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Abstract: Cloud computing is a general term for
the delivery of hosted sevices over the Internet which
facilitates pay per model as per user demand and
rquirement. Cloud consist of a collection of servers
which includes both computational and storage
facility. The primary aim of cloud computing is to
prvide efficient access to remote and geographically
distributed resources. There are many challenges in
the cloud environment, one of them is workflow
scheduling, although workflow scheduling problem
has been discussed by many researchers, a hanful
efficient solutions have been proposed for Cloud
computing. In this paper we propose MODE, a novel
algorithm for workflow scheduling problem. Based on
the Opposition-Based Differential Evolution method,
our proposed algorithm not only ensures the fast
convergence but also avoid being trapped on local
extrema. Our experiments conducted in real scenarios
by using simulation tools CloudSim show that MODE
is superior to previously proposed algorithms,
moreover the deviation between the solution found by
MODE and the optimal solution is negligible.

Keyword: Workflow scheduling, Opposition-Based
Differential Evolution, cloud computing, Differential
Evolution.

I. GIOI THIEU

Bai toan lap lich ludng cong viéc 1a mot bai toan
da dugc nghién cuu tir nhirng nam 1950, va bai toan
nay da dugc ching minh thugc Iop NP-Complete.
Trong nhirg ndm gan day di c6 rat nhidu tng dung
khoa hoc dwoc mé hinh hda bai dang d6 thi ludng
cobng viéc nhu ung dung Montage [18], CyberShake

[19], Epigenomics [20], LIGO [21],...mét trong
nhitng thach thic cua bai toan Iap lich ludng cong viéc
la phai hoan thanh ludng cong viéc véi thoi gian nho
nhat trong diéu kién gisi han vé ngudn tai nguyén. Su
phét trién cua moi truong dién toan dam may (Cloud
Computing) da tao ra cac co hoi cho viéc giai quyet
bai toan lap lich ludng cong viéc, véi kha nang ve tai
nguyén du phong va luén sin diing s& gitp giam bot
thoi gian cho doi gitra cac tac vu trong ludng cong
viéc, kha ning cung cap tai nguyén theo nhu cau
khach hang ciing 1a mot lgi thé 1on cua dién toan dam
may, kha nang nay s& cho phép cac ung dung dang
ludng cdng viéc c6 thé bt dau duoc thuc hién ngay
khi chi c6 mét phan tai nguyén dwoc dap Gtng ma
khong can phai chd doi cho dén khi du tat ca céc tai
nguyén can thiét. Ngoai ra kha ning co gidn trong moi
truong di€n toan dam may ciling 1a mot dac tru’ng hiru
ich véi cac ang dung dang ludng cdng viéc vi n6 cho
phép cac hé thong luong cong viéc dé dang tang, giam
cac tai nguyén cua tng dung theo nhu cau. Ban chat
cua van dé lap lich ludng cdng viéc trong méi trudng
dién toan dam may 1a gan cac tac vu cua ludng cong
viéc vao thyc thi trén cac tai nguyén cua dam may sao
cho thoi gian hoan thanh ludng cong viéc (Makespan)
la nhé nht.

Noi dung tiép theo ciia bai bao gdm nhirng phin
chinh nhu sau. Phan 2 trinh bay mot sé cong trinh lién
quan dén bai toan 1ap lich ludng cong viéc. Phan 3 md
ta bai toan va trinh bay mo hinh toan hoc, sau do phat
biéu bai toan va ching minh rang né thudc 16p NP-
day du. Phan 4 gi6i thiéu thuat toan d& xuit - MODE.
Pé kiém ching higu ning cua thuat toan MODE, phan
5 trinh bay qua trinh thyc nghiém trén mét sé ludng
cong viéc khoa hoc mau trong mdi truong dam may
thong qua cong cu md phong CloudSim va goi thu
vién Jswarm [1] va phan tich sb liéu thu duogc, tir d6
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dua ra nhitng nhan xét so sanh. Noi dung phan 6 trinh
bay két ludn va huéng nghién ciru tiép theo.

I1. NHUNG CONG TRINH LIEN QUAN

Bai toan lap lich luﬁ)ng cong viéc da dugc chung
minh 1a thu¢c 16p NP- day du [2] nghia la thoi gian dé
tim ra 10i giai t6i wu 14 rat 16n, vi vay da co nhiéu cong
trinh nghién ciru nham tim ra 1oi giai gan dung trong
thoi gian ngén.

