CAI TIEN VIEC LAP LICH LUONG CONG VIEC
TRONG MOI TRUONG DIEN TOAN DAM MAY
DUA TREN PHUONG PHAP PSO LAN CAN
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Tom tit: Luong cong viéc 1a mt day co thir tw cac
tac vu cAn phai thue thi dé dat dwgc mdt muc dich,
Bai toan lap lich luong cong viéc la bai toan sap
xép cac tic vu cho thue thi trén mot s s0 may xac
dinh sao cho dat hi¢u qua tot nhit, day chinh la
bai toin quan trong nhit tai cic trung tim dién
toan dam mﬁy Trong bai bao nay chling t6i sé xay
dlrng mot mé hinh bai toan luong cong viéc trong
mdi treong dién toin dam miy va deé xudt mot
thuét toan dua trén phlro'ng phap tdi wu bay dan
cuc bd dé sip xép ludng cong viéc thwce thi trén moi
treong dién toan dam may dam bao thoi gian
hoan thanh ludng cong viéc nho nhit.

Keyword: Workflow scheduling, Particle Swarm
Optimization, cloud computing, local search.

1. GIO1 THIEU

Trong nhirng nim gan ddy dién toan dam may da
duogc ng dyng rong rdi trong nhicu linh vuc khéac
nhau cda cudc song va nghlen ctru khoa hoc. Trong
moi truong dign todn ddm may moi tai nguyén phin
ctg, phan mém déu dugc cung cép cho khach hang
dudi dang dich vy, khach hang chi phai chi tra phi st
dung theo tai nguyén thuc dung.

Luﬁ)ng cong viéc (workﬂow) 1a mot chudi co thir
tu cac tac vy (task) co thé dugc thuc hién dong thoi
hay tun tu néu dir ligu dau ra cua tac vu nay la dau
vao cua tac vu ké tiép. Rat nhidu ung dung trong cac
linh vyc khoa hoc khac nhau deu yéu cau phai xu li
mot luong lon dir ligu duge to chirc theo dang luong
cong viée. Véan dé 1ap lich luong cong vigc trong moi
tmong dién toan dam may v€ ban chat 1a tim phuong
an 4nh xa nhiing tac vu cia ludng cong viéc tdi cac
mdy chu ciia ddm may sao cho thoi gian xur 1y toan bo
ludng cong viéc 1a nho nhét, biét rang khoi lugng tinh
toan va yéu cau dir liéu cua cac tac vu, tbc do tinh
toan va truyén thong cta céac may chu la khac nhau.

Bai toan lap lich ludng coéng viéc 1a mot bai todn
da dugc nghién cuu tir nhitng ndm 1950, va bai toan
nay da duogc chirng minh thudc 16p NP-Khé.

Trong nhitng nam gan day da co rat nhidu ung
dung khoa hoc dwoc mé hinh héa boi dang dd thi
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lubng cbng viéc nhu ung dung Montage [1],
CyberShake [2], Epigenomics [3], LIGO [4], v.v.

Phan tlep theo cta bai bdo co chu trac nhu sau.
Phén II gioi thi¢u mot sd cong trinh nghlen cuu co
lién quan v€ bai toan lap lich 1u0ng cong viéc.Trong
phan IIT chung t61 trinh bay md hinh 1y thuyét dé biéu
din nang luc tinh toan va truyén thong cua ddm may,
dua trén mo hinh ly thuyet nay, phan IV dé xuat:

(i) phuong thirc mdi dé cap nhat vi tri cia ca thé

(i) giai phap dé chuorng trinh thoat ra khoi vung cuc
tri dia phuong va di chuyen téi mot vung mai
trong khong gian tim kiém

(iiii) thuat toan 1ap lich méi tén 1a LOSPSO

Phan V mé ta cac thuc nghiém dugc tién hanh dyua
trén cong cu m6 phong Cloudsim [5] va phén tich
nhing s0 liéu thue nghlem thu dugc. Phan VI tom tit
nhiing két qua chinh cua bai bao va huéng nghién ctru
s& tien hanh trong tuong lai.

Il. NH’NG CONG TRINH LIEN QUAN

2.1. Nhitng nghién ciru vé bai todn lap lich
Bai toan lap lich ludng cong viéc tong quat da dugc

chung minh la thudc 16p NP-Kho [6] nghia 1a thoi
gian dé tim ra 161 giai tdi wu ting rat nhanh theo kich
¢ dir liéu dau vao, vi vay dd c6 nhidu cong trinh
nghién ctru nham tim ra 16i giai dung hodc gan ding
cua bai toan nay.

