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GIAI THUAT TABU CHO BAI TOAN
CAN BANG DAY CHUYEN SAN XUAT:
Mt nghién ciru so sanh két hop thay déi 161 giai ban dau
va diéu kién cai thién 101 giai

ThS. Puomg Vé Hiing'

TOM TAT

Nghién curu nay tdp trung vao viéc so sanh diéu kién cdi thién ciia thudt todn TABU,
dong thot két hop véi viée thay doi 1oi gidi ban dau cung cdp cho gidi thudt. Nghién ciru
nham hoan thién giai thudt TABU, thudt todn gdn dzing dé gidi bai todn lon, dwoc trng
dung dé giai bai todn cdn bang day chuyén san xudt. Két qua ctia nghién ciru nay cung
cdp cho cac nha quan Iy, nha dau e lot giai nhanh chong va hiéu qua cho viéc thiér ké
ddy chuyén san xudt theo nhu cau cho trudc. Aet qua nghién cvru dwoc kiém chimg voz
nhitng bai todan cdn bang day chuyen san xuat da diege céng bo trén cdc tap chi quoc
té va thong qua chuong trmh ciia phan mém LINGO. Ngodi ra, loi gidi chi tiét cho mét
trieomg hop img dung thurc 16 ciing dwoc dé cdp trong nghién ciru nay.

Tir khéa: thuit toan Tabu, cin bing day chuyén san xuét.
ABSTRACT

This research focuses on comparing improvement processes (first improvement and
best improvement), and changing initial solution provided for Tabu search algorithm,
that is a heuristic method for solving combinatorial optimization problems. Moreover,
this research attempts to simplify Tabu search algorithm for practical implemenattion,
and provides completed solutions for assembly line balancing problems. The research
solutions will offer the excellent alternatives for managers and investors in production
lines design. In terms of validity, all results are compared with optimal values proposed
by LINGO programs and previous studies. A detailed solution of a case study is also
presented in this research.

Keywords: Tabu search algorithm, assembly line balancing problems.

1. GIOI THIEU s6 tram 1am viéc) tai thiét ké day chuyén

Chiing ta biét ring bai to4n cin bing
day chuyén san xuét duoc phin thanh 2
dang (Mastor, 1970, Hung, 2011). Dang
1: vdi thoi gian chu ky cho trude, thiét ké
diy chuyén san xuit vdi sd tram lam viée
1 it nhét, bai toan nay tuong img vai vige
thiét ké méi day chuyen Dang 2: dua trén
ddy chuyén san xudt da co sin (biét trude

s&n XUt voi san lwong la cao nhét, hay néi
céch khac thoi gian chu k¥ 1a nho nhat,
bai toan nay tuong tng vo1 viéc tdn dung
lai diy chuyén cii sao cho hiéu qua nhat.
Trong diéu kién san xudt cia Viét Nam
hién nay, thiét ké moi hay tan dung lai day
chuyen da dau tu chua Jau van thue su can
thiét cho céc nha quan 1y va dau tu. Ching

I Khoa Quén Iy Cong nghiép, Trudng Pai hoc Bdch khoa, PHQG TPHCM.
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ta biét ring, cac doanh nghiép san xudt clia
Viét Nam thuong phai nhap diy chuyén san
Xudt tir nrée ngoai, gia thanh cong nghé la
kha cao trong viée dap ung nhu ciu sin
xudt, Hon nira, khi di ddu tu cong nghé
san xuét thi cong nghé bi 15i théi cling 1a
mot vin dé 16n, tén dung lai cling la mot
thach thire déi voi cac nba thiét ké, quan
ly va ddu tur (Hung, 2011), déu ndy cin
thém nira nhirmg nghién ciru cho bai toan
can bang day chuyén san xuit. Tuy nhién,
ban chat ciia bai todn can ban 12 day chuyén
san xudt 13 khd phuc tap, t& hop 101 giai
I6m, doi hoi mo hinh va thudt toan pha hop
(Suresh, et al., 1994, Bautista and Pereira,
2007, 2009, Hang, 2004, 2011,...).

