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TOM TAT

Ung dung dang luéng odng vigc di duac sir dung réng ré frong nhuéu cong trinh nghién
ciiu khoa hoc, diy la loar img dung co quy md phirc tap va thuong phai xir li mat luong dir Iiéu
Tt 1om do valy cdc mé1 treomg tinh todn phan tan nhy dién toan luc (gnd comiputing), hay dign
toan dam may (cloud computing} thuong duae sir dung. Bir todn 14p lich tr lau da duge ehimg
minh 1a thude Isp NP-coplete trong ki mé hink dich VU trén ndr (redmg dign toan dam mdy
véu cdu phai tim ra loi giar trong thoi gan ngin dé khach héng khdng phai che don, Baj bao nay
d& xuit thuiit todn metaheurisuc LPSQ dé tim kidm phuong dn {&p lich dua trén phwrong phap
Té1 ra bay dan Thye nghiém duoe tidn hinh trén céng cu mo phong CloudSim da ching o
thudt todn d& xudt cho két qua 16 hom ha thuft 1odn d6i chitmg 12 PSO, Random va RoundRobin
vi 1o gidr tim duoc co 4% sai léch it bé so voi 16 i téi uu

Tir khou: 13p lich luéng cong vige, 61 1u by din, dién toan dam may,

L. DAT VAN BE

Lui‘mg cong vige workflow) 13 mdt chudi e thyr 1y CAc 3¢ vy (task) cb thé durac thie hién
ddng thoi hay rudn wr néu dir Itéu ddu ru cua tie vy ndy 14 dau vio cia tic vu ké ép Rt nhidu
img deng trong cic linh vue khoa hoe khac nhau déy yeu cau phéi xur i mét lwomg 7ém dir liéu
duge 16 chie theo dang qumg eéng vide. Vin aé Iap hich ludng cong viée wong més truong dién
todn ddm miy vé ban chit 13 tm phuong dn 4ol xa nhirng tic vu cua ludng cong vige t&n cic
may chi cua dam mMay sao cho théi gian xur i toan b3 ludng ¢dng v18¢ 13 nho nhit, bidt rang khéoy
Jugng tinh toan va yéu cu dir lidu cua cac tic vu. the 46 tinh todn va truyén thing cna cac may
ch {4 khae nhau.

61 tréu mot s ¢bng trinh nghign
13 chimg 13: trinhy bay mo hinh

Phin tEp theo cia bai bav o6 chu e nhr sau Phin 2
ciru ¢6 lién quan vé baj toan tp Lich Jubng eong vice. Trong
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li thuyét dé bifu dién nang lyc tinh todn vd truyén théng cla dim miy, dga trén mé hinh 1i
(huyét ndy, phfm IV dé xude. .

(i)  phuwong thirc méi dé cfip nhét v tri cua cd thé (muc 4.2)

(i1) gid1 phap dé chuong trinh thodt ra khoi viing cyc trj dia phuong va di chuyén t&i mét

viing mén trong khéng gian tim kigm (muc 4.3)

(iii) thudt toan 1ap lich méi tén 2 LPSO (muc 4.4).

Phiin V mé ta céc thuc nghidm duge tién hanh dya trén cong cu md phong Cloudsum [1] v
phén tich nhimg s6 ligu thuc nghiém thu duge Phéin 6 tom tit nhing két qua chinh clia bai bio
va hudmg nghién ciru s& tién hanh trong tuomg lai.

2. CAC CONG TRINH LIEN QUAN
2.1. Cic huréng tiép cdn bai todn

Bai toén lap lich ludng cong vide dd duge chimg manh 12 thuge lép NP-day du [2] nghia 1
thoi gian dé tim ra 11 giai 6 vy Ia rat 1om, vi véy d@ c6 nhidu giai thudt metaheuristic duge
nghién ciru rnhim tim ra lon gidi gin dung trong thoi gian ngén. S, Parsa [3] 43 4€ xuAt mt thuit
toan lp hch nhim téi thidu thén gian thuc thi trong méi trudmg luén tinh todn Grid. J. M. Cope
vi dbng nghiép d3 phin tich hiu nang ciia gidi thuit FRMTL va FRMAS [4] trong mdi trudng
ludi tinh todn TeraGrid, mét dang dic biét ctia d4m méy dién todn. A Agarwal di dé xuat thudt
toan tham lam [5] trong do m&i tac v dwgc gan mét thir tu vy tign dya vao khoi lugng cdng vide
ciia thc vy, m&1 méy chi cling dugc gin mot thir tr wu tién theo thc 46 xit Ii clia may chil san dé
gdn cdc tac vy vao cic may chil theo céc thir tw uu tién d3 tinh toan. Céch lam niy c6 nhuge
diém 14 khién nhiing thc vy c6 mirc wu tién thip phii cher dyi lau va bo qua yéu 16 tc dp truyén
diz ligu giira cdc may chd trong ddm may

