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XUAT DANG 2
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(Bai nhdn ngay 04 thang 04 nam 2010, hoan chinh swa chita ngay 11 thdng 09 nam 2011)

TOM TAT: Trong nghién civu nay, thudt todn TABU, thudt todn gan ding dé gidi bai todn Ién,
dwoc img dung dé giai bai todn can bang ddy chuyén san xudt dang 2. Béi véi bai todn nay, nghién ciru
da xdy dyng 2 giai thudt, trong do, giai thudt 1 giai tryc 1iép bai todn dang 2, va gidi thugr 2 glat thong
qua bai todn dang 1. Diém thanh cong ciia nghién ciru nay la gilip cho nha ddu nr cé thé tiét giam sé
tram khong can thiét khi tdi thiét ké day chuyén, giip giam chi phi dau te va chi phi trong van hanh.
Ddc biét, nha dau tir c6 thé lva chon nhiéu mitc san lwong khdc nhau, twong wng voi 6 tram lam viéc

hiéu qua.

Tir khéa: thudt todn TABU, bai todn cdn bang ddy chuyén san xudt dang 2.

1. GIOI THIEU

Tir diu nhitng ndm 50, viéc nghién ciru bai
todn can bang diy chuyén san xuat méi bt dau
duogc cong bb trén cic tap chi khoa hoc trén thé
gidi. Trong nghién ctru cia minh, Mastor [1] da
phan loai bai todn can bang diy chuyén san xuat
thanh 2 dang: Dang 1: v6i thoi gian chu ky cho
trude, thiét ké day chuyén san xuét véi sd tram
lam viéc 1a it nhit; Dang 2: v6i diy chuyén san
xudt sin c6 (biét trude sd tram lam viéc) xay
dung diy chuyén san xuat véi san lugng Ia cao
nhat, hay néi cach khac thoi gian chu ky 1 nho
nhat. V& ban chat, bai toan cin bang day chuyén
san xudt 12 bai todn 16n va phirc tap, doi hoi
nhirng mo hinh va giai thuat pht hop, dac biét
ddi v6i bai toan dang 1 1a bai toan thiét ké méi.

Cho dén nay, c6 nhiéu k¥ thuat dé giai quyét
bai todn cin bing ddy chuyén san xuit. Vi du
nhu Bowman [2] d3 x4y dung hai m6 hinh quy
hoach nguyén. Patterson va Albracht [3] da
trinh bay phuong phdp quy hoach 0 —1. Held, et
al., [4] da dé nghi quy hoach dong va dua ra 10i
gidi cho bai todn nho. Bautista and Pereira [5]
cling dung quy hoach dong nhung dya trén nén
tang 11 giai gan ding dé phan bo cong viéc, mo
hinh nay ddp tng dugc bai toan quy md 16n.
Suresh, et al., [6] da xdy dung 2 giai thuat
genetic -1 (GA1) va genetic -2 (GA2) cho 101
giai gin ding. Yasunori, et al., [7] dd xay dung
gidi thuat mang Hopfield, mét phuong phap
méi dé& giai bai todn can biang 16n. Suresh va
Sahu [8] da ung dung k¥ thuat SA (Simulated
Annealing) dé gii bai todn. Helgeson va Birnie
[9] da xdy dung phuong phap sip hang theo
trong so. Kilbridge va Wester [9] dd xdy dung

