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Tém tat - Chat lwong dich vu (QoS) la mot yéu té khdng thé thiéu
dwoc khi 1ap lich cho céc tac vu thoi gian thuyc trén tinh toan dam
may. Bai bao nay dwa ra mot thuat toan dé anh xa tap cac tac vu voi
céc tham s6 dau vao nhw thoi gian dén, deadline, ngan séach va khoi
lwgng cong viéc vao tap con cua tai nguyén co chi phi va tbc d6 khac
nhau. Chang toi xay dwng bai toan nhu mét bai toan rang budc téi
wu va dwa ra mot thuat toan véi do phirc tap thoi gian da thire dé&
anh xa cac tac vy vao cac tai nguyén mét cach cé hiéu qua, véi muc
tiéu téng thoi gian thyc hién (makespan) clia cac tac vu 1a nhé nhat
nhwng van thda man deadline va ngan séch cla tac vu. Sau do,
chiing t6i st dung cdng cu moé phdng CloudSim dé cai dat va so sanh
thuat toan nay véi thuat toan Earliest Deadline First (EDF).

Tww khéa - cloud computing, scheduling algorithms,
constraint, resource allocation, QoS

QoS

1. Giéi thigu

Tinh toan ddm may cting 1a mo hinh tinh toan phén tan
v6i quy mo 16n. N6 cung cap dich vu cho nguoi ding bang
cach thué tai nguyén (phan cing, phan mém, tai nguyén
lwu trit, ...) théng qua Internet. Ngudi ding cé thé thué cac
tai nguyén khéc nhau dura trén yéu cau caa ho va tra chi phi
khi ho str dung.

Trong tinh toan dam may, mdi tai nguyén 1a mot may ao
VGi toc d6 va chi phi khac nhau, nd ¢am bao hiéu suat cho
ngudi ding. Mi méy 4o duoc thué trong nhiéu gid va ngudi
dung phai tra mot chi phi ¢ dinh trong gid dwoc thué, néu
ho khong st dung hét mét gio thi ho ciing phai tra chi phi
cho toan bs mot gio. Piéu nay thuc ddy nhu cau tim kiém
mét dinh vi hiéu qua v& chi phi cho tap cac tac vu.

Lap lich tac vu tac la viéc anh xa céc tac vu véi cac
tham s thoi gian dén, deadline, ngan sach va khéi lugng
cdng viéc vao cac tai nguyén véi tbe do va chi phi khac
nhau. Pay 1a mot bai toan NP-day du [1]. Pé dwa ra mot
giai phap tbi wu, ching ta phai tim kiém vét can, khi d6 do
phtrc tap & 1a ham mii, do d6 cach nay khdng thé duoc &p
dung. Bé khic phuc nhugc diém nay, ngudi ta thuong ding
cac phuong phap heuristic nham dua ra mot giai phap gan
t6i uu nhu phuong phap téi wu hoa dan kién (ACO) [2], ky
thuat t6i uru héa dan ong mo [3], phuong phép tham lam
EDF[12][13], ...

Trong méi trudng tinh toan dam may, bo lap lich la
thanh phan rat quan trong cua hé thong, né quyét dinh tinh
hiéu qua cua toan bo hé théng. Thuat toan l1ap lich trén moi
truong tinh toan ddm may c6 hai huéng chinh: Dya vao
hiéu nang vé hé thdng va dya vao rang budc QoS (Quality
of service).

