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Tém tit: Lap lich ludng cong viéc 1a mot van dé
quan trong trong thoi dai dién toan dam may. Ve
co ban van dé nay lién quan dén viéc tim kiém tai
nguyén va phan b céc tac vu dua trén tai nguyén
phu hop. Lap lich luéng cong viéc dong mat vai
trd quan trong trong quan 1y hé thdng. Viéc lap
lich hop 1y c6 anh huong dang ké 1én hiéu ning
ciia dam may. Bai bao nay dé xuit mot k¥ thuat
1ap lich mai goi la MODE chay trong moi truong
dién toan dam may. Giai thuat nay dugc xay dung
dua trén viéc nghién ctru chi tiét va phan tich cta
qua trinh tién hoa khac biét va ap dung vu diém
cta tién hoa khac biét va loai trir nhuoc diém cua
n6. Chiing toi da dé xuat mot giai thuat tién hoa
khac dua trén Modified Opposition dé lap lich
phan ludng nhiém vy trong moi trudng dién toan
dam may dé thoi gian thyc thi 12 nho nhat.

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

l. GIOI THIEU

bién toan ddm may 1a moi truong phan tan khong
dong nhat véi su lién két cua rat nhidu may chu
do va vat ly trén moi truong mang. Cac tai nguyén
phan cimg, phan mém dugc cung cap mot cach
linh dong theo nhu cau ciia ngudi dung. Ludng
cong vi¢c (workflow) 1a mot chudi cé tht tu cac
tac vu (task) co thé duoc thyuc hién dong thoi hay
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tuan tu, dir liéu ra cta tac vu nay la dir liéu vao
cuia tac vu ké tiép. Rat nhiéu tmg dung trong cac
linh vuc khoa hoc déu yéu cAu phai xur i mot
lugng 16n dit 1iéu dudi dang lué)ng cong viéc, dan
t6i nhu cau 1ap lich thuc thi lué)ng cong vi¢c sao
cho hiéu qua nhat. Trong méi truong dién toan
dam may ban chit cua van dé nay la tim phuong
an anh xa nhing tac vu cia ludng cong viéc t6i
cac may chi sao cho thoi gian xtr 1y toan bo ludng
cong viéc 1a nho nhat.

Noi dung tiép theo ctia bai bao gdm nhiing phan
chinh nhu sau. Phan 2 trinh bay mét s6 cong trinh
lién quan dén bai toan 1ap lich ludng cdng viéc.
Phan 3 mé ta bai todn va trinh bay mé hinh todn
hoc, sau dé phat biéu bai todn va chimg minh
rang né thudc 16p NP-day di. Phan 4 giéi thiéu
thudt toan dé xudt - MODE.

Il. NHIPNG CONG TRINH LIEN QUAN

Bai toan 1ap lich ludng cong viéc da duoc ching
minh 12‘1 thu6c lép NP- déy dﬁ [2] nghTa lé théri
c¢6 nhiéu cong trinh nghién ctu nham tlm ra 101
gidi gan dang trong thoi gian ngan.

S. Sadhasivam d3 dé xuét thuat toan lap lich
ludng cong viéc dua trén su cin bang tai trong
moi truong dién toan dam may [3]. Thuat todn
khong chi dap tng cac yéu cau tir ngudi sir dung
ma con cung cdp kha nang sir dung tai nguyén mot
cach hi¢u qua. Pay la thuat toan theo hudng ning
cao hi€u qua dich vu dua trén Meta-heuristic.
R. Burya di trinh bay mot cach tom tit vé cac
chirc nang cta cong cu moé phong CloudSim [4]
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- moi truong mo phdng cho phép cai dat va thuc
nghiém cac thuat toan lap lich ludng cong viéc
trong moi truong dién toan dam may. G. Guo-
Ning da dé xuit mot thuat toan lap lich luéng
cong viée dua trén giai thuat di truyén [5], trong
d6 dua vao nhiéu rang budc dich vu khac nhau
nhu thoi gian hoan thanh, bang thong, chi phi, do
tin cdy. Tac gia da sir dung két hop voi giai thuat
luyén thép sau pha lga chon, trao ddi chéo, dot
bién nham tang cuong kha ning tim kiém cuc bd
clia giai thuat di truyén.

