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MO DAU

Trong thoi dai ngay nay, cong nghé thong tin va truyén thong ngiy cang phat
trién, doi hoi nhu cau xtr Iy thong tin ngdy cang cao, can c6 hé thong c6 kha ning
Iuu trit va khai thac duge mot lwong dit liéu 16n. Sy phat trién khong ngimg ctia nén
kinh té thé gi6i va trong nudc doi hoi cac doanh nghiép, cac tip doan lén phai co
giai phap dé luu trir va khai thac thong tin vé cac dir liéu 16n lién quan dén cong
viéc kinh doanh cua hg. Viéc trang bi may chu vat 1y doi hoi phai c6 mot bd phan
k¥ thuat am hiéu vé cong nghé thong tin dé quan tri va van hanh hé théng. Pong
thoi cling mét nhiéu chi phi dé dau tu, ndng cap phan mém, phan cing, phi bao tri,

nhan céng...

Chinh vi thé, dién toan ddm may (cloud computing) 14 mot trong nhimng giai
phap dang thu hut dugc mot sd luong 16n cac doanh nghiép sir dung. Pién toan dam
may thuc chat 1a mo hinh cac may chi ao, sir dung cac cong nghé may tinh va phat
trién dua vao mang Internet. O md hinh dién toan nay, moi kha ning lién quan dén
cong nghé thong tin déu duge cung cap dudi dang cac "dich vu". “Dich vu” nay cho
phép nguoi st dung truy cap cac dich vu cong nghé tir mot nha cung cip nao do
"trong ddm may" ma khong can phai c6 cac kién thirc, kinh nghiém vé cong nghé
d6. Ngoai ra, ngudi dung ciing khong can quan tdm dén cac co so ha ting phuc vu

cong ngh¢ ma minh dugc cung cap.

Dién toan dam may giai quyét cac van dé toi uu hda luu trir, 40 hdéa may chu, co
s¢ ha tdng mang véi muyc dich mang lai dich vu voi chat luong tot nhat. Cac tap
doan, doanh nghiép va cé nhan ngudi dung chi can tra phi véi dich vu tuong tng

ma ho st dung.

N6i vé chat lwong dich vu trén dién toan dam may, ngudi dung cam thay chat
luong dich vu dép tng tét trong céng viée quan 1y didu hanh, luu trir va khai thac tai
nguyén. Mit khac, viéc quan 1y tai nguyén trd thanh mot cong viéc phire tap ddi véi
cac nha cung cip dich vu dam may. Co mot s6 van dé duoc dit ra: 1am sao khic
phuc van dé thiéu tai nguyén, giam do tré trén ddm mAy va kha ning cai thién hiéu

suat mang khi nhiéu nguoi dung st dung cung luc.
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Pé giai quyét cac van dé trén, hién nay da c6 hé thong can bang tai dé phan bd
ddng déu luu luong truy cdp gitta hai hay nhiéu cac mdy chu c6 cung chirc ning
trong cing mot hé thdng. Bang cach do, sé gitip cho hé thong cung cap dich vu cia
nha cung cdp giam thiéu mot cach ti da tinh trang mot may chu bi qua tai va ngung

hoat dong.

Hién nay c6 nhiéu thuét toan can béng tai trén cac dich vy ddm may. Tuy nhién,
hiéu qua cua cac thudt toan van con nhiéu han ché, chwa dua ra duoc giai phap giup
bd can bang tai cung cip tai nguyén mot cach hiéu qua va khong tén thoi gian quay
vong lip. Ngoai ra, cic thuat toan ciing chua c6 kha ning sin sang va dam bao do

tin cdy ctia hé thong.

Do d6, viéc dé xuat “Nghién citu chinh sich bén viing nham xdy dung thudt

toan ndng cao hiéu qua can bang tai cua dién toan dam mdy ” 1a vo cung can thiét.

Thuét toan dé xuit c6 kha niang chiu 16i (Fault Tolerance), viéc truy cap ciing
dugc phan bo dong déu trén cac ngudn tai nguyén, tham chi la trén cac Datacenter
khi nhu cau tang 1én mot cach nhanh chong. Hodc khi mot may chu gap su cd, chirc
nang can bang tai ddm may s& chi dao phan phdi cong viéc cia may chii d6 cho céc
may chu con lai, ddy thoi gian (Uptime) cta hé thong 1én cao nhét va cai thién ning

suit hoat dong.

Nham nang cao hi€u qua can bang tai trén cac dich vy dién todn ddm may da
dugc de xuat, em xin dua ra ndi dung dé tai nghién ctru nhu sau: “Nghién ciru chinh
sach bén vitng nham xay dung thudt toan nang cao hiéu qua cdn bang tai cua dién
toan dam mady”.

Luan van dugc bo cuc nhu sau:

Trong chuong 1 hoc vién s& gidi thidu tong quan vé hé thong can bang tai cua
dién toan dam may, gidi thi¢u so lugc vé dién toan dam may, téng quan vé can béng
tai, myc dich can bang tai dé 1am gi? Gidi thiéu doi nét vé tri tué nhan tao (Al),
machine learning. Hiéu biét duoc nhitng khai niém tong quan vé dién toan dam
may. Trong chuong 2, hoc vién s& gidi thiu cac cong trinh lién quan dén dé tai &
trong va ngoai nudc, thong qua viéc nghién ctru tim hiéu dugc mot sd thuat toan va

nhiing cong trinh lién quan dén can bang tai trong dién toan ddm may, gitp ludn van