N.S.Grigoreva [7] dd d& xuit thuat toan 1ap lich
didu phdi cac tic vu cua ludng cong viée vao thuc
hién trén mot hé théng da bd vi xtr 1y nhdm cuc tiéu
hoa thoi gian hoan thanh ludng cong viée. Téac gia da
sir dung két hop phuong phap nhanh can va k¥ thuat
tim kiém nhi phan dé tim ra phwong an xép lich c6
thoi gian hoan thanh ludng cong viéc 1a nhé nhét.

R. Rajkumar [8] di dé xuit thuat toan lap lich
ludng cong viéc dua trén nhu cau cta khach hang nhu
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thoi gian hoan thanh, chi phi thuc thi,... qua d6 sé
diéu phdi cac tac vu vao thuc hién trén cac may chi
nhidm thoa min tdt nhit nhu cdu ctia khach hang.

Céc tac gia trong bai bao [9] da dé xuét thut toan
EGA (Enhanced Genetic Algorithm) 1ap lich bing
phuong phép di truyén. Trong cong trinh céc tic gia
st dung thudt toan Enhanced Max Min trong budc
khoi tao quan thé nham tim ra cac c4 thé tot cho qua
trinh tién héa.

Pandey [10] dd dé xuat thuat toan lap lich ludng
cong viéc PSO Heuristic (Particle
Optimization Heuristic — PSO_H) trong moi truong
dién toan dam may dua trén chién luoc tdi vu bay

Swarm

dan. Rajkumar da dé xu4t mot thuat toan 1ap lich phan
cap [10] va dua vao cac tham sb dich vu khac nhau,
ching han nhu thoi gian dap ung. Thudt toan sir dung
tham s6 nay nhu mot quyén wu tién dé Iya chon céac
tac vu lap lich. Q.Cao va cac ddng nghiép di trinh bay
thuat toan 1ap lich dya trén giai thuat ABC (Activity
Based Costing) [11]. Thudt toan nay gan mirc wu tién
cho mdi tac vu trong ludng cong viéc theo cac tham
sO vé thoi gian, khong gian, cac tai nguyén va chi phi,
qua trinh lap lich s& sir dung mirc wu tién nay dé quyét
dinh cac tac vu dugc chon trong qua trinh 1ap lich.

Selvi va cac cong su da dé xut thudt toan lap lich
ludng cong viée trong moi tru(mg dién toan ludi
(Grid) [12] trong cdng trinh tac g1a da van dung thuat
todn tién hoda vi phan (DE) vao gidi bai toan lap lich
ludng cong vi¢e trén moi truong dién todn ludi nham
cyc tiéu thoi gian hoan thanh ludng cong viéc
(makespan), trong cong trinh tac gia da chi ra gia tri
Makespan tim dwoc boi thuat toan dé xuat 1a nho hon
so vo6i thuat toan PSO. Xu va cac cong sy da dé xuét
thut toan COODE [13] (Current Optimum
Opposition-based Differential Evolution) nham tim
gia tri t6i wu cho cac ham s dya theo phuong phap
tién hoa vi phan do6i xung, trong cong trinh tac gia da
dé xuat cong thue tim diém doi xtng cua mot diém
dua theo gia tri toi wu hién tai nham thay d6i toan tir
dot bién trong phuong phap tién héa vi phan va tac
gia da so sanh thuat toan COODE v6i céc thudt toan
DE va ODE, két qua di chi ra thuat toan dé xuat
COODE t4t hon cac thuat toan dbi sanh.

2.2. Phuong phap PSO ldn can

Trong phuong phap PSO chuan (PSO toan cuc)
mdi c4 thé s& trao d6i thong tin véi toan bod cac ca thé
khac trong quan thé, vector dich chuyen cia mdi ca
thé dugc cap nhat dya trén thong tin tot nhét cua cd
thé d6 va thong tin tét nhat cua toan bd quan thé.
Vector dich chuyén va vector vi tri dugc cap nhat theo

cong thuc sau:
k+1

=¥ + ¢y rand; x(pbest; - xik) + ¢, rand,
><(gbest x D) 3)
X =+ v (4)

Tuy nhién trong thyc té co nhidu kién triic khac
nhau dé biéu dién m01 quan hé giita cac cé thé trong
quan thé, mot sd coéng trinh nghién ctu nhu
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[5],[14],[15] da dé xuit cac kién trac lan cén Star,
Rlng, Von Neuman. Thuét toan PSO cuc b moi ca
thé s€ trao doi thong tin véi mot sO ca thé 1an can, so
c4 thé duogce trao ddi thong tin phu thudc vao mé hinh
kién trtc 1an can su dung trong thuét toan. Cong thuc
cép nhat vector vi tri ctia ca thé nhu sau :

Vit = wxvi* + ¢q rand;x (pbest; - x;*) + c,rand,x
(Ibest; - x;) (5)

