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THUAT TOAN NHANH CAN GIAI BAI TOAN LAP LICH LUONG CONG VIEC

Phan Thanh Toan', Bang Quéc Hitu? va Nguyén Thé Loc®
'Khoa Sw pham Ki thugt, Truong Dai hoc S Pham Ha Ngi
*Trung tam C6ng nghé thong tin, Truong Pai hoc Thuong mai
*Khoa C6ng ngh¢ Thong tin, Truong Dai hoc Su pham Ha Ngi

Tém tit. Dién toan dam may 1a mot mdi truong dich vu dua trén nén tang cong nghé thong
tin va truyén thong, moi tai nguyén trén hé thong déu duoc cung cap cho nguoi s dung dudi
dang dich vy, va nguoi st dung chi phai chi tra cac tai nguyén thyc dung. V6i su ra doi cua
cong nghé dién toan dam may rat nhiu cac ing dung trong linh vuc cong nghé thong tin da
c6 nhirng thay di can ban, chuyén tir dang cung cip san pham dong goi str dung riéng r& sang
dang cung cap dich vu va dugc duy tri, van hanh boi nha cung cap dich vu qua do giam dang
ké chi phi cho ngudi ding. Trong thuc tién va nghién ciru khoa hoc co nhiéu bai toan dwoc
biéu dién dudi dang mo hinh ludng cong viéc nhu I4p lich cho diy chuyén san xuat, lap lich
diéu phdi tai nguyén trong hé didu hanh, 1ap lich thoi khoa biéu. Lap lich 1a hoat dong nhiam
gan céc tac vu vao thuc hién trén cac tai nguyén tinh toan va thao man cac rang budc vé thir tu
chc tac vu trong ludng cong viée cling nhu cac gidi han vé tai nguyén. Da s cac bai toan
thudc ho 1ap lich da dugc chirng minh thugc 16p NP-Kho [1], do vy viée tim ra cac thudt toan
lap lich nham cuc tiéu hoa chi phi hoan thanh luéng cong viéc 1a mot linh vuc kho va da thu
hat dugce su quan tam cla nhiéu nha khoa hoc. Bai bao nay dé xuat mot thuat toan 1ap lich
ludng cong viéc méi nham cuc tiéu hoa chi hoan thanh ludng cong viéc trong mdi trudng thuc
thi dién toan dam may dya trén phuong phap nhanh can.

Tir khoa: Lap lich ludng cong viéc, ung dung ludng cong viéc, dién toan dam may, phuong
phé&p nhanh can.

1. M& dau

Trong nhitng nim gan day dién toan dam miy da dugc Gmg dung rong rii trong nhiéu linh
vuc khac nhau cta cudc sdng va nghién ciru khoa hoc. Trong mdi truong dién toan dam may moi
tai nguyén phan cing, phan mém déu dugc cung cip cho khach hang duéi dang dich vu, khich
hang chi phai chi tra phi st dung theo tai nguyén thuc dung.

Bai toan lap lich 1u6ng cong viéc la mot bai toan da duoc nghién ctru tir nhitng nam 1950, va
bai toan nay da dugc chimg minh thu¢c 16p NP- Khd. Nhiéu tmg dung khoa hoc dwoc md hinh hoa
boi dang do thi luong cong viéc nhu ing dung Montage [1], CyberShake [2], Epigenomics [3],
LIGO [4]. Van dé 1ap lich thyc thi ludng cong viéc trong moi truong dién toan dam may veé ban
chét 13 tim phuong an anh xa nhing tac vu cta luong cong viéc tdi cac may chi cua dam may
thoa man rang budc vé thir ty cia cac tic vu trong ludng cong viéc va chi phi hoan thanh ludng
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cong viéc 1a nho nhat. DA c6 nhidu cong trinh nghién ciru xem xét van dé nay nham t6i thiéu hoa
cac ham muyc tiéu khac nhau nhu tong chi phi, tong thoi gian thuc thi tai cic may chu,... nhung
chua ¢6 cong trinh nao giai quyet bai todn véi ham muc tiéu 1a thoi gian thyuc hién (makespan).
Bai bao nay nham giai quyét van dé do.

