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Thuét toan PSO cai tién trong cung cap tai nguyén
cho dich vu 40 héa dwa trén nén tang may chii chia
sé khong dong nhat
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Abstract: Providing resource for virtual services in
cloud computing which requires saving the resource
and minimizing the amount of energy consumption is
critical. In this study, we propose the resource model
and linear programming formulation for multi-
dimensional resource allocation problem. Based on
the Particle Swarm Optimization algorithm, RA-PSO
algorithm was designed to solve and evaluate through
CloudSim simulation tool compared with FirstFit
Decreasing (FFD) algorithm. The parameters include
the number of physical machines being used and the
amount of energy consumption. The experimental
results show that the proposed RA-PSO algorithm
yields a better performance than FFD algorithm.
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I. GIOI THIEU

V6i sy phét trién vé cong nghé va kha ning tng
dung cda dién toan dam may, nhu cau sir dung cac
may vét Iy cho dich vu 4o hoa tai cc trung tam dir liéu
ngdy cang ting. Piéu nay dan dén viéc gia ting ning
lugng ti€u thu trong cac trung tam dir li€u, co thé tro
thanh mdi de doa ddi v6i méi truong song. Vi thé, tdi
uu trong cung cép tai nguyén cho dich vu 4o hoa tai
cac trung tam dir li€u, dap Gng nhu cau vé chat lugng
dich vy va giam thiéu tdi da nang lugng tiéu thy la van
deé quan trong.

Cung cap tai nguyén véi cac rang budc téi thiéu
nang luong ti€u thu cho dich vu 4o hoa dang dugc
nhidu nha nghién ctru quan tdm. Trong d6, Eugen

Feller va cac cong su [6] dd dua ra md hinh cung cap
tai nguyén cho dich vu 4o héa. Ho str dung thuét toan
t6i wu “dan kién” dé uéc luong. Két qua mé phong da
ching minh rang, ning luong tiéu thu cua hé thong
giam khi s6 may vat Iy giam. Tuy nhién, ho xem xét
nén tang may vat Iy dong nhét va thuc nghiém trén dit
liéu md6 phdng, con ching t6i xem xét trong moi
truong khong ddng nhét, tirc 13 cdu hinh tai nguyén
ctia may vat 1y khong giéng nhau va thuc nghiém trén
dir liéu thuc té duoc dwa ra trong [1, 2]. Mark Stillwell
va cac cong su [11] da trinh bay bai toan cung cip tai
nguyén dudi dang bai toan quy hoach tuyén tinh va sir
dung thudt toan FFD dé uéc luong. Nguoc lai,
Thomas Setser [12] cho rang thuat toan nay cé xu
hudng dan dén lang phi tai nguyén. Vi vay, ching toi
dua trén thuat toan PSO, dé xuét thuat toin RA-PSO
dé giai. Trong cac tai liéu [4, 5, 7, 10], cac tac gia da
gi6i thiéu phuong phap cung cip tai nguyén véi muc
tiéu toi thiéu nang luong tiéu thy ciia hé thong, nhung
ho chi tap trung xem xét dén viéc tiéu thu nang luong
trén CPU cta may vat ly. Trong khi d6, cac tac gia
trong tai li¢u [8, 9] cho r'fmg, viéc tiéu thyu nang luong
khong chi trén CPU ma con trén cac tai nguyén khac,
vi dy: dia ciing, bang thong, RAM, ...

Vi vay, trong ndi dung bai bao nay, chiing t6i xem
xét bai toan cung cip tai nguyén (tai nguyén vat 1y) da
chiéu cho dich vu 40 hoa tir nén tang may chu chia sé
khong dong nhét, voi muc tiéu tdi thiéu ning luong
tiéu thu trén tat ca cac tai nguyén théng qua viéc toi
thiéu s6 may vat Iy duoc dung. Nhimng két qua chinh
ctia bai bao duogc tom tit nhu sau:
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(a) Xay dung mé hinh nhu cau tai nguyén va cung
cép tai nguyén, mo hinh tiéu thy ning lugng cia nén
tang may chu chia sé khong dong nhat khi cung cép tai
nguyén cho dich vu 40 héa, v4i rang budc moi dich vu
ao hoa la mot may ao don 1¢;

(b) Phat biéu bai toan cung cép tai nguyén tir nén
tang may chi chia s¢ khong dong nhat dudi dang bai
toan quy hoach tuyén tinh;

(c) Xay dung thuét toan RA-PSO duoc cai tién tir
thuét toan PSO va st dung cong cu CloudSim [3] dé
giai. So sanh nang lugng tiéu thy, sé may vat 1y duoc
dung va thoi gian thuc thi thuat toan gitra RA-PSO va
FFD, théng qua dit liéu thyc té.

Phan con lai cua bai bao duoc to chirc nhu sau:
Muc 2 trinh bay md hinh cta bai todn dudi dang bai
toan quy hoach tuyén tinh va mé hinh tiéu thu ning
lugng. Muc 3 trinh bay thudt toan RA-PSO va muc 4
trinh bay phuong phap thuc nghiém, két qua danh gia.
Phan két luan va dé xuit hudng phat trién duoc gidi
thiéu & muc 5.

