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Abstract. In this paper we study the method for solving One-Dimensional Cutting Stock Problem
with Multiple Stock Sizes. Based on the decomposition of initial problem into the set of subproblems,
our algorithm is built by hybridizing Genetic Algorithm and Column Generation method, in which
the global optimal solution to the initial problem is searched by Genetic Algorithm from the set of
local optimal solutions to the subproblems provided by Column Generation Method.

Tém tat. Trong bai bdo niy chiing ta sé nghién ciru phrrong phép gidi bai todn cit vat tu mot
chiéu véi nhiéu kich thuéc vat lieu tho. Trén co sé phan ra bai todn ban dau thanh tap cic bai toan
nhé, thuit todn méi duoc xay dung dua trén su lai ghép gitra thuit todn gen va thuat todn tao sinh
cot trong dé nghiém t6i wu toan cuc sé duoc tim kiém bdi thuit toin gen trén co sd cic t6i uu cuc

bo do thuét todn tao sinh cot mang lai khi gidi cdc bai todn nhd.

1. GIOT THIEU

Bai todn cat vat tw v xép hop (Cutting & Packing Problems) Ian dau tién dwoc Kan-
torovich hinh thitc héa dwéi dang bai todn quy hoach nguyén vao nam 1939 [22]. Trai qua 70
nam phat trién, mé hinh da thu hit méi quan tam cia dong ddo cdc nha nghién ciu ca ve
khia canh 1y thuyét cling nhw tng dung.

Ve mit Iy thuyét, cé hai déng gép quan trong lam co s& cho s phét trién cic phwong
phdp giai bai todn. Dantzig va Wolfe [28] dé xuat mo hinh méi véi tén goi Dantzig-Wolfe
Decomposition dé khac phuc nhurge diém veé suy bién lién tuc yéu va tinh d6i xing trong mo
hinh cida Kantorovich. Poc lap véi Dantzig va Wolfe, Gilmore va Gomory lan dau tién dua
ky thuat tao sinh cot (Column Generation) do Ford va Fulkerson dé xudt (va sau nay Dantzig
va Wolfe hoan thién) - phwong phap dwoc 4p dung rong rai va hiéu qua nhat khi giai cdc bai
toan quy hoach tuyén tinh c& 16m - vao gidi bai todn cat vat tw [20,21]. Viéc tang toc do hoi
tu cla k¥ thuat tao sinh cot trong viec giai bai toan cat vat tw cling dwoc nhiéu tic gia quan
tam [19].

Ve khia canh tng dung, cé rat nhiéu bién thé khéc nhau cia bai todn dwoc nghién citu
trong thue té [1,6 — 13,15 — 26].

Bd qua nhitng dic dién riéng cia tirng bién thé , nhieu téc gid da hé thong héa ching

thanh nhirmg 16p bai toan theo dic trung cia cau tric logic lam co s& dinh huéng cho céc
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nghién ciru Iy thuyét ciing nhw tng dung sau nay [2 — 5].

Trong cic 16p bai toan cat vat tw vd xép hop, bai todn cat vat tw mot chieu (One-
Dimensional Cutting Stock Problem - 1DCSP) ¢6 mot vi tri quan trong véi s6 lwong cong
trinh lién quan dwoc cong bo chiém hon moét phan ba tong s6 cdc cong trinh thuoc ve chi de
nay [4]. Vé mat Iy thuyét, bai toan dwoc chi ra thudc 1é6p NP-hard nén khéng ton tai mot
thuat toan gidi pho quét véi thoi gian da thite [27]. Chinh vi vay cdc phwong phap heuristics
trd thanh cong cu hiru hiéu khi nghién cttu xay dung gidi phdp cho cdc bai toan thuc té.
Trong [6], cic téc gid dé xuat ap dung thuat todn gen dé gidi bai toan cat vat tw mot chieu
va chi ra tiém nang cia thuat todn trong viéc tiét kiém vat tw. Bai todn cit vat tw cling ¢
thé dwoc xét trong méi lién quan véi cac bai toan khic nham gidm chi phi tdng thé nhw két
hop véi bai todn van tai [12], bai todn gid lap dat thiét bi cat [10, 24, 26].

