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Abstract. The application of Genetic Algorithm (GA) to the production planning problems has
long attracted the interest of many researchers. In this paper a hybrid model combining GA and
simplex method (SM) to solve a production material expense minimizing problem is proposed. The
paper is composed of three parts; in the first part, we informally describe the production problem of
the enterprises producing steel pipe; in the second part, a formal statement of the problem is given
together with it’s solving algorithm based on the hybrid of GA and SM in which GA is applied to
search space that is the linear programming problems space; the last one presents the application
results and conclusion.

Tém tat. Viéc 4p dung thuit todn gen trong bai todn lap ké hoach sdn xuat tir 1au da thu hut
duoc su quan tam ciia nhiéu téc gid. Bai bdo nay dé xuat mot mo hinh lai ghép gitra thuat toin gen
(GA) va phuong phép don hinh (SM) dé gidi bai todn t6i wu chi phi vat tw sdn xuat. Bai bdo duoc
chia 1dm 3 Muc . Phan dau mé ta khong hinh thirc bai todn sdn xuat cia nha may sdn xuat ong
thép; Muc thtr hai hinh thitc héa bai toin va dé xuat thuat toin gidi dura trén su lai ghép gitra GA
va SM, trong dé GA duoc 4p dung trén khong gian tim kiém 13 khong gian cdc bai toin quy hoach
tuyén tinh; phan thit ba gom két qua ting dung thue té va két luan.

1. PHAT BIEU BAI TOAN KHONG HINH THUC

Pé san xuat cic loai 6ng thép ddp trng nhu ciu phét trién cia xa hoi, cdc nha mdy san
xudt éng thép diing nguyeén liéu dau vao la tén cuén nhap khau. Tén cudn cé céc thong s6
dédc trung 1a do day, chiéu rong va do dai (néu cing do day va chiéu rong thi do dai ty lé
thuan véi khoi lwong nén trong thure té ngudi ta hay diing domn vi khéi lwong thay cho do dai
trong trao doi, mua ban). Vé chiéu rong, cudn ton cé cac kich thuéce tiéu chuan khac nhau:
1000mm, 1200mm, 1300mm, 1400mm... phu thudc vao do diy va duong kinh éng, moi loai
ong thép doi héi mot dai ton c¢b chidu rong xéc dinh dwoc cat ra tir cdc cudn ton c¢é cing
do day bang mdy cat. Vi du ong day 1.5mm, duong kinh 20mm doi héi chiéu rong dai tén
twong ung la 36.5mm cat tir loai ton 1.5mm. Loai 6ng nhé nhat dwoc san xudt c6 duong
kinh 15mm. Nhuw vay tir mot cudn ton ta cé thé cat thanh nhiu dai cé chiéu rong khac nhau
dé san xuét céc loai 6ng dwomg kinh khéc nhau va c¢é cliing do day. S6 lwong céc phép cat
¢6 the trén cudn ton la s6 t6 hop cla cdc chiéu rong cac dai ton khdc nhau véi tong chieu
rong khong virot qud kich thuée chuan cia cudn ton. Thuong tong cac chieu rong nay khong
triing véi chinh kich thude chuan dé, tire 1a luén ludn ¢6 mot phan ton trd thanh phé thai.
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Vén dé dat ra cé tinh cap thiét doi véi nha sdn xuat 1a han ché t6i da lwong phé thai néi trén

N N ’ ~ N . N ’ 7 ~ ~ z N
va cue tiéu héa lwrong vat tu doi héi dwa vao sdn xuat dép ing ké hoach. Pay ciing chinh 13
muc tiéu dit ra cua bai bao.

2. HINH THUC HOA BAI TOAN VA THUAT TOAN GIAI

C6 nhieu dé xuat két hop cic phwong phdp hinh thitc véi cdc phwong phap heuristic dé
gidi quyét mot s6 bai todn phitc tap trong thuc té. Trong [1], tdc gid da sit dung viéc lai
ghép giita thuat todn gen vi phuwong phdp don hinh dé tim gidi phap giai bai toan bdo ddm
ludng cung cadp dau thé 6n dinh cho nha may loc dau. Ludng dau thé dwoc xdc dinh béi cong
suat cdc may bom tir cdc bé chita cila giéng khoan. Viéc dieu khién cong suat cia cidc may
bom khac nhau dwoc thue hién theo hai buéce: bude mot lra chon may bom dé dieu khién
bang thuat toan gen, budc hai xdc dinh cong suat cia cac may bom dwoc Iwa chon duya trén
phuong phdp don hinh. Trong [2], m6 hinh lai ghép gitra thuat todn gen va qui hoach tuyén
tinh dwoc st dung dé gidi quyét bai todn phan cong lao dong véi chi phi toi thidu. Trong
phan sau ching ta sé trinh bay phwong phép lai ghép gitra hai cong cu la thuat toan gen va
phuong phap dom hinh dé gidi quyét bai toan dat ra trong Muc 1.