S. Sadhasivam di d& xuit thuat toan lap lich
luéng cong viéc dya trén sy can bﬁng tai trong moi
truong dién toan dam may [3]. Thuét toan khong chi
dap g cac yéu cau tir ngudi sir dung ma con cung
cap kha niang st dung tai nguyén mot cach hiéu qua.
Pay la thuat toan theo hudng nang cao hi¢u qua dich
vu dya trén Meta-heuristic. R. Burya da trinh bay mot
cach tom tit vé cac chiic ning ciia cong cu md phong
CloudSim [4] - méi truong mo phong cho phép cai dat
va thuc nghiém cac thuét toan lap lich luéng cong viéc
trong moi truong dién toan ddm may. G. Guo-Ning da
dé xuét mot thuat toan 1ap lich luéng cong viéc dua
trén giai thuat di truyén [5]. trong dé dua vao nhiéu
rang budc dich vu khic nhau nhu thoi gian hoan
thanh, bang thong, chi phi, d¢ tin cdy. Tac gia da st
dung két hop véi giai thut luyén thép sau pha lwa
chon, trao doi chéo, dot bién nham tang cuong kha
nang tim kiém cuc bo cua giai thuat di truyén.

L. Guo da trinh bay mdt md hinh cho bai toan lap
lich ludng cong viéc trong mdi truong dién toan dam
may [6] va dé xudt mot thudt toan 1ap lich ludng cong
viéc dua trén chién lugc t6i uu bay dan, két hop véi
luat SPV (Smallest Position Value) nham rdi rac hoa
cac gia tri thyc cua véc to dich chuyén va véc to vi tri
clia cic c4 thé trong quan the Téc gia da thuc nghiém
va chi ra thuét toan dé xuit co chét luong 10i giai t6t
hon cac thuat toan CM-PSO (Crossover and Mutation
PSO) va L-PSO (Local search Particle Swarm
Optimization). S. Pandey [7] dd d& xuét thuat toan 1ap
lich ludng cong viéc PSO Heuristic (Particle Swarm
Optimization Heuristic — PSO_H) trong méi truong
dién toan dam may duwa trén chién luoc toi uu bay dan.
R. Rajkumar da dé xuat mot thuat toan 1ap lich phan
cép [8] va dua vao cac tham sb dich vu khac nhau,
ching han nhu thoi gian dép tmg. Thuét toan sir dung
tham s6 nay nhu mot quyén wu tién dé lya chon cac
tac vu lap lich. Q. Cao va cac dong nghiép di trinh
bay thudt toan 1ap lich dua trén giai thuat ABC
(Activity Based Costing) [9]. Thuat toan nay gan muc

uu tién cho mdi tac vu trong ludng cong viée theo cac
tham s6 vé thoi gian, khdng gian, cac tai nguyén va
chi phi, qua trinh 1ap lich s€ sir dung murc uu tién nay
de quyét dinh cac tac vu dugc chon trong qua trinh 1ap
lich.

S.Selvi va cac cong su di dé xuét thuat toan lap
lich ludng cong viéc trong méi truong dién toan ludi
(Grid) [10], trong cong trinh tac gid da van dung thuat
toan tién hoa vi phan (DE) vao giai bai toan lap lich
ludng cong viée trén moi truong dién toan ludi nham
cuc tiéu thoi gian hoan thanh ludng cdng viéc
(Makespan), trong cong trinh tac gia da chi ra gié tri
Makespan tim duoc boi thuat toan dé xuét 1a nho hon
so voi thudt toan PSO. Q. XU va cac cong sy da dé
xuit thuat toan COODE [11] (Current Optimum
Opposition-Based Differential Evolution) nhiam tim
gia tri tdi wu cho cac ham sé dua theo phuong phap
tién hoa vi phan déi ximg, trong cong trinh tac gia da
dé xuat cong thirc tim diém ddi xtmg cta mot diém
dua theo gia tri t6i wu hién tai nham thay doi toan tir
dot bién trong phuwong phap tién hoa vi phan va tac gia
da so sanh thuat toan COODE véi cac thuit toan DE
va ODE, két qua da chi ra thuat toan dé& xuit COODE
tot hon céac thuét toan d6i sanh.