Phuong phap PSO toan cuc thuong cho tée do hoi
tu nhanh hon phuong phép PSO cuc bo tuy nhién chat
lugng 101 giai khong tot bang phuong phéap PSO cyc
bd vi quan thé hay bi mic ket tai cac diém cuc tri dia

phuong [16].

o P

b. Ring c. Von Neumann

a. Star

Hinh 1. Cac kién truc lan can

Function Ring(X;)

Input: current position X;

Output: X where Fitness(x)
min{Fitness(X;), Fitness(Left(x;)),
Fitness(Right(x;))}

I1I. MO HINH LY THUYET cUA BAI TOAN

Dd thi ludng cong viée duge biéu dién bai dd thi co
hudng, khong co chu trinh G=(V,E).

Trong dé: ~
o V/a tgp dinh, modi dinh tuong uhg voi mot tac wu
trong do thi luéng cong viéc.

o THTy, Ty,..,Ty Hatdp cactacwu

e Elatap canh, biéu dién mdi quan hé giira cac tac
vu. Néu e = (T;, Ty) la mot canh cla do thi G, cd
nghia tac vu T; la tc vu cha cua tac vu Ty, va tac

vu T; Se giri toi tac vu Ty mot khéi lugng dir lidu
1a tdata

e S={5, S5,...S}a tdp N méy cha trong mbi
truding dién toan dam may. Méi may chi dugc xac
dinh bdi mét nang luc tinh toan xac dinh la (S),
don vi do la MI/s (million instructions/ second).

©
AN

@\ /@

Hinh 2. D6 thi biéu dién mat ludng cdng viéc
V@i 5 tac vu.
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bi cap méy chii déu dugc két ndi véi nhau bdi mot
dudng truyén riéng, va c6 bang thong la B(S;, S)).
Bang thong dugc xac dinh bdi mét ham

B)-Sx6—F
BS.5)= © BHS,S)=HS,S)
Khai niém lich biéu
M6i lich biu duogc biéu dién bdi mot ham f() :
TK S. Trong d6 f(T;) la may chd dugc giao dé thuc
hiéntacvu T,.
Wi

e Thoi gian tinh toan cua tac vu T; la; T
P(f(T;))

(=12, .. M)
e Thoi gian truyén dir liéu gira tac vu T; va tac vu

conT;la Dy
B(f(T,). (T,

Ham muyc tiéu: Bai bao nay dinh nghia ham muc tiéu
la: Makespan — min trong d6 Makespan 1a thoi gian
hoan thanh ludng cong viée, dugc tinh tir khi tdc vu
gbc duoc khoi dong cho téi thoi diém tac vu cudi
cung dugc thuc hién xong.

IV. GIAI PHAP DE XUAT

4.1. M héa cé thé

Theo phuong phap PSO, tai budc lap thir k, ca thé
th i trong dan dugc xac dinh bai vector vi tr1 X (cho
biét vi tri hién tai) va vector dich chuyén vik (cho biét
hudng dich chuyén hién tai). Trong bai toan xep lich
dang xét, hai vector d6 déu c6 s6 chiéu bang sb tac vu
trong ludng cong viéc, ky hi¢u la M. Ca vector vi tri
va vector dich chuyén déu dugc biéu dién bing ciu
triic dir li¢u bang bam trong ngdn ngir 14p trinh java.

Vi du 1: gid su ludng cong viéc gobm tdp tac vu
T={Ty, T2, T3, T4, Ts}, ddm mdy c6 tp may chu S =
{Sl, Sy, Sz}. Khi d6 ca thé x; duoc biéu dién
bang vector vi tri [1 ;251 3; 2] chinh la phuong an
x€p lich ma theo do6 tac vu Tl, T3 duoc bd tri thuc
hién bdi may chu Sy, tac vu T, Ts dugc thyc hién
trén S, con tac vu T, duoc thuc hién boi S; nhu dudi