2. NOoi dung nghién ctru
2.1. Nhirng cong trinh nghién ctru lién quan

Bai toan lap lich ludng cong viéc da duoc chung minh la thuge 16p NP-Kho [5] nghia 14 thoi
gian dé tim ra 19i giai tdi vu tang rat nhanh theo kich ¢& dit liéu dau vao, vi vay di cé nhiéu cong
trinh nghién ctru nham tim ra loi giai dung hoac gan ding cua bai toan nay.

N.S.Grigoreva [6] d& dé& xuat thuat toan 1ap lich diéu phdi céc tac vu cua ludng cong viéc vao thuc
hién trén mot hé thong da bo vi xir I nham cuc tiéu hoa thoi gian hoan thanh ludng cong viéc. Tac
gia da sir dung két hop phuong phap nhanh can va ki thuat tim kiém nhi phan dé tim ra phuong an
xép lich c6 thoi gian hoan thanh ludng céng viéc 1a nho nhit.

Sadhasivam d3 d& xuat thuat toan 1ap lich ludng cong viéc dwa trén sy can bing tai trong moi
truong dién toan dam may [7]. Thuat toan khdng chi dap tng cac yéu cau tir ngudi sir dung ma
con cung cap kha ning st dung tai nguyén mot cach hiéu qua. Pay 1a thuat toan theo huéng nang
cao hiéu qua dich vu dua trén Meta-heuristic.

Céc tac gia trong bai bao [8] da dé xuat thuat toan EGA (Enhanced Genetic Algorithm) lap
lich bang phwong phép di truyén. Trong cong trinh cac tac gia st dung thuat toan Enhanced Max
Min trong budc khai tao quan thé nham tim ra céc cé thé tét cho qua trinh tién hoa.

Pandey [9] da dé xuat thuat toan lap lich ludng cong viéc PSO Heuristic (Particle Swarm
Optimization Heuristic — PSO_H) trong méi trudng dién toan dam may duya trén chién luoc téi uvu
bay dan. Rajkumar di d& xuat mot thuat toan 1ap lich phan cip [10] va dua vao cac tham sb dich
vu khac nhau, chang han nhu thoi gian dap ang. Thuat toan sir dung tham sé nay nhu mot quyén
vu tién dé lya chon cac tac vu 1ap lich. Cao va cac dong nghiép da trinh bay thuat toan lap lich dya
trén giai thuat ABC (Activity Based Costing) [11]. Thuat toan ndy gan muc uu tién cho mdi tac vu
trong ludng cdng viéc theo cac tham sé vé thoi gian, khdng gian, céc tai nguyén va chi phi, qua
trinh 1ap lich s& str dung mic wu tién nay dé quyét dinh céc tac vu duoc chon trong qua trinh 1ap lich.

Selvi va cac cong su da dé xuét thuat toan lap lich ludng cong viéc trong mdi trudong dién
toan ludgi (Grid) [12], trong cong trinh tac gia da van dung thuat toan tién héa vi phan (DE) vao
giai bai toan 1ap lich ludng cong viéc trén mdi trudng dién toan ludi nham cuc tiéu thoi gian hoan
thanh ludng cong viéc (makespan), trong cong trinh tac gia da chi ra gia tri Makespan tim duoc
boi thuat toan dé& xuat 12 nho hon so véi thuat toan PSO. Xu va c4c cong sy di dé xuit thuat toan
COODE [13] (Current Optimum Opposition-based Differential Evolution) nhiam tim gi4 tri toi uu
cho cac ham sé duya theo phuong phap tién hoa vi phan déi ximng, trong cong trinh tac gia da dé
Xuit céng thirc tim diém d6i xang caa mot diém dua theo gié tri ti wu hién tai nham thay doi toan
tr dot bién trong phuong phap tién héa vi phan va tac gia da so sanh thuat toan COODE Vi cac
thuat toan DE va ODE, két qua da chi ra thuat toan dé xuat COODE t6t hon cac thuat toan déi sanh.

