chong hodc thu hdi
v6i chi phi quan 1y t6i thiéu hodc twong tac tbi thiéu v6i nha cung cap dich vu. Ciing tir
day, NIST dua ra md hinh dién toan ddm may mang nam dic diém co ban, ba mé hinh
dich vu va bdn mo hinh trién khai cai dat. Pinh nghia cia NIST la mot cach nhin rd
rang va bao quat vé dién toan ddm may. Theo d6, md hinh nay cho phép sir dung dich
vu theo yéu cdu; cung cp kha ning truy cp dich vu qua mang rong rai tir may tinh dé

ban, may tinh xéch tay t&i thiét bi di dong; voi tai nguyén tinh toan dong, phuc vy nhiéu



nguoi, ning luc tinh toan mém déo, dap tng nhanh véi nhu cau thap ti cao. M6 hinh
dién toan dam may ciing dam bao viée str dung céac tai nguyén duoc “do” dé nang cap
dich vu quan tri va tdi vu duoc tai nguyén, déng thoi nguoi dung chi phai tra chi phi

cho phén tai nguyén da st dung.

bién toan ddm may da phat trién nhanh chong va dat duoc nhiéu thanh tyu to
16n nhu kha ning mé rong va tinh toan song song trén hé thong tinh toan ludi, tir d6
gitip khach hang chia sé tai nguyén triét dé va hiru ich nhat. Pap tmg duoc nhu cau
mdi lac mdt 1én cia viee luu trir dit liéu va xir 1y dit liéu ngay nay, cac trung tAm dit
liu dd mdi lic mot khong 16 hon va dén hién nay c6 thé 1én t6i hang triéu may chi
khap toan cau.
Dic diém cua dién toan dam may [66]:

- Kha ning truy cap rong 16n: Nguoi ding co thé str dung bat ky thiét bi nao co
két ndi internet nhu: computer, laptop, thiét bi di dong... truy cap vao dich vu
dién toan dam may.

- Tu cép dich vu theo nhu cau: Nguoi dung duoc cép tai nguyén theo nhu cau mot
cach tu dong, khong can su can thi¢p tir nha cung cép dich vu.

- Khong phu thudce vi tri dia ly: Tai nguyén trén dich vu dién toan ddm may dugc
diéu phdi va chia sé linh hoat. Ngudi dung khong biét va khong thé diéu khién
dugc vi tri tai nguyén.

- Tinh co gidn nhanh: Tai nguyén trén dich vu “dam may” c6 thé duoc cip phat
hodc thu hdi mot cach nhanh chéng, linh hoat va c6 kha ning thay doi tai nguyén
tang 1én hodc giam xudng theo nhu cau sir dung.

- Dich vu do luong: Cac hé thé)ng dién toan ddm may c6 kha nang tu diéu khién,

tinh chinh va gidm sat, do luong tai nguyén.



bién toan dam may co6 3 loai md hinh dich vu [66]:

SaaS

Nha cung cap tao ra nhiéu tng dung co ban, hoan chinh va trién khai
thanh dich vu dé dap tmg nhu cau cta dai da sé nguoi dung. Nhitng Gmg
dung nay duogc luu trir trén may chu cta nha cung cép hodc may khach
hang d ¢ tai tmg dung xudng thiét bj. Ngudi dung chi viée str dung dich
vu ma khong can quan tam cac van dé khac. Vi du: Dich vu email hay
cac ung dung Zalo, Google Docs, Google Calendar, Google Translate cta
Google, SmallPDF, OneDrive, Evennote, Facebook, Twitter,...

PaaS

Cung cap cach thirc, tinh nang can thiét cho viéc xay dung Gmg dung trén
mot nén tang nao d6. C6 2 dang ha ting dugc xay dung pho bién 1a ha
tang trao d6i thong tin Gmg dung (middleware) va nén ting (mg dung
(application server) voi cac cong cu va ngdn ngir 1ap trinh nhat dinh dé
xay dung ung dung. Nguoi dung trién khai ing dung ma khong can quan
tam dén chi phi hay thong sd phan cing va phan mém bén dudi.
Vi du: Google App Engine, Openshilt, Salesforce, Microsoft Azure.,...

laaS

Nha cung cép trién khai ha ting phan ctng (VM, network, ving luu trit)
trén cac hé thong phan tan va cung cap dich vu cho ngudi. Nguoi ding
khong thé biét thong tin ha ting thuc té bén trong “ddam may” nhung c6
toan quyén quan 1y va st dung tai nguyén duoc cung cp, ciing nhu yéu
cau mo rong tai nguyén. Vi du: Amazon EC2/S3, Elastra (Beta 2.0
2/2009), Nirvanix, AppNexus,...

Hinh 1.2. Cac dich vu dién toan dam may
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laaS PaaS SaaS
Dich vu | Nguoi dung | Dich vu | Nguoi dung | Dich vu | Nguoi dung
Ung dung X X X
Dir liéu X X X
Thoi gian chay X X X
Middleware X X X
H¢ diéu hanh X X X
Ao héa X X X
May chu X X X
Vung luu triv X X X
Mang két ndi X X X
Ung dung X X X

Hinh 1.3. Mtrc d6 cung cip dich vu ctia cac m6 hinh dién toan ddm may
1.1.2. Can bang tai va hiéu ning cin bang tai trén dién toan dam may

Theo tai liéu [111] tac gia dinh nghia cin bang tai 1a k¥ thuat phan b6 luu
luong mang qua nhiéu may chu, dam béo rang khong c6 may chil ndo bi qua tai. Can
bang tai 1am ting kha ning d4p ung cla ung dung bang cach phan phdi cic yéu cau
mot cach dong déu. Bang cach nay, s& giup cho hé thdng cta doanh nghiép giam thiéu
mot cach ti da tinh trang mot may chu bi qua tai va ngung hoat dong. Hodc khi mot
may chu gip su ¢d, chirc ning can bang tai dam mAy s& chi dao phan phdi cong viéc

cua may chu dé cho cac may chu con lai, cai thi¢én nang suat hoat dong tong thé cua
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hé théng. Khai niém can bang tai chu yéu dé cap dén ¥ tudng phan phdi tai déng déu
trén céac tai nguyén cong nghé thong tin c6 san [112]. Can bang tai cling tap trung vao
viée giam thiéu d6 tré twong tng véi cac yéu cau va do do6 cai thién viée sit dung tai
nguyén, nang cao hiéu suat hé thong. N6 cung cip tinh dan hdi va kha ning thich ing
cho cac tmg dung c6 kich thude co thé thay d6i theo thoi gian va doi hoi thém tai
nguyén cong nghé thong tin. Cac muc tiéu khac 1a giam st dung nang luong va giai
phong céc-bon, tranh tic nghén, dap g cac yéu cau vé QoS. Theo tai lidu [110] can
bang tai 1a mot van dé pho bién trong dam may dé duy tri hiéu suat cta cac Gng dung
thoa man chat luong dich vu (QoS) va tuan theo thoa thuan mirc dich vu (SLA) theo
yéu ciu tlr cac nha cung cap dam may cho doanh nghiép. Cac nha cung cap dam may
phai vat 16n dé phan phdi khdi luong cong viée dong déu giira cac may chu. Mot ky
thuat can bang tai hiéu qua phai t6i wu héa va dam bao su hai 10ng cao cia ngudi

dung bang cach sur dung tai nguyén cua mdy 40 mdt cach hi¢u qua.

Céc thuat toan cin bang tai trén dién toan dam may ludn cd ging giai quyét
mot van dé cu thé, bén canh d6 ciing phai xét dén: ban chat cia yéu cau, quy md cua
yéu cau, su phu thudc cua céac yéu cau, kha nang chia nho céac yéu cau, do phtc tap
thuat toan, kién tric phﬁn cung. Viéc thiét ké thuat toan can béng tai phai xét dén cac
yéu td nay dé nang cao kha ning cin bang tai, hay néi cach khac 1a nang cao hiéu
nang can bang tai. Bén canh cac yéu t6 trén, thuat toan cAn bang tai can cai thién cac
tham sb anh hudng dén kha ning can bang tai, d6 1a: thoi gian dap Gmg, thoi gian xir
Iy, thoi gian chd, do tré,...Bai toan can bang tai 13 mot bai toan khong co 101 giai tdi
ru, tuy nhién cac thuat toan can bang tai khi cai thién cac tham sb nay thi phai chap
nhan hy sinh tham s6 khac trong mirc d6 cho phép. Nang cao hiéu ning can bang tai
la nhiém vu cua cac thuat toan can béng tai thong qua vi¢e tdi vu cac tham sb anh

huong dén can bang tai, giam chi phi thoi gian phuc vu cac truy van cta ngudi ding.
1.1.3. Su can thiét ciia cAn bing tai trén di¢n toin dam may

Do su phat trién khong ngung cua dién toan ddm may nén van deé trao doi, xu

1y, an toan dir liéu va dic biét vin dé can bang tai truy nhap 1a nhitng van dé cép thiét
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va c6 y nghia thuc tién cao, vi van dé co ban nhit trong truyén théng 1a nhitng van dé
lién quan dén dit liéu. Tuy nhién, véi su phat trién nhanh chéng vé quy mé ciing nhu
s6 lwong cua cac tng dung thi viée truy nhap nay thudng bi de doa béi su qua tai. Boi
Vi, cac nganh cong nghiép, dich vu hién nay dang gia tang st dung cac dich vu nay
dé 1am giam co s& ha tAng va chi phi bao dudng, do d6 tai trén dién toan dam may
dang ting 1én timg ngay. C6 thé hiéu mot cach don gian 1a can c6 mot hodc nhiéu
phuong phap dé khong c6 mot nit bat ky ndo qua tai va tai duoc phan phdi can bang
giita cac cac niat. Mot thuat toan cAn bang tai 1y tuong giup st dung cac tai nguyén
¢6 san mot cach hiéu qua nhét, béng cach dam bao khong c6 nit nao bi qua tai hoac

dudi tai. Cac muyc ti€u cua can bang tai lién quan dén [14]:

= St dung tai nguyén tdi vu.

= Piéu phdi thdng lugng t6i wu va dong déu trén cac nit mang.

= Thoi gian dap Gng, thoi gian xtr Iy yéu cau tbi thicu.

* Tranh qua tai trén cac nit mang.

Cac md hinh va cac thuat toan khac nhau dé can dbi tai nguyén trong dién toan
dam may tai da dugc phat trién vi muyc dich dé ngudi dung cudi truy cap tai nguyén
dién toan ddm may mot cach nhanh chong va thuan tién. Pién todn dam may gitp
chung ta chia sé dir liéu va cung cip nhiéu ngudn tai nguyén cho ngudi dung. Chinh
vi thé dién toan dam may luu trit dit liéu va phan phdi tai nguyén trong mot moi
truong mé. Can bang tai dugc xem 1a qué trinh tim ra cac niit mang bi qué tai va tir

d6 chuyén sang cac nut khic dang c6 tai it hon hoic khong tai.

Can bang tai trén dién toan dam may nham t6i wu héa viéc sir dung cac tai
nguyén co san, toi da hoa thong luong, giam thiéu thoi gian dép tng va tranh qua tai
cho bét ky tai nguyén nao. Thay vi st dung mot thanh phan duy nhat, can bang tai
tan dung nhiéu tai nguyén, bang cch ting do tin ciy va tinh sin sang cua kién trac
mang. Chinh vi vay, can bang tai trén dam may co rat nhiéu tinh nang wu viét, day
ciing 1a su khac biét ciia hé thong can bang tai trén dién toan dam may so véi cac hé

théng can bang tai thong thuong:
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- Tang thoi gian hoat dong cua hé thong

- Tranh l&ng phi tai nguyén

- Kha nang chiu tai vuot troi

- St dung céc thuat toan tién tién

- HOb tro nhiéu giao thuc: HTTP, HTTPS, LDAP, LDAPS, IMAP,
FTP, POP3, POP3S, SMTP.

- D& mo¢ rong ma khong 1am gian doan hé thong
1.1.4. Ao héa va quan Iy may o trén dam may

Cong nghé lién quan mat thiét dén dién toan dam may 1a cong nghé 4o hoa, ao
hoa & viéc tach hé diéu hanh khoi phan cing, tao ra su di chuyén hé diéu hanh va céc
mg dung tir phan cing ndy sang phan cimg khac ma moi thir vAn nguyén ven. Ao
hoa duoc thiét ké dé tao ra ting trung gian giira hé théng phan ciing may tinh va phan
mém chay trén né. Y tudng ctia 40 hoa may chu 1a tir mot may vat 1y don 1é co thé
tao thanh nhiéu may ao doc 1ap. Mdi may ao déu thiét 1ap hé diéu hanh riéng va
c4c ing dung riéng. Ao hoéa c6 ngudn gdc tir viée phan chia 6 dia, ching phan chia
mot may chu thuc thanh nhiéu may chu logic. Khi may chi thue duoc chia, mdi may
cht 40 c6 thé chay mot hé diéu hanh va cac tmg dung doc 1ap. Mot may ao 1a mot
moi truong hoat dong doc 1ap — phan mém hoat dong cing nhung doc 1ap véi hé didu
hanh may chui. Noi cach khac, do 1a viéc cai dat phﬁn mém doc 1ap trén nén ciia mot
CPU chay ma bién dich. C6 rat nhiéu loai a0 hoa: 40 héa mang, 40 hoa luu trit, 40

hoéa may chu.

Céc dich vu cua dién todn ddm may dugc su dung trong cac trung tam dir liéu
(TTDL) v6i hang trim ngan may tinh va nhitng TTDL nhu vdy dugc xay dung dé
phuc vu nhiéu nguoi dung va thyc thi nhiéu ing dung khac nhau. Y tuong vé su ao
hoa ra doi tir 1au véi muc dich dé chia sé tai nguyén. Theo tai liéu [13], 40 hoa théng
qua nhiéu k¥ thuat va cac cong cu dé quan 1y ha ting ciia cac TTDL va 4o hoa da tro
thanh cong nghé khong thé thiéu cho méi truong dién toan dam may. Su ao hoa co

thé dugc dinh nghia nhu sy triru trong cia cdc tai nguyén tinh toan gém: ning luc
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tinh toan cta cac bo xt 1y, luu trix, bd nhé, mang va I/O. Su a0 héa phan cimg cho
phép chay nhiéu hé diéu hanh va phin mém trén mot nén tang vat 1y don. M6 hinh
phan 16p kién trac 4o hoa gdm ba tang [13]: Tang tai nguyén phan cling ctia may vét
1y (Physical server layer), Tang 4o hoa (Virtualization layer gdm VMM hay
Hypervisor) va My ao (Virtual machine — VM) nhu Hinh 1.4. Tang 40 hoa 1a théng
qua phin mém nhu Virtual Machine Monitor (VMM), con goi 1a Hypervisor diéu
khién viéc truy cap ctia cac VM vao céc tai nguyén phan cimg bén dudi. Hién nay,
cac VMM pho bién cho moéi truong dién toan dam may nhu VMWare, Xen va KVM.
M&i may ao (VM) ¢ hé diéu hanh khach (Guest OS) khac véi hé diéu hanh cia may
vat 1y (Host OS), va VM thyc thi cac ing dung khac nhau va doc 1ap v6i nhau. Nhiéu

VM c6 thé cting chia sé tai nguyén phan cing bén dudi.

4 Y4 N N

Virtual Machine 1 Virtual Machine 2 Virtual Machine n

vonmar ||| [ wontns2 |
)

!

L Workload n ]

Guest OS ] [ Guest OS [ Guest OS ]
\[ VAN . [ )/
p l l -
Virtualization Layer (VMM or Hypervisor)
eg XEN, KVM,...

-
L

Physical Server Layer (Hardware resources)

Hinh 1.4. M6 hinh phan 16p kién triic 40 héa 03 ting [40]

Cong trinh cia B. Sotomayor va cac cong sy [92] dé xuat mé hinh quan 1y ha
tang 40 hoa (Virtual Infrastructure Management - VIM) cho cic dam may riéng

(Private cloud) va ¢dam may hdn hop (Hybrid cloud). T4c gia dé xuit OpenNebula
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[91], [92] 12 phan mém quén 1y ha tang 40 hda VIM. OpenNebula kha phd bién trong
viéc xdy dung cdc dam may riéng. Y twdng ma tac gia dé xuét 1a quan Iy may ao theo
dang hop ddng thué tai nguyén, ong phat trién cac giai thuat 1ap lich cho may 4o thanh
phan mém Haizea [91], [92]. CAc thuét todn lap lich may 4o dé xuit quan tim dén
tham s6 thoi gian doi, thoi gian thue thi cia cic may 4o. Cong trinh cua R. Buyya va
cac cong su [12] dé xudt kién trac Green Cloud bao gdm cac thanh phan: cac mdy vat
Iy, cac may 4o, bd cap phat dich vu tiét kiém ning luong (green service allocator) va
khach hang hoic cic moi gidi (brokers). Bai toan phan bd may ao (virtual machine
allocation) duoc dé xuat chia 1am hai: giai doan dau 13 nhan cac yéu cau may 40 va
sap xép 1én cac may vat 1y, giai doan sau 12 t6i uu viéc phan bo hién tai.

Loi ich chinh cua 4o hoa: tiét kiém nang luong, than thién moi trudng; ting

uptime; giam chi phi, sao luu dé dang; tang kha ning phuc héi tham hoa.
1.1.5. Quan Iy va phan bd tai nguyén trén dién toan dam may

Trong dién toan dam may, phan bé tai nguyén 1a qua trinh chi dinh dong cac
tai nguyén c6 sin cho céc tng dung dam may dugc yéu cau. Viéc phan bo tai nguyén
xay ra ¢ 1op IaaS va tai nguyén sir dung c6 thé bao gdm hé diéu hanh va tng dung
cho nguoi dung. Co thé c6 hai tmg dung cd gang truy cap cling mot tai nguyén cing
mot lac va mot sd trudng hop xudt hién khi c¢6 tai nguyén han ché va nhu cau tai
nguyén cao. Cac k¥ thuat phan b tai nguyén phai dap tmg nhiéu ing dung can cac
loai tai nguyén khac nhau nhu CPU, bd nhd, thiét bi I/O [53].

Nam 2016, Sukhpal [95] cung cong su di tong hop cac van dé va thach thirc
ma viéc phan bo tai nguyén trén ddm may phai d6i mat. Dya trén viéc khao sat 110
tai liéu trong tong s6 1206 cong trinh nghién ctru vé cn bang tai trén thé gisi; di tong
hop, mé ta birc tranh tong thé nhat vé can bang tai trén ddm may: phan tich hé thong
cac phuong phap phan bd tai nguyén trén dam may, cac thuat toan lap lich phan bd
tai nguyén va quan ly tai nguyén, cic nhém va vu diém cta timg nhom, cac chinh
sach phan bb tai nguyén. Trong d6 bao gdm 13 nhém thuét toan phan bo tai nguyén,
8 nhém chinh sach trong viéc phan b tai nguyén. Tai liéu nay noi rd, viée 1ap lich va

phan bo cac tai trén dam may phu thudc rat nhi€u vao yéu cau QoS, dong thoi mo ta
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mot cach tong quat cac phuong phap quan 1y tai nguyén trong viée lap lich va phan
bb tai. V&i su dong gop ndy, ta ¢ thé hinh dung rat rd nét vé can bang tai trén dam
may. Céc khao sat trong nghién ciru [26] cung cp mét cai nhin téng quan ngin gon
vé thuat ngit va khai niém co ban duoc sir dung trong ddm may va khai niém phan bd
tai nguyén va can bang tai trong ddm mAay. Nghién ctru nay dua ra m6 ta chi tiét vé
ky hi¢u, so dd phan loai dai dién va mo6 hinh vé van dé lap ké hoach tai nguyén. Cac
nghién ciru cua tac gia [1], [60] da dua ra cac phuong phap lap lich phan bé tai nguyén
hiéu qua. Trong nghién ctu [60] da dé xuat chién luoc 1ap lich cho dam may da
phuong tién va két qua 1a téi thiéu hoa thoi gian dap @ng va chi phi tai nguyén trén
dam may. Con trong nghién ciru [1] tac gia dé xuat thuat toan 1ap ké hoach c6 xem
xét dén do uu tién cua cac cong viéc. Thuc nghiém cho thiy thuat toan dé xuét hiéu
qua hon thuat toan FCFS va Round Robin. Theo tai li¢u [95] thi co cac loai tai nguyén
di¢én toan nhu sau (Hinh 1.5):

Tai nguyén dién toan
Tai nguyén phan mém Tai nguyén phan cimng
| |
| | | | |
) Thanh phan
Ung dung Bo xtr Iy Mang Bo nho
dich vu
| | |
RAM Database Backup
| |
Lién két mang Loai mang
| |
| | | |
C6 cau trac Khéng cau trac DPong nhat Khong dong nhat

Hinh 1.5: Phan loai cac tai nguyén trén dién toan dam may [95].
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Hinh 1.7 cho thiy, c6 rat nhiéu loai tai nguyén can phai duoc phan bo dé dam
bao chét luong dich vu cho phia ngudi ding. Do dé, cin bang tai 1a mot trong nhimng
thach thire 10n nhat ma dién toan dam mdy dang d6i mit, can bang tai phai luén dap
g dugc cac yéu cau ngudi dung va phan bo cic yéu cau nay mot cach linh dong
nhat gitta cac nut hoat dong trén dam may khéng dugce qua tai va khong co sy mat
can ddi trong viéc phan phdi tai dén céc tai nguyén dam may.

1.2. Bai toan cin bang tai

1.2.1. Phat biéu bai toan va mé hinh nghién ciru

Vén d& can bang tai phat sinh khi c6 nhiéu may chi ao xt Iy mét tip hop cac
yéu cau dau vao. Gia thiét dugc dat ra 1a tit ca cac may chil ao giong hét nhau vé cau
hinh va co thé sir dung dé phuc vu bat ky yéu ciu nao [43].

e Dit van dé:
- CoOmmay ao M ={Mz1, My, Ms,......Mm}.
- COncong viee I = {J1, Iz, Js,....., In}, voi mdi cong viéc co thoi gian xtr 1y 1a

tj> 0.

e Yéu cdu dit ra: Gan tap cong viéc J cho tip may 4o M sao cho tai trén tat ca cac
may M 1a dong déu nhat c6 thé. Han ché tinh trang qua tai trén mot may bat ky, trong
khi may kh&c con lai thi khong phuc vu cong viéc nao ca.

e Nhiém vu chinh cua luan an: Thong qua phat biéu bai toan nhu trén, nhan thiy
rang nhiém vu chinh cia dé tai 1a nghién ctru phat trién cac thuat toan can bang tai
sao cho giam duogc thoi gian dap tng cac yéu cau dau vao va giam thoi gian xt 1y cac
yéu cau. Hay néi cach khac, 13 ting hiéu ning cua thuit toan can bang tai thong qua
viéc cai thién cac tham sd thoi gian dap tng va thoi gian xir 1y trén méi truong dién
todn ddm may

Dit A(i) 1a tap cong viéc gan cho may do Mi, nén may Mi can lam viéc trong

tong thoi gian [43]:
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T, = Z t (1.1)

bai luong T; 1a thoi gian can thiét dé hoan thanh viéc thuc hién tit ca cac yéu
cau dau vao va do ciing 1a tai (load) trén cac may M [43]. Muc tiéu cua bai toan 13
t6i thiéu hoa dai luong T = maxTi, v6i T 1a tai 16n nhét trén bat ky may nao. Dai
lugng T 13 luong tai 16n nhat trén bat ky may ao nao, va T dai dién cho thoi gian can
thiét dé hoan thanh thuc hién tat ca cac yéu cau dau vao cua bd can bﬁng tai. Do vay,
dai luong T can dugc tdi thiéu hoa vi khi t6i thiéu hoa duoc T thi thoi gian xir 1y cac
yéu cau ctia bd can bang tai s& giam va 1am ting hiéu ning cia viéc can bang tai trén
moi trrong dién toan dam may.

