Cdc céng trinh nghién ciru phat triéen CNTT va Truyén thong

Thuat toan MODE giai

Tdp V-1, 86 17 (37), thang 612017

bai toan 1ap lich ludng

cong viec
An Algorithm MODE for Workflow Scheduling

Phan Thanh Toan, Nguyén Thé Loc, Nguyén Doin Cuong

Abstract: 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 promise 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 Opposition-based Differential
Evolution method. This algorithm does not only
ensure fast convergence but it also averts getting
trapped into local extrema. Our CloudSim-based
simulations show that our algorithm is superior to its
predecessors. Moreover, the deviation of its solution
from the optimal one is negligible.

Keyword: Workflow scheduling, Opposition-Based
Differential Evolution, cloud computing, Differential
Evolution.

I. GIOI THIEU

Bai toan lap lich lu(‘Sng cong viéc 1a mot bai toan
da duoc nghién ctru tir nhiing ndm 1950, va bai toan
nay da dugc chirmg minh thudc 16p NP-Kho. Trong
nhitng nim gin ddy da co rat nhidu ung dung khoa
hoc duge mé hinh hoa bai dang db thi ludng cong viée
nhu tng dung Montage [1], CyberShake [2],
Epigenomics [3], LIGO [4], v.v. m{t trong nhiing
thach thire cta bai toan l4p lich ludng cong viée 1a
phai hoan thanh ludng cong viéc vé6i thoi gian nho
nhét trong diéu kién giéi han vé ngudn tai nguyén. Su

phat trién ctia méi trudng dién toan dam may (Cloud
Computing) di tao ra cic co hdi cho viée giai quyét
bai toan lap lich lu6ng cong viéc, voi kha nang ve tai
nguyén dy phong va luén sin dung s& giup giam bat
thoi gian cho doi gitra cac tic vy trong ludng cong
viéc, kha ning cung cdp tai nguyén theo nhu ciu
khéch hang ciing la mét loi thé 16n coa dién toan dam
may, kha nang nay s€ cho phép cac ing dung dang
ludng cong viée co thé bat dau dwoc thuc hién ngay
khi chi c6 mdt phin tai nguyén duoc dap ing ma
khong can phai cho doi cho dén khi du tat ca cac tai
nguyén can thiét. Ngoai ra, kha ning co giin trong
moi truong dién toan dam may ciing 1a mot dac trung
hitu ich voi cac Gmg dung dang ludng cong viéc vi nd
cho phép cac hé thong ludng cong viée d& dang ting,
giam cac tai nguyén cua tmg dyung theo nhu cau. Ban
chat cua van dé lap lich ludng cong viéc trong moi
truong dién toan dam may 1a gan cac tac vu cia ludng
cong viéc vao thyc thi trén cac tai nguyén cia dam
may sao cho thoi gian hoan thanh ludng cong viéc
(Makespan) 1a nho nhit.

Noi dung tiép theo ctia bai bao gdm nhirng phin
chinh nhu sau. Phan |l trinh bay mét sb cong trinh lién
quan dén bai toan 1ap lich ludng cong viéc. Phan Il
mo ta bai todn va trinh bay md hinh toan hoc, sau do
phat biéu bai toan va chimg minh ring né thudc 16p
NP-Kh¢6. Phan IV gi6i thiéu thuat toan dé xuét -
MODE. DPé kiém chung hiéu ning cua thudt toan
MODE, Phan V trinh bay qua trinh thuc nghiém trén
mot sd ludng cong viéc khoa hoc mau trong moéi
truong dam may thong qua cong cu moé phdng
CloudSim va g6i thu vién Jswarm [5] va phan tich s6
liéu thu dugc, tir d6 dua ra nhirng nhan xét so sanh.
Phan VI trinh bay két luan va huéng nghién ciru tiép
theo.
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1. NHUNG CONG TRINH LIEN QUAN

Bai toan 14p lich luéng cong viéc da dugc ching
minh 1a thudc 16p NP-Kh6 [6] nghia 1a thoi gian dé
tim ra 101 giai tdi vu ting rat nhanh theo kich c& dit
lidu dau vao, vi vay d c6 nhiéu cong trinh nghién ctru
nham tim ra 10i giai gan dung trong thoi gian ngan.