2.1. Hinh thdc hda bai toan

Ta goi NV 14 s6 loai 6ng thép cé thé dwoc san xuat. V&i moi loai 6ng ¢ = 1, N ta cé mot be
rong dai ton dé san xudt twong ting 14 w;. Vecto W = (w1, ..., wy) 1 vecto Iwu triv be rong
cac dai ton twong ing vdi cac loai 6ng khic nhau. Goi wyin 12 gid tri nhd nhat trong céc gia
tri w;i, 7 = 1, N, Wmin chinh 1 bé rong dai tén dé san xuat loai ong thép ¢é dwong kinh nhéd
nhat. Theo moi chu ky ké hoach quy dinh trwée (thang, quy...) nha mdy cé ké hoach sén
xuat k; tdn san pham ong thép loai i. Vecto K = (ki, ..., ky) thé hién khéi lwong tan can
sdn xuat cho tirng loai ong thép va duoc goi 1a ké hoach sdn xuat cia nha mdy trong chu k¥
ké hoach. k; = 0 ¢6 nghia 1a loai 6ng thép ¢ khong dwoc san xuat theo ké hoach dit ra.

Gid thiét rang cé M loai cuén ton khac nhau (tic la kich thuéce chuan khac nhau). Véi
moi loai cuén ton j = 1, M, ta ky hiéu R; va T twong tng 1a chiéu rong chuan va khéi lwong
dwa vao san xudt cia loai cuén ton j.

Vé&i moi loai cudn ton j dwa vao san xuat, ta cé thé cé nhiéu cdch cat ton thanh céc dai
ton ddp tng nhu cau sadn xuat céc loai 6ng thép khéc nhau. Ky hiéu aj; 1a s6 lwong dai ton
dwoc cat trén loai ton j dé san xuét loai ong thép i. Vecto aj = (aj1, ..., oyn) duoce goi la
moét phwong 4n cat trén loai cudn ton j. a;; = 0 ¢6 nghia khong cat dai ton cho loai 6ng thép
¢ trén loai cuén ton j.

Pinh nghia 1. Mot phuong 4n cat «; goi 1a chap nhan duwge néu tong be rong cic dai ton
khong 1é6m hon chiéu rong cuon ton va phan phé thai ¢é beé rong nhd hon wpin:

Oéj.W/ + Wmin > Rj = Oéj.W/ (1)

& day W' la vecto chuyén vi cia W. Ta ky hiéu tap tat cd cic phwong an ciat chap nhan
dwroc doi véi loai cudn ton 5 la IV,

Véi moi phwong 4n cat chap nhan dwoc aj cia loai cudn ton j ta lap vecto N chiéu
S = (841, ..., 8jn), trong dé s;; duge xdc dinh nhu sau:

Sji = aji'wi/Rjy 1= 1, N (2)
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Nhw vay véi moi khoi lwong T; cia loai cudén ton j duoe dwa vao san xudt va mot phuong
an cat a; ta s ¢6 dugec mot vecto san pham twong tng la K; = T;.5;. Thanh phan thi
i, kj; = Tj.s;; cia K; 1a khoi lwgng ong thép loai ¢ dwge sin xudt theo phwong dn cat a; véi
khoi lwong loai cudn tén j duwa vao san xudt 1a 7.

Nha may sé hoan thanh ké hoach néu nhw véi nhitng phuwong 4n cat cho tirng loai cudén
ton va véi khoi lwong ton di cho san xuat, bat dang thirc sau 13 ding:

M M
> Ki=) TiS; > K. (3)
j=1 j=1

Nhan xét rang khi da lwa chon phwong 4n cat cho cic loai cuon ton thi trong (3), vecto S;
dugc xic dinh bdi cong thite (2) trd thanh vecto hang. Nhuw vay (3) la hé bat dang thic
tuyén tinh véi cdc bién sé 14 1, j =1, M.