Trong moi trudng dién toan dam may, khi mot may 4o qua tai thi cac yéu cau
dau vao phai duoc g& bo va giri dén mdy 4o co it tai dé can bang tai giira cac may cua
cing mét trung tim dit liéu [30]. Hinh 1.6 biéu dién mo hinh can bang tai trén dién
toan ddm may nhu sau [30]. Py 1a md hinh tong quat nghién ctru can bang tai trén
dién toan dam may. Trong do, yéu cau cua ngudi dung tir Internet duoc g ti bo
can bang tai (Load Balancer) va b can bang tai nay lam nhiém vy phan phdi cac yéu
cau d6 dén cac may ao trong trung tam dir liéu mot cach ddng déu nhat c6 thé, nham
tang thoi gian dap (g cling nhu phong tranh hién tuong qua tai. Hiéu qua cua bo can
bang tai phu thudc rat nhidu vao thuat toan can bang tai, ma cac thuat toan can bang
tai chiu su tac dong cua cac yéu té anh huong truc tiép dén no. Chinh vi thé, truéc
khi di su nghién ctru cac cach tiép can dé giai quyét bai toan can bang tai, chang ta

phan tich vé cac yéu anh huéng dén can bing tai.
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User User User User

\ 4 A 4 \ 4 A 4

[ LOAD BALANCER }

Hinh 1.6. M& hinh nghién ciru cdn bang tdi trén dién todn dam may [30].

1.2.2. Cac yéu t6 anh hwéng dén can bang tai
Nhu d3 néi ¢ trén, viéc nghién cau cac yéu té anh huong dén can bang tai co
¥y nghia rat to 16n dén quyét dinh lya chon thuat toan cho viéc nang cao can bang tai.
C6 nhiéu yéu t6 anh hudng dén can bang tai trén dién toan dam may:
- Ha tﬁng mang, luu lwong mang, bang thong mang.
- Co ché phan phéi tai, co ché phong chdng tic nghén.
- Tham sé: thoi gian dap ang, thoi gian xu 1y, thoi gian chd, mic d6 sir dung tai

nguyén, mirc d6 uu tién cua C4C yéu cau.

V& ban chat, trung tam dix liéu dam may 1a mot hé théng may tinh két ndi véi
nhau theo mot mé hinh mang cu thé. Vi vay, cac két qua nghién ctru trong cong bd
trong cong trinh (CT1) dd nghién ctu vé anh huong cua ma tran luu luong dau vao
trong viéc quan tri mang may tinh. V&i ma tran luu luong dau vao, ta c6 thé tinh toan

dé giai quyét cac vin dé ciia mang mdy tinh nhu: st dung bing thong, can bang tai,



20

cai thién chat lugng mang. Cong trinh nay ciing da phan tich cac k¥ thuat udc tinh va

ung dung cua ma tran luu lugng vao vi€c quan tri mang may tinh.

Co ché phan phéi tai (CT2), co ché phong chdng tic nghén ciing la nhiing
tham sb anh huong tryc tiép dén can bang tai trén dam may. Boi vi, dic trung cla
dién todn ddm may la tinh toan phan tan va str dung cong nghé ao héa nén hién tuong
qua tai co thé xay ra. Do d6, phan phéi tai 1a van dé rat quan trong dé tranh cac hién
tugng nay, qua dé nang cao chat luong dich vy, giam thiéu chi phi dé ning cip ha
tang phan cting, nang cao hiéu suat cua hé thong va ting doanh thu ciia cac nha cung
cép dich vu. Tac gia Rashmi. K. S [70] va cac cong su da thuc hién mot thuat toan
can bang tai nham phong tranh bé tic clia cac may ao trong moi truong dién toan dam
may. Y tuong cua bai bao 1a chuyén cac yéu cau cta ngudi sir dung sang VM khac
muc do st dung thép hon néu xay ra bé tic trén mot VM nao d6, thuat toan da lam
tang hiéu qua kinh doanh cua cic nha cung cép dich vu ddm may. Bibhudatta Sahoo
[10] va nhom nghién ctru cua ong di gidi thiéu ki thuat can bang dong HDCS trén
hé thdng tinh toan phan tdn khong dong nhat va phan tich tac dong cua tinh khong
ddng nhat dén ning luc xtr Iy yéu cau dén cua cac nat. Ky thuat nay thuc hién phan
bd cac nguodn luc, tai nguyén mot cach co hidu qua va da giam thiéu thoi gian toi da
hoan thanh cong viéc tai mdi nut. Tac gia Javed Ali [67] dé xuat co ché phan loai cac
yéu cau, thuc hién phan ving yéu cau va can bang tai tai cac nit d6. Tac gia khang
dinh, khong c6 chién luge phan loai 1y tudng ma tiy thudc vao ting trudng hop va
co ché ma nhom tac gia nay dwa ra da thu duoc két qua kha quan, déng gbp vao hudng
nghién ctru hé thong song song phan tan. Wenhong Tian [106] v cac cong su da gidi
thiéu thuat toan DAIRS tich hop giita cin bang tai dong va 1ap lich cho trung tim dit
liéu dam may, véi muc tiéu 1a tich hop do tong mirc d6 mat can bang ctia mot trung
tam dit liéu ciing nhu mirc d6 mat cin bang trung binh ctia mdi mdy chi. Tac gia
Reena Panwar [72] da nghién ctru chién lwoc phan bo ngudn luc dé dap tng toan bo
cac yéu cu dén cac may 40. Viéc 1ap lich cho mét hé théng tinh todn phan tan la rat
phtc tap, diéu khién cac thong sd ngudn luc dé kiém soat tinh trang cta hé théng

chinh xac s€ nang cao dugc hiéu nang hé thong, giam dugc cac thong so. Ket qua
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nghién ctru trong cong trinh (CT2) dd dé xuit co ché tich hop hai hang doi cho cac
yéu cau dén va mirc d6 st dung cta cac may chil phuc vu cho bd can bang tai diéu
phdi ngudn lyc phuc vu khi ¢6 yéu cau dén. Cac hang doi nay duoc sip xép trude khi
bd can bang tai sir dung cac thong tin trong d6 dé ra quyét dinh chon may chi tuong
tmg. Thong qua phan tich mot sb cong trinh v& co ché phan phdi tai, cho thay, viéc
stt dung co ché phan phdi tai phu hop 1a quan trong trong viéc didu phdi tai trén cac

trung tam dir liéu.

Mot yéu td nita c6 anh huong tryc tiép dén can bang tai d6 1a cac tham s6 ma
c4n bang tai can cai thién nhu nghién ciru trong cong trinh (CT3): thoi gian dap tng,
thoi gian xtr 1y, thoi gian cho, muc d6 st dung tai nguyén, mic do uu tién cua cac
yéu cau dau vao, trang thai clia cdc nut mang, bing théng cho may ao. Can bang tai
phu thudc vao rat nhiéu yéu t, trong d6 c6: 1. Kha ning xtr Iy yéu cau, kha nang biét
trudce tinh trang ciia nht xir 1y tiép theo dé tranh tinh trang qua tai, giam thiéu thoi
gian xtr Iy [93]; 2. Thoi gian t6i da hoan thanh yéu cau tai mdi nat [34], [98]; 3. Phan
ving trong ddm may [21]; 4. Gom cum trang thai tai ciia cdc may 4o v6i co ché chia
sé tai linh hoat [32]; 5. Thoi gian dap tmg [73]; 6. T6i da hoa bang thong cho may ao
[15]. Trong (CT3) nghién ctu sinh ciing da tién hanh khao sat, phan tich anh huang

cua cac tham sb dén cac thuat toan can bang tai, thé hién ¢ Bang 1.1.

Bang 1.1. Khao sdt cdc tham sé anh huéng dén phwong phdp cdn bang tdi

Tac gia Phuong phap thue hién Thong s6 Két qua

A.Govardhan | Giai thuat can bang dong v6i | Trang thai nat, | Téi thiéu hoa
at al [93] kha ning gidm sat tai tap | bo vi xu ly, yéu | cac 1énh xu ly
trung cau cong viéc | trén cac bo vi
xu ly va giam
luu luong

mang
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Agraj Sharma
etal [2]

Can bang tai xét dén thoi gian
dap tng cho moéi yéu cau cong

viéc dén

Thoi gian dap
ung, nguong,
thoi gian dap

ung du doan

Téi da hoa
bang thong
mang

Huankai Chen
et al [35]

Giai thuat can bang tai Load
Balance Improved Min-Min
(LBIMM)

Thoi gian thuc
thi tai mdi nut:
1ap lich cac yéu
cau; ti 1& su

dung nguon luc

Giam thoi gian
hoan thanh cac
yéu cau; cai
thién hi€u nang
can bang

nguon luc

Dhinesh Babu
L.Detal. [15]

Giai thuat HBB-LB (honey
bee behavior inspired load
balancing)

Mtrc d6 uu tién
yéu
hanh vi

cua cac
cau,

bay ong mat

Can bang tai c¢6
xem xét dén do
uu tién cua cac
yéu cau tlr cac

may 4o qua tai

Gaochao Xu et
al [21]

Mo hinh can bang tai cho céc
dam may cong cong dua trén
khai niém phan vung dam
may v4i mot co ché chuyén
ddi dé lua chon chién lugc

can bang hi¢u qua

bam may cong
Phan

vung dam may

cong;

Cai thién hiéu
nang cac may
cha hé thdng
khi phan vung
thanh cédc dam

may riéng 1¢

Hiren H. Bhatt
etal. [32]

Giai thuat chia sé tai linh hoat
FLS (Flexible load sharing
algorithm).

Gom nhom
may chu; Chia

sé tai

Phan phbi hiéu
qua tai cho céac
may 4o nham
giam thiéu cac

may 4o qua tai




23

Ritu Kapur | Giai thuat LBRS (Load | Thong luwong; | Can bang taico
[73] Balanced Resource | Thoi gian dap | xem xét dén
Scheduling Algorithm) tmg; Thoi gian | tim quan trong
cho cua viéc lap
lich can bang

ngudn luc
Rashmi. K. Set | Giai thuat Enhanced Load | Thoi gian dap | Pa giam dugc
al [70] Balancing Algorithm using | tng; Thoi gian | hién tugng tic

etal [5]

clia cac nat tiép theo cho viée
phan bd tai dua trén phan tich
dir liéu qué khur

may chu; Hiéu
suat va hé so tai
trong tuong lai
(du bao)

Efficient Cloud Management | cho; Thoi gian | nghén  trong
System bé tic dam may
Foram Kherani | Giai thuat du bao trang thai | Tai trén cac | S® dung hiu

qua hon ngudn
luc trén dam
may

Reena Panwar
et al [16]

Thuat toan quan ly tai dong

Phan b6 nguon

luc

Phan phoi co
hiéu qua toan
bo céac yéu cau

dén cac may 4o

Qua khao sat & Bang 1.1 cho thay, co rat nhiéu yéu té anh huéng dén hiéu

nang cua can bang tai trén dién toan dam may nhu: thuét toan, thoi gian dap ung, thoi

gian cho, thoi gian xtr 1y, thong luong, muc do sir dung tai nguyén. Trong khuon kho

luan an nay chi di sau nghién cau vé hai tham s chinh 1a thoi gian dap Gng va thoi

gian xir ly. Trén co s& do6, dé xuat thuat toan cai tién hai tham sé nay nham nang cao

can bang tai trén dién toan dam may.

1.2.3. Phan loai cic thuit toan cin bang tai
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Can bang tai trén dién toan dam may dwoc thuc hién thong qua cac thuat toan.
C6 rat nhiéu cong trinh nghién ciru cai thién cin bang tai va tranh viéc st dung céc
ngudn tai nguyén & mirc d6 cao bang viéce phat trién cac thuat todn cn bang tai. Thuat
toan can bang tai duoc chia thanh céac loai sau: cAn bang tinh, cAn bang dong va cac

thuat toan bo sung [98]:

= Thuét toan can bang tinh: khong xét dén trang thai hodc hanh vi trudc d6
ctia nut trong khi phan phdi tai. Vi du: Roud Robin [62], Min- Min [46],
Max — Min [69]

= Thuét toan can bang dong: kiém tra trang thai trudc d6 cua mot nut trong
khi phan phdi tai. Vi du: DLBS [98], Equally Spread Current Execution
[47], Honeybee Foraging Algorithm [100], Biased Random Sampling [61],
Active Clustering [102], Throttled Load Balancer [98],

= Thudt todn b6 sung: Cartron [98], LBVS [29].

Bang 1.2 cho thay wu, nhugc diém cua mot s phuwong phap can bang tai trén

moi treong dién toan dam may [14].

Badng 1.2. Uu, nhwoc diém ciia mét s6 phwong phdp can bang tai [14].

Thuit toan Uu diém Nhwoc diém

- Khdng xem xét tinh

trang hién tai cua cac - Chi gidi han cho moi
nat. truong cé tai it bién d6i
Can - Phu hop voi hé théng
bang it phuc tap
tinh - Don gian, dé thuc . L
. - Neéu tai 16n thi mat nhiéu
_ hién o
Round Robin o, _ | thoti gian.
- Thuc hién tot hon voi . _
[62] - Cac yéu cau phai tuong

CPU c6 chu ky thuc thi

, duong dé dat hiéu suit cao.
ngan (short CPU burst)
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- Thoi gian hoan thanh

nho nhét - Khéng thé du bao trudc
Min-Min [46] - Hiéu qua hon véi cac | duge may chu va bién doi
nhiém vu c6 kich thuéc | yéu cau (task)
nho
- Cac yéu cau dugc biét . y
) y . - Ton thoi gian dai dé xu
Max-Min [69] trudce khi dén, nén hiéu

qua hon

s

ly

Opportunistic
Load
Balancing [101]

- Cai thi¢n hi¢u suat
- Tan dung nguon tai

nguyén

- Tbn nhiéu thoi gian dé

hoan thanh yéu cau

bang
dong

- Yéu ciu thong tin

trang thai hién tai cia hé

- Can kiém tra trang thai

cac nut lién tuc

Honey Bee [100]

thong
R - Do phuec tap cao
- Chiu loi
- Tang thong lugng - Nhiém vu c6 d0 uu tién

- Giam thoi gian dap

ung

cao khong thé lam viéc ma

khong c6 may 4o nhan rdi

Ant Colony
Optimization [82]

- Tinh todn nhanh
- Giam thiéu thoi gian

xu ly

- Tim kiém mét nhiéu thoi
gian

- Phuec tap

Biased Random
Sampling [61]

- (Cai thién hiéu suat
- Cai thién viéc su dung

tai nguyén

- Thoi gian dap g cao

Resource
Allocation
Scheduling [75]

- Tang hiéu suat
- Thoi gian thuc hién

ngan hon

- Kha ning chiu 15i thap
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1.2.4. Po lwdong can bang tai

Viéc nghién ctru va cai thién hiéu ning cta dién toan ddm may khong thé bo
qua van dé danh gia hiéu ning ting thuit toan. Hién nay, c6 rat nhiéu phuong phap
dé danh gia hiéu nang mot thuat toan: st dung moé hinh toan hoc, m6 phong thuc
nghiém, sir dung cac cong cu dé danh gia,...C6 rat nhiéu cac cong cu dé mo phong
cac thuat toan trén dién toan dam may nhu: CloudSim, Cloud Analyst, GridSim,
CSIM for Java, Matlab [22],.. tit ca cac cong cu nay da va dang hd trg dic luc cho
viéc danh gia hi¢u nang.

Trong cong trinh [74], tac gia Rodrigo N. Calheiros va cac cong su dua ra bg
thu vién CloudSim dung dé hd trg mé hinh hoa hé théng dién toan dam may. Cac
thanh phan ciia bd mo phong CloudSim bao gém: Trung tAm méi gi6i (Broker), trung
tam dit liéu, may 4o, cac chinh sach cung cip ngudn tai nguyén va cac chinh sach
quan 1y cac thanh phan khac nhau cta hé thong. Nho ¢6 cac thanh phan nay ma nguoi
ding c6 thé danh gia cac chién luoc moi trong viée stir dung ddm may nhu cac chinh
sach, thuat toan 1ap lich, chinh sach can bang tai... Bo thu vién CloudSim dung dé
danh gi4 hiéu qua cua cac chién luge dé tang tdc thoi gian thuc thi cta cac tng dung.
Céc 16p thu vién trong CloudSim nham muc dich phuc vu cho cho nguoi sir dung dé
dang mé phong cac thuit toan, chién luge trong can bang tai. Tat ca cac chi tiét vé
thong s6, mo hinh déu duoc triru tuong. Su md phong & day duge coi nhu 1a “chay
mot mo hinh cia mot phan mém trong mdt mo hinh phan cing”. Thong qua bo mo
phong CloudSim di giai quyét duoc cac van dé vé viée kiém tra va thir nghiém trong
dién toan ddm may. Vi du nhu: tiét kiém nang lugng, thoi gian, danh gia duoc cac
thuat toan va tmg dung cin bang tai trude khi dua ra mo trudng dam may thuc. Nhu
vy, bd mo phong CloudSim gitip cho viéc kiém tra hiéu suat can bang tai t6t hon
nho vao viéc ton it thoi gian dé thu nghiém va tinh linh hoat ctia no.

Téac gia Bhathiya Wickremasingle [9] cling dua ra by cong cu Cloud Analyst
dé danh gia moi truong dién toan dam may. Pay 1a bo cong cu ma ngudén md dugce

phat trién dua trén nén tang CloudSim. N6 cho phép mé phong va phan tich mot moi
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truong dién toan dam mAy va cac ing dung quy mé 16n trude khi dua vao trién khai
thue té. Cong trinh cua tac gia Pericherla S Suryateja [65] so sanh 17 céng cu md
phong dam may dya trén nhiéu tiéu chi cho phép cac nha nghién ciru chon mét
chuong trinh m6 phong phu hgp. C6 khoang 47% céac chuong trinh mé phong
(CloudAnalyst, NetworkCloudSim, EMUSIM, MR-CloudSim, SmartSim, Dynamic
CloudSim, CloudSimSDN va CEPSim) dugc m¢ rong tir CloudSim. C6 82% trinh
mo phong (trir R-CloudSim, secCloudSim, CEPSim) 1a ma nguén mo. Déi voi hau
hét cac trinh mo phong (76%), ngdn ngit 1ap trinh dugc sir dung 1a Java. Ngon ngir
1ap trinh co s chiém wu thé tha hai 1a C++ . Chuong trinh mé phong PICS dugc phat
trién bang Python. Tuy nhién, cong trinh [65] khuyén nghi nén st dung CloudSim

dua trén c4c tinh ndng va murc do pho bién cta nd trong cdng dong nghién ctru.

Céc k¥ thuat can bang tai trong dién toan ddm may hién nay xem xét cac tham
s6 khac nhau nhu: hiéu suét, thoi gian dép tGng, thoi gian xt 1y, kha ning mé rong,
thong luong, str dung tai nguyén, kha niang chiu 16i, thoi gian di tra va chi phi lién
quan. Ngoai ra nham muc dich tiét kiém niang luong thi luong khi thai cling dugc

xem xét dén.
1.3. Cac hwéng gidi quyét bai toan cin bing tai
1.3.1. Phwong phap xap xi

Bai toan can bang tai 1a mot bai toan NP-Complete [79], hién chua c6 10i giai
tb1 wu, tuy nhién c6 thé giai quyét théng qua cac thuat toan xap xi. Phuwong phéap xap
xi 14 tim kiém 10i giai can tdi uu, trong mot khoang thoi gian hop 1y. Dé thyc hién bai
t0An cAn bang tai da phat biéu, thi gia thiét dat ra 1a tat ca cic may chu giong hét nhau
va 6 thé str dung dé phuc vu bat ky yéu cu ndo. Xét mot thudt toan cin bang tai don
gian Greedy-Balance [43] dé minh hoa cho viéc giai quyét bai toan can bang tai bang

phuong phap xap xi. Thuat toan nay gan cong viéc j cho may c6 tai nho nhét.
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Greedy-Balance:

1.B&t dau: Khéng céd céng viéc nao dugc géan.

2.Khé¢i tao T: = 0 va A(i) = & cho tédt cd cac may Mi.
3.Vong ldp v6i j = 1,..,n

4 Pt M; 1la mdy c6 tai tbéi thidu (minkTx) .

5. Gan cbng viéc Jj cho may M;.

6 bat A(1) « A(i) U {37}

7 DAt Ts < Ti + ty

8. Két thuc vong lip.

Thu tuc Greedy-Balance [43] nay chay cho mot chudi gdm 6 cong viéc véi
kich thudc moi cong viée twong tng: 2, 3, 4, 6, 2, 2 va ¢6 3 may a0 M1, Mz, Ma. Tur
Hinh 1.7 ta thay, ban ddu cac may ao c6 makespan lan lugt 1a 8,5,6 (makespan hé
théng = 8) va sau khi chay thuat toan nay thi makespan d3 giam xudng con 6, 7, 6.
RO rang 1a thuat toan da co6 su can béng tai tét hon va da tdi tuu duoc tai hé théng

(makespan hé thong = 7).

