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li thuya d6 bî u dien nang lire rinh toan va truyfin thong cua dam may, dua tren mo hinh li 
Ihuyet nay, phan IV de xuat. 

(i) phuong thirc moi de cap nhat vi tri ciia ca the (muc 4.2) 

(il) giai phap dfi chaong trinh thoat ra khoi vung cue tri dia phucmg va di chuyen tm mpt 
vung moi trong khong gian tim kiem (muc 4.3) 

(iii) thuat toan lap ljch moi ten la LPSO (muc 4.4). 
Ph^n V mo ta cac thuc nghiem dugc tifin hanh dua trfin cong cu mo phong Cloudsim [1] va 

phan tich nhimg s6 lieu thuc nghiem thu dugc PhSn 6 torn tat nhiing ket qua chinh cCia bai bao 
va huong nghien cuu se rien hanh trong tuong lai. 

2. CAC C 6 N G T R I N H L I E N Q U A N 

2.1. Cac hirdng tiep cSn bai toao 

Bai toan lap hch lu6ng cong vific da dugc chirng minh la thupc lop NP-day du [2] nghia la 
thcri gian dfi tim ra lcri giai t6i im la rat Ion, vi vay da co nhieu giai thuat metaheurisric dirpc 
nghien cuu nhSm tim ra Itn giai gan diing trong thcri gian ngan. S, Parsa [3] da de xuat mgt thuiit 
loan lap !ich nhiim toi thifiu then gian thuc thi trong moi truong luoi tinh toan Gnd. J. M. Cope 
va d6ng nghifip da phan tich hieu nang ciia giai thuat FRMTL va FRMAS [4] trong moi trucmg 
luoi tinh toan TeraGrid, mgt dang dac bifit cua dam may dien toan. A Agarwal da dfi xuat thuat 
toan tham lam [5] trong do moi tac vu dugc gan mpt thiJr tu uu tien dira vao khoi lugng cong vî c 
ciia tac vu, moi may chii cung dugc gan mgt thii tu uu tien theo toe do xir li cua may chii sau do 
gan cac tac vu vao cac may chii theo cac thti tu mj tifin da tinh toan. Cach lam nay co nhugc 
diem ia khien nhimg tac vy co miic uu tifin thap phai cho dgi Iau va bo qua yeu to toe dp tniyen 
diJ lieu giiia cac may chii trong dam may 

Mgt s6 tac gia khac nhu M.Wieczorek [6] da nghien ctru vd de xudt thuat toan l|ip lich th\rc 
thi ludng cong viec theo phucmg phap GA (Genetic Algonthm - Thuat giai di truygn), tuy nhien 
cac nghien cuu [7, 8] da nhan dinh rang phuong phap PSO (Particle Swarm Optimization - Tfli 
uu bay dan) co uu thfi hon so voi phucmg phap GA khi giai bai toan lap lich lu6ng cong vific 
trong nhihlg moi truong tinh toan phan tan nhu Luai (Grid Computing) hay Dam may (Cloud 
Computing). T. Davidovic va cac cong su da dfi xuit giai thuat lap Iich cho cac irng dyng Iu6ng 
cong vific trong moi trucmg da bg yi xd Ii d6ng nhit theo phuong phap t6i uu bay ong [10]. Theo 
huong do, S. Pandey [8] da dfi xuit thuat toan theo phucmg phap PSO nhim cue tigu hoa chi phi 
lhuc thi Thay vi tim phuong an co t6ng chi phi thuc thi tai cac may chii la be nhit, S. Pandey lai 
dinh nghia ham muc tieu dfi tim phuong an co chi phi tĥ rc thi ciia may chii t6n kfim nhit (miy 
CO tong chi phi Ion hon mgi may khac) la nho nhit so voi cac phuong an khac. Cach lam na^ c6 
xu huong "cao bang" nghia la thifin vfi cac Ioi giai co chi phi thuc dii ciia cac may chii la xap xi 
nhau. Chiing toi nhan thay, qua li thuyfit va cac thuc nghifim kifim chiing, each lam nay thuimg 
khifin chuong trinh som hoi tu ve nhirng ^\a tri cue tifiu dja phuong thay vi tim ra cue trj to^ 
cue Zahraa Tarek [9] va cac cgng sir da de mo hinh cho bai toan lap Iich Iu6ng cong vific trong 
moi truong dien toan dam may va thuat giai dua theo phuong phap t6i uu ba;̂  dan (PSO), mo 
hmh va thuat giai Zahraa Tarek dfi xuit cung tuong tg nhu S Pandey [8] da dfi xuit, my nhifin 
Zahraa Tarek da thuc hifin cue tifiu hoa d6ng thoi ehi phi thuc thi lu6ng cong viec vd t6ng thdi 
gian thuc hien cac tac vu. 

