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TOM TAT - Dién todn dam mdy (Cloud Computing) ld mé hinh dich vu phén tan dwa trén sw két hop ciia cdc mdy chii nam
tai cde vi tri dia Iy khdc nhau. Mgt trong nhitng yéu t6 quyét dinh hiéu ndng cia dam mdy la van dé Idp lich luéng cong viéc. Khi
khdch hing giri yéu cdu tdi, trung tam diéu khién phdi tim cdch phdn chia cong viéc cho cde mdy chii ¢é cdu hinh khdc nhau sao cho
thoi gian thuc hién la ngcfn nhdt. Bai todn lap lich twr lau dd dwoc chimg minh la thudc [6p NP-kho trong khi mé hinh dich vu yéu
cdu phdi tim ra 10 gidi trong thoi gian ngdn dé khdch hang khéng phdi cho doi. Bai bdo nay dé xudt thudt todn metaheuristic PSOi
dé tim kiém phiong dn Idp lich dwa trén phuong phdp Téi wu bdy dan. Thuc nghiém dwgc tién hanh trén cong cu mé phong
CloudSim da chung to thudt todn dé xudt cho két qud 16t hon ba thudt todn doi chirng la PSO, Random va RoundRobin va loi gidi
tim dwoc ¢6 dg sai léch rdt bé so voi 167 gidi 16i wu.

Tir khoa: workflow scheduling, particle swarm optimization, cloud computing

I. PAT VAN PE

Ludng cong viéc (workflow) la mot chudi c6 thir tu cac tac vu (task) co thé duoc thyc hién déng thoi hay tudn
tu néu dir lidu dau ra cua tic vu nay la dau vao cua tac vu ké tlep Quy trinh xur ly don hang, thu tuc yéu | cau bdi thudng
bao hiém, qué trinh xir Iy cong van hanh chinh 1a  nhimg vi du vé ludng cong viéc trong thuc té. Van dé 1ap lich ludng
cong viéc trong moi trudng dién toan dam may vé ban chat 1a tim phuong an anh xa nhiing tac vu cua luong cong viéc
t61 cac may chu cia dam mAay sao cho thoi gian xir Iy toan bo ludng cong viée 1a nho nhat, biét rang khéi lwong tinh
toan va yéu cau dir lidu ctia cac tac vu, tc do tinh toan va truyén thong ciia cac may chu 1a khac nhau.

Phan tiép theo ciia bai bao c6 cau trac nhu sau. Phan IT gi6i thidu mot s6 cong trinh nghién ctru ¢6 lién quan vé
bai todn 1ap lich ludng céng viéc. Trong phan III ching t6i trinh bay mo hinh ly thuyét dé biéu dien nang luc tinh toan
va truyén thong cua dam may, dua trén mo hinh 1y thuyét nay, phan IV dé xuat:

(i) phuong thirc méi dé cap nhat vi tri ctia ca thé (muc 4.2)

(ii) giai phap dé chuong trinh thoat ra khoi vang cuc tri dia phuong va di chuyén téi mot ving méi trong
khéng gian tim kieém (muc 4.3)

(ii1) thuat toan lap lich mdi tén 1a PSOIi (muc 4.4).

Phan V m6 ta cac thuc nghiém duoc tién hanh dya trén cong cu md phong Cloudsim [1] va phan tich nhirng )
liéu thuc nghiém thu dugc. Phan VI tém tat nhitng két qua chinh cta bai bdo va hudng nghién ctru sé tién hanh trong
tuong lai.

II. CAC CONG TRINH LIEN QUAN
2.1. Cic huéng tiép cin bai todn

_Bai toan lap lich luéng cong Viec dﬁ duoc chung minh la thudc 16p NP déy da [2] nghia la thoi gian dé t1m ra 101
thoi gian ngan. S. Parsa [ ] da dé xuét mot thuat toan 1ap lich nham tdi thiéu thoi gian thyc thi trong moéi truong ludi
tinh toan Grid. .M. Cope va dong nghiép da phan tich hiéu ning cua giai thuat FRMTL va FRMAS [4] trong moi
truong ludi tinh toan TeraGrid, mot dang dac biét cua ddm may dién toan. A. Agarwal da dé xuét thuat toan tham lam
[5] trong d6 mdi tac vu duoc gan mot thr ty wu tién dua vao khéi lugng cong viée clia tac vu, mdi may chii ciing duoc
gan mot thir ty wu tién theo tde d6 xir Iy cia may chi sau d6 gan céc tac vu vao cac may chii theo cac thur tu wu tién da
tinh toan. Cach 1am nay c6 nhuoc diém 1a khién nhiing tac vu c6 murc wu tién thap phai chd doi 1au va bo qua yéu 6 toc
do truyén dir liéu giita cac may chu trong dam may.