Lap lich dia vao hiéu niang vé hé théng ¢b géng dé dua
ra mot lich trinh c6 tong thoi gian thuc hién nho nhat cho hé

Abstract - Quality of services (QoS) is an inevitable issue to be
dealt with in real time task scheduling of cloud computing. This
paper proposes an algorithm to map a set of tasks with input
parameters such as time, deadlines, budgets and workload to
subset resources with cost and speed differences. The scheduling
algorithm will be complexity polynomial time with optimal
constraints in it, which maps effectively the resources with
makespan of minimal tasks, but this still satisfies deadlines and
budget tasks. Afterward, we use CloudSim tool to install and
compare this algorithm with the algorithm Earliest Deadline
First(EDF).
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thong. Céc nghién ctu [2],[71,[8],[9] lap lich trén cac tac vu
doc lap va phy thugc dix ligu, str dung cac heuristic va cai
tién thuat toan Max-min dé dua ra mét lich trinh téi wu vé
thoi gian, nhung cac nghién ctiu chi tap trung vao lap lich dé
téng thoi gian thuc hién cho hé thdng la nho nhat khdng xét
dén chi phi, deadline va ngan sach cho céc tac vu.

Trong moéi truong tinh toan dam may, nguoi sir dung
thué céac dich vu thong qua Internet va tra phi khi sir dung.
Do d6, cac thuét toan lap lich dya vao rang buoc QoS
thuong duoc sir dung. Trong truong hop nay cac tham sé
cua nguoi dung nhu thoi gian, phi dich vy cho ngudi sir
dung, phi dich vu cho nha cung cip, do tin cay,... dugc uu
tién xem xét khi lap lich. Jzau-Sheng Lin va cac dong
nghiép [4] dua ra mé hinh 1ap lich cho cac tac vu trén moi
truong tinh toan dam may nhung muc dich cua thuat toan
1a 1am sao dem lai loi nhuan cao nhat cho nha cung cép
dich vu. Céac nghién ctu [5],[6] lai tap trung vao lap lich
trén céc tac vu dé tiét kiém dién ning trén cac trung tm dit
liéu. Céc nghién ctru gan day cia Ramkumar N [11] vé lap
lich trén tac vu thoi gian thue da st dung hang doi wu tién
dé &nh xa tac vu vao tai nguyén nhung chi tap trung lap lich
dé giai quyét cdng viéc mot cach nhanh nhit thoa man
deadline cua tac vu ma khong quan tim dén chi phi va ngan
sach cua cac tac vu. S. Liu [10] dua ra thuat toan lap lich
str dung cac tham sb cuia ngudi dung nhu chi phi, deadline
va d6 tin cdy. Trong bai bao nay chung t6i dua ra thuat toan
1ap lich cho céc tac vu thoi gian thuc sir dung cac rang buoc
QoS nhu chi phi, deadline va ngin sach cua cac tac vu véi
muc tiéu chi phi nho nhat nhung van théa mén deadline va
ngan sach cua cac tac vu. Vi vay, cdng viéc cua Jzau-Sheng
Lin [4] dem lai loi ich cho nha cung cap dich vu con cong
Viéc cua chiing t6i dem lai loi ich cho nguoi dung.

Bai b4o bao gom 4 phan: Phan 1 gi6i thiéu, phan 2 l1ap
lich cho cac tac vu bao gdbm md ta bai toan, xay dung bai
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toan va dua ra thuat toan, phan 3 md phong va dénh gia,
phan 4 két luan.

2. Lap lich cho cac tac vu
2.1. M6 ta bai todn

Ung dung bao gom tap cac tac vu T, mdi tac vu teT
c6 thoi gian dén Ia a;, deadline la d; (chi ré bang phut) va
ngan sach (budget) 1a bi (chi ré bang $) va khoi luong cong
viéc la wi. R la tap tai nguyén c6 san. Moi tai nguyén
r, € R cOtoc dg tinh toan s va tuong tng chi phi ¢; dé thué
may 40. Toc do s; la s6 chu ky cua tai nguyén c6 thé hoan
thanh trén phit. Nguoi dung tra chi phi ¢; dé thué tai nguyén
rj trong khoang D phdt lién tuc, D 1a don vi nhé nhat de
thué. Bai toan cé thé mo td nhu sau: Tim mét anh xa ter T
vao mét tdp con cua R dé co tong thoi gian hoan thanh la
nho nhat trong khi van thoa mén deadline va ngan sach
cua tat ca cac tac vu.
2.2. Xdy dung bai toan