3

hiéu ré hon vé can bang tai trén dién toan dam may. Tir d0, hiéu dugc nhitng vu
nhuoc diém cua cac thuit toan ciing nhu cac cach xur Iy cin bang tai, tao tién dé va
co sO vitng chic cho nghién ctru cia dé tai ludn van nay. Nghién ctru cac cong trinh
nay s& gop phan gitip cing cb hon phan co s& Iy thuyét va dinh huéng nghién ciru,
phat trién cho dé tai. Chwong 3 hoc vién dua ra mé hinh nghién ctru ctru sir dung
thuét toan Y nham muc dich loai bo cac task tuong g vo1 cac Request dua trén do
vu tién xtr 1y task; trinh bay mot s thudt toan nhu Cay phan loai va hdi quy tir d6
dé xuat chinh sach bén virng nham xay dung thuat todn nang cao hiéu qua cin bang
tai cia dién toan ddm may. Chuong 4 hoc vién mo phong moi truong thuc nghiém,
dua ra két qua thuc nghiém ctia mé hinh, sau d6 danh gia két qua thuc nghiém dé

théy thuat toan dé xut hiéu qua hon cac thuat toan khac.



CHUONG 1. GIOI THIEU TONG QUAN VE HE THONG
CAN BANG TAI CUA PIEN TOAN PAM MAY

1.1. Tong quan vé dién toin dam may

Dién todn dam may (cloud computing): hay con goi la dién toan may chu ao,
noi cac tinh toan dugc “dinh hudng dich vu” va phat trién dyua vao Internet. Cu thé
hon, trong mé hinh dién toan dam mady, tit ca cac tai nguyén, thong tin ciing nhu
software déu duoc chia sé va cung cap cho cic mdy tinh, thiét bi, ngudi dung duéi
dang dich vu trén nén tang mot ha tang mang cong cong (thudng 13 mang Internet).
Céc user thuong sur dung cac dich vu nhu co so dir liéu, website, luu trir,... Trong
mo hinh cloud computing, khong can quan tdm dén vi tri dia 1y cling nhu cac thong
tin khac cia hé théng mang dam may - “dién toan dam may trong sudt ddi voi
nguoi dung”. Ngudi dung cudi truy cap va st dung cac tng dung dam mAay thong
qua cac ing dung nhu trinh duyét web, cac rng dung mobile hodc may tinh ca nhan

thong thuong.
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1.2. Tong quan vé can bang tai trong dién toin dam may
1.2.1. Giéi thiéu vé can bang tai

Cung v6i viée phat trién rong rai cua Internet, cac website hay cac tng dung
tryc tuyén hién dang duogc rat nhiéu ngudi truy cap va st dung. Khi luong truy cip
nay qué 1on thudng xay ra cac van dé 13 ha ting mang va kha nang xu 1y cua Server
s& bi tic nghén cuc bd. Vi vay, Can Bang Tai luon ludn 1a mot trong nhitng tinh
ning cong nghé rat quan trong gitip cac may chu 4o hoat dong dong bd va hiéu qua
hon thong qua viéc phan phdi déng déu tai nguyén.

Giai phap can bang tai 1a viéc phan bd déng déu luu luong truy cap giita hai hay
nhiéu may chil c6 cing chitc ning trong ciing mot hé thong. Bang cach do, sé& giup
cho hé thdng giam thiéu tdi da tinh trang mdt may chu bi qua tai va ngung hoat
dong. Hodc khi mdt may chu gip su cd, Can Béng Tai s€ chi dao phan phéi cong
viéc cia may chu d6 cho cac mdy chil con lai, ddy thoi gian uptime ctia hé théng 1én

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

Load Balancing
Server Servers

Gateway
Switch

Hinh 1.5. M6 hinh Cén bang tdi trong dién todn dam may [8]

Can bang tai [11] c¢6 thé duoc chia thanh 2 loai:
e Can bz‘ing tai cuc bo
e Tai toan cau
Can bang tai cuc bd dugc sir dung dé can bang du béao tai trong mot trung tam.
N6 phan phdi yéu cau tir phia may khach sang cho may chi dé dap tng nhu cau.
Thir hai |4 loai cAn bang tai toan cuc. N6 quan 1y va kiém soat yéu cau tir phia khach

hang tu dong dén mdy cha qua nhiéu trung tim di liéu. Ngoai ra, n6 ciing xt Iy luu



6

luong trén ca hai mat goi truyén tai. Xt Iy can bang tai toan cau cho su phirc tap
nhung ddng thoi diéu nay ciing rat hitu ich cho truyén tai goi tin trén trung tam dit
liéu mang. Tinh kha dung dam bao rang, trong truong hop that bai, hé théng van
tiép tuc hoat dong dugc nhu mong doi.

1.2.2. Muc dich cin bang tai

Tang kha nang dap ting, tranh tinh trang qua tai trén may chu, ddm bao tinh linh
hoat va m¢ rong cho hé théng.

Tang do tin ciy va kha ning du phong cho hé théng: Sir dung Cén bang tai giup
tang tinh HA (High Availability) cho hé thong, dong thoi dam bao cho nguoi diung
khong b1 gidn doan dich vu khi xay ra 161 sy ¢d tai mot diém cung cép dich vu.

Tang tinh bao mat cho hé thong: Thong thudng khi nguoi ding gl yéu cau
dich vu dén hé théng, yéu cu do s& duge xur 1y trén b Can béng tai roi mai chuyén
tiép dén cho cac mdy chil bén trong. Qua trinh tra 15i cho khach hang ciing thong
qua thanh phan Can bang tai. Chinh vi viy ma nguoi dung khong thé biét chinh xac
dugc cac may cha bén trong cling nhu phuwong phap phan tai duoc sir dung. Bang
cach nay co6 thé ngin chin ngudi dung giao tiép truc tiép voi cac may chu, an cac
thong tin va cAu tric mang ndi by, ngan nglra cac cudc tan cong trén mang hoac cac
dich vu khong lién quan dang hoat dong trén cac cong khac.

