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TOM TAT

bién toan dam may (DTPM) ra doi xuét phat ttr nhu cau chi phi thdp cta con nguoi.
Nguoi dung thué dich vu trén DPTDM va tra tién gidng nhu ching ta st dung dich
vu dién nude, e dung bao nhiéu tra tién bay nhiéu. D& xay dung mot hé thong dam
may can mot chi phi rdt 16n, vi vay trong nghién cttu cac nha khoa hoc thuong st
dung cac cong cu md phong dé thé hién cac két qua nghién ctru cia minh. Trén moi
treong DTPM c¢6 2 chinh sach quan trong d6 la chinh sach lap lich cong viéc va
chinh sach phan b6 may 4o tai cac trung tam dit liéu. Bai bao nay nghién cttu cong
cu m6 phong TeachCloud, sau d6 nghién ctru cac chinh sdch phan bs may ao nham
tim ra chinh sach phan bd t6i wu thoi gian thyc hién va tiét kiém ndng luong tiéu

thu trén cac trung tam dit liéu.

Tt khoa: Cloud computing, Data centers, Cloud simulation tools, TeachCloud.

1. MO PAU

DTDM ra doi xudt phat ttr nhu cau tinh toan va yéu cau dich vu voéi chi phi thap
cua nguoi st dung. Thuc t€, ngay cang c6 nhiéu bai toan phttc tap hon duoc dét ra va
do d6 céc ca nhan, td chirc nghién ctu va trién khai cting can phai c6 nhitng nang luc
tinh todn manh mé hon. Hién nay ¢ 2 cach giai quyét van dé nay:

Th nhat: Nang cap co so ha tang dé tinh toan nhu mua thém mdy chd, may
tram, siéu may tinh, cluster... Day la cach thuc hién ton kém va gay lang phi tai nguyén
cuia ca nhan, td chic.

Thtt hai: Thué thém cac ngudn tai nguyén san cé tir bén ngoai. Day chinh 1a muc
tiéu caia DPTDM. Trong nhitng ndm gan day, PTPM nhanh chéng ndi 1én nhu mot xu
hudng cong nghé thu hut moi nha cung cap dich vu 16n nhu Google, IBM, Microsoft.
Cong nghé va kién triac dich vu PTPM cho phép khach hang khong s¢ hitu tai nguyén
vat ly trong cac ddm may ma chi tra tién trén nhu cau st dung. Dich vu DPTDM c6 thé
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luu trik di liéu cho dén cac ing dung ctia nguwoi dung cudi, cung voi cac dich vu dién
toan tap trung khac.

Uu diém chinh cia DPTPM la ¢ thé giam chi phi phan cting, ting kha nang tinh
toan va kha nang luu trit, nguoi dung co thé truy cap dich vu chét lwong cao véi mie
chi phi thap ma khong can quan tam dén ban quyén va viéc phai nang cdp phan mém.

bé xay dung mot hé thong dam may ching ta can mdt co s¢ ha tang 16n tai cac
trung tdm dit liéu bao gom cac mdy cht va cac thiét bi phan cting khéc; trén moi may
chti ¢ cc phan mém dé 4o héa phan ciing va phan mém, mdi may chu cé thé khdi tao
ra nhiéu mdy 4o, mdi mdy &o can cai dat cac dich vu cho nguoi dung. D&i véi nguoi
dung can xac dinh yéu cau QoS (Quality of Service) cting nhw muc tiéu cu thé. Vi vay,
d€ tao ra mot hé thong dam may can chi phi 16n.

Mic khac, khi nghién cttu vé DPTPM chung ta can yéu cau cac thanh phan, cau
hinh va m6 hinh trién khai khac nhau. Vi vay, chiing ta gdp rat nhiéu khé khan vé chi
phi khi thyee nghiém trong moi treong ¢ thé ldp lai, dang tin cay va kha ndng mo rong
bang cach st dung ddm may thuc [1]. D& khac phuc cac nhuoc diém trén, st dung cong
cu mo phong trén DPTDM la mét giai phap thay thé hiéu qua. Cong cu méd phong cd thé
kiém tra cac thanh phan trén DTDM nham muc dich giam do phtic tap va danh gia hiéu
nang ctia hé thong theo nhiéu kich ban khac nhau.