Bai toan cat vat tw mot chieu véi nhieu kich thuée vat liéu tho (One-Dimensional Cutting
Stock Problem with Multiple Stock Sizes 1DMCSP) ciing dwgc nhiéu téc gid dé cap t6i trong
thoi gian gan day [8,9,10,16,30]. Bai toan 1DMCSP ciing tré nén cong cu hiru hiéu dé giai
quyét nhitng thue té ndy sinh trong san xuat khi phé thai cia bai todn cat vat tw doi véi
mot don hang lai ¢6 thé sit dung lam vat twr dau vao cho cdc don hang khac véi mot s6 dieu
kién nhat dinh. Trong nganh xay dung, bai todn ¢ tinh dén viéc sit dung phé liéu thép cé
duwdomg kinh 1én thay thé cho yéu cau cia céc loai thép ¢é dwong kinh nhé hon nham giam
chi phi duoc dé cap téi trong [7]. Trong [11], cdc téc gia dé xuat két hop cdc phwong phap
Modified First Fit Decreasing, Integer Programming va Data Mining dé giai bai toan véi yéu
cau be rong phé thai phai di 16n dé cé thé sit dung trong twong lai.

Bai bdo nay danh cho viéc xay dung thuat toan lai ghép gitra thuat toan gen va thuat
toan tao sinh cot dé gii bai toan 1DMCSP. Phan con lai dwoc duwoc cau tric nhw sau: Muc 2
trinh bay tém tat ¥ twdng chinh cia k¥ thuat tao sinh cot trong viéc giai bai toan quy hoach
tuyén tinh c¢& 16n va ap dung dé giai bai toan 1DCSP; Phwong phap phéat biéu méi clia bai
todn 1IDMCSP, mot s6 két qua 1y thuyét lam co s& cho viéc xay dung thuat toan lai ghép
thuat todn gen va ky thuat tao sinh cot dé gidi bai todn dwoc trinh bay trong muc 3; Céc két

qué thue té dwoc mo ta trong muc 4; Muc 5 1a mot s6 két luan.

2. KY THUAT TAO SINH COT VA BAI TOAN CAT VAT TU MOT CHIEU

2.1. Ky thuét tao sinh cdt gidi bai todAn quy hoach tuyén tinh c& 16m

Phan nay sé trinh bay mot s6 két qua kinh dién cia quy hoach tuyén tinh lam co s& cho
viéc phat trién noi dung cia cdc phan tiép theo.

Mot bai toan quy hoach tuyén tinh ¢é thé phat bidu nhuw sau:

zpp = min{cx|Ax > b, @ € R }, (1)

& day ¢ 1a vector hang n chiéu gid tri thuc dwoc goi 1a vector gid, A 1a ma tran thuc kich

thwée m x n va b 1a vector cot m chiéu gia tri thue dwoc goi 13 vector rang buodc.
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Bai todn quy hoach tuyén tinh c¢é dang:

zrp = min{ex|Ax = b, x € R }, (2)

dwroc goi 1 bai todn ¢é dang chuan.
Mot trong céc khai niém co ban cia quy hoach tuyén tinh 14 khéi niém doi ngau. Khi goi
bai toan quy hoach tuyén tinh cho trong (1) 1a bai todn nguyén thiy thi bai todn d6i ngau

v&i né la bai todn quy hoach tuyén tinh dwoc xdc dinh nhw sau:

wrp = max{ublud < ¢, u e R"}. (3)

Dé gidi bai todn quy hoach tuyén tinh (2), ngudi ta sir dung phwong phdp don hinh véi
mo ti tém tat nhw sau.

Cho truéc bai toan quy hoach tuyén tinh duéi dang chuan (2) véi co s& 1a tap m vector
cot doc lap tuyén tinh bat ky cla ma tran rang budc A. Khong mat tinh tong quat ta c¢é thé
gid thiét dé 13 m vector cot dau tién cia A va ta cé thé biu dién A duéi dang A = BA'. St

dung phuwong phap Gauss d€ gidi hé phwong trinh:

BA'x=b.

Ta sé nhan dwgc mot nghiém co s& clda (2). Ma tran B khi dé dwoc goi 1a ma tran co s& va
cac bién twong tng véi ma tran B dwoc goi 1 cdc bién co s&. Gid st cg 1a vector gia cia

’ 3 . ’ e . X . ’ ~ , . . 3
cdc bién co s&. Khi dé déi véi moi j ta ¢é the xdc dinh gid cia bién a; nhu sau:

Cj =¢j — CBBilAj. (4)

Do ¢; la su thay doi gid tao nén khi ta thay doi bién a; v6i mot lwong la don vi nen khi
dwa céc bién c¢é gid am vao co s& thl nghiém co s& chap nhan duwoc méi sé cai thién gia tri
cia ham muc tiéu. Néu khong ton tai bién véi gid am thi nghiém c¢é dwoc chinh la nghiém
toi wu.