Sadhasivam di d& xuat thuat toan lap lich ludng
cong viéc dua trén sy cin bang tai trong moi trudng
dién toan ddm may [7]. Thudt toan khong chi dap ting
cac yéu cdu tr nguoi s dung ma con cung cap kha
nang su dung tai nguyén mot cach hiéu qua. Pay la
thuét toan theo hudng nang cao hi€u qua dich vu dya
trén Meta-heuristic. Burya da trinh bay mot cach tom
tat vé cac chirc nang ciia cong cu md phong CloudSim
[8] - moi truong md phong cho phép cai dat va thyc
nghiém cac thuét toan lap lich ludng cong viéc trong
mdi trudng dién toan dam may. Guo-Ning da dé xuat
mot thudt toan l1ap lich luéng cong viéc dya trén giai
thuét di truyén [9]. Trong dé dua vao nhiéu rang budc
dich vu khac nhau nhu thoi gian hoan thanh, bang
thong, chi phi, do tin cdy. Tac gia di st dung két hop
v6i giai thuat luyén thép sau pha lua chon, trao do6i
chéo, d6t bién nham ting cuong kha ning tim kiém
cuc bd cua giai thuat di truyén.

C4c tac gia trong bai bao [10] da d& xuét thuat toan
EGA (Enhanced Genetic Algorithm) 1ap lich bang
phuong phép di truyén. Trong cong trinh cac tac gia
st dung thuat toan Enhanced Max Min trong budc
khoi tao quin thé nham tim ra cac ca thé tét cho qua
trinh tién hoa.

Pandey [11] di dé xuét thuat toan 14p lich ludng
cong viéc PSO Heuristic (Particle Swarm
Optimization Heuristic — PSO_H) trong mdi truong
dién toan dam may duwa trén chién luoc téi uu bay dan.
Rajkumar da dé xuit mot thuat toan 1ap lich phan cép
[12] va dua vao cac tham s dich vu khac nhau, chang
han nhu thoi gian dap ung. Thuat toan st dung tham
$6 nay nhu mot quyén wu tién dé lya chon céc tac vu
1ap lich. Cao va cac dong nghiép di trinh bay thuét
toan 1ap lich dua trén giai thuat ABC (Activity Based
Costing) [13]. Thuat toan nay gan muc uwu tién cho
mdi tac vu trong ludng cong viée theo cac tham s vé
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thoi gian, khong gian, cac tai nguyén va chi phi, qua
trinh 1ap lich s& sir dung mirc wu tién nay dé quyét
dinh céc tac vu dugc chon trong qué trinh 1ap lich.

Selvi da dé xuat thuat toan 1ap lich ludng cong viéc
trong moi truong dién toan ludi (Grid) [14], tac gia da
van dung thuat toan tién hoa vi phan (DE) vao giai bai
toan 1ap lich ludng cong viéc trén modi trudng dién
toan ludi nham cyc tiéu thoi gian hoan thanh ludng
cong viéc (makespan). Tac gia da chi ra gia tri
Makespan tim dugc bdi thuat toan dé xuét 1a nho hon
so voi thudt toan PSO. Xu di dé xuét thuat toan
COODE [15] (Current Optimum Opposition-based
Differential Evolution) nham tim gié tri tdi uu cho cac
ham s6 dya theo phuong phép tién héa vi phan d6i
xung, tac gia da dé xuat cong thirc tim diém déi ximg
ctia mot diém dya theo gia tri tdi wu hién tai nham
thay doi toan tir dot bién trong phuong phap tién hoa
vi phan va tic gia da so sanh thuat toan COODE voi
cac thuat toan DE va ODE. Két qua cho thdy thuat
toan dé xuat COODE tdt hon cac thuét toan ddi sanh.

Céc cong trinh néu trén déu chua hudng toi muc
tiéu duy nhat Ia giam thiéu thoi gian hoan thanh cta
ludng cong viéc vdi cac cu truc phuc tap va sy da
dang vé dir liéu truyén qua lai giita cic tac vu trong
ludng cong viéc va chua trinh bay rd rang vé mo hinh
toan hoc cua bai toan lap lich 1u6ng cong viéc.

111. MO HINH LY THUYET

Hé thépg tinh toan ) .