Hién nay, cac nha nghién ctru da xay dung nhiéu cong cu mé phong DPTDM nhu:
DCSim, GroundSim, CloudSim..., mdi cong cu déu co uu va nhuge diém riéng. Rahul
Malhotra [2] va Kalpana Ettikyala[3] da tién hanh nghién cttu va so sanh cac cong cu mo
phéng trén DPTDM. Két qua nghién cttu cua Rahul Malhotra va Kalpana Ettikyala da chi
ra cong cu mod phong CloudSim [6] 1a cong cu tong quat nhat, gitp cac nha nghién cttu
tw xay dung md phong mot dam may hoan chinh. Tuy nhién, CloudSim cung cap thu
vién viét bang ngdn ngit Java, nguoi dung phai lap trinh d€ tao ra mot dam may. Tt
nam 2013 dén 2019, Yaser Jararweh[4] da ké thwta va phat trién CloudSim thanh
TeachCloud véi giao dién d6 hoa dé dling, truc quan giup nguoi dung tao ra mot dam
may theo nhiéu kich ban khac nhau.

Hién nay, s6 luong nguoi dung dich vu trén DPTDM tang vuot bac, dan dén tiéu
thu nang luong trong xtt ly, luu trit va truyén thong di liéu 16n. Viéc tiéu thu nang luong
16n dan dén 6 nhiém moi truong vi lwong 16n carbon thai ra tir cc trung tam di liéu.
Dé giam lwgng tiéu thu nang lwgng chung ta can ¢d giai phép t6i vu phan cing va phan
mém [5].

T&i wu phan ciing nham giam nang leong tiéu thu bang cach st dung phan cting
linh hoat thay d6i kha ndng tinh todn cua may chu thong qua viéc kiém soat tan s6 va
dién ap trong may chu. Tuy nhién, cach nay ton kém va kha nang mé rong kém vi cac
yéu cau phan cung dac biét [5].
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D€ t6i vu phan mém ching ta can dung cac thuat toan t6i wu dé€ giam thiéu luong
tiéu thu trén cac may cht va b nhé st dung, cu thé ching ta dung cac thuéat toan toi vu
dé st dung it nhat bo nhd va s may ao trén cac may chu [5].

Trén DTDM, céc thuét toan t6i wu tap trung 2 nhom cong viéc: tdi wu trong lap
lich cac yéu cau ctia nguoi dung va tdi wu trong cach phan b6 cac may ao dé cung cap
cho nguoi dung. Bai bao nay tap trung nghién cttu cac chinh sach phan bé may ao cho
nguroi dung nhdm tiét kiém ndng liéu tiéu thu trén cdc trung tam dit liéu.

DPé phuc vu cho viéc nghién ctru, bai bdo nay chi tap trung nghién cttu cong cu
mo phong TeachCloud dé mo phong lai tat ca cac qua trinh dé tao ra mot dam may. Sau
dé nghién ctru cac chinh sach phan b may ao: IQR, MAD va THRRS nham tim ra chinh
sach nao tdi wu thoi gian thuc hién va tiét kiém nang luong cho cac trung tam dit liéu.

2. TEACHCLOUD
2.1 Giédi thiéu

DTDM la mot mo hinh dién toan, md hinh nay da va dang phat trién rat nhanh
chéng va nhan dwgc s quan tam 10n tir cad nganh cong nghiép va gidi hoc thuat. Do do,
cac truong dai hoc dang tich cure tich hop DPTDM vao chwong trinh giang day Cong nghé
thong tin cua minh. Mot thach thitc 16n cho cdc giang vién va cac nha nghién cttu la phai
ddi mat 1a thiéu co sd ha ting d€ nghién cttu va giang day. D& khic phuc cic nhuoc diém
nay, Jaraweh [4] da ké thira CloudSim dé xay dung 1én cong cu mo phong Teach Cloud.