Mot sb tac gia khac nhu M. Wieczorek [6] da ngk‘lién clru va dé xuét thuat toan 1ap lich thyc thi lu6ng cong viéc
theo phuong phap GA (Genetic Algorithm - Gen di truyén), tuy nhién cac nghién ctru [7] [8] da nhan dinh rang phuong
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phap PSO (Particle Swarm Optimization - T6i wu bay dan) c6 wu thé hon so véi phuong phap GA khi giai bai toan lap
lich ludng cong viéc trong nhimg moi trudng tinh toan phén tin nhu Lud6i (Grid Computing) hay Dam méy (Cloud
Computing). Theo huéng do, S. Pandey [9] da dé xuét thuat toan theo phuong phap PSO nham cyc tiéu hoa chi phi
thyc thi. Thay vi tim phuong 4n c6 tong chi phi thuc thi tai cac may chu la bé nhét, S. Pandey lai dinh nghia ham muc
tiéu dé tim phuong an c6 chi phi thuc thi ctia may chu ton kém nhét (may c6 tong chi phi 16n hon moi may khac) 1a nho
nhét so vdi cac phuong an khac. Cach lam nay c¢6 xu hudng “cao bang nghia 1a thién ve€ céc 101 gidi co6 chi phi thuc thi
cua cac may chu la xap xi nhau. Chung toi nhén thdy, qua ly thuyét va cac thuc nghiém kiém chimg, cach lam nay
thuong khién chwong trinh sém hoi tu vé nhimng gié tri cuc tiéu dia phwong thay vi tim ra cuc tri toan cuc.

2.2. Phwong phdp Téi wu bdy dan

Phuong phap téi uu ’bz‘?ly dan (PSO - Particle Swarm Optimization) dwoc dé xuét boi Kennedy va Eberhart [10]
la phucmg phap tim kiérq tién hoa dua theo hanh vi tim thirc dn theo dan cia cac loai dong vat n}lu c}}im hay ca, moi ca
the trong dan s di chuyén dya theo kinh nghiém cta ban than va cua cac céa thé khac trong quén the. Tai budc lap thu
k, huong di chuyén cia ca thé thir i trong dan dugc cdp nhat theo cac cong thire sau:

v,-k” = a)><v,-k + ¢; rand;x (pbest, - x[k) + corand; % (gbest - x,-k) )]

X =gk gk )
Trong d6

° vik S v/‘“ : vector dich chuyén clia ca thé i & bude lap & va k+1

o xf xM: vi tri cia ca thé i & budc lap thi k va k+1

e : h¢sdquan tinh

e ;¢ hé $6 gia tde
e rand,, rand,: cachésd ngau nhién trong doan [0,1]
e pbest; : vi tri tot nhat ciia ca thé i tinh t6i thoi diém hién tai
e gbest: vitri tot nhat ma ca quan thé da tim dwoc cho t6i hién tai
III. MO HINH LY THUYET
Gia str can sap xép lich biéu cho mot ludng cong viéc trong moi truong ddm may véi cac gia thiét nhu sau:
- Ludng cong viéc dugc biéu dién boi d thi G=(V, E), vdi V 1a tap dinh cta dd thi, mdi dinh biéu thi cho mot tac
VUL
- T={T1,T,,.. TM} la tap céc tac vu, M 1a so lugng tac vu ctia luong cong viéc dang xét.
- Elatap canh thé hién mdi quan hé cha-con giira cac tac vu. Canh (T, T;) € Echo biét tac vu 7} 1a cha clia tac vu T,
dir lidu dau ra cua 7; s& 1a dit liéu dAu vao cho tic vu T; (xem Hinh 1).
- Tap may chu cua dam may ky hiéu 1a S = {S,, 5>,... SN} N 14 s6 lwuong may chi ctiia ddm may.
- MGJi tac vu ¢6 thé dugce thyc thi trén mot may chi bat ki, may cha d6 pha1 thyuc hién toan bo tac vu tir ddu dén cudi.
- Khdi luong tinh toan (Workload) cua tac vu 7, ki hiéu 1a W; véi don vi do 1a flop (floating point operations: phép
tinh trén so6 thuc dau phay dong). W; dugc cho trude (Vi= 1,2, ...M)
- Toc dd tinh toan cua méy chu S; , don vi 1a MI/s (million instructions/second), dugc ky hié¢u béi P(S)), 1a gia tri
duoc cho truge (Vi= ..M)
- Gifra hai may chu S,, S bat ky (1<i,j<N) c6 mot duong truyén voi bang thong, don vi 1a Megabit/s, dugc biéu thi
b6i ham hai bién B() duoc dinh nghia nhu sau:
B: SxS — R’
(Sij) - B(SI,SJ)