I1.MO HINH CUNG CAP TAI NGUYEN CHO
DICH VU AO HOA
I1.1. M6 hinh tai nguyén va nhu ciu tai nguyén

Xét mot nén tang may chu chia sé khong dong nhat
gdm cac may vat 1y ¢6 ciu hinh tai nguyén khac nhau,
duoc két ndi béng thiét bi mang tbc do cao dé chia sé
tai nguyén [11]. Khi hé théng nhan duoc yéu ciu cung
cAp tai nguyén thi bd cung cép tai nguyén c6 nhiém vu
ra quyét dinh tir ch6i hodc dap tmg yéu cau, phan chia
ty 1¢ tai nguyén tir cdc may vat 1y cho dich vu 4o hoa.

Dbi voi moi loai tai nguyén tai mot may vat 1y co
thé c6 mot hodc nhiéu phan tir tai nguyén riéng biét (vi
du, mot hodc nhiéu CPU, mdt hodc nhiéu RAM, )
Vi thé, tai nguyén cua mdi may vat Iy duoc biéu dién
boi mot cdp thir ty cac vector. Trong do6, vector tai
nguyén thanh phan biéu dién tai nguyén ctia mot phan
tir don 1& va vector tdi nguyén tong hop biéu dién téng
tai nguyén duoc tinh trén tat ca cac phan tir.

Tuong tu, dbi v&i nhu cau tai nguyén cua dich vu
ao hoa cling dugc biéu din boi cap thir tu cac vector,
bao gdbm vector nhu cau tdi nguyén thanh phan va
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vector nhu cau tai nguyén tong hop. Hon nita, nhu cau
tai nguyén gom c6 hai loai: nhu cau tdt yéu va nhu cau
tity bién [11]. Nhu cau tat yéu biéu thi phan cu thé cua
tai nguyén yéu cau. Dich vy khong hudng loi tir phan
16n hon va khong thé hoat dong v6i phan nho hon tir
tai nguyén duoc cung cip. Nhu ciu tily bién biéu thi
phan bo sung cua tai nguyén ma dich vu co thé sir
dung. Dich vu khong hudng loi tir phan 16n hon nhung
c6 thé hoat dong voi phan nho hon véi chi phi giam.

Nhu vay, nhu ciu tat yéu tai nguyén k cua dich vy
i dugc biéu dién boi mot cap vector thir tu (15, %),
biéu thi nhu cau tai nguyén can thiét dé chay dich vu &
murc t6i thiéu chp nhan dugc. Néu nhu ciu tai nguyén
tat yéu khong dugc dap ung thi viéc cung cap tai
nguyén that bai. Nhu cau tuy bién tai nguyén k cua
dich vu i duoc biéu didn boi mdt cip vector thir tu
(f, f2), biéu thi tai nguyén bo sung can thiét dé chay
dich vu & muirc tdi da. Do vay, nhu cau tiy bién co thé
duogc biéu dién bai tich sb gitra nhu cau tuy bién véi
hé s yéu cau bd sung va duoc goi 1a nhu cau tiry bién
rang bugc.

Viée sir dung tai nguyén dbi v6i nhu cau tiy bién
thuong 1a quan hé tuyén tinh. Chang han, néu dich vu
dugc cung cip chi mot nira tai nguyén CPU so voi nhu
cau, thi kha ning n6 chi str dung mot nira bang théng
I/O so v6i nhu cau. Pidu nay phu hop véi thuc té vi
khi tai nguyén CPU can cung cap giam, dan dén tiéu
hao tai nguyén khac ciling bi giam (trong trudong hop
nay 1a bang thong 1/0). Nhu vay, dé don gian hé sb bd
sung cua tit ca nhu cau tiy bién c6 thé biéu dién cung
mot gid tri va gia tri ciia nd nam trong khoang 0 va 1.
Mot dich vu voi hé s6 bd sung bang 0 s& thyuc thi ¢
trang thai khong co nhu ciu tai nguyén tily bién, trong
khi mot dich vu véi hé sé bd sung bing 1 s& duogc thuc
thi & mirc tai nguyén dwgc cung cap tbi da. Do d6, nhu
cau tai nguyén k cua dich vu ao hoa i tai may vat 1y j
duge xac dinh boi (1 + Qi X fif, ik + Qij X fif)-
Trong do, Q;; 1a h¢ s6 b sung nhu cau tai nguyén tiy
bién cua dich vu i tai may vat 1y j.

Viéc cung cip tai nguyén bi 16i néu nhu ciu tai
nguyén tong hop ciia dich vu 4o héa vuot qua dung
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luong tai nguyén may vat ly. Tuong tu nhu [2], chung
t6i cling gia dinh rang nhu cdu tai nguyén thanh phan
cua dich vu 4o hoa khong vugt qua dung lugng tai
nguyén thanh phan cia may vat 1y.