I11. MO HINH LY THUYET
Biéu din ludng cong viéc bai d6 thi G=(V.E), véi

e V la tdp dinh, mdi dinh biéu didn cho mot tac vu
trong ludng cong viéc.

o T={Ty, Ty...,Tu} latip M tac vu

¢ E biéu dién su phu thudce di liéu giita cac tac vu.
Canh (T;, Tj) € E thi tac vu T; 1a tac vu cha cua tac
vu Tj, dit liéu sinh ra boi T; s€ dugc sur dung boi T;.
Tap may chu S = {Sy, S,,....,Sx}. N 13 s6 may chu.

e Mai tac vu T; ¢6 thé thuc hién tai mot may chu bét
ky SjeS

e Khéi lugng tinh toan cua tac vu T; ki hiéu 1a W;
(flop-floating point operations).

e P(S): la tbc d0 tinh toan cua may chi S
(M1/s : million instructions/second).

 Bing thong B(S;,S) gitta may chu S; va §j dugc
biéu dién béi ham B(): SxS — R". Bing thong
thoa min cac diéu kién : B(S;,S;) = o and B(S;,S;)
= B(5;,Si) (Pon vi do 1a Mbps)
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e Dy khéi lugng dir ligu tmyén tlr tac vu T; dén tac
vu T;. (Don vi do 1a MB)
M&i phuong phap lap lich dugc biéu didn boi ham f():
T—S ; f(T;) 1a may chu thyc thi tac vu T;.
Tir céc gia thiét trén ta co :

e Thoi gian thuc hientacvu Ti 1a: _ Vi (1)

P(f(T,))
e Thoi gian truyén dit lidu giita tac vu T; va T; la
2 (2)
B(f(T;) f(T,
Phat biéu bai to4n.

Bai toan dang xét, tor ddy ky hi¢u la WSP -
Workflow Scheduling Problem, dugc phat biéu nhu
sau: gia su cho trudc tai nguyén cia dam mdy bao
gom tdp may chu S voi toc do tinh todn va bang théng
dwge biéu dién nhw trén. Gia sir tdp tac vu T dwoc
biéu dién boi dojh_z G=(V,E) nhu trén. Ham muc tiéu
dat ra la cuc tiéu thoi gian thuc thi luong cong viéc:
makespan — min
trong d6 thoi gian thyc thi dugc tinh tir lac tac vu dau
tién bat dau dugc khdi dong cho tdi khi tac vu cuoi
cung dugc hoan thanh.

B6 dé: WSP 1 bai todn thugc I6p NP-Complete
Chirng minh:

Xet bai toan SCHED [12] sau day: gia sir cho
trude tdp may chu va tip tac vu gdm cac thanh phan
nhu da dinh nghia ¢ bai toan WSP trén day, ngoai ra
bo sung thém di€u kién la tp S gom cac may chu
giong hét nhau vé toc d¢ tinh toan.

Sinnen da chimg minh rang bai toan SCHED
thuoc 16p NP- day du [12]. Quay v& bai toan WSP
dang xét, dé thdy rang bai toan SCHED chi 1a mot
truong hop riéng clia bai toan WSP khi bo sung thém
diéu kién rang budc sau day: P(S;) = P(S;) Vi,j =1..N.

Vi vay rd rang bai toAn WSP ciing thudc 16p NP-day
du.

IV. GIAI PHAP DE XUAT

Thuét toan tién héa vi phan dua trén thong tin dbi
xung (Opposition-based differential evolution — ODE)
dugce dé xuit boi R. Storn va K. Price [13], tuong tu
nhu céc thuat toan tién hoa khac, thuét toan ODE gém
hai budc chinh: khoi tao quan thé va sinh quan thé

moi bang cach ap dung cac toan tir di truyén nhu dot
bién, trao ddi chéo va lua chon tu nhién. Tuy nhién
thuat toan ODE nang cao hiéu nang tim kiém trong hai
budc nay bang cach tim kiém thém 10i giai trong phan
doi xtng cua khong gian tim kiém hién tai. Dé gial
quyét bai toan lap lich ludng cong viée da dé xuat
trong mé hinh phan 3, chung toi s& dé xuét phuong
phap tim phan tir d6i xtmg trong quan thé va két hop
voi phuong phap banh xe quay vong dua trén hang ca
thé nham tim ra cac cé thé tot cho qua trinh dot bién
qua do6 nang cao hi¢u nang cua thuat toan.