day
T, T, Ts Ty Ts
Sl Sz Sl S3 SZ

4.2. Phuong phép cdp nhdt vi tri cd thé i

Khi ap dung cong thitc cap nhat vi tri cia ca thé
(4) vao bai toan 1ap lich dang xét, chung ta gdp mot
van d&. Cac thanh phin cua vector dich chuyén VI la
s6 thyc do cong thire (5) tinh vector dich chuyén co
nhitng tham sb 13 sé thyc nhu rand,, randy, C1,Co.
Nhung vi tap_ may chu S 1a hiru han va dém duoc nén
cac thanh phin cua vector vi tri X; phai 13 s6 nguyén
dé c6 thé anh xa t6i mot may chu nao d6 noi ma tac
vu tuong ung s€ dugc thuc hién, chang han vector vi
tri x; trong vi du 1 ¢6 cac thanh phan 13 x;[1] =1, xi[2]
=2, xj[1] =1, x;[4] =3, xi[5] =2. Hau qua la ha1 vé cua
phép gan (2) khac kleu nhau vé tral Xi¥ 1) thudc
kiéu s nguyén con vé phai x;[t] + v;“[t] thudc kiéu sb
thuc.
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Dé giai quyét mau thuin nay, mot sb nghlen ciru
trude day nhu [10] da lam tron gia tri so thye ¢ vé
phai roi gan cho bién vi tri xik* t] & vé trai. Két qua la
néu gia tri ciia vé phal 1a 3.2 thi phan ph01 tac vu toi
thyc thi tai may chu c6 sb thir tw 13 3, con néu vé phai
1a 3.8 thi tac vu s€ dugc phéan cho may chu c6 so thir
ty 1a 4. Cach 1am c6 veé ty nhién nay thuc chit 1a gan
mot vi tri duoc tinh toan can than theo chién lugc
PSO cho may chu ma s6 thu tu cua n6 tinh co dung
bang gia tri nguyén sau khi lam tron. Cach lam nhu
vdy di pha hong qua trinh tién héa timg budc cua
phuong phap PSO.

bé g1a1 quyet van dé trén, bai bao nay dé xuat
cach g1a1 quyét nhu sau: gia tri thuc cta vé phai (x; [t]

(B v [t]) s& dugc dé nguyén khong lam tron, con vé
trai Xi¢ t] s& duoc gan boi dinh danh cua méy chu o
toc do tinh toan gan véi gia tri cta vé phai nhat so véi

ac may chu con lai. Lam nhu vay tac vu s€ dugc gan
cho may chu c6 nang luc phu hgp voi gia tri duge tinh
toan theo PSO.
xfe] « jnéu [P(S;) — (xF[t] + vile])] <
|P(S,) — (xF[e] + vf[e])| VS, € S5t =
1,2.M 6)

Vi du 2: gia thiét tap may chu S trong vi du 1 c6

téc do tinh toan dugc 1iét ké trong Béng 1 sau day

Bdng 1. Téc d6 tinh todn cda cdc mdy chu

My chii S; Téc do xir ly P(S;) (MI/s)
S, 3.1
S, 5.2
Ss 4.1

Gia st ¢ bude thi k+1 tong X< +vik=[4.4; 2.1;
6.7 ;5.6 ; 10.2] thi vector vi tri X,k s€ duogc gan bang
[3; 1 2; 2; 2] ; nghia la ca thé d6 tuong ung véi
phuong &n x¢ép lich sau day:
T, T, Ts T, Ts

83 Sl Sz Sz SZ

That vay, thanh phan thor nhat cta vector vi tri,
X,k+1[1] s€ nhan gia tri 3, nghia 1a tac vu T, s€ duogc
gan cho may chu S3 boi vi :
xF1] « 3 vi|P(S;) — 4.4| < |P(S,) — (4.4)| VS,
€S

Nghia la trong 3 may chu thi may S; co toc do
tinh toan gan véi gia tri 4.4 nhét so véi 2 may chu con
lai, theo bang 1, do d6 tac vu T, dugc gan cho may
chi Sz dé thuc hién, tirc 1a f(T;) = S3. Phép gén tuong
ty cling dugc thyc hi€n vdi bon tdc vu con lai: T,
T3!T41T5

Vén dé tuong tu ciing xay ra véi phép tru hai
vector vi tr1 trong cong thuc (1): (pbest - X ) va
(gbest - x;¥). Mot sb cong trinh hién ¢ nhu [10] chi
don gian thyc hién phép trir cac thanh phin sé nguyén
r01 gan cho may chu c6 sd thu tu tuong ung. Vi du
néu pbest =[2,4,3,3,5] va x;* =[1,3,2,1,2] thi pbest
- % —[2 -1,4-3,3-2,3-1,5-2] = [1,1,1,2,3]. Nhu da giai
thich & trén, cach 1am nay thuc chét 13 gan céc tac vu
cho nhiing may chu ma so thur tu cla n6 tinh co dung
bang két qua phép trir. Cach 1am mang tinh ngau
nhién nhu vay da pha hong qua trinh timg budc tiép
cén toi vi tri cyce tri cua phuong phap PSO. Bai bao
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nay dé xuit mot "phép trir vector”
cong thirc (5) nhu sau. Gia su:
pbesti = [Xila Xig,...XiM] VOl Xe S (Vk) va Xj = [le,
Xj2,---Xjm] vOi Xjke S (VK)

Khi d6 két qua phép trir pbest - Xj duogc tinh nhu
sau: pbest; - Xj =[y1, Y2,....ym] v6i cc thanh phan y,
1a cac so thuc dugc tinh nhu sau

Vi = {P(xik) + —qusi(_xlik‘xq)} - {P(Xjk) +

ap dung riéng cho

—2‘1653(""""‘“)} voik=12,.M
N-1
(

7)
Theo cach tinh nay, cac may chu dugc xép thtr ty theo
toc dd tinh toan va bang thong cua nhimg dudng
truyen két ndi t&i né. Vi du 3 sau day sé& minh hoa cu
thé hon.
Vidu3:

Ta tiép tuc sir dung tap may chi trong vi du 2.