Mic du phwong phdp don hinh 14 phwong phdp giai rat hiéu quad doi véi nhiéu bai toan
thure té nhung viéc dinh gid hién nhw trén doi héi phai duyét toan bod cdc bién & moi vong
lip. Piéu nay trd nén khong kha thi trong mot sé bai todn khéc khi s6 lwong bién 1a rat 1én
(bling n6 t6 hop) nhur trueomg hop bai todn cat vat tw. Vi vay ching ta can c¢6 phwong phap
xé4c dinh mot cach hiéu qua bién c¢é gid am dé thay thé céc bién co sé. K¥ thuat tao sinh cot
chinh 14 k¥ thuat dé khac phuc nhuroc diém cia phwong phép don hinh khi gidi céc bai toan
co 16n. Phuong phéap dugc thue hién nhu sau.

Xuat phat tir ma tran co s& bat ky B ta tim dwoc mot nghiém co s&. Thay vi duyét toin
bo gid cla cdc bién nguwoi ta chi xét dén cdc bién twong tng véi cdc cot ¢é tiém ning cai
thién gid tri ham muc tiéu tai moéi vong lap. Cot dé chinh 14 vector nghiém u* cia bai todn

doi ngau (3) véi rang buoc dwoc thay béi ma tran co sé B:
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wrp = max{ubluB <e¢, ue R} (5)

Néu ta thay A; trong (4) béi u* va dinh gid ban dau cho céc cot dwoe xde dinh bang ham

¢(u) ta nhan dwoc gid twong tng véi w* nhu sau:

e(u*) = c(u*) — eg B lu*. (6)

Trong truomg hop ¢(u*) > 0, nghiém co s& chinh 14 nghiém t6i wu. Nguoc lai, ta thay
cot bat ky trong ma tran B bdi u* dé nhan dwoc ma tran co s& méi va tiép tuc lap lai qua
trinh tinh todn nhw trén véi ma tran co sé vira nhan dwoc cho dén khi khong con ton tai u*
dé ¢(u*) < 0. Nghiém co sé nhan dwoc cudi cling chinh 1a nghiém t3i wu cia bai todn (2).

Muc sau s& danh dé trinh bay k¥ thuat tao sinh cot dé giai bai toan cit vat tw mot chieu

1DCSP.
2.2. Ky thuét tao sinh cot dé€ gidi bai toan 1DCSP

Bai todn cat vat tu duoc x4c dinh bédi cac dit lidu sau (m, L, 1 = (1, ..., lyn), b = (b1, ..., b)),
trong dé L 1a bé rong cia tam vat lieu tho, m 1a s6 kiéu vat lieu thanh pham dwoc cat tir
vat lieu the va déi véi moi kiéu vat lieu thanh pham j, [; 14 be rong va b; 1a don hang cho
loai vat liéu thanh pham dé. Bai toan dat ra la tim cdch cit sao cho s6 lwong tam vat lieu
tho st dung 13 {t nhat ma van ddp ing dwoc don hang.

Bai todn trén lan dau tién dugc Kantorovich [22] mo hinh hdéa vao ndm 1939. Mo hinh
nay cé suy bién lién tuc (continuous relaxation) rat yéu dong thoi viec gidi mo hinh nay bat
buoc phai dung phwong phép liét keé.

Dantzig va Wolfe [28] dé xudt mo hinh méi dé khac phuc nhwoc diém vé suy bién lién
tuc yéu cla mo hinh trén, trong dé giéi han moi vector (21, ..., Tm;), j = 1,..., N nam trong
bao 16i cia tat cd cac phép cat chap nhan dwoc. Mo hinh nay thwong dwoc goi dwéi thuat
ngtr Dantzig-Wolfe Decomposition.

Gilmore va Gomory [20,21] Tan dau tién dwa ky thuat tao sinh cot (Column Generation)
do Ford va Fulkerson dé xudt va sau dé dwoc Dantzig va Wolfe hoan thién vao ting dung
trong thuc t& véi viec gidi bai todn cat vat tw. Cé thé tém tat phwong phap gidi bai todn
cat vat tw mot chieu cia Gilmore va Gomory nhur sau.

