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Di truyén

Trong bai bdo nay, ching toi xem xét bai todn ldp lich flow shop m mdy
(Fnl|X.T;) dé tdi thiéu héa téng thoi gian tre. Cdc phép todn Idn cdn
(neighborhood operators) va thudt todn Maheuristic dwoc dé xudt cho bai
todn nay. Cdc thudt todn Matheuristic la cdc thudt todn gan ding, la ky thudt
dworc thuc hién bdng cdch “nhing” cdc quy hoach todn hoc vao trong cdc
thudt todn metaheuristic. Cdc két qud tinh todn chi ra rang thudt todn
Matheuristic thwc hién tét hon thudt todn di truyén (Genetic alogorithm-
GA). Trong twong lai, chiing téi sé ddnh gid thudt todn Matheuristic véi cdc
thudt todn khdc trén ctung bai todn; nghién ctru va wng dung thudt todn
Matheuristic ndy cho cdc bdi todn Idp lich khdc.

© 2017 Trwong Dai hoc M6 - Dia chit. Tt ca cic quyén duoc bao dam.

1. M¢é dau

Trong bai bao nay ching t6i xem xét bai toan
13p lich flow shop cho m may (machine) dé t6i
thiéu hda téng thoi gian tré. Bai toan duoc xem xét
gom mot tdp J = {1,2,..,n} cia n cong viéc (job)
dwoc xtr ly trén mot tdp M = (M3, M3,..., Miy) cia m
may (machine) va c6 dac trung nhu sau:

- Moi cong viéc j dugc xtr Iy trén may thir nhat,
may 2, may 3,.. Mdi cong viéc chi dwoc bit dau
trén may th Mi.; néu né dwoc hoan thanh trén
may thir M;va may thtt M;.; roi.

- Trinh tw xt¢ ly cac cong viéc trén cac may M;,
Mj..., M 12 nhw nhau. Nghia 13, néu cong viéc thir
i dwoc xtr Iy trén may M; thi n6 cling c6 thi tw xt
ly thir i trén may Ma,..., M.

“Tdc giad lién hé
E-mail: taquangchieu@humg.edu.vn

Chung toi ky hiéu p;; 1a thoi gian xi 1y cong
viéc thit J; trén may M; va d; 1a thoi gian dén han
cia cong viéc tht J; G dwoc la thoi gian hoan
thanh cong viéc thir J; T; 12 thoi gian tré clia cong
viéc J;va dwoc xac dinh Tj= max(0, G-dj) véi Vj, 1<
j<n

Bai toan nay dwoc ky hiéu la F,//Y. T}, trong d
2T = Xj=1T), va thudc 16p bai todn NP-hard va
1a mot trong nhirng bai toan t6i wu t6 hop rat khé
(Du and Leung, 1990; Lenstra et al,, 1977). Muc
tiéu cda cta bai toan can dwoc toi thiéu héa tong
thoi gian tré Y Ty hay Minimize (Y. T).

Bai toan nay da c6 mot s6 nha khoa hoc dé
xudt cic phwong phap gidi quyét véi cac tiéu
chuin khac nhau nhw: Cmax (makespan), X Cj, X
Tj,... MOt s6 trong cac phwong phap da gidi quyét
cho trwong hop dic biét voi s6 lwong may
(machine) bang 2. Trong truwdmg hop nay, mot vai
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Thoi gian dén han ctia céng viéc thit J;la d;

Thoi gian hoan thanh céng viéc thir Jj la G

Hinh 1. So' db Grand ctia bai todn Flow shop.

phwong phap chinh xac (exact method) dwoc dua
ra nhw: thuat todn nhanh can (Kim, 1993a; Pan
and Fan, 1997; Sen et al., 1989).

