Cdc céng trinh nghién ciru, phdt trién va vmg dung CNTT-TT

Tdp V-2, S6 14 (34), thang 12/2015

Thuét toan lap lich ludng cong viéc trong moi
treong dién toan dam may dua trén chién lwogc
toi wu bay dan

A Particle Swarm Optimization-Based Workflow Scheduling Algorithm
in the Cloud Environment

Phan Thanh Toan, Nguyén Thé Lc, Nguyén Doin Cuong, P6 Nhu Long

Abstract: Workflow is the series of tasks that are
necessary to complete a goal. Workflow scheduling,
the most important problem which the cloud
controllers deal with, focuses on mapping and
managing the execution of tasks on servers so that the
expenses is the minimum. In this paper, we build a
workflow scheduling framework which run on the
cloud computing environments. In order to solve the
mentioned problem, we propose a PSO-based
algorithm for scheduling workflow tasks in the cloud
environments so that the total cost is minimized.

Keywords:  workflow  scheduling,  workflow
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I.GIOI THIEU

Pién toan dam may 1a su tich hop cua nhidu cong
nghé thudc linh vuc cong nghé thong tin va truyén
thong, moi treong dién toan dam may cho phép nguoi
st dung truy cap mot cach thuén tién, nhanh chong
dén cac tai nguyén tinh toan (may chu, thiét bi luu tri,
cac ung dung, cac dich vu...), dién toan dam may la
mo6t md hinh phan tan khong dng nhat vai su tap hop
cia nhiéu may tinh lam viéc trén moi trudng mang
internet nham tan dung sicc manh chung cua hé thng
trong cac ung dung lén. Mot trong sb cac ung dung
pho bién nhét trong moi trudng dién toan dam may 1a
bai toan ludng cong viéc (tir dy viét tat 1a workflow),
hiéu ning cia cac trung tim dién toan phu thudc rat
nhiéu vao viéc sip xép cac tac vu trong ludng dé thuc

thi trén cac may tinh trong méi truong dam may nham
hoan thanh ludng cong viéc mot cach “t6i wu” nhat.

Noi dung ciia bai bao gdm nhitng phan chinh sau
day. Phan | gii thiéu bdi canh thuc té tai trung tim
dién toan dam may noi cung cip dich vu workflow.
Phan II trinh bay mot s6 cong trinh lién quan va cac
han ché, Phan III phat biéu bai toan va xay dung mo
hinh toan hoc bai toan tdi thiéu chi phi thyc thi ludng
cong viéc trong moi truong dién toan dam may. Phan
IV gioi thiéu thuat toan d& xuat. Phan V dé kiém
chang hiéu ning cua thuét toan dé xuit, ching t6i da
thuyc hién cac thyc nghiém trén nhiing ung dung
workflow trong moéi truong ddm may thong qua cong
cu md phong CloudSim [1]. Cac két qua dwoc thu
thap va so sanh véi giai thuat PSO Heuristic [2] va 2
giai thuat I1ap lich co ban la giai thuat Random [3,4] va
Round Robin [5].

I1. NHUNG CONG TRINH LIEN QUAN

Bai toan 1ap lich ludng cong viéc da dugc chimg
minh 1a thudc 16p NP-day dii [6] nghia 1a thoi gian dé
thuat metaheuristic dugc nghién ctru nhdm tim ra 16i
giai gan ding trong thoi gian ngén. S. Parsa [7] da dé
xuat mot thuat toan 1ap lich nham t6i thiéu thoi gian
thuc thi trong moi truong ludi tinh toan Grid. J.M.
Cope va dong nghiép di phan tich hiéu ning cta giai
thuat FRMTL va FRMAS [8] trong mdi truong ludi
tinh toan TeraGrid. A. Agarwal da dé xuét thuat toan
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tham lam [9] trong d6 mdi tac vu dugc gan mot thir tw
wu tién dua vao khoi lugng cong viéc cua tac vu, mdi
may chu cling dugc gan mot thir tu wu tién theo tde do
xUr Iy cia may chu sau d6 gan cac tic vu vao cac may
chu theo cac thur ty vu tién da tinh toan. Cach lam nay
¢6 nhuge diém 1a khién nhitng tdc vu c6 muc uu tién
thip phai chd doi 1au va bé qua yéu tb toc do truyén
dir liéu gitta cac may chu trong dam may.