2.2. Phinmg phap Toi tru bay dan 
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Ken„e2''°"c,, ' ' ' 'r '^' ™ ''*>' ''"" ""^^ • f™"'^ Swanu Optimization) dtroc dl xult b<h 
dan "of cl-'i ?- ' " " ^ ' '" """""^ " " " " " '^^" "'^° ""= "'''' *=° "*"* ^̂  "•" *uc an thco 
tri X " rx " ^^ "•' •*" ' ' ' ' ' ° ' ' ^ "*• '^^^ '* ""^ "̂ """̂  =<̂ ' O'"!' b"' 2 tliam s6 la vector vi 
qua,; ,h* vft^v;';,' ™ ' " " " • ' '* '^'"'y=".»'= t^.i. ' .: .-.V,,M], ban liu thuat toan sc khoi tao 
cuatol t . 1 1 . , ' " ' ' Y V ' " " ' ' ' " ' """y'" ""'' '^'^ "Sao nhicn. sau do trong mS, buoc lap 

Zc(Z°m ' "• ™ " " " " " ' • " " • " ° ' ' ' ' " ' » ' * " < " " ^ ^ P " * ^ ' " • " =«"e 

J;. =:c, +v, ,^, 

trong do i'l) 

"'i' "i-; • '"^'^'°' ''"^'' '̂ boyen ciia ca thi , o buoc lap t va t+1 
•t, , I, VI tri cua ca thi , o buoc lap thii * va ** 1 
^'- he so quan tinh 
^/. c?: he s6 gia t6c 
randi, randy, cic he so ngau nhien trong doan [0.1] 
pbesl,: vi tri tdt nh5t cua ca thi , tinh to, thoi diim hien ta, 
gbesl V, tri tot nhat cua quin thi 

3. M 6 HINH Li THUYET 

E« MkZZ^ ''" • * """ '^° •"^' '"^"^ =°"S "«= '">"^ "«i - ™ s .lam may voi cac 

^i:2:s£n^''""'"'"'''" °̂ '̂ - ''• '* ^ '̂  •'' '̂"*' ™̂ «"- »-• -̂̂  
T .(7-,. T,,...,T„} la tSp cac tac vu. Mia s6 lugng tac vu cua luing cong v,ec dang xet 
E la tap canh the hicn mil quan he cha-con giiia cac tac vu. Canh (T,. T) E E cho biit lac vu 
T la cha cua tac vn T,. du lieu dan ra cua T, se la dii lieu diu vao cllo tac'L T, (xem Hinh i™ 
Ty^may chu cua dam may ki hteu la S - jJ,. J,,. , .A, , ,v la si luong may chti cua dam 

;^™ ^ u ^ i f c S ' '"'" '" "'" "'• '^' "'' ''' '̂- -^^ ̂ "̂  '° P^- •"- "•«" - - « 
Kliii lugng tinh toan (Workload) cua tac vu T, ki hteu la (7) 
IT, vo, don VI do la flop (floating point operattons: phep - V N 
tmh tren so thuc dau phay dgng), (f, duoc cho truoc (Vi - * / I \ 

••'^fl (7) r^ (7) 
TocdotinbtoanciiatnaychOS, .don V, la Ml/5 (million \ Y / 
instructions/second), duoc ki h,eu bo, P(5,) la .,a ,„ \ i ^ 
d,rgc cho truoc (V;= 1.2. .M) " '̂  / O 
G,iial,a,maychiiS„S,bl.ki(l <;. ,<N.),s,^j ,a„j„,„ . ^ . 
tmyen vm bang thong, dgn v, la Megabit's dugc b.eu tĥ  ' " ' ' ' " ™" 
bg, ham ha, bien B() dugc dmh nghTa nhu sau " luong cong viec wi 5 tac vu 