Pinh nghia 1: gia sir x 13 s6 thuc va x < [a,b], khi
d6 phan tor dbi xtimg cua x ki hiéu 1a ¥ va dugc tinh
nhusau: X =a+b—x (3)

Pinh nghia 2: goi P(xj, Xz,..,Xp) la mdt véc to D-
chiéu, v6i x; e[a;, bil; i=1,2,...,D. Khi d6 véc to ddi
xtmg cua P ki hiéu 1a P = (%7, %3, ..., Xp)va dugce tinh
nhusau: X, = a; + b; — x; (4)

4.1. Biéu dién ca thé

MGdi c4 thé trong quén thé dugc biéu din bai mot
vec to ¢6 do dai bang s6 tac vu trong ludng cong viéc.
Gia tr1 tuong Ung voi mdi vi tri i trong véc to biéu
din s6 hiéu cuia may chu thye thi tic vu i.

Vi du: xét ludng cong viéc véi 5 tac vu T={Tj,
To,...,Ts}, tip may chit gdm 3 may S={S;, S,, Ss}. Khi
d6 ca thé x; =(1,2,1,3,2) duoc biéu dién nhu sau:

T T, Ts T4 Ts

S]_ Sz S]_ 53 SZ

4.2. Phwong phip tinh di xtimg cho ca thé

Trong phuong phap ODE ta_ can phai tim c4 thé
d6i xtmg cho mdi ca thé trong quan thé hién tai, trong
bai bao nay ching t0i dé xuét phuong phap tim cé thé
doi xtng nhu sau:

Goi a = Max{P(S))} va b = Min{P(S)}; Vi=1,2,..N;
v6i P(S)) 1a toc do tinh toan ctia may chu S;

Gia st ta co ca thé X = (Siﬂ:(l)u Sin(g),. . -,Sin(M)); Sin(j)
€ S, Vj=1,2,..,M; ca thé doi xing cua X; ki hi€u 1a X,
vax, = (SLTL'(I)' Sm(z)' ""SLTL'(M)) (5);

SlTL'(]) =a+b— Sin'(j); V] = 1,2,..,M
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Sau d6 s& gan cac gia tri tuong u:ng Vi mai vi tri j
trong véc to X, boi s6 hiéu may chi c6 toc do tinh toan
gan gia tri Sun()) nhat:

X, < knéu |P(S,) — Spucpl < |P(S) = Sinepy| VS (6)
Algorithm: OP_Algorithm

Input: population p = (X1, X, ..., Xpopsize)

Output: opposite of population OP

1. for i=1 to PopSize do
X, « opposite (x;); theo cdng thirc (5)
3. Gan sb hiéu may chu cho cac vi tri
j cua véc to X, theo(6)
4. end for
return OP

4.3. Phuong phap banh xe quay vong dwa trén
hang ca thé

Banh xe quay vong dya trén hang ca thé 1a mot
phuong phép lwa chon ca thé cho cac thé hé ké tiép.
Trong phuwong phép nay mdi ca thé dugc xép hang
theo mot ham xac dinh, sau d6 s& tinh sic xuit lya
chon cac ca thé theo hang cua ching. Trong bai bao
nay ching toi dé xuat ham tinh hang cho céc ca thé
nhu sau:
pos—1

PopSize— 1)( )

2.0; pos: vi tri ca thé can tinh

rank(pos) = 2 — SP + (2 x (SP — 1) x
Trong d6: 1.0 < SP <
hang

Algorithm: RBRWS algorithm

Input: population p = (X1, Xz, ..., Xpopsize)

Output: particle ps
Begin

1. S8p xép cac ca thé theo chiéu téng
dan cta ham muc tiéu f;

2. for i=1 to PopSize do

3 pos[i] <« PopSize - 1

4. for i=1 to PopSize do

5. calculate rank; by equation (7)

6. rand <« Random (0, SP)

7 S<— PopSize

8 while (rank([s]

return X

< rand && s>0)s—

End.