Hinh 1, minh hoa v& md hinh tai nguyén va nhu
cau tai nguyén, gdbm c6 2 may vat Iy va mot dich vu ao
hoa. Trong d6, may vat Iy A gom c6 4 161 CPU (tirc 13,
4 tai nguyén CPU thanh phan) va 1 bd nhd RAM (tirc
1a, 1 tai nguyén RAM thanh phéan). Nhu véy, cip
vector tai nguyén CPU 1a (1.0, 4.0) va cdp vector tai
nguyén RAM la (2.0,2.0). May vat ly B c¢6 2 161 va 1
RAM nén cap vector tai nguyén CPU 1a (1.0,2.0) va
cdp vector tai nguyén RAM 1a (1.0, 1.0). Déi véi dich
vu 4o hoa, cip vector nhu cau tai nguyén CPU la
(0.5+ Q;; X 0.5,2.0 + Q;; X 1.0), c@p vector nhu ciu
tai nguyén RAM Ila (1.0 + Q;; X 0.0, 1.0+Q;; X 0.0).
Néu Q;; = 1 thi chi mdy véat 1y A dép tmg nhu cau
cung cap tai nguyén cho dich vu 4o hoa. Nguoc lai,
Q;j = 0.5, thi may vat 1y B cling dap ung viéc cung

cép tai nguyén nhung véi chi phi tai nguyén giam.

May vat Iy A May vat Iy B

[#1“#2“#3”#4] I #1 || #2 ]

[ RAM | | RAM ]
Thanh phan Téng hop Thanh phdn  Téng hop
CPU[10 40 cPU [10 20
RAM |i20 21 RAM [ 10 1.0

. Dich vu ao hoa
Nhu cau chat

Thanh phan Ténghop  Thanh phan Téng hop
CPU | 05 20 CPU| 05 1.0
RAM | 1.0 1.0 RAM| 0.0 0.0
Hinh 1. Vi dy tai nguyén ciia 2 mdy vdt Iy va nhu cau tdi
nguyén cua 1 dich vu do hoa.

Nhu cau long

I1.2. Him muc tiéu va cac rang bugc

Gia dinh mdi dich vu 4o hoa 1a mot may o don 1é
c¢6 nhu cau tai nguyén khong d6i. Chung t6i xdy dung
bai toan cung cip tai nguyén da chiéu cho dich vy ao
hoa dua trén nén tang may chu chia sé¢ khong dong
nhit (HMDRAP) trén co s& bai toan quy hoach tuyén
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tinh voi cac bién hitu ty va nguyén, nhu sau:

Xét S; dich vy, v6ii = 1,..,n;S; > 0, sé may vat
Iy khong dong nhat1a Y; véi j = 1,..,m; ¥; > 0. Mdi
may vat 1y cung cip Dy loai tai nguyén, véi k =
1,...,d. Su dung 7%, r{ dé biéu thi nhu ciu tai
nguyén tit yéu thanh phin va nhu ciu tai nguyén tat
yéu tong hop tuong tmg, f£, f;% 1a nhu cau tai nguyén
tiy bién thanh phan va nhu cau tai nguyén tiy bién
téng hop. Tuong tu, e Cik biéu thi tai nguyén thanh
phan va tai nguyén tong hop cua may vat 1y j dbi voi
loai tai nguyén k va Q;; 1a h¢ s6 b6 sung tai nguyén
cua dich vu i trén may vat ly j. Bién nhi phan x;; ¢6
gia tri 1 néu dich vu i duoc cung cip tai nguyén tir
may vat 1y j va bang 0 néu nguoc lai. Cudi cing, sb
may vat Iy dé cung cép tai nguyén cho S; dich vu 4o
hoa 1a bién nhi phan yj- V6i nhiing ky hi€u nhu trén,
bai todn cung cap tai nguyén da chi€u cho dich vu 4o
héa duge biéu dién véi cac rang budc va ham muc tiéu

nhu sau:
Xij € {0,1}, Qij € [0,1], Vi,j @
Yjxij =1 Vi )
yj = xij, Vij (3)
(rfe + Qijfie)xij < Ch, Vijk 4)
2k + Qij fii)xij < G, Vi k (5)
Vamuyc tiula min};;y; (6)

Rang budc (1) xac dinh pham vi cta cac bién. Rang
bugc (2) thé hién trang thai mot dich vu i chi dugc
cung cép tai nguyén tir mot may vat Iy j. Rang budc
(3) mo ta trang thai ma may vat ly j da duoc sir dung
hay khong. Rang budc (4) biéu thi trang thai ma tong
nhu cau tai nguyén thanh phan loai k cua dich vu i tai
cac may vat ly j khong vugt quéa nang luc tai nguyén
thanh phan cia may vt Iy j. Rang budc (5) thé hién
trang thai ma tong nhu cau tai nguyén tong hop loai k
cua cac dich vu 4o hoéa tai cac may vat ly j khong duoc
vuot qua nang lyc tai nguyén tong hop ciia nd. Cudi
cung, rang budc (6) véi muc tiéu 1a téi thiéu sb lugng
may vat ly y; duoc dung dé cung cép cho S; dich vu
ao hoa.
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I1.3. M6 hinh tiéu thu nang lwgng

Dé uéc lugng ning lugng tiéu thu cia may vat 1y,
chung t6i thira ké [4] d& xuit cong thire tinh ngudn
dién ning tiéu thu tai may vat 1y j 1a ham tuyén tinh
P(u;) nhu cong thire sau:

P(uj) = (Bnax — Piate) X u; + Pigie , VJj (7

Trong d6, Ppgy VA Pige 13 cong suit cua may vat
ly j tuong Gng & trang thai sir dung tién ich tai nguyén
t6i da va trang thai khong hoat dong. Bé mé rong cho
tat ca cac loai tai nguyén, thi u; la tong tién ich sir
dung cua tat ca tai nguyén trén may vat 1y j, uj €
[0, 1] va dugc tinh theo cong thic (8).