Mot sé tac gia khac nhu M.Wieczorek [10] da
nghién ciru va dé xuat thudt toan 1ap lich thyc thi
ludng cong viéc theo thuat toan di truyén (Genetic
Algorithm - GA), tuy nhién cac nghién curu [11,12] da
nhan dinh ring phuong phap PSO (Particle Swarm
Optimization - Téi wu bay dan) c6 wu thé hon so véi
phuong phap GA khi giai bai toan 1ap lich ludng cong
viéc trong nhiing moéi truong tinh toan phén tan nhu
Luéi (Grid Computing) hay Pam may (Cloud
Computing). Theo huéng d6, S. Pandey [12] da dé
xudt thudt toan theo phuong phap PSO nhim cuc tiéu
hoa chi phi thyc thi ludng cong viéc. Thay vi tim
phuong an c6 tong chi phi thyuc thi tai cac may chi 1a
bé nhit, S. Pandey lai dinh nghia ham muc tiéu dé tim
phuong an c6 chi phi thuc thi ciia may chu tén kém
nhit (may cé téng chi phi 16n hon moi may khac) la
nho nhat so voi cac phuong an khac. Cach 1am nay ¢
xu huéng “cao bang” nghia 1a thién vé cac 10i giai co
chi phi thyc thi ctia cac may chu 1a xp xi nhau. Ching
t6i nhan thiy, qua 1y thuyét va cac thuc nghiém kiém
ching, cach 1am nay thudng khién chuong trinh sém
hoi tu vé nhitng gia tri cuc tiéu dia phuong thay vi tim
ra cuc tri toan cuc.

I11. BAI TOAN TOI THIEU HOA CHI PHi

Chung t6i phat biéu bai toan nhu sau: gia sir can sip

xép lich biéu cho mot ludng cong viéec gdbm m tac vu

(task), trong mot moi truong dién toan dam may voi

cac yéu cau nhu sau :

- Ludng cong viéc gdm co6 M tac vu

- Cac tac vu c6 quan hé thtr ty trudc sau

- MBOi tac vu can mot khdi lugng dir lidu vao va sé
Xuét ra mot lugng dir li€u xac dinh
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- Ludng cong viéc chi c6 duy nhat mot tac vu gdc

- MB0i trudng thyc thi ludng cong viée 12 méi truong
dién toan ddm may voi N may chu tinh todn va K
may chu luu trix

- MBOi tac vu c6 thé dugc thyc thi trén mot may chu
bat ki va chi duoc thyc thi trén mot may duy nhat

- Chi phi cia mdi may chu thuc thi va may chi luu
trit dir liéu déu tinh theo mot don gia do nha cung
cap dich vu 4n dinh

Ky hiéu

- Téap cac may chu S = {Sy, S,,....,Sn}

- Ludng cong viéc duoc biéu didn boi mot dd thi
G=(V, E), voi V ={T, T,,...,Tm} la tap cac dinh,
mdi dinh biéu thi mot tac vy, E 1a tap canh thé
hién méi quan hé giira cac tac vu. Canh e =(T;, T))
€ E c6 nghia la tac vu T; 1a cha cua tac vu Tj, no
s& duoc thuc hién trudc, sau d6 chuyén cho tac vu
T; mot khéi lugng dir liéu lam dau vao cho tic vu
T;

N

O,
o

e

CN

Hinh 1: D) thi ludng cong viéc voi 5
tac vu

- Khéi luong tinh toan (Workload) cua T; ki hiéu la
Wi, don vi do 1a flop (floating point operations- phép
tinh trén s6 thyc dau phay dong)
- Téc dd tinh toan (don vi flop/s) cua may S; dugc ky
hi¢u boi P(S;)
- bon gid cude tinh toan (don vi dolar/flop) ctia may
Si dugc ky hiéu 1a E(S))
- Mbi cip may chu S;, S; (1<i,j<N) déu c6 mot kénh
truyén két ndi ching, bang thong cua kénh truyén ki
hiéu 1a B va 1a mot ham sé:

B:SxS->R"
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S S) > B(Si, S)
Ham B thoa min céc diéu kién sau:
e B(S;, S) = o (chi phi truyén tai chd bang 0)
L4 B(Si, Sk) + B(Sk, SJ) < B(Si, SJ)
° B(Si, Sj) = B(SJ‘, S.)
Tap gid tri cia ham bang thong B( ) gitra cac may chu
dugc cung cip boi nha cung cdp dich vy va dugc biéu
dién duéi dang Bang 1

Bdng 1. Bang thong gitka cdc may chu

B 1 2 N
B(1,1)= | B(1,2) B(1,N)
B(2.1) B(2,2)=

N BND | BND) BNN)=

- Khéi luong dit lidu truyén tir T; téi T, duge ki hidu 1a
Dix duoc cho bai Béll’lg 2.