4.4. Thuit toain MODE

Két hop cac noi dung trén chiing toi dé xuat thuat
toan lap lich ludng cong viéc trong méi truong dién
todn dam may dya trén thong tin doi ximg va goi 1a
MODE nhu sau:

Algorithm MODE ()

Input: T, S, size of workload W[1xM], P[1xN],
B[NxN], D[MxM], the constant K, the deviation
g, the number of particle NoP

Output: the best position gbest

1. Khoi tao quan thé P gdm PopSize
céd thé mdét cach ngdu nhién

2. OP « OP Algorithm ; tinh quén
thé dbi xGng cua quan thé hién
tai

3. Chon PopSize cad thé tbt nhdt tu P
o OP

4. while (Piéu kién 1&p)do

for i=1 to PopSize do

6. Lua chon c& thé p; theo
thudt todn RBRWS

7. Lua chon ca thé& p, theo thudt toan
RBRWS

8. F <« Random(1l,0)

Vi ¢ pbest + EFx(p; — p2)

10. Gan sb hiéu may chu cho mdéi vi tri
j cua véc to v; theo (6)

11. rand;,; < Random(0,1)

12. T,ing ¢« random(1l,M)

al

O

v;jnéurand;; < CR hodci = Lgnq
13, wy= {xll néurand;; = CRhodci # Ignq
14. if (makespan(u;) < makespan(x;))
15. X; < Uy
16. end 1if

17. end for

18. rand <« Random (0, 1)
19. if (rand < J,)

20. OP <« OP Algorithm

21. Lua chon PopSize ci thé& tbt nhéit
tad P U OP

22.end if

23. End while
Return gbest;,

Budc khai tao: khai tao ngau nhién quan thé P gom
PopSize ca thé, quan thé doi xitng OP cua P theo (5),
(6), chon ra PopSize ca thé tot nhat tir P U OP.
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Trong mdi budc lap chon ra hai ca thé p, p, theo
phuong phap banh xe quay vong dua trén hang céc ca
thé. Véc to dot bién ciia mdi ca thé i dugc tinh theo
cong thuc: v; «— pbest + Fx(p; — p2)

Trong do6: pbest 1a ca thé tot nhat hién tai

Sau bude dot bién toén tor trao déj chéo dugc ap
dung cho moi cé thé x; dé sinh ra ca thé méi u;

v;jnéurand;j < CR hodci = I.qnq
Wij = xijnéurand;j = CR hodci # lLgnq

Trong do6 rand;j €[0,1], Irand €[1,M], CR [0,1].

Toén tir lya chon duoc &p dung dé quyét dinh ca thé
nao duogc song sot cho thé hé ké tiep
_ (uy, if makespan(u;) < makespan(x;)
L= {xi, otherwise }

Sau khi trao ddi chéo va lya chon, tinh quan thé doi
xung OP cua P theo (5), (6) va chon ra PopSize cé thé
t6t nhat tir P L OP.

Qua trinh tién hda caa quan thé s& duoc thuc hién qua
c4c toan tur dot bién, trao doi chéo va ldy déi xung
quan thé. Sau mdi thé hé ching ta sé tinh gia tri ham
muc tiéu (Makespan) cua cic phuong an xép lich va
dbi sanh vai gi trj tot nhat trong cé thé gbest, néu co
mot ca thé cho gia tri makespan t6t hon thi ca thé d6
s& thay thé ca thé gbest hién tai.

V. KET QUA THU'C NGHIEM

Pé kiém chung thuat toan dé xuat MODE ching
t61 da st dung coéng cu md phong Cloudsim [1] d€ tao
1ap mo1i truong dam mdy. Doi tuong so sanh 1a thuét
toan ti€n héa manh nhu PSO Heuristic [14], va thuat
toan Random [15].

Céc chuong trinh md phong duoc viét bang ngon
ngilt Java va chay trén may tinh c4 nhan v6i bd vi xu 1y
Intel Core i5 2.2 GHz, RAM 4GB, h¢ diéu hanh
Windows 7 Ultimate.

5.1. Phan nhom dir liéu thwe nghiém

Dir lidu str dung trong cac thuc nghiém bao goém :

e Dit liéu vé toc dd tinh toan cua céac may chu va
bang thong giita cac may cha duoc lay tir cac
cong ty cung cap dich vu cloud nhu Amazon
[16].

e Dir liéu luéng cong viéc duoc léy tr cac bo dir
liéu thtr nghi€ém duoc xay dung theo do tru mat

khac nhau va cac ludng cong viée tir cac tmg
dung thyc té nhu ing dung Montage [17].