giai thuat 3 budc dé giai bai toan. Moodie va
Young [9] dd dwa ra nguyén tic thoi gian gia
cong dai nhit. Gan ddy, Bautista va Pereira
[10] dung giai thuat Ant (Ant algorithm) dé
giai quyét rang budc vé thoi gian va stc chira.
Ngay nay véi su hd trg clia mdy tinh nguoi ta
da Gmg dung dé giai nhitng bai toan 16n. Arcus
[9] da xay dung g1a1 COMSOAL, giai thuat
nay can so budc lap rat 16n nén thich hop véi
chuong trinh mdy tinh. CALB [9] cling da
duoc xay dung dé giai cho ca md hinh don va
md hinh hdn hop ciia bai todn cin bang day
chuyén san xuit. ALPACA [9] lan dau tién
dugc Gng dung vao nam 1967, ALPACA giai
quyét duoc nhitng bai todn can bang phtc tap.
Thuat toin TABU, mot phuong phap gidi
gin ding, duoc (mg dung dé tim 10 giai gan t6i
vu dbi voi bai todn 16n. Ngay nay, thudt todn
TABU da dwoc ng dung thanh cong ¢ nhidu
linh vyc khdc nhau trong cong nghiép. Gidi
thuat nay ngan chan 10i giai tdi uu cuc bo bang
cdch sir dung bd nh¢ phirc. Dbi voi bai todn
can bing diy chuyén san xuit dang 1, hién nay
¢6 rat nhiu nghién ctru da ung dung thanh
cong nhu Chiang [11], Hung [12], Lapierre et
al., [13] va Ozkan va Toklu [14]. Tuy nhién,
hau hét nhitng nghién ciru duoc dé cap déu tap
trung vao giai quyét bai todn cin bing diy
chuyén san xuét dang 1. P4i voi bai todn dang
2, thuong dugc hiéu 1a tan dung lai diy chuyén
cil, nén it dugc quan tdm cta nhitng nha nghién
cru va nha ddu tu. Véi xu huéng cong nghé
thay d6i nhanh nhu hién nay, ddi voi cic nuée
tién tién, nguoi ta khéng quan tim dén viéc tan
dung lai diy chuyén san xuit cii. Tuy nhién

Trang 22



TAP CHi PHAT TRIEN KH&CN, TAP 14, $0 02 - 2011

trong didu kién san xudt cta Viét nam, ching ta
hoan toan c6 thé tan dung lai nhitng cong nghé
ma thoi gian dau tu chua l1au, hogic thiét bi con
c6 thé sir dung lai dwoc. Véan dé dit ra 13 hidu
qua cua viéc tdi xay dung ddy chuyén san xudt
nay phai dugc xem xét, ddy cling la van dé giai
quyét ciia nghién ciru nay. Nghién ctru nay tmg
dung thudt todn Tabu dé giai quyet bai tai todn
can bang ddy chuyén san xuét, thanh cong cua
nghlen ciru nay la bai todn s& dugc giai quyét
truc tiép va gidi quyét thong qua bai toan dang
1. Ngoai ra, két qué nghién ctru cling chi ra rang
6 thé tiét giam sO tram lam viéc khong cén
thiét ma van ddp ing ding san lugng yéu cau,
hodc két qué nghién ctru c6 thé cung cap nhiéu
mtc san lugng hiéu qua khic nhau cho nha dau
tu ¢6 thé Iya chon theo yéu cAu ciia san xuét.

2. BAI TOAN CAN BANG DAY CHUYEN
SAN XUAT DANG 2

Ham muc tiéu: toi thiéu héa thoi gian chu ky
C hay t6i da héa san lugng san xudt, c6 thé dién
ta nhu sau: Min.Z=C (1)

Trong thuc té, nguoi ta quan tam dén hi¢u
qua cua viéc thiét ke tiét giam chi phi san xuat
hay cuc tiéu héa tong thoi gian lang phi cua
chuyen Do d6, ham muc tiéu c6 thé viét lai
theo dang sau:

0k
Min. Z = Z( Zr,J = nC-) >
i=1 i=1 j=1
@)
Trong d6:C: thoi gian chu ky,
ki s6 cong viéc dugc phan bd vao tram
thur 7,
n: sb tram lam viéc,
,j thoi gian gia cong cua coéng viéc j
phan bd vao tram thir ,

Nghién ctru nay duge thyc hién dya trén gia
thiét tit ca cic thong so 1a xdc dinh, hay néi
cach khéc thoi gian cong viéc thanh phin ()
blet trude va khong d6i. Nhu vay ching ta thiy
rang hai ham muyc tiéu (1) va (2) 1a twong duwong
v6i nhau. Trong giai thuat Tabu s& dugc d& cap
trong phén (4), ham muyc tiéu cua bai todn la
cyc tiéu héa thoi gian lang phi (ham muc tiéu
2).