Gia sur lbest; = [2,1,2,1,1] ; xj = [32121]

Vay Ibest; — X = [y1, Y2, ¥3,Y4,Y5] v6i y1 duoc tinh
nhu sau

B(S2,51)+B(S2,5
v = {P(s,) + ZEEIN _{p(s,) +
B(53,51)+B(53,Sz)}
3-1
Cach tinh tuong tu dugc ap dung cho cac thanh
phanys, ys ... ys con lai.

4.3. Bién phap thoadt khoi cuec tri dia phm)ng

Phuong phap PSO noi riéng va cac phuong phap
tim kiém tién hoa noi chung d6i khi bi méc ket tai cac
161 gidi cyc tri dia phuong ma khong the thoat ra dé di
t6i 101 giai tot hon. Bai bao nay dé xuét s dung
phuong phap PSO két hop v6i thu tuc tim kiém lan
can dé dinh hucmg c4 thé tot nhit chuyén sang ving
tim kiém m&i mdi khi chuong trinh bi sa vao ving
cuc tri dia phuong.

4.3.1.Thii tuc tim kiém ldn cén

Tim kiém 1an cén [16] la phu’orng phap tim kiém
bét dau tir mot giai phép ban déu s, cua bai todn va su
dung céc toan tir dé di chuyen sang mot g1a1 phap
khac cua bai todn theo mdt cau triic 1an cén xac dinh
nhdm tim ra mot 1oi giai tot hon. Bai béo nay dé xuét
2 toan tr Exchange va RotateRight sir dung cho qua
trinh tim kiém 14n c4n (xem Hinh 3.a va 3.b)

31231

L 31929391 J

Hinh 3.a. Toén tlr RotateRight *

Hinh 3.b. Toan tlr Exchange

4.3.2. Gidi thudt tim kiém lan cdn

3. Khéi tao gid tri r ngdu nhién
trong doan [1, M]

4. X; « RotateRight(x;, r)

5. Khéi tao 2 gid tri ngidu nhién
rand,, rand, trong doan [1,M]

6. Xk « Exchange (x;, rand;, rand,)

7. if F(X) < f(X;) then return xy

5. else return x;

6. t « t+l

7. End while

End Function

4.4. Thudt todn dé xudt LOSPSO o
Tong hop nhiing cai tién ndi trén, thuat toan dé xuat
voi t€n goi LOSPSO dugc mo ta nhu sau.

Algorithm LOSPSO

Input: tap T, tdp S, mang WI[1xM],
mang P[1xN], mang  B[NxN], mang
D[MxM], hdng sb K, d&6 léch & sb ca
thé SCT

Output: 1oi giai tét nhit gbest
1. Khéi tao vector vi tri va vector

dich chuyén cua c& thé i mot
cadch ngdu nhién

2. Khéi tao bubdc 1ldp t« O ;

3. while (diéu kién 1lip) do

4. for 1=1 to SCT do

5. Tinh vector vi tri X; theo

coébng thtuc (6)

6. end for

7. for i=1 to SCT do

8. Cap nhat pbest;

9. end for

10. cap nhat gbest

11. for(i=1 to SCT do)

12. lbest; := Ring(X;)

13. end for

14. for i=1 to SCT do

15. Cap nhat vector dich chuyén

VviK theo cbéng thuc (5) va (6)
16. Tinh x; theo (4)

17. end for

18. t++ ;

19. if (sau K thé hé ma & 1léch
gitta cac gbest khdéng vugt qué
¢) then

20. ghest=LocalSearch(gbest);
21.end if
22. end while

return gbest

Thuét toan hoat dong theo phuong phap PSO theo
d6 tai mdi budc 13p céc ca thé cap nhit vi tri cua minh
huéng t6i vi tri tot nhit cua cac c4 thé 1an can (Ibest;)

Function LocalSearch (vector vi tri x; )

dong thoi c6 dua trén kinh nghlem c4 nhan (pbest; )

Input: vector vi tri X;
Output: vector vi tri Xy, cO6 F(Xy) <
F(xi)