1.3. Toéng quan vé tri tué¢ nhan tao (Al)

Tri tué nhan tao (AI) [1] 12 mot nganh khoa hoc mdy tinh lién quan dén viéc tao
ra cac chuong trinh nham muc dich tai tao nhan thitrc con ngudi va cac qué trinh lién
quan dén viéc phan tich sy phic tap dit liéu. Su ra doi cua khai niém nay dugc lién
két phd bién véi hoi nghi Dartmouth nam 1956 [2]. Tuy nhién, cong nghé tai thoi
diém nay da gi6i han viéc ung dung Al Gan day, nhiing tién bo dang ké di duoc
thuc hién trong linh vuc sitc manh may tinh vi cong nghé phan cimg va phan mém
da duoc cai tién. Cac ca nhan va to chirc trong mot sd cac nganh cong nghiép dang
bit ddu nhan ra tiém nang cua Al dé cai thién cac hoat dong hién tai. Ngoai ra, viéc
nghién ctu Al cling da duoc tién hanh trén nhiéu linh vuc nhu: y té, dién toan dam

may, xu ly anh, ...
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1.4, Téng quan vé machine learning
Hoc may (Machine Learning / ML) [3] 12 mot phuong phéap dé tao ra AL ML lién
quan dén cac chuong trinh may tinh viét 14p trinh riéng cing dé hoan thanh mot
nhiém vu dinh trude. Qua trinh nay co thé dugc giam sat, ban giam sat, hodc khong
giam sét. Trong hoc tdp c6 giam sat, may dugc cung cap mot tap dit lidu. Vi mdi vi
du trong tap dit liéu, s& dugc gin nhan kém theo cau tra 16i. Cac sau d6 may hoc
thong qua phép thir va phép sai dé du doan cau tra 10i tir tap dit liéu da nhap. Hoc
tap khong giam sat lién quan dén viéc phan tich dir liéu ddu vao ma khong c6 ciu
tra 101 xac dinh. Diéu nay thudng duoc sir dung dé mé hinh héa cau trac va phan
phéi dit liéu. Cudi ciing, hoc tip ban giam sat 1a mot phuong phép két hop lién quan
dén viéc két hop dir liéu duoc gin nhin va khong dugc gan nhin. Piéu nay co thé
gitp gidm bot ganh ndng cua nhiém vu ghi nhan. St dung cac thuat toan phéan 16p
ciia ML dé tién hanh phan 16p ngudi dung dua trén cac diém dic trung cta ho dé

thyc hién viéc can bang tai.
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CHUONG 2. CAC CONG TRINH LIEN QUAN

2.1, Cac cong trinh nghién ciru tai Viét Nam

Trong bai béo [1] cua Tran Cong Hung va cac cong su dang trén tap chi Khoa
hoc cong nghé Théng tin va truyén théng s 04(CS.01) 2018 cua Hoc vién Cong
nghé Buu chinh vién thong, da dé xuat mot thuat toan cAn bang tai nham giam thoi
gian dap tng trén dién todn ddm may. Y tudng cia bai bao nay chinh 1a st dung
thuat toan du bdo ARIMA dé dy bao thoi gian dap tmg. Tir d6, dua ra cach giai
quyét phan phdi tai nguyén hiéu qua dwa vao gia tri ngudng thoi gian. Bai bao da
dua ra thudt toan cling nhu thir nghi€ém moé phong voi mo hinh nho va da dat dugc

mot sd két qua moé phong kha tich cuc, tiém ning trong du bao tuong lai gan.

Trong bai bao [2] cua tac gia Nguyén Thanh Thiy va cic cdng su ding trén tap
chi “International Journal of Computer Science and Network, Volume 4, Issue 2,
April 20157, da trinh bay mot cach tiép can dé cai thién thuat toan ngan chan bé tic
Pong thoi cling 1én lich cho cac chinh sach cung cdp tai nguyén dé phan bo tai
nguyén khong déng nhét. Thuit toan ngin chin bé tic c6 do phuc tap thoi gian chay
12 O (min (m, n)), trong d6 m 1a sé luong tai nguyén va n 1a s6 lugng quy trinh. Ho
dé xudt thuat toan phan b nhiéu tai nguyén cho cac dich vu canh tranh dang chay
trong cic may 4o trén nén tang phan tan khong dong nhat. Cac thi nghiém ciing so
sénh hiéu suét cua phuong phap dé xuit véi cac cong viée lién quan khac.

2.2. M@t s6 cong trinh nghién ciu trén thé gioi

Niam 2018, Afrianto va cong su [12] di cong bd nghién ctru “Weighted Round
Robin Load Balancer to Enhance Web Server Cluster in OpenFlow Networks”.
Nghién ctru nay nham muc dich thiét ké va phan tich mo hinh can bang tai trén
mang OpenFlow va thyc hién thuat toan Round Robin trong s6 (WRR). Qua trinh
phan tich duoc tién hanh bing cach do gia tri cac thong sb trinh bay QoS cta may
chi web. Két qua cho thiy thuat toan WRR cé kha ning can bang hé¢ thong mang
v6i phan bd tai nguyén dong. Trong lugng cong viéc cua mdi dich vu c6 thé lay
duoc tir nhu cau va tai nguyén mang hién c6. Hi¢u suét ctia bd can br:?mg tai trén
mang OpenFlow tot hon 57% so voi mang truyén thong trong kiém tra thoi gian