Trudce khi st dung gidi thudt Tabu cho bai
todn cin bing diy chuyén san xuit dang 2,
nghién ctru s& chirng minh mot bd d& dé hé trg
cho giai thuat

B dé: d6i vé6i bai todn cin bang dy chuyén
san xudt dang 2, thoi gian chu ky C c6 duoc tir
101 giai ti wu s& giam khi s6 tram lam viéc gia
tang.

Chirng minh: gia st ching ta xem xét 2
trrong hop nhu sau:

1. thoi gian chu ky t6i wvu C, voi n tram

lam viéc,

2. thoi gian chu ky t6i wu G, voi (n+k)

tram lam viéc,

Néu chiing ta xem xét truong hop 2 véi thoi

gian chu ky C, Gng véi n tram lam viéc, trong
truong hop nay, chiing ta s& c6 thém k tram lam
viéc trong. Ching ta biét rang C, la thoi gian
ung véi tram lam viéc dugc phan bd dai nhét.
Do d6, ching ta c6 thé di chuyén bdt mét sd
cong viéc dugc phan bd vao tram nay di dén 1
trong k tram trong, nhu vdy s€ dam bao thoi
gian chu ky t6i wu khi d6 s€ giam. Piéu nay
din dén thoi gian chu ky téi wu trong trudng
hop 2 s& nhé hon hoic bing thoi gian chu ky
t6i vu trong trudng hop 1, hay néi mét cich
khic 12 C,.p < C,, va bd d& da dugc chimg
minh.
3. GIAI THUAT CHO BAI TOAN CAN
BANG DAY CHUYEN SAN XUAT DANG
2

3.1. Giai thuat 1

Tu bd dé trén ching ta c6 C,,; < C,, nhu vay
ching ta hoan toan c6 thé giam sé tram lam
viéc khong can thiét néu xay ra truong hop
C,i = C,, khi d6 ching ta c6 k tram tréng. Bai
todn s& tro nén dé& dang hon néu k = 1. Thuat
todn 1 duogc dé nghi nhu sau:

Giai tryc tiép bai todn 2 véi s6 tram n = N (N
sb tram 1am viéc cho trude), ching ta xac dinh
gid tri thoi gian chu ky téi uu C,. Sau do, chung
tri C,.; twong ung. Néu C, = C,,, thi chung ta
tiép tuc voi n = (N — 2) xéc dinh gid tri C,.,
twong Ung, va so sdnh C,; véi C,,. Trong
truong hop téng quét tai mot bude giai nao dé
c6 C, # C,.;, ching ta dung giai thuat va thoi
gian chu ky t6i wu la C,, twong tmg v6i s6 tram
lam viéc 1a n (giai thuat dugc tém tat trong so
5 3.1).

Piém thanh c6ng cua gidi thudt nay la cho
phép giam mdi 14an 1 tram lam viée tréng & mdi
bude 1ap, nhu Vay ching ta van dam bao san
lugng theo yéu cau thiét ké ma van 6 thé tiét
giam sb tram 1am viéc khong can thiét, giam
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chi phi trong véan hanl}. Dbac biét, véi bo gia tri
(C,, n) ching ta c6 thé lga chon tuong ung véi

[ Bai toan dang 2 (miniminze C) ]

| ) ¢

1= |‘

| Thuc hi¢n giai thuat (vdi n = N-i) |

!

| Thoi gian chu ky t6i vu C, |

[ Loi giai t6i wu véi C = Cyys ]

So db 3.1: Giai thuat 1

3.2. Giai thuat 2

Théng qua bd d& trén, chiing ta hoan toan c6
thé giai bai todn cin bang diy chuyén san xuét
dang 2 qua hai giai doan nhu sau (so d6 3.2):

1. Giai doan 1: giai tryc tiép bai todn dang 2
voi thong s yéu cau (cuc tiéu héa thoi gian
lang phi, n 1a sb tram 1am viéc cho truée, dp
dung thuat toan Tabu), két thic giai doan nay,
chiing ta s€ c6 gid tri C, tuong Gng.