W=k V) ®)

Trong do, Ujy 1a tai nguyén thir k cua may vat 1y j
da cung cap cho dich vu 4o héa va Cji 1a dung luong
tai nguyén tong hop loai k trén may vat 1y j. Nhiing
may vat 1y khong dugc st dung s& duoc tit va ning
lwong tiéu thu bang 0. Do vay, niang lugng tiéu thy cua
Y; may vat ly khi cung cép tai nguyén trong khoang
thoi gian t duoc thiét 1ap nhu sau:
E(t) = {t X ZjP(uj),\ néu u; qt,O ©)

0 truong hop khac

Cung cap tai nguyén nhu trinh bay & trén 1a bai
toan t6i uu hoa to hop. Pé giai cic bai toan thudc 16p
nay, dén nay nguoi ta thuong ding céc tiép can: tim
kiém heuristic dé tim 16 giai du t6t; hodc tim kiém cuc
bo dé tim 10i giai tdi vu dia phuong; hay tim 1oi giai
gan ding nho cac thut toan mo phong tu nhién: mo
phong luyén kim, di truyén, ... Trong ndi dung sau
day, chiing t6i d& xuit mot thuét toan cai tién dua trén
thuat toan PSO [13] dé giai.
1. THUAT TOAN PSO CAI TIEN

Thuat toan PSO la k¥ thuét tbi uu ngau nhién dya
trén kinh nghiém bay dan, dwoc phat trién boi
Eberhart va Kennedy vao nam 1995 [13]. Hién nay,
PSO duoc ap dung thanh cong dé giai cc bai toan tdi
vu trong nhiéu linh vuc khac nhau. Trong PSO, mdi
giai phap duoc xay dung bdi mét “con chim” va dugc
goi 1a particle. Mdi particle co hai tham sb: vi tri va
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van toc. Trong d6, vi tri ctia particle két hop véi gia tri
ham thich nghi cta n6 dé danh gia va lya chon giai
phap t6i wu. Pau tién, PSO dugc khdi tao voi mot
quan thé cac particle ngau nhién va sau d6 tim kiém
t6i wru bang cach cap nhat giai phap qua nhidu thé hé.
Trong mdi lan lap, mdi particle duoc cap nhat boi hai
gia tri “tot nhat” (dya trén ham thich nghi). Mot 1a,
giai phap t6t nhat so voi cac giai phap ma mdi particle
da dat duoc trong mdi vong lap va duoc goi la gid tri
t6t nhat cuc bo, pbest. Hai 13, gia tri “tot nhat” nhén
dugc tir trude cho dén nay cuia mot particle trong quan
thé va goi 1a gi4 tri tot nhét toan cuc, gbest. Sau khi
tim thiy hai gia tri tot nhét, cac particle dwoc cap nhat
van tdc va vi tri ctia nd theo cong thire sau:
VA = wVf + o (Xppese — Xp) + €212 (Xipese — X5) (10)
Xptt =X, + (11)

Trong d6, Vi, Vi1 1a van téc cua particle tht p ¢
thoi diém trude va sau khi vat tbc dugc cap nhat.
X5, X5 1a vi tri cua particle thi p trude va sau khi vi
tri dugc cp nhdt. Xjpesr VA Xipes 1 vi tri cia
particle twrong (mg vé6i giai phap t6t nhat cuc bd va
toan cuc. 1y, 7, 1a cac s6 ngdu nhién € [0,1]. ¢y, ¢, 1a
cac hé sb gia tbc va w 1a hé sé quan tinh.

Ap dung dé giai bai toan HMDRAP, thuét toan
PSO [13] truyén théng duogc cai tién nhu sau: thir nhét,
PSO truyén thong thich hop dé giai bai toan tbi wu hoa
lién tuc va khong phu hop dé giai bai toan tdi wu roi
rac. Do vy, cac tham sb va phép toan phai duoc dinh
nghia lai. Thir hai, cdu trac cua cac particle phai dwoc
xay dung lai cho phu hgp véi bai toan HMDRAP va
cach thirc cap nhat vi tri va van tdc cta cac particle
cling phai duoc thay doi.

I11.1. Vi tri ctia cac particle

Vi tri cia cac particle 1a mot vector m bit X} =
(o1, b, . Xhm), biéu didn mot gidi phap cung cép
tai nguyén tai thoi diém t. Trong d6, m 1a sb may vat
1y duoc ding dé cung cip tai nguyén.