Dit R={ry,r2,..,fm} 1 tp m tai nguyén tinh toan, mai tai
nguyén rjla by <s;,c;>, trong do s; la toc do tinh toan tinh
trén pht, ¢ 1a chi phi dé thué tai nguyén theo gio. Cac tai
nguyén nay la nguon tinh toan cho n tac vy, dugc bicu dien
boi tap T={ty,t2....,tn}, MOoi tac vu la mét bo 4 <a;,d;,bi,wi>
trong do:

- & thoi gian dén cua tac vu t

- d;: deadline cua t;, thoi gian dé hoan thanh tac vu t;
phai nhé hon hoac bang di.

- bi: ngan sach, chi phi thuc hién tac vu ti phai nho hon
hoic bang b;

- wi: khéi lwong cong viéc caa t; tinh bang chu ky.

Tai mot thoi diém cac tac vu c6 thé thué mot tai nguyén
nhiéu Ian, tastrdung o ( j,k) dé thé hién viéc chon tai nguyén:

1, néur; dwoc str dung k lan
0, nglr(_)'c lai

«G ) ={; @)

Téng chi phi cua tat ca cac tai nguyén dugc tinh nhu
cdng thac (2)

ZZC xa(jk) (2

j=lk=1

Trong d6 chi sb trén cua y dugc xéc dinh nhu sau: Trong
tinh todn ddm may nguoi ding c6 thé lya chon bat ky tai
nguyén nao véi sb lugng khac nhau, gia tri y c6 thé 1a vo
cling, tuy nhién ta cé thé suy ra chi sb trén cua y tir tap cac
tac vu T da co. Tong khdi lugng cua T dugc cho béi:

c=Yw &)

Néu ching ta xét truong hop toc do nho nhét cia cac
tai nguyén la p, khi d6 so tai nguyén 1én nhat co thé duoc

dung 1a 9 Vi vay chi sb trén cia y duoc xac dinh boi:
p

ys o @)
i=1

Nhu cong thirc (1) ching ta khdng biét khi nao cac tai

nguyén duoc sir dung, do do, chiing ta xét thém yéu té thoi
gian dé cac tac vu chon cac tai nguyén. Ky hiéu B(j,k,x)
dé thé hién tai phat thir x thué k tai nguyén thi j

BU k,x) =

1,néu r; dwoc stir dung k lan tai phit thir x

{0, nguoc lai

®)
Nhu vay tai phdt thir x, tong sé chu ky dwoc thyc hién 1a:

ZZS xB(] (6)
j=1k=1
Muc tiéu cua ching ta la téng thoi gian hoan thanh la
nho nhat, do do tong so chuqk)‘r duoc thuc hién cua tat ca
cac tac vu la 16n nhat nhu thé hién & cdng thic (7):

n d m vy
max3"3 73 3s, % A(1k.x) Q
i=1 x=g; j=1k=1
Dé dat dugc muc tiéu nhu cong thirc (7) thi phai thoa
man cac rang budc:
- Chi phi cua tat ca c4c tac vu phai thoa man ngéan sach
cua no tac la:
m Yy n
Z“Z“cjxac(j,k)gai (8)
j=1k=1 i=1
- Thoi gian thuc hién caa cc tac vu phai thoa mén
deadline ciia n6, chling ta can phai chon du sb tai nguyén
va sb luogng ctia mai tai tai nguyén can thué & (2) dé mdi
tac vu cO thé hoan thanh sau thoi gian dén va truéc
deadline. M&i tic vu teT can phai théa man rang bugc:

ZZZS x B(J.k,x) 9)

x=g; j=1k=1
2.3. Thudt toan

Phan nay ching toi xay dung thuat toan dua trén bai
toan dat ra ¢ phan 2.1 va 2.2. Thuat toan 1: CTO ching toi
xay dung bang do tim d€ xac dinh so lugng cua moi tai
nguyén cho moi tac vu. Thuat toan 2: MINC xéc dinh
khodng thoi gian goi dau 1én nhau gilra cac tac vu dé tan
dung khoang ghéyi gian con hiéu lyc cia mai tac vu va dua
ra lich trinh dé nh xa céc t&c vu vao cac tai nguyén.