L. Guo da trinh bay mdt md hinh cho bai toan
1ap lich ludng cong viéc trong mdi truong dién
toan dam may [6] va dé xuat mot thuat toan lap
lich luéng cong viéc dya trén chién luge toi wu
bay dan, két hop v6i luat SPV (Smallest Position
Value) nham roi rac hoa cac gia tri thyc ctua véc
to dich chuyén va véc to vi tri ctia cac ca thé trong
quan thé. Tac gia da thuc nghiém va chi ra thuat
toan dé xuét co chat luong 1oi giai t6t hon céac
thuat toan CM-PSO (Crossover and Mutation
PSO) va L-PSO (Local search Particle Swarm
Optimization). S. Pandey [7] d4 dé xut thuat toan
1ap lich ludng cong viéc PSO Heuristic (Particle
Swarm Optimization Heuristic — PSO_H) trong
moi truong dién toan dam may dya trén chién
luge t6i wu bay dan. R. Rajkumar di dé xuit
mot thudt toan 1ap lich phan cap [8] va dua vao
cac tham s6 dich vu khac nhau, chéng han nhu
thoi gian dép tng. Thuét toan st dung tham s6
nay nhu mot quyén wu tién dé lya chon cic tac
vu lap lich. Q. Cao va cac dong nghiép da trinh
bay thuat todn 1ap lich dya trén giai thuat ABC
(Activity Based Costing) [9]. Thuat toan nay gan
murc vu tién cho mdi tic vu trong ludng cong viée
theo cac tham s6 vé thoi gian, khong gian, cac tai
nguyén va chi phi, qua trinh lap lich s€ st dung
mic vu tién ndy dé quyét dinh cac tac vu duoc
chon trong qua trinh 1ap lich.

S. Selvi va cac cong su da dé xuét thuat toan lap
lich ludng cong viéc trong mdi truong dién toan
luoi (Grid) [10], trong cong trinh tac gia da van
dung thuat toan tién hoa vi phan (Differential
Evolution - DE) véo giai bai toan 1ap lich ludng
cong viée trén méi trudng dién toan ludi nham
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cyc tiéu thoi gian hoan thanh ludng cong viée
(Makespan), trong cong trinh tac gid da chi ra
gi4 tri Makespan tim dugc boi thuat toan dé xuét
la nhé hon so véi thuat toan PSO. Q. XU va
cac cong su di dé& xuat thuat toan COODE [11]
(Current Optimum Opposition-Based Differential
Evolution) nham tim gia tri t5i wu cho cac ham
s6 duwa theo phuong phép tién hoa vi phﬁn d6i
ximg, trong cong trinh tic gia da dé xuit cong
thirc t1m diém d6i xang cua mot diém duya theo
gia tri t6i wu hién tai nham thay ddi toan tir dot
bién trong phuong phap tién hoa vi phan va tac
gia da so sanh thuat toin COODE véi cac thuat
toan DE va ODE, két qua da chi ra thuat toan dé
xuat COODE t6t hon cac thuat toan ddi sanh.

Il. MO HINH LY THUYET
Biéu dién ludng cong viéc boi dd thi G=(V,E), véi

« V la tap dinh, mdi dinh biéu dién cho mét tac
vu trong ludng cong viéce.

« T=1{T,

« E biéu dién sy phu thudc di liéu giita cac tac
vu. Canh (T, Tj) € E thi tic vu T, 1a tac vu cha
cua tac vu Tj, dir liéu sinh ra boi T, s€ dugce sir
dung bdi T.

T,..T,} latap M tac vu

* Tap may chit S = {S, S,....S,}. N 1a s6 may

chu.

+ Mbi tac vu T co thé thyc hién tai mot may chu
bat ky S eS

+ Khbi luong tinh toan cua tac vu T ki hi¢u la
W. (flop-floating point operations).

« P(S): la toc do tinh todn cia méy chu S,
(MI/s : million instructions/second).

* Bang thong B(S,S) gita may chu S, va S,
dugc biéu dién bai ham B(): SxS — R, Bang

thong théa man cac diéu kién : B(S,5) = o
and B(S, S )= B(S S)) (Pon vi do 1a Mbps)

* Dy khéi lwong dit liéu truyén tir tac vu T dén
tac va T, (Pon vi do 1a Mbit)

Mbi phuong phap 1ap lich dugc biéu dién
boi ham f{): T—S ; AT) la may chu thuc thi tac
vuT.
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Tur cac gia thiét trén ta c6 :

* Thoi gian thyc hién tac vu 7' 1a

4 (1
P(/(T}))
« Thoi gian truyén dit liéu gitra tac vu TvaT la
D,
J 2
Bl/(T) AT, .