1. Kh&éi tao budc lap t « O
2. while (diéu kién 1l&p)
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2éu sau K thé hé lién tiép ma ca quan thé khong cai
thién dugc mot cach dang ké gia tri gbest (mirc chénh
khong vuot qua ) thi chimg to quan thé dang hoi tu
tai mot cuc tri dia phuong Khi d6 thu tuc
LocalSearch dugc goi tim ra cd thé gbest mdi va ca
thé nay s& di cu ca quan the td1 mot vung khong gian
méi, tai d6 qua trinh tim kiém dugc tai khoi dong.
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B¢ phuce tap cua thuat toan LOSPSO, Trude khi
thue hi¢n thuat toan chinh LOSPSO ta can phal sap
xép cac may chu thyc thi theo thu tu tang dan cua toc
do thyc hién, giai thuat sip xép c6 do phirc tap vé thoi
gian 14 O(n.log(n)), thu tuc tinh ma tran thoi gian thyc
thi ciia mdi tac vu trén cic may cha c6 do phic tap
thoi gian tinh toan 1a O(MxN); véi M 1a s6 tac vy, N
la sb méy chi. Thu tuc tinh ma tran thoi gian truyén
dir heu gitra cac may chu c6 d phic tap tinh toédn la
O(N?). Trong thuat toan LOSPSO thi thu tyc khoi tao
s€ khoi tao cac ca thé ciia quin thé mot cach ngiu
nhién, mdi ca thé duoc ma hoa bai mot vée to do dai
M do vay 49 phuc tap cua thu tuc khdi tao Ia
O(MxSCT) ; v6i SCT 1a sb ca thé trong quéan thé,
trong thuc nghiém ching t6i su dung SCT la 100.
Ham tinh thoi gian thyc hlen (makespan) cta moi
phuong an xép lich 1a O(M ).

Thu tuc RotateRight c6 d6 phirc tap 1a O(M), thu
tuc Exchange ¢6 dg phurc tap 1a hang s0, do vy thu
tuc tim ki€ém 1an cdn LocalSearch ¢6 do phic tap la
O(M).

Trong bai toan lap lich ludng cong viée thuong sd
tac vu 16n hon s6 may chit (M > N) do vdy do phuc
tap ctia thuat toan LOSPSO 1a (S6 thé hé )x O(M?).

V. KET QUA THU'C NGHIEM

5.1. Phan nhom di liéu thuc nghiém
Dit lidu st dung trong cac thuc nghiém bao gdém:

e D liéu vé téc do tinh toan clia cadc mdy chu va
bang thong gitta cadc may cht dugc lay tur cac cong
ty cung cap dich vu cloud [17] va dia chi website
(http://aws.amazon.com/ec2/pricing).

e DU liéu ludng cong viéc dugc lay tir cac bd dir liéu
thdr nghiém dugc xay dung theo do tru mat khac
nhau va cac luéng coéng viéc tir cac (ng dung thuc
té nhu (rng dung Montage [18]

e Nhirng dit liéu d6 dugc téng hap lai va chia thanh
hai nhom, nhém 1 la cac luéng cong viéc ngau
nhién véi su khac nhau vé hé sé a, nhdém 2 1a cac
lubng cong viéc tir ting dung Montage.

|E|

Mx (M—1)/2

e Tham s6 o cho biét dé thi G phan thanh bao
nhiéu cap, mbi cap cé nhiéu hay it tac vu, néi cach
khac o phan anh d6 tri mat cda d6 thi G. Khi lam
thuc nghiém véi méi nhém, s6 may chi va s6 tac
vu dugc gilt ¢6 dinh con ty 1& o lan lugt thay ddi
nhu trong cac Hinh 4,5,6.

e Tham s6 vé may chu va s tac vu cla ludng céng
viéc dugc xac dinh qua ky hiéu ctia bo di liéu thuc
nghiém, vi du T2086 sé& c6 20 tac vu trong ludng
cdng viéc va thuc hién xép lich trén 8 may chu
trong hé théng dién toan dam may. Trong qua
trinh thuc nghiém ching téi da st dung cac do thi
lubng cong viéc véi s tac vu ti 5 dén 50 va hé
théng dién toan dam may véi s6 may cha tur 3 dén
8. Chi tiét vé tham s6 cau hinh hé théng dugc
trinh bay trong phan 5.2.