TeachCloud c6 thé dugc sit dung dé€ thir nghiém véi cac thanh phan dam may
khac nhau nhu: phan t& xt ly, trung tdm di liéu, lvu trkt, mang, rang budc thoa thuén
muc dich vu (SLA), tng dung dua trén web, kién trac hudng dich vu (SOA), do hda,
quan ly va tit dong hoa, va quan ly quy trinh kinh doanh (BPM).

TeachCloud st dung CloudSim lam nén tang thiét ké co ban va moé rong thém
cac tién ich. Nhing cai tién va tién ich mo rong nay bao gom:
- Phat trién GUI cho bd cong cu.
- Thém chirc nang tao khoi lugng cong viéc vao trinh moé phong CloudSim.
- Tich hop khung MapReduce vao CloudSim d€ xt ly d liéu song song.
- Thém cac mé-dun mdi lién quan dén SLA.
- Thém cdc mo6 hinh mang nhu VL2, BCube, Portland va DCell

- Thém md-dun hanh dong cho phép ching ta cdu hinh lai hé thdng va quan sat
su tac dong qua lai gitta cac thanh phan trong hé thong.
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2.2 Lwgc d6 16p

Lugc d6 16p cua TeachCloud duoc thé hién ¢ Hinh 1, lwgc d6 16p nay st dung
lai Iwge d6 16p cuia CloudSim [6], sau d6 b6 sung thém cac 16p Map, Reduce, Master va
chinh séach 1ap lich Mapreduce nham xtt ly song song cho cac yéu cau ctia nguodi ding.
Dua vao lugc d6 16p nay ching ta c6 thé lap trinh dé€ tao ra mot dam may, thuat toan dé
tao ra 1 ddm may bao gom cac budc:

Budc 1: Khoi tao thw vién CloudSim;

Buwdc 2: Tao Datacenter, DatacenterCharacteristics va chinh sach phan bé may ao;
Budce 3: Tao DataBroker;

Budc 4: Tao Host, may ao (VM);

Budc 5: Giri danh sach VM cho Broker;

Budce 6: Tao tac vu (Cloudlet) cho ngwoi dung;

Buwdc 7: Guiri danh sach Cloudlet cho Broker

Budc 8: Khoi dong qua trinh mo phong va tao ra mot ddm may
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Hinh 1. Luogc d6 16p cua TeachCloud
2.3 M6 hinh lam viéc

TeachCloud duoc mo rong tir CloudSim, CloudSim dwa ra ba thanh phéan co ban
Hosts, Virtual Machines, va Applications nhdm mo phéng ba md hinh IaaS
(Infrastructure as a Service), PaaS (Platform as a Service), va SaaS (Software as a Service)
ctia DTPM. CloudSim c6 thé hd tro dé tao ra co so ha ting DTPM véi quy mo 16n véi
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nhiéu mo6 hinh trién khai khac nhau. N6 cung cdp m6 hinh cua trung tam dit liéu, moi
gioi dich vy, 1ap lich va cac chinh sach phan b6 tai nguyén.

Hinh 2 chi ra m6 hinh lam viéc cua TeachCloud véi n nguoi dung cung cap cac
tac vu (task) doc lap, cac tac vu nay thong qua bo moi gidi cua trung tam dit liéu
(DataCenter Broker) va chinh sach phan b6 may ao (VmAllocation Policy) d€ anh xa vao
mot trong cac may ao (Vitual machine) twong tng. Bai bao nay tap trung nghién ctru cac
chinh sach phan bd may ao nham t6i wu thoi gian thuee hién va tiét kiém nang leong tiéu
thu cho céc trung tam dit liéu.