- Gia thiét ham bang thong B() thoa méan cac Qiéu kién sau: / l \
= B(S,S;)) = oo : thoi gian truyén tai cho bang khong
= B(S.S) =B(S,S) : tdc do truyén hai chidu bang nhau @ @
= Gid tri B(S,,S)) duoc cho trude (Vi,j) \ /

- Khéi luong dir lidu do tac vu T, chuyén tdi tac vu T, 7> ki hiéu la D;; v6i don vi 1a

Megabit, 1a gia tri cho trude (Viy).
- MB&i phuong an xép lich thuc thi ludng cong viéc twong duong voi mot ham f)
f:T—S
T, - AT)
Trong d6 f(T;) 1a may chu chiu trach nhiém thyc thi tac vu T;
Tir cac gia thiét trén ta suy ra:

Hinh 1. D§ thi biéu dién mot
ludng cong viée véi 5 tac vu

*  Thoi gian tinh todn ciia tac vu Ty 1a: — i (=12, .. M) 3)

P(f(1;))

1
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= Thoi gian truyén dir liéu giira tac vu 7} va tac vu con T;1a D, 4

B(r ()1,
- Bai bao ndy dinh nghia ham myc tiéu 1a: Makespan — min trong d6 Makespan 1a thoi gian hoan thanh ludng cong
viéc, dugc tinh tir khi tac vu goc dugce khdi dong cho tdi thoi di€ém tac vy cudi cung dugce thuc hién xong.

IV. THUAT TOAN PE XUAT
4.1. Mi héa cd thé

Theo phuong phap PSO, tai buorc lap thir £, ca thé thu i trong dan dugc xac dinh boi vector vi tri x/ (cho biét vi
tri hién tai) va vector dich chuyen v (cho biét hudng dich chuyén hién tai). Trong bai toan xép lich dang xet hai vector
d6 déu c6 sb chiéu bang s0 tac vu trong luong cong viée, ky hiéu la M. Cac thanh phin cua vector vi tri x* 14 s6 nguyén
nhung céc thanh phan cta vector dich chuyén v/* lai 1a s6 thuc do cong thirc (1) tinh vector dich chuyén c6 nhitng tham
s6 1a sb thuc nhu rand;, rand,, c¢;,c,. Ca vector vi tri va vector dich chuyén déu duoc biéu dién béng cAu trc dit lieu
bang bam.

Vidu 1: gia st luong cong viée gom tap tac vu T={T,, T, T3, Ty, Ts}, ddam may ¢6 tip may chu S = {§,, S,, S;}. Khi do6
c4 thé x; dugc biéu dién bang vector vi tri [1;2; 1 ; 3 ; 2] chinh 12 phwong 4n xép lich ma theo d6 tac vu T}, T; dugc bd
tri thyc hién bdi may chua §;, tac vu T, Ts dugce thuc hle_:n trén S, con tac vu T, dugc thyc hién bdi S; nhu dudi day

T] T2 T3 T4 TS
LS | s ] S s | s

4.2. Phwong thirc cdp nhdt vi tri ciia cd thé

Khi 4p dung cong thirc cap nhat vi tri ctia cé thé (2) véo bai toan 1ap lich dang xét, chung ta gip mot van dé. Nhu da
giai thich ¢ trén, cac thanh phan cua vector dich chuyén v/ phai 1a sb thuc do cong thire (1) tinh vector dich chuyén co
nhitng tham s6 1a 86 thuc nhu rand 2 randz, ¢1,¢2. Nhung vi tdp may chu S 13 hitu han va dém duge nén cac thanh phan cua
vector Vi tri x; phai 1a sb nguyén dé co thé anh xa t6i mot may chii nao d6 noi ma tac vu tuong tng s& duoc thuc hién,
chang han vector vi tri x; trong vi du 1co cac thanh phan la x[1]=1, x[2] =2, x{1] =1, x[4] =3, x,{5] =2. Hau qua 13 hai vé
ctia phép gan (2) khac kiéu nhau, vé trai x/[1] thudc kiéu sb nguyén con vé phai x; a1 + v thude kiéu sé thue.