Phat biéu bai toan.

Bai todn dang xét, tur day ky hiéu 1a WSP - Work-
flow Scheduling Problem, dugc phat biéu nhu
sau: gia su cho trudc tai nguyén cua dam mdy
bao gom tdp mdy chii S véi toc do tinh todn va
béng théng dwoc biéu dién nhw trén. Gid sir tdp
tac vu T duoc biéu dién béi do thi G = (V.E) nhu
trén. Ham muc tiéu ddt ra la cuc tiéu thoi gian
thuee thi luong cong viéc:

makespan — min

trong do thoi gian thyce thi (ky hiéu la makespan)
la dai lugng dugc tinh tir lac tac vu dau tién bat
dau duoc khoi dong cho téi khi tac vu cudi cung
duoc hoan thanh.

B6 dé: WSP la bai todn thuéc 16p NP-Complete
Chirng minh:

Xét bai toan SCHED [12] sau day: gia st cho
trude tip may chu va tip tac vu gdm cac thanh
phan nhu di dinh nghia & bai toan WSP trén day,
ngoai ra bd sung thém diéu kién 13 tap S gém cac
may chu giéng hét nhau vé toc do tinh toan.

Sinnen da ChL'rng minh rang béi toan SCHED
thudc 16p NP- day du [12]. Quay vé bai toan WSP
dang xét, dé thay rang bai toan SCHED chi 1a mot
truong hop riéng cua bai toan WSP khi bo sung
thém diéu kién rang budc sau day:

P(S) = P(S) Vij=1..., N.

Vi vay 1o rang bai toan WSP ciing thudc 16p NP-
day du.
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IV. GIAI PHAP DE XUAT

Thuat todn tién hoa vi phan dya trén thong tin ddi
xtmg (Opposition-based differential evolution —
ODE) duoc dé xuat boi R. Storn va K. Price [13],
tuong ty nhu cac thuat toan tién hoa khac, thuat
toan ODE g@)m hai budc chinh: khoi tao quan thé
va sinh quén thé mai bang cach ap dung cac toan
tir di truyén nhu dot bién, trao d6i chéo va lua
chon tu nhién. Tuy nhién thuat toan ODE néng
cao hiéu nang tim kiém trong hai budc nay bang
cach tim kiém thém 1oi giai trong phan d6i xung
cta khong gian tim kiém hién tai. Dé giai quyét
bai toan lap lich ludng cong viéc da dé xuat trong
mo hinh phan 3, chung toi s¢ dé Xuat phuong
phap tim phan tir d6i xtng trong quan thé va két
hop v6i phuong phap banh xe quay vong dua
trén hang c4 thé nham tim ra cac c4 thé t6t cho
qua trinh dot bién qua d6 nang cao hiéu ning cua
thuat toan.

Dinh nghia 1: gia sux la s6 thuc va x e [a,b], khi

d6 phan tir doi xtg cua x ki hiéu 1a x va dugc

tinh nhu sau: x=a+b—x 3)
Dinh nghza 2: goi P(x,, X,,...x) la mdt vec to
D-chiéu, voix. ea,b];1=1,2,...,D.Khido véc
to dbi ximg cuia P ki hiéu 1a P=(x,,x,,..,x,) Vv
duoc tinh nhu sau: x, =a, + b, —x, 4)

A. Biéeu dién ca the

MG&i cé thé trong quan thé duoc biéu dién boi mot
vec to co do dai bang s6 tic vu trong ludng cong
viéc. Gia tri twong tng v6i moi vi tri i trong véc
to biéu dién s6 hiéu cuia may chu thyc thi tac vy i.

Vi dy: xét ludng cong Vlec voiStacvu T = {T
T,...,T}, tap may cht gém 3 may S = {S,

S } Kh1 d6 ca thé x. =(1, 2, 1, 3, 2) dugce bleu
dlen nhu sau:

B. Phuong phdp tinh doi xing cho cd thé

Trong phuong phap ODE ta can phai tim c4 thé
do1 xting cho moi ca thé trong quan thé hién tai,
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trong bai bao nay chiing toi dé xuit phuong phap
tim ca thé doi xing nhu sau:

Goi a=Max{P(S, )} vab=Min{P(S)}; Vi=1, 2,
» N;voi P(S) la tdc do tinh toan ctia may chu S.