o=
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5.2. Tham s6 cdu hinh h¢é thong
Céac tham s6 céu hinh cua dam may duoc thiét 1ap
trong mién gié tri nhu sau:
e Tbc do tinh toan P cua cac may chu: tir 1 dén
250 (million instructions/s)

e Khdi luong dir liéu D gitra cac tac vu: tir 1 dén
10000 (Mega bit)

e Bing thong gitra cac may chi B:tir 10 dén 100
(Mega bit/s)

e Hésbquantinh: w=0.729

e Hésbgiatdc: ¢, =c, = 1.49445
K=30

SCT=25

e Hingsé:
e S6cathéSCT:

e Doléche: 0.21
a. ter 0.2 t6i 0.7

5.3. Qua trinh tién hanh thyc nghiém_

Dé kiém ching thuit toan d& xuit LOSPSO
chiing t6i da s dung cong cu mé phong Cloudsim [5]
dé tao 1ap mdi truong dam may két hop véi dit liéu
ludng cong viéc cua tmg dung Montage [18]. Cac
ham cua g01 thu vién Jswarm [5] dugc su dung dé
thuc hién cac phuong thire Tdi wu bay dan. Ddi tuong
so sanh 1a thuat todn PSO_H [10], thuat toan EGA [9]
va thuat toan Round Robin [19]. o

Cac chuong trinh m6 phong duogc viét béng ngﬁn
ngir Java va chay trén may tinh ca nhan véi bo vi xu
ly Intel Core i5 2.2 GHz, RAM 4GB, hé dleu hanh
Windows 7 Ultimate. Thuc nghlem duoc tién hanh
mot cach doc lap 30 lan trén méi bo dir lidu thuc
nghiém.

5.4. Két qua thiee nghiém

Hinh 4,5,6 cho thiy su chénh Iéch vé thoi gian xir
ly (makespan) cua 101 giai tot nhat ma thudt toan dé
xudt LOSPSO va cac thut toan dbi ching (PSO_H,
EGA va Round Robin) tim dugc khi chay trén cac bo
dir liéu khac nhau thudc ca 2 nhom ludng cong viée
ngiu nhién va ludng cong viée tir img dung Montage.

20.00
15.00
10.00
- Nl md
0.00

RRTSM  PSO_H LOSPSO EG

STD Mean Best

Hinh 4: So sanh cac thuat toan vai bo dir liéu T532
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Hinh 5: So sanh cac thuat toan vai bo dit liéu T1051
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Hinh 6: So sanh cac thuat toan vai bo dit liéu M2032

Két qua thyc nghiém dugc trinh bay chi tiét trong
bang 2, 3 va cac hinh 4,5,6, két qua so sanh gitra gla
tri trung binh tinh dwoc boi thuat toan LOSPSO véi
cac thuat toan dbi sanh, trong hau hét céc truong hop
thuat toan LOSPSO déu cho két qua tét hon cac thuat
toan doi sanh, gia tri trung binh tim dwoc boi
LOSPSO nhé hon gia tri trung binh tim dwoc boi
PSO_H tir 4% - 11% va nho hon gia tri trung binh tim
duoc bai thuat todn EGA tir 2% - 7%.

Hinh 1,2,3,4 ciing so sanh glu’a gla trj t6t nhat tim
duoc boi thuat toan LOSPSO vé6i céc thudt toan dbi
sanh, qua d6 ta thdy gla tri tot nhat tim dugc boi
LOSPSO nho hon gid tri tot nhat tim dugc boi
PSO _H tir 2% - 9%, va nho hon g1a tri tot nhit tim
dwoc boi Random tir 20% - 40%, gié trj tot nhat tim
dugc bai thuat toan LOSPSO nho hon gia tri tot nhét
tim duge boi thuat toan EGA tir 1% - 8% . Cubi cung
cac hinh 1,2,3,4 chi ra két qua so sanh giira do 1éch
chuén tim duge boi thudt toan LOSPSO voi cac thuét
toan doi sanh, gia tri d¢ 1éch chuan cua LOSPSO déu
nhé hon dd 1éch chuég cua cac thuat toan RRTSM,
PSO H va EGA, di€u d6 chung t0 thudt toan
LOSPSO ¢6 chat lugng 101 gidi tot hon céc thuat toan
d6i sanh va d6 6n dinh trong cac lan chay ciing tot
hon.

VI. KET LUAN

Bai bao nay da trinh bay mot giai thuat tim kiém
theo phuorng phap Téi wu bay dan cuc b (Local PSO)
dé tim 1oi g1a1 gan dang cho bai toan 1ap lich thyc thi
ludng cong viéc trong mdi truong dién todn ddm may.
Nhing két qua chinh gém c6:
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e D¢ xuit mot phuong thic méi dé cap nhat vi tri
cua cé thé bang cach anh xa mot gia tri thuc toi
may chi c6 tdc d6 tinh toan va bing thong gan Vi
gla tri do nhit.

o D& xuét cong thuc tinh vector dich chuyén cua ca
thé thwr i theo gia tri gbest va Ibest;

e D¢ xuat thu tuc LocalSearch de chuong trinh thoat
ra khoi cyc tri dia phuong bang cach chuyen cac
cé thé t6i mot mién khong gian tim kiém mai.

e D¢ xuat thuat toan LOSPSO sir dung phuong thuc
cap nhat vi tri ca thé va thii tuc LocalSearch dé tim
kiem 1oi giai cho bai toan lap lich thyc thi luong
cbng viéc trong moi truong ddm may.