Dé giai quyét mau thudn nay, mot s6 nghién ctru trude day nhu [9] [11] d& 1am tron gia tri sé thuc ¢ vé phai roi
gan cho bién vi tri x/*/[£] & vé trai. Két qua 1a néu gié tri ctia vé phai 1a 3.2 thi phan phdi tic vu t6i thuc thi tai may chu
¢6 s6 th tw 14 3, con néu vé phai 1a 3.8 thi tac vu s& dwoc phan cho méay chu c6 sb thir ty 1a 4. Cach lam c6 vé ty nhién
nay thuc chét 1a gan mot vi tri dugc tinh toan can than theo chién luge PSO cho may chu ma s6 thr tu ctia no tinh co
dung bang gi4 tri nguyén sau khi lam tron. Cach lam nhu vy da pha hong qua trinh tién hoa timg budc ciia phuong
phéap PSO.

Dé giai quyét van dé trén, bai béo nay de xudt cach giai quyét nhu sau: gid tri thuc cua Ve phai (x/[] + v; [t])
duogc dé nguyén khong lam tron, con vé trai x/[1] s& dugc gan boi dinh danh ciia may chu c¢6 toe do tinh toan gan véi
gi4 tri ctia vé phai nhét so voi cac may chil con lai. Lam nhu vay tac vu s& dugc gan cho may chu ¢ ning luc phi hop
voi gia tri dugc tinh toan theo PSO.

aftlel « pud |P(5)  Cefled 1 oM = Pesd  Gofled o Rl o cBe=12.00 ()

Vi du 2: gia thiét tap may chu S trong vi du 1 ¢6 téc do tinh toan dugc liét ké trong bang 1 sau day

Bing 1. Téc d6 tinh toan ctia cac may chi

My chii S; Tbc dd xir Iy P(S;) (MI/s)
S 3.1
S, 52
S; 4.1

Gia st 6 budce tha £+1 téng xt+vk= [4.4;2.1;6.7;5.6;10.2] thi vector vi tri X s& duge gan béng [3;1;2;2;2]
nghia 13 ¢4 thé d6 twong tmg véi phuong an xép lich sau day:

T] T2 T3 T4 T5
s [ s [ s 1 s, | s |

That véy, thanh phan thir nhét cia vector vi tri, x*/[1], s& nhan gi4 tri 3, nghia 1a tac vu 7, s& dwoc gan cho may chu
S5 boivi

xF[1]« 2t Pis) Y 5 IPET a)les.cs

Nghia 14 trong 3 may chu thi may S; c6 tbe do tinh toan gan v6i gid tri 4.4 nhét so v6i 2 may chi con lai, theo bang 1,
dQ d6 tac vu T; dugc gan cho may chu S; d€ thyc hién, tirc 1a AT;) = S;. Phép gan tuong ty cling duoc thyc hién vai
bon tac vu con lai : T, T3,T,,T5.
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Van d& tuong tu cling xay ra voi phép trir hai vector vi tri trong cong thirc (1): (pbest; - xt ) va (gbest - x; ). Mot so
cong trinh hién ¢6 nhu [9] [11] chi don gian thue hlen phép trir cac thanh phan so nguyén rdi gan cho may chi ¢6 sd
th tu twong ing. Vi du néu pbest; = [2,4,3,3 ,5] va xt =11,3,2,1,2] thi pbest; - -x}t =[2-14- 3,3-2,3-1,5-2] =[1,1,1,2,3].
Nhu da giai thich & trén, cach lam nay thuc chat 1a gan céc tac vu cho nhitng may chi ma sé thi tu ctia no tinh co dung
bang két qua phép trir. Cach lam mang tinh ngau nhién nhu vy da pha hong qué trinh timg budc tiép can t6i vi tri cuc
tri cta phuong phap PSO. Bai bao nay dé xuit mot "phép trir vector" 4p dung riéng cho cong thire (1) nhu sau. Gia sir:

pbest; = [x;1, Xi2,...xpg] VOixz€ S (Vk) vax;= [xﬂ, Xj2,...Xpg] VOixz€ S (V)

Khi d6 két qua phép trir phest; - x; duoc tinh nhu sau: pbest; - x; =[y;, 2,....yu] v6i cdc thanh phan y, 1a cac sb thuc
duoc tinh nhu sau
Zas B (i ) Blxg.x
EF'Z wl+ = } Eﬁixj‘.} o vof k= 12, .. (&)

Theo céch tinh nay, cac may chu dugc xép thi tu theo tdc do tinh toan va bing thong cta nhimng duong truyén két nbi
téi nd. Vi du 3 sau day s€ minh hoa cu thé hon.

