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Abstract: Virtualization technology has been widely used to virtualize one server into multiple servers,
which not only creates an operating environment for virtual machine-based cloud computing platforms
but also has the ability to improve efficiency. its. Currently, most task scheduling algorithms used in cloud
computing environments converge slowly or easily fall into local optimal states. This article introduces
the greedy particle swarm optimization algorithm (G&PSO) to solve the task scheduling problem. The
greedy algorithm is used to solve the initial element value of the swarm algorithm originating from a
cloud-based virtual machine. Therefore, the performance and resources of the virtual machine used are
improved compared to the traditional particle swarm optimization algorithm (PSO).
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1. Gi6i thiéu

Cung v6i sy phat trién cia dién toan dam may,
cong nghé truyén tai luu trit hiéu suit cao, cong nghé
a0 hoa da tro thanh mdt cong cu cong nghé thuong
mai phd bién dé cung cp cho nguoi dung co s ha
tang, nén tang va dich vu phan mém tir trung tim
dr liéu. Nguyén ly cua cong ngh¢ do hoa 1a do hoa
phan ctng may tinh dé chay nhiéu hé diéu hanh doc
lap trong cting mot moi trudng phan cimg. Do do,
mdi hé diéu hanh cé thé chay nhiéu (mg dung ciing
lic trong khong gian vat ly doc 1ap, nang cao hi¢u
quéa dang ké cta nén tang dién toan dam may. Cong
nghé 40 hoa may chu la mot trong nhiing cong nghé
chu chét. Trong cong nghé nay, mot may vat ly duy
nhit c6 thé dugc khoi tao thanh nhiéu may 4o va
tai nguyén con lai ctua moi may vat 1y co thé duoc
anh xa va ao hoa thanh mét may 4o mdi cho nhiling
ngudi ding khac. Néi chung, muc sir dung thuc té
ctia may chu vat 1y chi 1a 7% dén 12%. Vi vay, viéc
chay nhiéu may chi ao trén mot may chi s& khong
chi 1am gidm toan cuc chi phi kinh doanh ma con cai
thién dang ké hiéu qua sir dung may chu. Trén thuc
té, tiém ning 16n nhat cua a0 hoa 1a tich hop cac may
chu thanh mot dam may riéng v6i nhiéu may chi ao
doc lap nhim mang lai hi¢u qua st dung cao hon
ngudn lyc tai nguyén co san.

Khi méi truong dién toan ddm may cin mé rong
quy mé cho mot s6 lwong 16n ngudi dung va tac vu,
can thiét ké mot thuat toan lap ké hoach c6 thé phan
phdi higu qua cac tac vu va tai nguyén. Cac thuat
toan 1ap lich tic vu trén nén tang ddm may hién nay
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dugc trién khai trén hé thong nhiéu may chi quy mo
l6m. Tuy nhién, do cac doanh nghi€p vira va nho chi
str dung mot may chu duy nhét dé xay dung nén tang
dam may riéng nén cac thudt toan d6 chua dap ung
dugc yéu cau ciia ho. Vi thé, ng dyng thuat toan
1ap lich tac vu dua trén may 4o 1a can thiét dé cal
thién hi¢u qua toan cuc va chi phi van hanh cua nén
tang dam may nhu vay. Do d6, bai viét nay gidi thiéu
mot thudt toan két hop thuat toan tham lam va thuat
toan bay dan dé tao thanh thuat toan 1ap lich tac vu
(G&PSO) cho may 4o dua trén nén tang dién toan
dam may. Trong mot moi truong dam may duoc trién
khai boi mot may chu duy nhat, sir dung thuat toan
s& khong chi giam tong thoi gian thyc hién tic vu ma
con can bang tai hé théng va nang cao higu qua ciia
viéc 1ap ké hoach cong viéc va st dung tai nguyén
clia nén tang dién toan dam may.
2. N§i dung nghién ciru
2.1. Vin dé lgp lich tic vu trén nén ting dién todn
dam mdy

