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Tom tit. Trong thuc tién va nghién ciru khoa hoc c6 nhiéu bai toan dugc biéu dién dudi dang
md hinh ludng cong viéc nhu 1ap lich cho day chuyén san xuét, 1ap lich diéu phéi tai nguyén
trong hé diéu hanh, lap lich thoi khoa biéu. Lap lich 13 hoat dong nham gan cic tic vu vao
thuc hién trén c4c tai nguyén tinh toan va thao méan cac rang budc vé thir tu cc tac vu trong
ludng cong viée cling nhu cac gisi han vé tai nguyén. Da sb cac bai ton thudc ho lap lich da
duoc chimg minh thudc 16p NP-Kho [1], do vay viée tim ra cac thuat toan 1ap lich nhim cuc
tiéu hoa thoi gian hoan thanh ludng cong vigc 12 mét linh vue khé va d thu hat duge sy quan
tAm cta nhiéu nha khoa hoc. Bai bao nay d& xuat mét thuét toan 1ap lich ludng cong viéc méi
IODE nham cyc tiéu hoa thoi gian hoan thanh ludng cong viée trong méi truong thyc thi dién
toan ddm may. Céc thuc nghiém d4 chi ra chat luong 1oi giai cia thuat toan IODE tot hon cac
thuat toan déi sanh 1a Random, PSO_H va EGA.

Tirkhoa: Lap lich ludng cong viéc, tng dung ludng cdng viéc, dién toan dam may, tién héa vi phan.

1. Mé dau

Ludng cong viéc (workflow) 1a mét chudi cd thir tw cac tac vu (task) co thé dugc thyuc hién
ddng thoi hay tuan ty néu dit liéu dau ra cua tac vu nay la dau vao cua tac vu ké tiép. Rat nhiéu
g dung trong cé4c linh vuc khoa hoc khac nhau déu yéu cau phai xu 1i mot luong Ién dit liu
duoc té chirc theo dang ludng cdng viéc nhu Montage [2], CyberShake [3], Epigenomics [4],
LIGO [5],... Van d lap lich ludng cong viéc trong moi truong dién toan dam may vé ban chit Ia
tim phuong 4n anh xa nhiing tdc vu cua luong cong viéc téi cac may chii ciia dam mdy sao cho
thoi gian hoan thanh ludng cong viéc (makespan) la nho nhat, biét rang khdi lugng tinh toan va
yéu cau dir liéu cua céc tac vy, toc do tinh toan va truyén thong caa cac méy chii 1a khac nhau.

Bai bao trinh bay mét s cong trinh lién quan dén bai toan 1ap lich ludng cong viéc, md ta bai
ton va trinh bay mé hinh toan hoc sau d6 phat biéu bai todn va chang minh ring né thugc 16p
NP-Kh6 va gigi thiéu thuat toan dé xuat IODE. Dé kiém chung hiéu nang cua thuat toan IODE bai
bao ciing trinh bay qué trinh thyc nghiém trén mot s ludng cdng viéc khoa hoc mau trong moi
trudng dam mdy thong qua cong cu md phong CloudSim va goi thu vién Jswarm [6] dong thoi
phan tich sé liéu thu duoc, tir 46 dua ra nhitng nhan xét so sanh.
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2. NOoi dung nghién ciru

2.1. Nhirng cong trinh nghién ciru lién quan

Bai toan lap lich ludng cong viéc da dugc ching minh 1a thudc 16p NP-Kh6 [1] do vay tim ra
mot phuong an 1ap lich nham cyc tiéu hoa thoi gian hoan thanh ludng cong viéc thudng rat phic
tap, dac biét vai bai toan 14p lich ludng cong viéc cho cac ung dung khoa hoc cang kho khin hon
bai cac ung dung nay thuong phai xtr Ii mot sé lugng rat 16n cac tac vu ciing véi khéi luong di
lieu truyén qua lai giita cac tic vu ciing rat I6n. Cac thuat toan dua trén hudng tiép can
heuristic/metaheuristic da duoc nhiéu nha khoa hoc nghién ciru va dé xuét.