Thuat todn CTO.

PAau vao: Tap n cac tac vu T={ty,to.....t.}, mdi tc vu 1a
mot by 4 <ajdibiwi>. Tap R={ryrz,..rm} 1a tap m tai
nguyén tinh toan, mdi tai nguyén s 12 bo <8j,Cp>. Ngudng
p dung ngudng nay dé nhém cac tai nguyén co téc do

g4n bang nhau trén 1 nhém.

Piau ra: Bang do tim dé xac dinh s lugng céc tai
nguyén cho céc tac vu.

Thuat toan:

Budc 1: Sap xép céc tai nguyén theo thir tw giam dan
cua toc do.

Budc 2: Duyét qua céc tai nguyén da duoc sap xép theo
téc do, dua vao ngudng p dé nhém céc tai nguyen c6 tbe

d6 gan bang nhau trén timg nhom, sau do sap sép cac tai
nguyén trén tirng nhém theo tha tu tang dan caa chi phi.
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Buégc 3: Trén mdi nhom wu tién 4nh xa tac vu vao tai
nguyén c6 chi phi thap, sau d6 néu tac vu chura hoan thanh
anh xa tac vu vao cac tai nguyén con lai cua nhém. PBua ra
bang do tim dé xac dinh sé lwong cAc tai nguyén cho cac
tac vu.

Mot sb han ché cua thuat toan CTO:

- Céc tac vu c6 thé hoan thanh trugc deadline cua nd
nhung c6 thé khéng thda mén ngan sach.

- Thoi gian thué tai nguyén la D phuat nhung c6 thé tac
vu ti nao d6 khong sir dung hét D phut. Do d9, trong phan
nay ching ta dinh nghia tap T; bao gom cac tac vu goi Ién
tac vu t va cac tac vu nay c6 thé chia sé cling 1 tai nguyén:

T ={t|d >d vaa, <d, (10)
1) |

Sau khi x4c dinh dugc tap T;, ta tién hanh tinh khoang
thoi gian g6i dau 1én nhau. Ta dinh nghia t; 1 thoi gian cua
tai nguyén dinh vi cho t; van con hiéu lyc dé tinh toan cho
ti. Gia tri t;; phu thugc tdc do s cua tai nguyén cudi cling
dugc &nh xa cho t;, phu thugc vao thoi gian dén, deadline
va khoi lugng cong viéc cua tj va tj. Tjj duoc tinh nhu sau:
ti)
Wi

min(D — Uy, d; — a;) Néua; — a; > .

W.
={D-Ujy; Né'uaj—ai<?lvédj—ai2D (11)

A, wi |
d]—(ai+Uij)Neuaj—ai<?vadj—al-<D

Trong do: U, =—+max( d,,O) s la téc do cua
s

tai nguyén cudi ciing duoc anh xa cho t;

Vi du: Gia sir D=60 va t1(0,30,1.5,500) cd thoi gian thuc
hién trén tai nguyén r,(20,1.5) ctia nhom 1la; 25 phdt, con
du tir phiit 26 dén 60.t,(30,50,2,1200) ¢6 a, —a, =30> W

s

=25 nén roi vao trudng hop dau tién cua cong thic (11). Khi
d6 U,;=25+max(30-30,0=25 va min(D-U;.d, -a;)
=min(60-25,50-30)=20, nhu vy tai nguyén r, con hi¢u luc
cho 60-25=35 pht cho t; nhung thoi gian dén cua t, tir phat
thir 30 nén chi stir dung duge min(35,20)=20 phat. Hai tredng
hop con lai cua cong thac (11) xét twong tu.