Vi du3: St S Ss
Ta tiép tuc sir dung tap may chi trong vi du 2. 3.1 5.2 4.1
Gia st ghest =[2,1,2,1,1] ; x,=[3,2,1,2,1] ;
Vay gbest —x; = [y1, 2, ys,y4,y5] véi y; dugc tinh nhu sau

B(S, 5.0+ B(5.5 B(5.5,) + B(55.5;
Xy = EPE.F:H "g_ 1_': 'j}— EP{&H - L;_ 1': 2 j} Say  Saw Sk

3 3.1 4.1 52
Céch tinh twong tu dugc ap dung cho céac thanh phan y,, y; ... yscon lai. T T
4.3. Bié¢n phap thoadt khéi cuc tri dia phwong

Phuong phap PSO néi riéng va cac phuong phép tim kiém tién hoa noi chung doi Sz Sx3)
khi bi méc ket tai cac 10 giai cyc tri dia phuong ma khong thé thoat ra dé di toi 161 giai
t6t hon. Bai bao nay dé xuat thii tuc Inverse nhu mot bién phap dugc ap dung mdi khi
vong lap chuong trinh sa vao mot cyc tri va cac cé thé bj hit vao gan 10i gidi cuc tri do Hinh 2. Thu tyc Inverse
ma khong thé thoat ra. Khi d6 thi tuc Inverse s& chuyén cac ca thé téi mot mién khong
gian méi nhidu kha ning chua dugc luc soat (xem Hinh 3)

SlF}Sz

Function Inverse (vector vi tri x; )
Input: vector vi tri x; o
Output: vector vi tri x; sau khi da bien doi
1. Sip xép cac may chu theo thir tw ting dan cta toc do tinh toan ta thu duoc day (S, S,z , ..., S, ), trong d6
, ‘ P(S 1) <P(S, ) <...< P(S,!(N)) voi S ;€ S (=1,2...N)
2. Thay thé cac thanh phan trong vector vi tri cia ca thé theo nguyén tac dao ngugc:

Sﬂ([) du‘gc thay boi S”(N) , Sﬂ(g) dll'()'C thay boi S,,(N—[)a
3. return x;
End Function

Thu tuc Inverse hoat dong theo nguyén tic dao chiéu nhim

di chuyén mdi ca thé téi mot vi tri mGi nam xa vi tri hién tai. Gia st X¥[2]

hién tai mét tac vu dang dugc gan cho may chu céd tbe do xu ly 14 -

nhanh nht thuc hién, vay thi sau khi thuc hién thi tuc Inverse n6 s& 12 - [ (]
duoc gan cho may chu co téc d6 cham nhat, néu tac vu d6 dang 10 - - -
dugc gan cho may chu co téc d6 nhanh thtr 2 thi thu tuc Inverse s& _—
chuyén n6 t6i thyc hién tai may chi c6 toc d6 cham thir 2. - . :

Vi du 4: ta van tiép tuc xét tdp may chii S & cic vi du trude, sap

xép chung theo tht tu ting dan cia toc do xir Iy ta thu duoc diy ¢ : — -
(S5, S5, S,), ky higu day d6 1a (S,,), S,z » S,3) nhu hinh 2. Gia sir . o | *Quén the ban dau
ca thé x; dang c6 vector vi tri 1a [3, 1, 2, 2, 1, 1], ap dung thud tuc B : . o @ | mQuin thé sau khi di c

o N OB Oy
|

Inverse voi x; ta thg duoc ca thé méi co giatrila[3,2,1,1,2,2]. : : Xk[1]
Thét vay, thanh phan x,[1] = 3 tc la tac vu 7, dugc gan cho may 0 5 10 15
chu S5, ma S; chinh 14 S5 (xem hinh 2) nén no6 dimg ¢ gitta danh

sach, do d6 khong bi thay déi khi danh sach dao nguge. Thanh phdn  Hinh 3. Quan thé dugc di cu t6i viing tim kiém méi
x{2] =1 tuc 1a tac vu T, dugc gan cho may chu S;, ma S; chinh la thong qua thu tuc Inverse voi M=20, N=8

S ) (xem hinh 2) nén thu tuc Inverse sé bién né thanh S tic1a S,

vi thé gia tri m&i cua thanh phan x,[2] sau khi goi thu tuc Inverse 1a 2.
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4.4. Thudt todn dé xudt PSOi
Téng hop nhimg cai tién ndi trén, thuat toan d& xuat véi tén goi PSOi (PSO Inverse) duge mé ta nhu sau.