B: SxS^R* 
(.S,..S,) - B(5,.5,) 
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G,a thiit ham bling thgng 80 thga miin cac dieu kien sau: 

B(5,.5,) = x: thgi gtan miyin tai chg bang khong: 

B(5,.5,) = B(X,.S): tic do ttuyin hai chieu bang nhau: 

G,a ui B{Si,Si) duac cbo truoc (Vi,/)-
Khi, luong dii heu do tac vu T, chuyin tiJi tac vu T„ ki hieu la A, vcri don vj la Megabit, la 
g,a tn cho ttuoc (V,.,/). 
M6, phuong an xip hch thuc thi luing cong viec tugng dugng vol mgt ham/) 

/•. T ^ S 

T, ^fl.T,) 

trong iiifiTi, la may chii chiu uach nhiem thuc thi tac vu T, 

Tu cac gia thiet uen ta suy ra: 
Tho, g,an tinh toan ciia tac vu f, la: 

- - ^ (/=1,2,..M) (3) 

Thai gian truyfin dir lieu giira tac vu T, va tac vu con T, la 

A. (4) 
\f{TXf{T,)) 

Bai bao nay djnh nghia ham muc tifiu la: Makespan —* min trong do Makespan la thai gian 
hoan thanh lu6ng cong vifie, duac tinh tir khi tac vu gfic dugc khoi dgng cho toi thai diera 
tac vu cuoi Cling dugc thuc hifin xong. 

4. THU^T TOAN DE XUAT 

4.L Ma h6ac^ thi 

Theo phucmg phap PSO, tai buoc lap thii k, ca the thii i trong dan dugc xac dinh boi vector 
Vl tri .V,* (cho bifit vi tri hifin tai) va vector dich chuyfin v,* (cho bifit huong dich chuyen hî n t̂ i). 
Trong bai toan xfip hch dang xet, hai vector do deu co so chifiu bang so tac vu trong luong cong 
viee, ki hifiu la M. Ca vector vj tri va vector dich chuyen dfiu dugc bieu difin bang cau trtic du 
lieu bang bam. 

Vi du I. gia sir luong cong vific gom tap tac vu T - {T,, T2, Tj, T4, Ts], dam may co tap miy chii 
S - [Sl. SJ, SJ}. Khi do ca thfi _v, dugc bieu difin bing vector vj tri [1; 2; 1; 3; 2] chinh la phucmg 
an xep hch ma theo do tac vu T,, Tj dugc b6 tri thuc hifin boi may chii Si, tac vu T?, h dugc 
thuc hifin tren S2 eon tac vu /"jduge thuc hien bdi S3 nhu duai day 

4.2. Phirorng thirc cap nhat vj tri cua ca the 

Khi ap dung cong thiic cap nhat vi tri cua ca thfi (2) vao b î toan l̂ p ljch dang xet, chiing ta 
gap mpt van dfi. Cac thanh phin ciia vector dich chuyfin v,* la s6 thuc do cong Ihiic (1) linh 
vector dich chuyfin co nhimg lham s6 la s6 thue nhu rand,, rand^. c,,C2. Nhung vi tap may chii S 
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xa t^riat m • Z ' ' . " " " '" '" '"* P''"" "^'^ ™ " " "-' "i -'•' P^^' >' =« "6"y™ « ';° thi anh 
trong vTduTT- r f r "^ • ' ' ^ •"™S '^^ =̂  """"^ *VC h,e„. chang han vector vi tri ., 
Ti:pt^'ZiT^:tv'^'"f''^'l''-H'}^'''''^'''^^ 

pMn phii td ™ t l^b ,b'™ " •" "'c " " "•' "" ' '=' ""^ '' °^" Sî  tri cha vi phd, S 3.2 thi 
duoc £ cho mdv c^ • ' l ' " '* ; * " '° '° * * •^ '" '• '^°" t^ti vi phai la 3.8 thi tac v. se 
duoc u r t o a n In t h t ,h ' ° ? " ' ' ' '^"^'''™ '̂ ° =̂ 'V •^ ' '" "'y """= "̂ Mt » gin m6t vi tri 
bing fi^ftri nlvTn S , " " ' " ' " "^^^ " ' ° """y '^''" t"' "̂5 th4 to cua no tlnh eg dimg 
Ci cTa S u r f p h a p P s a " " " • " ' ' ' " " "^^ "'^ '' "'' ^ - ^ ^ - -^"^ ' - "oa tunf 