3. CAC CHINH SACH PHAN BO MAY AO TREN TEACHCLOUD

Mot trong cac thach thitc d€ phan b6 may 4o tai cac trung tam dit liéu la lam sao
anh xa cac yéu cau may ao ttr phia nguroi dung vao may chu sao cho chi phi thap nhat,
kha néng tiéu thu ning lwong thap nhat ma khong anh huong dén hiéu nang ctia hé
thong.
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Hinh 2. M6 hinh lam viéc ctia CloudSim

TeachCloud [4][6][7] d& dwa ra 3 chinh sach phan bd mday ao: MAD,
THRRS va IQR, cac chinh sach nay st dung ngudng thich nghi nham muc dich wdc tinh
kha nang stt dung cta CPU va xac dinh dwoc cac may chu qua tai.
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3.1 MAD va IQR

Dua trén ngudng st dung ctia may chu, chinh sach nay sé ra quyét dinh chuyén
may ao sang may chu khac hay khong. MAD st dung ngudng trén (Q2) va ngudng duwdi
(Q1) vé kha nang stt dung CPU va gitr cho cac mdy may ao st dung toan bd CPU gitra
cac ngudng nay. Néu cac may ao st dung CPU nam ngoai ngudng, cdc may 4o nay sé
duoc di chuyén dé tat may cht nham tiét kiém nang luong va thda man yéu cau cta
nguoi dung.

Tuy nhién, do thye téla cac gia tri ngudng cd dinh khong phtt hop véi moi treong
c6 khoi luong cong viéc dong va khong thé doan truede. Vi vay, can cé cac ky thuat khac
o thé ty dong diéu chinh ngudng str dung ciia may chu, cac ngudng nay co thé dya trén
phan tich thong ké cua di liéu lich sit dwoc thu thap trong thoi gian ton tai cua cac may
40. IQR khac phuc cac nhurgc diém nay bang cach tinh trung binh cac ngudng trén (Q3)
va trung binh cadc ngudong duwdi (Q1), sau do tinh nguedng IQR=0Q3-Q2 [7].

3.2 THRRS

Chinh sach nay phan b6 may ao st dung ngudng tinh két hop voi chinh sach lya
chon may 4o nggu nhién. THRRS dwoc xay dung d€ gidm sat viéc st dung CPU ctia mot
may cht, néu viéc sit dung giam dudi ngudng t6i thi€u hodc tang trén ngudng toi da thi
thi may ao sé duoc gan lai cho mdy chu khac. Cac may chu trudc do sé duoc ddt sang
ch& d6 ngu hodc ché€ d nang luong thap dé tiét kiém nang luong [7].

4. MO PHONG VA PHAN TICH

Phan nay st dung TeachCloud d€ xay dung mot dam may nham cung cp cac
dich vu cho nguoi dung. Sau do, chon cac chinh sach phan b6 mdy ao khac nhau dé so
sanh va phan tich thoi gian thyec hién va nang luong tiéu thu cua ting chinh sach.

4.1. M6 hinh m6 phong

M6 hinh m6 phéng cua ddm may duoc thé hién 6 Hinh 3.
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Hinh 3. M6 hinh m6 phong trén TeachCloud
bam may dugc mo phong trén TeachCloud véi cac cdu hinh sau:
- C4u hinh trung tam d@ liéu duoc thé hién ¢ Bang 1.

Bang 1. Cau hinh trung tam di liéu

arch OS Vmm Cost CostPerMem CostPerStorage

x86 linux Xen 3.0 0.05 0.001

- Trung tam d liéu bao gom 2 cum may chti, moi cum may chti cé cdc cau hinh
khac nhau. Cau hinh cum may cha 1 va 2 dwoc thé hién 6 Bang 2 va Bang 3.

Bdng 2. Cau hinh mdy cht cum 1

S6 host RAM storage bw

30 4Gb (4096) 1.000.0000 100.000
Bdng 3. Cdu hinh may cht cum 2

S6 host RAM storage bw

20 8Gb (8192) 10.000.000 50.000

- Trung tam di liéu bao gém 2 cum mdy ao, moi cum may 4o c6 cac cdu hinh
khéac nhau. Cau hinh cum may ao 1 va 2 duoc thé hién ¢ Bang 4 va Bang 5.

