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TOM TAT

Ung ding cing ludng céng véc da duoc st dung ong rai trong nkdu cong trinh nghién
ciu khoa loc, day la laai thg ding c6 quy mo pirc tap va theong phai xtr Ii mot lwong dr ligu
rat I6n do \dy cac mdi teong tinh toan phan tan afdién toan i (grid computing), haytién
toanddm may (cloud computing) w¥ng duoc ar dung. Bai toandp lich tr [au da dugc ching
minh la théc l6p NP-complete trong khi mé hinhicth w trén mdi trrong dién todndam may
yéu céu phii tim ra ki giai trong thdi gian ngin dé khach hang khéng phch doi. Bai bao nay
dé xuit thuat toan metaheuristic LPS@ tim kiém phrong an #p lich dra trén plrong phap
Téi wu baydan. Thrc nghém duoc tién hanh trén céngucmd plong CloudSimda ching ©
thuat toandé xuat cho Kt qua tot hon hai thit toanddi ching la PSO, Random va RoundRobin
va Ivi giai tim duoc c6do sai Beh it bé so i |oi giai tdi uu.

Tir khoa 1ap lich ludng cong véc, i uu baydan,dién toandam may.

1.PAT VAN PE

Ludng cong véc (workflow) 1a ot chubi cé thir tu cac tac v (task) co th dugc thuc hign
ddng thi hay tuan tr néu di liéu ddu ra @a tac w nay ladau vao @a tac w ké tiép. Rit nhiéu
rng ding trong cacihh wc khoa lc khac nhawéu yéu éu phii xur [f mot lugng lon dir liéu
dugc t chic theo dng luwng cdng vec. Van d lap lich lwng cdng véc trong méi teong dién
toAndam may ¢ ban chit la tim phrong an anh x nhiing tac w cia luwng céng V¢ 6i cac
may chi ciadam may sao cho dgian xx Ii toan & ludng céng véc & nko nhit, biét ring khbi
lwong tinh toan va yéuia dir liéu cia cac tac w, toc do tinh toan va trudn théng @a cac may
cha l1a khac nhau.

Phan tiép theo @a bai bao coau tric nhr sau. Phn 2 gisi thigu mot sb cong trinh nghién
ctu c6 lién quan & bai toan 4p lich luong cdng vc.Trong plan 3 ching tdi trinh bay md hinh
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li thuyét dé biéu dién mang lyc tinh todn va trign thong ¢a dam may, d¢a trén mo hinh Ii
thuyet nay, pfan IV dé xuat:

(i)  phuong thic moi dé cap nhit vi tri cia ca tik (muc 4.2)

(i)  giai phapdé chuong trinh thoat ra ki vung arc tri dia phrong va di chugn t6i mot
vung noi trong khdng gian tim km (muc 4.3)

(iii) thuat toan Bp lich moi tén |a LPSO (mc 4.4).

Phin V md & céc thrc nghim duoc tién hanh da trén congwmod phéng Cloudsim [1] va
phan tich nfing © li¢u thec nghEm thuduoc. Phin 6 tém &t nhiing ket qua chinh @ia bai bao
va hréng nghién @u < tien hanh tronguong lai.

2. CAC CONG TRINH LIEN QUAN
2.1. Céac hréng tiép can bai toan

Bai toan #ip lich lubng céng véc da duoc ching minh Ia thac I6p NPday du [2] ngHa la
thoi gian dé tim ra bi giai téi uu 1a @t I6n, vi iy d& c6 nhéu giai thuat metaheuristiaiuoc
nghién ¢u nhm tim ra bi giai gan dang trong thi gian ngin. S. Parsa [3}4 d& xuat mot thuat
toan hp lich ntfam i thiéu thoi gian thrc thi trong méi teong leéi tinh toan Grid. J. M. Cope
vadong nghép d& phan tich u ning aia gii thuait FRMTL va FRMAS [4] trong méi trong
ludi tinh toan TeraGrid, 6t dang dic biét coadam maydién toan. A. Agarwalta dé xuat thuat
toan tham lam [5] trondd mbi tac wi duoc gan nét thir tw vu tién dra vao kidi lvong cong véc
cua tAc w, mdi may chi ciing dugc gan nét thir ty vu tién theodc do xu Ii cia may ch saudd
gan cac tacwvao cac may ahtheo céac th ty vu tiénda tinh todn. Cach lam nay cowlt
diém la khién nhing tac w cé mic uu tién thip phai cho doi 1au va B qua yu t toc do truyen
dir liéu gitra cAc may alntrongdam may.