Gia sir ta c6 ca thé X, = (S, (1) Sm(z), ,Sm(M)) Smu)

€ S, Vj=1,2,..M; ca the d01 xtng cua x, ki hi¢u la
x_l va x_, = (Ezn’(l),glﬁ(Z),---Em'(M))

Eu{(]) =a+b S

i¥, =12, M ()
Sau d6 s& gan céc gia tri twong Gmg v&i mdi vi tri
j trong véc to x, boi s6 hidu may chi c6 toe do
tinh toan gan gia tri S..(;, nhat:

X, knéil P(S,) =S,

Algorithm: OP_Algorithm

Input: population p = (X, X,,,.. "XPopSize)

Output: opposite of population OP
1. for i=1 to PopSize do

2. x_, <« opposite(x[) ;

{;i duogc tinh theo cong thuce (5)}
3. Géan s6 hiéu may chu cho céc vi trf j ciia véc to
x, theo (6)

4. end for
5. return OP

C. Phuong phap banh xe quay vong dwa trén
hang cd thé

Banh xe quay vong dua trén hang ca thé 1a mot
phuong phap lya chon cé thé cho cac thé hé ké
tiép. Trong phuong phap nay mdi ca thé dugc xép
hang theo mot ham xac dinh, sau d6 sé& tinh sic
xuat lya chon cic ca thé theo hang ctia chung.
Trong bai bao nay ching t6i dé xuat ham tinh
hang cho cac ca thé nhu sau:

Py

mnk(pos) =2-SP+ (2x (SP - 1) X PopSize

Trong d6: 1.0 < SP < 2.0; pos: vi tri ca thé can
tinh hang.
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Algorithm: RBRWS algorithm

Input: population p = (x
Output: particle p,

1 2’ ’XPopSize)

Begin
1. Sip xép cac ca thé theo chiéu ting din ciia ham
muc tiéu f,
2. fori=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] < rand && s>0)s=s-1

return x_End.

Thuat toan MODE

Két hop cac nodi dung trén chiing t6i dé xuét thuat
toan 1ap lich ludng cong viéc trong moi truong
dién toan dam may dua trén thong tin d6i xing
va goi la MODE nhu sau:

Algorithm MODE ()

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

Output: the best position gbest

1. Khdi tao quan thé P gdm PopSize ca thé mot cach
ngau nhién

OP «— OP_Algorithm ; tinh quan thé dbi xtmg cua
quan thé hién tai

3. Chon PopSize c4 thé tot nhat tir P U OP

4.  while(Piéu kién lap)do

5. fori=lI to PopSize do

6. Lua chon ca thé p, theo thuat toan RBRWS

7. Luya chon ca thé p, theo thuat toan RBRWS
8
9
1

N

F < Random(1,0)
v, < pbest + FX(p1 p,
0. Gansh hiéu may chu cho mdi vi tri j ctia véc to \2
theo (6)
. rand «— Random(0,1)
12. 1 <— random(1,M)

ran
v, ;néurand, ; <CR hodci=1
;= ‘

13. rand
x; jnéurand,; ; > CR hodci#1

rand

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,

if (makespan(u,) < makespan(x.))
X, <,

end if

end for

rand <— Random(0,1)

if(rand <1J )

OP «— OP_Algorithm

Lua chon PopSize c4 thé tét nhat tir P Y OP
end if

End while

Return gbest;
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Budc khoi tao: khdi tao ngau nhién quan thé P
gom PopSize ca thé, quan thé dbi xtmg OP cua
P theo (5), (6), chon ra PopSize cé thé tot nhat tir
PuU OP.

Trong mdi budc lip chon ra hai cé thé p,, p, theo
phuong phap banh xe quay Vong dua trén hang
céc ca thé. Véc to dot bién cia mdi ca thé i dugc
tinh theo cong thurc: v, < pbest + Fx(p, - p,)

trong do: pbest 1a cé thé tot nhat hién tai

Sau budc dot bién toan tir trao doi chéo dugc ap
dung cho moi ca the x, d€ sinh ra ca thé moi u,

v, jnéurand, ; <CR hodgci=1
u, =" .

rand

x; jnéurand, ; > CR hodci=#1

rand

Trong d6 randi’j €[0,1], Irand €[1,M], CR €[0,1].