phan hdi.
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Nam 2019, Shi va cong su [13] dd cong bd nghién ctru “Concury: A Fast and
Light weighted Software Load Balancer”. Trong nghién ctru nay, mot phan mém
trang thai can bang tai méi dugc gidi thidu, goi 1a Concury - giai phap dau tién dé
giai quyét hai van dé: (1) Cac trang thai duoc luu trit nhu cic ban tiéu hoa c6 kha
ning gay ra sy khong nhat quan cta géi tin do cac xung dot ctia ban phén tich. (2)
Mat phéng dit liéu can cap nhat cho moi két ndi moi va viée cap nhat thuong xuyén
s& lam anh huodng dén thong luong cling nhu tinh nhit quan cta goi. Cai tién quan
trong cua Concury la mot cach tiép can theo thuit toan dé luu trit va tra clru cac
trang thai mang 16n. Cai tién moi v6i két ndi thudng xuyén va gon gang vé chi phi
bd nhd, nhit quan theo cac thay doi cia mang va khong thudng xuyén cap nhat mit
phang dir lidu. Két qua danh gia cho thay thuat toan Concury cung cap thong luong
gap 4 1an va tiéu thy it bo nhé hon so véi cac thut toan can bang tai khac. Pong
thoi cung cap kha ning can bang tai c6 trong sb va tu do danh nham, cho ca luu

lugng trung tam dit liéu thuc va tong hop.

Trong thap ky gan ddy, su gia ting cac yéu cau (cac ung dung da dang va phiic
tap) cho cac dich vu ddm may dang lam tang khéi luong cong viéc trong méi trudng
dam may. Cac k¥ thuat dinh thoi kém hiéu qua dang phai ddi mit voi nhimg thach
thire vé tai nguyén khi chlng duogc sir dung qua murc va mat can bang. Diéu d6 dan
dén suy giam hiéu suat dich vu (do str dung qua murc) hodc ling phi tai nguyén dam
may (do chua dép tng du). Y tudng co ban ding sau thuit toan dinh thoi 14 phan
phdi cac nhiém vu (da dang va phuc tap) giira cac tai nguyén dam may dé tranh
duoc van dé mit can bﬁng. Thuét toan dinh thoi nén toi wu hod cac thong sb trinh
bay chinh: thoi gian phan hoi, thoi gian cho, do tin cay, tinh kha dung, muc ti€u thu
nang luong, chi phi, muc str dung tai nguyén,... Thé nén, vao nam 2019, Kumar va
cong su [14] da cong bd nghién ctru “A comprehensive survey for scheduling
techniques in cloud computing” nham cung cap danh gia h¢ thong ciing nhu phan
loai cac ky thuat 1ap lich dé xuét cung v&i nhitng wu diém va han ché cua chung.
bay 1a mdt cudc khao sat cd hé théng va toan dién, 1a budc dém tdt cho cac nha

nghién ctru dién todn ddm may cling nhu k¥ thuat dinh thoi trong tuong lai.

Can bang tai co thé cai thién cac chi s Chat lugng dich vu (QoS), bao gém thoi

gian phan hoi, chi phi, thong luong, hiéu sudt va sit dung tai nguyén. Vay nén,
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Ghomi va cong su [15] vao nam 2017 da cong bd bai nghién ctru “Load-balancing
algorithms in cloud computing: A survey” véi tai liéu vé cac thuat toan dinh thoi tac
vu va can béng tai. Déng thot, ho con trinh bay mot phan loai méi ctua cac thuat
toan. Vi du: danh muc can bang tai Hadoop MapReduce, danh muc can bang tai dira
trén Hién tugng tu nhi€n, danh muc can béng tai dua trén tac nhan, danh muc Can
béng tai chung, danh muc huéng ing dung, danh muc nhan biét mang va danh muc
quy trinh 1am viéc cu thé. Ho d3 cung cip c4c danh gia vé timg loai danh muc trén
v6i thong tin chi tiét vé viéc xac dinh cic van dé mé va hudng din cho cac nghién

clru trong tuong lai.

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

dién toan dam may. [16]
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CHUONG 3. NGHIEN CUU CHINH SACH BEN VUNG
NHAM XAY DUNG THUAT TOAN NANG CAO HIEU QUA
CAN BANG TAI CUA PIEN TOAN PAM MAY

3.1 Mo hinh nghién céu
Mo hinh nghién ctru sir dung thuat todn Cay phan loai hdi quy (CART) nham
muc dich loai bé cac task twong ng véi cac Request dua trén chinh sach bén viing.
Chinh sach bén virng dugc tinh toan dya trén muc do tiéu thy nang luong cua task
(Power Consumed), murc d6 st dung CPU (CPU Usages), mic d6 st dung RAM
(RAM Usages) va chi phi (Costing) dé thuc hién cac task trong cloud théng qua
thuat toan K-Means. Sau khi phan loai cac job/task theo chinh sach bén viing, bo
can bang tai s& phan bd cac request trong Gng voi cac task co do bén viing cao hon
vao nhitng may ao/host c6 niang luc xir 1y tot hon, tirc 13 mac d6 ranh task cao hon.
Tir d6, phan bd cac request ¢d nhu cau xu 1y cao vao cac may ao/host c6 mirc do
hoat dong thép nhat. Véi cach tiép can nay, thuat toan dé xudt s& cai thién thoi gian
xtr Iy can bang tai trén cloud dong thoi tng dung trén moi truong cloud theo thoi
gian thyc. Trong luan van nay tam dat té€n thuat toan la RCVKA.
Thuét toan dugc dé xuét nhu sau:
* Bude 1: Tiép nhan request
* Bude 2: Ap dung céac chinh sach cta thuat toan dé can bang tai
* Bude 3: Dya vao két qua thu dugc tién hanh can bang tai
Vé muc tiéu:
- Giam thiéu cAc rui ro cho hé théng may chu.
- Giam thiéu t6i da thoi gian song cho cac yéu cau trong dién todn ddm may.
- Han ché t6i da va ngdn chin sy mit cin bang tai giira cac may ao.
Gia dinh:
- B0 can br:?mg tai s& biét trude duoc nhirng dich vu nao dang chay trén cac

may a0 vao bat ky thoi diém nao.
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- Luan van nay chi tap trung vao dich vu Web (Web Service), cac may chu
web s& biét trudc thoi gian xir Iy cia timg dich vu chay trén web va trén
tirng may ao.