Trong cong trinh [7] c4c tac gia da d& xuat thuat toan 1ap lich dua trén phuong phéap di truyén
& EGA (Enhanced Genetic Algorithm), nhdm tac gia da st dung thuét toan Enhanced Max Min
trong budc khai tao nham tim ra cic ca thé tét cho qua trinh tién hoa, qua d6 ning cao chit lugng
tim kiém cua thuat toan.

Nam 2010, S. Pandey d& dé xuat thuat toan Iap lich ludng cdng viéc PSO Heuristic (PSO_H) [8]
trong moi truong dién toan dam may nhim cuc tiéu hoa chi phi thuc thi ludng cong viéc.
Thuat toan PSO_H hoat dong theo phuong phép t01 vu bay dan, tac gia da tién hanh thyuc nghiém
thuat toan duya trén s liéu dich vu dugc cung cip boi Amazon, va tac gia ciing dé chi ra chat
lwong 1o giai cua thuat toan PSO_H tét hon so voi cac thuat toan Random va Round Robin.

Két hop giita phuong phap tién hda vi phan va giai thuat di truyén tac gia M. Sridhar [4] d&
dé xuit mot thuat toan lai GAPSO nham cuyc tiéu héa thoi gian hoan thanh céc tac vu trong ludng
cdng viéc, trong cdng trinh c4c tac gia da dé xuat toan tir lva chon, dot bién va lai ghép méi nham
cai thién hiéu ning cua thuat toan. T4c gia da thuc nghiém thuat toan trén nhidu bo dir liéu khac
nhau va chi ra chit luong thuat todn GAPSO tét hon cac thuat toan Max-Min va MCT (Minimum
Execution Time).

R. Buyya da trinh bay tong quan v& c4c chirc nang chinh ciia phan mém mod phong mdi
trudng dién toan dam may, CloudSim [9], ddy 1a phan mém md phong dugc nhiéu téc gia sir dung
dé gia 1ap moi truong dién toan dam mdy trong cic cong trinh nghién ciu.

L. Guo da dé xuat mot md hinh cho bai toan Iap lich ludng cong viéc va thuat toan Iap lich
dua trén phuong phap t6i wru bay dan [10] trong cong trinh tac gia d st dung luat SPV (Smallest
Position Value) nham roi rac hoa cac gia tri thuc caa vector vi tri va vector chuyén dong trong qua
trinh tién hoa cua thuat toan.

2.2. M0 hinh toan hoc

2.2.1. Hé thong tinh toan
Gia thiét cho trudc hé thdng tinh toan bao gom:

- Tap hop N may chu trong méi truong dién todn dém may S = {S;, S, .. SN}

- Lu0ng cong vi¢c can thuc hién bleu dién boi db thi c6 huéng, khdng 6 chu trinh G=(V,E),
mdi dinh biéu thi mot tac vu, mdi canh biéu dién mdi quan hé cha-con gitra mot cap tac vu.

- Tap cactac vu T={Ty, Ty, ... T} voi M la s6 lugng tac vu.

- Khéi luong tinh toan cua tac vu T; ki hiéu 1a W; , do bing don vi flop (floating point
operations: phép tinh trén sb thuc diu phay dong).

- Tdc d6 tinh toan ciia may tinh, do bang don vi flop/s (s6 phép tinh thuc hién dwoc trén giay),
ki hiéu P(), 1a ham s6 dugc dinh nghia nhu sau: P: S »>R*; S; — P(S)

- Moi cap méy chii (S;, Si) bat ki déu co dudng truyén dé trao ddi dir liéu vai nhau (1<i, k<N).

- Bing thong ctia duong truyén, ki hiéu B(), 1a téc do truyén dir liéu gitra cac may chu, do bang
don vi bit trén gidy (bps), 1 ham s dugc dinh nghia nhu sau: B: SxS — R*; (S;, Si) — B(Si, Si)
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- Ham bang thong B() tudn theo cac rang bugc sau:

+ B(S;,Si) = oo: thoi gian truyén tir mot may chii téi chinh né bang 0, nghia 1a néu tac vu cha
va tac vu con duoc b tri trén cling mot may chu thi khdng mat thoi gian dé truyén dit lidu
gitra chiing.