Thuat toAdn MINC

Piu vao:

- ST={}; tap céc tac vu di lap lich

- UST=T; tap céc tac vu chua 14p lich

- TB: Bang do tim dé xé4c dinh sb lwong cac tai nguyén
cho céc tac vu cua thuat toan CTO.

- 1 ngin xép dé luu cac tac vu

PAu ra: Mat lich trinh dé &nh xa c4c tac vu vao cac tai nguyén

Thuit toan:

1. Duyavao TB dé tim ra tac vu t;dau tién théa man

deadline va chi phi

2. PUSH(t); // Luweu trit ti vao ngén xép
3. ST=ST+{ti}; UST=UST-{t);

4. Do while UST = &
5. t=POP(); // Ldy ti tir ngdn xép
6. Tim T ={td; >d vaa <d,]|

7. Tinh tj cua cac tac vu trong Ti. tjj duoc tinh trén
tai nguyén cuoi cung duoc anh xa bai tac vu ti:

8. Tinhmax(t;), tj c6 thoi gian goi dau lon nhat lam
tiép vu tiép theo

9.  Dua vao max(t;) dé tinh lai w; cho tac vu t;.

10.  Trén mdi nhém caa TB wu tién anh xa tic vu
Va0 tai nguyén c6 chi phi thip, sau 6 néu t; chua
hoan thanh &nh xa tj vao cac tai nguyén con lai
ctia nhém. Tim ra duoc cac tai nguyén dau tién
thoa mén deadline va ngén sach cho t;

11.  PUSH(t);
12.  ST=ST+{t}; UST=UST-{t);
13. Loop

14. Duya vao tap ST dé dua ra lich trinh dé anh xa
cac tac vu vao céc tai nguyén

Co sé ly luan.

- Sy hinh thanh cua hai tap ST va UST chic chan ring
chi c6 gidi han vi cac tac vu dugc lap lich theo 16 va theo
mot chu ky tic la ta sir dung i tap tac vu chua 1ap lich. Cir
tap tac vu nay dang duoc lap lich thi tap tac vu kia tiép tuc
nhan tac vu chua 1ap lich va luu vao hang doi, khi tap tac
vu nay lap lich xong thi hé théng sé 1ap lich cho tap tac vu
luu ¢ hang doi va qua trinh ct 1ap lai.

- Muc tiéu dat ra 1a tong thoi gian hoan thanh 1a nho
nhét nhu & ¢dng thie (7)va thoéa man hai rang budc (8) va
(9). Vi dit ligu dau vao cua thuat toan Ia danh sach céc tai
nguyén co san trén trung tam di liéu cua tinh todn dam
may, chung toi sap xép céc tai nguyén nay theo tht tw giam
dan cua toc do, sau d6 dua vao ngudng p dé phan nhom
c4c tai nguyén va sap sép tang dan theo gié trén tirng nhém
nay. Nhu vay, néu anh xa cac tic vu vao tai nguyén dau
tién trén mdi nhém s& c6 toc do thuc hién 13 Ion nhat va chi
phi thi nho nhat, didu nay s& lam giam chi phi va thai gian
hoan thanh cho ca h¢ thng.

- Thoi gian thué tai nguyén 1a D phut, do d6 c6 thé mot
t&c vu ti hoan thanh cdng viéc ctia minh vaéi thoi gian it hon
D phut nhung phai tra chi phi trong vong D phuat. Thuat
toan trén tan dung khoang thoi gian con hiéu luc nay dé
thuc hién cho tac vu tiép theo, diéu nay dan dén chi phi
thuc hién cho ca hé théng giam xudng.