Bang 4. Cau hinh may a0 cum 1

S6 VM | Size Ram Bw | PesNumber | mips Task Schedular

30 2.500 1024 10.000 1 2.000 | Dynamic Workload
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Bang 5. Cau hinh may 4o cum 1

S6 VM | Size Ram Bw PesNumber | mips Task Schedular

10 5.000 2.048 50.000 1 1.000 | Dynamic Workload

- C4u hinh Cloudlet dwgc thé hién nhu Bang 6.

Bang 6. Cau hinh mdy 4o cum 1

S6 Cloudlet length filesize outputsize memory

40 5.000 2.048 50.000 1.024

Cac ciu khac cta trung tam di liéu, may cha, may ao, Cloudlet, ... dwoc lay
ngam dinh nhu trong TeachCloud.

4.2 Thay d6i chinh sach phin b8 may ao

Duwa trén mo hinh mo6 phong nhu Hinh 3 va thuat todn tao ra mot ddm may ¢
Phan 2.2, ching toi tién hanh md phong dé€ tao ra mot dam may nhw cdu hinh ¢ Phan
4.1. Trong qué trinh mo6 phong, lan luot thay déi chinh sach phan bd may ao va st dung
tién ich trén TeachCloud d€ do nadng tiéu thu cho tirng chinh sach. Hinh 4,5,6 trinh bay
két qua tiéu thu nang cta tieng mdy chi khi st dung chinh sach phan b6 may ao: MAD,
IQR va THRRS
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Hinh 4. Nang luong tiéu thu cua cac host khi st dung chinh sach MAD
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Hinh 5. Nang luong tiéu thu cta cac host khi st dung chinh sach IQR
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Hinh 6. Nang luong tiéu thu ctia cac host khi stt dung chinh sach THRRS
Sau khi tinh todn ndng leong tiéu thu cung tirng mdy chu trén trung tam dit liéu,
ching t6i tién hanh tinh thoi gian thyc hién cac yéu cau ctia nguroi dung khi thay déi cac
chinh sach phan bd may ao. Két qua thoi gian thuc hién duoc thé hién ¢ Bang 7 va Hinh
7.

Bdng 7. So sanh thoi gian thuc hién cta cac Cloudlet

Thoi gian hoan thanh (s)
Cloudlet ID
IOR MAD THRRS
0 5127.78 5700.1 5700.1
1 6463.94 5700.1 6627.78
2 5400.1 5400.1 6300.1
3 5563.94 5700.1 6600.1
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4 5100.1 4800.1 5863.94
5 5863.94 6000.1 6327.78
6 5400.1 5727.78 6300.1
7 5100.1 4963.94 5700.1
8 5700.1 6600.1 6763.94
9 5563.94 6000.1 6763.94
10 5563.94 6000.1 5563.94
11 5863.94 6000.1 6163.94
12 6000.1 6000.1 6463.94
13 5563.94 5400.1 6027.78
14 5400.1 5700.1 6900.1
15 4963.94 5100.1 5563.94
16 6000.1 6000.1 6463.94
17 5400.1 4663.94 5563.94
18 6600.1 5863.94 6300.1
19 5400.1 5263.94 6000.1
20 5700.1 5700.1 6600.1
21 5263.94 4800.1 5563.94
22 5100.1 4963.94 5400.1
23 5563.94 4800.1 6463.94
24 5263.94 4827.78 5100.1
25 6163.94 6600.1 6763.94
26 4800.1 4500.1 4963.94
27 6163.94 5863.94 6163.94
28 5263.94 5563.94 5700.1
29 4963.94 5400.1 5563.94
30 13500.1 13500.1 13200.1
31 10800.1 10800.1 13200.1
32 13527.78 11100.1 12600.1
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33 12300.1 12900.1 12600.1
34 10200.1 11100.1 12600.1
35 11400.1 11427.78 13500.1
36 12300.1 12900.1 12600.1
37 11400.1 12327.78 12900.1
38 13800.1 13200.1 13200.1
39 10527.78 13200.1 13200.1
Téng thoi gian thuc hién (s) 286.044,6 288.061.6 311.845
Téng ning lugng tiéu thu(Ws) 15.948.000 13.896.000 10.512.000
Thai gian thyc hién Ning lugng tidu thy
350000 , 12000000
15948000 3 1.1 8‘_‘5 16000000
300000 288061.6 e
I 14000000
150000 I 8000000
I 6000000
100000
4000000
50000
2000000
¢ I(gR ‘ MAD R THRRS Ciéc ching séch dinh vi mdy do
O Téng thoi gian thyc hién ( s) BT3ng niing lugng tiéu thu(Ws)