2. Giai doan 2: giai lai theo thuat todn Tabu
cho bai todn dang 1 (v6i thoi gian chu ky cho
trude 1a C, tir giai doan 1), két qua cua giai
doan nay cho ching ta gié tri cua s tram lam
viéc n’. Néu trong truong hop n’<n thi chiing
ta s€ c6 (n —n’) tram tréng can duoc tiét giam.
Dic biét cla giai thuat 1a ching ta hoan toan c6
thé giai bai todn dang 2 thong qua viéc giai bai
todn dang 1. Tuong ty nhu giai thuat 1, trong
giai thuat 2 ching ta ciing tiét giam dugc s6
tram khong can thiét, tiét kiém chi phi dau tu
va chi phi van hanh.

yes ii=i+1

tirng mirc san lugng theo yéu ciu.

[ Bai toan dang 2 (miniminze C) ]

!

| Thuyc hi¢n giai thuat véi n: = N |

!

| Thoi gian chu ky tdi uu C, |

Giai doan 1
—

Giai doan 2
\ 4

v6i thoi gian chu ky bang C,

A 4

Thuc hién giai thuat
(cho bai toan 1, s6 tram toi wu n)

\ 4
[ Loi giai tbi wu véi n, C, ]

So dd 3.2: Giai thuat 2

4. THUAT TOAN TABU CHO BAI TOAN
CAN BANG DAY CHUYEN SAN XUAT
DANG 2

Thuét todn Tabu da dugc nghién ctru kha 1au
va dugc nhidu tdc gia trinh bay khé chi tiét
trong nhitng cong trinh nghién clru truéc ma
nghién ciru nay da d& cap trong phan gidi thiéu.
Déi v6i nghién ciru ndy, tic gia xin gidi thi¢u
tryc tiép giai thuat Tabu ma tic gia da ung
dung dé giai quyét bai toan.

Giai thudt Tabu cho bai todn cin bang day
chuyén sdn xuat dang 2 nhu sau:

Buwoc 1: Nhap dir liéu

(Tong cong viéc thanh phin; Tabu size; sd
budc lip 16n nhat maxiter; thoi gian gia cong
ciia ting cong viéc thanh phan; sb tram lam
viéc cho trwéc n; ma trdn quan hé tién quyét
M).

Buwére 2: Loi giai ban diu

(Bién nhé Tabu; xdc dinh ma tran MT béng
thudt todn Warshall; xdy dung 101 giai kha thi
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ban dau bing cach phéan bd tit ca cdc cong viée
thanh phé‘ln vao 1 tram; xdc dinh gid tri ham
muc tiéu ban dau va phan bd vao bién CurObj
va BestObj).

Bude 3: Cho i tr 1 dén maxiter, thuc hién
budc 4, chuyén sang buwéc 5 khi thyc hién
xong.

Buwéc 4: Thuc hién chuong trinh con
“moving” d& x4c dinh di chuyén tiép theo;

5. KET QUA NGHIEN CUU

(Thyc hién di chuyén; cdp nhat bién nh¢
Tabu; cép nhat bién CurObj; néu CurObj tét
hon BestObj thi cap nhat 1oi giai tdt nhit bing
cdch copy 151 giai hién tai vao 161 giai t6t nht,
hay gén BestObj := CurOb;).

Buwéc 5: Thoat khoi giai thudt va dua ra 10i
gii t6t nhat khi thuc hién hét maxiter budc l1ap.