- Néu hai may 4o c6 cdu hinh twong duong nhau vé RAM, vi xur Iy va I/O thi
thoi gian thuc thi cia céc dich vu s€ khong co nhiéu khac biét.

Mo hinh nghién cvuu:
Thuat toan duoc dé xuit nhu sau:
*  Bude 1: Tiép nhan cac request

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

*  Bude 3: Dya vao két qua thu duogc tién hanh thuc hién can b'?mg tai

Tiép nhan
request

Chay thuat
toan

Cén bang tai

Hinh 3.1. M6 hinh cin bing tai

3.2, Thuat toan Cay phan loai va hoéi quy (Classification and
Regression Tree - CART)

Thuat toan CART [21] 1a mot loai thuat toan phén loai can thiét dé xay dung
ciy quyét dinh trén co s& “chi sb tap chat Gini”. N6 1a mot thuat toan hoc may co
ban va cung cap nhiéu truong hop sitr dung. Nha théng ké Leo Breiman di dit ra
cum tir nay dé mo ta cac thuat toan Cay quyét dinh c6 thé duoc st dung cho cac van
dé phén loai hoic mé hinh du bao hdi quy.

CART 1a mot tir bao ham dung dé chi cac loai cay quyét dinh sau:
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- Cay phan loai: Khi bién muc tiéu lién tuc, cay duogc st dung dé tim “lop”

ma bién muc tiéu c6 nhiéu kha ning roi vao nhét.

- Céay héi quy: Puoc sir dung dé du bao gia tri cia mot bién lién tuc.

Trong ciy quyét dinh, cac nut duoc chia thanh cac nat con trén co sd gia tri
ngudng cua mot thudc tinh. Thuat todn CART thuc hién diéu do béng cach tim
kiém su déng nhét tét nhit cho cac nat con, véi sy tro gilp cua tiéu chi Gini Index.

Nt gbe duge 14y lam tap huin luyén va duoc chia thanh hai bang cach xem
xét gia tri ngudng va thudc tinh t6t nhat. Hon nita, cac tp hop con ciing dugc chia
theo cing mot logic. Piéu nay tiép tuc cho dén khi tim thay bo con thuan tay cudi
cung trén cay hodc sb 14 tdi da co thé c6 trén cay dang phat trién d6. Piéu nay con
dugc goi 1a Cat tia ciy (Tree Pruning).

Cong thirc tinh toan chi sé Gini.

Gl =Z{_oP,(1— P)hoic GI =1—Xf, P}

O day ¢ 1a tong s6 16p va P 1a xac sudt cua 16p i.

3.4. Thuat todn K-Means

Thuat toan K-Means 13 thuat toan rat quan trong va duoc st dung phd bién
trong ky thuat phan cum, dugc dé xuit boi J .B.MacQueen. Thuat toan khong gidm
sat nay thuong dugc su dung trong khai thac dir liéu va nhan dang mau. Hudng dén
viéc giam thiéu chi s6 hiéu suat cum, tiéu chi 15i binh phuong va 13i 13 nén tang cta
thuat toan nay. Dé tim kiém két qua t6i wu hoa, thuat todn ndy cb ging tim K bo
phan dé thoa man mot tiéu chi nhat dinh. Pau tién, chon mot sé dau chim dé dai
dién cho céc tiéu diém cum ban dau (thong thudng, chon K diém mau dau tién cua
thu nhap dé dai dién cho tiéu diém cum ban dﬁu); thtr hai, gom cac chdm mau con
lai vé tiéu diém theo tiéu chi khoang cach ti thiéu thi ta s& duogc phan loai ban dau,
phan loai néu khong hop 1y thi stra d6i (tinh lai ting tiéu diém timg cum), lip di lip
lai cho dén khi ¢6 duoc mot su phan loai.
3.5. Thuit toan dé xudt RCVKA

Duya vao tham khao tir tai liéu [20], luan van nay xin d& xuét thuat toan gom
3 nhém module chinh:

(1) Module tinh todn ra cdc théng sé ciia Request bang thudt todn K-Means:
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Thuat toan K-Means trong Module 1 déng vai tro tinh toan cac thong sb sir
dung tai nguyén cua cac task/job dua trén cac thudc tinh ctia Request sau khi chon
loc boi chinh sach bén viing. Cac thudc tinh ciia Request bao gdm: Size, Response
Length, Max Length,...