+ B(S;,Sk ) = B(Sk,Si): kénh truyen hoat dong tir hai dau véi toc do tuong duong nhau.
Khéi luong dit liéu can truyén gitra hai tac vu T; va T, ki hiéu 1a Dy, 1a c4c gia tri cho truéc,
Dix = 0 khi va chi khi T; la tac vu cha caa Ty, nguoc lai Dy =0.

2.2.2. Khéi ni¢m lich biéu
Mot phuong an xép lich F, con goi 1a lich biéu F, dugc xac dinh bai hai ham (ts , proc) trong do

- t:T - R* ; t(T;) la thoi diém ma téc vu T; T bét diu duoc thuc hién
- proc:T - S; proc(T;) la may tinh dugc phan cong thuc hiéntac vu T; €T
Tur cAc gia thiét trén suy ra:

Thoi gian tinh toan cua tac vu T; la:

W. .
————,i=12,..,M D
Plproc(r)
Thoi gian truyén dir lidu giira tac vu T; va tac vu Ty 1a:

Dik

B(proc(T,), proc(T, ))’

ik=12..M )

Muc tiéu cua bai toan

Makespan cua lich biéu F duogc biéu dién theo cong thic sau:

makespan(F) = maxr,er{t; (T} — minrer{ts (T} (3)
véi t(T;) 1a thoi diém két thic va ts(T;) la thoi diém bat déu“thuc hién cua tac vu T;. Muc tiéu
cua bai toan - tir ddy dugc ki hiéu la CLOS - la tim lich biéu F sao cho makespan(F) — min.

Bo dé: CLOS la bai toan thuge lép NP-Kho.

Chung minh:

Sau day ching t6i s& ching minh rang bai todn CLOS thudc 16p NP-Khé. Nhu Ullman [1] d4 chi
ra, cach lam thong dung dé chirng minh mét bai toan A thudc 1op NP 13 NP-Kh6 1a tim ra mot bai toan
B, trudc d6 da duoc chirg minh 1a thugc 16p NP-Kho, va ¢d thé quy dan vé bai toan A, ki hiéu la
BooA. Trong s cac bai toan kinh dién thudc ho bai toan Lap lich, ching tdi chon bai toan SCHED, d4
dugc O. Sinnen chimg minh 1a NP-Khé nim 2007 [11]. Ching toi s& quy dan bai todan SCHED V& bai
toan CLOS va qua d6 chimg minh dugc CLOS ciing thudc 16p NP- Kho.

Bai toan SCHED duoc O. Sinnen [11] phét biéu nhu sau:

Gid s CAc tac vu ciia cong viée durot biéu dién boi do thi G=(V,E) va ching duwoc thuc hién trén
hé thong tinh todn P bao gom nhing thanh phan nhuw dwéi ddy. Hay tim ra lich biéu S sao cho thoi
gian thyc hién S trén P 1a nhé nhdt.

- Mot tap hop gém hitu han may tinh c6 ning lyc tinh toan ngang nhau va chi phuc vu bai toan
SCHED ma khong duoc diing vao viéc gi khéc. Tai mot thoi diém mdi may tinh chi c6 thé xi Ii
t6i da mot tac vu. Néu tac vu cha va tac tAc vu con dugc thyc hién trén cling mot may thi thoi gian
truyén dir liéu giita chiing bang khong.

- Céc maytinh chi phy tréch tinh toan chir khong phai diéu khién hé thdng mang két ndi.
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- Viéc truyén thdng gitra cac may tinh c6 thé dugc thyc hién dong thai. Moi cap hai may tinh bt ki
déu duoc két ndi bai mot dudng truyén cé toe do nhu nhau.

Bai toan SCHED duoc cong nhan 13 "quy ddn duwoc" vé bai toan CLOS khi thoa man diéu kién
sau: néu c6 thuat toan thoi gian da thirc dé giai bai toan CLOS thi ciing c6 thudt ton thoi gian da thirc
dé giai bai toan SCHED.