Mot s tac gi khac nlw M.Wieczorek [6]d¢4 nghién ¢u vadé xuat thuat toan hp lich thrc
thi ludbng cong véc theo plrong phap GA (Genetic Algorithm — Thiugiai di truyén), tuy nhién
cac nghién ¢€u [7, 8]da ntin dinh ring phrong phap PSO (Particle Swarm Optimizationdi T
uu baydan) couu thé hon so \6i phuong phap GA khi gii bai toan ép lich ludsng cong wc
trong nhrng moi tirong tinh toan phan tan aH.udi (Grid Computing) haypam may (Cloud
Computing). T. Davidovic va cac cong 84 dé xuét giai thuat |ap lich cho cadrng ding lubng
cong vic trong moi trong da b vi xir I dong nhit theo plrong phap éi uu bay ong [10]. Theo
huéng d6, S. Pandey [83a dé xuat thuat toan theo piong phap PSO rim arc tiéu hoéa chi phi
thuc thi. Thay vi tim pbong an cdng chi phi thre thi tai cAc may ch 1a bé nit, S. Pandeyal
dinh nghia ham mc tiéudé tim phrong an c6 chi phi tkc thi aia may ch tén kém nlit (may
c6 ng chi phi én hon moi may khéac) 1a né nhit so Wi cac plrong an khac. Cach lam nay c6
xu huéng “cao ing” ngha la thién ¢ cac bi giai c6 chi phi thrc thi cia cac may ahla xap xi
nhau. Chang t6i rim thiy, qua Ii thugt va cac tire nghém kiém ching, cach lam nay tiong
khién chrong trinh §m hoi tu vé& nhitng gia ti cuc tiéu dia phrong thay vi tim raec tri toan
cuc. Zahraa Tarek [9] va caémg sr dddé md hinh cho bai toarp lich lubng cong véc trong
moi treong dién toAndam may va thit giai dua theo pkrong phéap di wu baydan (PSO), md
hinh va that giai Zahraa Tarekié xuat ciing trong tr nher S. Pandey [8ita dé xuat, tuy nhién
Zahraa Tarekid thrc hién ayc tiéu hdaddng thoi chi phi thre thi luong cong véc va btng thi
gian thrc hién céc tac .

2.2. Phrong phap Téi wu bay dan
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Phrong phéap éi uu baydan (PSO - Particle Swarm Optimizatiofygc dé xuat boi
Kennedy va Eberhart [12] 1& pbng phap tim Kim tién hoa dra theo hanh;uim thic in theo
dan aia cac loailong vat nhr chim hay ca. Mi céa thé duoc xacdinh hvi 2 tham $ 1a vector v
tri X; = [Xi, Xi2,-..,%u], V& vector dch chugn vi = [Vig, Via,...,Vim], bandau thuat toan § khaoi tao
quin thé véi vector \i tri va vector éth chugn mot cach ndu nhién, sado trong ndi budc lap
cua thuit toan vector gth chuyn v; va vector vtri x, caa mi ca thé 3 duoc cip nhit theo cong
thirc (1) va (2).

vt = axvi* + ¢, randix (pbest- x¥) + crandyx (gbest- x¥) 1)
= x*+ v (2
trongdo
o v, v¥:  vector dch chuygn cua ca thd i & buoc lap k vak+1
o X%t vitriocnacatli ¢ bude lap thr k vak+l
.« w: h¢ sb quén tinh
e C, G hé sb gia B¢
* rand, rand,: cac I¢ sb ngiu nhién trongtoan [0,1]
« pbest: vi tri t6t nhit caa ca tlé i tinh ©i thoi diém hién tai
« gbest vi tri tot nhit cua quin thé

3. MO HINH Li THUY ET

Gia sir cin sip xép lich bigu cho ndt ludng cong véc trong mai trong dam may vi cac
gia thiet nhu sau :
- Ludng cong wc duoc biéu dién bsi d6 thi G=(V, E), \6i V la tap dinh aiadd thi, mbi dinh
biéu thi cho ndt tac w.
- T =Ty, T,..., Ty} 1A tap céc tac w, M 1a & lugng tac w cia ludsng cong véc dang xét.
- Elatip aanh thé hien mdi quan K cha-con gia cac tac w. Canh (T;, Tj) O E cho bét tac w
Ti la cha @a tac w T, dir li¢u dau ra @iaT; € la dir li¢u dau vao cho tacwT; (xem Hinh 1)
- Tap may cli ctaddm may ki lula S =8, S,,....S}, N 1a & lugng may chi caa dam
may.
- MJdi tac w co the duoc thuc thi trén ndt may chii bat ki, may clit d6 phii thuc hién toan
tac w tir dau dén cubi.
- Khéi luong tinh toan (Workload)ua tac w T, ki hiéu & @
W végi don vi do la flop (floating point operations: phép / \
tinh trén $ thuc diu phay dong). W duoc cho tese (i =
1,2, ..M) @ @
- Tbc do tinh toan d@a may chi S , don vi 1a Ml/s (million \ /
instructions/second)duoc ki hiéu boi P(S), 1a gia ti
dugc cho tudée (0i = 1,2, ...M) @
truyen voi bang thong,don vi 1a Megabit/sduoc biéu thi . '
boi ham hai bén B() dugc dinh ngha nhr sau:
B: SxS— R"
(8.8) —B(@SS)