Khi gia thiét rang khdi lwong cia tirng loai cudén tén 13 khong han ché, viéc ton tai nghiém
cla bdt dang thitc (3) chi con phu thuoc vao chinh cdc phwong an cat dwoc lra chon. Sau
day ching ta sé dwa ra dieu kién can va dd dé (3) xdy ra.

Pinh nghia 2. Ta goi vecto thong tin ké hoach sdn xudt la vecto N chiéu C' = (cy, ..., cn)
v6i ¢; = 1 néu loai dng thit 7 ¢é trong ké hoach san suit va ¢; = 0 néu nguoc lai.

Pinh nghia 3. Cho 2 vecto A va B cing s6 chiéu 1a N. Vecto A dwoc goi 1a phi cia vecto
B néu va chi néu moi thanh phan cda vecto A déu khong nhd hon thanh phan twong ting
cua vecto B :a; > b,i=1,N.

Ménh dé 1. Véi khéi leong khong han ché cia ting logi cudn ton, nha mdy cé thé hoan
thanh k€ hoach khi va chi khi téng cia cdc vecto phwong dn cit oy la phi cia vecto thong
tin k€ hoach sin zudt C. Néi cdch khdc, hé bdt dang thic (3) véi cdc Tj v6 han théa man
khi va chi khi:

ZOéj 20 (4)

Chitng minh. Gid st bat ddng thic (4) thdéa man va cdc T vo han. Biéu dé ¢6 nghia néu
nhw ¢; > 0 (ke 1a viéc sdn xudt loai 6ng thép ¢ nam trong ké hoach) thi ton tai it nhat
mot phwong 4n cat aj ¢6 aj; 1a mot s6 nguyén 16n hon 0. Véi phuong én cat nay ta cé thé
chon T di 16m dé c6 T}.sj; > k;, trong d6 s;; dwoce xéc dinh béi (2). Lap luan ding véi moi
i =1, N. T d6 suy ra (3) thdéa man.

Nguoc lai gid sit (3) thda man nhung (4) khong théa man. Khi dé sé ton tai it nhat mot
c; =1 (tikc 1a k; > 0) v aj; = 0 véimoi j = 1, M. Préu d6 c6 nghia trong moi phwong 4n cat
cho cdc loai cuon t6n déu khong cé dai ton nao dé san xuat loai 6ng thép i. Nhw vay sj; = 0

M
v6i moi j = 1, M theo céch tinh trong (2). Tir d6 bat ding thitc > Tjsj; > k khong thé xay
j=1

ra, tirc 1a (3) khong x4y ra va dieu dé mau thuan véi gia thiét. Ménh dé dwoc chitng minh.m

Theo ménh dé trén, mot cau héi dit ra la liéu ¢6 phai lic nao ciing ton tai cac phuwong
4n cat cho cic loai cuoén ton khac nhau thoéa man (4)? Dieu nay veé mat 1y thuyét 1a khong
ding néu s6 lwong loai 6ng thép can san xuat N kha 1én khi so sdnh véi M. Tuy nhién rat
may rang trong thuc t& san xuat, véi moi do day khac nhau ching ta chi ¢6 thé san xuat
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duge mot s6 lwong twong doi nhé (10-15 loai) cdc loai 6ng ¢6 dwong kinh khic nhau. Béi
vay trén moi loai cuon toén ta cé thé dwa ra phuwong an cat cho dong thoi cho tat ca céc loai
ong. Thue té nay ddm bao bat dang thitc (4) luon ludén cé 1oi gidi. Néi cdch khdc nha may
luén c¢é thé hoan thanh moi ké hoach de ra.

Tir nhitng 1ap luan ké trén, ching ta thay rang dé gidi quyét dwoc bai toan dat ra trong
Muc 1 can giai quyét hai bai todn thanh phan:

1. Tim tap céc phuong 4n cat chdp nhan dwge o, j = 1, M thoa man (4).

2. Giai bal todn quy hoach tuyén tinh sau véi cée o da tim dwoc

M
Z T; — min (5)
j=1

M
trén mién rang buodc »_ 1;5; > K. (6)
j=1

Nghiém ctia bai todn (5)-(6) chinh la chi phi vat tw cuc tieu bdo ddm dé nha may hoan
thanh ké hoach véi cdc phwong an cat da dwoc lra chon cho tirng loai cuén ton.