Mat sb tac gid khdc nhu M.Wieczorek [6] d2 nghién ciru v4 d& xudt thust todn 1ap lich thye
thy luéng céng viéc theo phirong phdp GA (Genetic Algonthm — Thuat gidi di truyn), tuy nhién
cdc nghién ctu (7, 8] 33 nhan dinh rang phueng phap PSO (Particle Swarm Optimization - Téi
wru bay dan) ¢6 wu thé hom so véi phuong phap GA khi giai bai todn ldp lich luéng cong viée
trong nhimg md: trudmg tinh toan phin tin nhu Ludi (Grid Computing) hay Dam may (Cloud
CPmpqnng), T. Davidovic va céc cdng sw 43 d€ xwat giai thudt 13p lich cho cac img dung ludng
cong viée trong méi trudmg da bj vi xir [{ déng nhét theo phuong phap t8i wu bay ong [10]. Theo
buéng 44, S. Pandey [8] d3 dé xuét thuit to4n theo phuong phép PSO nhdm cyc tiéu héa chi phi
thue thy Thay vi tim phuong an cé tong chi phi thye thi tai cic mady chu 13 bé nht, S. Pandey lai
dinh nghia him myc ti¢u dé tim phwong 4n c6 chi phi thyc thi cia may chi tén kém nhit (méy
c6 téng chi phi 16n hon mo1 may khéc) 12 nhé nhit so véi cic phuong 4n khéc. Cach 13m ndy cé
xu huéng “cdo bang” nghia I3 tién v& céc 1o gidr co chi phi thye th clia cac may chii 1d xap xi
nhau Chung i nhan thiy, qua I thuyét va cac thuc nghiém kiém chimg, cach lam nay thudng
khién chuomg trinh sém héi ty vé nhimg gid tri cuc tiéu dia phwong thay vi tim ra cyc tri todn
cuc Zal?raa Tarck [9] v cic cong sy di dé mé hinh ¢ho bai todn lap lick lubng cong viée trong
moi truong dign todn dam méy va thudt gidi dva theo phuong phap t3i wu bay dan (PSO), md
hinh va thujt gia( Zahraa Tarek de xult ciing tueng ty nhu S Pandey (8] di dé xudt, tuy nhién
Zahraa Tarek dd thuc hién cuc tiéu hoa ddng thai chi phi thye tht lubng cong viée va tdng théi
gan thyc hién cée tac vu. i

2.2. Phwrong phép Téi wu bay 8in
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Thudl todn LPSO Iap ek cho cde tmg dung khoa hoc trong méi trng dign toan dam méy

Phuong phap &y wu biy dan {PSO - Particle Swarm Optimization) duge dé xudt bon
Kennedy va Eberhart [12]13 phweong phap tim kiém tién héa dua theo hanh v, tim {hee dn theo
dan cia cdc loa; déng var nhur chim hay ca. M3i ca thé duoc xac dinh bén 2 tham s 14 vector vi
12 = (3,0, Xe,e. X, v vector dich chuyén v,= [v,,, vio._. v,]. ban diu thudt oin st khoi tao
quan thé véi vector vitri va vector dich chuyén mét cach nglu ohién. sau 46 trong més budc lip
cta thudt todn vector dich chuyén v, va vector VI Iri x, cla méa ca thé s& duge cdp nhar theo cong
thire (1) va (2}

v = gt + c; rand; (pbest, - x*) 1 c-rand,x {gbest - x%) (1)
A A @)
trong d6
o R vector dich chuyén cua ca thé 1 g buge lap kva k+1

x X! v1tri clia ¢é thé ¢ & buge 1ap thir k va k+1

w: hé 56 quén rinh

CpyCrt hé sé giatée

rand), rands: cic hé sb ngdu nhién trong doan [0,1]

pbest, - vi tri 0t nhit cita c4 thé ¢ tiah (61 thiri didm hién tax

gbest vi tri (&t nhat cua qQuén thé

3. MO HINH LI THUVET
Gid st can sip xép lich bidu cho mot ludng cdng viée trong mdi truomg dam mdy v&i cae
gid thiét nhur sau ;
Lung edng viée duoe bidu didn bén dd thi G=(V, E), vén V 1 tip dinh cua dd thi, mé: dinh
biéu thy cho mét tac vu.