ludbng cdng véc VGi 5 tac .
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- Gia thiét ham ting théng B() tha man cadiéu kién sau:
= B(S,S) = oo thoi gian truyén tai chd bang khong;
= B(S,S) = B(S.S): téc d6 truyén hai chéu bing nhau;
* Giati B(S,S) duoc cho tooc (i ).
- Khéi lugng dr li¢u do tac w T, chuyén t6i tac w T;, ki higu 1aD; véi don vi Ia Megabit, 1a
gia ti cho trae (i ).
- Mai phuong an x%p lich thyc thi lusng céng véc twrong duong i mot hamf()
f:T—>S
Ti — f(Ti)
trongdo f(T;) 1a may cli chiu trach nhdm thec thitacw T,
Tir cac gh thiét trén ta suy ra:
» Thoi gian tinh toanga tac w T; la:

W
P(f(T))
= Thoi gian truyén di lidu giira tac w T; va tac w conT; 1a

D, y
TGN @

(=1,2, ..M) (3

- Bai bado nayinh nghia ham mc tiéu la:Makespan— min trongdé Makespan la i gian
hoan thanh long céng véc, duoc tinh tr khi tac v gbc dugc khoi dong cho &i thoi diém
tac w cubi cungduoc thre hién xong.

4. THUAT TOAN PE XUAT

4.1. M3 hoa ca tié

Theo phrong phap PSOat budc lap thr k, ca ti¢ thir i trongdandugc xacdinh boi vector
vi tri x* (cho bt vi tri hién tai) va vector dch chuygn vi* (cho bét husng dch chugn hién tai).
Trong bai toan &p lich dang xét, hai vectatd déu c6 $ chiéu bing $ tac w trong lbng cong
viéc, ki higu 1aM. Ca vector \ tri va vector gch chuyn déu duoc biéu dién bing diu trac dr
liéu bang kam.
Vi du 1: gia sir ludng cong vec gom tap tac w T = {Ty, Ty, Ts, Ts, Ts}, ddm may codp may chi
S={S, $ &} Khi do ca tit x; dugc biéu dién bing vector v tri [1; 2; 1; 3; 2] chinh la pfong
an )ép lich ma theai6 tac w Ty, Ts duoc bd tri thuc hién boi may chi S, tac w T,, Ts duoc
thuc hién trénS, con tac v T, duoc thuc hién boi S; nhe dudi day

Ty T, T3 Ts Ts
[ s | = ] s | s | = |

4.2. Phrong thirc cip nhit vi tri cia ca thé
Khi &p ding cong tirc cap nhat vi tri cia cé tie (2) vao bai toanap lich dang xét, ching ta

gap mpt van dé. Cac thanh pin aia vector ich chuyn v/ 1a & thyc do cong thc (1) tinh
vector dch chuyn c6 nlirtng tham 6 la $ thuc nhr randy, rand,, ¢;,c,. Nhung vi ip may chi S
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la hiru han vadém duoc nén cac thanh ah cia vector v tri x; phai la s nguyende co th anh
Xa t6i mot may chi ndodoé noi ma tac w trong tng € duoc thuc hién, ching han vector v tri x;
trong vi di 1 ¢6 cac thanh ph lax[1] = 1, x.[2] 2,%[1] = 1,x[4] = 3,x[5] = 2. Hau qua la hal
vé ciia phép gan (2) khacdi nhau, ¢ trai x**'[t] thudc kiéu 5 nguyén con & phai x{t] + vi[t]
thuoc kiéu ) thue.

D¢ giai quyét mau thidn nay, not 6 nghién @u treoc day nhr [7, 8] da lam tron gia irsd
thuc & vé phai roi gan cho bin vi tri x*'[t] & vé trai. Két qua 1a réu gia ti cia vé phai 1a 3.2 thi
phan pli tac w t6i thuc thi ai may chi c6 $ the tu 1a 3, con Au vé phai 1a 3.8 thi tac u
dugc phan cho may eéhcd $ thi ty 1a 4. Cach 1am céavtu nhién nay thre chit 1& gan mit vi tri
dugc tinh toan én than theo chén lugc PSO cho may ¢hma $ thir tw cua né tinh & dlng
bing gia ti nguyén sau khi lam tron. Cach lamuntily da pha lbng qué trinh fin héa tng
budc aia phrong phap PSO.