Viéc gidi bai todn thit nhat cé do phitc tap tinh toan lén. Thit nhat 1a do phitc tap to
hop lién quan dén xay dung cdc phwong an cat chap nhan dwoc - titc 1a cédc phwong 4n cat
théa (1) déi véi tirng loai cudn ton. Thit hai 14 hra chon trong moi tap cac phwong 4n chip
nhan dwoc cho tirng loai cuén ton mot dai dién tham gia tao nén vecto phi trong vé trai cia
(4).

Viéc giai bai todn thit hai nham dat dwoc muc dich hoan thanh ké hoach san xuat véi
lrong vat tw téi thidu, tranh hién twong ton kho san phan qud han mitc lam kéo dai thoi
gian quay vong von va tang chi phi bdo quan.

Ching ta cling thay rang viéc gidi quyét bai toan thit nhat chinh la viéc tim kiém céc
tham s6 dé hinh thanh bai toan thit hai. Vi vay cé thé coi viéc gii bai todn thir nhat 1a viéc
tim kiém phat bicu cho bai toan thit hai.

Bai toan (5)-(6) hoan toan dwoc xdc dinh bdi bo vecto o = (ay, ..., apr). Vi moi bo o
thoa man (4), bai toan (5)-(6) s& cho chiing ta mot lra chon phwong 4n thue hién ké hoach. O
day chiing ta han ché chi xét cdc bo o v6i o € IV, Nhuw vay khong gian cdc bai todn (5)-(6)
ching ta quan tam sé la mot tap con théa man (4) cia tich dé cic I' = Hj]\il V. Muc dich
cda ching ta la tim ra trén tich dé cdc I phan tit a théa man (4) ma bai todn (5)-(6) twong
ing cho ta phuong 4n thuwe hién ké hoach mét cdch “téi wu”.

Vé&i cach phan tich bai todn nhw trén, phan tiép theo sé trinh bay dé xuit viéc ting dung
dong thoi GA va SM dé gidi quyét bai toan t6i wu dat ra.

2.2, M6 hinh thuéit toan lai ghép gitrva GA va SM
Dé thuan tién cho viéc trinh bay thuat toan, ching ta dwa thém mot s6 khéi niém sau.
. _ N
Lap vecto K véi cac thanh phan k; = k;/ > k¢ tir cdc thanh phan cia vecto ké hoach
i=1

sdn xuat K. Vecto K dwoc goi la vecto co cau ké hoach.

Véi moi phwong 4n cat chdp nhan dwoc aj € I'j, ta ddnh gid mitc d6 twong thich cia né
so v6i ké hoach bang khodng cdch Ocolit d(ay, K) = d(S;, K) v6i S; 1a vecto duge tinh tir
a; theo cong thitc (2). Khodng cich cang nhé thi mic do twong thich ciia phuwong 4n cat so
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véi ké hoach cang 16m. Y twdng cia thuit toan la chon ra nhirng phwong 4n cat twong thich
nhat v6i ké hoach san xuat dua trén khoang cach d(oy;, K).

Mac du viéc xay dung tap céc phwong dn cat chap nhan dwoc I'V cho méi loai cuén tén
j c6 do phitc tap 1ém, nhung trong bai toan thuwe té kich thuéc cuon tén ciing nhu bé rong
céc dai ton la ¢6 dinh, s6 lwong céc loai ong la nhé nén ta cé thé thuc hién viec xay dung
nay mot lan. Sau khi da xay dung xong, IV déng vai tro bang danh muc tra cttu ¢é dinh nén
khong 1am tang do phite tap cia thuat todn dwoc dé xuat.

Sau day la néi dung chinh cia thuat toan.

Thuét toan

Budc 0. Nhu trong Muc 2.1 da chi ra, bai todn (5)-(6) hoan toan dwoc xéc dinh béi vecto o
thda man (4). Vi vay ching ta ding chinh vecto nay lam nhiém sic thé biu dién cho moi
cé thé c6 dang phat bidu nhuw bai toan (5)-(6).

Budc 1. Tao mot quan thé xuat phat gom @Q ca thé o € I' théa man (4). Viéc nay c6 thé
thue hiéen dwge mot cach dé dang bang viéc chon cdc o ban dau la cdc phuong 4n cat tat ca
céc dai ton d€ san xuat moi loai dng thép trén cling mét cuon ton. Véi cac phwong dn dwoc
lwra chon nhur vay, céc cé thé trong @ deéu théa man (4).

Budéc 2. Panh gid mitc do thich nghi clia moi cé thé trong quan thé bang cich gidi céc bai
toan (5)-(6) twong tmg véi moi cd theé. C4 thé nao cho gid tri ctia ham muc tiéu (5) cang nhd
thi mirc d6 thich nghi cang 1én.