Pé tim 11 gidi cho bai toan cn bang
day chuyén san xuit, cac nha nghién ciru
da bit dau thue hién tir nhitg nam 50 cua
thé ky truée nhu Mastor (1970), Bowman
(1960),... Tuy nhién, d& c6 thé giai duoc
bai toan cin bing diy chuyén sin xuit,
ching ta cin nhiéu giai thuit c6 thé giai
duoc bai toan lon va cho 161 giai nhanh
chong, di do tin cdy can thiét. Ngay nay,
c6 nhiéu phuong phap glal da duogc cong
bd trén céc tap chi qudc té nhu Patterson
va Albracht (1975) da thanh cong khi ap
dung bai todn quy hoach 0-1 trong nghién
ctru cia minh; Bowman (1960) da dé nghi
hai mé hinh quy hoach nguyén dung cho
bd dir ligu xac dinh. Bén canh 40, quy
hoach dong cling la mot trong nhing
phuong phap dugc cong bd va dp dung
thanh cong nhu cong trinh cda Held, et al.,
(1963), va Bautista and Percira (2009).
Tuy nhién, mé hinh quy hoach ddng cia
Held, et al., (1963) thi chi ap dung cho
bai toan nho; Trong khi 46, Bautista and
Pereira (2009) ap dung dugce cho bai toan
I6n dwa trén nén tang loi giai gin ding dé
phan bd céng viéc. Ngoai ra, nhimg giai
thuat hién dai khac ciing lan luot duoc
cong bd va ap dung nhu k§ thuat SA
(Simulated Annealing) dwogc nghién cdu
bdi Suresh va Sahu (1994), va Woodruff

(1 994) giai thudt gen (genetlc) cho loi giat
gin diing cling dugc cong b béi Suresh,
et al., (1996); trong khi d6, Yasunori, et al.,

(1994) di dé nghi mot giai phap méi dé
giai quyét bai toan 16n bang cédch ap dung
giai thuit mang Hopfield. Thoi gian gan
day, dé giai quyét rang budc vé thoi gian
va sire chira kho bii, rang budc co ban vé
ning luc hd trg cho san xuit, Bautista va
Pereira (2007) ap dung thanh cong giai

thuat Ant (Ant algorithm) trong nghién

¢ru cua minh.

Mic du nhiéu thuat toan di dugc
cong b va tng dung dé cung cap loi giai
cho bai todn cén bing ddy chuyén san xuit,
tuy nhién nhitng giai thuat nay kha phuac
tap dé hiéu, doi hoi nhirng k¥ thuat tinh
todn cao cap. Do viy, trong khoang 2 thép
nién tro lai day, tir khi thuat toan TABU
dugc cong bb (Glover, 1990) va ing dung
rong rdi cho nhidu linh vuc, dic biét dbi
vGi bai toan ma tdp loi giai I6n va phac
tap, mo ra nhing huéng nghién ciru méi.
Giai thudt nay rat phu hop voi bai todn cén
bang ddy. chuyen sdn xuét, nén ngay cang
nhiéu cong trinh nghién ciru ing dung lién
quan dén giai thudt duge cong bd trén cac
tap chi khoa hoc nhur Chiang (1998), Hung
(2004 & 201T1), Lapierre et al., (2006) va
Ozcan va Toklu (2009),...

Trong khi d6 theo diéu kién nghién
ciru cla Viét Nam hién nay, cac nghlen
cu’u vé bai toan cin bang day chuyén san
xudt, cling nhu céc (ng dung thuat toan
Tabu rét hiém. Pay cling 1a mot co hoi dé
tac gia thuc hién nghién ciru nay. Trong
nghién ciru nay, mét lin nira glai thudt
Tabu duoc img dung dé giai quyet bai toan
cin bang day chuyén san xuét. Nghién ctru
nay md réng nghién ciru cua Hung (2004,
2011) 4p dung cho bai todn dang 1 va dang
2 bing cach so sanh su thay déi loi giai
ban dau cung cip cho giai thuat, va chién
luge khao séat tdp 1oi gidi (tuong ty nhu
Chiang, 1998), déng thoi nghién ctru ciing
khao sat didu kién thoat khi vung lan can
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rnéi khong céi thién duorc 1o1 giai dé trémh

-----

Ket qua cua nghlen ctru duoc kiém tra voi
nhimg két qua duoc cong bé trong cdc tap
chi, déng thoi gidi thuat cling cung cap loi
gidi chi tiét cho mot img dung cu thé.