Dé giai quyét van dé trén, bai bao nagé xuit cach gii quyét nhr sau: gia trthuc caa v
phai (xt] + vi[t]) s8 duoc dé nguyén khong lam tron, coré wai x**'[t] s& dugc gan i dinh
danh @éa may chi cé ¢ do tinh toan §n voi gia tri cia W phai nhat so \6i cac may ch con hi.
Lam nhr vay tac w ¢ dugc gan cho may chco ring luc phu lyp Wi gia tri duoc tinh toan
theo PSO.

xfFt] « jnéu |P(S;) — (xf[e] + vi[e])| < |P(Sy) — (xf[e] + v[e])| VS, € S; ¢
—12.M (5

Vi dy 2: gia thiét tip may cli S trong vi d 1 c6 Bc d6 tinh toanduoc liét ké trong Bing 1 sau
day
Bang 1.Téc do tinh toan da cac may ah

May cha S Téc dd xir Ii P(S) (MI/s)
S 3.1
S, 5.2
S 4.1

Gia sir & buéc thr k+1 ngx* + v = [4.4; 2.1; 6.7 ; 5.6 ; 10.2] thi vector tvi x*** s3 duoc
gan king [3; 1; 2; 2; 2], ndia la ca th d6 twronging Wi phuong an %p lich sauday:
T T T T, Ts
L= | = | = | = [ & |

k+1

That vay, thanh phn thr nhit caa vector v tri, X
s& dugc gan cho may ¢hS; bai vi :

xFTH1] « 3 vi|P(S;) — 44| < |P(S,) — (4.4)| VS, €S

Ngtia 1a trong 3 may ahthi mayS; c6 tc do tinh toan @n voi gia tri 4.4 ntit so \6i
2 may chi con hi, theo king 1, dodo tac w T, duoc gén cho may ¢hS; dé thuc hién, tirc 1a
f(T1) =S, Phép ganuong tr ciing dugc thec hién voi bon tac wa con hi @ T, T3, T4, Ts.

Vén dé tuong tr cling xay ra Wi phép tir hai vector v tri trong cong thc (1): pbest- x; <)
va (gbest- x; 4. Mot sb cong trinh hin c6 nhr [7] [8] chi don gian thuec hign phép tir cac thanh
phan s nguyén éi gan cho may anco $ thir tw twonging. Vi di néu pbest=[2, 4, 3, 3, 5] va

=[1, 3, 2, 1, 2] thpbest- x* =[2-1, 4-3, 3-2, 3-1, 5-2] = [1, 1, 1, 2, 3]. KA gii thich ¢
trén, cach lam nay tit chit 1a gan cac tacwcho ntiing may cli ma $ tha ty caa no tinh &

[1], £ nhan gia ti 3, ngha latacu T,
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dung blng két qua phép tir. Cach lam mang tinh Ag nhién nix vay da pha ling qua trinhitng
budc tiép cin toi vi tri cuc tri coa phrong phap PSO. Bai bao nal¢ xuit mot "phép tir
vector" ap dng riéng cho cong tkc (1) nhr sau. Gd sir:

pbest= [Xi, Xz, ...Xm] VoI Xkd S OK) vax; = [X1, Xz, ...Xm] VoI X0 S (OK)

Khi d6 két qua phép tir pbest - x duoc tinh nhr sau:pbest - X =[y1, Ya,....yw] Vi cac
thanh plny, 1a cac 8 thyc dugc tinh nhr sau

Yk = {P(xik) + W} - {p(xjk) + W} v6ik =1.2,..M (6)

Theo cach tinh nay, cac mayuahroc xép thir tw theo bc do tinh toan va #ng thong aa
nhirng duong truyén két ndi toi n6. Vi du 3 sauddy € minh tpa ax thé hon.
Vi dy 3: Ta tiép tuc ar dung tip may chi trong vi di 2.

Giasrgbest=12,1,2,1,1] =3, 2,1, 2, 1] ;

Vay gbest—x = [y1, Y2, Ya,Yays] V&i y1 dugc tinh nhr sau

B(S,,51) + B(S,,S B(S3,51) + B(S3,S
y, = P(SZ)+ ( 2 1) ( 2 3) _ P(S3)+ ( 3 1) ( 3 2)
3—-1 3—-1

Céach tinhong tr dugc 4p ding cho cac thanh phys, ys ... yscon hi.