Gia sir tim dugc thuat toan A dé xay dyng lich biéu téi wu S cho bai toan CLOS. Ta sé& ching
minh ring A ciing 12 thuét toan dé giai bai toan SCHED, va nhu vy diéu kién trén da duoc thoa man,

R6 rang bai to4n SCHED la mat trudng hop riéng cia bai toan CLOS khi bé sung thém hai rang
budc sau:

- Tdc d¢ tinh todn cua moi may tinh 14 nhu nhau: P(S)) = P(S) (Vij =1, ..., N)
- Moi tuyén két ndi déu cd toc do duong truyén nhu nhau: B(S;, S)=B(S., Sv) (¥ ikuv=1,..,N)

Nhu véy, dé tim lich biéu t6i wu cho bai toan SCHED du tién ta thay déi hé thdng tinh toan cua
bai toan CLOS bang cach gan médt hing s6 cho cac gia tri P(S;) va mot hang s6 khac cho cac gia tri
B(S;, Sk), bang cach do ta da thoa mén rang budc ciia bai toan SCHED. Ap dung thuit toan A trén hé
thong tinh toan vira xdy dimg, chung ta thu duoc lich biéu S,. Theo gia thiét thuat toan A dam bao tim
dugc lich biéu tdi wru trén hé théng tinh toan tdng quat nén khi &p dung thuét toan A cho hé thong tinh
toan cua bai toan SCHED (Ia mot truong hop riéng cua hé thdng tong quat) thi lich biéu tim dugc S; 1a
toi wu. Nhu vay thudt toan A 14 thuat toan dé giai bai todn SCHED, suy ra bai todn CLOS ciing thudc
I6p NP-day du.

2.3. Giai phap dé xuit
2.3.1. Khai ni¢m déi xing

Pinh nghia 1: gia st x € [a,b]; x €R, khi d6 phan tir d6i ximg cta x ki hiéu 1a £ va duoc tinh
nhu sau:

X=a+b—x 4

Binh nghia 2: goi P(x1, Xa,..,Xp) 1a mot véc to D-chiéu, véi x; €[a;, bi; i=1,2,...,D. Khi d6 véc
to d6i ximg cta P ki hiéu1a P = (X7, %7, ..., Xp)va duoc tinh nhu sau:

X, = a;+ bi— x ®)

2.3.2. Biéu dién ca thé
M3i c4 thé p trong quan thé dugc biéu didn boi mot vector p =(p1, Par....Pm); Pi €{Su,
ST, ‘
Vi du: xét Iupng cbng viéc véi 5 tac vu T~:{T1, T,,...,Ts}, tdp may chu gom 3 may S={S,, S,, Ss}.
Khi d6 ca thé x; =(1,2,1,3,2) dugc biéu dién nhu sau:
Ty T, Ts T, Ts

Sl 82 Sl 83 S2

2.3.3. Phwong phap tinh déi xirng cho c4 thé
Phuong phép ODE [12] yéu cau phai tim ca thé ddi xing cho mdi ca thé, trong bai bao nay
chung t6i dé xuat phuong phap tim ca thé doi xang nhu sau:
Goi a=Max{P(Si)} vab = Min{P(S)}; Vi=1,2,..,N;
P(S)) la toc 6 tinh toan cia may chu S;.
Giasurtaco ca thé Xi = (Sin(l), Sin(g),...,Sin(M)); Sin(j) € S, Vj:l,Z,..,M; ca thé d@l xfrng cua X; ki hIéU
14 X, va dugc tinh theo cdng thirc (6)
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)?L = (Sm(l)l Sm(z): ISLTL'(M)) ; Sm(}) =a+b- SiTL’(j); Vj =12,...M (6)

Sau d6 s& gan cAc gia tri trong tng véi mdi Vi tri j trong véc to &, bai s6 hidu may chu ¢ toe do
tinh toan gan gia tri S,(,y nhat theo cong thuc (7):

%, < knéu |P(Sy) — Syl < |P(Sr) — Sin(iy| VS: @)

2.3.4. Phwong phap banh xe quay vong dwa trén hang cé thé
Banh xe quay vong dua trén hang ca thé [13] 1a mot phuong phép lya chon cé thé cho cac thé
hé ké tlep Trong phuong phap nay mdi ca thé duoc xép hang theo mot ham xéac dinh, sau do s&
tinh sic xuét lya chon cac c4 thé theo hang ciia chiing. Trong bai bao nay chung t6i d& xuat ham
tinh hang cho céc c4 thé nhu sau:
rank(pos) =2 —SP + (2 x (SP—1) % %_Z_l) 8)
trong d6: 1.0 < SP < 2.0; pos: Vi tri ca thé cin tinh hang.