Trong (Pan et al., 2002), s6 lwong cong viéc
dat dén n = 24 va cho két qua tdi wu. Mot vai thuét
toan gan dung (heuristic algorithm) dwoc dé xuit
nhw: thuit toan tham lam (greedy algorithm) st
dung cac ludt wu tién, thudt todn NEH (Nawaz et
al, 1983a) hay phwong phap dich chuyén diém
nghén (Koulamas, 1998) (shifting bottleneck
procedure). Mot vai phwong phap metaheuristic
cling da dugc dé xuit nhu: thuit todn mé phong
luyén kim (simulated annealing) (Osman and
Laporte, 1996), thuit toan tim kiém Tabu (Tabu
search algorithms) (Grabowski and Wodecki,
2004; Kim, 1993b; Nowicki and Smutnicki, 1996),
thuidt todn di truyén (genetic algorithms)
(Onwubolu and Mutingi, 1999), thuét toan t6i wu
bay dan (particle swarm optimization) (Liao et al.,
2007; Tasgetiren et al,, 2007), v.v..

Doi véi bai toan 1ap lich flow shop m may,
Onwubolu and Mutingi da dé xuat trong
(Onwubolu and Mutingi, 1999) mot thuat toan di
truyén dé tinh tdng thoi gian tré cho s lwong cac
cong viéc tré. Trong mdt nghién ctru khic cta
Vallada et al (Vallada et al.,, 2008), mot vai thuat
todn da dwoc cai dit va so sdnh dé thwc hién cho
bai toan flow shop v&i cac tiéu chuin khac nhau.

Vai ndm tré lai diy, mét phwong phap gan
ding méi dwoc dwa ra dé gidi quyét cho cac bai
toan t0 hop t6i wu. Phwong phap nay géom cac
phwong phap chinh xac dwgc cai dat “nhiing” bén
trong cac phwong phap gan ding, n6 da cai dat va
nhin dwoc nhiéu cac két qua tha vi cho cac bai
toan khé (Maniezzo et al., 2010; Talbi, 2013). Cac
phwong phap nay dwogc goi la Matheuristic. Trong

(Della Croce et al., 2011), tac gia da dé xuit mot
phuong phap matheuristic cho bai toan flow shop
dé t6i thi€u hoa téng thoi gian hoan thanh ctia cac
cong viéc. (Ta, 2017; Taetal, 2015, 2013), cac tac
gia dwa ra mot phwong phap matheuristic cho bai
toan lap lich flowshop. (Pessan et al, 2008) dé
xudt thuét toan nhanh cin va thuit toan di truyén
dé giai quyét cho bai todn 1ap lich véi cdc may song
song.

Trong bai bdo nay, ching t6i dé xuit thuit
toan Matheuristic dwgc khéi tao béi thuat toan
tham lam. Thuit toan nay dwoc chay thir nghiém
véi bo dir liéu gobm 108 maiu duwoc dua ra béi
(Vallada et al, 2008). Cac két qua nay dwoc so
sanh v&i thuét toan di truyén (Genetic algorithm).

Cac phan tiép theo cua bai bao nay dwoc té
chirc nhw sau: Phdn 2, miéu ta cac phép toan lan
can (neighborhood operator). O phdn 3, dwaramé
hinh quy hoach tuyén tinh hon hop va thuit toan
Matheuristic. Trong phdn 4, trinh bay cac két qua
vathdo luin. Cac két ludn va mét vai hwéng nghién
clru trong twong lai dwoc dé xuat & phdn 5.

2. Cac phép toan lan can (Neighborhood
operators)

Trong phan nay cac phép toan lan cin dwoc
dwgcmiéu ta va st dung: phép toan hoan vi 2 cdng
viéc - SWAP, chen truéc - EBSR (Extraction and
Backward Shifted Re-insertion) va chen sau - EFSR
(Extraction and Forward Shifted Re-insertion)
(Della Croce et al., 2004).

S dwoc ky hiéu 1a chudi hién tai. Cac phép toan
14n cin dwoc dwgc img dung cho chubi S = Si/ Spy/
S2/ Sjj/ Ss, trong d6 S1, Sz va S31a 3 chudi con ctia S,
Spi7 va Sppla cac cong viéc tai vi tri i va vi tri j trong
S (i#j) va dwoc thue hién (Hinh 2) nhw sau:
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SWAP: Mot 1an cin cla S dwgc tao ra bang
cach hoan vi 2 vi tri cda cong viéc & vi tri i va vi tri
_LkétquédUQCChUSiS'=5L/Sm/52/5m/53

EBSR: M6t 1an cin cua S dwoc tao ra bang
cach 14y cong viéc & vi tri Sy va chén vao ngay
trudc cong viéc & vi tri Sy, két qua dwoc chubi S’ =
S1/ S/ S/ So/ Ss.