Gia thiet cho trudc hé thong tinh todn bao gom:

e Téap hop N may chu trong méi truong dién toan
dam may S = {S;, Sy, ... Sy}

° Luéng cong viéc can thuc hién biéu dién boi dd thi
c6 huéng, khong c6 chu trinh G = (V, E), mdi dinh
biéu thi mot tac vu, mdi canh biéu dién mdi quan
hé cha-con gitta mdt cap tac vu.

e Tap cic tic vu T = {Ty, Ty, ... Tm} voi M 1a sb
luong tac vu.

e Khdi luong tinh toan cua tac vu T; ky hiéu 1a W; ,
do bang don vi flop (floating point operations:
phép tinh trén sb thuc ddu phay dong).

-52-



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

e Tbc d6 tinh toan cua may tinh, do béng don vi
flop/s (s6 phép tinh thyuc hién dugc trén gidy), ky
hiéu P( ), 1a ham s6 duoc dinh nghia nhu sau:

P:S >R”
Si —> P(S,) ) .

e Moi cap may chu (S;, Sx) bat ky déu cdé duong
truyén dé trao d6i dir lidu véi nhau (1 <i, k < N).

e Bing thong cta duong truyén, ky hiéu B( ), 1a tbc
d6 truyén dir lidu giira cac may chi, do bang don vi
bit trén gidy (bps), 1a ham s duoc dinh nghia nhu
Sau:

B:SxS - R"
(Si, Sv) = B(Si, Sk)

e Ham bang thong B( ) tuan theo cac rang budc sau:
+ B(S;, Si) = co: thoi gian truyén tir mot may chu toi
chinh n6 béng 0, nghia la néu tac vu cha va tac vu con
dugc bé tri trén cing mot may chii thi khong mat thoi
gian d¢é truyén dir liéu giita chung vi dir liéu d6 dugc
Iuu trir va sir dung ngay tai chd.

+ B(S;, Sk ) = B(Sk, Si): kénh tmyén hoat dong tir hai
dau véi tde do twong duong nhau.

e Khdi lugng dir liéu can truyén giita hai tic vu T; va
Tk, ky hiéu 1a Dy, 1a cac gia tri cho trudc, Dy = 0
khi va chi khi T; 1a tac vu cha cua Ty, trong truong
hop nguoc lai Dy = 0.

Khai ni¢m lich biéu
Mot phuong an xép lich F, con goi 1a lich biéu F,

dugc xac dinh boi hai ham (ts , proc) trong do

e t:T — R*; ts(T)) 12 thoi diém ma tac vu n €T bt
dau duoc thyc hién.

o proc:T — S; proc(T;) 1a may tinh dugc phan céng
thuc hién tac vu T; €T.

Tir cac gia thiét trén suy ra thoi gian tinh toan cua

tac vu T; la:
Wi i=1,..,M) 1)
P(proc(T;))
Thoi gian truyén dit liéu gitra tac vu T; va T, la:
Dik (I,k = 1, ey M) (2)

B(proc(T,), proc(T, )
Makespan cua lich biéu F biéu dién theo nhu sau:
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makespan(F) = maXTiET{tf(Ti)} — minger{ts(T;)}
(3) 2 X )

véi t(T;) 1a thoi diem két thuc va ts(T;) 1a thoi diém
bét dau thue hién cua tac vu T;
Muc tiéu cua bai toan

Muc tiéu cua bai toan Ia tim lich biéu F sao cho
makespan(F) — min

Phat biéu va chirng minh d phirc tap

Bai toan dang xét, tr day ky hi€u la WSP -
Workflow Scheduling Problem, duwgc phat biéu nhu
sau: gid st cho truoc tai nguyén cua dam mdy bao
gom tdp may chii S véi toc dé tinh todn va bang thong
dwoc biéu dién nhw trén. Gid sir tdp tac vu T duoc
biéu dién boi do thi G = (V, E) nhw trén. Him muc
tiéu ddt ra la cuc tiéu thoi gian hodn thanh luong
cong viéc

makespan — min
B6 dé: WSP la bai todn thugc 16p NP-Kho
Chirng minh:

Xét bai todn SCHED [16] sau day: gia st cho trudc
tap may chu va tap tc vu gdm céc thanh phan nhu da
dinh nghia ¢ bai toan WSP trén day, ngodi ra bd sung
thém diéu kién 1a tap S gdm cac may chu gidng hét
nhau veé toc d tinh toan.