e Dua theo tinh chit caa moi truong dién toan dam
may, ddy 1a mot mdi trudng tinh toan khong dong
nhat, toc d¢ tinh toan cac may cha va bang théng
khong dong déu, dong thot cling dya theo tinh
chat cac luong cong vigc, s6 luong tac vy, do tru
mat ctia d6 thi ludng cong viéc ching t6i da tién
hanh phan loai dir liéu theo cac nhom voi quan hé
vé toc do tinh todn cac may chu va biang thong
khac nhau, d6 tri mat ctia do thi ludng cong viéc
cling dugc thir nghiém qua hé sé a khac nhau.
Chi tiét cac nhom dir lidu theo sé lwong may chu
N, sd tdc vu M va hé s6 o nhu sau:

e Nhom 1: M=5, N=3; Nhom 2: M=10, N=3,
Nhom 3: M=20, N=8, Nhém 4: M=25, N=8

e Madi nhom lai bao gdbm ba thuc nghiém khéc
nhau vé ty 1& s6 canh trén sb dinh cua dd thi
ludng cong viéc, ky hiéu 1a o va tinh bai cong

. IE|

thuc: a = MxM-D3

5.2. Tham s6 cau hinh

Céc tham s0 cau hinh cua dam may duoc thiet lap
trong mié€n gia tri nhu sau:

e Tdc do tinh toan P ciia cac may chu: tir 1 dén 250
(million instructions/s); khoi lugng dir liéu D
giita cac tac vu: tir 1 &én 1000 (MB); biang thong
giita cac may chu B:tir 10 dén 100 (Mega bit/s).

e Hé sd vi sai F=0.5; hé s6 trao ddi chéo CR=0.9;
Ji=0.3; PopSize=50; «: tir 0.2 t6i 0.7.

5.3. Qua trinh tién hanh thyc nghiém

DPé danh gid hiéu ning cua thut toan dé& xuét
MODE chung t6i d tién hanh thuc nghiém va so sanh
két qua cia MODE véi cac thuit toan tién héa manh
hién nay nhu PSO H va Random. D@ li€u thuc
nghiém duoc lay tr img dung Montage va cac cac
ludng cong viée ngau nhién theo d¢ tru méat khac nhau,
cac tham so bang thong, toc do tinh toan cua may chu
dugc thiét 1ap thong nhit cho tat ca cac thuc nghiém.
V6i mbi b dir lidu chung t6i tién hanh chay chwong
trinh 30 1an doc 1ap. Két qua thuc nghiém duoc trinh
bay chi tiét trong bang 1 va céac hinh 1,2,3,4, cac hinh
d6 da chi ra két qua so sanh giita gia tri trung binh tinh
dugc béi thudt toan MODE véi cac thudt toan ddi
sanh, trong hau hét cac truong hop thuat toan MODE
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déu cho két qua t6t hon cac thuat toan dbi sanh, gia tri
trung binh tim dugc bdi MODE tét hon gia tri trung
binh tim dugc béi PSO_H tir 10% - 29% va tét hon
gia tri trung binh tim dugc boi thuét todan Random tu
39% - 85%.

Hinh 1,2,3,4 ciing so sanh giita gia tri tot nhat tim
duoc boi thuat toan MODE véi cac thudt toan doi
sanh, qua d6 ta thdy gia tri t6t nhat tim dugc boi
MODE t6t hon gia tri tot nhét tim dwoc boi PSO_H tir
2% - 19%, chi duy nhét trong bo dir liéu thuc nghiém
thir nhat thuat toan MODE c6 gia tri tot nhat 16n hon

gia tri tot nhat im dugc boi PSO_H 1a 3%, gia tri t6t
nhat tim dugc boi MODE t6t hon gia tri t6t nhat tim
dugc boi Random tir 20% - 40%. Cudi cliing cac hinh
1,2,3,4 chi ra Kkét qua so sanh gitta do 1éch chuén tim
dugc boi thudt toan MODE véi cac thuét toan ddi
sanh, gi tri d¢ 1éch chuan cia MODE tét hon PSO_H
tlr 6% - 88% va tot hon Random tir 82% - 97%, diéu
d6 chimg t6 thuat toan MODE c6 chat luong 101 giai
tot hon cac thuét toan ddi sanh va do 6n dinh trong cac
lan chay ciing t6t hon.