T={T0 Do Tog} 12 D chc tac v, M 12 sé lugng tac vu clia ludng cdng vige dang xét

E 12 tap canh thé hign mé; quan hé cha-con giira cic tic vu. Canh (T,, T} & E cho hiét tac i
T, 13 cha cta tac vu 7, dlit lidu dau ra cua 7, s¢ a dir lidu diu vao cho tic vy 7, (xem Hinh 1)
Tip may chi cia dam miy ki hidu 3§ = (§,, So WS Na s hrgng may chii ciia ddm
may.

M&i tic vu co l’hé :(L[cyc thue thi trén mét may chu bit Ki, may chi dé phai thye hién toan bé
tde vu tr dau dén cud).

Khéi lugng tinh todn (Workioad) cua tic vu 7, ki higu 1

W, véi dqn v1 do la tlop (floating PoIt vperations: phép g ¢ \
tinh trén $6 thyc dau phay ddng). ¥, duoc cho trude (v = /

i ofoRo
Téc d$ tinh toan cua mdy cha S, , don V1 1a MEs (millien \\ /

instructions/second), duce ki héu bor P(S), 13 @d n
duge cho truge (W = [ 2, M)
Gilra hay may chia S, S bdi ki (1 <7, < Ny ¢d yust duémg
truyén vai béing théng, dom vy 13 Megabits. duge biér: tht
bei ham ha bien B() duoc dinh nghia nhu sau
B: S%§ — R’
(5:5)  —B(S.S)

Hinh 1 D6 th bidu difn mor
ludng cdng igc 161 5 tac vu
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Giia thiét ham bing thong B() thoa mén cac diéu kién sau:
B(S,.S) = =: thri gan truyén tai chd bang khéng:
BIS,.S,) = B(S,.5): tbe dd truyén hai chiéu bang nhav;
Gia tri B(S,,5,) duae cho truge (Vig)
Khé1 lueng dir hi¢u do tie vu 7, chuyén t&i the vu T, ki higu 12 D, voi don vi la Megabit, I
14 try cho trude (Ve
M3 phurong an xép lich thyc thi ludng cong viée fuong duong v mét ham A}
f.T—=S5S
T, — AT}
trong d6 AT, 1a méy cht chiu trdch nhigm thure thi tac vu 7,
T cdc gia thiét trén ta suy ra:
Thon gian tinh toan cua tacvu T, la:

I7, B
W =12, M )
AT
Thai gian truyén dit liéu gidia tic vu 7, vi tac vu con 7, 14
e @

B{AT).ALD

Bai bdo nay dinh nghia him muc tiéu 1a: Makespan — min trong 86 Makespan |4 théi gian
hoan thanh ludng céng vide, duoc tinh tir khi téc vu goc deoc khdi dbng cho i thoi diem
tac vu cudi cling duge thye hign xong,

4. THUAT TOAN BE XUAT

4.1. M3 héa ch thd

Theo phwong phap PSO, tai buéc 1ap thir &, ¢ thé |hu « trong dan duge xac dinh bai vector

v1 tri 7 (cho blet vi tri hién tai} va vector dich chuyen v, (cho biét hudng dich chuyen hién tai).
Trong bai toan xép lich dang xét, hai vector dé déu ¢é s6 chidu bing sb tic vu trong luong céng
viée, ki hiéu 13 M. Ca vector vi tri va vector dich chuyén déu duge biéu difn bing cau tric dit
héu bang bam,
Vidy 1. gid sir lodng cong viée gdm tap tac vu T — {7, T, T, Ty Ts}, dam may cd tip may chiy
S= {5, 5=, §33. Khi d6 ca thé x, duge bidu difn bang vector vi tri [1; 2; 1; 3; 2] chinh |4 phuong
n xép hich ma theo d6 tic vu 7y, 73 duge bd tri thye hién bdi may chu S, téc vu 7y, Ts duge
thue hién trén S, cén tic vy T.duge thuc hién bai S; nhu dudi day

T, T T Ts T
S, S; ) ‘ S5 S

4.2. Phuong thire cip nhat vi tri clia cd thé

Khi & ap dung cong thirc ¢dp nhat vi tri cia ca thé (2) vio bax toan 1p lich dang xét, chiing ta
gap mét vin dé. Cic thanh phin clia vector dich chuyén v/ 12 56 thyc do cdng thic (1) tinh
vector dich chuyn ¢ nhimg tham sé 14 sé thuc nhu rand,, randz. ¢,¢2 Nhung vi @p may cha §
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Thuat togn L PSO 18p lieh cho cdc tng dung khoa hoo trong mdr truong dién toén dam may

18 hiew han va dém dugc néa cac think phén cia vector V1 x, pha1 13 50 nguyén d¢ cé th_é anh
*a 161 mét may chit ndo d6 noi ma tac VL romg {mg s€ ducc thyc hién, ching han vector vi tei B
trong vi du 1 c6 cdc thanh phin I x[1]=1,x[2] - 2.x[1] = 1, x[4] - 3. 53] =2. Hauquala .]_131
Ve cuta phép gan (2) khic kién nhau, v i x. '[2) thudc kiu s nguyén con vé phai x ] + v[1]
thude kiéu sé thye.