3. Mo phéng va danh gia thuit toan

Céc thuat toan duogc cai dat md phong bang ngdn ngi
Java (NetBean 7.1.1, JDK 6), g6i cong cu CloudSim 2.0
[14] vai cac thong sb sau: st dung 1 Datacenter, 2 host vat
ly, 50 may 40, 4 PE va 512 RAM trén mot méy a0 va sb tac
vu (Cloudlet) thay ddi tir 100 dén 250

Trong cai dat, chiing téi sir dung cac API cua CloudSim
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2.0, ké thira tir 16p DataCenterBroker dé tao ra chinh sach lap
lich méi twong ng véi thuat toan CTO va MINC dé xuat. Ké
thira Ién 16p Vm cua CloudSim 2.0 dé tao ra cac may 40 V6i
cé4c thong sb tdc do va chi phi dugc xac dinh nhu sau: tde do
duoc ldy ngau nhién tir 10 dén 50 twong wng vai chi phi la s6
thyc dwoc liy ngau nhién tir 0.1 dén 1. K& thura Ién lop
Cloudlet dé tao ra C4c tac vu Vai cac thong so: thoi gian dén,
khdi lwong cdng viéc, ngén sach va deadline dugc xac dinh
nhu sau: Thoi gian dén dwoc 1y ngau nhién tir 1 dén 500,
chiing ta phéat sinh deadline mot cach ngau nhién giira (ch,dy)
phit va cac gié tri khac nhau d; va d, c6 giéi han tir 10 dén
1500, deadline phai I6n hon thoi gian dén. Khdi lwong cong
viéc dugc liy ngau nhién tir 10 dén 5000 chu ky, cin ctr vao
khéi Iugng dé ude lugng ngan sach cho céc tac vu.
3.1. Phan tich tong thoi gian va tong chi phi thwe hi¢n
Néu chiing ta str dung thuat toan tim kiém vét can dé anh
Xa CAc tac vu vao cac tai nguyén thi ludn tim ra thoi gian hoan
thanh va chi phi thap nhat nhung thoi gian dua ra lich trinh rat
I6n vi d6 phuc tap cua thuat toan la ham md.

35000 4

30000 +

g
=
25000 4 2
2
20000 -| = 2 TCO
15000 - BMINC
EDF
10000 -|
5000 I .
0 - T T T
100 150 200 250 S tic vu

Hinh 1. So s&nh téng thai gian thre hign (makespan) cua
3 thudt todn khi thay doi so tac vu

700 -

600 -

Chi phi

500 -

400 4

ETCO
300 EMINC
EDF
200 4
0 - T T T
100 150 200 250 Sétécvu

Hinh 2. So sanh téng chi phi cia 3 thugt toan khi thay di so tac vu

Hinh 1 va hinh 2 chi ra tong thoi gian thyc hién
(makespan) va tong chi phi cua 3 thuét toan CTO, MINC
va EDF khi p =5, 50 may 40 va cac tac vu thay doi tir 100
dén 250. Cac gié tri trong hinh 1 va 2 la két qua cua 5 Ian
chay thtr va lay ket qua trung binh. Khi so tac vu cang cao
thi tong thoi gian thuc hién va tong chi phi cua thuat toan
MINC ludn nho hon thuét toan CTO va EDF vi thuat toan
MINC xem xét viéc chia sé thoi gian goi dau cua cac tac
Vu Ién céc tai nguyén, trong khi d6 thuat toan CTO khdng
xem xét thoi gian goi dau, con thuét toan EDF chi xem xét

. . I C R .

den ti so s dung: U = T—' <1 (trong do6 C; la thoi gian

i=1

thuc hién va T; tuong ung vai Deadline)[15][16] dé anh xa
tAc vu vao cac tai nguyén. Do do, thuat todn EDF chi ¢am
bdo cac tac vu hoan thanh truéc deadline cua né chir khong
quan tdm dén chi phi cho céc tac vu.
3.2. Thay déi nguwong p

Chung t6i thay d6i ngudng p tirl dén 5, sir dung 250
tac vu va 50 may 4o, két qua duoc thé hién & hinh 3 va hinh
4. Khi ngudng p cang nhoé nhu & hinh 3 thi cac tai nguyén
¢6 toc do cao s& nam & nhom dau tién va MINC s& tap trung
anh xa céc tac vu yao‘tap cac tai nguyén nay va tién hanh
chia s¢ thoi gian goi dau giira cac tac vu, do d6 khi ngudng
p cang nho thi tong thoi gian thuc hién cia MINC sé nho
hon CTO va EDF. Nhung nguoc lai khi tai nguyén c6 téc
do cang cao thi chi phi cua nd cang l6n, do d6 khi ngudng
p cang nho thi ca hai thuat toAn MINC va CTO déu cé
téng chi phi cao nhu & hinh 4.