EFSR: Motlan cin clia S dwoc tao ra bang cach
14y cong viéc & vi tri Sy va chén vao ngay sau cong
viéc 163 vi tri Sip két qué dwoc chudi S’ = 51/52/ S[,]/
Siiy/ S3.

3. M6 hinh quy hoach tuyén tinh hon hop va
thuat toan Matheuristic

Trong phin nay ching t6i dé xuit mé hinh
toan hoc quy hoach tuyén tinh hdn hop va thuat
toan Matheuristic cho bai toan.

3.1. M6 hinh quy hoach tuyén tinh hén hop -
MILP (Mixed Integer Linear Programming)
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M6 MILP cho bai toan dwa vao vi tri ctia cac
bién. Bién nhi phan x;, bang 1 néu céng viéc J; & vi
tri k bén trong chudi va ngwoc lai thi bing 0, V) €
{1,..,n},Vk € {1,..,n}. Bién lién tuc (continuous
variable) Cjx >0 la thoi gian hoan thanh ctia cong
viéc & vi tri k trén may M, Vi € {1,..,m}, Vk €
{1,..,n} va Tx = 014 thoi gian tré ctia cong viéc &
vitrik,Vk € {1,..,n}.

Mo hinh MILP nhuw sau:

n
Minmize Z Tk )
k=1
n

subject to Z xip=1, Vj € {1,..,n} (2)

k=1

x=1 Vk € {1,..,n}

(3)

n
Jj=1

SWAP
S 1 2 3 4 5 6 7 8 9 10
s, St S Sy Ss
S 1 2 3 7 5 6 4 8 9 10
S1 St S, Srin S3
EBSR
S 1 2 3 4 5 6 7 8 9 10
s S S Sy Ss
S 1 2 3 7 4 5 6 8 9 10
S1 Sm S S2 S
EFSR
S 1 2 3 4 5 6 7 8 9 10
S Sl Sz St Ss
s 1 2 3 5 6 7 4 8 9 10
S, S S S Ss

Hinh 2. M6 td cdc phép todn SWAP, EBSR, EFSR
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n
Cq1= Zpl,jxj,l 4)
=

n
Cix = Cl_k_1+2p1_jxj,k, vk € {2,..,n} (5

Jj=1

n
Ci,l = Ci—1,1 +Zpi,jxj'1, Vi € {2,,m} (6)
j=1

n
Cix = Ci—l,k"'zpi,jxj,k: vi € {2,...m} (7)
=

vk € {1,..,n}

n
Ci,k > Ci,k—l + Z pl-’jxj’k, Vi € {2, ,m} (8)
j=1

vk € {1,..,n}

n
Tk = Cm,k —Zdjx]',k, Vk € {1,,m} (9)

j=1

Rang budc (2) va (3) ddm bao rang chic chin
chi c6 mot cong viéc & mot vi tri va mai vi tri chi c6
mot cong viéc. Cac rang budc (4) va (6) tinh toan
thoi gian hoan thanh trén may thi nhat M;. Cac
rang budc (5), (7) va (8) xac dinh thoi gian hoan
thanh trén may M, Rang budc (9) xac dinh tong
thoi gian tré.

3.2. Thudt toan Matheuristic - MHy;

Trong phan nay, ching t6i dé xuit thuit toan
Matheuristic thwc hién bang cach goi lip lai mo
hinh MILP dwoc miéu ta trong phdn 3.1 dé tinh
toan va thuc hién véi cac bai toan con (chudi con
ctia S) va cho cac két qua chinh xac.