Bdng 1. Két qua thyc hién cac thuat toan

M| N o MODE PSO_H RANDOM
Best Mean STD Best Mean STD Best Mean STD
10 3 0.26 16.9 17.3 0.4 16.4 20.4 2.4 21.4 28.6 3.2
10 5 0.26 75.5 78.2 0.9 86.0 107.5 13.2 123.3 184.1 42.4
20 5 0.15 275 29.3 1.4 29.6 41.0 5.0 45.8 59.0 6.8
20 3 0.31 325 33.9 0.8 33.2 41.9 4.6 47.4 65.6 7.8
20 8 0.31 29.9 31.7 1.2 37.1 447 6.1 51.6 67.6 6.8
50 8 0.3 11.1 12.6 0.8 12.1 14.0 0.9 13.9 87.1 25.2
200 p 100
150 = MODE P = MODE
100 = PSO_H >0 =PSO_H
50 Random Random
0 - : Iﬂ-ll7 0

BEST MEAN STD

Hinh 1. So sanh céc thuit todn véi M=10,N=5

100
e m MODE
50 mPSO_H
Random
0 -+ " " ’

BEST MEAN STD

Hinh 2. So sanh cac thuit toan v6i M=20,N=3

BEST MEAN STD

Hinh 3. So sanh cac thuit toan véi M=20,N=8

100
.I = MODE
50 mPSO_H
ITL Random

BEST MEAN STD

Hinh 4. So sanh cac thuit toan véi M=50,N=8
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6. KET LUAN

Lap lich luéng cong viéc 1a mot van dé phtic tap
nhung rat quan trong vi né quyét dinh hiéu ning cia
dam may dién toan. Pé dat dugc muc tiéu lap lich 1a
t6i thiéu hoa thoi gian thyc thi, bai bao da trinh bay
nhitng két qua chinh sau day:

e D¢ xuit mot md hinh 1y thuyét cho bai toan lap
lich ludng cong viéc trong méi truong dién toan
dam may.

e D¢ xuit phuong phap tinh ddi xing cho cac ca
thé.

e Duya trén phuong phap d6, bai bao dé xuét thuat
toan MODE hoat dong theo thuat toan tién hoa vi
phan két hop v6i phuong phap dbi xing nham
tim ra phuong an thyc thi tot nhét.

Tiép theo chung t6i du dinh cai tién phwong phap

Iwra chon ca thé va co ché lai ghép nhim tim ra c4 thé

t6t hon cho cac thé hé ké tiép.

TAI LIEU THAM KHAO

[1] R. N. Calheiros, R. Ranjan, A. Beloglazov, Cesar A.
F. De Rose, and R. Buyya, CloudSim: A Toolkit for
Modeling and Simulation of Cloud Computing
Environments and  Evaluation of Resource
Provisioning Algorithms, Software: Practice and
Experience, volume 41, Number 1, Pages: 23-50,
Wiley Press, USA, 2011

[2] J.D. Ullman, NP-complete scheduling problems,
Journal of Computer and System Sciences, pages 384-
393, volume 10, issue 3, 1975

[3] Dr. Sudha Sadhasivam, R. Jayarani, Dr. N. Nagaveni,
R.Vasanth Ram, Design and Implementation of an
efficient Twolevel Scheduler for Cloud Computing
Environment, In Proceedings of International
Conference on Advances in Recent Technologies in
Communication and Computing, 2009

[4] R. Burya, R. Calheiros, Modeling and Simulation of
Scalable Cloud Environment and the Cloud Sim
Toolkit: Challenges and Opportunities, IEEE
publication 2009,pp1-11.

[5] G. Guo-Ning and H. Ting-Lei, Genetic Simulated
Annealing Algorithm for Task Scheduling based on
Cloud Computing Environment, In Proceedings of
International Conference on Intelligent Computing and
Integrated Systems, 2010, pp. 60-63

[6] L. Guo, Task Scheduling Optimization in Cloud
Computing Based on Heuristic Algorithm, Journal of
networks, v.7, No.3, 2012, pp.547-552

[7] S.Pandey, L. Wul, S. M. Guru, R. Buyyal, A Particle
Swarm Optimization (PSO)-based Heuristic for

Scheduling  Workflow  Applications in  Cloud
Computing Environments, Proc. of 24th IEEE
International Conference on Advanced Information
Networking and Applications (AINA), pages 400-407,
2010

[8] R. Rajkumar, T. Mala, Achieving Service Level
Agreement in Cloud Environment using Job
Prioritization in Hierarchical Scheduling, Proceeding
of International Conference on Information System
Design and Intelligent Application, 2012, vol 132, pp
547-554.