I11.2. Van tdc cia cac particle

Van téc cua cac particle 1a mot vector m bit
Vi = (vhy,v5s, .. vim), 06 quyét dinh sy diéu chinh
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clia viéc cung cép tai nguyén. th hudng cac toan ti
cap nhat dé dat duoc giai phap tdi wu. Gia tri cia cac
phén tir trong vector Vf 1a céc bit nhi phan. Néu bit
bang 0 thi viéc cung cip tai nguyén dugc ude tinh lai.
Nguoc lai, bang 1 thi khong thay doi.

I11.3. Céu triic clia cac particle

MOi particle c6 cau triic 2 chiéu: chiéu thar nhat c6
d6 dai m phan tir (m 1a s6 may vat 1y). Chi sd ciia mdi
phan tir trong chidu nay biéu dién chi s ciia may vat
ly va gia tri cia né 1a 0 hodc 1. Gia tri 0 biéu dién
trang thai ma khong c6 may vat Iy nao dugc sir dung
va gia tri 1 biéu dién cho trang thai c6 may vat 1y dugc
dung. Chiéu thtr hai c6 n phan tir (n 1a sb dich vu a0
hoa) biéu dién trang thai ma dich vu a0 héa dugc cung
cép tai nguyén tir cac may vat 1y.

n n
a 3 3 - Ch#uth ha
(s6 dich vu ao hoa)
2 |2 5 |2
1 |1 3 1
1 0 1 0 0 - Ch#u thi¥ nhat
{s6 may vat ¥)
1 2 3 m

Hinh 2. Cdu triic ciia mét particle

Hinh 2 mé phong cau trac cua mot particle biéu
din viéc cung cép tai nguyén tir m may vat 1y cho n
dich vu 40 hoéa. Trong d6, may vat ly 1 duogc su dung
dé cung cdp tai nguyén cho cac dich vu 4o héa 1, 2 va
4. May vit 1y 3 duogc sir dung dé cung cép tai nguyén
cho céac dich vu 40 hoa 3 va 5. Cac may vét 1y con lai
khong duoc sir dung. Nhu vay, so luong may vat 1y
duogc dung dé cung cép cho 5 dich vu 4o hoa 1a 2.

I11.4. Cac toan tir cap nhat vat téc particle

- Toan tir cong: dugc ky hiéu @ dé thay thé phép
toan cong trong biéu thirc cap nhat vat tde cac particle
ctia PSO truyén théng. Két qua ciia biéu thirc cong phu
thudc vao gia tri cac bit phan tir cia th keém véi xac
Suat P. Tirc 13, biéu thic P,V @ P,VE @ ...@ BV}
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chi ra ring van tdc ciia mot particle sau khi cap nhat
s& ¢6 gia tri 1a V£ v6i mot xac suat Py, hodc V4 voéi
mot xac suit P,,..., hodc V;f véi mot xac suit P,. Vi
dy, 0.3(0,0, 1) @ 0.7(0, 1, 1) = (0, #, 1) c6 nghia la bit
# bang 0 véi xac sudt 0.3, hoidc bang 1 véi xac suat
0.7. Trong biéu thirc cap nhét van tdc cho cac particle
c6 3 toan hang, nén trong thuat todn PSO cai tién,
chung toi sir dung 3 tac nhan xéac suat 1a P;, P, P; va
gid tri ciia né 1a mot s6 ngau nhién € [0, 1].

- Toan ttr trir: duge ky hidu © dé thay thé phép
toan trir trong biéu thire cap nhap vén tdc cac particle
ctia PSO truyén thdng. N6 duoc st dung dé tinh toan
su khac nhau gitra hai giai phap cung cép tai nguyén.
Gia trj cta biéu thuc trir phu thudc vao gia tri cuia cac
bit phan tir trong vector X5. Tt 14, gid tri cia biéu
thirc Xf © X% duoc tinh theo quy luat nhu sau: néu hai
phan tir bit ciing vi tri tuong tng trong X! va X5 ¢co
gi4 tri bang nhau, thi phan tir két qua co gia tri 1a 1.
Nguoc lai, co gia tri 1a 0. Vidy, (1, 1, 0) O (1,0, 1)=
(1, 0, 0), vi bit 1 cua hai vector vé bén trai cta biéu
thirc ¢ gia tri gidng nhau va gia tri cua bit 2 va bit 3
cua hai vector khac nhau.

II1.5. Toan tir cAp nhat vi tri particle

Toan tir cap nhét vi tri duoc ky hiéu ® dé thay thé
phép toan cong trong biéu thirc cap nhat vi tri cac
particle cua PSO truyén thong. Gia tri bit phan tir cia
X! c6 duge thay doi hay khong phu thudc vao gid tri
bit & vi tri twong ng cua th“. Cu thé, gia trj cta biéu
thure ng ®th+1 dugc tinh theo quy luat sau: néu gia tri
bit cua vector th“ bang 1 thi gia tri bit twrong ing cia
vector X{, s& khong thay dbi. Nguoc lai, gi4 tri bit cua
vector X} s& dugc thay doi. Vi du, X5 = (1, 0, 1) va
Vit = (1, 1, 0) thi biéu thite X5 ®VF*1 cho biét rang,
vi tri bit thtt 3 ciia X5 s& duoc thay doi. Didu nay
twong ung trang thai ma may vat ly thir 3 phai duoc
cip nhat lai qua trinh cung cAp tai nguyén cho dich vu
ao hoa.