Sinnen d4 chimg minh rang bai toan SCHED thudc
16p NP-Kho [16]. Quay vé bai toan WSP dang xét, d&
thiy riang bai toan SCHED chi 1a mét truong hop
riéng cta bai toan WSP khi bd sung thém diéu kién
rang budc sau day: P(S;) = P(5) Vi, j = 1..N.

Vi vay, ro rang bai todn WSP ciing thudc 16p NP-
Kho.

IV. GIAI PHAP DE XUAT

Thuat toan tién hoa vi phan dya trén thong tin ddi
xung (Opposition-based differential evolution — ODE)
dugc dé xuit boi Storn va Price [17]. Tuong ty nhu
cac thuat toan tién hoa khac, thuat toan ODE gdém hai
budc chinh: khoi tao quan thé va sinh quan thé méi
bang cach ap dung cac toan tir di truyén nhu dot bién,
trao d6i chéo va lua chon tu nhién. Tuy nhién, thuat
toan ODE néang cao hi¢u ning tim kiém trong hai budc
nay bang cach tim kiém thém 101 giai trong phan ddi
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ximg cta khong gian tim kiém hién tai. Dé giai quyét
bai toan 1ap lich ludng cong viéc di dé xuat trong mo
hinh phan 111, ching t6i s& dé& xuat phuong phap tim
phan tor d6i ximg trong quan thé va két hop véi
phuong phép banh xe quay vong dua trén hang ca thé
nham tim ra cac ca thé t6t cho qua trinh dot bién qua
d6 nang cao hiéu nang cta thuat toan.

Pinh nghia 1: Gia s x 1a s6 thyc va x € [a, b], khi
d6 phan tr d6i xtimg cta x ki hiéu 1a ¥ va duoc tinh
nhu sau:

X=a+b—x (3)

Pinh nghia 2: Goi P(xy, X3,..,Xp) 12 mot véc to D-
., D. Khi @9, véc to
dbi xtmg cua P ki hiéu 1a P = (37, %5, ...,
tinh nhu sau:

chiéu, véi x; e[a;, b];i=1, 2

Xp) va dugc

X, =a;+ b — x 4)

IV.1. Biéu dién c4 thé

Mdi cé thé trong quan thé dugc biéu didn boi mot
vec to ¢6 do dai bang sb tac vu trong ludng cong viéc.
Gia tri twong tng v&i mdi vi tri i trong véc to bicu
dién s6 hiéu cua may chu thuc thi tac vu i.

Vi du: Xét ludng cong viée véi 5 tac vu T = {T,
T,...,Ts}, tdp may chii gom 3 may S = {S;, S,, Sg}.
Khi d6 ca thé x; = (1, 2, 1, 3, 2) duoc biéu dién nhu
Sau.

Ty T, T3 Ty Ts
S, S, S Ss S,

IV.2. Phwong phap tinh ddi xing cho ca thé

Trong phuong phéap ODE, ta can phai tim ca thé
d6i xtmg cho mdi ca thé trong quan thé hién tai. Trong
bai bao nay, chung t6i d& xuit phuong phéap tim c4 thé
dbi xtg nhu sau:

Goi a=Max{P(S)} vab =Min{P(S)}; Vi=1, 2,
., N; v6i P(S)) 1a tde do tinh toan ctia may chu S;
(Sin(l)y SiTl:(Z):- ()
M; c4 thé dbi xtng cua x; ki hiéu 1a

Gia sir ta ¢6 ca thé x; =
eS,vij=12,.,

X,

Sizw)); Sixg)

va X = (Sm(l)' Sm(z)' ey Sm(M)); (5)
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%= a+b—Sig; Vi=12..,M
Sau d6 s& gan cac gia tri twong ung v&i mdi vi tri j
trong véc to X, boi s6 hidu may chii c6 tdc do tinh toan
gan gia tri % nhét:

_1 <k; |p(Sk) m(])| < |P(Sr) Sm(])| VS (6)
Algorithm: OP_Algorithm
Input: population p = (X3, Xa,...,Xpopsize)
Output opposite of population OP
for i=1 to PopSize do
2. X, < opposite (x;); theo cong thirc (5)
3. Gan sO hiéu médy chu cho céc vi tri
J cua véc to X, theo(6)
4. end for
return OP