Dé giai quyét mau thuin ndy, mdt s nghién cirn tnréc day nhu (7, 8 ) da lam tron gia trj 8
thie & vé phdi o1 gin cho bidn vy iri &[] & vé i Két qua la néu gid 1 cua vé phas 12 3.2 thi
phan phéi tac VU 6 thue thi tai may chu ¢d sb thr ¢ fa 3, con néu vé phai la 3.8 thi thc vy s&
duoe phin cho mdy chii ¢ 6 thiy w12 4. Cach 1am c6 vé nr nhuén nay thuc chat 12 gan mét vi tri
dugc tinh toan can than theo chuén luge PSO cho iy chi ma sé thir oy ca no tinh c¢ diing
bang gia tri nguyén sau khy 1am trén. Céach lam nhu vdy da pha hong qua tinh tién hoa ting
budc cia phirong phép PSO.

Dé @man quyét vén dé trén, bai bac nay dé xudt cach @ar quyét nhu sau @id tn thye caa vé
phat (x| + /1)) s& duge gé nguyén khdng lam wen, con vé wat v (1] 58 duoe g4n bén dinh
danh ctia miy chii ¢6 tée d6 tink toén gan von 214 1y ctia vé phai nhil so vé&i cde miy chi con lal
Lam nhur vy téc wvu sa duge gan cho may cha ¢ nang luc phil hop véi gia tri dugc tinh toin
theo PSO.
e = fnéulp(s,) - (x T + 0¥ (e])] < |P(S,) - (= el + v¥[e))| vs, € 5:¢
=12..M (s)

Vi dy 2: gia thét tip miy chu S trong vi du | ¢6 tée d6 tinh todn duge hét ke trong Bang 1 sau
day

Bang I Tée ¢ tinb rodn cua cac may chi

Gud sir & buse thit k+1 téng x* +
gen bing [3: 1; 2;

TH4020.67556:10.2] thi vector vi tri x! g3 duoc
3 2), nghia 1 c4 thé do tuemg {ing vén phuong dn xép lich sau day:

Thét viy. thinh phin thir nhdt cua vector vi tri, ' /[1] | sé nhin &id tn 3. nghia la tae wu 7,
s¢ duge gan cho may chit Siborvi,
XU © 3612055~ 44] s |P(S,) — (#$4)IvS, €8
Nghia 1a rong 3 mdy chu thi may S; ¢6 tée d3 tinh todn gin v 1@ 11 3 4 nhit <o vén
2 mdy chu 6n Iai, theo bang 1. do do tic vy Ty duoc £an cho may chu S; dé thue nén, tire la
AT} = S: Phép gan tuong tr citng dirge thue 0ién vn bon tac vu con jar T 1T, T

Vién dé :ucmg tu ¢ling xay ra vén Phep T hai vector i i trong coug thixe (1) tphesi, - v/
v (ghest - %) MOt s chng trinh hign c6 nhur (72 18] chn don wian thire hien PP trir cic thanh
phin $0 nguyén 163 gin cho may chu co 56 thir w womg img. V7 du néy phest=1(2.4,3.3.5] i

v =321 thi phesy, - v} =[2.1, 4.3. 3203152 =111z, 3] Nhw dd g thich o
ten. cich lam ndy thye chat 1a 2dn céc tée wu chp nhimg miy chu mi sé (ha 1r cug no tinh ¢¢y
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nhién nhur vy dd phd hong qud trinh timg
dung bang két qua phep trir, Cach lam mang tinth ngéu

biréc tiép cin téi vi tri cyc i cua phuong phap PSO. Bai béo ndy d& xult mt "phép ter
vector" dp dyng riéng cho céng thire (1) nhur sau. Gia sir:

Phest, = [X,, X, ¥ 01 € S (VA VAX, = [, 1. %2, - Xoaa) Vi Xp€ S (VE)

Khi do két qua phep trir phesi, - x, duoc tinh nhu sau: phest, - x, =[y1, ya... vu] vai cac
thanh phdn y, li cée s6 thue duge tinh nhu sau