Cdc ki hiéu va hoat dong ctia thudt todn
Matheuristic - MHy;:

Cho chubi S = AXB, mot chi s6 (index) R va c&
mot “ctra s6” dworc ki hiéu béi H. Trong phwong
phap nay, Ala tip cac cong viéc tlr vi tri 1 dén vi tri
thit R-1; B1a cic cong viéc tir vi tri R+H dén vi tri
cudi cung cda S; cac céng viéc tir vi tri R dén vi tri
R+H-1 dwoc ky hiéu bdi X. Pdu tién, cc phép toan
SWAP, EBSR, va EFSR (Miéu td trong phdn 2) dwgrc
ap dung ddi véi chudi A va két qua dat duoc la
chudi A’. Tiép theo, chudi X dwoc t6i wu béi MILP
va cho két qua 1a chubi X’. Cudi ciing, cac phwong
phap SWAP, EBSR, va EFSR dwoc ap dung doi véi
chudi Bva duoc két qua 1a chudi B’. Chudi S’=A’X’B’
12 mot chudi méi, véi hy vong chudi S’ sé téthon S
hay ¥, T;(S") < X T;(S) va chubi S dwoc thay thé
chudi S. Cong viéc nay dwoc 13p lai véi cac gia tri
khac nhau ctia R cho t&i R = n-H. Qua trinh dwoc
thuc hién cho dén khi “tiéu chudn dirng” dat dworc.
Chung t6i dung tiéu chudn dirng la thoi gian gidi
han va dwoc ki hiéu 1a TimeLimitMH. Chi tiét thuc
hién ctia thuat toan dwgc dwa ra trong Hinh 3 va
Thuattoan 1.

Il H \I
T Tm
S A i X i B |
| : |
SWAP, EBSR, EFSR i i
v : :
| A’ X B |
: ' ;
' Téi wu bsi MILP !
1 ¢ 1
| A X B
| | T
| | SWAP, EBSR, EFSR
1 1 ¢
| A’ X’ B’

Hinh 3. Minh hoa thudt todn Matheuristic cho chudi “AXB”
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Ham muc tiéu dé tim chudi con tét nhat A’
12 t6 hop tuyén tinh cla téng thoi gian tré cua
céc cdng viéc clia chudi A’ va makespan hay Cpax
cia A’ (khodng thoi gian hoan thanh ké tir khi
bat ddu xi Iy cdc cong viéc cho tdi khi hoan thanh
viéc xt¥ ly tdt cd cdc céng viéc dwoc goi la
makespan ctia bai todn va dwoc ky hiéu la Cmax).
Ham muc tiéu nay la:

R-1

Zi=a ) T )+ (= a)Cnpos
i=1
Trong d6, Cmr-1 1a thoi gian hoan thanh trén
may M, clia cac cong viéc & vi tri R-1 (cong viéc
& vi tri cudi cting cia X).

Thuit todn 1: Thujt toin Mathewristic

1: Input: § = initial solution

2: improved = true

3: while (CPU = TimeLimMH) and (improved = true) do
4 improved = false; R = 0

S: while R n - H do
&
7
8
9

B = (8m, Speie owr S@waps)

L' = Neighborhood operator (&)
X = (Smr Spmelgmg Sre-n)

X' = re-optimization of X

10: E =

(Btmemre Smemrtigemg. Sia)
11: B* = Neighborhood operator (E)
12: 3" = n'¥'B'
13: if (IT(S") < ET(S)) then
14: improved = true; 5 = 5’
15: if (R + H= n - H) then
16: R=R+H-1
17: end if
18: end if
15: R=R+1
20: end while

21: end while

Thugt todn 2: Hoén vi cic céng vidc trong S (Swap(S))

1: Input: § = initial solution
2: for 1 =1 ton-1do
3 j=i+1
4:  while (3 £ n) and (J - 1 2 n/2) do
5: 8" = Bpyy Spye e 803711, Bp1e Spenyeer Spgu Srne Spjstees
3[n]
if (IT() < IT(S) then
g=g
end if

wom -1 o

[IERER!
10: end while
11: end for
1Z: return(s)

Twong tw, ham muc tiéu dé tim chudi con
tét nhit c6 thé cling 1a to hop tuyén tinh cua cac
cong viéc cua X’ va makespan hay Cna cia X'

Ham muc tiéu c6 dwgc nhw sau:
R+H-1

Iy=a«a Z Ti |+ (1= a)Cppren-1

k=R

Trong dd, Cmr+x1 1a thoi gian hoan thanh
trén may M,, cia cac cong viéc & vi tri R+H-1
(céng viéc & vi tri cudi cung ctia X').