Bdng 2. Khéi lwong dir liéu gitra cac tdac vu

D 1 2 M

1 | Du Dy, Din

2 D21 D22—

M | Dna Dne Dnn =

- Pon gia cudc truyén théng (don vi 1a dolar/bit)
giita 2 may dugc ki hiéu 1a C va 1a mot ham s6
C: SxS->R*
(Si, S) > C(Si, Si)
Ham C( ) théa man diéu kién: C(S;, Sx) = C(Sk, Si)
- Mbi phuong an xép lich thyc thi ludng cong viéc 1a
mot anh xa
f:T->S
T -> f(Ty)
f(T;) 1a may chu chiu trach nhiém thuc thi tic vu T;.
Tu d6 suy ra:
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W.
e Thoi gian tinh toan cua tac vu T; la: ————— (1)
P(f(T;))

(i=1,2, ... M)
e Chi phi tinh toan cua tac vu T; 1a: Wix E(F(T)) (2)

e Thoi gian truyén dir lidu giira tac vu T; va tac vu
conTyla

Dik (3)

B(f(T;) f(T,))
e Chi phi truyén thong giita tic vu T; va tac vu con Ty
la: DyxC(f(T5), f(Tx)) 4)

Chi phi thyc thi T; trén may chii f(T;) bang chi phi
tinh toan cong voi tong chi phi truyén thong giira cac
tac vu T; voi T trong d6 céac tac vu T; 1a cac tac vu cha
cua tac vu T;. Chi phi thyc thi toan b luéng cong viéc
1a tong chi phi thyc thi tat ca cac tic vu trong ludng.
Chung ta dat ham muc tiéu la:

M
Z Ika

k=1

M

W, x E(F(T,)))+ ), £(T, )= Min  (5)

Mz

N
[N

V. THUAT TOAN PE XUAT

Dua trén méd hinh toan hoc da dé xuét & muc III
néu trén, ching toi dé xudt mot giai thuat tim kiém
theo kiéu bay dan PSO. PSO la chién luoc tim kiém
tién hoa dé xuét boi R. Eberhart va J. Kennedy [13],
trong d6 mdi ca thé ludn co xu hudng dich chuyén téi
vi trf tbt hon dya vao kinh nghi€m cua ca nhan va kinh
Giai  thuat
Scheduling Heuristic ciia chung t6i dugc md ta chi

nghié¢m cia ca quan the.

tiét nhu sau.
1) Trude hét ching ta biéu dién mdi ca thé trong quan
thé boi 2 thanh phan co ban 1a véc to vi tri va véc to
dich chuyén. Véc to vi tri ¢o sb chiéu bé“mg sb tac vu
trong luéng cong viéc va dugc mo ta nhu mot cAu tric
dir liéu bang bam:

Hashtable<Task, Integer> position
Véc to dich chuyén cling dugc biéu dién nhu mot ciu
tric dit liéu bang bam:

Hashtable<Task, Double> velocity
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Vi du: xét ludng cong viée gdm 5 tac vu T1, T2, T3,
T4, T5 va 3 may chi PC1, PC2, PC3 khi d6 mot ca thé
duoc ma hoa nhu sau :

Bing 3. Minh hoa cich md héa cd thé

T T, Ts T, Ts

PC, PC, PC, PCs PC,

Nghia 1a tac vy T1, T3 dugc thuc hién boi PC1, con
tac vu T2, T5 duoc thuc hién bdi PC2 va tac vu T4
thuc hién trén PC3.