2
6 2 2
2
2
6
4 4
3 3
2
M1 M: M3 M M Ms
a- TruGc khi cdn bang b- Sau khi cdn bang

Hinh 1.7. Két qua chay thudt todn Greedy-Balance

Gia su T* 1a gia tri makespan t0i uu, thi nhiém vy cia cac thuat toan can bang

tai 1a tim ra T v6i ky vong T khong 16n hon nhiéu so voi T*. Chung ta khong thé biét
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duogc rang gia tri T* 1a bao nhiéu nhung T* ludn ¢6 gi6i han dudi [43]. C6 nhiéu cach
xac dinh gidi han dudi, cong trinh [43] d dya vao tong thoi gian xur 1y Zj 15 dé tinh
toan. Mot mdy ao phai lam viéc it nhét 1a i cong viée trong tong sb cac cong viéc.
Do d6, ta ¢ mdt sd nhan xét vé T va T* trong thuat toan Greedy-Balance nhu sau:
= Ngudng dudi ciia gia tri makespan toi uu T*:
T* > =3t (1.2)
m

Gia tri T* ludn c6 ngudng dudi, tuy nhién, trong mot sb truong hop thi bd dé nay
khong du manh; vi du: c6 mot cong viéc cod thoi gian xu ly cuc ky dai so véi téng
thoi gian xur 1y cla tat ca cac cong viéc con lai thi giai phap hiéu qua 1 gan cong viéc
d6 cho mot may ao duy nhat nao d6 va né sé 13 may cudi cung két thiic phién lam

viéc. Trong trudng hop nay, ngudng dudi dugc mo rong nhu sau:

= Ngudng dudi ciia gia tri makespan toi vu T* md rong:
T* = maxitj (1.3
* Thuat toan Greedy-Balance tao ra sy phan cong cong viéc cho cdc may 4o véi
makepan la:
T<2T* (1.4)
Ta chtng minh cong thirc (1.4) dé hiéu rd hon phuong phéap xap xi trong cin bang
tai:

Khi phan tich mot thuat todn gan dung, ngudi ta thuong so sanh giai phap thu
duoc voi nhitng gi da biét vé gia tri toi vy, trong trudng hop nay 1a cac giéi han dudi
(1.2) va (1.3). Xét mot may Mi dat tai toi da T va doi hoi xac dinh cong viée cudi cling
j duoc gan cho Mi 1a gi? Néu tj khong qua 16n so v6i hau hét cac cong viée khéc, thi
gidi han dudi 1a cong thirc (1.2), con néu tj 1a qua 16n thi gidi han duéi 1a cong thirc
(1.3). Khi gan cong viéc j cho Mi, may Mi ¢6 tai nho nhat so véi bat ky may ao nao;
day la dac tinh chinh cta thuat toan Greedy-Balance. Tai trong ctia Mi ngay trudc khi
thuc hién phép gan nay 1a (Ti - tj) va vi dy 1a tai nho nhét tai thoi diém do6, nén tai

trén tat ca cic may it nhat 1a bang (Ti - tj). Do d0, cong tai cla tit ca cac may ta co:
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Tuong duong v6i:  T; — t; < izk ty (1.6)

Nhung gié tri Y Tj chi 13 tong tai ctia tit ca cac cong viéc Y, jt; (vi moi cong viée
dugc gan cho chinh xac mot may), nén dai lugng %Z k b 12 g161 han dudi cua gia tri
t61 wu (1.2). Nhu viy:

Ti-t<T 1.7)
Va chiing ta tinh toan luong tai con lai trén Mi, ctia cong viée cudi cing j. O day thuat
toan st dung gidi han dudi 1a cong thirc (1.3):

GH<T* (1.8)

Cong 2 bat dang thirc (1.7) va (1.8) ta duoc:

Ti=(Ti-t)+4<2T* (1.9
Vi makepan T = Ti, nén cong thire (1.4) dugc chirng minh.
Vi du: Gia st cOmmay van=m (m - 1) + 1 cong viéc. Vi (n — 1) = m(m - 1) dau
tién, mdi cong viéc yéu cau thoi gian 13 tj = 1, con cong viéc cudi ciing 16n hon rat
nhiéu doi hoi thoi gian t, = m. Thuat toan Greedy-Balance sé& can bang dong déu (n
— 1) cong viéc dau tién, va sau d6 thém cong viéc khong 16 n vao mot may con lai,
két qua tao ra makespan 1a T = 2m - 1. Trong vi du nay, gia tri makespan t6i wu la m
do d6 (2m-1)/m = 2- 1/m, khi m 14 rat 16n thi ti 1é makespan cta thuat toan Greedy-
Balance va gia tri toi vu bang 2, thi day chinh 13 truong hop xau nhét cua thuat toan
Greedy-Balance (T = 2 T*). Trén thuc té, c6 thé cai tién thuat toan xap xi dé ti 1¢
makespan thu duoc va makespan t6i wu nho hon 2, va ti 18 ndy cang nho cang tbt.

Xét thuat toan Sorted-Balance [43], thuat toan nady c6 ti 1€ nodi trén 1a 1,5.

Sorted-Balance:

1. B&t dau: Khoéng c6 céng viéc nao dugc gan.
2. b3t Ti = 0 va A(i) = & cho tdt cd céc may Mi

3. S&p xép cbng viéc theo thu tu gidm thoi gian xu 1y
ty.
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4. Gia su rang tl = t2 2>. > tn

5. Vong lap j = 1,..,n

6. Pat Mi 1a mdy cdé tai tbi thiéu (minkTx)
7. Gan cbéng cbéng viéc j cho may Mi

8 bat A(1) < A(i) U {3}

9 D3t Ti « Ti + tj

10. Két thuc vong ldp.

Néu c6 it hon m cong viéc, thi giai phap Greedy-Balance rd rang sé& 13 toi wu, vi nd
dit moi cong viéc vao trén mot may. Va néu c6 nhiéu hon m cong viéc, thi cé thé sir
dung rang budc dudi day vé mirc makespan t6i wu:

= Néu c6 nhiéu hon m cong viéc, thi:

T* > 2tm+1 (1.10)
» Thudt toan Sorted-Balance tao ra sy phan cong cong viéc cho cac may co
makepan la:
T<32T* (1.11)

Ta nhan thay, dd co su cai tién makspan tir cong thie (1.4) va (1.10), tuy khong thé
tinh toan chinh x4c gia trj cuia T*, nhung rd rang da c6 thudt toan cin bang tai dé tinh
toan gia tri T tiém can dén gia tri t6i uu T*. Piéu d6 c6 nghia 13 c¢6 thé dung thuat
toan xap xi dé giai quyét bai todn can bang tai.

1.3.2. Chién lwgc 14p lich phan bé tai nguyén

Hudng nghién ciru tiép theo 1a cai tién cac chién luge 13p lich phan b tai nguyén
nham can bang ngudn lyc trén dién toan dam may [7], [16], [19], [25], [33], [41],
[45], [48], [59], [63], [87], [97], [107]. Cong trinh [16] tac gia d& xuat mot thudt toan
quan 1y tai dong dé phan phdi c6 hiéu qua toan bd cac yéu cau dén cac may 4o. Giai
thuat duoc moé phong bang céng cu CloudAnalyst dua trén cac théng sé khac nhau
nhu thoi gian xtr 1y dir liéu va thoi gian dap tng,.. va so sanh két qua véi thuat toan
VMAssign. Két qua mé phong di chimg minh rang thuat toan phan phdi tai théng
nhat giita cdc may chil théng qua viéc sir dung hiéu qua cac ngudn tai nguyén. Thong

s6 duoc quan tdm nhat & ddy 1a Resource Allocation (phan bd ngudn luc). Nghién
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clru cua tac gia Mahesh B. Nagpure [54] dd dé ra mot chién lugc phan bd ngudn luc
dong da ngan chin tinh trang qua tai bang phuong phap can bang tai hiéu qua. Thuat
toan dua ra mot khai niém 1a d6 1éch (skewnees) dung dé do d6 khong dong déu cia
cac ngudn tai nguyén st dung trén may chu. Bén canh d6 thuat toan ciing dua ra dugc
phuong phap du bao tai trong twong lai dé phan phdi tai hiéu qua hon. Céc cong trinh

[20], [40] d4 dé xuét cac chién luoc quan 1y luu tai dong nham t6i da hoa thong luong.

Cong trinh [51], [56], [57], [95] dua ra phuong phép ti da hoa viée sir dung tai
nguyén bang mo hinh can bang tai, cic phuong phap nay hd tro trong viée du bao xu
huéng ctia cic tai nguyén, viéc cap phat tai nguyén dong va viéc giai phong bd nhé
clia cac may chi mot cach hiéu qua. Trong tai lidu [99], tac gia Syed Hamid tong hop
cac nghién ctru va cac ki thudt phan bo tai nguyén trén ddm may, 1a budc thuc hién
sau khi 1ap lich cho tai nguyén. Nam 2016 tac gia V.Krishna [105] da cong bd nghién
ctru vé phén tich hiéu ning cac thuat toan cin bang tai trén moi truong ddm may,
nghién ctru nay da phan tich so sanh cac nhom thuat toan: ACO (Ant Colony
Optimization), FCFS, GA (Genetic Algorithm), Multi-Objective Model for
Scheduling, MOACA (Multi Objective Ant Colony Algorithm). Trong cong trinh
[21] tac gia Gaochao Xu va nhom nghién ctru cho rang can bang tai trong moi trudng
dién toan ddm may c6 mot tac dong quan trong vé hiéu suét cia hé théng. Can bé“mg
tai t6t lam cho dién todn dam may hiéu qua hon va cai thién su hai 10ng ctia ngudi st
dung.

Cong trinh [21] gidi thiéu mot mo hinh can bang tai cho cic ddm may cong cong
(Public Cloud) dua trén khai niém phan ving ddm may (Cloud Partitioning) vdi mot
co ché chuyén ddi dé lua chon chién lugc khac nhau cho céc tinh huéng khac nhau.
Viéc chia dam mAy ra thanh cic phan ving s& gop phan xay dung duoc chién lugc
can bang tai hiéu qua. Qua day ta thiy, dé nang cao duoc hiéu qué cua viéc can bang
tai trén di¢n todn dam may thi viéc phan chia thanh cac phan ving ddm may riéng 1¢
s& nang cao hiéu ning toan hé thong may chu. Hiren H. Bhatt [32] va cong su da dé
xudt mot thuat toan ting cudng can bang tai trong d6 chi ¥ t6i cac tham sb: nhom

may 4o, phan loai tai va ky thuat chia mdy 4o thanh cdc nhém khac nhau (dudi tai,
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can bang va qué tai) s& linh hoat trong viéc phan phdi tai cho cac mdy 4o do dé s&
lam giam cac may 4o qua tai. Nhirng thach thirc dbi voi viéc 1ap lich trinh tai nguyén
bao gdm: sy phan tan, tinh khong chic chin va tinh khong déng nhét cua tai nguyén
trong méi trudng ddm may [4],[96]. Lap lich trinh tai nguyén bao gém ba chirc ning:

Lap ban db tai nguyén, Thuc thi ti nguyén va giam sét tai nguyén.

Céc cong trinh gan day nhat [24], [36], [71], [88] ciing d4 tap trung nghién clru
cai tién cac chién lyc phan bo tai nguyén. Tai liéu [88] dé xudt co ché tranh lang phi
tai nguyén, cong trinh [36] dé xuat co ché di tru tryc tiép cac yéu cau hiéu qua, giam
chi phi vé thoi gian thyc hién. Cong trinh [24], [71] dé xuat cac chién luoc phan bd
tai cho cadc may 4o mot cach hi¢u qua.

1.3.3. Phwong phap cii tién cic tham s

Mot huéng nghién ciru nita 13 cai tién cac tham sd anh hudng dén kha ning
can bang tai thu hut rat nhiéu tac gia trén thé giéi [2], [8], [17], [34], [37-39], [49],
[52], [58], [90], [94]. Cac tham s co ban d6 1a: thoi gian dap tng, thoi gian xir 1y,
thoi gian hoan thanh, ti I¢ sir dung tai nguyén, d0 wu tién cua cac nhi¢m vuy... Nhom
tac gia Agraj Sharma trong cong trinh [2] da cho riang yéu té thoi gian dap tmg anh
huong 16n dén hiéu ning can bang tai trén dién toan dam may. Tac gia [2] néu ra 2
van dé con t0n tai clia cac giai thuat trude ddy 1a: 1) can bang tai chi xay ra sau khi
cac may chi bi qua tai; 2) lién tuc truy van thong tin tai nguyén sin c6 dan dén ting
chi phi tinh toan va tiéu thu bang thong. Vi vay, tic gia dd dé xuat thuat toan cai tién
thoi gian dap Gng cla cac yéu cau dé quyét dinh gan cic yéu cau cho cac may chi
mot cach thich hop, cach tiép can ctia giai thut nay da giam duoc su truy van thong
tin vé cac ngudn lyc sin c6, giam su giao tiép va tinh toan trén méi may chu. Két qua
dugc md phong voi phan mém ECLIPSE IDE using JAVA 1.6 di chting minh duoc
su dung dén cua thuat toan dé xuit.

Theo [34] thudt toan Min — Min d4 t4i thiéu hoa dugc thoi gian hoan thanh
cong viéc & mdi nut mang tuy nhién giai thuat nay van chua xem xét dén khéi luong

cong viéc cia moi tai nguyén. Vi vay, tac gid dua ra giai thuat Load Balance Improved
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Min-Min (LBIMM) dé khic phuc diém yéu ndy. Sau khi dua ra thuit toan véi viée
xem xét khoi lwong cong viée ctia mdi tai nguyén dé khac phuc han ché cua giai thuat
Min — Min truyén thong thi giai thuat LBIMM [34] cho két qua thuc nghiém t6t hon.
Tac gia Dhinesh Babu L.D [15] cho rang, viéc nghién ctru nham tdi da hoa thoi gian
xtr 1y, thoi gian dap Gmg trén dién toan dam may ciing duoc quan tim, viéc can bang
tai cho cac cong viée doc lap khong wu tién 1a rat quan trong trong cac giai thuat 1ap
lich trén dam may. Véi viéc dé xuét giai thuat HBB-LB véi cac tham s6 co ban la:

thoi gian xir 1y, thoi gian dap ung. Tac gia dua ra tham s6 1a d6 1éch chuan cua tai:

G = \/%Z{’;I(PTi — PT)2 (1.12)

Trong do:
- PTi: 1a thoi gian xr Iy cia may 4o VM
- PT: 14 tong thoi gian xir 1y cua tat ca may 40 VMs

Cén cu vao gia tri do l¢ch chuin cta tai o dé c6 chinh sach can bé“mg tai thich
hop. Néu d6 1éch chuin onhé hon hoidc bang ngudng Ts € [0 - 1] thi hé thong di can
bang, néu khong thi hé thong c6 thé qua tai hodc dudi tai. O day cac may 4o dugc
gom thanh nhom dya trén tai cia ching, phan thanh 3 nhém: nhoém cén bang
(Balanced VMs), nhom qua tai (Overload VMs) va nhém dudi tai (Underload VMs).
Nhu vay, viéc gom nhom trang thai tai ctia cac may ao ciing 1a mot van dé nham nang
cao hiéu ning cua viéc can bang tai trong ddm may.

Trong cong trinh [70], nhém tac gid Rashmi. K.S da nghién ctru nang cao kha
ning can bang tai tranh tic nghén trong dién toan dam may, tac gia dua ra thuit toan
Enhanced Load Balancing Algorithm using Efficient Cloud Management System,
thuat toan nay nham khic phuc cac han ché 1a da giam duoc hién tuong tic nghén
trong luu thong. Cac tham sé duoc nghién ctru gdm: thoi gian dap tmg, thoi gian cho,
thoi gian bé tic. Foram Kherani va cong su [5] dd dé ra mot giai thuat du bao trang

thai ctia cac nut tiép theo cho viéc phin bo tai dua trén phan tich dir liéu qua khir dé
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st dung ngudn lyc t6t hon cho dam may. Cac tham sb dwgc nghién ctru & trong cong
trinh nay la: tai trén cac may chu, hi¢u suét va hé sd tai trong tuong lai (du bdo).

Céc cong trinh gan day [27], [64], [85], [86], [103] cling di cong b nhiing két
qua cai tién cac tham s6 anh huong truc tiép dén can bang tai. Bang cac phwong phap
khac nhau, céc tac gia da thuc hién cai tién cac tham s chinh va di cho két qua tot
hon cac phuong phap da cong bd trude do.

Thoi gian dap tng 14 tham sb rt quan trong, né anh huong dén hiéu ning cia
dam may ciing nhu 12 QoS cua cac nha cung cap dich vu dién toan. Chinh vi vay, da
c¢6 nhiéu thuat toan can bang tai dé xuat voi muyc tidu toi uu hoa thoi gian dap tmg
trén dién toan dam may [18], [29], [33], [56], [60], [108]. Thuat toan can bang tai chi
xem xét dén thoi gian dap ing cta timg yéu cau [108], thuat toan nay khong chi mang
tinh linh dong, ma con 1am giam sy giao tiép va tinh toan thém trén mdi may chu.
Thuat toan 1ap lich [60], dugc xay dung dé giam thiéu thoi gian dap tng bang cach
t6i uu hoa trong sd khdi luong cong viée trén cac khe thoi gian t (time slot) cua céac

cum ao C; (virtual cluster) khac nhau.

Requests Results

to users

arrival rate 3"

Hinh 1.8. M6 hinh Idp lich khoi lwong cong viéc cho dam mdy [60].
Vi ti 16 cac yéu cau dén trung binh cta khe thoi gian t dugc mé hinh hoa theo phan
bé Possion 1a A va a)gt) 1a trong sb tuong ung [60]. Khi d6 thoi gian dap ting cta
tung cum may ao la:
1

T, = (1.13)
()
& O+ KO -a®. 2
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Va tong thoi gian dap tng 1a:

()
—_ \'N _ VN ;
T - i:l(a)i . Tl) - i=1 0 d(t)l ) () (114)
(K; "+ K, Dy —op 7 A

Trong do:

- 4, > lati1¢ dich vy cua mét ca thé VM cta cum Ci.
r(t) 1 N RT ST ST , _
- (K; "7+ K; " )p; - bi€u dién ti 1€ dich vu cua cum C;i

- a)l@. ﬂ(t) : dai dién cho ti 1¢ dén trung binh theo phan phdi Possion
Vé mit toan hoc, bai toan tdi thiéu hoa thoi gian dap tng co6 thé duoc xay dung nhu
Sau.
Minimize N (Dgt)

i=1 ®
{01,01,...0N} KO+ kIO), — ®, 2

= Muc tiéu:

= Rang budc:

- Rangbue 1: o®. 17 < (17O + KO w, VéiVvi=1,..,N

- Rangbuoc2: YN . w =1, 0, 20,V6ivVi=1,..,N
Rang budc 1 dai dién cho do 6n dinh hang doi tai cum Ci, rang budc 2 dai dién cho
viéc 1ap lich theo trong sb cong viéc. Van dé tbi thiéu hoa thoi gian dap tng la van
dé toi wu hoéa 16i [33]. Tac gia [60] st dung phuong phap sb nhin Lagrange dé giai

quyét van dé va co dugc giai phap phan tich t6i uu nhu sau:

2O §i(t) n éti(t)_zzyz1 f g@— é‘ft)-ZNz1 e;@
o = e e (1.15)

L
X(t)_z}l}lzl ’ét)

Trong dé: &) = (K7® + K{ )y, biéu didn ti 18 dich vu cia cum Ci
Tac gia st dung chién lugc 1ap lich heuristic véi ti 1& dich vu dugce chuan hoa lam

trong ) lap lich:

g9
. - (1.16)
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Két qua md phong chirng minh rang so d6 lap lich khéi luong cong viée dugce dé xuét
[81] c6 thé can bang tdi wu khdi lwong cong viée dé dat dugc thoi gian dap ung tdi
thiéu.

Trong thuat toan can bang tai WMaxMin [29], tac gia dd két hop hai thuét toan Max
— Min va Weighted Round Robin Algorithm dé can bang tai hiéu qua bang cach xem
xét 2 tham sd: thoi gian dap Gng va thoi gian chd. Y tuéng chu yéu cia WMaxMin
13 1am sao dé khong c6 mdy 4o nao qua tai (over loaded) hodc dudi tai (under loaded),
tai dugc can bang giira tat ca cac may 4o va s& duoc giao cho may dugc chi dinh hoic
may dy dinh dé xir Iy yéu cau, néu phai chd doi bt ky yéu cau ndo, né sé lai dugc
giao cho bo 1ap lich dé 1én lich yéu cau theo su san ¢6 cia may 4o. Viéc mo phong
thong qua CloudSim cho thdy, thuat toan di cai thién dugc thoi gian dap tng.

Trén dién toan ddm may, service broker kiém soat dinh tuyén luu luong gitta
nguoi dung va trung tdm dit liéu dua trén cac chinh sdch moi gidi dich vu khac nhau.
Chinh sach dinh tuyén dua trén dich vu chon trung tdm dir li¢u gén nhat dé dinh tuyén
yéu cau nguoi dung. Néu c6 nhiéu hon mot trung tim dir liéu trong ciing mot khu
vuc, nd s& chon ngau nhién ma khong xem xét khdi luong cong viéc, chi phi, thoi
gian xtr Iy hodc cac tham s6 khac. Trung tdm dit lidu duoc chon ngau nhién ¢ xu
huéng cho két qua khong dat yéu cau. Do d6, tic gia [29] da dé xuét sira d6i chinh
sach ving 1an can (proximity-based) d6 bang cach ap dung thuat toan lich biéu méi
dé cai thién thoi gian dép ing, kiém soat can bang tai. Chinh sach nay thuong ap dung
cho cac trung tdm dit liéu c6 phan bd dia Iy. Trong cong trinh [14] tac gia két hop 2
thuat toan SHC + JIQ d¢é tao thanh thuat toan lai SIQ cung cip mdt phuong phap can
bang tai hiéu qua va thoi gian dap ing duogc cai tién. Han ché chinh trong thuat toan
SHC 1a qua tai cac yéu cau tai mot trung tdm dir 1iéu don. Do d6, day 1a mdt thuat
toan khong hiéu qua dé can bang tai. Vi viy, SHC duoc két hop véi cach tiép can JIQ
dé xay dung nén thuat toan SIQ nham muc dich cai thién thoi gian dap ing va sir
dung tai nguyén t6t hon. Thuat toan SIQ da cai thién duoc thoi gian dap Gmg va sir

dung tai nguyén hiéu qua.
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Trong bai bao [69] nhém tac gia da cai tién thuat toan Max- Min dé tao ra mot
thuat toan toi vu hon. Bang viéc sir dung céc thong sé dau vao nhu: sd cong viée, sb
lwong ngudn tai nguyén. Khi luong yéu cau téi hang doi, B xtr Iy ddm may s& tim
yéu cau c6 thoi gian thyc thi 16n nhat sau d6 chi dinh cho tai nguyén cé thé hoan
thanh sém nhat. Phuong phép cai tién nay c6 cung do phire tap gidng thuat toan Max-
Min trude d6 nhung né dem lai hiéu qua kha t6t thé hién & chd thoi gian thuce thi tai
moi tai nguyén it hon va so dd 1ap lich kha tin cdy. Thuét toan cai tién Max-min giup
can bang tai tot hon cac ngudn lyc san c6 va ciing gitp thuc hién dong thoi cac nhiém
vu dugc dua ra véi xac suit cao hon so véi thuat toan Max-min gdc. Phuong phap
nay dugc danh gia kha tét, tuy nhién chi tip trung vao nghién ctru ti hai yéu té chinh
1a lugng yéu cau va ngudn tai nguyén. Hon nita trong mot sd trudng hop khdi luong
yéu cau qua nhiéu, hodc ban than tai nguyén dang xtr Iy mot cong viée duoc yéu cau

thi viéc danh gia kha nang thuc hién cong viéc ké tiép s€ khong chuan xac va toi uvu.