2.2. M0 hinh toan hoc bai toan lap lich ludng cong viéc trong méi truwong dién toan
dam may
Gia sir can sap xép lich biéu cho mot ludng cdng viéc trong méi truong dam may voi cac gia
thiét nhu sau:
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Ludng cong viéc dugc biéu didn boi db thi G = (V, E), voi V 1a tép dinh cua dd thi, mdi dinh
biéu thi cho mét tac vu.
T ={Ty, To,..., T} 14 tAp cac tac vu, M 1a s6 luong tac vu cua ludng cong viée dang xeét.
E 14 tap canh thé hién mdi quan hé cha-con giira cac tic vu. Canh (T;, T;) € E cho biét tac vu
Tila cha cua tac vu T}, dit liéu dau ra caa T; & 1a dit liéu du vao cho tac vu T; (xem Hinh 1).
Tap may chi ciia ddm may ki hiéu 13 S = {Sy, S,......Sn}, N 1a s6 lwong may chi ciia dam may.
MJi tac vu c6 thé duogc thuc thi trén mot méay cha bat ki, may cha d6 phai thuc hién toan bo
tac vu tir dau dén cudbi.
Khéi lugng tinh todn (Workload) cua tac vu T; ki hiéu 1a W; véi don vi do 1a flop (floating
point operations: phép tinh trén sé thuc dau phay dong). W; duogc cho trude (Vi=1,2, ...M)
Tbc do tinh toan cua may chu S;, don vi 1a M1/s (million instructions/second), dwoc ki hiéu boi
P(Si), la gia tri dugc cho trude (Vi= 1,2, ...M)
Giira hai may chu S;, S;bat ky (1<i,j<N) c6 mot duong truyén véi bang théng, don vi la
Megabit/s, dwoc biéu thi boi ham hai bién B() duoc dinh
nghia nhu sau:

B: SxS >R’

(SiS) — B(S:S) VM
Gia thiét ham bang thong B() théa méin cac diéu kién sau: @ @

= B(Si,Si) = o : thoi gian truyén tai chd bang khong
= B(S,S) = B(S;,S) : toc do truyén hai chiéu bang nhau
= Gia tri B(S;,Sj) dugce cho trude (Vi j).
Khéi lwong dit ligu do tic vu T;chuyén téi tac vu T;, ki hiéu
la Dj; voi don vi la Megabit, 1a gia tri cho trudc (Vi,j).
MG&i phuong an xép lich thuc thi ludng céng viéc tuong
duong véi mot ham f()
f:T—S
T, — f(T)
Trong d6 f(T;) 1& may chu chiu trach nhiém thuc thi tdc vu T;

Hinh 1: D6 th; biéu dién mét
luéng cong viéc véi 5 tac vu

Bién quyét dinh va ham muc tiéu

Str dung bién nhi phén xk ; VOl x}‘ = 1 néu tic vu Ty duoc thuc hién trén may chu §;
Bién dllf f biéu din khéi lwong dir liéu dwoc truyén tir may chu S; dén may chu Sj cho tac vu Ty
néu x}‘ =1

txcost;; 1a chi phi truyén mot don vi dir li€u tir may chu S; dén Sj cho tac vu Ty, néu d{f > 0va
x}‘ =1

€XCOSt; biéu dién chi phi str dung may chu tinh toan S; dé thuc hién tac vu T néu x}‘ =1
extimejk biéu dién thoi gian thyc hién tac vu Ty trén may chu S; néu x}‘ =1
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Ham muc tiéu

C= Zd x X COSt; ; x X +excost, x extime! x X{
i,jeS keT

C - min
Céc diéu kién rang budc :
(a) VKkeT,jeS; xf = 0; bién nhi phan nhan gia trj 0 hogc 1
(b) VKeT, i,jeS; d
bang 0

ij=0; khdi lwong dit liéu truyén giita cac tac vu dam bao 16n hon hodc
(c) VkeT; tdata® > 0 ; tong khéi luong dir lidu truyén t6i tac vu Ty phai 16n hon hodc bing
0

(d) Vi,jeS; txcost; ; > 0 ; chi phi truyén théng 16n hon hodc bang 0

ij =
(e) VKeT, jeS; excost; = 0; chiphi thyc thi tic vu 16n hon hodc bang 0

(f) VkeT, jeS ; extime[ > 0 ; thoi gian thyc hién tic vu dam bao 16n hon hogc bing 0
(@) Xjes x = 1 ; dam bao mdi tac vu Ty chi duoc thuc hién trén mot may chi xac dinh
(h) Yjes xj X di, ;= tdata® ; tong khéi luong dit liéu duoc chuyén t6i tac vu Ty