= {oc ) Tues S} {P(r,k)+2»—"“3( “'1")} veik = 1,2,.. M (6)

Theo cich tinh ndy, cac miy chtt duge xép thir fr theo the d¢ tinh toan vi bang thong coa
nhimg duong truyén két ndi t6i né. Vi du 3 sau ddy sé minh hoa cy thé hon.
Vidu 3 Taudp tyc st dung tip may chi trong vi dy 2.
Giastghessr=12,1.2,1,1]:x5=[3.2,1,2,1];
Viy ghest - x, = [yy. ya, ¥avavs] véi yy duge tinh ahir sau

_ {P(Sz) " B(Sszlg tf(sz:-%)} _ {P(Sa) + 3(53-51§ tf(sxlsz)}

Cach tinh twong tr duge 4p dung cho cac thash phz:m,v;, Y5 ... pscon lai.
4.3. Bign phap thost khoi cyre tri dis phuong

Phuong phap PSC ndi réng va cac phuong phap tim kiém tién hoa néi chung dd1 khi bj
mac kgt tat céc 1 giai cyc tr1 dia phuong ma khéng thé thodt ra dé d té 16 giai tét hon, Bai
bio ndy. dé xudt sir dung phurong phap PSO két hop véi thil tue tim kiém 1n ¢4n dé dinh buéng
¢4 thé tét nhét chuyén sang ving tim kiém méi moi khi chuong trinh bi sa vao ving eyc tr dja
phuong

430 Thi tyc tim kiém ldn can

Tim kiém 1dn can 1a phuong phip tim Kiém bit dhu tr mot gidi phdp ban ddu s, cm bai todn
v st dung cée tedn tir dé di chuyéo sang mdt gidi phap khic cia bai toan theo mét cdu tric lin
¢iin xac dijnh nhim tim ra mdt 1o gidl 15t hon. Ba bao nay dé xudt 2 toan tr Exchange v3
RotateRight sir dung cho qui trinh tim kiém lan ¢4n (Hinh 2.2 va 2.b).

SREIEIE Sk ) KN N EREN N

3 3 2 1 1
Hinh 2 a, Toin te RotateRight. L l { I ‘ |

Hinh 2 b. Toan tir Exchange.

432 Giai thugit tim kiém Lin cin




Thust toan LPSO igp lich cho cac tng dung khoa hoc trong méi truong dign toén dam méy

Function LocalSearch {vector vi i x, )
Input: vector vi tri x,
Output: wector vi tri x, c6 £ ix} fix)

+. Xhéi tao budc lip t «

<. while (didu kiéu lap)

>. Xhéi tao gid tri r ngiu nhién trong doan [1, M]
=. X, < RotateRigktix,, r}

<. Khoil tuo 2 gii tri ngau nhién rand., rard, trong doan [1,M]
v. Xx & Exchange (x,, rand,, rand,)

oo 1f f(xy) f(x,) then return Ky

5. else return x,

6. —~ t+l

7. End while

End Function

4.4. Thut tedn dé xuit LPSO

Téng hop nhitng ci tién néi trén, thut rodn dé xudt vén tén 2ot LPSO duoc ms ta nhu sau.

Algorithm LPSO

Input. tip T, tip S, mang WIxM], ming P[1xV), mang B[V«V]. ming DIMxM]. hang s6 K, 4§
lich & 56 ca thé SCT
Output lisi gidi 161 nhit ghest
L. Khéi tao vector vi <ri va vector dich chuyén cua ca ché i
t céch ngdu nhién
Khei tao budec lip te 0 ;
while (diéu kién 1l3p) do
for i=1 to SCT do
Tinh vector vi tri x, theo cbng thie (5)
end for
for i=1 to SCT do
Cap nhit pbest,
end for
. Cdp nhat gbest
. for{i=1 to 8CT do)
¢dp nhdt gbest
. end for
. for izl to SCT dc
Cap nhit vector dich chuyéa v,* theo cdag thie (1) va (€)
Tinh x, theo (2}
- end for
L B4

- if (sau K thé hé mi &5 léch gita cdc gbest khéng wvior qua £}
then
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20. gbest = LocalSearch (gbest);
21 end if

22. end while

23. return gbest

hoat déng theo phuong phap PSQ theo d6 tai md1 bude lap cac cé thé cip nhit
vi mT:::‘n::zE hudmng ui v rrlnJ it nhit cla cd quén thé (gbest) déng thod ¢6 dwa trén kinh
nghiém ca nhin (pbest,). Néu sau K thé hé lién tiép ma cd quén thé khong cai thién duge mét
cach dang ké gia tn ghest (mirc chénh khdng virgt qua e} thi chimg t6 quan thé dang héi ty tai
mbt cuc tn dia plareng Khi do thit tue LocalSearch ducc got tim ra o4 thé gbest méi va ca thé
ndy s& di cu ca quan thé 16 mét viing khong gian mai, ta1 d6 qué trinh tim kiém duoc t&i khai

dong.