Ponew = K-Means(Request, Power)

CPUpew = K-Means(Request, CPU)

RAMpew = K-Means(Request, RAM)

Request = {X1, Xy, ..., Xy}, voi Xj la cac thudc tinh ctiia Request khi gtri 1€n

cloud.
Trong do:

POnew (Power du doan Power New): Power ghi nhan dugc trong qué kha

CPUpew (CPU dy doan CPU New): CPU ghi nhan dugc trong quéa khir

RAMpyew (RAM du doan RAM New): RAM ghi nhan duogc trong qua khir

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

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

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

VMgeieet = RandomForest(Po, CPU, RAM);

Trong do:

VMgelect: may do dugc chon

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

trén bo dir liéu trude day cua cac Request

Po: Power du doan tinh toan tir Module 1

CPU: muc st dung CPU du doén tinh toan tir Module 1

RAM: muc st dung RAM du doan tinh todn tir Module 1
(3) Module phén bé cdc dich vu (chon mdy do)

Nhiém vu ciia Module nay 1a phan bd cac loai Request dén cic may 4o phu
hop. Néu mot Request dugc guri t6i thi Request d6 s& duoc phan loai boi Module 1
va cac VM dang xét bao gdom VM khong tai ciing duge phan cum theo Module 2.
Ngoai ra, Module 3 ¢6 nhiém vu phan bd Request dang xét vao mdy ao dd duge tim

thay tir Module 2, tir d6 xtr 1y va tra vé két qua cua Request. Sau do, luu két qua vao
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lich str bd nhé cac Request gan nhat da xu 1y dé 1am dir liéu du vao cho qué trinh

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

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

1. For each Request in CloudRequests

2. isLocated = false;

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

4. Request.SustainablePolicyClass = Cart(SustainablePolicy); //Cart la md

hinh phéan 16p tac vu

5. For each VM in VMList

6. If isFitSituation(Request.SustainablePolicyClass, VM)
7. AllocateRequestToVM(VM, Request); // Module 3
8. isLocated = true;

9. End If

10. End For

11. If(tisLocated)

12. VM = VMList.getSelectedVVM():; // Module 2

13. AllocateRequestToVM(VM, Request);

14, End If

15. End For

Trong doan ma gia trén, thuat toan RCVKA da si dung mot vong 1ap dé léng
nghe tat ca cic Request c6 trong danh sach hang doi dugc giri 1én bo can bang tai
(CloudRequests). Thuat toan sé& tiép tuc phan bd cac Request cho dén khi hét danh
sach hang doi. Cu thé, thuat toan st dung bién isLocated (kiéu luan ly — boolean) dé
1am co (flag) danh ddu Request dang xét dé xem Request d6 dd dugc phan bd hay
chua. Khi bat dau vong lap, bién isLocated dugc khoi tao gia tri mac dinh 14 false.
Budc tiép theo, thudt toan s& tinh todn ra vector SustainablePolicy 3 chiéu twong
ung vo1 PowerConsume, CPU Usage va RAM Usage (Priority = {Po, CPU, RAM})
can dung dé thyc hién Request dang xét. Viéc tinh toan ndy dua trén sb liéu clia cac
Request T1, T2,... Tn trude d0, trong d6 n 13 sé Request di duoc luu trong lich sir.
Ti chinh 1a cac dai lugng ctia Request thr 1 d@ dugc luu lai. Ti bao gém cac dai
lugng dau vao: MaxLength, FileSize, OutputSize... va cac dai luong xtr 1y do cloud
d3 thue hién dé xt Iy Request thir i bao gdm: PowerConsume, CPU Usage, RAM
Usage. N Request trong lich sir nay 1a dir liéu xay dyng nén ham K-Means dé du
bao va tinh todn ra cdc dai luong SustainablePolicy cho Request dang xét. Pai
luong SustainablePolicy ciing chinh 1a dir liéu dau vao dé chay CART phan 16p cho

Request dang xét, 16p sau khi phan s€ dugc gan vao thudc tinh
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SustainablePolicyClass ctia Request. Sau khi chay ra théng sb SustainablePolicy
cho Request, thuit toan s& thuc hién duyét vong lip dé duyét qua cac mdy 4o hién
dang c¢ trén cloud. V&1 tung may 4o tuong ng, thuit toan s€ xem xét mirc d¢ phu
hop d6i v6i d0 wu tién cua Request dang xét, thong qua ham
isFitSituation(Request.SustainablePolicyClass, VM). Néu théa, RCVKA sé& phan b
Request dang xét vao may 4o: AllocateRequestToVM(VM, Request) dong thoi gan
gia tri bién isLoacated = true. Trong trudng hop khong tim duoc may 4o nao thich
hop thi vong 1ap s€ két thic. Lic nay, thuat toan chay hét vong lap, bién isLocated
van mang gia tri false va Request van chua duoc phan bo. Vi vdy, nhiém vu chinh
cta thudt toan RCVKA hién gio 1a phan bd Request trén vao may ao dau tién trong
danh sach thong qua doan 1énh VM = VMList.getSelectedVM(). Viéc phan b nay
dam bao cac Request duoc du bao néu khong nam trong dit liéu cua thuat toan van
dugc phan bo va xir Iy dé phuc vu nguoi dung.
Phwong phap danh gia thudt toan RCVKA

Két qua dat dugc tur thuat toan ma luan van dé xuat RCVKA da dap ung cac myc
tiéu dugc dé ra trudc d6. Chang han nhu, gidi han sd luong yéu cau xép hang dé
phan phéi, giam thiéu thoi gian xu 1y va phan hdi ciia ddm may trung tim, déu tot
hon so voi cac thuat toan cii. Piéu nay dong nghia véi viéc hiéu niang cua dién toan
dam may dugc thuc hién boi thuat toan RCVKA da cai thién hon so véi bon thuat
toan duge dé cap dén trong luan van la FCFS, MaxMin, MinMin va Round
Robin.
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CHUONG 4. MO PHONG CHUONG TRINH VA PANH
GIA KET QUA