() Xijesker x}"‘ X dﬁfj = Yer tdata® ; dam bao tinh can bang giita dit liéu vao va ra cua cac
tac vu trong ludng cong viée
2.3. Giai phap dé xuit
Nhéanh can la mét ki thuat duyét c6 sir dung ham can dudi nham cat nhanh dé giam bot khong

gian tim kiém trong qud trinh duyét. Thuat todn duyét nhanh can gom hai thu tuc chinh:
e Phan nhanh: phan hoach tép cac phuong an ra thanh cac tép con vdi Kich thude cang ngay cang

nho cho dén khi thu duoc phan hoach tap cac phuong an ra thanh cac tap con mot phan tir
e Tinh can: dua ra cach tinh can cho gié tri ham muc tiéu cua bai toan trén mdi tap con trong

phén hoach cua tap cac phuong an.
Thudt toan nhanh cdn dé xuat
Biéu dién loi gidi

MGi phuong n xép lich dugc biéu din bsi mot vector c6 do dai bang so tc vu trong luong
cong viec. Gia tri twong tng voi moi vi tri i trong vector bieu dien so higu may chu thyc thi tac vu
i. Vidu: Xét luong cong viéc véi 5 tac vu T ={Ty, T,..., 75}, tap may chi gom 3 may S = {S;, S, S4}-
Khi d6 phuong an xép lich (1,2,1,3,2) duoc biéu dién nhu sau:
T, T, T3 T, Ts
s [ %] s [ s[5 |

Ham tinh cdn dwdi cho phwong dn bo phan
MJbi 151 giai ctia bai toan 1a mot vector M chiéu x = (X1, Xo, ..., x0); VOI X; € S. GOl Cin = MIN{P(S)};
i€S; gia tri nho nhat vé nang lyc tinh toan trong s cac may chu cua hé théng dam may.
Can dudi cho phuong an bd phan (xy, X, ...,.x.) twong (ng véi viéc sap xép tap L tac vu T, ={T4,
T,,..., T } thuc hién trén cdc may chu twong ang S = (Sx1, Sxz,--,Sx). Khi do6 chi phi thuc hién cua
phuong an bo phan la:

§= >.dfxtxcost;  xx! +excost; xextime x x*
i,jeS kel
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Ham can dudi ciia phuong an bo phan (xy, X, ...,x) duoc tinh theo cong thic sau day
g(k)=5+C, x > excost; xextime} x X

jeS keT-T_

Cheung minh:
Taco min{Z ; d¥. x tfcost; ; X x¥ + excost; X extime® x x!‘}
L,JES,KET Yi,j L] Jj ] ] ]

= min Z dllfj X tfcost; j X x]’-" + excostj X extime}‘ X x}‘ + Z dﬁfj

i,JES,KET], i,JESKET-TY,

k ok k
X tfcostl-,j X Xxj + excost; X extime;” X X;
=min{§ + X ; df; x tfcost;; x xF + excost; x extime} x xf} =
i,JES,KET T “*i,j ij J J J J

— ; k K ok oK
= § + min di; X tfcost; j X x;° + excost; X extime;” X x;

i,jES,KET-T),

. k k Wi k
=4§ + min di; X tfcost; ; X xi- + excost; X ——— X X;
i,j Lj A j P(S-) j
i,JESKET-TY, ]
] 742 K
> 6+ min excost; X ———= X X; ; because
. P(S))
i,JES,KET-T,

k
di,j X tfcost;; =0
i,jES,kET—TL

> 0+ Z excost; X Wy X x}‘ = g(k)
JESKET-TY,
Do vay, g(k) 1a ham can duéi caa 1oi giai bo phan cip k.
Thudt todn dé xudt
Function cost(x;, x,,..,Xy)

Cm ax

begin

return Y df xtxcost; , xx! +excost; xextime! xx! ;
i,jeS keT,

end;