Diéu kién lip ciia thudt toén ching 151 st dung gid phap ma céc giai thuat tién héa thirdng
ap dung do6 1 dat mot ngudng té1 da, khn qué trich tién hoa clia quan thé dat tn s& \he hé vum
qud gia tr) ngudmg d dinh thi qua trinh tim Yaém két thiic. Trong phin thu‘c nghiém tiép theo gl
tvi ngudng cho 56 thé hé 1a 300, gia m K duoc dat 14 10 va 4§ 1éch & dugc & fin dinh 12 0,21.

D4 phire tap cua thuat todn LPSO. Trudc khi thuc h|en thuét todn chinh LPSO ta can phai
sip xép c&c may chu thye theo thir tr ting d4n cia tée a6 thire huén, giai thugt sap xep c6 4§
phirc tip v& thén gran 1a O(n.log(n)}, thi tuc tinh ma trdn thot gmn thuc thi cia md1 léc vu trén
cac may chit ¢d 45 phitc tap thoi gan tinh todn 12 OG(MxN); véi M 1a 58 the vy, N 1a s6 may chi,
Thit tye tinh ma trin thoi gran truyén dit lidu gia cdc mdy chu c6 d6 phirc tap tinh todn li
O(N') Trong thudt todn LPSO thi thii tyc khéi tao s& khan tao cdc c4 thé ctia quén thé mdt c4ch
ngdu nhién, mBi ca thé dwec ma hoa boi mét véc to a4 dd1 M do vy 49 phite tap cia thi tyc
khai tao 13 O(MXSCT), voi SCT la sé ca thé trong quén thé, trong thyc nghiém chung tir sir
dung SCT 13 100 Ham tinh théi gian thye hién (makespan) clia md1 phuong 4n xép lich }
O(M).

Th tuc RotateRight o6 43 phirc tap 1a O(M), thii tuc Exchange ¢4 d6 phire tap 12 hing 6,
do vy thi tuc tim kiém 1an cin LocalSearch ¢6 4o
phic tap [a O(M).

Trong bai todn Fap lich lubng céng viée thuomg
56 tac vy Iém hon sé mdy chit (M > N) do vdy db phire
tap cia thudt todn LPSO 14 (Su thé he x O(M?).

5. THUC NGHIEM
5.1. Phén nhém dir lidw there nghiém

D lidu sir dung trong cée thue nghiém bao gbm:

»  Dit ligu v& tic 43 tinh 104n ciia cic may chit va
bang théng giifa cic mdy chii duge lhy tir cac
céng ty cung cap dich vu cloud [14] va dia chi
website {htip /aws amazon com/ec2/pricing).

Dix higu fubng cong viée duge 18y or cc bd dir
ligu thit nghiém ducfc xdy ding theo 4o tril mét
khic nhau va cac lubng cong viée tir cic img

wProjecte? @ Ditre ) aCooca Fir @) mBaModed
mimgTs  @mAad @ mStrok @IPEG
@ miBackgroumd
Hinh 3. Lubng cdng viéc Montage véi
201c vy
(http.//montage.ipac caltech edu)
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Thust foan L PSO 18p fich che cac ung dung khoa hoc trong moi tiromg dién todn dam may

dung thye té nhy img dung Montage [15] N
Nhimg dix ligu d6 dugc t6ng hop Iai va chia thanh ha nham, nhém | 14 cac ludng cong vige
ngiu nhién vé st khic nhau vé hé st @, nhém 2 Ia cac lufmg cong vige 1T img dung
Montage (Hink 3).
IE]
ao=— 1t
Mx (M—1)/2
Tham 36 & cho bidt dé thi G phén thanh bao nhiéu cép, mdi cép <o nhiéu hay it tac vy, noi céc}}
Khdc e phan anh dd tré mit coa ¢ thy G. Khi lam thue nghiém véi mai nhém, 56 may chi vi sé
tdc vy duoc it b dinh con ty 12 o Hn lugt thay déi nhur trong cdc Hinh 4,5,6,7,