Véi cac dinh nghia nhu trén va thira ké tir cac cong
thirc (10) va (11). Cong thirc cap nhat van tdc va vi tri
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cua cac particle dugc trinh bay nhu sau:

th+1 = P1th D PZ(XszestG Xz’;)
@ P3 (thBeste Xlg) (12)
X1§+1 — ng ® th+1 (13)

II1.6. Ham thich nghi

Dbi véi thuat toan RA-PSO, qua mdi lan lap vi tri
va vén tdc cla cac particle duoc cap nhét dya trén gia
tri tot nhit cuc bd va tdt nhét toan cuc. Cac gia tri nay
c6 dugc thdong qua udc luwong ham thich nghi. Muc
tiéu ctia bai toan 1a t6i thiéu sé may vat 1y dugc dung,
tirc 1a toi da tién ich tai nguyén dugc cung cip. Nén,
ham thich nghi ciia mdi particle tai thoi diém t duoc
xac dinh dya vao tién ich st dung tai nguyén cua cac
dich vu 40 hoa duoc cip tai nguyén tir mot may vt ly
Jj, nhu sau:

Goi Ff, ik la tong tai nguyén thir k ma dich vy ao
héa i dugc cung cap tai nguyén tor may vat ly j. Dya
vao cong thuc (5), Ff, ik dugc tinh theo cong thirc (10).

ij ( ik + Ql]flk) Vi ],k (14)
Do vay, ham thich nghi dugc tinh nhu cong thurc

(12).

=2 (Ze), v
Trong do, Cjj,

(15)

1a tai nguyén tong hop cua may vat
ly j d6i voi loai tai nguyén k (d3 néu ra trong muc
11.2). Nhirng particle vai gia tri ham thich nghi cuc dai
s€ dugc chon khi cap nhat vi tri.

M3 gid cia thuat toan RA-PSO dé giai bai toan
HMDRAP dugc trinh bay nhu Thudt todn 1.

Tdp V-2, S6 16 (36), thang 12/2016

cap tai nguyén tai cac may vat 1y (tot nhat), gBest.

l1:int N « numPopulation, M <« numlLoop;

2: new gBest[Y]; I* new la todn tir khai bao mang */
3: new pBest[N][Y];

4:new parLoca[N][Y];

5: boolean new parVelo[N][Y];

6: whilenLoop < M do

7. forp:= 1toN do

8: parLoca[p] « initSolution(p,Y,S);
9: forqg:= 1to Y do

10: if (parLoca[p][q].size == 0)
11: parVelo[p][q] < 0

12: else

13: parVelo[p][q] < 1

14: endforg:= 1to Y

15: end forp:= 1toN

16: for p:= 1 to Ndo

17: for q := 1to parLoca[p].length do
18: pBest[p]lq] < parLoca[p][q];

19: end for q := 1to parLoca[p].length
20: endforp:=1to N

21: gBest = globalBestParticle(parLoca,Y);
22: forp:= 1toN do

23: parVelo[p] = speedUpdate();

24: parLoca[p] = positionUpdate();
25: pBest[p] = PBestUpdate(pBest[p]);
26: gBest = GBestUpdate(gBest);

27: end for p:= 1to N

28: nLoop + +;

29:  end while
30: return gBest;

Thuat toan 1: RA-PSO

Diu vao:

- So dich vu 4o hoa S, s6 loai tal nguyén D, nhu cau
tat yéu tai nguyén thanh phan 14, nhu cau tat yéu tai
nguyén tong horp k, nhu cau tuy bién tai ‘nguyén
thanh phan f$, nhu cau tat yéu tai nguyén tong hop
fi%, va hé s6 bo sung Q;;.

- S6 méy vat 1y Y, tai nguyén thanh phan Cf, tai
nguyén tong hop Tk
PAu ra: Danh sich cac dich vu do hoa d3 duoc cung

Dau tién, thiét 1ap sé lugng particle 1a N, s6 lan lap
M. Khai bao cac mang dé luu gia tri tot nhét cuc bo va
toan cuc; luu thong tin vi tri va van tdc cac particle (i
lénh 1 dén lénh 5). Tiép dén, thuc hién M lan lap dé
tim kiém giai phap cung cap tai nguyén toi wu (tir 1énh
6 dén 1énh 29). Trong &0, sir dung Thudt todn 2 dé tao
ra N giai phap ban diu cho viéc cung cip tai nguyén
bang phuong phap ngau nhién, két qua 1a vi tri ciia cac
particle dugc luu vao mang parLoca (I¢nh 8). Dua
trén thong tin do, thiét 1ap gia tri van toc cac particle
va luu trong mang parVelo (tir 1énh 9 dén 1énh 15).
Tiép dén, tinh dd thich nghi cua tit ca cac particle va
¢6 dugce vi tri t6t nhat cuc bo (tir 1énh 16 dén 1énh 20)
va vi tri tot nhit toan cuc (1énh 21). Ué6c lugng vi tri
t6t nhat toan cuc bang Thudt todn 3. Tiép dén, cap
nhat vi tri, van toc cua céac particle theo cong thirc (12)
va (13), tinh vj tri t6t nht cuc bo va toan cuc dua trén
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dan s6 méi duoc cap nhat va ham thich nghi (tir 1énh
22 dén lénh 27). Cudi cung, ting chi so vong lap
nLoop (1énh 28). Thuat toan két thic sau khi thuc hién
nLoop lan lap va tra vé danh sach cac dich vu 4o hoa
dd duoc cung cdp tai nguyén tir cic may vat Iy (tot
nhat) duoc ding (1énh 30).