C6 nhiéu tham s6 anh huéng dén kha ning can bang tai trén dién toan dam
mAy, tuy nhién trong khuon khé luan 4n chi nghién ciru 2 tham s6 chinh phuc vu muc
tién nghién ctru d6 13: thoi gian dap ung, thoi gian xt y. Cac nghién ctru vé thoi gian
dap ung duogc thuc hién trong Chuong 2, nghién ctru vé thoi gian xur 1y dugc thuc

hién trong Chuong 3.
1.4. Cac van dé ma luin 4n can giai quyét

Thong qua khao sat, danh gié cac cong trinh nghién ctru lién quan ¢ muc 1.2

va 1.3, nghién ctru sinh rut ra mgt s6 nhan xét:

- Cong trinh [89] 1a mot phurong phéap can bang tai dong sir dung tai nguyén kha
t6t vi thé nén dat duoc hiéu ning twong dbi tt. Khi co yéu cau dén bo phan
quan 1y ¢ddm mAy tim trong danh sich méy 4o dang sén sang va chon may o
dau tién khi né tim thdy. Cach nay twong d6i hop 1y trong viéc dam bao tinh
nhanh gon, nhung vé&i truong hop mdy 4o d6 san sang nhung khong du ning
lyc thyc hién yéu cau thi s& dan dén viéc cham tré va hao tén chi phi thoi gian.

Thuat toan [89] da khong xem xét tdi luong tai hién tai ctia may ao, vi vay khi
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mot may 4o khong du ning lyc thuc hién yéu cau nd s& phai quay tré lai tim
mot may ao tiép theo, hé thong sé tiéu ton thoi gian chd va thoi gian dap tng
hon. Véan dé nay duoc giai quyét trong Chuong 2 va két qua nghién ctru da

dugc cong bd & cong trinh (CT4).

- Phuong phép giam thoi gian xtr Iy cua thudt toan trong cong trinh [89] ton tai
mot van dé 1a: b can bang tai phai tim kiém toan bo danh sach cac may o dé
tim ra may 4o ndo dang sin sang cho viéc phan bé tai, diéu ndy lam ting thoi
gian xir 1y cac cong viéc. Do d6, nhiém vy ciia dé tai 1a dwa ra giai phap khac
phuc van dé nay. Phuong phép giai quyét va két qua nghién ctiru duoc thuc

hién trong Chuong 3 va di dugc cong bo trong cong trinh (CTS).

- Ciing nham muc dich cai thién thoi gian xtr 1y, thuat toan Max — Min [69] da
c6 nhitng két qua tét, tuy nhién diém han ché 14 b can bang tai duyét trén toan
bd danh sach cac may ao dé thyc hién viéc gan yéu cau cho may 4o nao thoa
min yéu cau, van dé nay s& lam ting thoi gian xir 1y, do cac thao tic nay lip
di 1ap lai. Do d6, van dé dit ra 1a phai giam thiéu cac cac thao tac lip lai nay
dé cai thién thoi gian xtr ly. Va van dé nay ciing duoc giai quyét trong Chuong

3, cac két qua nghién ciru cling di dugc cong bd trén cong trinh (CT6).

- Thuat toan RRTA (CT7): St dung thuat toan du bao ARIMA dé cai thién thoi
gian dap ung, bang cach dua ra cach giai quyét phan phdi tai nguyén hop Iy.

Vian dé nay duoc trinh bay trong Chuong 2 ctia Luan 4n.
1.5. Két luan Chwong 1

Chuong 1 trinh bay tong quan vé can bang tai va sy can thiét ciia can bang tai
trén dién toan ddm mdy. Viéc quan 1y may 4o va cac chién luoc 1ap lich phan bd tai
nguyén trén dam may ciing dugc trinh bay. Tiép theo, Chuong 1 trinh bay bai todn
cAn bang tai, md hinh can bang tai, danh gia cac tham sé anh hudng dén cin bang tai
va trinh bay mot sé phuong phap danh gia hiéu ning can bang tai. Mot ndi dung nira
dugc trinh bay trong chuong nay la cac phuong phép tiép can giai quyét bai toan can

bang tai, trong luan an trinh bay 3 cach tiép can dé giai quyét van dé: phuong phap



40

xap xi, phwong phap 1ap lich phan bd tai nguyén va phuong phap cai tién cac tham sb
anh hudéng dén can b@ing tai. Bén canh do, Chuong 1 cling trinh bay mot s6 uu, nhuogc
diém cua cac phuong phap cin bang tai thong qua viéc xem xét mot sb tham sb anh
huong dén hiéu ning cua thuat toan nhu: thoi gian dap tng, thoi gian xt Iy, mirc do

st dung tai nguyén,...

Chuong 1 cling da néu ra cac van dé ma luan an tap trung giai quyét bao gom:
cai thién tham s6 anh hudng dén can bang tai (thoi gian dap tng, thoi gian xtr 1y). Dé
giai quyét van dé con ton tai néu trén, Chuong 2 va Churong 3 sé tip trung nghién ctru

cac van deé cu thé sau:

- Chuong 2: Nghién ctru, phét trién thuat toan can bang tai dé cai thién thoi gian

dap ung trén dién toan ddm may.

- Chuong 3: Nghién ctru, phét trién thuat toan can bang tai dé cai thién thoi gian
xu ly trén dién toan dam may.

Nhu vay, nhiém vu chinh ma ludn 4n cin giai quyét 1a dé xuét thuat toan can
bang tai nham cai tién thoi gian dap ung va thoi gian xir 1y trén moi truong dién toan
dam may. Cach tiép can cta luin an 13 theo hudng cai thién cac tham sb anh hudng
dén can bang tai. Trong Chuong 2 va Chuong 3 s& dé xut cac phuong phép theo

cach ti€p can nay.
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CHUONG 2.

PHAT TRIEN MQT SO THUAT TOAN CAN BANG TAI NHAM CAI
THIEN THOI GIAN PAP UNG TREN PIEN TOAN PAM MAY

Chirong nay trinh bay 02 phwong phdp cdi tién thoi gian ddp ieng trén dién
todn ddm mdy ciing cdc két qua mé phong thiee nghiém dé chitng minh hiéu qua ciia
thudt toan dé xudt. Phirong phdp thir nhat la thudt todn LBAIRT (CT4) phdn phéi tdi
két hop véi thoi gian hoan thanh d kién ciia cdc may do. Phwong phdp thit hai la thudt
todn RRTA (CT7), ding ky thudt dir bdo ARIMA dé dw bdo thoi gian dap img ciia mdy
do tiép theo. Thuee nghiém tién hanh trén dir liéu mé phong cho thay, cdc thudt todn dé
xudt ¢ ti 1 chdp nhdn yéu cdu cao hon, cdi thién dwoc thoi gian ddp vmg so voi cdc
thudt todn Roud Robin, Throtted. Noi dung chirong 2 dwoc minh chitng bang cdc céng
bé trong cdc cong trinh (CT4) va (CT7).

2.1. Pit van dé

Thoi gian dap ung (Response Time) 14 tong thoi gian can thiét dé phan hoi yéu
cau dich vu. Trong khuon kho luan 4n, khong mat di tinh tong quat, ta c6 thé bo qua
thoi gian truyén, thi thoi gian dap ung 13 tong cta thoi gian phuc vu va thoi gian cho.
Thoi gian phuc vu 13 thoi gian can thiét dé thuc hién cong viée duoc yéu cau. Nghién
ctru cho rang thoi gian dap tng 13 yéu t chinh c6 tac dong dang ké dén hiéu suit dién
toan dam may. Dé nang cao hiéu suit phuc vu ctia cac dich vu dién toan ddm may thi
viéc quan 1y tai nguyén dbi mat voi cac van dé co ban bao gdm phan bb tai nguyén,
dap ung tai nguyén, két ndi t6i tai nguyén, kham pha tai nguyén chua sir dung, anh
Xa cac tai nguyén tuong ing, mé hinh héa tai nguyén, cung cap tai nguyén va lap ké
hoach sur dung cac tai nguyén. Trong do, viéc lap ké hoach cho s dung tai nguyén
dua trén thoi gian dap ung cta dich vu 1a rat quan trong. Tir d6 ta c6 thé nghién ciru
thoi gian dap ung dé dua ra giai phap cho viéc phan bd, can bang tai cua cac tai
nguyén. Day 1a mot trong nhitng huéng nghién ctru nhiéu trién vong gitp cho cong
nghé dam may ngdy mot hoan thién va tién bo hon. Dién todn dam may 1a moi truong

tinh toan phan tan bao gdm nhiéu don vi tinh toan vt 1y chia sé tai v6i nhau. Viéc
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diéu phdi tai can bang giita cac don vi tinh toan vat 1y da dwoc dit ra va cac co ché
can bang tai da duoc dé xuat nham giai quyét van dé nay. Pay 1a thach thirc 16n ddi
vO1 nhiém vu can béng tai ¢ cac trung tam dit li¢u. Muc 2.2 va 2.3 dé xuét hai thuat
toan can bang tai nham bang cach cai tién thoi gian dap tmg cho cic trung tam di
liéu.
2.2. Thuat toan LBAIRT (CT4)
2.2.1. Co s6 1y thuyét

Tac gia trong cong trinh [89] dua ra thuat toan Throttled dé can bang tai bang
cach duy tri mot bang thong tin ciu hinh ctia cdc mdy 4o va trang thai ctia ching. Khi
¢ yéu cau cip phat may 4o tir trung tam dit lidu (Datacenter), bo phan can bang tai
(ThrottledVmLoadBalancer - TVLB) s& chon nhirng may 4o tim thdy dau tién trong
bang thong tin nhitng may 4o dang sin sang. Néu tim duoc mdy 4o san sang thi s&
giao yéu cau d6 cho may do. Néu khong tim duoc, s& tra vé trung tdm dir licu
(Datacentercontroller - DCC) gia tri = -1 sau d6 DCC s& cho yéu cau nay vao hang
doi. Trong thuat toan Throttled, danh sich may 4o san sang dugc duy tri cung véi
trang thai cia mdi may 4o, vi viy khi c6 yéu cau dén thi bd phan quan 1y ddm may
chi viéc ddi chiéu va tim trong danh sach ndy ra mdy ao san sang cho viéc thuc hién
yéu cau. Pay 1a mot phuong phap can bang tai dong st dung tai nguyén kha tot nén
dat dugc hi€u nang tuong ddi tét. Mac du vay, thuat todn van con mot s6 han ché.
Khi c6 yéu cau dén bo phan quan Iy ddm mAy tim trong danh sach mdy ao dang sin
sang va chon may 4o dau tién khi né tim thiy. Cach nay twong dbi hop 1y trong viée
dam bao tinh nhanh gon, nhung néu may ao dé san sang nhung khong du ning luc
thue hién yéu cau thi s& ton chi phi vé thoi gian hon. Thuat toan di khong xem xét
td1 lugng tai hién tai cua may 4o, vi vay khi mgt may 4o khong du nang luc thyc hi¢n
yéu cau, s& phai quay lai tim mot may 4o tiép theo, hé théng sé& tiéu ton thoi gian cho

va thoi gian dap tmg hon.
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Bang 2.1. Thudt todan Throttled

Piu vao:
Danh sach trang thai VM

Céc yéu cau dén

Piu ra:
VM ID théa man dé xir 1y yéu cau
Hoac khong ¢6 VM ID thoa man

Cac bude xur ly:
Khoi tao: tit ca may ao déu o trang thai san sang (san sang ‘0’ hoic khong
san sang ‘17)
1. B6 TVLB duy tri mot bang chi myc bao gdm: danh sich VM va trang
thai VM (ban/san sang) twong tng.
2. B6 DCC nhan yéu ciu méi.
3. B6 DCC truy van dén TVLB cho phéan bo ké tiép.
4. B6 TVLB duyét danh sach VM tir trén xudng, tim ra VM nao dang sin
sang:
Truong hop néu tim thdy VM:
- TVLB gui ID ctia VM vé bo DCC —> B9 DCC giri yéu cau t6i
VM —> DCC thong bao t6i TVLB mét phan bd méi —> TVLB cép
nhat bang chi muc va chd yéu ciu méi ctia DCC.
Truong hop ngugce lai, néu khong tim thdy VM nao:
- Trinh can bang tai TVLB sé tra gi tri vé 1a -1 cho DCC —>
DCC sap xép cac yéu cau.
5. Khi VM két thuc xir 1y cac yéu cau, thi DCC nhéan phan hoi, né s& ghi
chu lai viéc cap phat VM caa TVLB.
6. DCC kiém tra hang doi. Néu con yéu cau, tiép tuc lap lai budc 3.

7. Lap lai budc 2.
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Yéu cau dén

B diéu khién trung tdm

(Data Center Controller - DCC)

Trinh can bang tai Throttled
Khéng (ThrottledVmLoadBalancer)
co VM
nao .
s&n Truy van

sang: Cap nhét
tra vé
gia tri l

Béng chi muyc trang thai cua tit ca VM

Kiém tra

Trang thai VM la sin

sang ‘0” va khong san

“19’

sang la

Gtri
ID Giri yéu
cua Céu dén
VM VM co
B ID duoc
san tra vé
sang
Thong bao
trang thai
L v
VM 1
VM 2
VM 3
VM n

Hinh 2.1: So' d6 nguyén Iy ciia thudt todn Throttled
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Badng 2.2 Uu diém va nhwoc diém cia thudt toan Throttled [89]

Uu diém Nhuwrge diém

- Danh sach may 4o dugc duy tri | - Quét toan bd may 4o ngay tir dau va chon ra

cung voi trang thai cac VM. VM sin sang dau tién trong danh sach;
- Hiéu suét tdt; - Khong xem xét tai hién hanh cua cac VM.

- Str dung ngudn tai nguyén hiéu

qua.

Han ché ciia thuit toan Throttled [89]: Giai thuat nay c6 thoi gian dap tng
nhé hon gii thuat Round Robin, nhung phai do tim VM dang sin sang ‘0’ voi toan
b kich thudc bang danh sach VM ban dau do d6 lam ting chi phi thoi gian. Phuong
phap nay ciing chua xem xét tdi lugng tai hién tai cua tirng VM, do viéc chon VM
dau tién trong danh sach cac may 4o san sang, nén c6 thé gip trudng hop mot yéu ciu
¢6 kich thudc 16n s& duoc gan cho may 4o dang phuc vu mot yéu cau khac va dang
st dung phan 16n tai nguyén cua may ao d6, dan dén viée cac yéu cau bj tic nghén.
Thuat toan LBAIRT duoc dé xuit nham giai quyét van dé nay.

2.2.2. Pé xuit thuit toan

Thuat toan LBAIRT dugc cong bd trong cong trinh (CT4). Thuat toan cai tién
dua trén hai tiéu chi: tai va cong suat cia VM dé dua ra quyét dinh VM nao s& duoc
chon phan bo cho yéu cau (Cloudlet [74]) tiép theo. Khi DatacenterBroker phan b
Cloudlet t6i mot VM c6 tai nho, thoi gian dap tmg c6 thé chua nhé hon so véi VM
¢6 luong tai nhidu hon, vi diéu nay con phu thudc vao ning luc xir Iy cia mdi VM.
Tai thoi diém cu thé, DatacenterBroker ludn biét duoc trang thai hién tai ctua mdi
VM, cung cac cloudlet ma né nim giit. Chinh vi vy, ¥ tudng cta thuat toan dé xuét
1a tai thoi diém chuén bi phan b6 cloudlet tiép theo, DatacenterBroker sé xem xé&t
tirng VM trén ting host vét 1y, cu thé 1a tinh tong chi phi thoi gian xtr Iy cac Cloudlet
dang & trong hang doi va chi phi thoi gian xtr Iy Cloudlet chuan bi phan bo tiép theo
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trén chinh VM dang xét. Khi d6 tong chi phi thoi gian xt 1y trén VM nao nhé nhat
thi chon VM d6 dé phan b6 Cloudlet dén. O day, cong suat thuc sy cia VM dé xir ly
cac cloudlet 1a mot yéu td quan trong dugc dua vao tinh todn ma khong bi bo qua nhu
cac phuong phép trude day. Viéc xac dinh cong suit xir Iy cia VM cho Cloudlet trén
ha tang 4o hoa ddm may 13 phirc tap, tiy thudc vao co ché lap lich tai nguyén tinh

toan trong hé thong.

Users Tasks Virtual Machines Datacenter

User2 &
Usern

Hinh 2.2: M6 hinh laaS dién todn dam mdy théng qua thanh phan

-
.‘
-

VL -y 4

= AN

Datacenter | | VmSche- | | VmAllocation
Broker duler Policy

o F 1 £t

CIS

DatacenterBrocker [50].

Diém moi clia thuat toan LBAIRT 14 xét thém s6 tham s6 thoi gian hoan thanh
cong viéc du kién ctia mdi VM khi c6 cac danh sach yéu ciu dén. Thuit toan cin
bang tai dwa vao nhirng thong sé ddu vao nhu: cu hinh cac may 4o, cdu hinh cac yéu
cau (cloudlet), thoi gian dén, thoi gian hoan thanh céc tac vy, sau d6 du tinh ra thoi
gian hoan thanh dy kién ctia mdi yéu cau, thoi gian dap tmg du kién. Thoi gian dap
tg 1a thoi gian xir Iy cong thém chi phi thoi gian truyén tai yéu cau, xép hang doi

qua cac nit mang.

e Thoi gian dap tng du kién duoc tinh theo cong thirc sau [74]:
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TRok = Ft— At + Tdelay (2.1)
Trong do:
- TRak: Thoi gian dép tng du kién.
- Fe: 12 thoi diém hoan thanh dy kién xir 1y Cloudlet.
- A¢: 1a thoi diém dén cua Cloudlet.

- Tdelay: 12 thoi gian truyén tai cac yéu cau. Vi thudt toan thuc hién cong viée
diéu phoi tai cua DatacenterBroker nén mtrc do cua thuat toan chi anh huong
dén thoi gian xur 1y trong mdt mdi trrdong mang ndi b cua mot Datacenter. Do

d6 tham so vé do tré truyén co thé bo qua, nén Taelay = 0.

Trong khuon kho luan an, chi nghién ctu chinh sach lap lich cua thuat toan la
Spaceshared-Timeshared. Chinh sach Space-shared dugc ap dung dé phan bo may ao
tGi cac VM va chinh sach Time-shared hinh thanh co sé dé phan b cac yéu cau dén
core xtt Iy bén trong mot VM. Do d6, trong sudt thoi gian song cua VM, tat ca cac
yéu cau dugc phan bd theo phuong phap dong. Co sé tinh toan cho giai thuat dé xuat
s€ can cur vao cong thuc (2.2) va (2.3). Viéc xac dinh cac cong thic (2.2) va (2.3)
nhim muc dich tim ra thoi gian dap ung du kién ¢ cong thire (2.1), khi tim ra duoc
gia tri thoi gian dap tng du kién cia may 4o thi thuét toan s& phan bo cac yéu cau dau
vao mot cach hiéu qua dua vao gia tri ndy, diéu nay déng nghia 1 nang cao duoc hiéu

nang cua thuat toan can bang tai.

e Xéc dinh Ft [74]: Do st dung chinh sach Timeshared nén Ft ciia yéu ciu p dugc

quan ly b&di VM duge tinh nhu sau:

F,=ct+ Ii®) (2.2)

capacity xcores(p)

Voi:

P cap(i)

loudlet .
max( };=0111 escores(]),np)

capacity = (2.3)
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Thoi gian thuc thi cia moét Cloudlet dwoc xac dinh theo cong thuc sau:

rl

Thoi gian thuce thi mot cloudlet = (2.4)

capacity xcores(p)

Trong do:

rl: 1a tong s 1énh ma Cloudlet p can duoc thyuc thi trén mot bo xu 1y.

capacity: la nang lyc xtr 1y trung binh (tinh theo MIPS) ctia mot core danh cho
Cloudlet p.

- ct: 1a thoi gian mo6 phong hién tai.

- cores(p): 1a s6 lugng core ma Cloudlet p can.

- np: 1a s6 luong core thye ma host dang xét co.

- cap: lanang lyc xtr 1y cua core.

Tham sb Capacity xac dinh cong suat thuc sy danh cho xtr Iy yéu cau trén mdi
VM. R0 rang Capacity tuy thudc vao chinh sach 1ap lich tai nguyén tinh toan trén hé
thong 4o hoa. Tong nang luc xtr Iy trén mot host vat 1y 1a khong thay d6i va tity theo
s6 core vat Iy va niang luc xir Iy cua ting core. Tuy nhién, khi tai nguyén xi 1y nay
duoc dem chia sé cho nhiéu yéu cau dong thdi, mdi yéu cau dau vao can mot sb core
nhét dinh va néu téng sb core d6 16n hon sb core vat 1y thi khai niém core 4o Xuat
hién, mdi core 40 s& c¢6 nang luc xtr Iy thip hon core vat Iy. Noi cach khac, cong suat
mot core a0 danh cho yéu cau chi c6 thé bang hoic nhé hon core vat 1y va nhu thé
nao 13 tiy vao chinh sach chia sé tai nguyén. Capacity chinh 1 cong sut xir Iy cta
mot core a0. TUr phan tich ndy va can ¢ vao chinh sach chia sé tai nguyén dé phat
trién cong thirc tinh cho Capacity. Chinh sach chia sé tai nguyén dugc cu thé héa qua
co ché 1ap lich trong dién toan ddam may. Ta c6 hai muc lap lich: lap lich VM dé chia
sé tai nguyén host vat 1y va 1ap lich tac vu dé chia sé tai nguyén VM. C6 hai co ché
1ap lich 1a Timeshared va Spaceshared. Thuét toan nay s€ thuc hi¢n va moé phéng dua

trén chinh sach Spaceshared doi véi may 4o va Timeshared doi véi yéu cau.
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Thiét ké thuit toan LBAIRT:

= Buwdc 1: Khdi tao DatacenterBroker. Bang chi muc trang thai cua may do va
trang thai cac Cloudlet hién tai. Luc khoi tao chua c6 may 4o nao dugc phan bd
Cloudlet.

= Bude 2: Khi c6 mot yéu cau dén, DatacenterBroker phan tich bang chi muc
trang thai. Sau d6 s& tinh tong chi phi thoi gian hoan thanh xtr 1y tat ca Cloudlet
hién c6 trong hang doi cia mdi may ao cong vai thoi gian dy kién hoan thanh
ctia Cloudlet m&i dén. Néu mdy 40 nao co thoi gian xir 1y du kién nho nhat thi
may do dugc chon dé dé trinh Cloudlet tiép theo.

» Bwée 3: Gui ID cia VM duoc chon dén DatacenterBroker sau do
DatacenterBroker gtri Cloudlet t61 VM do.

= Budic 4: Databroker thong béo vé viéc phan bé médi va cap nhat vio bang trang
thai may 4o va Cloudlet.