2. BAI TOAN CAN BANG DAY
CHUYEN SAN XUAT

Theo Mastor (1970), Hung (2011),
bai todn can biang ddy chuyén san xuat duge
chia thanh 2 dang, va duoc nghién ciru rit

w (k2
Max. Z:Z[Z:UJ
=l \p=l

v6i k: sé cong viéc duge phan bd
vao tram thir 1.

Trong khi 40, bai toan dang 2 dugc
hiéu 12 bai to4n tan dung day chuyén san
xudt da c6 dé san xudt sin phim khac.
Trong diéu kién céng nghé thay dbi
nhanh nhu hién nay, bai toan dang 2 it
dugc nghién ciru hon. Tuy nhién, véi diéu
kién san xuét cua Viét Nam, thi bai toan
dang 2 vin c6 nhing (mg dung nhit dinh
(Hung 2011).

E &,
Min. Z = Z[C—Z{

Trong do:

C: thoi gian chu ky

k: s6 cong viée dugc phan b vao
tram thir §

n: s6 tram lam viée

' thoi gian gia cong cuia cong viée /

phan bo vao tram thir

Tuong ty nhu nhitng nghién ciru
tnroc, trong nghién cim nay, ham muc_tiéu
sir dung d€ giai quyét bai toan chu yéu la
cdac ham muc tiéu tuong duong (1) va (2).

3. THUAT TOAN TABU CHO BAI

TQAN CAN BANG DAY CHUYEN
SAN XUAT

nhiéu trong khoang 1-2 thap nién trudc,
chit yéu tap trung vao bai toan dang 1.

Bai todn dang | duoc hiéu |4 bai toan
thiét ké méi diy chuyén san xuit véi yéu
cdu vé san lugng cho trude. Ham muc tiéu
cua bai todan 1 (theo Mastor 1970, Bowman
1960, Chiang 1998, Iung 2004,...) 1a tdi
thiéu hoa sé tram lam viéc hay Min. Z =n,
voin la s6 tram lam vige. Tuy nhién, phan
lom nhimg nghién ctru vé bai toan 1 deu
dung ham muc ti€u twong duong khac dé
tiét glam 56 tram lam viéc nhu sau:

(1)

Ham muc tiéu cua bai todn nay 1a
toi thiéu héa thoi gian chu ky C (hay téi
da hoéa san lugng san xuét trong cung don
vi thi gian), ham muc tiéu ¢o thé bidu
dién nhu sau: Min. Z = C

Tuong tuy nhu bai toan dang I,
ham muc tiéu cha bai toan dang 2 ciing
dugc viét lai dudi dang khac véi yéu
cdu dam bao giam thiéu thi gian chu
kv nhu sau:

(2)

Thuit toan Tabu da dugc nghién
ctru tir thip nién 80, 90 cua thé ky trudc
va dugc Glover (1990) xay dung khung
huéng dan va ung dung cho nhiéu linh virc
khéc nhau. Tuy dwoc tmg dung cho nhiéu
linh vuc khac nhung tng dung trong viéc
gidi quyét bai toan cin bing diy chuyén
san xudt, ddc biét 1a bai toan dang 1, thi
rit thanh c¢ong nhu Chiang (1998), Hung
(2004), Lapierre et al., (2006) va Ozcan
va Toklu (2009),... Déi v&i bai toan dang
2 thi Hung (2011) cting d& nghién ctu
thanh cong mé ra hudng tin dung lai
nhing diy chuyén cii cho diéu kién sin
xuit cua Viét nam.
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Thuit toan Tabu di dugc dé cap
trong nhiéu nghién ctu di duoe cong b,
tuy nhién, nghién ctiu nay cling téom luge
ndi dung chinh cua thudt toan Tabu va mé
réng ndi dung tim hiéu clia nghién ciru nay.