Algorithm PSOi

Input: tap T, tap S, mang W[1xM], mang P[1xN], mang B[NxN], mang D[M*M], hing sb K, d6 léch &, s6 ca thé SCT
Output: 101 giai tot nhat gbest

1. Khoi tao vector vi tri va vector dich chuyén cta cd thé i mdét cédch ngidu nhién
2. Khoi tao budc lédp te 0 ;

3. while (diéu kién 1lip) do

4. for i=1 to SCT do

5. Tinh vector vi tri x; theo cbng thiuc (5)

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. Cap nhat vector dich chuyén v; theo (1)

13. Tinh x; theo (2)

14. end for

15. t++ ;

16. if (sau K thé hé md d6 léch gitta cadc gbest khédng vuot qua & then

17. for i=1 to SCT do

18. Inverse (x;) //Thuc hién thao tdc Inverse trén cd thé thu i
19 end for

20 end if

21. end while
22. return gbest

Thuét toan hoat dong theo phwong phap PSO theo do6 tai mdi budc cac ca thé cap nhat vi tri ciia minh hudng toi
vi tri tét nhét ctia ca quan thé (ghes) dong thoi ¢ dua trén kinh nghiém ¢4 nhan (pbest). Néu sau K thé h¢ lién tiép ma
ca quan thé khong cai thién duoc mot cach dang ké gia tri gbest (muc chénh khong vuot qua £) thi ching t6 quan thé
dang hoi ty tai mot cuc tri dia phuong. Khi dé tha tuc Inverse dugc goi dé di cu ca quan thé t6i mot ving khong gian
mdi, tai d6 qué trinh tim kiém duoc tai khoi dong.

Diéu kién lap ¢ day 1a mirc chénh cua gia tri ghest so v6i K vong lap trude d6 16n hon d6 1éch € (& 4n dinh tir
trude), nghia la thuat toan PSOi s€ dung néu nhu sau K lan di cu (thong qua tha tuc Inverse) ma gia tri ghest tim dugc
van khong cai thién duge mot cach dang ké (mirc chénh khong vuot qué &).

Trong truong hop thudt toan hdi tu nhanh nhét, nghia la sau K lan thyc hién Inverse thi chuong trinh hoi tu téi
cuc tri, diéu kién dung lap dugc thoa man nén chuong trinh két thac sau K* thé hé. Nguoc lai, trong truong hop tdi
nhat, chuong trinh ludn tim dwoc 10i giai tot hon sau moéi 1an di cu (théng qua thu tuc Inverse) thi cac ving tim kiém s&
lan lugt duge khao sat cho t6i khi toan bo khong gian 101 giai dugc duyét hét, thuat toan trd thanh duyét vét can. Dé
tranh tinh hudng nay, chung t6i ciing sir dung giai phap chung thuong dugc ap dung trong cac giai thuat tién hoa, d6 1a
dat mot gia tri ngudng tdi da, khi qué trinh tién hoa cua quéan thé dat toi sb thé hé vuot qua gia tri ngudng di dinh thi
qué trinh tim kiém két thac. Trong phan thyuc nghiém tiép theo gia tri ngudng cho s6 thé hé 1a 3000, gia tri K dugc dat
14 30 va dd léch & duoc 4n dinh 12 0.21.

V. THU'C NGHIEM

5.1. Phédn nhom dir liéu thuc nghiém

Dit liéu str dung trong cac thyc nghiém bao gom: \ \ et PyaAsEmiso

‘A £ ., N £ . _bm Partitioni
e Dir li€u thyc t€ thu dugc tir cac cong ty cung cap dich vu Cloud [

trong nudce [13] [14] va quoc té [15] [16] = ¥
e Dit liu md phong dugc lay tir nguon cung cép Cloud Sim [8] TWF
e Dit liéu ludng cong viéc duoc 1y tir du an Montage [17], day la Y
du an nghién cuu thién van dugc td chuc va tai tro boi . )
NASA/IPAC, dir li€u ctua tng dung dugc thu thap tu cac kinh Pipeline
thién van, kich thuéc ludng cong viéc phu thude vao Vung anh 0
chup dugc tir bau troi. Hinh 4 minh hoa mét ludng cong viée gom