= Budc 5: Khi may 4o hoan thanh yéu cau xir Iy va DatacenterBroker nhan dép
ung Cloudlet né s€ cép nhat vao bang trang thai cua Cloudlet 1a da hoan thanh
va gidm di 1 Cloudlet trong bang trang thai.

= Buwdc 6: Quay lai budc 2.

Piém méi ciia thuat toan LBAIRT: Pua vao thoi gian hoan thanh du kién
ctia mdi VM cho cac cloudlet trong hang doi. Dya trén tham ) nay, thuat toan s¢
chon VM véi thoi gian hoan thanh du kién nho nht va ty 1& sir dung thp nhat dé
phan b6 cloudlet. Luong tai hién tai trén cac VM cling dugc xét dén, do do, viéc tim
ra cac VM san sang dong thoi du nang luc xur Iy cac yéu cau dén da duoc tinh todn

cu thé hon so véi thuét toan Throttled.
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Bit dau: khéi tao

>
«
y

A

Nhan céc yéu cau Cloudlet

»
Ll

\ 4

Chon ra VM tbi uu trong danh sach

v
Tinh tong chi phi hoan thanh du kién.

(Céc yéu ciu trong hang doi va yéu cau méi t6i)

Téng chi phi nay nho nhit?

l Dung

VM d6 duoc chon

v

- Guri cac yéu cau toi VM dugc chon trong Datacenter va gan trang thai 1a chura hoan thanh;
- Thém yéu cau nay vao hang doi cia VM dugc chon;
- X6a yéu cau nay ra khoi hang doi yéu cau can xt 1y.

Hét yéu cau xir [?

Hinh 2.3: Luu d6 thudt todn dé xudr LBAIRT.

Xac dinh d phirc tap tinh ton cia thuit toan LBAIRT:

Do phuc tap thoi gian (Time complexity) 1a do phirc tap tinh toan mo ta luong
thoi gian can dé chay mot thuét toan. Gia sir s6 yéu cau méi 13 n, sb may 4o 1a m,

kich thudc hang doi ctia mdi may 4o 1a g, kich thudc ciia hang doi can xtr 1y 1a p.
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Vi cr moi yéu cau dén, thuat toan thyc hién:

- Tinh téng chi phi hoan thanh x 1y tat ca cac yéu cau hién c6 trong tat ca cac
hang doi ctia tit ca cac may 4o. Gia thiét thoi gian tinh toan cho mot yéu cau
la 1 don vi, thi d6 phtrc tap thoi gian la: O(mQ).

- Tim may 4o co téng thoi gian xir Iy thap nhit. Dung vong for thi do phirc
tap thoi gian la O(m).

- Gui yéu cau t6i may do duoc chon véi do phirc tap thoi gian O(1)

- Thém yéu cau vao hang doi voi do phirc tap thoi gian O(1)

- Xoéa yéu cau ndy ra khoi hang doi can xir 1y véi d¢ phrc tap thoi gian O(1).

Nhu vay d6 phirc tap thoi gian cho mdi yéu cau méi la: O(mg+m +1+1+1)=0(mq).
Vi ¢6 n yéu cau méi cong véi kich thudce hang doi can xir Iy 13 p, nén téng s6 yéu cau
can xir 1y thyc té 1a: O(n+p).
Nhu vay, d6 phtre tap tinh toan cua thuat toan la: O((n+p) maq).
2.2.3. Két quaz md phéng

Muc tiéu cua md phdong nay la so sanh, phan tich, danh gia thoi gian dap ting
va thoi gian thuc hién cua thuat toan Throttled [89] va thuat toan dé xuat LBAIRT.
Mo phong sir dung bd cong cu CloudSim bao gdbm 1 trung tim dit lidu. Hai thuét toan
Throttled va LBAIRT duoc viét bang ngon ngit Java trén bd cong cu md phong
CloudSim va st dung mot bo dit liéu dé so sanh thoi gian dap ing cua dam may. Gia
tri tham s6 hé thdng duoc cho trong cac bang Bang 2.3, Bang 2.4, Bang 2.5. Kich ban
md phdéng sé duoc tién hanh theo chinh sach 1ap lich cho may 4o va tac vu la

SpaceShared — TimeShared.

Bang 2.3: Gid tri cdc tham so trong thiét Igp dam mady

Loai Tham s Gia tri
S6 lugng Datacenter 1
Datacenter
Sb lugng Host 3




52

S6 lugng PE trén mdi Host

1-4

MIPS ctia PE 1000-30000 MIPS
Bo nhé Host 5120-10240-12288
Host
1024000-1044480 MB
Dung luong luu triv
(1000-1020 GB)
Bang thong 10000 MB
Tong s6 may 4o 3
May 4o B6 nhé may 4o (Ram) 1024-3072
Béng thong 1024 MB
Tong s6 Cloudlet 10-60
Cloudlet/tic vu | Chiéu dai ciia Cloudlet 1024-20480
S6 PE yéu cau 1-3
Bang 2.4: Cdu hinh cdc VM
ID | B6 nhé (Mb) | Bing thong(Mb) | S6 PE/core | Téc dd PE (MIPS)
0 4069 1024 2 200000
1 2048 1024 1 100000
2 1024 1024 2 50000
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Bdng 2.5: Thiét ldp tham s6 cdc Cloudlet

ID Cloudlets | CMiev dai Sé PE yéu chu
Cloudlet
0 2000 1
1 3000 2
2 4000 1
3 3000 2
4 2000 2
5 2000 1
6 1000 2
7 3000 1
8 5000 2
9 2000 1
10 2000 1
11 3000 2
12 4000 1
13 3000 2
14 2000 2
15 2000 1
16 1000 2
17 3000 1
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18 5000 2
19 2000 1
20 2000 1
21 3000 2
22 4000 1
23 3000 2
24 2000 2
25 2000 1
26 1000 2
27 3000 1
28 5000 2
29 2000 1

Bang 2.6 va Hinh 2.4 thé hién két qua mo phong cho cac truong hop tuong
ung 10, 20, 30, 40, 50, 60 cloudlet va so sanh thoi gian dap Uung cua thuat toan
Throtted va thuét toan dé xuat LBAIRT. Két qua cho thay thoi gian dap tng trong
thuét toan LBAIRT da duoc céi tién so vdi thuét toan Throttled.
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Bdng 2.6: So sanh két qua mé phong giita hai thudt toan Throttled va LBAIRT

Thaoi gian dap @ng trung binh (ms)
S6 Cloudlet

Throttled LBAIRT
10 797.50 644.25
20 1315.65 1171.50
30 1912.75 1704.91
40 2488.37 2217.75
50 3036.65 2734.15
60 3575.08 3250.50

Hinh 2.4 cho thay, khi thay d6i s6 luong Cloudlet dau vao thi thuat toan dé xuét
LBAIRT ciing cho thoi gian dap mg nho hon so véi thuét toan Throttled. Dicu d6

chtng 6 thudt toan dé xuat d cai thién duoc thoi gian dap Gmg cho dam may.

4000

3500

3000

B Throttled

N LBAIRT

Thoi gian dap irng (ms)
B R NN
o Ul o (O]
o o o o
o o o o

wu
o
o

o
I

10 20 30 40 50 60
S0 lwgng cloudlet

Hinh 2.4. Thuc nghiém mé phong so sanh thoi gian dap vng cua Throttled va
LBAIRT khi thay déi s6 lwong cloudlet.
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Thuét toan LBAIRT duoc dé xuit dua trén thuét toan Throttled. Trong thuat
toan Throttled, khong xét dén lugng tai trén VM. Trong thuat toan dé xuét, ngoai viéc
xét thoi gian hoan thanh dy kién con xét dén ning luc xur Iy yéu cau cua VM. Trong
moi truong ddm may, viéc phan phdi tai gitta cac may ao khong dong nhit vé kha
nang xtr 1y, do d6 mdi may 4o c6 thé co chi phi thoi gian xir Iy khac nhau. Dé can
bang tai hiéu qua, vé& nguyén 1y 1a chon may 4o nao ton it thoi gian xtr Iy nhit dé phan
cong nhiém vu. Thuat toan dé xuit da duoc thir nghi¢ém trong moi truong dién toan
dam may CloudSim va dugc su dung trong ngon ngit 1ap trinh Java, st dung cung

mot ché do 1ap lich la Spaceshared - Timeshared véi cac VM va tac vu.
2.3. Thuat toAn RRTA

2.3.1. D@ xuit thuit toan

Thuat toan RRTA duoc cong bd trong cong trinh (CT7). Y tudng cta thuit todn
can bé“mg tai la gidm thoit gian dap ung trén dién toan dam may dya vao thuat toan dy
bao ARIMA [75] @ du béo thdi gian dap tmg, gitip phan bd hiéu qua cac yéu cau
dau vao. Thuat todn ARIMA dugc m6 ta & Phy luc 1

e Muc tiéu:

Giam thi€u cac qua trinh truyén thong tin gifra bd can bang tai va cac may o

c6 tai nguyén dang ranh roi.

Giam thoi gian dap Gmg cac yéu cau tir phia nguoi dung

- Han ché t6i da su mét cin bang tai gitra cic may 4o, ngin chin va canh béo

trudc khi mét can bang tai.

- Du doan thoi gian dap ung tiép theo tir bat ky may chii ndo cho cac yéu cau

dang dugc xu ly.
e Gia dinh:

- B0 can bang tai biét trude cac dich vu nao dang chay trén cac VM vao bit ctr
thoi diém nao. O day tap trung vao dich vu Web (Web Service), cac may chu
web s& biét trude thoi gian dap Gmg cta ting dich vu chay trén web va trén
tung VM.

e Mo hinh nghién ctru:
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B cn bang tai c¢6 danh sach cac VM va cac dich vu ma dam may cung cap.
B0 can béng tai biét trude cac dich vu chay trén VM nao va cé thé phan bod
dich vu méi trén mot VM méi theo yéu cAu.
Mo hinh nay sir dung tham sé 13 ngudng thoi gian, dya vao ngudng nay dé
biét trude duoc thoi gian dap ung tiép theo. Vi du: Gia st VM3 duogc chon dé
xtr 1y yéu cau trude do, yéu cau méi ké tiép s& duoc phan bd vao VM4, va lip
di 13p lai mdt cach ty nhién. VM dugc chon ¢6 thoi gian dap ung dy doan nho
hon ngudng duogc tinh toan tir thuat toan ARIMA va viéc dbi xtr v6i cac VM
1a nhu nhau trong viéc phan bo cac yéu cau. Néu khong c6 VM nao trong pool
(tap mot s6 VM) dang xét thoa diéu kién ngudng, thi s& phan bo yéu cau téi
cac pool VM ké tiép. VM c6 thoi gian dap tmg trung binh va dy doan thap
nhat s& duoc chon dé xir Iy yéu cau tiép theo.
Néu khong c6 VM nao thoa diéu kién ngudng thi xu Iy nhu sau:

+ Néu c6 VM (hoic pool) khong tai, c6 thé sir dung cac may nay dé xur

1y cac yéu cau, ddm bao diéu kién théa man ngudng.

+ Néu khong c6 VM (hoic pool) khong tai, hodc tt ca déu khong thoa
méan ngudng thi phan bo dich vu dang chay d6 tdi VM c6 thoi gian dap ung

du doan gan véi ngudng nhat.

Thuat toan 1én ké hoach cho cic yéu cau tiép theo nham khong bi mat can
bang tai. Thuat toan s& giam dugc cac lién lac khong can thiét gitta VM va
cac ngudn tai nguyén hién c6, ting bang thong va théng lwong phuc vu cho

yéu cau nguodi dung.



58

Nguoi dung| |Nguoi dung| [Nguoi dung

A 4 A 4 A 4

[ Can bang tai bang thuat toan ARIMA }

A 4 A 4 A 4 A 4

(v [vm] [wm] [wm)

Hinh 2.5. Mo hinh thudt toan RRTA

e Nguyén ly hoat dong ctiia thuat toan:

Thuat toan hoat dong can ctr vao dit liéu da co vé chudi thoi gian cua thoi gian
dap tmg, str dung thuat toan ARIMA (Phu luc 1) dé dy bao thoi gian dap tGng, tir d6
phan bd tai nguyén cho céac yéu cau tiép theo. Ké thira cong trinh di cong bo trong tai

lidu [2], thuat toan dé xuat gdm 3 nhém module chinh nhu sau:
(1) Module tinh todn nguéng bang thudt todn ARIMA cho dadm may:

Trong thuat toan RRTA str dung mot tham sd 14 ngudng thoi gian, dugc hiéu 1a
ngudng thoi gian dé mot may 4o nhan duoc yéu cdu mdi néu thoi gian dap Gng trung
binh va thoi gian dap ung trung binh dugc du doan ciia may 4o nho hon thoi gian
ngudng. Ngudng la thoi gian dap img du bao cua ddm may, dugc thuat toin ARIMA
tinh to4n va ting hodc giam tiry thudc thdi gian dap tmg theo dit liéu chudi thoi gian.
Ngudng moi chinh 1a thoi gian dap ing du doan xét trong tdp cac VM dang xét (trong

vong 100 yéu cau gan nhat):
Nguong moi = Tnew = ARIMA(RT1, RTa, ..., RT100)

Trong d6 RTi = 1a chudi thdi gian dap tmg ghi lai dugce cia ddm may (chi xét

trong vong 100 Request gin nhat)
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(2) Module di bdo thoi gian dép iing tiép theo cho timg VM:

Module nay st dung thuat toan ARIMA dé dy bao thoi gian dap tng tiép theo
ctia cac VM. Viéc du bao thoi gian dap tng tiép theo dua vao dit liéu chudi thoi gian
dap tng trong 50 request gan nhat cia VM dang xét théng qua ham getPredictedRT()
(Phu luc 2). Dong thoi cung cip ham tinh toan gia tri du bao gan nhét ciia cac VM so

véi ngudng dua vao thong qua ham AllocateRequestToVM(VM, Request) (Phu luc 2).
PRTi = Prediected Response Time = Thoi gian dap ung dy dodn cua VMi
(3) Module phdn bé cdc dich vy (chon VM)

Module nay c¢6 nhi¢m vu phan bo cac yéu cau dén cac VM dat duoc diéu kién
ngudng thoi gian. Néu mot yéu cau dugc giri tdi VM dang xét va VM nay khong tai,
thi yéu cau nay dugc chuyén t6i truc tiép VM d6, va 1y duoc gia tri thoi gian dap
mg. Néu thoi gian dap ung dy bao cia VM dang xét (dugc tinh toan tir Module 2)
nho hon thoi gian dap tng tiép theo ctia ddm may (tinh toan tir module 1) thi yéu cau
nay s& duoc xu 1y trén VM nay. Nguoc lai, khong c6 VM nao thoa diéu kién ngudng
(thot gian dap tng dy bao ciia VM khong nhé hon thoi gian dap ng dy bao ciia dam
may) thi yéu cau s& duoc phan bd vao VM c¢6 du bao gan voi ngudng nhat.

Khai tao ngudng: ban dau chua c6 dir liéu thoi gian, 1dy ngudng bang thoi

gian dép tmg cia yéu cau dau tién.
Khéi tao nguong: Tinitial = RT1
Céac buéc cia thuat toan:

1. For each Request in CloudRequests

2 Thew = ARIMA(RT;); // Module 1

3 isLocated = false;

4.  For each VM in VMList

5 If VM.getPredictedRT() < Thew

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

isLocated = true;
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8. End If
9. EndFor
10. If (YisLocated)
11. VM = VMList.getMinDistance(Tnew); // Module 2
12. AllocateRequestToVM(VM, Request);
13. EndIf
14. End For
Theo tai lidu [2], ngudng duoc tinh toan chinh 14 thdi gian dap Gng 10n nhat
xét trong tap cac VM. Vi thé, thuat toan RRTA nay str dung lai phuong phép chon
ngudng ndy, tuy nhién s& hiéu chinh mét sb thay doi, hodc dua vao cac hé sb va tham
s0, tuy thudc vao két qué thyc nghi¢m.
Xac dinh do phurc tap tinh toan:
Gia sir s0 yéu cau la n va sé may ao 1a m. Gia thiét d6 phuc tap tinh toan 1a
mot ham cua n va m.
Péi v6i mdi yéu cau, thuat toan thuc hién:
- Tinh todn Tnew dung thuat toAn ARIMA. D§ phtrc tap thoi gian 1a O(1).
- Tim kiém VM trong VMList sao cho VMgetPredictedRT()<Tnew. Ding
vong for voi do phire tap thoi gian 1a O(m). Phin bd yéu cau cho VM d6 néu
tim dugc O(1).
- Néu khong tim dwoc VM théoa man didu  kién trén thi gan
VM=VMList.getMinDistance(Tnew) va phan bd yéu cau cho VM nay. Do
phuc tap thoi gian O(1).
Nhu vay d6 phuc tap thoi gian cho mdi yéu la: O(1+m+1+1)=0(m)
C6 tat ca n yéu cau, vi vay do phirc tap tinh toan la: O(nm).
2.3.2. Thuc nghiém mé6 phéng:
Phén nay trinh bay cach cai dit mo phong thuit toan dé xuat dya vao thoi gian
dap ung trén dién toan dam may. Tir két qua mo phong cho thdy, phuong phap sir
dung thuét toan du bao ARIMA dé du bao thoi gian dap tmg, dd dua ra quyét dinh

phan phdi tai nguyén hiéu qua hon.
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Gia lap moi truong dadm may st dung bod thu vién CloudSim, 1dp trinh trén
ngdn ngit JAVA; Moi trudng gia 1ap dam may 13 tir 3 dén 10 VM, va tao méi trudng
yéu cau ngau nhién téi cac dich vu trén ddm may. Bao gdm dich vu cung cip VM,
dich vu cung cap va dap tng ngudi dung cua CloudSim dé thir nghiém.

Cai dat thuat toan RRTA va thuat toan ctia cong trinh [2] trén moi trudng mo

phong, thir nghiém mo phong va so sanh két qua gitra 2 thuit toan.
e Cac tham s6 md phéng:

Cai dat thuat toan dé xuét trén ngdn nglt JAVA, st dung NETBEAN IDE dé
chay thtr va hién thi két qua bang STS IDE voi framework SPRING BOOT. Moi
truong gia 1ap voi bo thu vién mi nguén mo CloudSim 4.0 (duge cung cap boi
http://www.cloudbus.org/).

MOoi truong mé phong gia 1ap gdm cac thong sd: 01 Datacenter voi thong s6 nhu

Sau.

Bdng 2.7. Théng sé6 cdu hinh Datacenter

Thong tin Datacenter Thong tin Host trong Datacenter

- S6 lwong may (host) trong | Mdi host trong Datacenter c¢6 ciu hinh
datacenter: 5 nhu sau:

- Khong str dung Storage (cac 6 | - CPU c6 4 nhan, mdi nhan c6 toc do 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
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- Cost per Bandwidth: 0.1

Céc VM c6 cau hinh giéng nhau khi dugc khéi tao:

Bdng 2.8: Cau hinh VM

Kich thuéc | RAM | MIPS | Bandwidth | Sé lwong CPU | VMM
(size) (pes no.)
10000 MB | 512 MB | 250 1000 1 Xen

Céac yéu cau duoc dai dién boi Cloudlet trong CloudSim va kich thudc cua

cac Cloudlet duoc khoi tao mot cac ngéu nhién béng ham random ctua JAVA.

S6 luong Cloudlet 1an luot 1a 100 = 1000.

Badng 2.9: Théng sé cau hinh ciia Request

Chiéu dai | Kich thudc file | Kich thudc file xuat ra | S6 CPU xir Iy
(Length) (File Size) (Output Size) (PEs)
3000 ~ 1700 | 5000 ~ 45000 450 ~ 750 1

Thuat toan d& xuit duoc x4y dung bang cach tao ra 1op
ArimaDatacenterBroker, ké thira tir d6i twong DatacenterBroker, cap nhat
thém mot s6 phuong thirc va thude tinh lién quan t6i PredictedResponseTime,
va diéu chinh cac ham dung sin dé phu hop véi thuit toan dé xudt (trinh bay

0 Phu luc 2):

- processResourceCharacteristics(SimEvent ev)

- createVmsinDatacenter(int datacenterld)
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- processVmCreate(SimEvent ev)
- processCloudletReturn(SimEvent ev)
e Tiéu chi danh gia:

Thue nghiém mé phong dam mAy véi cac tham sb nhu trén, chay thuat toan
can b@ing tai cia CloudSim c6 sin, va thuét toan RRTA dé xuit, cung dau vao, so
sanh két qua dau ra, dic biét 1a thong so thoi gian dap Gng. Thoi gian dap ung du bao
ctia cac VM ciing nhu thoi gian dap tng du doan ctia dam may véi sai sd cang thap

thi hiéu qua cta thuat toan cang tt.
e Két qua md phong

Két qua chay thuc nghiém mé phong trén CloudSim véi 3 VM duoc dung sin
dé dap ung cac yéu cau, cac yéu cau duoc khai tao vdi chiéu dai va kich thudc ngau

nhién, sé luong yéu cau lan lugt 1a 100, 200,... dén 900:

Bdng 2.10. Két qua thwe nghiém mé phong véi 3 VM

S6 yéu ciu VMO VM1 VM2 Threshold
100 3491 3162 3268 3492
200 6736 6899 6451 6890
300 10082 9752 9925 10084
400 13550 | 13213 | 13327 13547
500 16574 | 17094 | 16505 17095
600 20049 | 20239 | 19784 20241
700 23712 | 23719 | 23078 23712
800 26531 | 26994 | 26484 26992
900 29491 | 30649 | 30055 30649
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Thei gian dap (rng duw bao ctia 3 VM

35000
30000
25000
:é” 20000
15000
10000
5000
o,/ |
S6yéucau =» 100 200 300 400 500 600 700 800 900
m VMO 3491 6736 10082 13550 16574 20049 23712 26531 29491
B VM1 3162 6899 9752 13213 17094 20239 23719 26994 30649
mVM2 3268 6451 9925 13327 16505 19784 23078 26484 30055
B Threshold| 3492 6890 10084 13547 17095 20241 237312 26992 30649

Hinh 2.6. So sanh tho1 gian dép g du bao cua 3 may do va ngudng

Keét qua chay thuc nghiém mo phong trén CloudSim véi 4 may do dugc dung
san dé dap ung cac yéu cau, cac yéu cau duge khoi tao véi chidu dai va kich thuée

ngau nhién, sb lugng Request 1an lugt 13 100, 200,... dén 900:

Bdng 2.11. Két qua thuc nghiém mé phong véi 4 VM

S6 1an request | VMO | VM1 | VM2 | VM3 | Threshold
100 2635 | 2443 | 2534 | 2353 2628
200 5194 | 4986 | 5069 | 4928 5192
300 7654 | 7700 | 7584 | 7291 7701
400 10047 | 10251 | 9846 | 10110 | 10258
500 12324 | 12564 |12582 12328 | 12582
600 15291 | 14984 |14964 | 14685 | 15291
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700 17650 | 17411 | 17151 | 17704 17702
800 20066 | 19700 | 19653 | 20149 20153
900 22941 | 22334 | 22469 | 22468 22941
Théi gian dap rng dw bao cia 4 VM
25000
20000
% 15000
E
10000
5000
A A 2 0
So Yeu cau=-» 100 200 300 400 500 600 700 800 900
mVMO 2635 5194 7654 10047 12324 15291 17650 20066 22941
mVM1 2443 4986 7700 10251 12564 14984 17411 19700 22334
mVM2 2534 5069 7584 9846 12582 14964 17151 19653 22469
VM3 2353 4928 7291 10110 12328 14685 17704 20149 22468
M Threshold 2628 5192 7701 10258 12582 15291 17702 20153 22941

Hinh 2.7. So sanh thoi gian dap tng du bao cua 4 VM va ngudng

Két qua chay thuc nghiém mo phong trén CloudSim véi 5 mdy do dugce dung
san dé dap tmg cac yéu cau, cac yéu cau dugc khoi tao v6i chiéu dai va kich thude

ngau nhién, sb luong Request 1an luot 13 100, 200,... dén 900:

Badng 2.12. Két qud thuwc nghiém mé phong véi 5 VM

S6 1an request | VMO | VM1 | VM2 | VM3 | VM4 | Threshold

100 1878 | 1904 | 2042 | 1828 | 2114 2133

200 4020 | 3922 | 4097 | 3913 | 3975 4028
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300 6087 | 6031 | 5874 | 5987 | 5724 6089

400 7896 | 7913 | 8045 | 7820 | 7760 8048

500 9889 | 9752 | 10019 | 9934 | 10033 | 10033
600 12223 | 11875 | 12080 | 12311 | 12311 | 12315
700 13771 | 14346 | 13852 | 13939 | 14279 | 14347
800 15629 | 16117 | 16300 | 15929 | 16270 | 16299
900 18144 | 17819 | 17967 | 18336 | 18174 | 18338

20000
18000
16000
14000
12000
10000
8000
6000
4000
2000

(ms)

£ A a0
S0 yéu cau —»

Théi gian dap &rng du bdo cia 5 VM

> 100 200 300 400 500 600 700 800 900
mVMO 1878 4020 6087 7896 9889 12223 13771 15629 18144
mVM1 1904 3922 6031 7913 9752 11875 14346 16117 17819
mvVM2 2042 4097 5874 8045 10019 12080 13852 16300 17967
mVM3 1828 3913 5987 7820 9934 12311 13939 15929 18336
mvVM4 2114 3975 5724 7760 10033 12311 14279 16270 18174
W Threshold| 2133 4028 6089 8048 10033 12315 14347 16299 18338

Hinh 2.8. So sanh thoi gian dap ing du bao ciia 5 VM va ngudng
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Hinh 2.9. So sanh thoi gian dap trng du bao trong c&c trudng hop 3 may 4o, 4
may 4o va 5 may 4ao.