45000
40000 -
35000 4
0000 4
25000 -
20000 -

Makespan

15000
10000
m.
0.
1 2 3 4 ] Giatrip
mTCO | 16698 | 15960 16015 | 16439 | 16700
mMING | 10138 | 11351 11400 | 11587 | 11675
mEDF | 37144 | 40738 | 35958 | 41077 | 35420

Hinh 3. So sanh thoi gian téng thoi gian thuc hi¢n (makespan)
cua 3 thudt todn khi thay doi p

600

500
= 400
[
=
O 300 4

200

700

0 T L -
1 2 3 4 5 Giatrip

BTCO S62.10 | 55667 | 93477 53397 | 517.08
B MINC | 469.71 451,46 | 443296 42252 | 40033
B EDF 48024 | 48024 | 538789 45458 | 50635

Hinh 4. So sanh tong chi phi cia 3 thudt todn khi thay doi p

Phén tich d¢ phrc tap.

- Thuat tpén EDF dqyét gua Cc4c tac vu va cac may ao,
dua vao ti s6 sir dung dé anh xa t&c vu vao may ao, d9 do
d6 phuec tap cua thuat toan EDF la O(n.m) véi n la so tac
vy, m la s6 may &o.

- Thuét toan CTO sir dung thuat toan Quick Sort dé sap
xep cac tac vu theo chicu giam dan cua toc do va trén tung
nhdm sap xép tang dan cia chi phi, do dé d6 phuc tap caa
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hai lan sap xép la O(2.m.logy'). Sau d6 duyét qua cAc tic
vu dé anh xa cac tac vu vao cac may ao nén do phuc tap
cua thuat toan CTO 14 0(2.m.|og;n + n).

- i vai thuat toan MINC, chiing ta duyét qua céc tac
vu chua 1ap lich, cir mdi tac vu chua 1ap lich s& duyét qua
C4c tac vu dé tim ra tap T va tinh max(t;), tir d6 tim ra tac
vu tj dé anh xa vao cAc may 40 clia nhom dau tién trong tap
c&c may ao. Do d6, d6 phtrc tap cua hai vong lap s¢ la
O(n?). Két qua dau ra cua thuat toan CTO 14 dau vao cua
thuét toan MINC, do d6 d6 phuc tap cta thuat todn MINC
la O(2mlogj + n)+ O(n®)=0(2mlog; +n(n+1)).

Do phuc tap nay van dam bao d¢ phuc tap thoi gian da thuc
cho thuat toan duoc dé xuat.

4. Két luan

Bai bao da tap trung nghién ctru céc tac vu thoi gian
thuc véi cac rang buoc QoS, mdi tac vu ching tdi xem xét
dén cac yéu t6 nhu thoi gian dén, deadline, khdi lwong va
ngan sach, mdi may 4o bao gdom téc do va chi phi khac
nhau. Chudng t6i xay dung bai toan &nh xa tac vu vao cac
may 4o nhu 1a bai toan rang budc t6i wu va dua ra thuat
toan vai thoi gian da thirc dé giai quyét bai toan nay. Thong
qua viéc phan tich va két qua thuc nghiém di séch trén
cling mot bo mau va sir dung cuing mét cong cu mod phong
CloudSim da cho thay két qua cta thuat toan MINC c6 su
cai tién dang ké vé tong thoi gian thyc hign va chi phi so
véi giai thuat CTO va EDF hién cé.
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