Data Aggregation

mProjectPP () mDiffFit () mConcatFit | mBgModel

20 tac vu trong ing dung Montage mlmgTbl mAdd | mShrink mIPEG
Nhimg dir liéu d6 dugc tong hop lai va chia thanh bon nhém (duge © mBackeround
trinh bay trong Bang 3) dua theo s6 luong may chu N va so luong tac vu M Hinh 4. Ludng cong viéc Montage voi

bao gom: 20 tac vy
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Nhom 1: M=5, N=3

Nhom 2: M=10, N=3

Nhom 3: M=20, N=8

Nhom 4: M=25, N=8 (ludng cong viéc tir g dung Montage)

Mbi nhom lai bao gém ba thuc nghiém khéac nhau vé ty 1€ s6 canh trén s dinh cua dd thi luéng cong viéc, ky
higu la o
Izl

e
B (B — 1342

Tham sb o cho biét d6 thi G phan thanh bao nhiéu cip, mdi cdp c6 nhiéu hay it tac vu, noi cach khac o phan
anh do trd mat cta do thi G. Khi lam thuc nghiém v&i moi nhom, sb may chu va s6 tac vu duge gitt ¢d dinh con ty 1€ o
lan lugt thay doi nhu trong cac hinh 4, 5, 6.

5.2. Tham sé ciu hinh hé thong

Céc tham s6 cAu hinh ctia ddm may dugc thiét 1ap trong mién gia tri nhu sau:

e Tdc do tinh toan P ciia cac may chu: tir 1 dén 250 (million instructions/s)
e Khbi lugng di liéu D gitra cac tac vu: tir 1 dén 10000 (Mega bit)

e Bang thong gitta cac may chu B: tir 10 dén 100 (Mega bit/s)

e Heé s quan tinh: @=0.729

e Hé sb gia toc: ¢ =c,=1.49445

e Hing sb: K=30

o Sécathé SCT: SCT=25

e Djléch & 0.21

e tir 0.2 t61 0.7

5.3. Qud trinh tién hanh thuc nghiém

Pé kiém ching thuét toan dé xuat PSOi chung t6i dd sir dung cong cu mod phong Cloudsim [1] dé tao 1ap moi
truong dam may két hop véi dir lidu ludng cong viée cua {ng dung Montage [17]. Cac ham cua géi thu vién Jswarm
[1] dugc st dung dé thuc hién cac phuong thirc Tdi wu bay dan. Ddi tugng so sanh 1a thuat toan PSO [9], thuat toan
Random [12] va thuat toan Round Robin [13].

Cac chuong trinh mé phong duoc viét bang ngdn ngir Java va chay trén may tinh ca nhan V61 bo vi xur 1y Intel
Core 15 2.2 GHz, RAM 4GB, h¢é dieu hanh Windows 7 Ultimate. Thuc nghiém duoc ldp lai 300 lan trén mo6i nhom
thuc nghiém.

Dé kiém chung hiéu qua cua thu tuc Inverse trong qué trinh tim kiém 161 giai ching t6i da thyc hién thuat toan
PSOi trén cac bd dir liéu khac nhau va thong ké ti 1¢ thu tuc Inverse gitip thoat khoi cuc tri dia phurong, két qua dugc
trinh bay trong bang 3.
5.4. Két qua thuc nghi¢m

Hinh 5, 6,7, 8 cho thdy sy chénh 1éch vé thoi gian xir 1y (makespan) ctia 10i giai tot nhat ma thuat toan dé xuat
PSOi va cac thuat toan d6i chung (PSO, Random va Round Robin) tim dugc khi chay trén 4 nhém di li¢u thuc nghiém
khac nhau.

35 Bing 2. Két qua thyc nghiém

30 M [N ] o |PSOi]| PSO | Random | Round
= 25 Robin
§ 20 0.2 5 [3]02]78 [9.0 3075 28.6
§ 15 04 5 (310447 |66 |2145 19.9
2. B 5 (310662 |71 [141 12.6
a=06 10302157 [193 [ 466 43.6

5 i i B 103 04136 [224 [515 42.0

0 - . . . 10307143 [17.0 258 22.6
PSOi  PSO  Random Round 20/8 0284 122 605 55.7

Robin 208 [03]88 [12.5 3585 50.1

208 Jo5]11.2 [13.1 |65.1 56.5

Hinh 5. Loi giai tim dugc boi cac thuat toan trong truong hop M=5, 2518 102129 39 15.1 13.5

N=3
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Bang 3. Két qua thir nghiém thu tuc Inverse