Thong qua Hinh 2.6, Hinh 2.7, Hinh 2.8 va Hinh 2.9, so sanh thoi gian dap
ung du bdo ctia caic VM véi ngudng tinh toan (Gng vdi truong hop 3,4 va 5 VM) ¢co
thé thay sy phan bo kha on dinh va hop 1y ciia thuat toan, thoi gian dap tng dy bao
cua cac VM khong qua khac biét so vai thoi gian du bao cua dam may (tic la
ngudng). Sai sd du bao thap cua thuat toan ARIMA, gitp cho viéc phan bo cac yéu
cAu twong tmg t6i cac VM mot cach hiéu qua nhét.

Danh gia thuit toan:

Mo phong nay chua tinh téi viéc mé rong tip cac VM (VM pool) dé giam tai
trong trudng hop can thiét, do gia dinh nhom cac VM nay xir Iy tdi da bao nhiéu yéu
cau, néu vuot qua méi mé rong pool. Tuy nhién, viéc md phong véi luong request
16n trén 1000 yéu cau doi hoi cdu hinh phan ctrng may tinh manh hon va bo xir 1y tot
hon, diy 1a han ché ctia mé phong nay. Viéc mo phong véi thong s6 3 dén 5 VM,
chiu tai tir 100 t6i 900 yéu cau da cho thiy két qua twong dbi tét, viéc phan bd cac
request toi cac VM xtr Iy kha dong déu va du doan véi sai s6 nho.

Thuat toan m&i vé can bang tai trén méi truong dam may bang phuong phap

du béo thoi gian dap ung tiép theo di dé xuit (RRTA) dugc md phong trén mo hinh
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nhé. Dya trén ¥ tudng va cac cong trinh nghién ctru trude, dua ra mot giai thuat moi
mg dung thuat toan ARIMA dé can bang tai dya vao thoi gian dap tng. Trong do,
viéc tinh toan ra thoi gian dap ung du bao cang chinh xéc thi hi¢u qua thuat toan cang
cao. Tuy nhién, viéc tinh toan cang chinh xac doi hoi tén nhiéu bo nhd va bo xu 1y,
dong thoi nguoi ding trén moi trudng dam may €O Cac yéu cau vo cung da dang va
phong phd, nén thoi gian dap tng ciing bién ddi trén dam may. Thuat toan RRTA tiép
can mot cach khai quat va phat huy ¥ tuéng cta du bao va xir Iy chudi thoi gian, dién
hinh 14 thuat toan ARIMA. Thuat toan dé xuat c6 huéng tiép can mdi trong can bang
tai @ moi truong dam may, déng thoi dat duoc mot sd két qua thuc nghiém mo phong
kha tich cuc, cho thay hudng phat trién tot ciia thuat toan. Phan tich cac yéu t6 anh
huong dén can bang tai, dic biét 1a thoi gian dap Gng 13 mot céng viéc quan trong
trong viéc nang cao kha ning can bang tai trén dién toan dam may. Cac két qua nghién
clru vé cai tién thoi gian dap ing dén hiéu qua can bang tai c6 thé ddn dén nhing hiéu
biét m&i vé cac hé thdng can bang tai gop phan nang cao kha ning can bang tai cla
dién toan dam may. Cung voi su phat trién khong nging ciia cong nghé dién toan
dam may din dén luong dir liéu trao ddi 1a khéng 10, viéc dap tmg cic yéu cau cua
nguoi dung thuc su 1a mot thach thuce dbi vé6i cac nha nghién ctru.

2.4. Két luan Chuong 2

Noi dung Chuong 2 ctia Ludn an trinh bay 02 thuat toan nham muc dich cai
tién thoi gian dap mg trén dién toan dam may cung cac két qua nghién ciru thyc

nghiém dé ching minh hiéu qua cua thuat toan dé xuat.

Thuat toan thir nhat 1a LBAIRT (cong bd & cong trinh CT4): Diém mdi cia
thuat toan LBAIRT 1a xét thém s tham sd thoi gian hoan thanh cong viéc du kién
clia mdi tai nguyén (VM). Két qua mo phong cho thay LBAIRT c6 ti 1é chap nhan
yéu cau cao hon, trong khi thoi gian tinh toan trung binh thdp hon din dén thoi gian

dap ung da duoc cai thién so vdi cac cong trinh lién quan.

Thuat toan thi hai 1a thuat toan RRTA (cong bd & cong trinh CT7), dung k¥
thudt du bao ARIMA dé du bao thoi gian dap tmg ctiia VM tiép theo. Thuc nghiém tién
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hanh trén dit 1iéu mo6 phong cho thy, thuat toan RRTA c6 ti 16 chdp nhan yéu ciu cao
hon, cai thi¢én dugc thoi gian dap g so voi cac thuat toan Roud Robin, Throtted.

Noi dung Chuong 2 duoc cong bd & cac ¢ong trinh (CT4) va (CT7).

C6 nhiéu phwong phap dé nang cao hiéu ning can bang tai trén dién toan dam
mAy, trong Chuong 3 cta Luan 4n tiép tuc nghién ciru nang cao kha ning nay dua trén

mot trong nhitng tham sé quan trong 1a thoi gian xir 1y.
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CHUONG 3.

PHAT TRIEN MOQT SO THUAT TOAN CAN BANG TAI NHAM CAI
THIEN THOI GIAN XU LY TREN PIEN TOAN PAM MAY

Néi dung Chuong 3 la dé xudt 02 thudt todn cdn bang tdi nham cdi tién thoi
gian xir Iy trén dién todn ddm may, bao gom: TMA, MMSIA. Thudt todn TMA, duwoc
céng bé trong cong trinh (CTS), véi thudt toan dé xudt nay sé givp viéc do tim VM
dang san sang ‘0’ véi kich thuéc bang “Available Index” thay doi linh dong hon so
voi thudt toan Throttled. Thudt toan MMSIA (CT6) dé xudt da cdi tién thudt todn lap
lich Max-Min gitip cdi thién thoi gian xit Iy cdc yéu cau bang cdch phan nhém cac yéu
cau va cac VM theo thoi gian hoan thanh dy kién va thoi gian thuc hién hoan thanh
tong thé. Néi dung chirong 3 dwoc minh chitng bang cdc cong bé trong cac cdng trinh
(CT5) va (CT6).

3.1. Pit van dé

Thoi gian xtr 1y 13 luong thoi gian ma don vi xir I trung tim (CPU) sir dung dé
xtr 1y cac hudng dan cua chuwong trinh may tinh hodc hé diéu hanh. Thoi gian xur 1y
(CPU time) cua mdt yéu cau nhit dinh dugc dinh nghia la thoi gian danh cho hé théng
thuc hién yéu cau do, bao gém ca thoi gian thuc hién cac dich vu hé théng. Thoi gian
CPU la thudc do thuc su cua hiéu nang bo xur 1y/bo nhé. Thoi gian CPU (hoac thoi
gian thuc thi CPU) 14 thoi gian gitta luc bat dau va két thic thue hién mot chuong trinh
nhit dinh.

Can bang tai 1a cach phan chia va diéu phdi khoi lwong cong viée trén nhiéu
may tinh hodc mot cum may tinh dé cac nguén luc dugc tan dung mdt cach hi¢u qua,
giam thiéu dugc thoi gian xir Iy va thoi gian dap ung, t6i da hoa thong lugng, tranh tinh
trang qua tai tai mot sé may chi vat Iy hay han ché sb may cha nhan rdi lam lang phi
tai nguyén. Do dé, cac thuat toan cAn bang tai dang ¢ gang cai tién thoi gian xir Iy cac
yéu cau trén dién toan ddm mdy mot cach t6i wu nham ting hiéu ning phuc vu cta hé
théng trung tdm dir liéu dam may. Vén dé nay hién nay thuc su 1a mdt thir thach 16n,

duogc cac nha nghién ctru trén thé gidi quan tam rong rai va thyc chét.
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3.2. Thuat toan TMA
3.2.1. Dé xuit thuét toan

Thuét toan duoc cong bd trén cong trinh (CT5). Thuit toan TMA (Throttled
Modified Algorithm) cai thién thot gian xir ly ctia trung tdm dir liéu (Data Center) dua
trén thuét toan gbc Throttled [89]. Phuong phap dé cai thién thoi gian xir Iy 1a phan bd
lai cac yéu cau mot cach hiéu qua td1 cac VM, thuat toan TMA duoc trién khai tai trinh
can bang tai may chi 40 (TMAVmLoadBalancer) trong bd diéu khién trung tdm

(Datacenter Controller).
Cac budc cia thuat toan TMA:

= Buéc 1: Trinh TMAVmLoadBalancer thyc hién cin bang tai bang viéc cap
nhat, duy tri hai bang chi muc.
- Mot bang chira thong tin cidc may 4o (VM) & trang thai sin sang ‘0’
(Available Index)
- Mot bang chira thong tin cac may ao (VM) & trang thai khong san sang
‘1’. (Busy Index)
Tai thoi diém bat dau, tit ca cac may ao (VM) déu duoc cip nhat trong
bang “Available Index” va bang “Busy Index” 1a rong.
= Buwdc 2: Data Center Controller nhan dugc mot request mai.
= Bude 3: Data Center Controller truy van dén TMAVmLoadBalancer cho phan
bb tiép theo.
= Buéc4: TMAVmLoadBalancer do tim va giri ID may ao (VM ID) tir trén xudng

b

trong bang “Available Index” cho Data Center Controller

A. Data Center Controller s& giri yéu cdu téi VM xéc dinh bgi ID do.

B. Data Center Controller thong bao téi TMAVmLoadBalancer mét phan bo
moi.

C. TMAVmLoadBalancer cap nhat ID may ao (VM ID) vura dugc gui vao

bang “Busy Index” va chd yéu cau méi tir Data Center Controller
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Truong hop, néu bang “Available Index” rong (tat ca cac VM dang & trang
thai khong sin sang):
A. TMAVmLoadBalancer tra vé gia tri -1 cho Data Center Controller.
B. Data Center Controller sip xép yéu cau.
= Bude 5: Sau khi xir Iy yéu cau xong, TMAVmLoadBalancer cip nhat lai bang
“Available Index”.
= Buéc 6: Lap lai Budc 3 cho dén khi bang “Available Index” rong.
Piém méi ciia thuat toan TMA: Viéc do tim VM dang sin sang ‘0’ véi kich thudc
bang “Available Index” thay d6i linh dong hon so vé&i thuat toan Throttled. B can
bang tai t6n it chi phi thoi gian do duy tri 2 bang danh sach cac VM “san sang” va
“ban”, bo cAn bang tai chi viéc gan VM cho cac yéu cau mai dén. Piéu nay gitip giam
thoi gian xir 1y cac yéu cau dau vao ciia bo can bang tai.
Xac dinh dg phurc tap tinh toan:
Gia st s6 yéu cau 1a n va s6 may ao 1a nm. Pay 14 bai toan phan b n requests vio
m may ao.
Déi v6i mdi request:
- DCC truy van TMAVmLoadBalancer, 46 phirc tap thoi gian 1a O(1)

- TMAVmLoadBalancer tim kiém may 4o rdi trong Available Index. Pon
gian 1a dung vong for va d¢ phuc tap thoi gian 1a O(1).

- TMAVmLoadBalancer tra gia tri ID ctia may ao r6i téi DCC véi do phirc
tap thoi gian O(1)

- DCC gui yéu cau dén may ao véi ID nhan dugce tir budc trude O(1)
- Trang thai ciia mdy 4o dugc cap nhat & hai bang O(1).
Nhu vay d6 phirc tap thoi gian déi véi mbi yéu cau 1a O(n).

C6 tat ca n yéu cau, vi vy do phtic tap tinh toan 1a: O(n?).
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Yé&u cau den

L

Bo diéu khién trung tam | Gui yéu cau dén VM cb

(DataCenterController - DCC) ID duoe tra vé

Khén 5 .
i {)/I\% Trinh can bang tai TMA
L3 (TMAVmLoadBalancer)
nao san
Sérlg, .t’ré Théng béo trang
‘t/:; g_lf Truy vén Tré gia tri ID cia VM thai
l \ 4
Bang chi muc trang thai san sang “0” clia VM1
tat ca VM
(Available Index) VM 2
A A VM 3
Cép nhat
Bang chi myc trang thai khong san sang '
“1” cua tat ca VM |
(Busy Index) :
VM m

Hinh 3.1. So dé hoat dong cua thudt toan TMA

3.2.2 Két qua md phéng
Trong thuc nghiém nay, ching t6i st dung bd cong cu moé phong Cloud
Analyst dé thyc hién mé phong va danh gia thuat toan dé& xuat TMA so véi 2 thuat

toan Round-Robin va Throttled. Trong d0, cac thong sd nhu thoi gian xt 1y cta trung
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tam dir li¢u (Data Center Processing Time) va chi phi van hanh dugc xem xét, so
sanh.
Gia lap mdt mo phong cd 6 co sé nguodi dung tuong ing voi 6 khu vuc ¢ mui

gid nhét dinh. Va gia dinh 1a khoang 5 phut, mdi nguoi dung s& giri mot yéu cau méi

khi dang online.
Bang 3.1: Thdng sé cau hinh User base
Simulataneous | Simulataneous
User _ _ Online Users Online Users
Region | Time Zone Peak Hour ) )
Base During Peak During Off-
Hrs Peak Hrs
UB1 0 GMT -6.00 | 13:00-15:00 400,000 40,000
UB2 1 GMT —-4.00 | 15:00-17:00 100,000 10,000
UB3 2 GMT +1.00 | 20:00 —22:00 300,000 30,000
uB4 3 GMT +6.00 | 01:00-03:00 150,000 15,000
UB5 4 GMT +2.00 | 21:00-23:00 50,000 5,000
UB6 5 GMT +10.00 | 09:00 - 11:00 80,000 8,000
Trong do:

- Peak Hour: khoang thoi gian cao diém truy cap
- Simulataneous Online Users During Peak Hrs: sb luong nguoi ding truy cap
trong thoi gian cao diém.
- Simulataneous Online Users During Off-Peak Hrs: s6 luong nguoi ding truy
cap trong thoi gian thap diém.
Chinh sach can bang tai duoc ap dung cho cac trung tam dit liéu trong viéc phan b
c4c yéu cau toi cac VM. O day, luan an s& mo phong 3 lan twong @ng véi 3 chinh

sach khéc nhau. Cu thé:
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- Lan the 1: 4p dung chinh sach Round Robin
- Lan tha 2: 4p dung chinh sach Throtlled
- Lan tha 3: 4p dung chinh sach véi thuat toan dé xuat TMA.

Két qua va phan tich:
Két qua dugc phan tich va so sanh trén céac thdng sé chinh:
- S6 lwgng cac yéu cau phai xép hang chd hé théng phan phdi tiép (-1) do céc
VM qua tai.
- Thoi gian xu ly caa trung tam dit lidu.
Truwong hep 1: M6 phong véi sb lugng 20 may ao.

Bang 3.2: Sé hwong Yeu cdu dwoc phan phai téi tirng may do (VM)

VM ID Round Robin Throttled TMA
0 6532 7959 7978
1 6532 3820 3810
2 6532 3623 3623
3 6531 3509 3523
4 6531 3814 3799
5 6531 3616 3616
6 6531 3540 3540
7 6531 3578 3578
8 6531 3664 3665
9 6531 3388 3389
10 6531 3547 3547
11 6531 3357 3365
12 6531 3435 3435
13 6531 3300 3300
14 6531 3267 3268
15 6531 3230 3230
16 6531 3252 3253
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17 6531 3155 3155
18 6531 3134 3134
19 6531 3102 3101

Yéu cau phai

doi phan phoi 0 57333 0
(-1)

Bang 3.2 cho thay, d6i véi thuat toan Round Robin cac yéu cau duoc phan phoi
dong déu trén cac VM nén khdng cd tinh trang cac yéu cau phai xép hang doi dé dugc
phan phdi. Véi thuat toan Throtlled, viéc do tim cac VM theo phwong thtrc do tim tir
dau bang dén cudi bang s& dan dén tinh trang cac yéu cau phai xép hang doi khi hé
thdng c6 sé luong VM 16n. Con ddi véi thuat toan TMA, hé théng chi can phan phéi
yéu cau dén cac VM sén sang trong bang chi muc Available ma khdng can phai do
tim toan b kich thudc bang. Diéu nay gitp han ché sé luong yéu cau phai xép hang

trong hé théng, cai thién thoi gian xa ly caa trung tam dit liéu.

Bang 3.3: Két qud md phéng trirong hop 20 VM

Thaoi gian xi ly

Thuat toan
trung binh (ms)
Round Robin 327.59
Throttled 173.10

TMA 173.04
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350

300 +

250 -

200 -+

175.1 175.U4

150 -

100 -

50 -

Round Robin Throttled TMA

B Thoi gian x& ly

Hinh 3.2: Két qua mo phong trudng hop 20 VM.

Théng qua Hinh 3.2, ta thay duoc ddi véi thuat toan Round Robin viéc phan phéi yéu
cau téi VM luén phién theo vong tron ma khéng co su sang loc tinh trang cua VM
dan dén thoi gian xu ly cia Data Center va thoi gian dap ung cua hé thong dén co s
nguoi dung (User base) cao hon rat nhiéu so vai 2 thuat toan con lai. Boi vai 2 thuat
toan con lai, thuat toan TMA c0 thoi gian xtr ly caa Data Center va thoi gian phan
hoi cua hé thdng thip hon thuat toan Throttled (mac du ti I& nay rat nho). Do do,
chung t6i da thir ting sb lugng may ao (VM) 18n 50 may véi cling cac thdng s6 nhu
trén dé so sanh mot lan nira.

Truwong hop 2: Mé phong vaéi sé luong 50 VM

Bang 3.4: Sé lwong Y&u cdu dwoc phan phoi téi tirng VM

VM ID Round Robin Throttled TMA
0 2614 11432 11432
1 2614 1416 1416
2 2614 1309 1309
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3 2613 1210 1210
4 2613 1386 1386
5 2613 1258 1258
6 2613 1235 1234
7 2613 1272 1272
8 2613 1471 1471
9 2613 1137 1137
10 2613 1486 1486
11 2613 1349 1349
12 2613 1438 1438
13 2613 1208 1209
14 2613 1268 1268
15 2613 1157 1157
16 2613 1241 1241
17 2613 1236 1236
18 2613 1091 1091
19 2613 9137 9110
20 2613 1175 1204
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21 2613 1087 1087
22 2613 1158 1158
23 2613 1019 1019
24 2613 1243 1242
25 2613 1154 1154
26 2613 1121 1120
27 2613 1047 1047
28 2613 1249 1249
29 2613 1104 1104
30 2613 998 998
31 2613 996 996
32 2613 1110 1109
33 2613 1033 1032
34 2613 1011 1012
35 2613 993 993
36 2613 1045 1045
37 2613 995 995
38 2613 966 966
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39 2613 8455 8454
40 2613 1038 1038
41 2613 944 945
42 2613 967 967
43 2613 942 943
44 2613 965 965
45 2613 911 910
46 2613 917 917
47 2613 897 897
48 2613 893 893
49 2613 872 872

Yéu cau phai doi

phan phéi (-1) ° oot °

Két qua tir Bang 3.4 thay ring, thuat toan TMA va thuat toan Round Robin c6
s6 lwong yéu cau phai xép hang doi chd phan phdi 1a 0. Trong khi di véi thuat toan
Throttled la Ion.

Bang 3.5: Két qua mb phong trieong hop 2

Thuat toan Thai gian xi ly trung binh (ms)

Round Robin 954.16

Throttled 542.10
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TMA 541.63

1200

1000 954.16

800 -
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Round Robin Throttled TMA

B Thoi gian x{ ly

Hinh 3.3. Két qua md phong truong hop 50 VM.
Tir Hinh 3.3 cho thay, thoi gian xir Iy cia Data Center cua thuat toan TMA da giam
so v&i thuat toan Throttled khi s6 lugng VM ting 1én. Khi tang s6 lwong yéu cau dau
vao, thi thuat toan da c6 su cai thién vé thoi gian xir ly.
3.2.3 Panh gis:

Thong qua két qua thuc nghiém mé phong cho 2 trudng hop trén, ching to
rang, véi thuat toan TMA thi sé luong yéu cau phai xép hang doi di giam, cling nhu
thoi gian xtr Iy caa Trung tam dit liéu. Do d6, thuat toan TMA c6 kha ning cin bang
tai tbt hon thuat toan Throttled va Round Robin. Céc két qua thu duoc tir thuat toan
TMA da dap (ng c4c muc tiéu nay, chang han nhu giGi han sé lwong yéu cau duoc
xép hang dé phan phéi, cai thién thoi gian xtr Iy cua dam may so véi hai thuat toan

~

Cu.