Ban chat viéc giai quyét van dé lap lich tac vu
cua dién toan dam may 1a thiét 1ap mot chinh sach
1ap lich, nghia 12 moi quan hé anh xa phu hop duoc
thiét lap gilta cac tac vy ung dung va tinh todn ngudn
lyc nhiam dat dugc sy phan bo hop 1y va hiéu qua tai
nguyén may tinh. Trong bai bao nay, dé xuét thuat
toan lap lich tac vu dién todn dam may do hoa mdt
may chu thanh nhidu may 4o, sau d6 gan T nhiém vu
doc 1ap cho M may ao khong dong nhat dé thuc thi
(tirc 1a mdt nhiém vy khong thé duogc thuc hién chay
trén hai may ao, mbi may ao chi c6 thé xur 1y mot
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nhiém vu tai mot thoi diém va mdi nhiém vu déu co
thudc tinh khac nhau), do d6 giam thiéu thoi gian can
thiét dé hoan thanh moi nhiém vu. Pé don gian hoa
qua trinh mo phong, bai bao nay s€ bo qua bd nhé va
cac yéu cau ngudn lyc khac cla nhiém vu. Hon thé
nita, thoi gian thyc hién ctia mdi nhiém vu chi lién
quan dén kich thudc cua tac vu va thude tinh ctia may
d0. Tap tac vu dugc bieu dién duéi dang TS = {t,
t,...,t }, vakich thugc nhiém vu duge biéu thi bang
MI hleu nang ctia may ao duoc biéu thi bang MIPS.
Thoi gian thyc hién dy kién cua tac vu TS, chay trén
40 may VMSj c6 thé duoc biéu dién dudi dang ma
tran ETC:
ETC(11) ETC(12) ETC(1))

ETC(21) ETC(22) .. ETC(Zj
ere | ETC@D ETC( en|

ETC(l) ETC(i2)

Trong d6 ETC(ij) = M1, /MIPS .1 € {1,2,...,
T}, je€ {1,2, ..., M}, T la sé lugng nhiém vy, M
1a s6 luong may 4o va tai trén may 4o, VMS, la tong
thoi gian thuc hién céac tac vu.

Load, .= >ETC(ij) (2)

Ham cua mirc d6 can bang tai hé théng duoc xac
dinh la

ETC()

min Load
isjsu VMS;

Load 3)

level
max Load
1< M VMS;

Trong d6, min Load,,, 1a thoi gian toi thiéu dé
I<j<M YMS,
tat ca cac may ao hoan thanh tat cé cac tac vu trén va

max Load vus, 1a thoi gian t6i da dé tit ca cac may ao
<_/<

hoan thanh tit ca cac nhiém vu trén. Viay ham cua
mirc d cén bang tai hé thong 1a ti s cua tai t6i thiéu
va tai ti da. Tur cong thirc (3), co thé duogc rit ra
két luan:

+ max Load s,

= 0 nghia la c4c tac vu chua bat
1<j<M

déau 1én lich.

+ Load = 0 va max Load,,s # 0 nghia la c6
may 4o nhan 10i. !
+Load_ =1 nghia la tai toi da bang tai toi thiéu

va can bang tai 1a tot nhat, Load_ , cang gan 1 thi
cang tot.
2.2. Thiét ké thut todn Igp lich tic vu trén nén ting
dién toan dam may

Céc muyc tiéu lap lich tac vy trén nén tang dién
toan dam may 1a giam tong sb thoi gian hoan thanh
va can bang tai cua hé thong. Trude tién, sir dung
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thuét toan tham lam dé tim ra giai phap ban du G,
va duy kién tong thoi glan hoan thanh G, sau do khoi
tao toan cuc giai phap t6i uu gbest ctia thuat toan bay
dan (PSO) cua G va str dung 1/Get 1am ngudng cap
nhéat t6t nhét vi tri cua bﬁy dan.

2.2.1. Khéi tao cdc phan tir

Gia s S, T va M lan luot 1a kich thudc cia bay
dan, s6 luong tac vy va sb lugng may 4o.

Vi tri ctia phan tir thir i dwoc biéu dién boi P. =
{P,, P, P }s 15n<T; I<i<S, trong d6 P, biéu dién
cho nhlem vu tht i dugce giao cho may ao th j va
I<P <M.