Budéc 3. Tao quan thé méi bang viéc lap lai cdc toan tir gen sau day dén khi quan thé méi
hoan thién:

a. Chon loc: Chon ra 2 ca thé cha tir quan thé theo mitc dé thich nghi cia c4 the. Céc
¢4 thé ¢6 do thich nghi cao s& duroe wu tién lra chon trude.

b. Hon phéi: O diy ta mo ta hén phdi tai 1 di€m. Viéc cho hén phdi tai nhieu didm sé la
mé rong tam thwong cia hén phdi tai mot diem.

Gid st 2 ¢4 thé cha duoc lya chon la o = (o, ..., @, .., ) va o = (af, ..., Oy oy ).
Tai diem j ta doi chd o; véi o’; trong hai cd thé cha o va o/ dé nhan dwoc céc hau boi. Kiém
tra tinh ding dan cta (4) déi véi cdc ca thé hau boi. Néu khong c6 ca thé hau béi nao dé
diéu kién (4) la ding thi hau bdi sé la ban sao chinh xac cia cha.

c. Dot bién: Doi véi cd the cha o = (ay, ..., aj, .., apy) ta gay dot bién tai vi tri j bang
viéc thay thé a; boi o € IV véi dieu kieén (o, K) < d(ay, K) dé nhan dwoc c4 thé hau béi
méi. Néu cd thé nay khong théa man (4) thi chon hau bdi Ia ban sao chinh xdc cia ci thé
cha.

d. Tao quin thé moi: T cac hau bai nhan dwoc bang viée 4p dung cac toan tir gen a-c
ta lra chon @ cd thé ¢6 mitc do thich nghi 16n nhat dé tao nén quan thé méi.

Buéc 4. Néu quan thé méi triung véi quan thé cii, thuat todn dirng va cho ra két qua 1a cd
thé thich nghi nhat a trong @ cing véi céc khoi lrong T; lam cue tiéu ham muc tiéu cia bai
toan (5)-(6) twong tmg véi né dé dwa vao san xudt. Ngwoc lai, thuat todn quay vé Buéc 3.

3. KET LUAN

Thuét toan trén dwoc trién khai 4p dung cho nha may san xuat 6ng thép Viét- Dikc trong
hon mét nam qua.
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DPé danh gia hiéu qua cia thuat todn, ching téi dilng cach so sanh hai chi s6 sau trén cic
6 liéu thure ciia nha mdy khi chwra 4p dung thuat toan va cic s6 lieu thu duwoc sau khi thuat
toan dugc ap dung.

Chi 6 thit nhat 13 ty s6 gitra lwong phé liéu va tong khéi lwong ong thép thanh pham
cac loai dwoc san xuat theo ké hoach.

Chi s6 thit hai 13 ty s6 gitta tong san pham ton kho tirng k¥ va tong san pham dwoc san
xuat theo ké hoach cia ky.

DGi véi chi s6 thit nhat: khi chwa 4p dung thuat todn la xap xi 3% so véi 1% sau khi ap
dung thuat toan.

Dai v6i chi s6 thir hai: khi chwa 4p dung thuat toan 1a 9% so véi 4% sau khi 4p dung
thuat toan.

Nhu vay lwrong phé thii gidm 2/3 va lwong ton kho gidm hon mét nira tir khi thuat todn
dugce 4p dung so véi truée dé. Véi ndng luce san xuat 70000 tan/nam viéc 4p dung thuat
todn da tiét kiém cho nha may moi nam hon 1000 tan vat tu.

Véi két qua kiém chirng ké trén, rd rang viéc 4p dung thuat todn da mang lai nhirng loi
ich dang ké cho nha may.

Thuat todn c¢é thé dwoc cai bién dé ap dung cho nhirng bai toan twong tu trong céc linh
vuce khac.

TAI LIEU THAM KHAO

[1] Adriano C. Silva, Using genetic algorithm and simplex method to stabilize an oil treat-
ment plant inlet flow, The International Pipeline Conference, Calgary, Alberta, Canada,
October 1-5, 2000.

[2] Harald Feltl and Gunther R. Raidl, “An improved hybrid genetic algorithm for the gen-
eralized assignment problem”, Institute of Computer Graphics and Algorithins Vienna
University of Technology, Vienna, Austria, SAC ’04, Nicosia, Cyprus, March 14-17, 2004.

Nhén béi ngay 13 - 10 - 2005