4.1. Giéi thiéu chung

Trong chwong nay, luan van s& trinh bay vé cai dit mo phong thuat toan
RCVKA. Cu thé, chuong nay s& st dung thuit toan RCVKA phan bd cac task
tuong Gmg voi cac Request dya trén d6 bén ving cac task d6 di duoc tinh toan.
Muc dg tiéu thu nang lugng cua task (Power Consumed), mirc d§ st dung CPU
(CPU Usages), mirc d6 st dung RAM va chi phi (Costing) dé thuc hién cac task
trong cloud dd dugc tinh toan k§ cang tao nén do bén viing cua thuat toan. Sau khi
phan loai cac task theo do uu tié do bén viing, bo can bang tai s& phan bd cac
request tmg véi cac task 6 do bén vitng cao hon vao nhitng may ao/host ¢ ning
Iuyc xir 1y tot hon hay ¢6 muc d6 ranh task cao. Tir d6, phan bo vao cic may ao/host
c6 mirc d6 hoat dong thap nhat cac request co nhu ciu xur Iy cao. Vi cach tiép can
nay, thuat toan dé xuat RCVKA s& cai thién thoi gian xir Iy can bang tai trén cloud
sau d6 tmg dung trén moi trudng cloud theo thoi gian thuc. Cac két qua thu duoc
sau khi tién hanh cac budc nhu trén dung dé phan tich tinh hiéu qua cta thuat toan

da dé xuat.
4.2. Maéi troeang mo6 phong thuc nghiém

Duya vao bd dit li¢u chira cdc Request, luan van da st dung thuat toan K-Means

dé phan loai Request dua trén cac dic trung ctia ching (hanh vi nguoi dung cloud).
Budc 1: Tiép nhan gia trj input
Budc 2: Phén tich cac input dé rut trich cac dic trung cua cac gia tri input
Budc 3: Dya véo cac dic trung trén, ching ta sir dung machine learning dé phan
10p cac gia tri dau vao.
Budc 4: Dya vao két qua phan 16p, ta tién hanh can bang tai cho hé thong.

Dua vao dit liéu co thé biét cua cac Request, ta st dung thuat toan Regression dé
phan loai chiing bang cach tinh toan ra bd Priority = {Power, CPU, RAM}. Tir d9,
ta biét dugc cach phan bo tai nguyén cho cic Request vao cic may ao da dugc phan

cum san trudc do. Két hop danh gié so lan sai va sai s0, ta c6 thé cai thi¢n thuat toan
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bang cach ap dung may hoc (machine learning). Tuy nhién, may hoc sé& it duoc ap

dung dé cai thi¢n thuat toan vi van xdy ra sai sO cho phép.

Khi gia 1ap moi truong cloud, luan van da st dung ngon ngir 1ap trinh JAVA va
bo thu vién CloudSim. Bao gdm 5 dén 15 may 4o, mdi trudng cloud 14 noi dé cac
Request ngau nhién truy cap dén cac dich vu trén cloud. Cac dich vu gém co: dich
vu cung cip may 4o, dich vu cung cap va dap tng ngudi dung caa CloudSim dé tién

hanh thtr nghiém.

Sau d6, luan van tiép tuc tién hanh cai dit thuat toan K-Means va J48 trén moi
truong mo phong duoc phat trién bai bo thu vien WEKA. Cubi cung 1a kiém
nghiém két qua cua thuat toan dé xuat.

Cac tham s6 ciia mé hinh mang mé phéng:

Qua trinh thuc nghi€ém mo phdéng thuat toan dugc cai dat trén Eclipse IDE hoac
NETBEAN IDE va st dung ngon ngit JAVA dé chay thtr v6i két qua duoc hién thi
dudi dang console. Mdi trudng gia lap ding bo thu vién ma nguén mé CloudSim
(dugc cung cdp boi http:/www.cloudbus.org/) két hop voi bd thu vién vé
datamining la WEKA.

Moi trudong mé phong gia 1ap gdm céc thong sb sau:

- 1 Datacenter vé6i thong s sau:

Bdng 4.1. Théng s6 cdu hinh Datacenter

Théong tin Datacenter Thong tin Host trong Datacenter
- SO luong may (host) trong | Mdi host trong Datacenter ¢6 cau hinh
datacenter: 5 nhu sau:
- Khong sir dung Storage (cac 0 | - CPU c6 4 nhan, mdi nhan c6 toc do xir
SAN) 1y 1a 1000 (mips)
- Kién trtc(arch): x86 - Ram: 16384 (MB)
- Hé diéu hanh (OS): Linux - Storage: 1000000
- Xur ly (VMM): Xen - Bandwidth: 10000
- TimeZone: +7 GMT
- Cost: 3.0
- Cost per Memory: 0.05
- Cost per Storage: 0.1
- Cost per Bandwidth: 0.1

- Cac may 4o c6 cau hinh giong nhau khi dugc khoi tao:
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Bdng 4.2. Cdau hinh mdy do

Kich S6 lwgng cpu
thuére Ram Mips | Bandwidth R IRV .Y
. (pes no.)
(size)
10000 MB | 512 MB 250 1000 1 Xen

- Cac Request (chay trén web, WebRequest) dai dién boi Cloudlet trong
CloudSim va kich thudc cua cac Cloudlet duoc khdi tao mot cac ngﬁu nhién béng

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

Bdng 4.3. Cau hinh théng s6 cdc Request

Chidudai | Kich thude file Kic'; l:::’f: file | o5 CPU xir Iy
(Length) (File Size) (Output Size) (PEs)
3000 ~ 1700 | 5000 ~ 45000 450 ~ 750 1

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

phu hop hon:
@Override

public void run() // Module 3

public CondorVM getFittingVm (double label)

/l Module 2

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

// Module 1

Tiéu chi danh gia
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Thyuc nghiém md phong cloud véi cac tham sé nhu trén dé chay thuat toan can
bang tai ctia CloudSim c6 sin. Sau do, két hop chay thuat toan dé xuat RCVKA moi
cai dat voi dir liéu dau vao. Cudi cung, so sanh két qua dau ra, dic biét 1a thong sb
thoi gian thuc hién (Makespan). Sai sb cua thoi gian dap tmg du doan cia cic may
a0 va thoi gian dap Gmg du doan cua cloud cang thap thi hiéu qua cua thuit toan

cang dugc danh gia cao.