L b ci L i i c6 tic d6 H„h"r™ ' ° ° ' '™ '""• " " ' " " ' - ' " ' [ " - """= Sin bft, dinh 
Ldm nhu vdy Jc ™ dug fd c h o T T " '" '""' 1 """^ ° ' ' " -'° ™ '='•' ""^ '"' '^°" ' " 
theo PSO. ^ ^ "''" "° "^"^ '"= P""" ""^ ™i s a tri dugc tinh toan 

= 1,2...M (5) 

V^du 2. gid thiit tdp may chu S trong vi dg 1 eg tic dg .inh todn dugc het ke gong Bang , sau 

Bang I Toe do tinh loan cua cac may chii 

Gia sii o buoc thii k+] tong -v/ + v/ = [4 4 • ? I ft 7 • <; ^ - m on ,u- <+/ Sin bdng [3:1:2:2:2, ngja,dcd;hi i iu,g4'^::ft , ; : ' : j ivs:--; ' - ' -^-

[ I ] . se nhan g,d tn 3. nghia la lac vu r, 
That vay. thdnh phin thu nhit cua vector v, tri 

se dugc gan chg ,T,dy chii S., bgi vi , 

^, '"[1] ^ 3 m IP(S,) ^ 4 4| < |P(S,) - (44)1 VS, e S 

AT;) .̂, ph.p gdn tu^g t^Aon^^^r ; £ t bi;;"^^ „• if;- ̂  î  n '"'-• •'= " 
P h d n s g ^ n ^ g d ^ ^ ^ ^ ^ ^ t ^ ^ ^ ^ ^ 

tr.n. cdch lam ndy thuc cbli Id gdn ^ . c ^u cio ^hi^g i i l t b u md'sllhu t cuif ̂  Ihjh^ft 
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dung bdng kil qua phep trir. Cach lam mang tinh ngau nhten nhu vay da pha hong qua tiinh timg 
buoc liip can tfti vi tri ctrc tn cua phugng phdp PSO. Bat bdg nay de xuat mgt "phep ttir 
vector" dp dyng rieng cho cong thuc ( i ) nhu sau, Gia sir: 

phesl, • [-v„. -v,......-v.„] vg, .v„e S (V*) vd x, = [Xji, x,,,.. J:,A voi .t,»6 S (Vt) 

Kh, dg kil qud phep tni pbesl, - .y, dugc tinh nhu sau: pbesl, - x, - | > , , y:,....y,J^ voi cdc 

tltdnh pbin \\ Id cdc so thgc dugc tinh nhu sau 

, = {p(.,), ?-^(£^} - {P(,,). ?2^^(^| ^ 

Theo each tinh nay, cac may chu dugc xfip thii tu theo toe do tinh toan va bang thong ciia 
nhihlg duong truyen ket n6i toi no. Vi du 3 sau day se minh hga cu thfi hom. 

Vi dif i Ta tiep tyc sir dung tap may chii trong vi du 2. 

Giasirg/)eiS/=[2. 1.2, 1, l] : .v,= [3, 2, 1,2, 1 ] ; 

Vgy ghest - .c, ^ [v(, V', t'uv.,,)'i] ^^^''' ^^'^^ ti"h nhu sau 

y, = {p(5.). "̂ -̂̂ -̂ : f ^-^'^} - [ns.). "'^-^'^: '^'-'^'^] 
Cach tinh tuong tudugc ap dung cho cae thanh phany^, j ' j . . .^jCon lai. 

4.3. Bi|n ph^p tho^t khoi cyc tri dia phirong 

Phuong phap PSO noi rifing va cac phuong phap tim kifim tifin hoa noi chung doi khi bi 
m3c k?t t^i cac loi giai cue tn dia phucmg ma khong the thoat ra dfi di tot Iai giai t6t han. Bai 
bao nay dfi xuat sir dyng phuang phap PSO kfit hgp voi thu tuc tim kifim lan can dfi dinh huong 
ca lhe tot nhat chuyfin sang vimg tim kifim mdi mfii khi chuong trinh hi sa vao vtuig cue tri dia 
phuang. 