Toan tir lwa chon dugc ap dung dé quyét dinh ca
thé nao dugc song sot cho thé hé¢ ké tiep

u,,if makespan(ul. ) < makespan(x;)
X =
X;,otherwise

Sau khi trao ddi chéo va lua chon, tinh quén
thé doi xing OP cua P theo (5), (6) va chon ra
PopSize cé thé tot nhat tr P U OP.

Qua trinh tién héa ctia quan thé s& dugc thuc hién
qua cac toan tir dot bién, trao do6i chéo va lay doi
xtng quan thé. Sau mdi thé hé chung ta sé tinh gia
tr1 ham muc tiéu (Makespan) cua cac phuong an
xép lich va ddi sanh véi gia tri tot nhat trong c thé
gbest, néu c6 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

Dé kiém chung thuat toan dé xuat MODE chung
t61 da sir dung cong cu mo phong Cloudsim [1] dé
tao 1ap moi truong dam may. Poi twong so sanh
1a thuat toan tién héa manh nhu PSO Heuristic
[14], va thuat toan Random [15].

Céc chuong trinh mo phong dugc viét bang ngon
ngtr Java va chay trén may tinh c4 nhan vdi bo vi
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xtr 1y Intel Core i5 2.2 GHz, RAM 4GB, hé diéu
hanh Windows 7 Ultimate.

A. Phdan nhom dir lieu thyc nghiém
Dir liéu sir dung trong cac thyc nghiém bao gom :

« Dir lidu vé toc do tinh toan ctia cic mdy chu
va bing thong giita cdc mdy chu duoc ly
tir cac cong ty cung cap dich vu cloud nhu
Amazon [16].

e D liéu luéng cong viéc dugc léy tr cac bd
dir li¢u thir nghiém dugc xay dung theo do tru
mat khac nhau va cac ludng cong viée tir cac
g dung thyc té nhu tmg dung Montage [17].

« Dua theo tinh chit cia méi truong dién toan
dam may, day la mot modi truong tinh toan
khong ddng nhat, néng luyc cac may chu va
bang thong khong ddng déu, dong thoi cung
dua theo tinh chit cac luong cong viéc, so
luong tac vu, do tru mat cua dd thi luong cong
viéc chung t6i1 da tién hanh phan loai dir li¢u
theo cac nhom véi quan hé vé ning luc tinh
todn cac may chu va bang thong khac nhau,
d6 tru mat ctia do thi ludng cong viée ciing
dugc thir nghiém qua hé s6 o khac nhau. Chi
tiét cac nhom dir liéu nhu sau theo s6 luong
may chu N, s6 tac vu M va hé sb o nhu sau:

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

« MOdi nhém lai bao g@)m ba thuc nghiém khac
nhau vé ty 1€ s6 canh trén s6 dinh ctua do thi
ludng cong viée, ky hi¢u 1a a va tinh bdi cong
thirc:

B. Tham so cau hinh

Céc tham s6 cau hinh cua dam may duogc thiét 1ap
trong mién gia tri nhu sau:

« Téc do tinh toan P cua cac may chu: tir 1 dén
250 (million instructions/s); khéi lugng dit
lidu D giita cac tac vu: tir 1 dén 10000 (Mega
bit); bang thong giita cac may cha B:tir 10 dén
100 (Mega bit/s).

« Hé s visai F=0.5; hé sb trao d6i chéo CR=0.9;
1=0.3; PopSize=50; a: tir 0.2 161 0.7.
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C. Qua trinh tién hanh thic nghiém

Pé danh gia hi€u nang cua thuat toan dé xuét
MODE chiing t6i da tién hanh thuc nghiém va so
sanh két qua ciia MODE vdi cac thuat toan tién
héa manh hién nay nhu PSO_H va Random. D
li¢u thuc nghlem duoc lay tir U:ng dung Montage
va cac cac ludng cong viéc ngau nhién theo do tru
mat khac nhau, cac tham so bang thong, toc do
tinh toan cua may chi dugc thiét lap thong nhat
cho tit ca céc thuc nghiém. V61 moi bo dir liéu
ching t6i tién hanh chay chuong trinh 30 lan doc
lap. Két qua thuc nghiém duoc trinh bay chi tiét
trong Bang [ va cac Hinh 1, 2, 3, 4, c4c hinh d6 da
chi ra két qua so sanh giira gia tri trung binh tinh
duoc boi thuat toan MODE véi cac thuat toan
d6i sanh, trong hau hét cac trudng hop thuat toan
MODE déu cho két qua tot hon cac thuat toan
d6i sanh, gia tri trung binh tim duoc boi MODE
t6t hon gia tri trung binh tim dugc boi PSO_H tir
6% - 88% va tot hon gia tri trung binh tim duoc
badi thuat toan Random tir 39% - 85%.