IV.3. Phwong phip banh xe quay vong dwa trén
hang ca thé
Banh xe quay vong dya trén hang cé thé 1a mot
phuong phép lwa chon ca thé cho cac thé hé ké tiép.
Trong phuong phap nay, mdi ca thé dugc xép hang
theo mot ham xac dinh, sau d6 sé tinh xac sut lya
chon céc ca thé theo hang cuia ching. Trong bai béo
nay, chung toi dé xuat ham tinh hang cho cac ca thé
nhu sau:
rank(pos) =2 —SP + (2 X (SP—1) x %iz_:_l)

(1)
Trong d6: 1.0 < SP < 2.0; pos: vi tri c4 thé can tinh
hang

Algorithm: RBRWS algorithm
Input: population p = (X, Xa,...
Output: particle ps
Begin
1. S3p xép cac cid thé& theo chidu téng
din ctia ham muc tiéu f;
for i=1 to PopSize do
pos[i] <« PopSize - 1
for i=1 to PopSize do
calculate rank; by equation (7)
. rand <« Random (0, SP)
S <« PopSize
. while (rank[s]
return Xg
End.

aXPopSize)

O J o U W DN

< rand && s>0)s—
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IV.4. Thuat toAn MODE

Két hop cac ndi dung trén chung t6i dé xuit thuat
toan 1ap lich ludng cong viéc trong mdi trudng dién
toan dam may dua trén thong tin d6i xting va goi 1a
MODE nhu sau:

Algorithm MODE ()

Input: T, S, size of workload W[1xM], P[1xN], B[NxN],

D[MxM], the constant K, the deviation &, the number of

particle NoP

Output: the best position gbest

1. Khéi tao quin thé P gdm PopSize cé
thé mét cach ngidu nhién

2. OP « OP Algorithm ; tinh quan thé
db6i xtng cta quin thé hién tai

3. Chon PopSize c& thé tbét nhit tu P
o OP

4. while (Piéu kién 13p)do

5. for i=1 to PopSize do

6. Lua chon ci thé& p; theo thuat
toadn RBRWS

7. Lua chon ca thé p, theo thuat
toadn RBRWS

8. F <« Random(1,0)

9. Vi ¢« pbest + Fx(p:1 - p2)

10. Gan sb hiéu mady cht cho méi vi
tri j cua véc to v; theo (6)
11. rand;,; < Random(0,1)
12. TI,..q ¢« random(1l,M)
vyjnéurand;; < CR hodci = Lgng
wij = { o= CRAOACT # Ligng
< makespan (x;))

13. I
x;j néurand

14. if (makespan (u;)
15. X; € Uy

16. end if

17. end for

18. rand <« Random (0, 1)
19. if (rand < J,)

20. OP <« OP_ Algorithm

21. Lua chon PopSize c& thé& tbt nhit
tad P U OP

22. end 1if

23. End while
Return gbest;,

Budc khai tao: khoi tao ngau nhién quan thé P gom
PopSize c4 thé, quan thé ddi xiing OP cua P theo (5),
(6), chon ra PopSize cé thé tét nhét tir P L OP.

Trong mbi budc lap chon ra hai cé thé py, p, theo
phuong phap banh xe quay vong dya trén hang cac ca
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thé. Véc to dot bién cua mdi ca thé i duoc tinh theo
cong thuc: v; «— pbest + Fx(p, — p2)

Trong d6: pbest 1a ca thé tét nhat hién tai

Sau budc dot bién toan tir trao doi chéo dugc &p
dung cho mdi cé thé x; dé sinh ra c4 thé mai u;

vijnéurand;; < CR hodci =l apq
Hij = {xi,j néurand;; = CRhodci # I anq

Trong do rand;j €[0,1], Irand €[1,M], CR [0,1].

Toan tir lya chon dugc ap dung dé quyét dinh cé
thé nao duoc séng s6t cho thé hé ké tiép

< = { u;, if makespan(u;) < makespan(x;) }

' (x;, otherwise

Sau khi trao ddi chéo va lua chon, tinh quan thé déi
xung OP cua P theo (5), (6) va chon ra PopSize ca thé
t6t nhat tir P U OP.