4.i. I Thti Hic flm kiem Idn can 

Tim kiem lan cgn la phuang phap tim kiem bit d iu tu mot giai phap ban d iu So cua biii toan 
va sir dyng cac loan tir de di chuyen sang mgt giai phap khac eua bai toan theo mgt ciu true lan 
cijn xac djnh nham lim ra mgt loi giai t6t hem. Bai bao nay dfi xuit 2 toan hi Exchange vk 
RotatoRight sir dyng cho qua trinh lim kigm ian can (Hinh 2.a va 2.b). 

Q 

Hinh 2 n. Toan tir RotateRighl, 

-/.' 2 Giiii lbu(>i sim kicm ldn cdn 

3 1 2 3 1 

t=H 
3 3 2 1 1 

Hinh 2 b. Toan tii Exchange. 
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Function LocalSearch (vector vi tri x,) 
Input: v e c t o r v i t r i x^ 
Output: v e c t o r v i t r i x^ c6 f (x^) f ( x j 

Khoi t ao baoc l ap t ir-
whi le (ilieu ki#n lap) 
Khoi t a o g i a t r i r nglu nhien t r o n g doan [1 , M] 
Xi <- RotateRight(Xi , r) 

Khoi t e o 2 g ia t r i nglu nhi^n rand^, randj t rong doan [1,M] 
Xk <- Exchange (X;,, randi , randz) 
i f f(x^) f ( x j then r e t u r n .^^ 
e l s e r e t u r n x, 

<- t+1 
End whi le 

End Funct ion 

4.4. ThuSt toin d^ xu^t LPSO 

Tong hgp nhimg cai tifin noi trfin, thuat toan dfi xuit voi ten goi LPSO duoc mo ta nhu sau. 

Algorithm LPSO 

Input, tap T, tap S, mang W[I.yW], mang P f l x ^ . mang B[/V.^^, mang D[M^^f], h^ng s6 K do 
lech e, so ca the SCT ' ' 

Output fai giai t6t nhit gbest 

1 Khoi tao vector vi tri va vector dich chuyin ciia ca thi i 
mgt cach ngau nhi@n 

2. Khoi tao buoc lap t*r- o ,-
3. while (dieu ki$n lap) do 
4. for i=i to SCT do 

f- ^ ^ •^^"^ vector VI tri x, theo cong thiic (5) 

6. end for 
7. for i = l to SCT do 
9. C§p nh^t pfcest, 
9. end for 
10. C^p nhat gljest 
11. ford^l to SCT do) 
12. cap nhat gbest 
13. end for 
14. for 2=1 to SCT do 

ll: Sht^'chTo^;, "'"^ =''"̂ *""'' "̂ °̂ =̂ "̂  -^'^ '̂ ' --̂  '̂ ' 
17. end for 
18. fc + + ; 

19^^if ,sau K thi he ™a do lech giua cac gi^est khong vuot qua ., 
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gbest - LocalSearch(gbest); 
e n d i f 
e n d w h i l e 

. r e t u r n g b e s t 

Thuat loan hoat dong theo phuong phap PSO theo do tai moi buac lap cac ca thfi cap nhai 
VI Iri ciia minh huong toi vi tri t6l nhit ciia ca quan the (gbest) dong thai co dua tren kinh 
nghifim ca nhan (pbesU. Nfiu sau K thfi hfi lien tifip ma ca quan the khong cai thifin dugc mgt 
each dang kfi gia In gbest (miic chenh khong vugt qua e) thi chimg to quan thfi dang hgi tu tai 
mot cue in dia phuang Klu do thii tuc LocalSearch duac ggi tim ra ca the gbest mai va ea the 
nay se di eu ca quin thfi toi mot vung khong gian mai, tai do qua trinh tim kiem dugc lai khoi 
dong. 

Difiu kifin lap ciia thuat loan chiing toi sii dung giai phap ma cac giai thuat tifin hoa thuong 
ap dung do la dat mgt nguong t6i da, khi qua trinh tifin hoa cua quan the dat toi s6 the he vugt 
qua gia in nguong da dinh thi qua trinh tim kifim kfit thiic. Trong phin thuc nghiem tifip theo gia 
tri nguong cho s6 thfi he la 300, gia tn K duge dat la 10 vadg lech e duge an dmh la 0,21. 