2) Ma hoa tac vu: mdi tac vu duoc xac dinh boi 3
dai luong: (i) s6 1énh can thyc hién (ii) kich thudc dit
lidu d4u ra cua tac vu va (iii) danh sach cac tac vu phu
thudc, danh sach cac tic vu nay duoc biéu dién nhu
mdt cdu tric danh sach ArrayList

3) Biéu dién cac dit liéu vé chi chi thuc thi cac tac
vu trén cic may chii, chi phi truyén thong gitta cac
may chu va khéi lugng dir liéu vao/ra gilta cac tac vu
e Chi phi thyc thi cac tac vu trén cac may chu dugc

biéu dién nhu mdt ma tran va ta su dung cAu tric

bang bim nhu sau dé luu trit chi phi thuc thi mot

tac vu trén mot may chu.
Hashtable<Task,Hashtable<Host,Double>>
TH_matrix;

Bing 4. Chi phi thyc thi T; trén mdy PC;

PC1 PC2 PC3

T, 1.23 1.12 1.15

TP[5 T, 1.17 1.17 1.28
x3] Ts 1.13 111 111
T, 1.26 1.12 1.14

Ts 1.19 1.14 1.22

e Chi phi truyén thong giita cac PC dugc biéu dién
nhu mot ma tran va ta cling st dung mot cAu trac
bang bam nhu sau dé luu trix :

Hashtable<Host,Hashtable<Host,Double>>
HH_matrix;
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Bdng 5. Chi phi truyén théng giiza cac PCj

PC1 PC2 PC3
PC, 0.17 0 0.22
PC; 0.21 0.22 0
Trong do:

PP[i,j]=chi phi truyén thong giita PC; va PC; (don vi

dolar/Mb)

e Dir liéu vao/ra gilra cdc tic vy trong ludng cong
vi’éc duoc biu dién boi mdt ma trén va ta st dung
cau trac dir liéu bang bam nhu sau d¢€ luu tri :

Hashtable<Task, Hashtable<Task,Double>>

edge_weight

Bdng 6. Kich thudc input/output cua task i

total total

DSta1314 data | DSys data
[2x2] Input 10 | [2x2] | Input 30
Output 10 Output 60

Trong do Input 14 dir li€u vao, Output 1a dir li¢u ra cua
cac tac vu (don vi MB)

Thudt todn dé xudt nhw sau:

Input: .

- Luong céng viéc gdm n tac vu

- Chi phi thuec thi cac tac vu trén cac may chu (bang 4)
- Chi phi truyén thong giira cdc may chi (bang 5)

- Khéi lugng dir liéu vao/ra gitra cac tac vu (bang 6)
Output: phwong an lap lich cuc tiéu hoa chi phi thuc
thi ludng cong viéc theo ham muc tiéu & cong thirc (5)
Algorithm Scheduling_Heuristic

1. Tinh ma tran chi phi thyc thi cac task trén cac host
2. Tinh ma trén chi phi truyén thong gitra cac host

3. Tinh ma tran khdi luong dir lidu vao/ra giita cac
task

4. Khéi tao danh sich céc task san sang la danh sach
tat ca cac task

5. Khoi tao danh sach céc task chua 1p lich 1a danh
sach tat ca cac task

6. repeat
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7. foreach t; in readyTasks do

8. Gan t; cho thyc hién bai PC;j theo thuat toan
PSO_Algorithm

9. end for

1Q. Cho xur Iy cong viée (phu thudc dir liéu dau vao va
dau ra gitra task cha-con).

11. Cap nhat lai céc task ¢ trang thai “ready”

12. Céap nhat lai chi phi giao tiép giita cac tai nguyén
theo trang thai mang hién tai.

13. Tinh todn PSO({t; }).

14. Until khong c¢6 task chua dugc lap lich.

end procedure

So d6 thuit toan Scheduling_Heuristic

BEGIN

Tinh cac ma tran chi phi dau vao

v

Khoi tao cac task

y

sai
Con task chua

l1ap lich?

PSO_Algorithm(readyTasks)

'

Xu 1y cong viéc(phu thudce dir
liéu vao/ra gitra cac task cha-con)

Céap nhat cac task o trang thai ready

A 4

Cép nhat lai cac chi phi

v

END
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Thuat toan thyc hién tinh toan cac ma tran chi phi thyc
thi cta céc tac vu trén cac host, ma tran chi phi truyén
thong gifra cac host va ma tran dir liéu vao/ra gitra cac
tac vu cha-con, sau d6 khoi tao ngdu nhién quan thé
v6i sb ca thé xac dinh, va thuc hién viéc gan cac tac vu
vao cac host sau d6 s& cuc tiéu héa cac chi phi theo
ham muc tiéu dat ra.