3.1, Lo giai ban ddu: Chung ta biét
rang Tabu |4 giai thudt ¢dn 1&i giai ban dau,
tir do gidi thudt s€ tim ving 1an cdn tim 161
giai 16t hon dé cai thién Joi giai hién ¢6. Tuy
nhién, giai thudt Tabu khong tu xdy dung
1o gidi dau tién cho minh, do viy, ching
ta phai cung cép 11 ban ddu. Theo nhing
nghién ctru trude day (Chiang 1998, Hing
2004&2011,...) thuong so dung nguyén
tic cdng viéc theo sau nhiéu nhét, néu ¢6
nhiéu céng viéc thda min nguyén tic nay
thi chon cong viéc co théi gian gia cong
dai nhét, trong nghién clu nay dugce goi
1a phurong phdp 1. Ngodi ra dé so sanh va
danh gia, nghién ctru dung céch xay dung
l51 giai ddu don gian hon bing cach phén
bd mdi cOng viéc vao mot tram lam vigc,
céch nay duoc goi \a phurong phdp 2. Cach
nay don gian héa viée cap loi giai dau cho
gidi thuat, don gidn hoa tinh todn ciia giai
thudt, tao ra l&i giai kha thi truc tiép. Két
qua cua nghién ctu dugce so sanh va trinh
bay trong phan 5.

3.2. B4 nhé: D6i véi thudt toan
Tabu bd nhé dang dé kiém soét tdi wru
cuc bo cua loi giai, trong hau hét cac
nghién ctru diing mang 2 chiéu Tabu dé
kiém soat di chuyén qua lai cia cac cong
viéc giffa cac tram.

3.3. Tidu chuin chip nhin thay
d6i: Pay la mot tiéu chuin quan trong dé
chdp nhan mét 1&i giai méi ot hon 16
giai tt nhit dang lwu trong bd nhd, tidu
chuin nay giup loi giai duoc cai thién
lién tuc cho dén khi dat diéu kién dimng
cua giai thuat.

3.4. Da dang héa tip loi gidi: Da
dang héa 1a mot phan quan trong cia giai
thuét trong viéc tranh td1 wu cuc bd, b?mg
céch chip nhan 1oi giai tdt nhét cua tap 1o
giai hién tai (mac di 1&i giai nay co thé
khong tét hon 15 giai hién tai trong bd
nho). Trong trurdng hop ndy giéi thuat sé
bi lap vi khong co l¢1 gidi nao cdi thién 1o
giai trong bd nhg, ching ta dung bo nhé
tam thoi nay dé chap nhan di chuyen nham
tao tdp loi giai mai.

3.5. Tiéu chudn cai thién loi giai:
Tuong ty nhu nhiing cong trinh nghién
ciru trudce, nghién clru ndy ciing dung 2
hinh thirc cai thién d6 1a: i) chip nhan di
chuyén dén tdp I&i gidi mai khi tim duge
I&i gii cai thién ddu tién (first improvement
— nguyén tic 1), nguyén tic nay khong
tim hét tap 1oi giai hién tai; ii) chdp nhan
di chuyén khi toan bé tap 1oi giai hién tai
duoc khao sat hét, va 101 giai cai thién nhat
s& dugc chon dé thay thé 101 giai 10t nhat
(best improvement — nguyén tic 2). Ca hai
nguyen tic déu dugc khao sat va so sanh
két qua.

3.6. Tiéu chudn chéng tdi wu cuc
bé: Trong trudng hop tip 1o giai hién tai
khéng cho bét ky 1oi giai nao tot hon loi
giai hién tai (non-improvement), theo tiéu
chuédn da dang héa, giai thuit van chép
nhan di chuyén va cdp nhat 1oi giai hién
tai. Pidu nay dan dén 15 giai hién tai sé bi
thay dbi (cd thé giam), do d6, nghién ciu
nay c6 ding thém mét by nhé dé hru giir
161 giai tot nhét cho dén hién tai. Lo giai
nay chi duge cdp nhat khi gia tri lo1 giai
dugc chip nhan tét hon 1oi giai t5t nhat
nay. Tiéu chuin nay cia nghién ctru dam
bao khi dat diéu kién thoat, 15 giai tot nhit
s€ duge dam bao, do la 1o gidi duge xudt
ra tr bo nhé nay.
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4. KET QUA NGHIEN CcUU