Do phirc tap ciia thuat toan LPSO. Truoc khi thuc hien thuat toan ehinh LPSO ta ein phai 
sip xfip cac may chii thuc thi theo thir tu tang dan cua toe dg thue hifin, giai thuat sap xfip co dp 
phirc tap vk thai gian la 0(n.log(n)), thii tue tinh ma tran thai gian thuc thi eiia moi tac vu frfin 
cac may chu co do phiic tap thai gian tinh loan la O(MxN); voi M la so tac vu, N la so may chu, 
Thii tuc tinh ma tran thoi gian truyfin dir lieu giiia cac may chii c6 do phiic tap tinh loan la 
0{N') Trong thuat toan LPSO thi thii tue khoi tao se khoi tao cac ca the ciia quin thfi mgt each 
ngau nhien, m6i ca thfi dugc ma hoa bai mot vec to do dai M do vay do phirc tap ciia thu tyc 
khoi tao la O(MxSCT), vol SCT la so ca thfi trong quan the, trong thue nghifim chiing toi sir 
dung SCT la 100 Ham tinh thiri gian thuc hien (makespan) cua moi phuang an xfip lich !a 
0'(M-). 

Thil tuc RotateRighl co do phiic lap la 0(M), thii tue Exchange co do phiic tap la hing so, 
do vay thu tuc tim kifim lan can LocalSearch co do 
phlic lap la 0(M). 

Trong bai loan lap lieh luong cong vific thuang 
so tac vy ldn hon so may chii (M > N) do vay do phite 
tap ciia thuat loan LPSO !a (S6 thfi he )x O(M-). 

5. THVC NGHIEM 

5.1. Phan nhom du li^u thuc nghiem 

Du hfiu sir dung trong cac thuc nghiem bao g6m: 
• Dii lieu ve toe do tinh loan cua cac may chu va 

bang thong giira cae may chii duge liy tir cae 
cong ty cung cap dich vu cloud [14] va dja chi 
website (http //aws amazon coni/ec2/pncmg). 
Du hfiu luong eong viee dugc lay tir eae bg dii 
hfiu thir nghifim duge xay dung theo do tni mat 
khae nhau va eae iu6ng cong viec tir cac ung 

RiPrDJeclPP ^mraffFil^mCaacilPit^niBlMiidal 
mlrngTbl ^ m A d d t^mSlmiik mlPEO 

^ mBiHikgrouiid 

Hinh 3. Luong cong viec Montage voi 
20tac vu 

(http.//niontage.ipac caltech edu) 



Ihuarioan LPSO lip lich nho nno img tiung khaa hoc trong mol Iruuna iTien loan dam 
may 

dung thuc t j nhu ung dung Montage [15] 

Nhitag du hen do dtrjc t6ng hop lai va chia thanh ha, nhom, nhom I la cac lu6ng cong viec 

a = ^1 
1̂  X (M - l ) / 2 

^ T a l " t ; f ' ' * i ° P " " ' " • * "'" " " ™ -^^P. " S i -̂ SP - 1.i«n hay it uic vu, noi each 

tac vu duoc giu eo dinh con ty lc ct liin lugt thay doi nhu uong cac Hinh 4,5,6,7. 

S.2. Tham so cau hinh he thong 

Cac tham s6 cSu hinh cha dam miSy duoc thij , lap trong mtIn g,a tt, nhu sau' 

Toe do tinh toan P cua cac may chu lu 1 d4n 250 (m,ll,on instructions/s) 

Kl,o, luong dii l,eu D E,ira cac tac vn: ni I din 10000 (Mega bit); 

Bang thong giSa cac may chu B. tu 10 djn 100 (Mega b,t/s): 

He so quan tinh: Q}-Q,129 

H e s 6 g , a t 6 c : c, - c, = 1,49445; 

Hang s o . ST-30; 

So ca the ,?Cr. SCT =25-

D p l e c h f . 0 21-

" tit 0,2 toi 0,7. 