5.2. Tham 53 cdu hinh h¢ thiing

Cie tham s6 cdu hinh cuia dam méy duge thiét lap trong mién gid tri nhy sau:
Tée d6 tinh toan P cua cace may chi. 1 1 dén 250 (rmilhon instruetions/s),
Khés legng dix igu D gifa cac téc vu: tir | dén 10000 {Mega bit);
Biing thong gitra cac mdy chi B, 1ir 10 dén 100 (Mega bii/s);

Hé 56 qudn tinh; @=0,729,

Hé sé g1a 1éc: €1 =e: = 1,49445;
Hing sé . K- 30

86 cé thé ST, SCT=25;
Délach e 0.21;

a Hr 0,261 0,7,

$§.3. Qui trinh tifn hanh thyre nghigm

Dé kiém chimg thudt toan ¢é xuit LPSO chang 161 da st dung cong cy mp phong Cloudsim
[1] dé tao 18p méi tmrdmg dim may két hop véi dir hien luéng cong vige coa ung dung Montage
[18]. Cdc ham cua géi thrr vién Jswarm [1] dirge s dung dé thye hién cac phuong thite Téi iru
bay dan. Do wong so sinh 1a thudt toan PSO_H [8], thudt toan Random [11] va thuat toan
Round Robin [13)

Cdc chuong trinh mo phong duoc viée béng ngén ngir fava v chay trén miy tinh ca nhan
vOi bd vi xir 1i Intel Core 35 2.2 GHz. RAM 4GB, bé héu hanh Windows 7 Ulumate, Thue
nghiém duyce tién hinh mét cach déc 1ap 30 lin trén mby b4 dit ligu thuc nghiém,

5.4, Két qui thye nghigm
Hinh 5. 6, 7, 8.9 cho thiy sy chénh lech \e thin gian xu i {makespan) cua ¢ giar 14t nhit
ma thudt todn dé xuat L.PSO va cac thude todn dé: chimg (PSU_H. Random va Round Robin) tim

duge khi chay trén cdc bd dit ligu khic nhay thubc ca 2 nhom Jubng <Ong vige ngdu nhign va
luf)ng céng viée fir ing dung Montage,
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Bang 2. Két qui thyc nghiém cho céc b) dd ligu ngiu nhién.

5dn Random Round Rebin PSO_H LPSO
Bl?é?:u STD | Mean | Best | STD | Mean | Best | STD [ Mean | Best | STD | Mean | Best
T532 | 56 8 1.6 - Tig7 187 [47 [99 68 |00 |68 68 |
T534_| 164 15 | 788 T Tg12 172043 [710 |13 18 | 747 |73
THO31 |3 6 214 T 1331|331 |24 [204 [164 |15 |18, 16
TI034 7 [221 - (286 |286 )14 [229 [197 |1 L. £x
1051 D |13 - 237 3.7 | 1 5 164 |1 7 ]
1054 |34 74 |20 - 252 52 7|15 o EX 77
12031 | 69 662 | 507 - 1722 |72 4 3 1 34 12
12034 | 7.8 65. 74 - [713 773 47 |41 6. 4.0
r2051_| 68 8 - 715 718 150 |4l 4. 5 ]
12054 | 74 3 ~ _[719 715 |36 |43. 5. 6.
72081 | 39 3 - 1727 |7 |s2 |4 5.0 7 3
2084 | 68 6 |56 120 |20 )61 |4 371 f27 139. 344

Bang 3. Két qui thyc nghiém cho cic lubng cong vidc tir img dyng Montage.

BG 0w Random Round Rebm PSO H [

Igu | STD [ Mean | Best | STD | Mean [ Best | STD | Mean | Best | STD | Mean | Bext
M2031 86 4825 | 3546 - 4918 | 491.8 | 36.6 | 3373 5 11.7 | 242. 2295
M2032 5 1619 140 - 1627 1627 |49 142.1 0.1 36 1284 1227
M2033 32 4856 | 4351 - 4918 | 4918 167 | 4849 7 72 4 4273
M2051 9 1569 1438 - 146.6 1466 54 132 122, 33 1234 | 1187
M2052 | 380 3373 (2642 - 1 3561 356.1 235 | 2575 18Q.: 18.6 | 1956 | 1804
M2053 [ 446 [ 5402 | 4502 | - 4488 14488 | 109 | 4611 | 4400 | 93 | 4377 |42

150 40

100 30

50 uSTD Zg 2sTD
1
0 mMEAN 0 8 MEAN
P X & #BEST SO &

& o0 & F o £ uBEST
$7 07 & S K Q%O/ @

10 RSTD 40 BSTD
20
9 uMEAN 0 wMEAN
£
N = BEST ® BEST
\'_\1

Huh 6 Két qua the nghiém vor bd d héu T1051  Hink 7 Két qua thye nghiém voi b dir Tigu T2051.
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EMEAN
B BEST

Hinh & Két qua thye nghigm v61i bd dir lige M2031.  Hink 9. Két qua thue nghiém vén b dir éu M2051.