60
50 M| N o Tiléca thé‘mdi sinh ra sau
moi lan Inverse
= 40 5 3 0.2 12.9%
c 5 3 0.4 13.1%
© ma=0.2
% 30 10 | 3 0.2 13.4%
X ma=0.5 10| 3 0.4 15.2%
= 0=07 10 |3 0.7 13.8%
10 - | ) 20| 8 0.2 22.9%
20| 8 0.3 20.6%
0 - . . . 20 | 8 0.5 21.5%
PSOi PSO Random Round
Robin
Hinh 6. Loi gidi tim dugc bdi cac thuat toan trong truong hop M=10,
N=3
70
60
16
-~ 50
A 14
§ 40 ma=-02 12
] 10
% 30 ma=03 3
£ 20 a=05 6 ma=02
‘il B “
I | s = B
PSOi PSO Random Round ! o
Robin SOi PS5O Random Round
Robin
Hinh 7. Loi gidi tim dugc bai cac thuat toan trong trudng hop Hinh 8. Loi giai tim duoc bdi cac thuat toan cho luéng
M=20, N=8 cong viéc Montage vdi M=25, N=8

Céc théng sb ¢ bang 2 cho thdy thuat toan dugc kiém chimg trén nhiéu bo dit lidu khac nhau vé quy mé cia
ludng cong viée (s6 tic vu M va sé may chu N) va do tri mat o caa do thi lién két G. Két qua thuc nghiém cho thay
trong hau hét cac trudng hop thuat toan dé xuit PSOi déu cho 16i giai tot hon cac thuat toan PSO, Random va Round
Robin. Riéng v6i nhom thye nghiém thir nhat (s6 tic vu bang 5 va sb may chu bang 3) thi thuat toan PSOi cho 16 giai
gin xAp xi v6i 1oi giai tot tuyét di tim dugc biang phuong phap duyét vét can: 7.8 gidy so voi 7.7 gidy.

VL. KET LUAN VA HUONG PHAT TRIEN

Bai bao nay da trinh bay mot giai thuat tim kiém theo phuwong phap Tdi uu bay dan dé tim 15 giai gan dung cho
bai toan 1ap lich thyc thi luong cong viéc trong moi trueong dién todn dam may. Nhitng két qua chinh gom co:

- Dé xudt mot phuong thirc méi dé cap nhat vi tri ciia ca thé bang cach anh xa mot gia tri thuc t6i may chi co
tde do tinh toan va bang thong gan véi gia tri 6 nhat.

- Dé xuét thu tuc Inverse dé chuong trinh thoat ra khoi cuc tri dia phuong bé'lng cach chuyén céc cé thé toi mot
mién khéng gian tim kiém moi.

- Pé xuét thuat toan PSOi sir dung phwong thirc cdp nhat vi tri ca thé va tha tuc Inverse dé tim kiém 1oi giai
cho bai toan 1ap lich thyc thi ludng cong viée trong moi truong dam may.

Nhiing két qua thyc nghiém duogc tién hanh v&i nhiéu bo dir liéu thuc nghiém khac nhau da ching to chét lugng
10 giai tim dwoc boi thuat toan dé xudt tot hon so véi cac thut toan db6i ching la thuat toan PSO gbc, thuat toan
Random va thuat toan Round Robin. Vé hudng cong viée tiép theo, ngoai hai yéu to hién nay 1a kinh nghiém ca nhan
(pbest) va kinh nghiém tir ca quan thé (gbest) chung t0i dy dinh dua thém vao yéu t6 kinh nghiém cua cac ca thé trong
mot 1an can xac dinh theo lugc dd Ring hodc Star dé cap nhat vi tri méi cho moi ca thé nham dat duoc 16i giai co chét
lwong tot hon.
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THUAT TOAN LAP LICH LUONG CONG VIEC TRONG MOI TRUONG
DIEN TOAN PAM MAY

Phan Thanh Toan, Nguyen The Loc, Nguyen Doan Cuong

ABSTRACT - The key factor which rules the cloud’s performance is the workflow scheduling, one of the well-known problems have
proven to be NP-complete. Many algorithm in the literature have been targeting the workflow scheduling problem, however, handful
efficient solutions have been proposed. This paper proposes a metaheuristic algorithm called PSOi which based on the Particle
Swarm Optimization method. Our experiments which arranged by using the simulation tool CloudSim show that PSOi is superior to
the general algorithms called Random and RoundRobin, moreover the deviation between the solution found by PSOi and the
optimal solution is negligible.

Keywords: workflow scheduling, particle swarm optimization, cloud computing.