Tdp V-2, S6 16 (36), thang 12/2016

8: if (temp < minF)

9: minF < temp;
10: for g := 1to gBparticle.length do
11: gBparticle[p] « parLoca[p]lql;

12: end for j := 1to gBparticle.length
13:  endif

14: end fori := 1 to parLoca.length

15: return gBparticle;

Thuat toan 2: InitSolution

Piu vio:

- S6 dich vu 40 hoa S, cing véi nhu cau tai nguyén
giong nhu Thuat toan 1 va h¢ s6 b6 sung Q;;.

- S6 may vat 1y Y, cung voi tai nguyén giéng nhu
Thudt toan 1.
Pau ra: Danh sach cac dich vu 4o hoa duogc cung cap
tai nguyén tai cac may vat 1y, Allocation.

1: new Allocation[Y] I* Khai bdao mang Allocation */

2:for a:= 1 to Allocation.length do
3:  Allocation[a] = new Array()

Goi S 1a sb dich vy a0 hoa, Y 1a s6 may vat Iy, N 1a
s6 luong paticle. CH dinh chiéu tai nguyén D, d6 phirc
tap cua thuat toan 1a O(NSY).

IV. PHUONG PHAP THUC NGHIEM VA KET
QUA PANH GIA
IV.1. Phuwong phap thuc nghiém

Danh gia thuat toan RA-PSO voi FFD [11], ching
toi sir dung cong cu moé6 phong ddm may CloudSim
[3]. Trong d6, ké thira cac 16p Vm va Host d¢é mé rong

4:end for a := 1 to Allocation.length cac dit tinh nhu ciu tai nguyén cua may ao va tai
5:for i:= 1 to Sdo A , . Ar v A R S ,
nguyén cua may vat ly. Pong thoi, ké thura 1
6: intj < random(Y); suy .y % Y ] g ] B OP
7 for k:= 1 to D do VMAlloctonPolicy dé thuyc chinh sach cung cap tai
8: Sum, « i + Qi X fif; nguyén cho may 4o dua trén thuat toan RA-PSO.
9: Sumij, < 1 + Qi X fii s
10: if(Cf = Sumj, and Cfj, > Sumg,) ) o L ) .
11: ﬁc - Cﬁc — Sum&, ; Bang 1. Pac tinh 'ml[ nguyén va tzleru thu cong sudt cua
12 end if — cac loali may vat Ly _
13- end for k := 1 to D Loai may | CPU |RAM| BW |Disk| Pige | Pmax
10:  Allocation[j] « i; vatly | (MHz)| (GB) | (GB/s) |(GB)|(KW)|(kW)
1l:endfor i:=1to S HP proliant | 2core x 4 1 20 | 86 | 117
12: return Allocation; G4I 1860
HP proliant | 2core x
G5 2660 4 1 40 [93.7 | 135
Thuét toan 3: globalBestParticle IBM Server | 4core x
: 4 g %3250 2933 8 1 600 | 46.1 | 113
Dau_va¢ o IBM Server | 6core x| 1 800 | 58.4 | 222
- Mang hai chiéu parLoca 3550 3067

- S6 méy vat 1y Y, tai nguyén thanh phin Cf, tai
nguyén tong hop k-

Piu ra: Mang gBparticle; mdi phan tir cia mang
1a mot mang parLoca c6 gié tri tot nhét toan cuc.
1: double minF « ConstMax,temp « 0;
2: new gBparticle[Y]
3:for g := 1 to gBparticle.length do
4: gBparticle[g] = new Array();
5:end for g := 1 to gBparticle.length
6: for p := 1to parLoca.length do
7. temp « fSolution(parLoca[p],Y); I* Tinh gid tri
cua ham thich nghi theo cong thirc (11) */

Céc dir liéu thyc nghiém dugc ldy tir cac mau dir
liéu thyc té da duoc trinh bay trong [1, 2]. Trong do,
cac may vat 1y c¢o dac tinh tai nguyén va tiéu thu cong
suat nhu trong Bang 1, cic may ao co dic tinh tai
nguyén gidng véi cic loai may ao cua dam may
Amazon EC2 va dugc stra d6i dé phu hop véi bai toan,
nhu trong Bang 2.
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Bang 2. Bdc tinh nhu cau tai nguyén cua cac loai mdy do

CPU(MH?) RAM(GB) BW(GB/s) DISK(GB)