Procedure SchedulingBranch (k)

begin

for j:=1 to M do

if UCV(j,k) then

begin
alil:=j;
if 1i=M then Ghinhan;
else if g(k)< fopt then

SchedulingBranch (k+1) ;

end;

end;
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Procedure UCV(j, k)
begin
var i:integer;
for i=1 to k-1 do
if j=a; then
return false;
else return true;
end;
Procedure ghinhan
begin
double ¢ = cost(xi, Xz, ..,Xu);’
if ¢ < fopt then
fopt = c;
end
Algorithm Scheduling
begin
1. tinh ma trdn chi phi thuc thi cédc téc vu trén céc may chu

2. Tinh ma tran chi phi truyén dit liéu gitta cdc may chu
3. double fopt = +ow;
4. SchedulingBranch(T;) ;
5. writeln (fopt);
end

2.4. Thuc nghiém

Pé kiém chung thuat toan dé xuat chung t6i da st dung cong Visual studio 2012, trén nén
ngon ngir lap trinh C#. Cac chuong trinh chay trén may tinh c& nhéan vaéi bo vi xt ly Intel Core i5
2.2 GHz, RAM 4 GB, h¢ diéu hanh Windows 7 Ultimate.

2.4.1. Phan nhém dir li¢u
Dit liéu thuc nghiém bao gom:

- Dit liéu vé& tdc do tinh toan cua cac may chi va bing thong giita cac may chu duoc ldy tir
cac cong ty cung cap dich vu cloud nhu Amazon [19].

- Dir liéu ludng cong viéc duoc lay tir cac bo dir liéu thir nghiém dugc xay dung theo do tru
mat khéc nhau va cac ludng cdng viéc tir cac (g dung thuc té nhu tng dung Montage [1].

- Duya theo tinh chit cia méi truong dién toan dam mdy, day 1a mot moi truong tinh toan
khong dong nhat, téc do tinh toan cac may chu va bang thong khong dong déu, dong thoi cling
dua theo tinh chat cac ludng cong viéc, so luong tac vu, do tru mat cua dd thi ludng cong Viéc
chung t6i di tién hanh phan loai dir liéu theo cc nhém véi quan hé vé toc do tinh todn cac may
chu va bang théng khac nhau, do trd mat caa do thi ludng cong viéce ciing duoc thir nghiém qua hé
s6 a khéc nhau. Chi tiét cac nhom dit liéu theo sb luong méy chu N, sb tAc vu M va hé s6 o nhu sau:

-Nhém 1: M =10, N = 3; Nhém 2: M = 10, N =5, Nhdm 3: M =20, N = 3, Nhdm 4: M =20, N =5.

- Mdi nhém lai bao gdbm ba thuc nghiém khéc nhau vé ty 18 s6 canh trén sb dinh cua d6 thi
ludng cong viéc, ki higu 1a a. va tinh boi cong thirc:
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o« |E|
Mx(M—1)/2
2.4.2. Tham s6 ciu hinh
Céc tham s6 cau hinh cua ¢am may duoc thiét lap trong mién gia tri nhu sau:
Téc d6 tinh toén P cta cAc méy chu: tir 1 dén 250 (million instructions/s); khoi lugng dir ligu
D gitra cac tac vu: tir 1 dén 1000 (MB); bang thong gitra cac may chu B:tir 10 dén 100 (Mega bit/s).
Bdng 1. Ma trdn di liéu truyén thong, chi phi tinh toan

PC1 PC2 PC3
T, 0.1*25 0.2*25 0.3*25
TP[5x3] T, 0.1*25 0.2*25 0.3*25
T, 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 PC3
PP[3x3] PC, 0 0.1 0.1
PC, 0.1 0 0.1
PC; 0.1 0.1 0
Data Size DataSize
DSto1374 (MB) DSrs (MB)
[2x2] Input 10 [2x2]= Input 30
Output 10 Output 60

Gia tri o bang trén duoc ldy tir bang gia sir dung dich vy caa Amazon EC2 [15] cho céc tai
nguyén trong pham vi 1.1$ - 1.28%/gio.
2.4.3. Két qua thuc nghiém
Bdng 2. Két qud thec nghiém thudt toan nhanh cdn dé xudt trén cac bg di liéu thec nghigm

Dit M N o Thuzfl? toan nhanh cin Thuit t?én duyét toan bf
li€u Gia tri toi uvu Thoi gian Gia trj toi vu | Thoi gian
T1 5 3 |04 3498,3 1(giay) 3498,3 1(giay)