Toc d6 ctia phan tir tht i dugc biéu dién boi V.=
{V. /s V,eoes Vo ), 150<T; 1<i<S va Vij phai thda man
diéu kién 1 <V <M.

Vi tri ban dau ctia phan tir 1a mot s6 nguyén ngau
nhién dugc chon tir [1, M] va tbe do cua phan tor la
mot s& nguyén ngau nhién duogc chon tir [-(M -1), (M
— 1)]. Vi trf t5i uu 1a gbest dugc khéi tao bang G, .
2.2.2. Ham thich nghi

Ham thich nghi duoc sir dung dé danh gia gia tri
ctia cac vi tri phan tir. Khi toan bd thoi gian hoan
thanh nhiém vu 1a tham s chinh dé tinh toan lap lich
tac vu trén dam may, nghich dao ciia tong thoi gian
hoan thanh nhiém vu dugc sir dung dé biéu dién ham
thich nghi. Hém thich nghi dugc xac dinh la:

F(i) = —T 1<I<S (4)

N
SFT = 11_(1}31)11‘{[ > VM(m, ??)} (5)

Trong cong thirc (4), SFT, biéu thi thoi gian can
thiét dé hoan thanh viéc lap ké hoach nhiém vu dé
phan bd nhiém vu ¢ phén tir th i. Trong cong thic
(5), SET biéu thi thoi gian can thiét & hoan thanh tat
ca cac nhiém vy; VM(m, n) biéu thi thoi gian dé tac
vu thtr n chay trén may do tho m va K la sb tac vu
duoc phan phdi t6i may do nay. Mdi lan lip lai chon
phén tir ¢6 gia tri 16n hon va mot trong nhing gia tri
nay dugc st dung lam giai phap t6i wu toan cuc.
2.2.3. Cdp nhdt vin toc va vi tri ciia phan tie

Trong thuat toan PSO, chi khi vi tri phan tr hién
tai co gia tri thich hop t6t hon, vi tri duoc ghi t6t nhét
s& 1a vi tri tot nhat duoc thay thé bé'mg vi tri hién tai.
Vi tri tot nhat ma phan tir thir i da trai qua ky hiéu 1a
pbest. = (pbest,, pbest_,..., pbest ). Trong toan b
nhom phan tir, vi tri tot nhit ma tit ca cac phan tir da
trai qua duoc ghi lai 1a gbest, = (gbest, , gbest_,...,
gbest ) véin biéu dién cho vi tri tot nhit ctia phan tir
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da trai qua, trong pham vi ciia tong s6 nhiém vu (1 <
n <T). Vi mdi lan ldp, gia tri ctia ham thich nghi cua
phan tir c6 thé dwoc tinh bang cong thic (4) va (5).
Céc gia tri cua ham thich nghi hién tai cta phéan tir
dugc biéu thi dusi dang f (p,(t)) va trong lan ldp tiép
theo 1a f (p,(t + 1)).

. {pbesr,- (0) khi f(p,(t+1) < f(pbest, (1)
pbest, (i+1)= .

p,(t+ D) khi f(p,(t+1)> f(pbest,(t)

(6)
f(max(pbest(t)) = getMax(f (pbest (1)), f (pbest,(t))
;- T (pbest (1)) (7)
best (1) = max(pbest(t) khi f(max(pbest(t))) > f(gbest)
SV =N gbest(t) khi' f(max(pbest(1)) < f(gbest)
®)

Trong thudt toan cua bai bao nay, trong mdi lan
lap, néu vi tri hién tai cua phé‘ln tur co gia tri thich nghi
t6t hon hon vi tri cudi cung, vi tri s€ dugc cap nhat.
Khi gia tri thich nghi ciia phén tir 16n hon 1/G,, tuong
(g véi so d6 1ap ké hoach G, , (dugc tinh toan bang
thuat toan tham lam) vi tri cua n6 s€ da dugc cép
nhat. Khi dap ing dugc cac diéu kién trén thi van toc
va vi tri cia phﬁn tr s€ dugc cap nhat.