VI.KET QUA THUC NGHIEM

Pé thyc hién md phdéng viéc lap lich workflow
trong mdi truong ddm may, chung to6i cai dat gidi thuat
Scheduling_Heuristic bang ngdn ngit Java voi su tro
giup cua goi thu vién JSwarm [1,14] va cong cu md
phong CloudSim [1]. Hinh 2 cho thiy két qua thuc
nghiém dugc so sanh gilta gidi  thuat
Scheduling_Heuristic véi 3 giai thuat: PSO_Heuristic
[ 2], Random [3,4], RoundRobin [5] voi dir liéu tinh
toan dudi day.

Bdng 7. Ma trdn dir liéu TP, PP, DS cho b¢ dir liéu Test

PC1 PC2 PC3
T, 0.1*25 | 0.2*25 0.3*25
T, 0.1*25 | 0.2*25 0.3*%25
TP[5x3]
T3 0.1*25 | 0.2*25 0.3*%25
T, 0.1*25 | 0.2*25 0.3*%25
Ts 0.1*%25 | 0.2*25 0.3*%25
PC1 PC2 0.3*%25
PC, 0 0.1 0.1
PP[3x3]
PC, 0.1 0 0.1
PCs 0.1 0.1 0
Data DS DataSiz
DSto7374 Size [2xT25] e (MB)
[2x2] Input | 10 - Input 30
Outp | 10 Output | 60

Gia tri & bang trén duoc lay tir bang gia st dung dich
vu cua Amazon EC2 [ 15] cho céac tai nguyén trong
pham vi 1.18$ - 1.288%/gio

Céc tham s6 giai thuat :

S6 ca thé = 25; s6 thé hé = 30; sb 1an lap = 30;

Trong sd quan tinh w = 0.85 va hé s6 gia toc C1 =1.5
vaC2=0.5
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Bing 8. Két qua tinh todn chi phi thic thi workflow sau 30

lan chay

Lan | Scheduling PSO_ | Rando | Round

Lip _Heuristic | Heuristic m Robin

30 12.500 18.500 46500 40000
50000
45000
40000
35000
30000
25000
20000
15000
10000 - M Cost
z

0 ;
g \g & &
& & 0 0
N & &
Qg" \>\oz,° & Q(\Sz‘
$§& el @
D
L,&

Hinh 2. Chi phi luong céng viéc tim dwoc qua cdc gidi
thuat

Nhén xét

Thyc nghiém dugc tién hanh trén nhitng sb liéu
thyc t& vé chi phi xir Iy dit liéu va chi phi truyén thong
tin gitta cac vi tri dia 1y khac nhau. Nhitng s liéu nay
dugc thu thap va cung cap boi cong ty Amazon [15],
nhin chung két qua thuc nghiém di khing dinh hiéu
qua vuot troi cua giai thuat dé& xudt so voi cac giai
thuat dbi sanh.

Cu thé, giai thuat d& xuét Scheduling_Heuristic
cho két qua phu thudc vao viéc thiét 1ap cac hé sb
quan tinh w, hé s6 gia tdc Cy, C, Trong bai bao nay
chung t6i d sir dung céc trong s6 quéan tinh w = 0.85,
hé sb gia tbc C, = 1.5 va C, = 0.5, két qua dugc thir
nghiém véi s6 ca thé 1a 25, sb lan lap 1a 30 lan, nhu
bang két qua d chi ra chi phi cta luéng cong viéc tinh
toan dugc badi thudt toan Scheduling_Heuristic co gia
tri thép nhét so v6i cac thuét toan Random, Round
Robin va PSO_Heuristic.
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V.KET LUAN

Bai bao da xdy dung mot mo hinh toan hoc cho
bai toan ludng cong viéc trong méi trudng dién toan
dam may nham cyc tiéu hoéa chi phi thyc thi ludng
cong viéc, day 1a yéu cau hét stc can thiét trong moi
truong dién toan dam may vi dién toan dam may la
mot moi truong dich vu tich hgp dugc cung cép boi
cac nha cung cap dich vu va nguoi s dung phai tra
chi phi cho cac dich vu ma ho su dung. Déng thoi
chung t6i da d& xuat mot giai thuat 1ap lich heuristic
dwa trén chién lugc tdi wu bay dan va cai dat thu
nghiém trén méi truong md phong cloudSim, két qua
chi ra viéc tinh toan chi phi tdt hon cac thuat toan da
c6 nhu Random hay Round Robin va PSO_Heuristic.
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