[91 Q. Cao, W. Gong and Z. Wei, An Optimized Algorithm
for Task Scheduling Based On Activity Based Costing
in Cloud Computing, In Proceedings of Third
International Conference on Bioinformatics and
Biomedical Engineering, 2009, pp.1-3

[10] S.Selvi, Dr. D.Manimegalai, Dr.A.Suruliandi, Efficient
Job Scheduling on Computational Grid with
Differential Evolution Algorithm, , International
Journal of Computer Theory and Engineering, Vol. 3,
No. 2, April, 2011

[11] Q. XU, L.WANG, HE. Baomin, NWANG, Modified
Opposition-Based Differential Evolution for Function
Optimization, Journal of Computational Information
Systems, pp. 1582-1591, 2011.

[12] O. Sinnen, Task Scheduling for Parallel Systems, John
Wiley & Sons, 2007, pp. 83

[13] R. Storn and K. Price, Differential Evolution-A Simple
and Efficient Heuristic for Global Optimization over
Continuous Spaces, Journal of Global Optimization,
1997, pp. 341-359.

[14] J. Kennedy, R.C. Eberhart, Particle swarm
optimization, Proc. of IEEE International Conference
on Neural Networks. pages 1942-1948, 1995

[15] M. Mitzenmacher, E. Upfal, Probability and
Computing: Randomized Algorithms and Probabilistic
Analysis, Cambridge University Press (2005)

[16] J. V. Vliet, F. Paganelli, Programming Amazon EC2,
O'Reilly Media, ISBN 1449393683, 2011

[17] http://montage.ipac.caltech.edu.

[18] G. B. Berriman, et al, Montage: A Grid Enabled Engine for
Delivering Custom Science-Grade Mosaics On Demand”, in
SPIE Conference, 2004.

[19] P. Maechling, et al, SCEC CyberShake Workflows,
Automating  Probabilistic  Seismic  Hazard  Analysis
Calculations”, Springer, 2006.

[20] "USC Epigenome Center".
[Online]. http://epigenome.usc.edu

[21] LIGO Project. LIGO - Laser Interferometer Gravitational
Wave Observatory. [Online]. http://www.ligo.caltech.edu.

http://epigenome.usc.edu.

Nhén bai ngay:

SO LUQC VE TAC GIA

-12 -


http://epigenome.usc.edu/

PHAN THANH TOAN
Sinh nam 1974 tai Thai Nguyén.
Tét nghiép dai hoc va thac si tai
truong dai hoc Bach Khoa Ha
Noi, nghién ctru sinh nam 2012

e g ‘.‘." tai hoc vién Khoa hoc cong
4 ~ ngh¢ quan su.
o “ Hién dang cong téc tai truong

dai hoc Su Pham Ha Noi

Linh vuc nghién ctru: cac phuong phép gan dung giai
bai toan 1ap lich luong cong viéc trong mdi trudng
dién toan ddm may, x1r ly song song va phan tan.

bién thoai : 0912.069.762

E-mail: pttoan@hnue.edu.vn

NGUYEN DOAN CUONG

T6t nghiép dai hoc 1989 1993
khoa Toan Tin dai hoc Su Pham
Ha Noi, Tét nghiép thac st CNTT
tai dai hoc Bach Khoa Ha NOoi,
tién sy 2004 - 2007 vién nghién
ciru khoa hoc cong nghé Nhat
. Ban JAIST.

Linh vuc nghién cuu hién nay:

mang may tinh va truyén thong, xir 1y song song va
phan tan

bién thoai : 0988.765.837

E-mail: locnt@hnue.edu.vn

NGUYEN DOAN CUONG

Sinh ndm 1977 tai Tuyén Quang.
Tt nghiép dai hoc tai hoc vién ki
thuat quan sy, nghién ctru sinh tai
Truong Pai hoc Tong hop Ky
thuat dién Qudc gia Saint-
Peterburg - CHLB Nga 2006.

Hién dang cong tac tai: Vién

CNTT-vién Khoa hoc cong nghé quan su.

Linh vyc cong tac va hudéng nghién ctru: Cong nghé
phan mém, Data Mining and Knowledge Discovery,
co s dir liéu 16n, co so dir liéu chudi thoi gian, Bdo
mat.

Dién thoai : 0976.210.686

E-mail: cuongvncntt@yahoo.com

-13 -


mailto:pttoan@hnue.edu.vn
mailto:locnt@hnue.edu.vn
mailto:cuongvncntt@yahoo.com