Mot phwong én cat dwgc biéu dién béi mot vector ¢ot @/ = (ayj, .oy Gmy) € Z7, 5 =1,..n
sé& cho biét s6 lwong vat twr thanh pham dwoc cat tir tam vat liéu tho. Phwong 4n cat dwoc

~ ~ ~ ’ ~ oA .~
chdp nhan néu né théa man diéu kién:

Z l;a;; < L. (7)
i1

Gid st @;, j = 1,...,n la s6 lan phuong én cat chap nhan dwoc duoc st dung trong

nghiém. M6 hinh cia Gilmore va Gomory trd thanh:
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1DCSPg(m, L,1,b) = mianj = min ||z|| (8)
j=1
trén mieén rang budc:
Zaijmj ij, ¢ = 1,...,m, (9)
j=1
x; €41, j=1,...,n. (10)

Mb hinh (8)-(10) 1a bai todn quy hoach nguyén véi s6 lwong bién n ting theo ham luy
thira ctla m. Mo hinh nay cé suy bién lién tuc rdt manh véi duir dodn vé tinh chat lam tron
nguyén cai bién (Modified Integer Round-Up Property MIRUP) nhu sau: Sw sai khdc gita
gid tri t01 wu cia bai todn 1DCSPg(m, L,1,b) va gid tri 101 vu cia bai todn suy bién lién
tuc cia né luén luén nhé hon 2.

Trong thuc t€ ngudi ta chwa chi ra dwgce céc vi du c¢6 su sai khic 16n hon 7/6 [9]. Hon
nira nhirng vi du ¢6 sai khdc nhé hon 1 chiém da s6. Nhirng bai todn nhw vay dwoc goi 1a
cac bai toan c¢é tinh chat lam tron nguyén (Integer Round-Up Property TRUP). Nhirng bai
toan cé sai khéc lém hon hoac bang 1 dwoc goi I nhitng bai toan non-IRUP.

Trén co s& du dodn dé, Gilmore va Gomory dé xuat cdch tiép can giai bai toan (8)-(10)
gom 2 bude:

Budce 1: Gidi bai todn suy bién lién tuc cia (8)-(10).

Buéc 2: Lam tron s6 nghiém téi wu cia bai todn suy bién lién tuc dé nhan dwoc nghiém
cia bai todn (8)-(10).

D& gidi bai toan suy bién lién tuc cia (8)-(10) véi s6 lrong bién n rat 16n Gilmore va
Gomory dé xuit st dung ky thuat tao sinh cot (Column Generation), trong dé moi bién chi
dwoc sinh ra khi né thuc sw can thiét cho viéc tim nghiém. Sau khi thém vao céc bién bo

xung (slacks) ta c6 thé dwa bai toan (8)-(10) vé dang chuan:

1DCSPg(m, L,1,b) = min{||z| : Az =b, x € ZT}. (11)

Suy bién lién tuc cia (11) nhan dwoc bang viéc loai bo rang budc nguyén trén cic bién

va duoc goi 1a bai todn chid (Master Problem - MP) sé ¢6 dang:

LDCSPE" (m, L,1,b) = min{||z|| : Az =b, x € R"}. (12)

Xuat phat, ky thuat tao sinh cot sé lam viéc véi mot tap con cdc c¢ot cla A dwoc goi 1a
variable pool hoac Restricted Master Problem (RMP). RMP c¢6 thé dwoc khéi tao dé dang,
vi du béi co s kién thiét ban dau cia phwong phap don hinh. Gia sit A’ 14 céc cot trong A
duoc lra chon. Khi d6 RMP ¢é dang:

LDCSPE" (m, L,1,b) = min{||z|| : A= =b, 2 € R?}. (13)
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Do dinh gi4 ban dau cho céc bién la thuan nhat va bang 1 nén gid suy gidm cia mot bién
tmg v&i phwong 4n cat chap nhan dwoc a trong (13) dwoc xdc dinh bdi cong thicc 1 — ua,
véi u € R la cde gid tri bién d6i ngau t6i wu cda (13). Do vay nghiém toi wu cia bai todn

xdc dinh gia (Pricing Problem)

max{ua :al <L, a € ZT} (14)

sé lan luwot dwgc thém vao RMP néu gid tri t6i wu cia (14) 16n hon 1. Néu (14) khong c6
nghiém t6i wu nhw vay thi nghiém toi wu ciia bai todin RMP (13) chinh 14 nghiém t6i wu cia
bai toan MP (12).

Trén co s& y twdng vira trinh bay, phiong phép tao sinh cot dé giai bai todn quy hoach

tuyén tinh c¢& 1ém MP cé thé tém tat trong hroc do sau:

Column Generation
Begin
Khéi tao bai toan RMP
While Tén tai bién véi gid suy gidam am Do
Begin
X4c dinh bién ¢é gid suy gidm am nhd nhat
Bo xung bién tim dwoc vao RMP
Gidi lai RMP
End
End

Sau khi da giai duoc bai toan 1DCSP£P (m, L,1,b) bing phuong phap tao sinh ¢6t, budce
tiép theo trong cich tiép can cia Gilmore va Gomory la viéc thwe hién thi tuc lan tron s6
dé nhan dwgc nghiém nguyén cho bai todn 1DCSPg(m, L,1,b). Nhiéu téc gia da dwa ra cic
heuristics khac nhau dé gidi quyét vdn dé nay. Mot s6 thi tuc cé thé tra ciru trong [8, 29].