4.3. Bién phap thoat khéi cuc tri dia phuwong

Phrong phap PSO néi riéng va cacuphg phap tim Km tién hoa néi chungéi khi bi
mic ket tai cac bi giai cyc tri dia phrong ma khong ththoat radé di téi 10i giai tot hon. Bai
béao nayde XUAt Sir dung phrong phap PSO& hop voi thu tyc tim kiém lan @n dé dinh hréng
cé th tét nhit chuyén sang vung tim Em moi mdi khi chueong trinh b sa vao vinguwe tri dia
phuong.

4.3.1. Thi tuc tim kém lan &in
Tim kiém Ian @n 1a phrong phap tim Kim kit diu tr mot giai phap bandau s cia bai toan
va gr dung cac toanit dé di chuyén sang mit giai phap khac sa bai toan theo ft ciu trac lan

can xacdinh nhim tim ra nét 1o giai tot hon. Bai bdo naydé xuit 2 toan & Exchange va
RotateRight & dung cho qua trinh tim &mn 1an @n (Hinh 2.ava 2.b).

J 3 1 2 3 1
3 1l 2 3 4p1l

Hinh 2.a Toan fr RotateRight.

. Py Hinh 2.k. Toan @t Exchanag.
4.3.2. Giii thugt tim kiem lan @in
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Function LocalSearch (vector i x; )

| nput : vector v itri Xi
Qut put : vector v it xecedf(x ) <f(x ;)

1.Kh sit aobuscl apt 0

2. while ( dgi éuki énl gp)

3.Kh &it aogiatr irng &u nhién trong doan [1, M]

4.x ; « RotateRight(x in"

5.Kh ¢sit ao2giatr ing dunhiénrand ,rand ,trong doan [1,M]
6.X ¢ < Exchange (x ;,rand i,rand )

7. if f(x k) <f(x ;) thenreturn Xk

5. else return x i

6.t ~ t+1

7. End while

End Function

4.4. Thuat toan dé xuit LPSO

Tdng hyp nhing cii tién néi trén, that toandé xuit véi tén gi LPSOdugc mé & nhu sau.

Algorithm LPSO

Input: tap T, ip S, ming W[1xM], mang P[1N], mang B[NxN], mang D[MxM], hing $ K, d6
léch & & ca tié SCT

Output:1oi giai tot nhat gbest

1. Kh &it ao vector v i tri va vector d ich chuy én cuacath & i
mot cach ng  &u nhién

2.Kh sit aobuscl &p t « 0;

3.while (  diéuki énl gp)do

4, for i=1to SCTdo

5. Tinh vector v itri  Xx; theo cbngth uc (5)
6. endfor

7. for i=1lto SCTdo

8. C apnh at pbest;

9. end for

10.C apnh at gbest
11. for(i=1 to SCT do)

12. cdp nhat gbest
13. end for
14 for i=1to SCTdo

15. C  apnh &tvector d ich chuy énv ;¥ theo congth uc (1) va (6)

16. Tinh X; theo (2)

17.end for

18. t++;

19.if (sau Kth éhéma dsl échgi wacac ghbest khdngv uotqua &)
then
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20. gbest = Local Search(gbest);
21 endif

22. end while

23. return gbest

Thuat toan hat dong theo plrong phap PSO thedd tai mdi budc lip cac ca th cap nhit
vi tri cia minh hréng i vi tri tot nhit cia @ quan thé (gbest)ddng thdi c6 dra trén kinh
nghiém c& nhan (pbeyt Néu sau Kt hé lién tiép ma & quan thé khéng i thién duoc mot
cachdang K gia ti gbest (ntc chénh khéngwot quag) thi ching © quan thé dang i tu tai
mot cuc tri dia phrong. Khido tha tuc LocalSearchiuge goi tim ra cé th gbest ndi va céa tit
nay € di ar ca quan thé téi mot vang khéng gian i, tai d6 qua trinh tim Kim duoc tai khoi
dong.

Diéu kién lap caa thuit toan ching téits dung gai phap ma cac @i thuat tlen héa throng
ap ding d6 la dat mot nguong Hi da, khi qua trinh &in hoa ca qLﬁn the dat toi sb thé hé vuot
qué gia tr ngudng dadinh thi qua trinh tim Em két thac. Trong phn thyc nghém tiép theo gia
tri ngrdng cho 6 thé hé 14 300, gia trK duoc dit 14 10 vado léch € duoc 4ndinh 14 0,21.