3.3. Thuat toAn MMSIA:

Thuat toan dé& xuat MMSIA dugc cong bé trong cong trinh (CT6). Véi ¥ tudng cai

tién thuat toan 1ap lich Max-Min [69]. Sau day 1a mo ta thuat toan Max — Min:
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3.3.1 Gioi thigu thuat toan Max - Min
Thuat toan Max-Min [69] chon yéu cau véi thoi gian hoan thanh dy kién t6i
da va gan yéu cau d6 cho may 4o véi thoi gian thyc hién tong thé t6i thiéu.
Vé muc tiéu:
- Giam thiéu thoi gian “séng” cho cac yéu cau trong dién toan dam mdy. Han
ché t6i da sy mét can bang tai giira cic may 4o.
- Duy bao dugc thoi gian dap tng tiép theo tir bat ky mdy ao nao.
M© hinh:

_ Thuit toin Max-Min VMLIST

Yéuciul | |- Tinh toan thoi gian hoan thanh di kién. — 7| Mavaol
Yéuchur —— E—_m Tinh toan thivi gian hoan thanh mot yéu cdu ciamay| My do 2
Yéu ciy 3 |- Xit I dua yéu cu c6 thoi gian hoan thanh dy kién| ~ My o 3
. |16n nhat vao méy 4o c6 thoi gian hoan thién it nhat. . ¥
YéucauN | - - | MayaoM

Hinh 3.4. Nguyén Iy thudt todn ldp lich Max-Min.

B0 xtr Iy cuia thuat toan Max-Min ¢ cac ham tinh toan sau:

- Ham tinh toan thoi gian hoan thanh dy kién ctia mdi yéu cau tir ¢6 tim ra cac
yéu cau c6 kich thudc 16n nhat va nho nhat.Ham tinh toan thoi gian thuc hién
tong thé ciia cc mdy 4o tir d6 dua ra cac may ao co thoi gian xtr 1y 16n nhat
va nho nhét.

- Ham so sanh va gan yéu cau cho mdy 4o phu hop (cong viée c6 thoi gian hoan
thién 16n nhat gan cho may ao c6 thoi gian thuc hién nho nhat)

Nguyén 1y hoat dong cta thuat toan Max-Min:

- Céc yéu cau sé duoc thu thap va luu vao bang chira danh sach cac yéu cau.

- Tir bang nay ham tinh toan thoi gian hoan thanh cho tirng yéu cu va cap nhat
lai bang tuong Ung voi yéu cau va thoi gian hoan thanh du kién.

- Tinh toan thoi gian thuc hién tong thé cua ting yéu ciu voi mdi may 4o, dong

thoi ciing tinh todn thoi gian sin sang cho timng may 4o.
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- Thuat toan s& tiép tuc tinh tong chi phi cho mdi yéu cau véi tirng may 4o.
- Gan céac yéu ciu co thoi gian hoan thanh du kién 16n nhat cho cac may 4o cé
thoi gian xir Iy nhé nhat. Cap nhat danh sach cac yéu cau, dimg chuwong trinh

khi hét yéu cau.

So db thuat toan 1ap lich Max-Min:

v

Tinh thoi gian hoan thanh duy kién cua cac yéu cau

A

Pua cac yéu cau vao bang chira danh sach yéu cau

l

Tinh thoi gian thyc hién cua cac may éo

Tinh thoi gian san sang ciia may ao

l:

Chon yéu cdu c6 thdi gian hoan thanh téi da gan cho tai nguyén c6 thoi gian thyc hién xir 1y t6i thiéu

!

X06a yéu cau da giao trong danh sach yéu cau

v

Sai
Danh sach yéu

cau rong

Dung

Hinh 3.5. So do thuat toan 1ap lich Max-Min.
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Thuat toan Max — Min tinh toan thoi gian hoan thanh du kién cua yéu cau duoc
giri dén may 4o, yéu ciu c6 thoi gian thuc hién du kién tdi da duoc gan cho may 4o
c6 thoi gian hoan thanh tbi thiéu.

3.3.2. Pé xuit thuat toan MMSIA

Thuat toan dé xuat MMSIA dugc cong bb trong cong trinh (CT6). Vi ¥ tudng
cai tién thudt toan 1ap lich Max-Min [69], thuat toan MMSIA d3 giam duoc thoi gian
xtt Iy cac yéu ciu so voi thuat toan Max-Min [69] va giam thiéu sy mat can bang tai
trong moi truong dién toan dam may. Thuat toan 1ap lich Max-Min [69] tuy da cai
thién duogc thoi gian dap Gng, thoi gian hoan thanh cia cac yéu cau, giam thiéu mat
can bang tai trong hé thong song thuat toan van con ton tai nhimg diém han ché ¢
viéc tinh toan thdi gian hoan thanh yéu cau ciia mot may ao. Khi dua mot yéu cau
va0, mdy o phai tinh toan lai thoi gian hoan thanh dy kién cho yéu cau dé (twong tu
cho cac yéu cau khac) va sau d6 tinh toan thoi gian hoan thanh dy kién nhé nhat cho
yéu cau do, dan dén viéc tinh thoi gian hoan thanh di kién ctia mot méy 4o voi 1 yéu
cau s& chiém rat nhiéu thoi gian va chi phi xtr 1y. Do d6, thuat toan MMSIA sé& khic
phuc nhuoc diém nay.

Gia dinh:

- B0 cén bang tai biét trudc cac yéu cau dau vao trong bang chira danh sach cac
yéu cau, biét danh sach cdc may 4o, phan trim da sir dung ciia may ao tai thoi
diém hién tai.

Muc tiéu thuat toan:

- Giam thoi gian xir 1y tat ca cic yéu cau vao.

- Tang do xtr Iy yéu ciu cua cac may 40 ma khong lam mét can bang tai.
Uu diém thuat toan MMSIA:

So vai thudt toan lap lich Max-Min [69] thi MMSIA tap trung vao tinh kich
thudc ciia cac yéu cau dau vao. Pong thoi cling tinh phan trim st dung clia may ao
tai thoi diém d6 dua trén cac thong sé Ram, CPU va 6 dia. MMSIA di bo qua giai
doan tinh thoi gian hoan thanh xir Iy mot yéu cau ciia may 4o, nén da giam thoi gian

xir 1y khong can thiét. Mat khac, khi tinh kich thudc cac yéu cau dau vao dong thoi
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s€ phan nhom thanh cac kich thudc khac nhau, dua nhitng nhém cé kich thude 16n
nhat cho cic may 4o c6 phan tram sir dung thap nhat dé lam giam thoi gian xu 1y.

M© hinh:

Yéu ciu Thuit toAn MMSIA VM list
Sip xép cac yéu ciu —» VM1
Yeucau I "| - Tinh kich thuéc cac yéu chu |—» —» VM2
Yéu cau 2 >

- An frEm oF na |——» Pua nhém yéu
Tinh phan tram sir dung cua > VM3

Yéu cau 3 > c4c VM ( RAM, CPU, DISK) |——| cau c6 kich thuéc
. . ) 16n nhat vao VM
.............. - Sap xep céc yéu cau theo cac e A e
i i c6 phan tram sur
nhém kich thwdce khac nhau . g
dung nhdé nhat. | | e
. (Vi du: 1MB - 2MB, 3MB -
Yéu caun > >
4MB,....) VM m
Hinh 3.6. So dé nguyén ly thudt todn MMSIA.
Mo ta:

MMSIA tinh kich thudc cac yéu ciu va tinh phan trim st dung cia VM theo
nhirng nhom khac nhau tir 46 thyc hién 2 ham sau:
- Ham so sanh va gan nhém yéu cau cé kich thudc file 16n nhat cho VM ¢o
phan trim dung luong sir dung it nhat.
- Sau khi gan xong s& thuc hién xtr 1y yéu cau dé dua ra két qua va tinh toan
lai phﬁn tram sur dung hién tai cia VM.
Thuat toan MMSIA 1ap lai dén khi cac bang yéu cau tréng. Cac yéu cau s& duoc xir

Iy nhanh hon, giam mat can bang tai cho dién toan ddm may.
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[ Tinh thoi gian hoan thanh duy kién cta cac yéu cau ]
v

[ Tinh thoi gian thue hién ciia cdc may 4o ]

<

<«

A 4

v v

Sép xép cac yéu cau theo kich thuge thanh Tinh toan phéan tram st dung ctia VM (Ram,
ting nhém CPU, Disk)

v v

So sanh va chon nhém ¢6 kich thude 16n nhét

P
<

Gén nhém c6 kich thudc 16n nhit d6 cho VM ¢6 phan trdm sir dung nho nhat

Sai

Yéu cau trong nhdm rong

Sai

Danh sach yéu cau rong

Hinh 3.7. So do thudt toan MMSIA

Thuat toan MMSIA hoat dong trén co s sip xép cac yéu cau dau vao thanh
nhiéu nhém khac nhau, sau d6 s& gan cho cac VM cé phan tram str dung nhé nhat
(phan tram st dung tinh trén CPU, Ram, va Disk) theo co ché (Max-Min). Thuét toan
nay di cai thién thoi gian xur 1y, han ché mét can bang tai giita cac tai nguyén.

Xac dinh d¢ phirc tap tinh toén:
Gia st s6 requests 1 n va s6 may 4o 1a m. Do phtrc tap tinh toan duge tinh nhu sau:

- Tinh toan thoi gian du kién cua cac yéu cau O(n)
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- Tinh thoi gian thuc hién ctia cac may do O(m)

- Sép xép cac yéu cau theo kich thudc thanh timg nhém: dung vong for va kiém
tra kich thudc ting yéu cau thudc nhém nao rdi gan vao nhom do. Do phirc
tap thot gian la: O(n).

- Tinh toan phan trim st dung ctia cac VMs: O(m)

- Chon VM c6 phén trim st dung nho nhit: chon VM nao c¢6 phan trim nhé
nhit va dung dung for kiém tra lai. D6 phirc tap thoi gian 13: O(m)

- Gan nhom c6 kich thude 16n nhat vao VM c6 phan trdm sir dung it nhat O(1).
Nhu vay do phtc tap tinh todn cho viéc gan yéu cau véi kich thude 16n nhat cho VM
c¢6 phan trim st dung it nhat 1a: O(n+m+n+m+m+1) = O(n+m).

Thuce hién lap lai n 14n dé phan bd hét n yéu cau, nhu vay d6 phtc tap tinh toan
la: O(n(n+m)) = O(n*+nm).
3.3.3. Két qua mo phéng

Phan nay trinh bay vé cai dit, mo phong thuat toan dé xuét va tir két qua thuc
nghiém mo phong danh gia phuong phap dé xuat nay.
Moi truong mo phong:

- Gia lap moéi truong dam may str dung bd thu vién CloudSim va lap trinh trén
ngdn ngit JAVA; Méi trudng gia 1ap dam may 1a tir 3 dén 10 mdy 4o, va tao moi
truong yéu cau ngiu nhién t6i cac dich vu trén dam may nay. Bao gém dich vy
cung cdp may 4o, dich vu cung cip cho ngudi dung cta CloudSim dé thir
nghiém.

- (Cai dat thuat toan 1ap lich Max-Min, va thuat toAn MMSIA trén moi trudong mo
phong, va so sanh két qua.

Céc tham s6 md phong:
Thuc nghi¢ém moé phong cai dit trén ngoén nglt JAVA va stir dung Eclipse Jee
Photon dé chay thir va hién thi két qua. Mbi trudng gia 1ap véi bo thu vién ma ngudn

mé CloudSim 4.0 (dugc cung cip bai http://www.cloudbus.org/).


http://www.cloudbus.org/
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Moi truong méd phong gia 1ap gdm céc thong sb sau:

- 01 Datacenter voi théng sd nhu sau:

Bang 3.6. Thong sb Datacenter

Thong tin Datacenter Théng tin Host trong Datacenter

S6 lwong may (host) trong | Mdi host trong Datacenter c6 cau hinh nhu sau:
datacenter: 5 - CPU ¢6 4 nhan, mdi nhan c6 toc d6 xu 1y 1a

- Khong sir dung Storage (cac 6 | 1000 (mips)

SAN) - Ram: 2048 (MB)
- Kién tric (arch): x86 - Storage: 1000000
- Hé diéu hanh (OS): Linux - Bandwidth: 10000

- Xt Iy (VMM): Xen

- TimeZone: +7 GMT

- Chi phi xur 1y: 3.0

- Chi phi str dyng bd nho: 0.05

- Chi phi str dung dung lugng: 0.1

- Chi phi str dung bang thong: 0.1

- Chc may 4o c6 cdu hinh gidng nhau khi dugc khai tao

Bang 3.7. Cau hinh cia VMs

) ] S6 lwong CPU
Dung lwrgng | Ram | Mips | Bandwidth VMM
(PEs no.)
10000 MB | 512 MB | 250 1000 1 Xen

Céac yéu cau (cac request chay trén web, WebRequest) duoc dai dién boi
Cloudlet trong CloudSim va kich thudc cua Cloudlet duoc khdi tao mot cach ngau

nhién bang ham random ctia JAVA. S6 lugng Cloudlet lan luot 25, 50, 100, 1000.
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Bdng 3.8 Théng sé cdc Request.
Chiéu dai | Kich thuéc file | Kich thudc file xuit ra | S6 CPU xir ly
(Length) (File Size) (Output Size) (PEs)
3000 ~ 1700 | 5000 ~ 45000 450 ~ 750 1

Thuat toan dé xuat duoc xdy dung bang cach st dung cac ham tong hop gid tri
Cloudlet dé danh gia:
public double getAverageSize()
{
double res=0;
res = this.getCloudletLength() *0.5 + this.getCloudletOutputSize()*0.2 +
this.getCloudletFileSize()*0.3;
return res;
}
//Str dung thuét toan tinh phan trim trung binh ctia VM:
public double getAverageRequestedResources()

{

double res =0;
double per_mips=(this.getCurrentRequestedTotalMips() / this.getMips())*100 ;
double per_ram = (this.getCurrentRequestedRam() / this.getRam() ) * 100;
double per_storage = (this.getCurrentAllocatedSize()/this.getSize()) * 100;
res = (per_mips + per_ram + per_storage)/3;
return res;
}
Mo phong véi cac tham s6 nhu trén, chay thuat toan can béng tai c6 san va thuat toan
dé xuat ciing dau vao, so sanh két qua dau ra.
Két qua md phéng
- Qua trinh thyc nghiém mé phong s& dugc thuc hién trong khoang 500 yéu cau,
v6i 4 1an va mdi 14an s& ¢6 5 VM va sd luong yéu cau lan luot 13 25, 50, 100 va
500.
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Thuc nghiém lan 1:
Két qua chay mé phong trén CloudSim véi 5 VM dé dap tng cac yéu ciu, cac
yéu cau duoc khoi tao véi chiéu dai va kich thudc ngiu nhién, sé lugng yéu cau
1a 25, chay cho 4 thuét toan nhu Bang 3.9.

Bang 3.9. Bdng két qua thoi gian xiz Iy lan 1

, . Thoi gian xir ly
So lwgng yéu cau i i i i
Max-Min | Min-Min | Round Robin | MMSIA
5 49.93 27.79 46.93 25.78
10 77.13 142.04 120.62 67.02
15 120.94 226.01 180.64 101.75
20 166.08 248.41 210.32 121.44
25 210.59 338.44 276.82 185.74

4000
3500
N 3000
—
=]
: 2500 B Max-Min
g!) 2000 B Min-Min
£ m i
§= 1500 Round Robin
= = MMSIA
1000 -
500 -
0 - S6 yéu cau

Hinh 3.8. Biéu d6 so sanh thai gian xir 1y 1an 1
Thuc nghiém 1an 2:
Két qua chay mé phong trén CloudSim véi 5 VM dé dap tmg cac yéu cau, cac
yéu cau dugc khoi tao véi chiéu dai va kich thude ngiu nhién, s6 lugng Request

lan luot 1a 50.
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Bang 3.10. Bang két qua thoi gian xi 1y lan 2

i . Thoi gian xir ly
So lwgng yéu cau
Max-Min | Min-Min | Round Robin | MMSIA
10 40.8 75.7 59.04 30.44
20 72.16 130.36 91.3 56.55
30 103.77 543.67 152.94 96.59
40 142.84 967.41 306.15 120.68
50 175.8 1380.55 476.69 165.63

4000

3500

3000
2
2 | 2500 -
» B Max-Min
=
= B Min-Min
S, | 2000
; m Roud Robin
E 1500
= = MMSIA

1000 -

500 -
0 - S0 yéu cau

10 20 30 40 50

Hinh 3.9. Biéu dé so sanh thai gian xi ly lan 2
- Thyc nghiém lan 3:
Két qua mé phong trén CloudSim véi 5 mdy do duge dung sin dé dap tmg cac
yéu cAu, cac yéu cau dugc khoi tao v6i chiéu dai va kich thude ngau nhién, $6

lwong Request 1an luot 1a 100.
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Bang 3.11. Bang két qua thoi gian xiz Iy lan 3

, . Thoi gian xir ly
So lwgng yéu cau i i i i
Max-Min | Min- Min | Round Robin | MMSIA
20 104.67 110.1 106.53 90.21
40 191.56 177.6 187.09 163.82
60 267.74 250.04 260.56 234.24
80 1552.81 390.56 389.41 346.14
100 2268.1 623.59 597.29 537.79
4000
3500
3000
=z .
,E 2500 B Max-Min
£ | 2000 B Min-Min
gﬂ 1500 = Roud Robin
= = MMSIA
&= | 1000 -
500 -
0 - S6 yéu cau
20 40 60 80 100

Hinh 3.10 Biéu dé so sanh thoi gian xi ly lan 3

Thuc nghiém lan 4:

Két qua mé phong trén CloudSim véi 5 VM dép tng cac yéu ciu, cac yéu cau

duoc khoi tao véi chidu dai va kich thuée ngau nhién, ) luong Request lan luot

1a 500.

Bang 3.12. Bang két qua thoi gian xa Iy lan 4

S6 lwong yéu ciu

Thoi gian xiur ly

Max-Min

Min-Min

RoundRobin

MMSIA

100

646.08

802

693.88

603.52
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200 1204.61 1540.3 1328.05 1105.17
300 1698.41 | 2288.48 1876.75 1593.66
400 2181.55 3016.68 2825.5 2125.26
500 2664.22 3743.97 3374.22 2625.95
4000
3500
., | 3000 -
bE 2500 B Max-Min
.gb 2000 B Min-Min
::é 1500 Roud Robin
= = MMSIA
1000 -~
500 -
0 - S6 yéu cau
100 200 300 400 500

Hinh 3.11. Biéu db so sanh thai gian xu ly 1an 4

Két qua cua Hinh 3.8, Hinh 3.9, Hinh 3.10, Hinh 3.11 cho thay thoi gian xur 1y
ctia cac VM trén thuat toan MMSIA d3 duogc cai thién so véi cac thuét toan duge dé

tai dua ra so sanh.

Thuc nghiém nay mo phong nhdém cac VM, chua tinh téi viéc mé rong tap cac
may o dé giam tai trong truong hop can thiét, vi gia dinh 1a nhom cac may ao nay
xtr 1y t6i da bao nhiéu yéu cau (request), néu vuot qua méi mo rong va viéc mo phong
nay thuc hién & nhirng mo hinh nhé va sé luong yéu ciu it. V4i viéc gom nhom yéu
cau theo kich thuéc file gitip VM xir Iy nhanh hon, déng thoi 1am cho hé théng phan
loai nhitng yéu cau, tir 46 dwa vao nhitng VM c6 phan trim xtr Iy thap nhat dé xir 1y.
Thuc nghiém cho thiy thuat toan dé xuat da giam thiéu thoi gian xir Iy cac yéu cau.
Céc thong s cling nhu kich ban dwa ra dya vao qua trinh request ctia cic browser

trén moi truong ddm may. Tur d6, ghi nhan cac thong so6 vé kich thudc file cua céac
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yéu cau va trung binh phan trim ctia VM. Thyc nghiém vé6i 5 mdy ao, sb luong tir 25
dén 500 request da cho thay két qua twong dbi tbt, viéc phan bo cic request tdi cac

may 4o xtr Iy khd dong déu va két qua xtr 1y ¢6 su sai 1éch khong qué 16n.
3.3. Két luan Chuong 3

Chuong 3 da dé xuit 02 thuat toan cin bang tai nhim cai tién thoi gian xu 1y
trén dién todn dam may, bao gdom: TMA, MMSIA. Thuat toan TMA (duoc cong bd
trong cong trinh CT5), v6i thuat toan dé xuit nay s& gitp viéc do tim VM dang sin
sang ‘0’ vai kich thudc bang “Available Index” thay doi linh dong hon so véi thuat
toan Throttled. Thuat toan MMSIA (dugc cong b trong cong trinh CT6) dé xuat da
cai tién thuat toan lap lich Max-Min gitip cai thién thoi gian xir 1y cac yéu cau bang
cach phan nhém cac yéu cau va cac VM theo thoi gian hoan thanh dy kién va thoi gian
thuc hién hoan thanh téng thé.

Céac thuat toan nay duogc so sanh, danh gia véi cac thuat toan lién quan Round
Robin, Throttled, Max-Min, Min-Min. Thir nghiém dugc tién hanh trén cac kich ban
khac nhau véi s6 lugng cac yéu cau va sd lugng VM khéac nhau. Két qua mé phong da

ching t6 cac thuat toan dé xuat da cai thién dugc thoi gian xur 1y cac yéu cau.



95

KET LUAN

Lu4n 4n hudng t6i mot cha dé co ¥ nghia vé 1y thuyét va thuc tién duoc cong
dong nghién cru quan tam, 14 nghién ctru nang cao hiéu ning can bang tai trén dién
toan ddm mAay. Vi muc tiéu nghién ctru 13: phat trién mot sb thuat toan cin bang tai
nham cai thién thoi gian dap Gmg va thoi gian xir 1y trén dién toan dam may, luan an
da thuc hién dugc cac ndi dung déra o phﬁn muc tiéu ban dau.