Ddu tién, tong thoi gian tré cia A’ va thoi
gian hoan thanh c6ng viéc cudi ciing cta chudi
A’trén mdi may dwoc tinh toan va ky hiéu 1a CA,
cac rang budc véi CA; dwoc miéu ta nhw sau:

n
Cir= CAL + Z P1,j%j R
=

n
Ci,R = CAl +Zpi,jxj,R, Vi € {2, ,m}
j=1

V&i Cir 1a thoi gian hoan thanh trén may M;
clia cdng viéc & vi tri R ciia chudi S.

Tiép theo, t6i wu chudi X béi MILP va dat
dwoc chudi X Thoi gian hoan thanh clia cong
viéc cudi cling ctia chudi X’ trén mdi may dwoc
ki hiéu 1a CX.. Sau d6 chudi B dwoc sdp xép sau
chudi X. Cudi clung, gia tri ctia S’ dwoc tinh nhw
sau:

D LE = Y B+ Y TEY+ ) TE)

Trong Thuat toan 1 va Thuat toan 2, Sy la
cong viéc & vi tri k trong chudi S. Pi véi Thuat
toan 1, néu & 1an thuc hién cta thuat toan cho
cac cong viéc & vi tri trong doan [R, R+H-1] ma
téng thoi gian tré tai lan thwe hién nay nhé hon
lan thyc hién trwde do (X T;(S") < Y T;(S)) thi
vi tri cia cac cong viéc dwoc xem xét trong lan
lap tiép theo la [R+H, R+2H-1] va R+2H-1<n.
Nguworc lai, cac vi tri cho 1an 13p ti€p theo trong
doan [R+1, R+H].

Trong Thuat toan 2, mot cap cong viéc duoc
hoan vi néu sy khac nhau gitra hai vi tri cia cac
céng viéc khong vwrot qua n/2. Néu mot hoan vi
dwoc thuc hién ma cho két qua t6t hon thi chudi
hién tai dwoc cap nhit ludn va st dung cho lan
hoan vi tiép hoan vi tiép theo.

O Thuat toan 1, chiing ta c6 thé sir dung mot
thuat toan bat ki cho chudi khéi tao (S = initial
solution). Cac Thuat toan 3 - EDD
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Thuit todn 3: Thujt toin EDD

1: Input: 5 = a set of jobs,
2: Sorted: the jobs by non decreasing order of d;

3: Output: A set of jobs sorted in non decreasing ordsr of d;

Thugt todn 4; Thuéttoin NEH

1: Input: 3 = jobs sorted in EID order,

2: Consider the partial sequence with minimm }T; and minimm

makespan in case of ties among {(3[1], 8[2]), (8[2]; 3[1])}

Jifork=3tonde

4:  Test the insertion of 5[k] at any possible position in &'
fromltok+1

5:  FReep the best insertion, 1.e. the Lnsertion with minimum
total tardiness, and the insertion with minimm makespan in

case of ties.
6: end for

(Earliest Due Date), Thuat toan 4 - NEH (Nawaz
Enscore Ham) (Nawaz et al., 1983b) da dworc
chung toi st dung dé thr nghiém cho bai toan
treong hop nay.

4. Két qua va thao luian

Chung t6i da thir nghiém thuat toan nay trén
may tinh PC Intel core™ i5 CPU 2.4GHz. Tap dir
liéu dé kiém tra thuc nghiém dwoc tao ra boi
(Vallada etal., 2008) da duoc str dung d€ danh gia.
9 b dir liéu st dung gia tri ctam vanvéim €
{10,30,50}van € {50,150,250,350}.

Cac thuit todn Matheuristic, GA dwoc thi
nghiém vé&i gidi phap khai tao (initial solution) la
EDD va NEH. Tir cac thir nghiém chi ra rang két
qua t6t nhat dat dwoc véi phwong phap khéi tao
EDD.

Thoi gian giGi han cua thuit toan dworc dat ¢
dinh 1a TimeLimMH = (200 + n + m) gidy. C& cda
“ctras0” H=7,hés6 o« = 0.5.