Bang 5.1. Két qua nghién ctru theo giai thuat 1

Gid tri Gia tri Keét qua Gid tri Gia tri Ket qua
Bai ) chan tdi vu Bai S chan tdi vu
toan tram dudi (LINGO) todn tram dudi (LINGO)
n C n C
2 38 38 2 38 2 69 69 2 69
Bowman 3 25 28 3 28 Hopfield 3 46 47 3 47
8 cong viéc 4 19 22 4 22 8 cong viéc 4 35 36 4 36
5 15 17 5 17 5 28 34 5 34
6 13 17 5 17 6 23 34 5 34
2 19 19 2 19 2 93 93 2 93
Hoffman 3 13 13 3 13 Dar-el 3 62 62 3 62
9 cong viéc 4 10 10 4 10 11 cong viéc 4 47 48 4 48
5 8 9 5 9 5 37 45 5 45
6 7 8 6 8 6 31 45 5 45
2 23 23 2 23 2 200 200 2 200
Jackson 3 16 16 3 16 Kilbridge - 3 134 137 3 137
11 cong 4 12 12 4 12 Wester 4 100 102 4 102
viée 5 10 10 5 10 12 cong viéc 5 80 90 5 90
6 8 9 6 9 6 67 70 6 70
7 7 8 7 8 7 58 70 6 70
2 67 67 2 67 2 27 27 2 27
Kenneth - 3 45 45 3 45 Wooden car 3 18 18 3 18
Ramsing 4 34 34 4 34 toy 4 14 14 4 14
16 cong 5 27 27 5 27 22 cdng viéc 5 11 11 5 11
viéc 6 23 23 6 23 6 9 9 6 9
7 20 20 7 20 7 8 8 7 8
2 53 53 2 53 2 275 275 2 275
3 35 35 3 35 3 184 184 3 184
Mitchell 4 27 27 4 27 Kilbridge - 4 138 138 4 139
21 cong 5 21 21 5 21 Wester 5 110 110 5 111
viéc 6 18 18 6 18 45 cong viéc 6 92 N/A 6 92
7 15 16 7 16 7 79 N/A 7 80
8 14 N/A 8 14
9 12 N/A 8 14
3 769 N/A 3 769 2 1843 N/A 2 1844
Author’s 4 577 577 4 577 Tonge 3 1229 N/A 3 1236
Case 5 462 462 5 462 70 cong viéc 4 922 N/A 4 924
study 41 6 385 N/A 6 420 5 738 N/A 5 742
cong viéc 7 330 N/A 7 332
8 289 N/A 8 300

Vi viéc dp dung thudt todn Tabu cho 2 giai
thudt dugc xay dung trong nghién ctu nay, ket
quéd cia nghién ctru dugc so sdnh véi gid tri

chefm’dué’i (lower bound) cua thoi ’gian chu kyﬂ,
va két qua c6 dugc tr LINGO. Két qué cy thé
duogc trinh bay trong cdc bang 5.1 va 5.2:
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Bang 5.2. Két qua nghién ctru theo giai thuat 2

Gid tri Gid tri Két qua Gia Gid tri Két qua
Bai ) chan i vu Bai ) tri tdi vu
todn tram dudi (LINGO) toan tram chan (LINGO)
n C dudi n C
2 38 38 2 38 2 69 69 2 69
Bowman 3 25 28 3 28 Hopfield 3 46 47 3 47
8 cong viée 4 19 22 4 22 8 cong viéc 4 35 36 4 36
5 15 17 5 17 5 28 34 5 34
6 13 17 5 17 6 23 34 5 34
2 19 19 2 19 2 93 93 2 93
Hoffman 3 13 13 3 13 Dar-el 3 62 62 3 62
9 cong viéc 4 10 10 4 10 11 cong viée 4 47 48 4 48
5 8 9 5 9 5 37 45 5 45
6 7 8 6 8 6 31 45 5 45
2 23 23 2 23 2 200 200 2 200
3 16 16 3 16 Kilbridge - 3 134 137 3 137
Jackson 4 12 12 4 12 Wester 4 100 102 4 102
11 cong 5 10 10 5 10 12 cong viée 5 80 90 5 90
viéc 6 8 9 6 9 6 67 70 6 70
7 7 8 7 8 7 58 70 6 70
2 67 67 2 67 2 27 27 2 27
Kenneth - 3 45 45 3 45 Wooden car 3 18 18 3 18
Ramsing 4 34 34 4 34 toy 4 14 14 4 14
16 cong 5 27 27 5 27 22 cong vige 5 11 11 5 11
viée 6 23 23 6 23 6 9 9 6 9
7 20 20 7 20 7 8 8 7 8
2 53 53 2 53 2 275 275 2 275
3 35 35 3 35 3 184 184 3 184
4 27 27 4 27 Kilbridge - 4 138 138 4 139
Mitchell 5 21 21 5 21 Wester 5 110 110 5 110
21 cong 6 18 18 6 18 45 cong viéce 6 92 N/A 6 92
viée 7 15 16 7 16 7 79 N/A 7 80
8 14 N/A 8 14
9 12 N/A 8 14
Author’s 3 769 N/A 3 769 2 1843 N/A 2 1844
Case 4 577 577 4 577 Tonge 3 1229 N/A 3 1236
study 41 5 462 462 5 462 70 cdng viéc 4 922 N/A 4 924
cong viéc 6 385 N/A 6 416 5 738 N/A 5 742
7 330 N/A 7 332
8 289 N/A 8 300
Ghi chii:

Gid tri t6i uu (LINGO): gid trj tdi uu c6 dugc tir chuong trinh LINGO, i ]
Gia tri chan dudi: gia tri nguyén nho nhat (16n hon hodc bang tong thoi gian cdng viéc thanh phan chia cho so

tram lam viéc).

6. KET LUAN VA KIEN NGHI

Vé co ban thi két qua cua ca 2 giai thuat 12
gibng nhau, nghién ctru chi phét hién 2 truong
hop cho két qua khac biét d6 la Kilbridge —
Wester 45 cong viéc voi 5 tram, va bai toan
thuc té ctia nghién ciru 41 cong viéc véi 6 tram.
Tuy nhién, sy khéc biét 1a khong déng ké, nén
ca hai giai thuat hoan toan c6 thé 4p dung duoc
trong thuc té. Piém dic biét cia nghién cuu la
rat nhiéu truong hop ddi véi bai toan 16n thi
chuong trinh LINGO mat rat nhiéu thoi gian
hoic khong cho két qua cu thé, trong khi giai
thuat ciia nghién ctru nay cho két qua mot cach
nhanh chéng.

Tir bang két qua ctia nghién ctru hdu hét (gan
100%) truong hop két qua cia giai thuat bang
voi két qua téi wu toan cuc tir chwong trinh
LINGO. Tir két qua nay c6 thé khang dinh
ring, viéc dp dung thuat toan Tabu cho céc giai
thudt cta nghién ctu la hoan toan tin tudng
duoc, va c6 thé img dung vao thuc té trong viéc
tai thiét ké cdc day chuyén san xudt cho cdc
cong ty san xuit cong nghiép cua Viét nam.
Gid tri sb tram 1am viéc n va gid tri thoi gian
chu ky C twong tng, cho phép nha dau tu c6
thé lwa chon tily theo mirc san lugng yéu ciu,
trong khi yéu ciu vé& mit hiéu qua van dam bao
do cdc tram tréng da bi loai.
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Han ché cua giai thuét 12 gia thiét tat ca cdc
thong s6 thoi gian gia cong 1a xdc dinh, diéu
nay c6 thé khéng phtt hop ddi véi thuc té, dic
biét dbi v6i san xudt ma it dugc xir Iy bing

thiét bi tw dong (thu cong, ban ty dong...). Do
do, nghién ctru nay nén dugc md rdng theo
huéng st dyng mo hinh ma cdc thong s c6 thé
thay ddi (stochastic models).

TABU SEARCH APPROACH FOR TYPE 2 PROBLEMS OF ASSEMBLY LINE
BALACING

Duong Vo Hung
Trudng Pai hoc Bach khoa, PHQG-HCM

ABSTRACT: In this research, Tabu search algorithm, a heuristic method for solving
combinatorial optimization problems, has been applied for type 2 problems of assembly line balancing.
For type 2 problems, two methodologies are developed for problem solving. Method 1 is direct solving
for type 2 problems, and method 2 gives solving through type 1 problems. As such, Tabu search
algorithm for type 1 problem is employed for problem solving at second stage. The success of this
research points out empty workstations (unnecessary) to reduce investment cost and operational costs.

Moreover, the range of cycle time and number of workststions are provided for selection.

Key words: Tabu search algorithm, type 2 problems of assembly line balancing.
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