v(t+l) =o x v(t) + ¢, x Rand() x (pbest(t) - p(t)
+ ¢, x Rand() x (gbest(t) - p,(t)) (9)

p(tﬂ) p,(t) + v(t) (10)

Trong do, t dai dién cho sé lwong lap di 1ap lai;
o la trong luong quén tinh; ¢, va c, 1a cac thua s6 va
noi chung la ¢ = ¢, =2. Rand() 1a gia tri ngau nhién
trong [0, 1]. Trong qua trinh lap lai, vi tri ctia phan
tor dugc g101 han trong mét pham vi cu thé (1 < p,(t)
< M), ddng thoi pbest va gbest cing dugc cap nhat
turong Ung va cudi cung gbest 1a dau ra nhu 1a giai
phap t6i wu toan cuyc.

2.2.4. Quy trinh thuc hién thudt toan G&PSO

Thuat toan G&PSO dugc thuc hién theo cac budc
cu thé nhu sau:

Budc 1: Khéi tao nhom phﬁn tr. Cac vi tri va van
tdc cua cac phﬁn tir duoc khoi tao 1an dau tién, va st
dung thuét toan tham lam dé c6 giai phap ban dau
G, va tong thoi glan hoan thanh nhiém vu dy kién
G thi vi tri tot nhat ma cac phan tir trai qua voi G,
duoc khoi dau.

Thi tyc tham lam: Thu tyc bit dau tir chi muc
hang 0 ciia ma trdn ETC; n6 phan b6 nhiém vu cho
may 4o tur cot cubi cung cua moi hang trong ma tran
ETC. Néu su lua chon duoc dua ra tdt hon nhiing
may khac thi nhiém vy dugc hoan thanh; néu khong
nhiém vy dugc gan cho may ao dé thyc hién két qua
hién tai t8i wvu. Hon nira, néu c6 nhiéu ké hoach phéan
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bd ¢6 san thi nhiém vu duoc giao dén may 4o co it
nhiém vu nhét, do d6 dat dugc can béng tai.

Budc 2: Tinh gia tri ham thich nghi clia timg phan
tr theo cong thuc (4) va (5).

Budc 3: Cap nhat téi wu. Cap nhat c4 nhan va
nhom t6i wu dya trén cong thirc (6)—(8):

+ So sanh gia tr1 ham thich nghi cta phan tur hoat
dong theo pbest ti uu rleng ctia nd, néu gia trj cia
ham muc tiéu ctia phan tir tot hon pbest, thi thay thé
gié trj cta pbest bang vi tri hién tai ciia phan tur.

+ So sanh gié tri ham thich nghi cta phan tir voi
nhom t6i wu gbest ciia n6, néu gia tri ham thich nghi
ctia phan tir t6t hon gia tri ban dau dwoc tinh toan
béng thudt toan tham lam, sau do dat lai gia tri cua
gbest v&i vi tri hién tai clia ph?m tar.

Budc 4: Cap nhat tbe do va vi tri cua ph?ln tor
tuong tng theo cong thue (9) va (10).

Budc 5: Piéu kién dimg. Vong lip s& quay lai
Budc 2 cho dén khi thoa méan diéu kién dimg.

3. Két ludn

Bai viét nay giai quyét van dé vé lap ké hoach
cong viée ctia cic may 4o trén nén tang dién toan dam
mdy bang thuat toan G&PSO dé giam tong thoi gian
hoan thanh va can ddi khdi luong cong viée trong
mdi may ao. Thuat toan khong chi lam giam tong
thoi gian hoan thanh nhiém vy ma con can bé‘lng hé
théng tai va cai thién hiéu qua toan dién cua toan bo
nén tang dam may. Tuy nhién, trong khu6n kho bai
viét, chi xem xét kich thudc nhiém vu va kha nang
xtr Iy ciia may ao khi wdc tinh mirc d§ hoan thanh
nhi¢m vu theo thoi gian. Trong cac ung dung thuc
té, cAn dugc xem xét nhiéu yéu t6 hon, chfmg han
nhu anh huong cua bing thong va qua trinh truyén
dir lidu.
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