Céc thdng s6 & Bing 2 va 3 cho thdy thuit todn duge kiém chitng trén ninéu bs dit lidu khic
nhau vé qui m6 cia ludng cdng vige (s tic vu M va s may chi N) va d8 trik mét o cua 4 thy
lién két G. Két qua thire nghiém che thiy trong hdu bét cac truéng hop thujt toan dé xuit LPSO
ddu cho Jtn gidi té hon cdc thudt toan PSO_H, Random va Round Robm & ¢a 3 tham sé 13 dé
léch c'huz;m, gi4 tri trung binh vi gid m tdt nhic, Chiing 151 da tién hanh thudt giai vét can trén
duge bai thuat toén LPSO két Qua dugc trinh bay trong Bang 4, 1 giar 15t nhit im ducc bai
thudt toan LPSO c6 dd chénh so vai ity th1 wu tuyét déi i 100% dén 105%,

Bing 4. So sanh i i 181 1ru tim dugc bar thudt toan LPSO vi thudt todn vét can,

Gia ti 11wy tim duge
bang thudt toan vét can

Gid tr 18 wu tim duoc
bing thut toin LPSO

6. KET LUAN VA BUGNG PHAT TRIEN

Bai bdo nay 3 trinh bay mat gia thuat tim lgiérn theo phuong phip Tét wu bay dar dé tim
Ion gidi gan diing cho bai todn 1ap lich thue the ludng cong viée rong mei truémg dién todn dim
mdy Nhimg két qua chinh gdm co,

Dé xudt mét phtong thirc mén dé cap nhit vy ri cia cd thé bing cdch dnh xa mét gid tn thue

161 mdy chi cé tde d tinh todn va béng théng gin véi £3d tri d6 nhat,

Dé xuit cdng thirc tinh vector dich chuyén ctia cé thé fhir | theo D iri ghest va best,
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Pé xuft thi e LocalSearch d¢ chuong trinh thoat ra khéi cye tri dia phuwong bang cdch
chuyén cic ca thé téi mit ruén khdng gian tim kiém méi. ]

Pé xuit thuit toan LPSO sir dung phuong thirc cp nhit vi tri ¢ the va tha e LocalSearch
dé tim kidm 161 giai cho bi todn Jap lich thue thi ludng cdng viéc trong mdi trudng dim
miy.

Nhifmg két qua thye nghigm dwgc tidn hinh vén nbidu b dif ligu thee aghiém khic nhau i
ching to chit lugng 1oi gidi tim duge bai thuft toan A€ xuat 1ot hon S0 V61 che thudt todn doi
chimg 12 thuat toan PSO_H, thuit todn Random va thudt toan Round Roh_m. ve l;\féng cng vitc
tiép theo, ngoai hai yéu t6 huén nay 13 kinh nghiém cd ahin (pbest) va kinh nghiém ¢ quan thé
(ghest) chiing t8i dut dinh duz thém vio yeu 16 kinh nghidm cia cde i thé lron_g mét lin cn xic
dinh theo luge db Ring, Von Neuman hodic Star deé cép nht vi tri méi cho moi ¢a thé nham dat
duoc 151 gidi co chit lwgng t6t hom,
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ABSTRACT

LPSO' AN EFFICIENT ALGORITHM SCHEDULING OF SCIENTIFIC WORKFLOWS
IN CLOUD COMPUTING

Toan Phan Thanh', Lo¢ Nguyen The’, Cuong Nguyen Doan®

/Facuity of Technology Education, Hanot National University of Educanion, 136 Xuan Thuy, Hanoi
"Facul!y of Information Yechnology, Hanoi National Universuty of Education, 136 Xuan Thuy, Hanor

*Insttute of Information T echnology, Milstary: Institute of Seience and Technology,
17 toang Sam, Cau Giay. Hanoi
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The key factar which rules the cloud’s performance is the workflow scheduling, one of the
well-known problems have proven to be NP-complete Many algorithms 1n the literature have
been targeting the workflow schedultng problem, however, handful efficient solutions have been
proposed. This paper proposes a metaheunistic algorithm called LPSO, which based on the
Particle Swarm Optimization method. Our experiments, which arranged by using the simulation
tool CloudSim show that LPSO is superior to the general algonthms called Random and
RoundRabin, moreover the deviation between the solution found by LPSO and the optimal
solution is negligible.

Keywords: workflow scheduiing, particle swarm optimization, cloud computing,

299