Logi So Téng So Téng So Téng So Téng
méy ao fc%u rcepu p?é-n céng f;"e;zm rr(ilm pl;im C(}ng fbew Tbew prt]i‘i-n C(f)ng fcleisk r;isk pr:in C(f)ng
VM1 | 1000 | 1500 1 |2500f 0.4 045] 1 ]0.85 0.2 025 1 0451 05 |20]| 2 5
VM2 | 1000 | 1000 1 ]2000f 1.0 2751 1 |3.75 0.1 025 1 1035 20 |30]| 2 10
VM3 | 500 | 500 1 ]1000f 0.7 1.0 1 ]17 0.1 0.15| 1 0251 25 |50]| 2 15
VM4 | 250 | 250 1 |500| 0113 | 05 1 [0.613 0.05 01| 1 [0.15 50 |50 2 20

S6 luong particle va gia tri numLoop 1a cac tham
s6 thuc nghiém, viéc Iya chon gia tri ctia nd phu thude
vao két qua ham muc tiéu. Thuc nghiém thay rang: s6
luong particle 1a 20, sé 1an lap numLoop 14 10 cho két
qua ham muc tiéu tot nhat. Véi mdi thuat toan sir dung
ba thudc do: sé may vat Iy duogc dung, ning luong tiéu
thu trong khoang thoi gian t = 24 gio va thoi gian thyuc
thi. S6 lugng may 4o trong cac kich ban thuc nghiém
lan luot 1a 100; 200; 300; 400; 500. Pon vj tinh nang
luong thiéu thu 1a kWh va thoi gian thuc thi 1a gidy (s).
Thoi gian thyc hién dugc do trén may tinh don c6 bd
vi xtt 1y Intel(R) Core(TM) i5-3235M 2.60 GHz,
RAM 4Gb.

IV.2. Két qua nhén xét

Bang 3. Két qua thuec nghiém

S6 may .. | Nang | Loiich
£ A A e 1 Thoi o
SO0 may | Tén Thuat | vatly | . luong nang
. \ gian thuc| . .
ao toan duoc hién (s) tiéu thu | luong
dung (kwh) (%)
100 FFD 42 0,031 | 201.284
RA-PSO 39 0,037 | 190.726 | 5,536
200 FFD 80 0,078 | 396.706
RA-PSO 67 0,084 | 390.292 [ 1,643
300 FFD 122 0,116 | 597.989
RA-PSO 106 0,121 | 574.440 | 4,099
400 FFD 160 0,144 | 793.411
RA-PSO 138 0,150 [ 770.908 [ 2,919
500 FFD 202 0,200 | 994.694
RA-PSO 179 0,216 | 960.156 | 3,597

Két qua thuc nghiém dugc trinh bay nhu trong
Bang 3 va Hinh 3. Nhan thdy rang: ning lugng tiéu
thu ty 16 thuan voi s6 luong may vt 1y; s6 luong may
vat ly dugc dung va nang lugng ti€u thy cua thuat toan
RA-PSO tbt hon thuat toan FFD. Khi bai toan 16n (s6
luong may 40 16n) thi chénh léch s6 may vat ly dugc
dung gitra thuat toan RA-PSO va FFD rd nét hon.
Thaoi gian thuc thi cuia RA-PSO kém hon FFD, nguyén
nhan do RA-PSO ¢6 str dung tham s vong lap dé udc

luong giai phap tét nhat cuc bo va tét nhit toan cuc.
Hon nira, thuat toan RA-PSO thyc hién tim kiém giai
phap t6i wu dya trén kinh nghiém bay dan, nén s6
luong cac particle ciing gop phan lam ting thoi gian
tinh toan.

mmm S6 may vat ly ctia FFD
S may vat ly cia RA-PSO

Nang lvgng tiéu thu cdia FFD

1,406 ¥ - 40,0 .
g-l,E+06 - - 3505
2 8,E405 - 3007
<«Q 3,E+ B .
2 - 2509
806,E+05 - - 20,0
o - 15,02
S4,E+05 - g™
= - 10,0
202, E+05 - I L 50 >
T J ’ N3]
Z 0,E+00 - : T T T )

100 200 300 400 500 a

S8 dich vu 40 hoa
Hinh 3. S6 mdy vdt Iy dwoc dimg va ning heong tiéu thu.

V. KET LUAN

No6i dung bai bao trinh bay van dé& cung cip tai
nguyén vat 1y da chiéu cho dich vu a0 hoa véi rang
budc t6i vu; mdi dich vu 12 mot may ao don 1¢; nhu
cau tai nguyén khong doi trong qua trinh hé thong
thuc thi. Dua trén phuwong phap tdi wu hoa bay dan
PSO, ching t6i dua ra cac thuat toan RA-PSO va da
cai dat, danh gia va so sanh voi thuat toan FFD thong
qua cac thuéc do: sb may vat Iy dugc dung, ning
lugng ti€u thu va thoi gian thyc hién thuat toan. Cac
thuat toan duoc thuc thi b?mg cong cu CloudSim voi
cac dir liéu thyc té. Qua két qua thyc nghiém, chung ta
thdy rang: cac thudc do gia tri ham muc tiéu va ning
lwong tiéu thu trén thuat toan RA-PSO t6t hon thuit
toan FFD. Hudéng nghién ciu mo rong la bai toan
cung cap tai nguyén dong cho dich vu 4o hoa.
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