2.3.5. Thuat toan IODE

Két hop cac ndi dung trén chiing t6i dé xuét thuat toan 1ap lich ludng cong viéc IODE trong
mbi truong dién toan dam may duya trén thong tin dbi xing, thuat toan hoat dong theo phuong
phap tién hoa vi phan két hop vai thong tin d6i xing cua cac ca thé trong quan thé. Chi tiét thuat
todn nhu sau:

Algorithm IODE ()

Input: T, S, khoi lugng cbng viéc can thuc hién W[1xM], P[1xN], B[NxN], D[MxM], hangso K, do léch
chip nhan duoc ¢, 56 luong cé thé NoP

Output: 1vi giai tét nhat gbest

1. Khéi tao quan thé P gdm PopSize ca thé mot cach ngau nhién
2. OP « OP_Algorithm ; tinh quan thé dbi ximg cta quan thé hién tai
3. Chon PopSize ca thé t6t nhét tir P U OP
4.  while(biéu kién 1p)do
5. for i=1 to PopSize do
6. Luwa chon ca thé p; theo thuat toan RBRWS
7. Lua chon c thé p, theo thuat toan RBRWS
8. F«05
9. K« 05
10. v = X+ Kx(Xpest — )+FX(Xrl — Xr2)
11. Gén s6 hiéu may chit cho mdi vi tri j clia véc to v; theo (7)
12. rand;; < Random(0,1)
13, lgng < random(l M)
1 Vi j néu randlj < CR hodci= I 4y
A {xU néurand; ; = CR hodc i # ILgng
15. if (makespan(u;) < makespan(x;))
16. Xj < U;
17. end if
18. end for
19. rand <~ Random(0,1)
20. if(rand < J)
21. OP « OP_Algorithm
22. Lua chon PopSize ca thé t&t nhét tr P U OP
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23. endif
24. End while
25. Return gbest;

Budc khoi tao; thuat toan sinh ra quan thé P gdm Popsize ca thé mot cach ngau nhién, sau dé
tim quan thé doi xang cua P va chon loc Popsize ca thé tot nhat tir quan thé ban dau va quan thé
doi xang.

Véc to dot bién caa mdi ca thé i dugc thuc hién theo chién luoc current to best /1; véi cong thic:

Vi = Xi + Kx(Xpest = Xi) +Fx (Xr1 = Xr2);

Trong d6: X, — X2 1a hai c& thé dugc chon theo phuong phép banh xe quay vong dua trén
hang CAC Cé thé, X pes 12 ¢4 thé tét nhat hién tai.

Sau budc dot bién toan tir trao ddi chéo dugc &p dung cho mdi ca thé x; dé sinh ra ca thé méi u;

vijnéurand;; < CR hodci = Lgnqg
Wij = {xw néurand;j = CRhodci # lgnqg
Trong d6: rand;; €[0,1], Irand €[1,M], CR €[0,1].
Toan tir lya chon dugc &p dung dé quyét dinh cé thé nao dugc sdng s6t cho thé hé ké tiép
_ (u;, if makespan(u;) < makespan(x;)
LT {xi, otherwise }
Sau qué trinh trao d6i chéo va lya chon, thuat toan s& tinh quan thé ddi ximg OP cua P theo cong
thte (6), (7). Cudi ciing sé& lwa chon ra PopSize cé thé tét nhat tir P L OP.

Trong qué trinh tién hoa thudt toan s& tinh toan va luu lai gi4 tri gbest 12 gia tri tot nhit theo
ham muc tiéu (Makespan).