Do phirc tap aia thuit toan LPSO. Tudc khi thee hien thuat toan chinh LPSO taan phai
sap xép cac may ci thuc thi theo thr tu tang din cia ¢ do thuc hién, giai thuat Sap xép cOdd
phac tap vé thoi gian 1a O(n.log(n)), th tuc tinh ma tin thoi gian thrc thi cia Mdi tac wi trén
cac may ch codo phic tap thoi gian tinh toan l1a O(MN); voi M 1a sb tac wi, N 1a $ may chi.
Tha tuc tinh ma tin thoi gian truyén d liéu gita cac may ol cé do phic tap tinh toan la
O(NZ) Trong thit toan LPSO thi tituc khoi tao s khai tao cac ca té caa quin thé mot cach
ngau nhién, ndi ca tkt duwoc ma hoa bi mot véc b do dai M do vy do phac tap aia thi tuc
khoi tao 1 O(MXSCT) ; Wi SCT 1a § ca tté trong qan thé, trong thrc nghém chidng toi &
dung SCT la 100. Ham tinh &hgian thrc hién (makespan)i@ mbdi phuong an ¥p lich la
o(M?).

Thi tuc RotateRight cdd phac tap 1a O(M), thi tuc Exchange cd6 phic tap 1a hing 9,
do WAy tha tyc tim kiém lan @n LocalSearch cdo
phac tap la O(M).

Trong bai toandp lich lwbng céng véc thuong
sb tac w lon hon 5 may chii (M > N) do \ay do phic
tap cia thuit toan LPSO la (&thé he )x O(M?).

Dadta Aggregation

/Data Partitioning

5. THUC NGHIEM

Data Aggregation

5.1. Phan nhom dk liéu thwc nghiém

Dit liéu sr dung trong cac tirc nghiém bao gm: Pipcline

« Dit liéu V& téc do tinh toan aa cac may o va
béng th6ng g]i’a cac méy ol duoc |€'1y tr cac mProjectPP {{ ¥mDiffFit | mConcatFit| mBgModel
cong ty cung dp dich w cloud [14] vadja cH ™™ mAd TomSink o mipEG
website bttp://aws.amazon.com/ec2/pricing).

« Dit liéu ludng coéng véc duoc liy tir cac 1§ dit
liéu thir nghiém dugc xay drng theodé tru mat
khac nhau va céc dmg coéng vec tir cacung

mBackground

Hinh 3 Ludng cong véc Montage i
20 tac w.
(http://montage.ipac.caltech.edu)
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dung thyc € nhr ing ding Montage [15]

« Nhitng dit liéu d6 dugc t6ng hop lai va chia thanh hai nhém, nhém 1 1a céaénig cong véc
ngau nhién i sy khac nhau & hé sd a, nhém 2 1a cac kbng coéng wvéc tir tng ding
Montage (Hinh 3).

_ |E|
=
Mx (M —1)/2

Tham $ a cho bét db thi G phan thanh bao nhiédp; mbi cap cé nhéu hay it tac v, néi cach

khaca phan anhdé tro mit caadd thi G. Khi lam thrc nghém v6i mdi nhém, $ may chi va $
tac w duoc giit 66 dinh con ¢ 1¢ a lan hrot thaydéi nhu trong cac Hinh 4,5,6,7.

5.2. Tham $ ciu hinh hé théng

Cac tham & ciu hinh @iadam mayduoc thiét lap trong mén gia ti nhr sau:
«  Tdcdd tinh toan P a cac may aln  tir 1 ¢én 250 (million instructions/s);
+  Khdi lugng dit ligu D giita cac tac w: tir 1 dén 10000 (Mega bit);
« Bing thdng gka cAc may anB: tir 10dén 100 (Mega bit/s);

« Hé s quan tinh: w=0,729;

« Hé ) gia be: C1 = C, = 1,49445;
e Hing$: K = 30;

« Shcath SCT SCT= 25;

« Doléche: 0,21,

s tr 0,2 6i 0,7.

5.3. Qua trinh tién hanh thyc nghiém

Dé kiém ching thuit toandé xuat LPSO ching t6ia sr dung cong @ mo ptong Cloudsim
[1] dé tao lap méi teong dam may Kt hop Vi dit liéu lubng céng véc caa tng ding Montage
[18]. Cac ham ga goi thr vién Jswarm [1ldugc Sr dung dé thuc hién cac plrong thic Tdi wu
bay dan. Bdi tugng so sanh 1a th toan PSO_H [8], thil toan Random [11] va t#titoan
Round Robin [13].