I. Nhitng két qua chinh ciia luin an:

1. Nghién ciru phat trién mot sb thuat todn can bang tai nham cai thién thoi gian dap
ung trén dién todn dam may:

e D¢ xuit thuit toan LBAIRT (CT4): cai tién thuat toan Throttled v6i dong gop
chinh 14 viéc phan bd yéu cau dau vao dén cac may ao dua trén thoi gian dap
mg nhoé nhit va bang cach xem xét tham sb thoi gian hoan thanh cac yéu cau
cong viée du kién ctia mdi tai nguyén. Thuat toan dua vao thoi gian hoan thanh
du kién ctia m&i VM cho cac yéu cau trong hang doi. Dua trén tham sb nay,
thuat toan s& chon VM véi thoi gian hoan thanh dy kién nho nhat va ty 16 sir

dung thap nhat dé phan bo yéu cau.

e D¢ xuit thuit toan RRTA (CT7): ing dung thuit toan ARIMA dé dy doan
ngudng thoi gian dap tng chung cua hé théng va du doan thoi gian dép tng cua
cac may 4o dua trén tp yéu cau tuong tu trude d6 nham dura ra cach phan phdi
tai nguyén hop 1y. Thuat toan RRTA tiép can mot cach khai quat va phat huy
¥ tuong ciia du bao va xir Iy chudi thoi gian, dién hinh 1a thuat toon ARIMA.
Thuat toan dé xuit c6 hudng tiép can méi trong cin bang tai & méi trudng dam
may, déng thoi dat duoc mot sd két qua thuc nghiém mo phong kha tich cuc,

cho thiy huéng phat trién tot ctia thudt todn

Céc két qua nghién ciru thuc nghiém dya trén b dir liéu mo phong di chimg minh

hiéu qua va tinh ding ddn cua 02 thuat toan dé xuét. Qua d6, gilp cho cac nha cung
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cap dich vy dién toan ddm mAy ning cao chat luong dich vu cho ngudi ding trong

thuc té

2. Nghién ctru phat trién mot sd thuat toan can bang tai nham cai thién thoi gian xtr Iy

trén dién todn dam may:

o D¢ xuit thuit toan TMA (CT5): Thuit toan TMA cai tién thuat toan Throttled
bang cach chia bang chtra thong tin may 4o chung thanh hai bang may 4o & trang
thai sin sang va trang thai khong sin sing nham giam thoi gian tim kiém may
40 san sang cho mdi yéu cau dau vao. Piém méi cua thuat toan TMA: Viéc do
tim VM dang san sang ‘0’ vai kich thude bang “Available Index” thay ddi linh
dong hon so voi thuat toan Throttled. Bo can bang tai tot it chi phi thoi gian
do duy tri 2 bang danh sach cac VM “san sang” va “ban”, bo can bang tai chi
viéc 1ay gan VM cho céc yéu cau méi dén. Piéu nay giup ting hiéu suat xu 1y

cho h¢ thong dong nghia voi giam thoi gian xur ly cac yéu cau dau vao

e D¢ xuit thuit toan MMSIA (CT6): Thuat toan MMSIA cai tién thuat toan
1ap lich Min — Max bang cach nhom céc yéu cau va may 4o theo thoi gian hoan
thanh du kién va thoi gian thyc hién hoan thanh téng thé. Thuat toan MMSIA
hoat dong trén co s& sap xép cac yéu cau dau vao thanh nhidu nhom khac nhau,
sau d6 s& gan cho cac VM c6 phan tram sir dung nho nhat (phan tram sir dung
tinh trén CPU, Ram, va Disk) theo co ché (Max-Min). Thuat toan nay da cai
thién thoi gian xir 1y, han ché mét can bang tai giita cdc tai nguyén

Thdng qua thyc nghiém véi nhiéu kich ban mo phong da ching minh tinh hiéu
qua va tinh dung dan ctia 02 thuat toan dé xuat. Pay ciing 14 co s¢ 1y luan cho cac nha
phat trién dich vu dién toan ddm may nang cao chit luong dich vu va hiéu ning phuc

vu cua trung tam dir liéu ddm may.

vé mit thuc tién: két qua cua luan an da dugc thyc nghi¢m trén cac bo dir li¢u
mo phong trong cac kich ban khac nhau, két qua thuc nghiém ctia phuong phap dé xuét
duogc danh gia 13 c6 hiéu qua hon cac phuong phap da cong bd trong da sb trudong hop,

dong thoi 14 co sé khoa hoc dé ché tao ra cac bo can bang tai img dung vao cac trung
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tam dir thuc té. Day 1a co s¢ cho thiy, c6 thé ap dung két qua nghién ciru cua dé tai
trong viéc trién khai cac hé théng can bang tai nham déi pho véi su bung nd trao ddi
dir liéu ddm may hién nay ¢ da dang céc linh vuc. Cac thuat toan dé xuit duoc mo

phong dé d4nh gia tinh hiéu qua so véi cac thuat toan gdc da duge cong bd trude do.

Pham vi ing dung ciia cac thuit toan dé xuit: Cac thuat toan dé xuit dugc
dinh hudng cho cac bd can bang tai (Load Balaner) trong céac trung tam dif liéu cua cac
nha cung cap dich vu dam may, do tinh hiéu qua ctia né di duoc chirng minh thong
qua co s& 1y ludn cling nhu mé hinh thyc nghiém trong luan an. Ap dung céc thuét toan
dé cai thién thoi gian dap ung, thoi gian xtr Iy cac yéu cau tir phia ngudi ding truy cap
dén trung tdm dién todn ddm may.

I1. Huéng phat trién cia luin an:

1. Luén an c6 thé dugc phat trién theo hudng xay dung mo hinh co sé dwa vao cong
nghé tri tué nhan tao (AI) dé nhan dién theo dic tinh riéng 1é cua cac yéu cau dau
vao nham danh gia hiéu ning cta hé thong dién todn dam may. Tir d6 c6 duoc md
hinh 1y thuyét day du hd trg hoat dong nghién ciru va trién khai hé théng dién toan
dam may trong thuc té.

2. Ngoai ra, luan an c6 thé duoc phat trién theo hudng cai thién dong thoi hai tham
sO: thoi gian dap tmg va thoi gian xir 1y trén méi trudng dién toan dam may. Pay
cling 12 mot cach tiép can rat thiét thuc trong bdi canh bung nd trao doi dit liéu trén
moai truong dién toan ddm may hién nay.

3. Nghién ctru cin bang tai trén mang ludi van vat két ndi (10T) cling c6 thé 1a mot
huéng phat trién cia luan an khi ma cudc cach mang cong nghé 4.0 dang lam

thay d6i moi linh vurc trong doi séng hang ngay, hang gio.
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PHU LUC
PHU LUC 1. TONG QUAN VE THUAT TOAN ARIMA

Theo [75], ARIMA 14 thuat toan dua trén thong ké, 1a thuét toan ty hdi quy tich
hop trung binh truot (Auto Regression Integrated Moving Average), dugc phat trién
tir md hinh hdi quy ARMA (Auto Regression Moving Avera). Day 1a m6 hinh phat
trién trén sb liéu chudi thoi gian da biét va dy bao s liéu trong tuong lai gan.

1. Dir liéu chudi thoi gian

Dit liéu thoi gian thyc hay chudi thoi gian 1a mot chudi cac gia tri cia mot dai
luong nao dé dugc ghi nhan 14 thoi gian. Bat ct dit liéu chudi thoi gian nao ciing
dugc tao ra bang mot qua trinh ngau nhién.

Céc gia tri cua chudi thoi gian cua dai luong X duogc ki hiéu 1a X1, Xz, Xs,...,
Xt,... , Xn v6i X 14 gia tri cia X tai thoi diém t.

Mot ddy s6 liéu thuce té cu thé nhu gia bap cai timg thang 13 két qua cia mot qua
trinh ngau nhién. Poi vai dir liéu chudi thoi gian, chung ta ¢6 nhiing khai niém vé
tong thé va mau nhu sau:

- Qua trinh ngiu nhién 12 mot tong thé

- S6 liéu thuc té sinh ra tir qua trinh ngiu nhién 1 mau.

Chudi thoi gian bao gdbm 4 thanh phan:

- Thanh phan xu hudng dai han (long —term trend component): Thanh phan nay
dung dé chi xu huéng ting hay giam cta dai luong X trong thoi gian dai. Vé
mat do thi thanh phan nay c6 thé biéu dién boi mot duong thang hay mot
duodng cong tron

- Thanh phan mua (seasional component): Thanh phan nay dung dé chi xu
huéng ting hay giam cua dai lugng X tinh theo mua trong nim (c6 thé tinh
theo thang trong nam) Vi du : Luong tiéu thu chat ddt s& ting vao mua dong
va gidm vao mua hé, nguoc lai, luong ti€u thu xdng s€ tang vao mua he va
giam vao mua déng.

- Thanh phan chu ky (cyclical component) : Thanh phan nay chi sy thay doi
ctia dai lugng X theo chu ky. Thanh phan nay khéac thanh phin mua & chd chu
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ky cua dai lvong X kéo dai hon 1 nam. Dé danh gia thanh phan nay cac gia
tri cia chudi thoi gian duogce quan sat hang nam. Vi dy, Luong dong chay dén
hd Tri An tir ndm 1959 — 1985
- Thanh phan bat thudng (irregular component): Thanh phan nay dung dé chi

su thay doi bat thudng cua cac gia tri trong chudi thoi gian. Sy thay dbi nay
khong thé dy doan bang céac sb liéu kinh nghiém trong qua khtr, vé& mit ban
chat thanh phan nay khong c6 tinh chu ky.

2. Tinh dirng va tinh mua vu

a. Tinh dirng cua dir liéu (Stationary)

Néu mdi chudi thoi gian goi 1a dimng thi trung binh, phuong sai, dong phuong sai
(tai cac do tré khac nhau) sé& gitt nguyén khong d6i du cho chung duogc xac dinh vao
thoi diém nao di nita.

Trung binh: E(Y)=const (Ky vong khong doi theo thoi gian)

Phuong sai: Var(Yi)=const (Phuong sai khong d6i theo thoi gian)

Pong phuong sai: Covar(Yy,Yek)=gk (Pong phuong sai chi phu thudc khoang
cach cta do tré ma khong phu thude thoi diém tinh dong phuong sai d6, khong phu
thudc t)

Dé xem mot chudi thdi gian c¢6 ding hay khong, ta co thé sir dung PO thi cia Yt
theo thoi gian, Do thi tu twong quan mau (Sample Auto Correlation), hay kiém dinh
budc ngiu nhién (kiém dinh Dickey-Fuller)

Néu chudi Y khong dirng, ta c6 thé 13y sai phan bac 1. Khi d6 chudi sai phan bac
1 (Wt) s& c6 thé ding. Sai phan bac 1: We=Ye-Yia

Néu chubdi sai phan bac 1 (W) khong dimg, ta c6 thé 1dy sai phan bac 2. Khi d6
chudi sai phan bac 2 c6 thé dimg. Sai phan béc 2: Vi=EWe-Wid
b. Ham tw twong quan va ham tw twong quan mdu

Ham ty twong quan(ACF) & @0 tré k duoc ky hiéu 1a pk dugc dinh nghia nhu sau:

Trong do:

- pk khong c6 thtr nguyén

- pk c6 gia tri tir -1 dén 1
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c. Tinh mua vu

Néu sai phan bac 2 ma chua dimg, c6 thé chudi Yi ¢ yéu té mua vu. (Néu c6 yéu
t6 mua vu, tic 1a chudi van chua ding).

Néu ctr sau m thoi doan, SAC lai co gia tri cao. Khi d6 Yt c6 tinh mua vu véi chu
ky m thoi doan. Phuong phap don gian nhat dé khir tinh mua vu 13 14y sai phan thir m

Z=YtYtm
3. Nhin dang mé hinh

M6 hinh ARIMA (hay con goi la phuwong phap Box-Jenkin)

Nhéan dang mé hinh t&rc 1a xac dinh p, d, q trong ARIMA(p,d,q), Do md hinh
Box-Jenkins chi mo ta chudi dirng ho#c nhitng chudi da sai phan hoa, nén mé hinh
ARIMA(p,d,q) thé hién nhitng chudi dir liéu khong ding, da dugc sai phan (o day, d
chi mirc d§ sai phan).

Khi chudi thoi gian dung dugc lya chon (ham ty tuong quan ACF giam dot ngot
hodc giam déu nhanh), chiing ta c6 thé chi ra moét mé hinh du dinh bang cach nghién
ctru xu huéng ciia ham ty twong quan ACF va ham tu twong quan timg phan PACF.
Theo 1y thuyét, néu ham tu twong quan ACF giam dot bién va ham ty twong quan
ting phan PACF giam manh thi ching ta ¢6 mé hinh tu twong quan. Néu ham ty
tuong quan ACF va ham tu twong quan timg phan PACF déu giam dot ngot thi chung
ta c6 md hinh hon hop.

V& mit 1y thuyét, khong co trudng hop ham ty twong quan ACF va ham tu twong
quan ting phan cing giam dot ngdt. Trong thuc té, ham ty twong quan ACF va ham
tu twong quan timg phan PACF giam dot bién kha nhanh. Trong trudng hop nay,
chung ta nén phan bi¢t ham nao giam dot bién nhanh hon, ham con lai dugc xem 1a
giam déu. Do doi luc s& c6 trudng hop giam dot bién dong thoi khi quan sat biéu do
ham ty twong quan ACF va ham ty twong quan timg phan PACF, bién phap khac
phuc 1a tim vai dang ham du dinh khéc nhau cho chudi thoi gian ding. Sau do, kiém
tra d6 chinh x4c md hinh tot nhat.

p: dua vao SPAC
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q: dua vao SAC
d: dwa vao s6 1an 14y sai phan dé 1am cho chudi dung
M6 hinh ARIMA(L, 1, 1) : y(t) — y(t-1) = a0 + ai(y(t-1) — y(t-2) + e(t) +
bie(t-1))
Hoac z(t) = ao + a1z(t-1) + e(t) + bie(t-1),
Vi z(t) = y(t) — y(t-1) & sai phan du tién : d = 1.
Tuong tw ARIMA(L,2,1) : h(t) = ao + a1z(t-1) + e(t) + bie(t-1),
Véi h(t) = z(t) — z(t-1) & sai phan tht hai : d = 2. (d 16n hon 2 rét it dugc sir
dung)
4. Kiém tra chudn dodn mé hinh
Mo hinh ARIMA t6t c6 RMSE nho va sai s6 14 nhiéu trang: Sai s6 ¢6 phan phdi
chuan, va d6 thi SAC giam nhanh vé 0
Tim kiém mo hinh ARIMA phu hop 1a mét qua trinh thir va sai.

Tinh ciac ham twr twrong
quan va tir firong quan tirng
phin d@é nhan dang mét mé
hinh dw dinh

l

Chon lyra mot mé hinh

l

U'éc hwgng cac gia tri cho
cic tham s6 mé hinh

Kh .
Kiém tra

do chinh xac

cnia ma hinh

Sir dung mé hinh dé dw bio
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Hinh 1. So' 6 mé phéng mé hinh Box-Jenkins .

5. Cdc bwdc phdt trién mé hinh ARIMA
Phuong phap Box — Jenkins bao gdm céc budc chung:

- Xdc dinh mé hinh : M6 hinh ARIMA chi dugc ap dung d6i v6i chudi ding
Mo hinh c¢6 thé trinh bay theo dang AR, MA hay ARMA. Phuong phép xac
dinh m6 hinh thuong dugc thuc hién qua nghién ctru chiéu huodng bién d6i
ctia ham ty twong quan ACF hay ham ty twong quan ting phan PACF.

- Chudi ARIMA khéng dirng : can phai duoc chuyén d6i thanh chudi ding trude
khi tinh wéc lugng tham sb binh phuong t6i thiéu. Viéc chuyén d6i nay dugc
thue hién bang cach tinh sai phan giira cac gia tri quan sat dya vao gia dinh
cac phan khac nhau cua céc chudi thoi gian déu dugce xem xét twong tur, ngoai
trir cac khac biét & gia tri trung binh. Néu viéc chuyén doi nay khong thanh
cong, s& ap dung tiép cac kiéu chuyén ddi khac (chuyén doi logarithm ching
han).

- Uéc lwong tham s6 : tinh nhitng udc luong khoi dau cho cac tham sb ao, ai,
..., ap, b1, ..., bg cua mo hinh du dinh. Sau d6 xay dung nhitng udc lurgng sau
cung bang mot qua trinh 1ap.

- Kiém dinh @ chinh xdc : Sau khi cac tham sd cia mo hinh tong quat di xay
dung, ta kiém tra mirc d6 chinh xac va phu hop cia mé hinh véi dir liéu.
Chung ta kiém dinh phan du (Yt —Y”t) va c¢6 ¥ nghia ciing nhu méi quan hé
céc tham s6. Néu bt cir kiém dinh nao khong thoa man, mo hinh s€ nhan dang
lai cac budc trén duoc thuc hién lai.

- Duy bdo: Khi md hinh thich hop véi dir ligu da tim dugc, ta s€ thyc hién du
bao tai thoi diém tiép theo t. Do d6, md hinh ARMA(p,q) :

y(t+1) =ao + awy(t) + ... +apy(t—p + 1) + e(t+1) + bie(t) + ... + bge(t—q + 1)
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PHU LUC 2. CAC HAM/PHUONG THUC PUQC CAI PAT BO SUNG
VAO CLOUDSIM

public class VmExt extends Vm {
private List<Double> LastRT;
private double PredictedRT;
public VmEXxt(
intid,
int userld,
double mips,
int numberOfPes,
int ram,
long bw,
long size,
String vmm,
CloudletScheduler cloudletScheduler) {
super(id, userld, mips, numberOfPes, ram, bw, size, vmm, cloudletScheduler);
LastRT = new ArrayList<Double>();
¥
public double getPredictedRT() {
List<Double> arraylist = getLastRT();
if(arraylist.size()>15){
double[] dataArray = new double[arraylist.size() - 1];
for (inti=0; i <arraylist.size() - 1; i++) {
dataArray[i] = arraylist.get(i);
¥
ARIMA arima = new ARIMA(dataArray);
int[] model = arima.getARIMAmodel();
this.PredictedRT = arima.aftDeal(arima.predictValue(model[0], model[1]));
}

else

{
this.PredictedRT =arraylist.get(arraylist.size()-1);

}
return this.PredictedRT;
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public List<Double> getLastRT() {
return this.LastRT;
¥
public void addLastestRT(Double RT) {
LastRT.add(RT);
if (LastRT.size() > 50) {
LastRT.remove(0);

¥
public class CloudletExt extends Cloudlet {

private double responseTime;
public CloudletExt(final int cloudletld,
final long cloudletLength,
final int pesNumber,
final long cloudletFileSize,
final long cloudletOutputSize,
final UtilizationModel utilizationModelCpu,
final UtilizationModel utilizationModelRam,
final UtilizationModel utilizationModelBw) {
super(
cloudletld,
cloudletLength,
pesNumber,
cloudletFileSize,
cloudletOutputSize,
utilizationModelCpu,
utilizationModelRam,
utilizationModelBw,

false);
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public double getResponseTime() {
return this.getFinishTime() - this.getExecStartTime();

}
public class ArimaDatacenterBroker extends SimEntity {
private static List<Double> LastRT;
private double PredictedRT,;

public double getPredictedRT() {
List<Double> arraylist = getLastRT();
if(arraylist.size()>50){
double[] dataArray = new double[arraylist.size() - 1];
for (inti = 0; i <arraylist.size() - 1; i++) {

dataArray[i] = arraylist.get(i);

}
ARIMA arima = new ARIMA(dataArray);
int[] model = arima.getARIMAmodel();
this.PredictedRT = arima.aftDeal(arima.predictValue(model[0], model[1]));
}

else

{
this.PredictedRT =arraylist.get(arraylist.size()-1);

}
return this.PredictedRT;

public List<Double> getLastRT() {
return this.LastRT;
}
public void addLastestRT(Double RT) {
LastRT.add(RT);
if (LastRT.size() > 200) {
LastRT.remove(0);
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}
protected VmEXt getReliableVm()

{
VmExt res = null;
double[] DistanceList = new double[vmsCreatedList.size()-1];
int i=0;
double predicted = getPredictedRT();
for(VmExt vm: vmsCreatedL.ist)

{
DistanceList[i] = Math.abs(vm.getPredictedRT() - predicted);
i++;
if(vm.getPredictedRT() < predicted)
{
return vm;
/lbreak;
}
}

int index =getMin(DistanceL.ist);

return vmsCreatedL.ist.get(index);

public static int getMin(double[] inputArray){
double minValue = inputArray[0];
int index = 0;
for(int i=1;i<inputArray.length;i++){
if(inputArray[i] < minValue){
minValue = inputArray[i];
index =1i;
}
}
return index;
}
protected void processCloudletReturn(SimEvent ev) {
CloudletExt cloudlet = (CloudletExt) ev.getData();
VmExt vm = VmList.getByld(vmsCreatedList, cloudlet.vmld);
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vm.addLastestRT(cloudlet.getResponseTime());

addLastestRT(cloudlet.getResponseTime());

getCloudletReceivedList().add(cloudlet);

Log.printConcatLine(CloudSim.clock(),
cloudlet.getCloudletld(),

" received");

getName(), " Cloudlet

cloudletsSubmitted--;

if (getCloudletList().size() == 0 && cloudletsSubmitted == 0) { // all cloudlets executed
Log.printConcatLine(CloudSim.clock(), ": ", getName(), ": All Cloudlets executed.
Finishing...");
clearDatacenters();
finishExecution();
} else { // some cloudlets haven't finished yet
if (getCloudletList().size() > 0 && cloudletsSubmitted == 0) {
/1 all the cloudlets sent finished. It means that some bount
/I cloudlet is waiting its VM be created
clearDatacenters();

createVmslInDatacenter(0);

}
protected void submitCloudlets() {
int vmindex = 0;
List<CloudletExt> successfullySubmitted = new ArrayList<CloudletExt>();
for (CloudletExt cloudlet : getCloudletList()) {
VmEXt vm;
/I if user didn't bind this cloudlet and it has not been executed yet
if (cloudlet.getVmld() == -1) {
vm = getVmsCreatedList().get(vmIndex);
} else { // submit to the specific vm
vm = getReliableVm();
if (vm == null) {// vm was not created
if ('Log.isDisabled()) {
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Log.printConcatLine(CloudSim.clock(), ": ", getName(), ": Postponing execution
of cloudlet ",
cloudlet.getCloudletld(), ": bount VM not available™);
}
continue;
¥
¥

if ('Log.isDisabled()) {
Log.printConcatLine(CloudSim.clock(), ": ", getName(), ": Sending cloudlet ",
cloudlet.getCloudletld(), " to VM #", vm.getld());
¥
cloudlet.setVmld(vm.getld());
sendNow(getVmsToDatacentersMap().get(vm.getld()),
CloudSimTags.CLOUDLET_SUBMIT, cloudlet);

cloudletsSubmitted++;
vmlindex = (vmindex + 1) % getVmsCreatedL.ist().size();
getCloudletSubmittedL.ist().add(cloudlet);
successfullySubmitted.add(cloudlet);

}

/I remove submitted cloudlets from waiting list

getCloudletList().removeAll(successfullySubmitted);