T2 S 3 | 06 2764,7 1,2(giay) 2764,7 1,5 (giay)
T3 10 | 3 | 026 5892 2,5 (gidy) 5892 4 (giay)

T4 10 3 103 7470,7 2 (gidy) 7470,7 3 (gidy)

T5 10 | 5 | 02 4866,2 5 (giy) 4866,2 28 (phut)
T6 10 | 5 | 053 5583,9 7 (gidy) 5583,9 30 (phut)
T7 10 | 8 | 02 2733,6 14 (giay) 2733,6 45 (phut)
T8 10 | 8 | 05 2736,8 15 (giay) 2736,8 48 (phut)
T9 20 3 (015 8679 6 (phut) 8679 121 (gio)
Ti0 | 20 | 5 | 03 8685,4 6 (phat) 8685,4 132 (gi®)

Nhdn xét: Bai toan lap lich luéng cong viéc 1a bai toan thudc 16p NP-kho, thoi gian tinh toan tang
theo ham mii ctia kich thude dir liéu dau vao, bai toan nay c6 do phiic tap tinh toan 1a O(M"), véi
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M 1a s tac vu trong ludng cong viéc va N 1a s6 may chu. Thuét toan nhanh can d& xuét cho phép
giai bai toan vdi kich thude dir ligu dau vao trung binh va nho, thoi gian thuc hién thuat toan
nhanh can nho hon dang ké so véi thuét toan duyét toan bg. Hinh 2 chi ra Kkét qua so sanh thoi
gian thyc hi¢n thuat toan nhanh can va thuat toan duyét toan b vdi 3 b dir liéu thyc nghiém T1,
T2, T3. Cac bd dit liéu c6 kich thudc dau vao khac nhau va hé sb tri mat o cua do thi luéng cong
viéc 1a khac nhau.

T2 T3 T4

B Thuat todn nhanh cdn M Thuat toan vét can

Hinh 2. So sanh thai gian thuc hién thudt toAn nhanh cdn va thudt toan duyét toan bé

3. Kétluan

Lép lich ludng cong viéc 1a mot bai toan khod va dugc mg dung trong nhiéu linh vyc cia
cudc sdng va khoa hoc nhu lap thoi khoa biéu, diéu phdi tai nguyén trong hé diéu hanh, 1ap lich
thuc thi ludng cong viéc trong dién toan dam may. Trong moi truong dién toan ddm may moi tai
nguyén phan cimg, phan mém déu dugc cung cap cho khach hang dudi dang dich vu va khach
hang s& phai tra chi phi cho céac tai nguyén st dung. Viéc lap lich diéu phbi cac tac vu cua khach
hang vao thyc thi trén cac mdy chu sao cho chi phi sir dung tai nguyén nho nhét 1a vin dé quan
trong cua di€n toan dam may. Bai bao nay da trinh bay cac ndi dung chinh sau:

- Bé xuat mo hinh 1y thuyét cho bai toan cuc tiéu hoa chi phi thuc thi ludng cong viée trong
moi truong dién toan dam may

- Xay dung ham can dudi va qua do dé xuét thuat toan nhanh can giai bai toan lap lich luéng
cong viéc.

Tiép theo ching t6i s& tién hanh nghién ciru dé giai bai toan nay theo hudng tiép can
metaheuristic nham tim ra oi giai gan dung cho bai toan véi kich thudc dit lidu dau vao 1on.
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ABSTRACT

Branch and Bound Algorithm for Workflow Scheduling Problem
Phan Thanh Toan', Dang Quoc Huu?and Nguyen The Loc®
'Faculty of Technology Education, Hanoi National University of Education
“Center for Information Technology, Vietnam University of Commerce
*Faculty of Information Technology, Hanoi National University of Education

Cloud computing is a new trend of information and communication technology that enables
resource distribution and sharing at a large scale. The Cloud consists of a collection of virtual
machine that promises to provision on-demand computational and storage resources when needed.
End-users can access these resources via the internet and have to pay only for their usage.
Scheduling of scientific workflow applications on the Cloud is a challenging problem that has
been the focus of many researchers for many years. In this work, we propose a novel algorithm for
workflow scheduling that is derived from the Branch and Bound Algorithm.

Keywords: Workflow scheduling, branch and bound algorithm, Cloud computing.
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