Cac chrong trinh mé phng duoc viét bing ngdn ng Java va chy trén may tinh ca nhan
véi bo vi xir I Intel Core i5 2.2 GHz, RAM 4GB, éhdiéu hanh Windows 7 Ultimate. Tie
nghiém duoc tién hanh mt cachdoc lap 30 Bn trén ndi bo dit liéu thec nghim.

5.4. Két qua thuc nghiégm
Hinh 5, 6, 7, 8, 9 cho ily sy chénh ¢ch \é thoi gian X |i (makespan)ia bi giai tét nhat
ma thuit toandé xuat LPSO va cac thi toanddi ching (PSO_H, Random va Round Robin) tim

dugc khi chay trén cac B dit lisu khac nhau thic ci 2 nhém ldng céng véc ndiu nhién va
ludng céng véc tir rng ding Montage.
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Bang 2 Két qua thuc nghim cho céc b dit liéu ndiu nhién.

Bo dix Random Round Robin PSO H LPSO
liéu STD Mean | Best STD Mean Bejt STD Mean Best STD Maan Best
T532 5.6 20.8 12.6 - 18.7 187 4.7 9.9 6.B 0/0 6.8 6.8
T534 16.4 101.5 78.8 - 87.2 87p 4.3 77.1 78.3 1.84.7 73.3
T1031 | 3.2 28.6 21.4 - 33.1 33 2.4 20.4 164 15821 | 16.2
T1034 | 3.7 29.7 22.1 - 28.6 28p 1.4 22.9 19.7 10152 | 19.6
T1051 | 3.7 27.0 19 - 23.7 23F 1.8 19.5 144 1|0 617 14.8
T1054 | 3.4 27.4 20 - 25.2 25p 2.0 20.7 179 0]9 019| 17.7
T2031 | 6.9 66.2 50.7 - 72.2 72p 5.4 41.2 3.2 15413 | 31.2
T2034 | 7.9 65.6 47.4 - 77.3 778 4.7 41.9 3.2 156.23 | 34.0
T2051 | 6.8 59.0 45.8 - 71.9 71Pp 5. 41.Q 296 31423 | 285
T2054 | 7.4 59.7 45.3 - 71.9 71Pp 3.6 43.2 359 326.03 | 30.9
T2081 | 3.9 63.3 56.3 - 72.7 721 5.2 44.2 350 27783 | 32.3
T2084 | 6.8 67.6 51.6 - 72.0 72p 6.1 44.7 311 27933 | 34.8
Bang 3 Két qua thuc nghém cho céc lang cdng véc tir rng ding Montage.
Bo dix Random Round Robin PSO H LPSO
liéu STD | Mean | Best STD Mean| Best STD Mean Begt STD Mean  Best
M2031 | 48.6 482.5 354.6 - 491.8 491 .B 36.6 337.3 .25p 11.7 | 242.8 229.5
M2032 | 8.5 161.9 140 - 162.7 162.Y 4.9 142|1 130.6.6 3 128.4 122.7
M2033 | 33.2 485.6 435.2 - 491.8 491 B 16.7 4849 512§ 7.2 459.5 427.5
M2051 | 9.0 156.9 143.8 - 146.6 146.p 5.4 132 123.8.3 3 123.4 118.7
M2052 | 38.0 337.3 264.2 - 356.1 356.1L 235 257.5 .48p18.6 | 195.6 180.4
M2053 | 44.6 540.2 450.2 - 448.8 448.B 10.9 461.1 .144p9.3 437.7 421.4
150 40
100 33
50 mSTD 10 mSTD
0 = MEAN 0 = MEAN
O o Q@o S BEST & ©o° &é&\ @0& BEST
DR SR DR SR N
< <
Hinh 4 Két qua thuc nghBm voi bo dit liéu T534.  Hinh 5 Két qua thuc nghém véi bo dir liéu T1031.
30 80
20 60
40
10 mSTD 50 mSTD
0 H MEAN 0 B MEAN
& o5 & 5 BEST & o & & BEST
A2 MR S ™ o N <&
N3 2 > ] ? >
& & & &

Hinh 6 Két qua thuc nghim vai bo dit liéu T1051  Hinh 7. Két qua thuc nghim vai bo dit liéu T2051.
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500
400
300
100 ® MEAN
0
BEST
) &0
c, AN
NI ®°b° %60
& (\6
0\)
&

200
150
100
50
0
0 RS
o7 F P
L (\b
S
%0

mSTD
= MEAN
BEST

Hinh 8.Két qua thuc nghim vai bo dit liéu M2031. Hinh 9 Két qua thuc nghém véi bo dir liéu M2051.