Nhiing két qua thuc nghiém dugc tién hanh véi
nhiéu bd dit liéu thuc nghiém khac nhau da chung to
chat hro‘ng 161 giai tim duge boi thuat toan dé xuat tét
hon so v6i cac thuat toan dbi chung la thudt toan
PSO_H, thuat toan EGA va thuét toan Round Robin.
Ve huong cong viéc tiép theo ching t6i du dinh dé
xuat mot kién trac 1an can moi phu hgp véi bai toan
nhim nang cao kha nang tim kiém tong thé qua d6
nhim dat duoc 16 giai co chét lugng tot hon.
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Abstract: Cloud computing is a new trend of
information and communication technology that
enables resource distribution and sharing at a large
scale. The Cloud consists of a collection of virtual
machine that promise to provision on-demand
computational and storage resources when needed.
End-users can access these resources via the
Internet and have to pay only for their usage.
Scheduling of scientific workflow applications on
the Cloud is a challenging problem that has been
the focus of many researchers for many years. In
this work, we propose a new algorithm for
workflow scheduling that is derived from the
Particle Swarm Optimization.
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Bdng 2. két qua thyc hién thuat toan véi cac bo dit liéu ngau nhién

Ki hiéu RRTSM PSO_H LOSPSO EGA
STD | Mean | Best STD Mean Best STD Mean Best STD Mean Best
T532 - 18.7 18.7 4.7 9.9 6.8 0.0 6.8 6.8 34 9.8 6.8
T1031 - 33.1 | 331 24 204 16.4 1.1 18.3 16.2 1.2 204 16.4
T1032 - 16 16 2.0 8.2 3.5 1.2 5.1 3.5 1.8 8.1 35
T1035 - 18.9 18.9 25 9.6 4.2 1.8 6.7 2.9 2.3 9.5 4.9
T1051 - 23.7 23.7 1.8 19.5 16.4 1.0 17.6 14.8 1.4 19.1 16.1
T1054 - 25.2 25.2 2.0 20.7 17.9 0.9 19.0 17.5 13 20.5 17.5
T2081 - 72.7 | 727 5.2 44.2 35.0 2.7 37.8 323 3.7 41.9 35.0
T2083 - 20.3 | 20.3 2.2 21.2 18.8 0.5 194 18.4 1.4 20.3 19.1
T2084 - 720 | 72.0 6.1 44.7 37.1 2.7 39.3 34.8 3.2 42.5 37.5
T2086 - 325 | 325 1.5 26.2 23.8 1.2 214 17.8 1.4 25.4 22.5
Bdng 3. két qua thuc hién thuat todn vai cac bd dit liéu tir 'ng dung Montage
Ki hiéu RRTSM PSO_H LOSPSO EGA
STD | Mean | Best STD Mean Best STD Mean Best STD Mean Best
M2032| - 162.7 | 162.7 4.9 142.1 130.6 3.6 128.4 | 130.0 5.3 1355 | 1321
M2051 - 146.6 | 146.6 5.4 132 122.8 3.3 123.4 | 118.7 4.5 131.7 | 1253
M2531 - 465.0 | 465.0 18.7 373.4 341.5 13.0 346.4 | 338.1 7.0 352.7 | 340.4
M2532| - 183.8 | 183.8 3.9 110.7 102.5 1.5 104.7 | 101.7 1.4 1121 104.5
M2533| - 3229 | 3229 4.0 315.4 311.7 0.5 3125 | 311.6 0.5 315.2 | 311.8
M2581 - 300.6 | 300.6 15 260.3 235.1 6.1 236.1 228.4 6.5 246.2 | 2349
M2582| - 133.9 | 133.9 5.1 84.8 75.9 4.7 81.4 74.3 2.9 85.1 77.3
M2583| - 236.5 | 236.5 8.3 239 225 5.3 2243 | 2157 4.7 2335 | 2224
M5081 - 155.8 | 155.8 6.3 108.0 95.0 5.5 101.7 91.1 3.2 107.8 96.4
M5082| - 82.1 82.1 0.9 14.0 12.1 0.8 12.6 11.1 0.5 14.0 11.8
M5083| - 101.7 | 101.7 4.3 98.3 88.8 4.3 90.0 80.8 1.8 95.3 87.5
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