Bing 4.1. K&t qui nghién ctiu theo nguyén tic 1

Bai Thoi gian | - g g | Gl Ket qua
toan chulky | pandusi | 10U
(giay) ' (LINGO) P.1 P.2
|
Bowman 20 4 5 5 5
8 cong viéc
Hopfield 36 4 4 4 4
8 cong viéc
Woo:ien c_af toy 1 5 5 5 5
22 ¢ong viéc
7 7 R 8 8
9 6 6 6 6
Jackson 10 5 5 5 5
| 11 cOng viée 13 4 4 4 4
14 4 4 4 4
21 3 3 3 3
48 4 4 4 4
Il)lag?[l] vice 62 3 3 3 3
Ong Vie o4 2 2 2 2
27 5 6 5 5
28 5 5 5 5
29 5 5 5 5
Kenneth - Ramsing 30 5 5 5 5
16 cong viéc 31 5 5 5 5
32 5 5 5 5
33 5 5 5 5
34 4 4 4 | 4
Bii Thoi g1\an ’ Gid tri G;a tri Két qua
toan chu ky chan duai to1 ay |
(gidy) ' (LINGO) P.1 P2
Hollman 14 3 3 3 3
9 cong viéc
Kllbfldge .-AWester 100 4 5 5 5
12 cdng viéce
Author's Case 552 5 N/A 5 5
study 41 cong viéc
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vai gia tri chan dudi (lower bound) cua 50
tram lam viéc bé nhit, va két qua cé dugc
tir LINGO. Két qua cu thé dugc trinh bay
trong cac bang 4.1 va 4.2.

Vai viéc ap dung thudt toan Tabu
cung su thay doi diéu kién dau ciing nhu
nghién ciru cling cho nhimng két qua nhit
dinh. Két qua cia nghién ciru dugce so sanh

Bing 4.2. Két qua nghién ciru theo nguyén tic 2

Gia tri

' Thot gian Gia tri 1 Két qua
Bai chu ky chin dll:(’)’i toi uru
(oAn (gidy) : (LINGO) | P1 P2
Box:vman. " 20 4 5 5 5
8 cong viéc
Ho?ﬁ eld. ) 36 4 4 4 4
8 cong viéc
WOOfien car toy 11 5 5 5 5
22 cong viéc
7 7 g 8 8
9 6 6 6 6
Jackson 10 5 5 5 5
L1 céng viéc 13 4 4 4 4
14 4 4 4 4
21 3 3 3 3
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Dar-el 48 4 4 4 4
1| cang vid 62 3 3 3 3
cong viee 94 2 2 2 2
27 5 6. 5 5
28 5 5 5 5
29 5 5 5 5
30 5 5 5 5
. 31 5 5 5 5
b fomsng | s s L5 |
g Viee 33 5 5 5 5
34 4 4 4 4
Bai Thai gian Gid tri (3;1'a tri Két qua
todn chu ky chin dugi to1 uu
{gidy) ' (LINGO) P.1 P2
Hoflman 14 3 3 3 3
9 cdng vice
qulb{ldge '-AWester 100 4 5 5
12 cong viéc 5
Author's Case 552 5 N/A 5 5
study 41 cng viéc
57 10 10 10 10
79 7 7 7 7
Kilbridge - Wester 92 6 6 6 6
45 cong viée 110 5 6 6 6
138 4 4 4 5
184 3 3 3 3
14 8 8 8 8
15 7 8 8 8
Mitchell 21 5 5 5 5
21 cong viée 26 5 5 5 5
35 3 3 3 3
39 3 3 3 3
176 21 21 21 21
Tonge 364 11 11 11 11
70 c%n viéc 410 o ? 10 10
g Vi 468 8 8 8 8
527 7 7 8 8
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Ghi chu:

Gid tri tdi uvu (LINGO): gid tri t6i wu
c6 duoc tr chuong trinh cua phan mém
LINGO.

Gia tri chan dudi: gia tri nguyén nho
nhat (1on hon hojic bang téng thoi gian
cdng viéc thanh phéan chia cho thoi gian
chu ky).

P.1 va P.2: phuong phéap 1 va phuong
phap 2 tuong Ung voi sir thay don Loi giai
ban dau.

Pé minh hoa thém cho giai thudt,
nghién ctu trinh bay 1o giai chi tiét cta
bai toan ing dung twong ung vdi nguyén
tic 1 cho ca 2 phuong phap va dugc thé
hién trong bang 4.3 va 4.4. Bai toan Ung
dung la quy trinh 1ip rap déng co xe gan
may cua dong xe Yamaha, trong biéu db
quan hé tién quyét cua 41 cong doan dugc
gidi thiéu trong so do S.