Cac thdng & 6 Bang 2 va 3 cho tly thuat toanduoc kiém ching trén nhdu bo di lidu khac
nhau & qui mé @a ludng cdng véc (& tac wu M va $ may chir N) vado trd mat o caa do thi
lién két G. Két qua thyc nghém cho thy trong Hiu hét cac taong hyp thuat toandé xuit LPSO
déu cho bi giai tét hon cac that toan PSO_H, Random va Round Robina 3 tham 6 1a do
léch chudin, gia ti trung binh va gia irtét nhit. Ching t6ida tién hanh that giai vét an trén
mot sd bo dit liéu thee nghém dé tim 1oi giai ti wu tuyet ddi va so sanh&i gia tri tot nht tim
dugc boi thuat toan LPSO & qua duoc trinh bay trong Bng 4, bi giai tét nhit tim duoc boi
thuat toan LPSO c@o chénh so &i gia tri toi vu tuyét di tir 100%dén 105%.

Bdng 4 So séanh gia ttdi vu timduoc boi thuat toan LPSO va thii toan vét an.

Bo dir ligu | Gia tr toi wu timduoc Gia tri toi wu timduoc Po chénh
bang thiit toan vét gn bang thiit toan LPSO
T532 6.8 6.8 100 %
T534 73.3 73.3 100 %
T1031 16.2 16.2 100 %
T1034 19.3 19.6 102 %
T1051 14.3 14.8 103 %
T1054 16.8 17.7 105 %
M2032 119.8 122.7 102 %

6. KET LUAN VA HUONG PHAT TRIEN

Bai bao nayda trinh bay rat giai thuat tim kiém theo phrong phap Bi uu baydande tim
61 giai gan dlng cho bai toarap lich thrc thi luong cong véc trong mai teong di¢én toandam
may. Nhing két qua chinh @m co:
- D& xuat mot phuong thrc msi dé cap nhit vi tri cia ca tit bing cach anhamot gia ti thuc
toi may chi c6 6 do tinh toan va #ng théng gn véi gié tri d6 nhat.
- Dé xuat cong thirc tinh vector ith chuyn aia cé ti thir i theo gia tr gbest va Ibest
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D¢ xuat thu tuc LocalSearchié chrong trinh thoat ra ki cuc tri dia phrong bing céach
chuyén cac ca thtgi mot mien khéng gian tim Kim méi.

D¢ xuat thuat toan LPSO & dung phrong thic cip nhit vi tri ca tié va thi tyc LocalSearch
dé tim kiem loi giai cho bai toandp lich thrc thi luong céng vc trong moi teong dam

may.

Nhitng ket qua thuc nghém duoc tién hanh i nhiéu bd dit liéu thec nghém khac nhaudta

ching © chit luong i giai tim duoc boi thuat toandé xudt tot hon so 6i cac thit toanddi
ching la thidt toan PSO_H, thit toan Random va tltitoan Round Robin. &huéng cong wc
tiép theo, ngoai haidu t hién nay la kinh ngléim ca nhan (pbest) va kinh nghi tir quan the
(gbest) ching téiwdinh dwa thém vao §u t kinh nghém cia cac ca t&ltrong ndt 1an én xac
dinh theo frgc d6 Ring, Von Neuman i@ Stardé cip nhit vi tri msi cho ndi ca té nhim dat
dugc loi giai c6 chit luong Ht hon.

10.
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ABSTRACT

LPSO: AN EFFICIENT ALGORITHM SCHEDULING OF SCIENFIC WORKFLOWS
IN CLOUD COMPUTING

Toan Phan TharthLoc Nguyen The Cuong Nguyen Dodn

Faculty of Technology Education, Hanoi Nationaiwémsity of Education, 136 Xuan Thuy, Hanoi
“Faculty of Information Technology, Hanoi Natiohhdiversity of Education, 136 Xuan Thuy, Hanoi

¥Institute of Information Technology, Military Instie of Science and Technology,
17 Hoang Sam, Cau Giay, Hanoi

"Email: pttoan@hnue.edu.vn

The key factor which rules the cloud’s performaiscthe workflow scheduling, one of the
well-known problems have proven to be NP-complbtany algorithms in the literature have
been targeting the workflow scheduling problem, bear, handful efficient solutions have been
proposed. This paper proposes a metaheuristicithigorcalled LPSO, which based on the
Particle Swarm Optimization method. Our experimewmsich arranged by using the simulation
tool CloudSim show that LPSO is superior to the egah algorithms called Random and
RoundRobin, moreover the deviation between thetisolfound by LPSO and the optimal
solution is negligible.

Keywords:workflow scheduling, particle swarm optimizatiohgwd computing.
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