5.3. Qua trinh tien hinh thirc nghiem 

[11 d i t o t t ^ l ^ ^ t ^ ^ ^ ^ ; ' ' p<-^S cang cu ma phang Cioudstm 
[18]. Cac ham cia goi thu v,^n™wa™ m d Z H ' " ° ¥ " " 8 " « ="" ™S l fng Montage 
bay dan. D 6 , n t ( m | so sanh 'S h u a Z ' PSO H ^ l S l l S t ? - " t T "'"•^'^ '"*= ^ ° ' ^ 
Round Robin [13] ' - " '* ' ' * " » • ' o " " R™")"- [11) va thuat toan 

nghien, duoc tiJu hinh ma, c . c h ^ ^ ' £ ^ £ : ° f ; „ J ^ 5 - ^ - ^ . W ^ ^ J * - e , Thttc 

5.4. Ket qua (hu^ nghiem 

n,.t:^^t^^jif::^^<?t5::t:tr;l:r^:pso';;r?""'T"-' '̂•"̂ '̂ 
duoc id,, chay tten ciic bp dit lieu Idtac nha" thnacTa 2 nham l' ^ ™ "'"""'.'""'••'^ '™ 
luong cang v,ec ni ung dung Montage. ""'^ " " « "«= "SSu nhien va 
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Bdng 2. Kfii qua thirc nghiem cho cac bg dii lifiu ngau nhien. 

BodO 
lieu 

T532 
T534 

T1031 
Ti034 
T1051 
T1054 
T203I 
T2034 
T205I 
T2054 
T2081 
T2084 

Random 
STD 

5.6 
16.4 
3 2 
3 7 
3 7 
3 4 
6 9 
7.9 
6 8 
7 4 
3 9 
6 S 

Mean 
20 8 
101 5 
28 6 
29 7 
27,0 
27.4 
66-2 
65.6 
59 0 
59 7 
63 3 
67 6 

Best 

12.6 
78 8 

21 4 
22 1 
19 
20 
50.7 
47 4 
45 8 
45 3 
56.3 
5L6 

Round Robin 
STD Mean 

1 187 
' 87.2 

33-i 
28,6 
23 7 

25 2 
72-2 
77 3 
71 9 
71 9 
72,7 

1 72 0 

Best 
18-7 
87-2 

33 1 
28 6 
23-7 

25.2 
72 2 

77.3 
71-9 
71.9 
72 7 

72,0 

PSO H 
STD 
4.7 
4 3 
2.4 
1-4 

1-8 
2 0 
5 4 

4-7 
5,0 

3 6 
5.2 
6.1 

Mean 
9 9 
77.1 

20.4 
22.9 
19.5 
20 7 
41 2 

41.9 
41-0 
43.2 
44 2 
4 4 7 

Best 

6-8 
73 3 
16.4 
19,7 
16.4 

17.9 
33 2 
33 2 

29 6 
35.9 

35,0 
37 1 

LPSO 
STD 
0.0 

1 8 
!,5 
1 0 
1 0 

0-9 
1.5 
1.5 
3.1 
3-2 
2 7 
2 7 

Mean 
6,8 
74 7 

18-2 
21,5 
176 
19.0 
34 1 

36.2 
34-2 
36,0 
37 8 
39.3 

Best 

6.8 
73.3 
162 
19.6 

14 8 
17.7 
31.2 
34.0 
28,5 
30 9 
32 3 
34-8 

Bdng 3. Kel qua thyc nghiem cho cac luong cong viec tir iing dyng Montage. 

Bgdu 

M2031 
M2032 
M2033 
M2051 
M2052 
M2053 

Random 
STD 
48 6 
8 5 
33 2 
9 0 
38 0 
44 6 

Mean 
482 5 
161 9 
485 6 
156 9 
337 3 
540-2 

Best 
354-6 
140 
435 2 
143 8 
264 2 
450.2 

Round Robin 
STD Mean 

491,8 
162 7 

4 9 1 8 
- 1 146,6 
- 1 356.1 
- 1 448 8 

Best 
491,8 
162 7 
491 8 
146 6 
356-1 
448,8 

PSO H 
STD 
36.6 
4.9 
167 
5 4 
23.5 
1 0 9 

Mean 
337 3 
142.1 
484,9 
132 
257 5 
461.1 

Best 
255 2 
130.6 
427 5 

122,8 
180.4 
440.1 

LPSO 
STD 
H-T 
3.6 
7,2 
3 3 
18.6 
9-3 

Mean 
242.8 
128,4 
459 5 
123-4 
195-6 
437.7 

Best 
229 5 
122,7 
427-5 
118,7 
1804 
4214 

ia± • STD 

• MEAN 

• BEST 

Hml, 4. Kel qua Ihirc nghiem vm bo du lieu T534. Hinh 5 K§t qu^ thuc nghifim voi bp dir li?u T103]. 