4.3. Két qua thwe nghiém ciia mé hinh.

Ta tién hanh chay thuc nghiém mé phong trén CloudSim véi 5 may 4o da duoc
dung sin dé dap tmg cac Request. Cac request duoc khdi tao c6 chiéu dai va kich
thude ngau nhién voi sd lugng Request 1an luot 14 30, 60, 100 va 1000. Dudi day 1a

két qua ghi nhan mo phong 30 va 1000 request:

Bang 4.4. Két qua thie nghiém mé phong véi 30 request

Thoi gian thye | cope | poyka | MaxMin | Minmin | Round

hién (ms) Robin
AVG 55470 | 206.43 25353 261.94 271.48
MAX 8.618.72 | 273452 | 306834| 3191.11| 4.687.36
MIN 0.26 011 0.14 0.14 0.12

Vi két qua thuc nghiém cua 30 Request, c6 thé thiy rang thuat toan dé xuat
RCVKA dang c¢o loi thé hon so voi cac thuat toan con lai. Thudt toan MaxMin va
MinMin ciing theo sat thut toan RCVKA voi thoi gian xtr Iy kha on dinh. Trong
khi d6, thuat toan FCFS lai c6 thoi gian xir Iy kha cao, chiém gip gan 4 1an so voi
thuét toan dé xuét. Tuy nhién, dé chirng té thuat toan dé xudt that sy co hiéu qua, ta

s& tién hanh xir 1y nhiéu request hon va quan sat két qua.

Badng 4.7. Két qua thuc nghiém mé phéng véi 1000 request

Thoi gian _ o Round

thuc hién FCFS RCVKA MaxMin MinMin .
(ms) Robin
AVG 380.90 326.59 545.62 639.75 514.52
MAX 15,971.02 6,360.17 | 54,741.18 | 30,587.87 | 60,263.71
MIN 0.12 0.18 0.15 0.16 0.13

Vi truong hgp 1000 request nay, thuat toan RCVKA da chirng minh minh

vuot troi hon so voi 4 thuan todn con lai. Néu luong request bung nd, viéc xur 1y cua
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thuat toan van dap ing duoc, phu thudc vao céu hinh thiét bi chay b can béng tai vi
vy khong qua khé khin trong viée xtr Iy can bang tai néu luong request nhiéu.

4.4, Panh gia két qua

Mo hinh thuc nghiém mé phong véi cac thong sb ciing nhu kich ban dua ra déu
dua vao qua trinh request cua cadc browser trén moi truong cloud. Qua do, luan van
ghi nhan duoc cac thong sd vé thoi gian xir Iy ctia cac may ao ciing nhu cua cloud.
Viéc chay thuc nghiém véi théng sb ciia 5 may 4o, chiu tai tir 30 dén 1000 Request
d3 cho ra két qua twong d6i kha quan. Ngoai ra, viéc phan bd ciac Request dén cac

may 4o ciing xtr Iy kha dong déu va co tinh kha thi cao.
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KET LUAN

Luan vin “NGHIEN CUU CHINH SACH BEN VUNG NHAM XAY

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

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

may ao sao cho hop 1y va nang cao can bang tai trong moi trudng di¢n todn dam

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

todn da co6 deé phan tich lam ro chung, sau d6 co6 thé danh gid dua ra nhugce diém va

loi thé cua tung thuat todn. Tir cac nhuoc diém da phan tich, dé xuat mot thuat toan

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

so véi cac thuat toan cli. Qua trinh nghién ctru da dat dugc nhiéu muc tiéu dé ra nhu

Sau:

Nghién ciru téng quan dam may va cic ddm may v6i ba mo hinh chinh dang
dugc sir dung. Cac k¥ thuat can bang tai duoc dung trong mdi truong dién

todn dam may.

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

dac trung cua no.

Nghién ctru cach tiép can dam may dién toan thong qua moé phong sir dung
cong cu giao dién than thién va dé su dung cua CloudSim. Cai dat va mo
phong cac k¥ thuat can bang tai, cac thuit toan Round Robin, MaxMin,
MinMin va thuat toan tu nhién FCFS. Cac gia tri thu dugc khi mé phong dua
ra dung dé phan tich so sanh voi nhau, nham tém lai duoc cac nhuge diém va
wu diém cua cac thuat toan. Tir d6, luan van s& dé xudt mot thuét toan sira d6i

dé khac phuc mat han ché do.

Két qua dat dugc tir thuat toan dé xuét dap ung duoc cac muc tiéu nhu viéc
dap tmg thoi gian duoc cai thién, han ché cac tai nguyén bi déi ciing nhu
may 40 c6 nang lyc xtr Iy manh s& dugc xir 1y nhiéu yéu cau hon. Qua do,
gitip can bang tai hiéu qua hon céc thuat toan duoc so sanh 1a Round Robin,

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

Han ché lugn vin

- Chua duoc tng dung vao moéi truong thuc té.

- Thoi gian dap Gmg va xir Iy chua cai thién dugc nhiéu.
Vin dé kién nghi va hwéng di tiép theo ciia nghién civu:

- Pua thuét toan dé xuit vao ung dung thuc té.

Ap dung mé hinh ning luong tiéu thu ciia Datacenter hodc cloud tuong tmg dé xay

dung biéu do phén bo tai cho cloud.