Bing 4.3. Két qua céng viéc dwoe phin bé chi tiét theo phwong phip 1

| S6 tram 1 Cong viéc twong ing véi tram Théi gian mbi tram
| 1 1,2,4,5,6,7,8,12,15,16, 17,27, 28 552 |
2 11, 18, 22, 23, 24, 31, 34, 38 552
3 9, 14, 20, 21, 30, 32. 33, 35.36 552
4 3,10, 13,19, 25, 26, 29, 37, 39, 41 550
5 40 100

Bing 4.4. Két qua céng viéc duoc phan bb chi tiét theo phuong phip 2

So tram Cong viéc tirong Gmg voi tram Théi gian méi tram
| 1 1,2,4,5,6,7,.8,9,11, 12,15, 16,27 552
F 2 3,14,17, 18,19, 20, 21, 37, 38 535
3 23,24, 25, 28, 29, 30, 31, 32, 33, 34, 35 552
4 10, 13, 26, 36, 39,40, 41 552
5 22 115

(ca 2 phuong phdp cho két qua twong
dirong vé $6 tram lam viée va thoi gian

chu ky)

5. KET LUAN VA KIEN NGHI

Két qua ciia nghién ciru c6 thé duoce
tom tat trong bang 5.1 nhu sau:
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Bang 5.1. Tém tit va danh gid két qua nghién céu

Nguyén tic | Nguyén tic 2
Phuong phap 1 | Phuong phap 2 | Phuong phap 1 | Phuong phap 2
Sé bai toan kiém tra 39 39 39 39
S bai toan dat téi uu 38 38 37 36
Ty 1¢ phin tram dat tdi wu | 97.44 % 97.44 % 94.87 % 92.31 %

Tir bang tom tat, ching ta thdy rang
ca 04 nhom két qua déu cho ty 18 dat téi vu
khé cao, trong do nhém nguyén tic 2 cé
nhiéu hon hai truong hop khéng dat tbi uu
(Kilbridge — Wester vai thoi gian chu ky 1a
138, va Tonge vai thoi gian chu ky 1a 527;
trong khi nguyén tic 1 chi ¢6 mét truong

hop duy nhat 1a Tonge véi thoi gian chuky.

12 410). Tuy nhién, ty 1& t8i uu trén 90% 12
kha cao, va chiing ta ¢6 thé thiy ring do
tin ciy cua nguyén tic 1 cia nghién ctu
cao hon. Nghlen cuu clng dung nguyén
thc nay dé cung cip 10i giai chi tiét cho bai
toan 1rng dung trong bang 4.3 va 4.4.

Vi ty 1¢ dat toi wu cia giai thudt kha
cao, nghién ciru ¢6 thé cung cdp thujt toan
Tabu hoan chinh, hoan toan c6 thé mg
dung dé thiét ké cic day chuyen san Xuét.
Nghién ciru nay co thé cung cap lo1 giai
du d¢ tin cady, va hiéu qua cén thiét cho

quyét bai toan thiét ké day chuyén san xuit,
giam chi phi thiét ké, giam gia thanh cac
day chuyen méi. Dic biét trong diéu kién
san xuit cua Viét Nam, cac nha dau
phai nhap nhiéu day chuyén san xuit do
diéu kign thiét ké cua chung ta khéng du
dd tin cdy va hiéu qua.

Hién giai thudt duec thuc hign voi
gia thiét it ca cac thong s6 thoi gian gia
cong 14 x4c dinh, diéu nay thuong phi hop
vai cac thiét bi 1ap dat cho ddy chuyén la
tv dong, thoi gian gia cong la chinh xac,
pht hgp vai Xu hudng gia tang tu dong hoa
trong san xuat cia ching ta. Két qua c6 thé
sai léch voi cic ddy chuyén thu cong, ban
tu dong, do vay, nghién clru nay nén dugc
mé rdng theo hudng si dung mé hinh ma
cac thong s6 thoi gian c6 thé thay dbi.

6. MOT. SO SO PO KHOI THAM
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