Qua trinh tién hoa cua quan thé s& duoc thuc hién
qua cac toan tir dot bién, trao d6i chéo va lay ddi xing
quan thé. Sau mdi thé hé ching ta sé tinh gia tri ham
muc tiéu (Makespan) cua cac phuong an xép lich va
dbi sénh véi gia tri tot nhat trong céa thé gbest, néu cé
mot ca thé cho gia tri makespan tét hon thi ca thé do
s& thay thé ca thé gbest hién tai.

V. KET QUA THUC NGHIEM

Pé kiém ching thuat toan dé xuidt MODE chung
t6i da sir dung cong cu mo phong Cloudsim [5] dé tao
1ap méi truong dam may. Ddi tuong so sanh 1a thuat
toan tién hoa manh nhu PSO Heuristic [14], va thuat
todn Random [18], va EGA [10].

Céc chuong trinh mo phong dugc viét bang ngon
ngilt Java va chay trén may tinh ¢4 nhan véi bd vi xt ly
Intel Core i5 2.2 GHz, RAM 4 GB, hé diéu hanh
Windows 7 Ultimate.

V.1. Phian nhom dir liéu thue nghiém
Dit liéu sir dung trong céc thyc nghiém bao gom:

e Dit liéu vé tdc dd tinh toan cua cac may chu va
bang thong giita cac may chu dugc 14y tir cac cong
ty cung cap dich vu cloud nhu Amazon [19].

e Dit liéu ludng cong viée duoc ly tir cac bo dir liu
thir nghiém dugc xay dung theo do tru mat khac
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nhau va cac ludng cong viée tir cac tmg dung thuc
té nhu tng dung Montage [1].

e Dua theo tinh chit ctia méi truong dién todn dam
mdy, day 1a mot moi truong tinh toan khong dong
nhét, toc do tinh toan cac may cha va bing thong
khong dong déu, dong thoi ciing dua theo tinh chat
cac ludng cong viée, sb luong tac vu, do tri mat
ctia d6 thi ludng cong viéc chung t6i da tién hanh
phan loai dit lidu theo cac nhém véi quan hé vé toc
do tinh toan cac may chu va bang thong khac nhau,
do tro mat cta dd thi luéng cong viéc cling dugc
thir nghiém qua hé s a khac nhau. Chi tiét cac
nhém dir liéu theo s6 lwgng méy chu N, sb tac vu
M va hé sb o nhu sau:

e Nhom 1: M =5, N =3; Nh6m 2: M = 10, N = 3,
Nhom 3: M =20, N =8, Nhom 4: M =25, N =8

e MJdi nhém lai bao gém ba thuc nghiém khac nhau
vé ty 1& s canh trén sb dinh ciia d6 thi ludng cong
viéc, ky hi¢u la a va tinh bdi cong thic:

o IH
Mx(M-1)/2

V.2. Tham s6 cAu hinh
Céc tham sb cdu hinh cua dam may duoc thiét lap

trong mién gia tri nhu sau:

e Tbc do tinh toan P cua cac may chu: tir 1 dén 250
(million instructions/s); khdi lugng dir liéu D giita
cac tac vu: tir 1 dén 1000 (MB); biang thong giita
cac may cha B:tir 10 dén 100 (Mega bit/s).

e Hé s visai F=0.5; hé s6 trao dbi chéo CR = 0.9;
J: = 0.3; PopSize = 50; ou: tir 0.2 t61 0.7.

Tdp V-1, 86 17 (37), thang 6/2017

V.3. Qui trinh tién hanh thuc nghiém

Pé danh gia hiéu ning cia thudt toan dé xuét
MODE chung t6i d tién hanh thuc nghiém va so sanh
két qua cia MODE véi cac thuat toan tién hoa manh
hién nay nhu PSO H va Random. D@ li€u thuc
nghiém duoc ldy tir ing dung Montage va cac ludng
cong viéc ngau nhién theo do tri mat khac nhau, cac
tham s6 bang thong, téc do tinh toan ctia may chi
duogc thiét 1ap thong nhit cho tit ca cac thyc nghiém.
Véi mdi bo dir lidu chiing t6i tién hanh chay chuong
trinh 30 1an doc lap. Két qua thyc nghiém dugc trinh
bay chi tiét trong Bang 1, 2 va cac Hinh 1, 2. Céc hinh
nay di chi ra két qua so sanh giita gia tri trung binh
tinh duoc béi thuat tosn MODE véi céc thuat toan doi
sanh, trong hau hét cac truong hop thuat toan MODE
déu cho két qua t6t hon cac thuét toan d6i sanh, gia tri
trung binh tim dugc béi MODE nho hon gia tri trung
binh tim dugc boi PSO_H tir 8% - 29% va nho hon
gia tri trung binh tim dugc bdi thuat toan EGA tr 6%
- 25%.