^a STD 

MEAN 

BEST 

80 -
60 
40 
20 

( ^ L 1 
LfcltU 

cP ^ <̂ - -.S-

• STD 

• MEAN 

• BEST 

H,iil,6 K=,q„atl,uc„8l,iem™bMiil,euT1051 «i„* 7 Kitqua thuc ngh,era .ui b«dii lieu T205I. 



L^usii toQn iPso /gp iicn cho 
cac Crng dung khoa hoc trong moi tnfdng dien toan dam may 

Hmh 8 Kel qua thyc nghiem voi bo du lieu M2f)^l w;,,/, o i--. - u 
uv uir Jieu M2Uii. Hmh 9. Kei qua thirc nghiem voi bo du lieu M205 

Bang 4. So sanh gia tri t6i ua tim dupc bi, thuat toan LPSO va thual loan vet can. 

6. KET LUAN VA HlTONG PHAT TRIE.N 

.̂  ^'^^:^^s^^::!'::::t *=° ''^"^^ '''^ °̂' ™ ^^y''- -̂  '>-^ 
may Nhimg M, qua ehinh gdm co ^ ^^ ' " ' • ' """"^ ™ ' ' " ^ 8 "l'*" '»»" « m 

De xuat mpt phuong thiic moi dS ran nbSf „. .^ • • , ; . • 
t « m.y e h . ca tac ! , t in , 3 t b S t ^ h ^ ^ g S n ^ ^ y ^ ^ ? ? ^ ^ ^"^ - " '^ ' - ' ^ thuc 

De xuat cong thlic tinh vector dich Chuven Ciia carh^th.Vi.i, • - . 
uiijcii Lua ca tne thu i theo gia tn gbest va Ibest, 
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Dk xuk thli tuc LocalSearch dk chucmg trinh thoat ra khoi cue tri dia phuong b^g each 
chuyin cac ca thi tai mot mien khong gian tim kiem mai. 
Dk xudt thuat toan LPSO sii dung phucmg thiic cap nhat vi tri ca the va thii tuc LocalSearch 
di tim kiim lcri giai cho bai toan lap ljch thuc thi lu6ng cong viec trong moi trucmg dam 
may. 
Nhirng kit qua thuc nghiem duac tiin hanh ven nhiiu bp du lieu thirc nghiem khac nhau da 

chiing to chdt luong loi giai rim dugc bai thuat toan de xuat t6t hon so vol cac thuat toan dii 
chiing la thuat toan PSO_H, thuat toan Random va thuat toan Round Robin. Vi huong cong viec 
tiip theo, ngoai hai yiu ti hien nay la kinh n^iem ca nhan (pbest) va kinh nghiem tir quin thi 
(gbest) chiing toi du dinh dua them vao yeu to kinh nghiem ciia cac ca the trong mpt lan can xac 
dinh theo lupc 66 Rmg, Von Neuman hoac Star de cap nhat vi tri mai cho mSi ca the nhSm dat 
dupc loi giai co chat luang tot hon. 
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w e , , i ' o ™ % f r e m : t ^ t o V e ' n ^ o r N p " c t X " " M ''= T ' " - -'^'''-^' °"= "f *^ 
been targettng the w o r k f l o w X d n i g p r o b t o h o w e v e ^ Z d t r t ' " ' '" ' f ' ' ' " " ' " " " " ^ 
proposed. This paper proposes a „,1ZT„T' , u ' ' ' '^"™' ^"'""^^ have been 

Par!,cIeSwan.OpZiza7ormethoTon e ' T . - ^ " ' ^ ' - ' ' ^°- '""* "'''" °" ""= 
tool ClondSim show h LPSti""' sup rior t o T ' " T " * " " ''^ ""'"^ *= ^•™'="«'" 
RoundRobin, moreover the deviation be wee„?b f ;™-' algorithms called Random and 
solution is negligible. *' ' ° ' ""°" f"™'' ""̂  LPSO and the optimal 

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