2.3.6. Két qua thue nghiém

D¢ kiém chiing hi¢u ning cua thuat toan dé xuat IODE ching t6i da tién hanh cai dat thuat
toan bang ngdn ngir 1ap trinh Java, mdi truong dién toan dam may dugc gid 13p bang phan mem
moé phong CloudSim [6]. D6i tugng so sanh Ia thuat todn tién hda manh nhu PSO Heuristic [8],
thuat todn Random [15], va EGA [7]. Cac chuong trinh md phong dugc chay trén bo vi xu I Intel
Core i5 2.2 GHz, RAM 4GB, hé diéu hanh Windows 7 Ultimate.
Dz liéu thyc nghiém

Ludng cong viéc trong dit ligu thuc nghiém dugc 1y tir cac ludng cong viéc ngau nhién voi
su da dang ve cau truc cua luong cong viéc va hai ung dung thuc tién 1a Montage [2] va
Epigenomics [4]. Cac tham so6 ve toc d¢ tinh todn va bang thong gifra cac may chu duoc lay tir nha
cung cap dich vu dién todn ddm may Amazon [15].

Tham sé cau hinh
Céc tham s6 cau hinh cia dam may dugc thiét 1ap trong mién gié tri nhu sau:
- Téc @6 tinh toan P ctia cac may chu: tir 1 dén 250 (million instructions/s)
- Khéi lugng dir liéu D giira cac tac vu: tir 1 dén 10000 (Mega bit); bing thong giita cac may
cha B:tir 10 dén 100 (Mega bit/s).
- Hé sb vi sai F=0.5; K=0.5; hé s trao d6i chéo CR=0.9; J,=0.3; PopSize=50
Qua trinh ti¢n hanh thyc nghiém

Bé danh gia hiéu nang ctia thuat toan dé xuét IODE chung t6i d4 tién hanh thyc nghiém va so
sanh két qua ctia IODE v6i cac thuat todn tién héa manh hién nay nhu PSO_H, Random va EGA.
Dit liéu thuc nghiém duoc 1y tir g dung Montage va Epigenomics, céc tham sb bang thong, toe
do tinh toan cia may cha dugc thiét lap thong nhét cho tit ca cac thyuc nghiém. Vi moi bo di heu
chiing tdi tién hanh chay chwong trinh 30 lan doc 1ap. Két qua thyc nghiém duoc trinh bay chi tiét
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trong Bang 1, 2 va céc Hinh 1-4. Két qua thuc nghiém da chi ra chit lugng 16i giai cta thuat toan
IODE luén tét hon cac thuat toan Random, PSO_H va EGA & ca 3 tham s6 1a d6 1éch chuan, gia
tri trung binh va gia tri tot nhit. Gia tri trung binh tim dugc boi thuat toan IODE nhé hon gi tri
trung binh tim dugc baéi thuat toAn PSO_H tir 8% - 29% va nho hon gia tri trung binh tim duoc
boi thuét toan EGA tir 6% - 25%.

Céc Hinh 1-4 ciing so sanh giira gia tri tt nhit tim dugc boi thuat toan IODE vdéi cac thuat
toan dbi sanh, qua d6 ta thdy gié tri tot nhat tim duoc bai IODE tdt hon gia tri tét nhat tim dugc
bai PSO_H tir 3% - 19%, gia tri tot nhat tim dugc bai thuat toan IODE nho hon gia tri tot nhat tim
duoc bai EGA tir 1% - 18% va gi4 tri tot nhat tim duoc boi IODE t6t hon gi4 tri tot nhit tim duoc
béi Random tir 20% - 40%. Céc Hinh 1-4 chi ra két qua so sanh gitra do léch chuin tim duoc boi
thuat toan IODE vdi c4c thuat toan ddi sanh, gia tri do léch chuan cia IODE déu nhé hon so véi
do léch chuén tim dugc bai cac thuat toan Random, PSO_H va EGA, didu d6 chung to thuat toan
IODE c6 chat lwong loi giai tét hon cac thudt toan ddi sanh va d6 6n dinh trong céc lan chay ciing
t6t hon.