Hinh 1, 2 ciing so sanh giita gia tri tot nhat tim
dugc boi thust toan MODE véi cc thuat toan dbi
sanh, qua d6 ta thdy gia tri t6t nhat tim dugc boi
MODE nhé hon gi tri tot nhat tim duoc bsi PSO_H
tr 3% - 19%, chi duy nhat trong bo dir lidu thuc
nghiém thir 5 thuét toan MODE c¢6 gia tri t6t nhat nho
hon gié tri t6t nhat tim dugc boi PSO_H 1 0.25%, gia
trj tbt nhit tim dugc boi MODE nho hon gia trj tbt
nhit tim duge boi EGA tir 2% - 20%.

Badng 1. Két qud thiee hién cdc thudt todn Véi luong cong viéc Montage (don vi tinh: phiit)

M N o MODE PSO H RANDOM EGA
Best | Mean [ STD | Best | Mean [ STD |[Best [ Mean [STD Best [ Mean [ STD
20 8 0.15 29.1 31.0 1.0 35.90 44.2 5.2 56.3 63.3 3.8 35.6 42.0 3.7
20 8 0.31 29.9 31.7 1.2 37.1 44.7 6.1 51.6 67.6 6.8 375 42.5 3.2
25 8 0.2 218.0 219.7 1.2 2250 239.0 8.3 238.0 304.9 33.0 222.4 2355 4.7
50 8 0.1 81.2 86.3 3.1 95.0 108.0 6.3 110.5 196.8 32.8 96.4 103.5 3.3

Bang 2. Ket qud thue hién cdc thudt todn voi luong cong viéc Epigenomics (don vi tinh: gio)

M N o MODE PSO H RANDOM EGA
Best [ Mean [ STD | Best | Mean | STD | Best [ Mean [STD Best [ Mean [ STD
100 10 0.25 38.7 40.9 12 38.8 449 2.8 494 75.7 125 39.2 419 1.4
100 20 0.12 23.0 27.3 1.9 34.1 40.5 3.4 42.9 73.1 14.9 34.4 37.7 1.9
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Hinh 1, 2, cling so sanh gitta d6 léch chuan tim
duoc boi thuat toan MODE véi cac thuét toan doi
sanh. Gia tri d6 1éch chuan cia MODE luén nhé hon
dd 1éch chuin cua tit ca cac thudt toan d6i séanh,
ching t6 thuat toan MODE c6 chat luong 10i giai tot
hon céc thudt toan ddi sanh va do on dinh trong cac
lan chay ciing t6t hon.

200 -

150

100 - M Best
50 - B Mean
0 - STD

& Q> & e
Q o ©
Q 4 <
® £ ¥

Hinh 1. So sdnh cdc thudt todn véi M=50, N=8
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©) o > <
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Hinh 2. So sanh cac thudt toan voi M=100, N=20

VI. KET LUAN
Lap lich ludng cong viéc 14 mot van dé phuc tap

nhung rat quan trong vi né quyét dinh hiéu ning cta

dam may dién toan. Pé dat dugc muc tiéu lap lich 1a
t6i thiéu hoa thoi gian thuc thi, bai bao da trinh bay
nhiing két qua chinh sau day:

e D¢ xuat mot mo hinh 1y thuyét cho bai toan 1ap lich
ludng cong viéc trong moi truong dién toan dam
may.

e D¢ xuat phuong phap tinh ddi ximg cho cac cé thé.
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e Dua trén phuong phap do, bai bio dé xuét thuat
toan MODE hoat dong theo thuat toan tién hoa Vi
phan két hop véi phuong phap dbi ximg nham tim
ra phuong 4n thyc thi tot nhat.

Tiép theo chung toi du dinh s& cai tién phuong
phap lya chon ca thé va co ché lai ghép nham tim ra
c4 thé t6t hon cho cac thé hé ké tiép.
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