Hinh 1, 2, 3, 4 cling so sanh gitta gia tri tdt nhat
tim duoc bdi thuat toan MODE véi cac thuat toan
dbi sanh, qua do ta thay gi trj t6t nhat tim duoc
boi MODE t6t hon gia tri tot nhat tim dugc boi
PSO_H tir 2% - 19%, chi duy nhat trong bo dit
lidu thuc nghiém thir nhat thuat toan MODE c6
gia tri t6t nhat 16n hon gia tri t6t nhat tim dugc

97%, diéu d6 chung t6 thuat toan MODE c6 chat
lugng 101 giai tot hon cac thuat toan doi sanh va
dd on dinh trong céc lan chay cling tot hon.

200
= MODE
100 o =PSSO H
I B Ruim
0 = i i r°

BEST MEAN S5TD

Hinh 1. So sdnh cdc thudt todn véi M=10,N=5

oo <
= MODE
01 -I I | mPSO H

BEST MEAN 51D

Hinh 2. So sdnh cdc thudt todn véi M=20,N=3

100 1
m MODE
50 17 =PS5O H
ad . =
0 Y

BEST MEAN S§TD

Hinh 3. So sdnh cdc thudt todn véi M =20,N = 8

boi PSO_H 1a 3%, gia tri t6t nhat tim duoc boi 100
MODE t6t hon gia tri tét nhat tim duoc bai = MODE
Random tir 20% - 40%. Cudi cung cac Hinh 1, 50 =PSO H
2, 3, 4 chi ra két qua so sanh gitra d¢ léch chuan -|7 Pandom
tim duoc bdi thuat toan MODE véi cac thuat toan 0
ddi sanh, gia tri ¢ 1éch chuan cia MODE t6t hon 'BEST MEAN
PSO_H tir 6% - 88% va tot hon Random tir 82% -
Bang I. Két qua thuc hién cdc thudt todn
M N MODE PSO_H RANDOM
a
Best Mean STD Best Mean STD Best Mean STD

10 3 0.26 16.9 17.3 0.4z 16.4 20.4 2.4 214 28.6 3.2

10 5 0.26 755 78.2 0.9 86.0 107.5 13.2 1233 184.1 424

20 5 0.15 27.5 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 46 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
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VI. KET LUAN

Lap lich ludng cong viéc 1a mot van dé phirc tap
nhung rat quan trong vi né quyét dinh hiéu ning
cua dam may dién toan. Pé dat duoc muc tiéu lap
lich 14 t6i thiéu héa thoi gian thyec thi, bai bao da
trinh bay nhiing két qua chinh sau day:

« D& xuat mot mo hinh 1y thuyét cho bai toan
lap lich luong cong viéc trong moi truong
dién toan dam may.

« Pé xuat phuong phap tinh ddi xtimg cho cac
ca thé.

« Duya trén phuong phap do, bai bao dé xuét
thuat toan MODE hoat dong theo thuat toan
tién hoa vi phan két hop voi phuong phap doi
xtng nham tim ra phuong an thyc thi tot nhat.

Tiép theo chung t6i du dinh cai tién phuong phap
lya chon ca thé va co ché lai ghép nham tim ra ca
thé tot hon cho cac thé h¢ ke tiép.
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MODE: A NOVEL APPROACH FOR
EXECUTING DATA WORKFLOW

Abstract: Workflow scheduling is a big issue
in the era of Cloud computing. Basically it is
the issue related to the discovering resources
and allocating tasks on suitable resources.
Workflow scheduling plays a vital role in the
system management. Proper scheduling can
have significant impact on the performance
of the Cloud. In this paper, a novel workflow
scheduling called MODE, running on
the cloud computing environments, is
proposed. The algorithm is built through
a comprehensive study and analysis of
Differential Evolution strategy with applying
the advantages of the Differential Evolution
and covers its disadvantages. We propose
a Modified Opposition-Based Differential
Evolution algorithm for scheduling workflow
tasks in the cloud environments so that the
execution time of the workflow (makespan)
is minimized.
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