Bdng 1. Két qud thuc nghigm véi ludng cong viéc Montage

M| N IODE PSO_H RANDOM EGA

Best | Mean | STD Best | Mean | STD Best | Mean | STD Best | Mean | STD

20| 8 | 321 | 35.0 1.2 | 3590 | 44.2 5.2 56.3 | 63.3 3.8 356 | 420 | 3.7

20| 8 | 289 | 317 1.4 37.1 | 447 6.1 51.6 | 67.6 6.8 375 | 425 | 3.2

25| 8 (219.0 | 219.7 | 15 | 225.0 | 239.0 | 83 | 238.0 | 304.9 | 33.0 | 2224 | 2355 | 4.7

50| 8 | 824 | 87.3 31 95.0 | 1080 | 6.3 | 1105 | 196.8 | 32.8 | 86.4 | 1035 | 3.3

Bdng 2. Két qud thuc nghigm véi ludng cong vigc Epigenomics

M | N IODE PSO_H RANDOM EGA

Best | Mean | STD Best | Mean | STD Best | Mean | STD | Best | Mean | STD

100 | 8 | 36.6 | 42.7 1.7 36.6 | 45.7 4.2 534 | 76.7 | 11.7 | 378 | 448 4.1

100 | 8 | 138 | 17.8 1.2 182 | 212 2.6 228 | 509 | 140 | 188 | 216 3.8

100 | 10 | 38.2 | 405 13 38.8 | 44.9 2.8 494 | 75.7 |125| 39.2 | 41.9 1.4

100 | 20 | 245 | 28.2 1.9 341 | 405 3.4 429 | 731 | 149 | 344 | 37.7 1.9

100 | 20 | 131 | 16.9 1.2 178 | 26.4 3.5 330 | 636 | 158 | 21.0 | 26.3 2.6

94




Ap dung chién lwoc tién héa vi phdn d@é nang cao hiéu sudt ciia dién todn dam mdy

80 80
60 60
40 mBEST 40 mBEST
20 = MEAN 20 = MEAN
0 STD 0 STD
SR S
P © NI S\
O & O/ Q S &
& F < RO &9
Hinh 1. So sanh céac thugt toan Hinh 2. So sanh céac thudt toan
voi M =20,N=38 véi M =25 N=38
80 80
60 60
40 mBEST 40 m BEST
28 = MEAN 20 = MEAN
0
STD STD
& D> Q& &
SRS € Q 0@ 2
Hinh 3. So sanh céac thugt toan Hinh 4. So sanh céac thudt toan
véi M =100, N= 10 véi M =100, N = 20

3. Kétluin

Lap lich ludng cdng viéc 1a mét van dé quan trong c¢6 nhidu ung dung trong thuc tién va
nghién ciru khoa hoc, dac biét trong cdc moéi truong phéan tan nhu tinh toan lugi hay dién toan dam
may thi hiéu ning lam viéc cua hé thdng s& phu thudc nhidu vao hiéu qua cua cac thuat toan lap
lich didu phdi tai nguyén. Bai bao d4 trinh bay nhirng két qua chinh sau day:

- P& xuat mot mé hinh Ii thuyét cho bai toan lap lich ludng cong viéc trong méi truong dién
toan dam may va chimg minh bai toan d& xuat thuoc l6p NP-Kho.

- Két hop gitta phuong phép tién hoa vi phan phuong phap d6i xtmg va phuong phap banh
Xe quay vong dua trén hang ca thé chung t6i d& dé xuét thuat toan lap lich Iu0ng cbng viéc mai
IODE, céc két qua kiém chimg d4 chi ra chat luong cua thuat toan dé xuat tét hon cac thuat toan
ddi sanh 1a Random, PSO_H va EGA.
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ABSTRACT

Differential evolution strategy for improving the performance of the Cloud Computing

Phan Thanh Toan', Dang Quoc Huu?, Nguyen The Loc® and Nguyen Doan Cuong®
Faculty of Psychology & Pedagogy, Hanoi National University of Education
“Centre of Information Technology, Vietnam University of Commerce

*Faculty of Information Technology, Hanoi National University of Education
*Information Technology Institute, Military Institute of Science and Technology

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. Workflow scheduling, the most important affair which
the cloud controllers deal with, is the factor which determines the performance of the cloud's
services. The general scheduling problem was proven to be NP-hard long time ago [1]. In this
paper we build a framework for workflow scheduling in Cloud environment. Based on the
framework we propose a new heuristic algorithm for the mentioned problem so that execution
time of the workflow (makespan) is minimized.

Keywords: Workflow scheduling, workflow applications, cloud computing, differential Evolution.
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