Hinh 7. Biéu d6 so sanh thoi gian thyc hién va nang luong tiéu thu
gitra cac chinh sach phan b6 mdy ao
Théng qua két qua md phong nhw Hinh 7, chinh sach phan bd THRRS tiét kiém
nang lueong tiéu thu nhat, nhung thoi gian hoan thanh cac yéu cau 16n vi thoi gian thiee
hién cac yéu cau tinh ca thoi gian di chuyén cac may ao sang may chu khac khi may ao
str dung tai nguyén vuot ngudng. Vi vy, chinh sach nay cang tiét kiém nang luwong thi
thoi gian hoan thanh cong viéc cang l16n.

Trong khi d6, chinh sach phan b6 MAD kha nang di chuyén cac may ao it nén
can b?mg duwoc dwoc ca thoi gian thuc hién 1an kha ndng tiéu thu nang luwong tai cac
trung tam dix liéu. Chinh sach IQR maéc du tinh lai cac ngudng tinh nhung theo két qua
nhw Hinh 7 thi kha nang tiéu thi nang lwong van cao nhung thoi gian thuee hién cac yéu
cau lai thap hon 2 chinh sich MAD va THRRS. Vi vay, tuy theo yéu cau chat luong dich
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Nghién citu cic chinh sich phin b6 may do trén TeachCloud

vu ciia ngroi dung va chinh sach tiét kiém nang luwong ctia nguoi quan ly ta chon chinh
sach phan bd phu hop.

4. KET LUAN

Bai bao nay tap trung vao nghién cttu cong cu mo6 phong TeachCloud, xay dung
mo hinh va thuat toan toan d€ tao ra mot ddm may. Dya trén dam may duoc xay dung,
bai béo tién hanh thay d6i chinh sach phan bd mdy 4o nham tim ra chinh sach t&i wu
thoi gian thye hién va tiét kiém nang lwong cho cac trung tam di liéu. Thong qua viéc
phan tich, danh gia két qua mo6 phéng cho thay chinh sach MAD la chinh sach tdi wu
nhét vira dap ting duoc yéu cau chi phi thdp cua nguoi dung vira tiét kiém dwoc néng
luong tiéu thu tai cdc trung tam d@ liéu. Hudng nghién ctru ti€p theo ctia bai bao la cai
tién cac chinh sach phan b6 MAD, IQR va THRRS dé tim ra cac ngudng dong khi tai
nguyén trén ddm may thay déi lién tuc.
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RESEARCH ON VIRTUAL MACHINE ALLOCATION POLICY
IN TEACHCLOUD

Nguyen Hoang Ha
Faculty of Information Technology, University of Sciences, Hue University
Email: nhha@husc.edu.vn
ABSTRACT

Cloud computing was given from people's need for a lower cost. Users can rent
services on Cloud computing and pay as much as they already use which is the same
as using electricity and water services. However, creating a cloud requires a very
huge cost; therefore, scientists often use simulation tools to simulate their research
results. For Cloud computing, there are two important policies, including the job
scheduling policy and the virtual machine allocation policy at data centers. In this
paper, we will study on the TeachCloud simulation tool. We will also study on the
virtual machine allocation policies for the purpose of finding the optimal one in term

of the execution time and saving energy consumption in the data centers.

Keywords: Cloud computing, Data centers, Cloud simulation tools, TeachCloud.
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