Trong Bang 1, trén mdi dong 1a két qua cta 9
tép dir liéu va cic s6 in ddm twong (ng véi két qua
tot nhat cia dong d6. O bang nay, cot ‘Best’ clia
MHy; chi ra sd lan thuat toan MHy; thwc hién t6t
hon thudt toan GA. Cot ‘Amy’ chi ra trung binh
chénh léch gitta MHy; va GA:

A _ MHy, - GA
MH = TTMH,

Twong tw, cot ‘Best’ cia GA chi ra s6 1an thuit
todn GA thuc hién t6t hon thult todn MHy;. Cot
‘A4’ chiratrungbinh chénh 1éch gitta GA va MHy;:

A GA= MHy,
GAT T g

T két qua ctia Bang 1 chi ra rang thuat toan
Matheuristic thyc hién t6t hon thuit toan di
truyén GA trong hiu hét cac trwong hop. Tuy
nhién, thuit toian GA thuwc hién t6t hon
Matheuristic trong truwedng hop (n x m) = (350 x
50), va véi n = 150 cong viéc, m = 50 may thi ca 2
thuét toan cho két qua nhw nhau.

5.Kétluian

Trong bai bao nay, chiing t6i xem xét bai toan
flow shop m may véi muc dich 1a t6i thiéu héa tong
thoi gian tré. Cac phép toan 14an can

Bdng 1. So sdnh giir thudt todn Matheuristic va GA

MHy, GA
m X m
Best CPU(s) AMH, Best CPU(s) Aca

50 = 10 6 260.11 8.91% 4 260.01 -1.30%
50 = 30 s 280.17 0.06% 4 280.01 -0.20%
50 = 50 6 300,40 -0.62% s 300,02 0.59%
150 = 10 7 360.21 6.30% 3 360.02 4.06%
150 = 30 7 380.61 -1.21% 4 380.02 1.14%
150 = 50 s 402.81 1.35% s 400,05 -3.67%
250 = 10 9 460,73 -3.289% 3 460,03 3.08%
250 = 30 8 483 64 8.07% 2 480,05 2.90%
250 = 50 9 503 .42 -3.59%% 2 500,07 3.43%
350 = 10 7 562.58 7.39% 4 560.08 3.46%
350 = 30 6 591.63 7.A2% & 580.1 3.31%
350 = 50 2 606.78 23_.36% 7 600.1 -19.68%
Sum/aveg 77 432,76 4,51% 49 430,05 0,24%
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(neighborhood operators), thuat toAn Maheuristic
dwoc dé xuit cho bai todn nay va so sanh véi thuét
toan di truyén GA. C4c két qua tinh toan chirarang
thuit toan Matheuristic thwc hién t6t hon thuat
toan GA trong hau hét cic trwong hop, ngoai trir
trwong hop n = 350 cong viéc va m = 50 may.

Mot vai hwdng nghién ctru c6 thé duoc xem
xét trong twong lai. Ddu tién, so sanh thuit toan
Matheuristic véi cac thuat metaheuristic khac
nhu: thuit toan tim kiém Tabu - TS, thuit toan tdi
wu bay dan - PSO, thuit toan mé phong luyén kim
- SA; thuat toan MHy; ciing sé dwoc so sanh vi cac
thuit toAn Matheuristic kKhac. Tiép theo, thuit toan
Matheuristic dwoc dé xuit & day c6 thé ap dung
cho bai todn diéu phéi xe - VRP (Vehicle Routing
Problem) (Lenstra and Rinnooy Kan, 1981; Ta et
al, 2014).
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ABSTRACT

Study of Matheuristic algorithm for minimizing total tardiness in the
m-machine flow-shop scheduling problem

Chieu Quang Ta

Faculty of Information Technology, Hanoi University of Mining and Geology, Vietnam

In this paper, we consider m-machine permutation flow shop problem with total tardiness
minimization. We propose neighbor operators and matheuristic algorithm. Mathueristic are an
hybridization of a local search and an exact resolution method. The matheuristic is compared to a genetic
algorithm. Computational experiments are performed on benchmark instances and the results show the
good performances of the matheuristic algorithm. Finally, some future research directions are proposed.

Keywords: Matheuristic, total tardiness, flow shop, Genetic.