Viéc mé rong bai todn cat vat tw mot chitu véi nhieu kich thuée vat lieu the da dwoc
mot s6 tdc gia de cap dén [8,9, 10, 16, 30]. Mot nhan xét chung duoc dwa ra 13 khi cho phép
c6é nhiéu kich thudc vat lieu tho, viec sit dung vat liéu sé tot hon trwong hop chi ¢é 1 loai
vat tw. Tuy nhién Holthaus [30] chi ra rang viéc xay dung gidi thuat heuristic cho bai todn 13
can thiét vi cdc cdch tiép can chinh xéc 1a khong phit hop trong trwdng hop nay. Diéu nay
duwoc chi ra mot cich 16 rang hon trong [23], khi Rietz va Dempe dé xuat cdc nguyén tac tao
nén cac bai todn ma su sai khdc gitra nghiém cila bai todn suy bién lién tuc va bai todn quy
hoach nguyén twong tng trd nén rat 1én (tic 1a tinh chdt twong tw nhw IRUP doi véi bai
toan 1DCSP khong dwoc thda man). Céc tac gid cling dwa ra minh hoa bang cic bai toan
cu thé dwoc xay dung tir nhitng nguyén tac deé ra.

Tiép theo sé 13 mot dé xuat lai ghép gitra thuat todn gen va cich tiép can cia Gilmore va

Gomory dé gidi lép bai todn nay.
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3. PHUONG PHAP LAI GHEP GIAI BAI TOAN CAT VAT TU MOT CHIEU
V01 NHIEU KiCH THUGC VAT LIEU THO

3.1. Phéat biéu bai toan

Bai toan cat vat tw mot chieu véi nhieu kich thwée vat liéu tho (One-Dimensional Cutting
Stock Problem with Multiple Stock Sizes 1DMCSP) la mé rong tu nhién cia bai todn 1DCSP
trong dé cdc tam vat lieu tho cé thé cé kich thwéc khac nhau. Bai todn 1DMCSP cé thé

duoc dac trung bang cac dir liéu sau:

(m, M, 1= (l1, ..., L), b= (b1, .., b)), L= (L1, ....;Lar), ¢ = (c1,...,crn)), (15)

trong d6 m, [ va b mang ¥ nghia nhu trong bai todn 1DCSP; M 1a s6 cic loai vat liéu tho
sé dwoc st dung va tham s6 L trong 1 DCSP dwoc thay thé bdi vector L = (L, ..., Lyy), véi
L; 13 bé rong va ¢; la gid cia vat liéu tho thit 4, ¢ = 1, ..., M. Trong bai nay ta gia thiét rang
gid cla vat lieu tho ty & thuan véi be rong cia vat lieu.

Mo hinh cia bai todn trén (Machine Balance Model) duwoc Gilmore va Gomory xay dung
trong [21]. Mo hinh c6 thé dwoc phat bieu nhuwr sau.

bat m' = m+ M. Mot vector a = (aq, ..., ) € ZT/ 13 biéu dién cia mot phuwong an cat

~
neu

m M M
Zliai S ZLMHm va Zai+m = 1. (16)
i=1 =1 =1

Céc thanh phin a;, ¢ = 1,...,m, xac dinh cé bao nhiéu vat tw thanh pham loai ¢ dwoc
cat. Thanh phan ag.,, s& bang 1 néu loai vat litu thé thit k& dwoc sit dung con céc thanh
phan a;i,, véii € {1,..., M}\k bang 0.

Gid st a;, 7 = 1,...,n 1a tat ca cdc phwong 4n cat va moi thanh phan a; cia vector
x = (@1, ..., %,) 1a 56 Ian st dung phwong an cat a;. Nhan xét rang n cé thé rat 16m. Ta xay
durng mot vector n chiéu ¢ tir ¢ theo cach sau. Néu phuwong an cat a; dwoc thue hién trén
tam thép loai k thl ¢ = cg, ¢ = 1,....,nva k = 1,..., M. Khi dé ta ¢6 mo6 hinh:

1DCSP(m, M, l,b,L,c) = minc'z (17)
trén mién rang buoc:
Zaijmi Z bj, j = 1, ceey TN, (18)
i=1

m M
Db <D Litiim), (19)
j=1 j=1
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M
Zai(j+m) =1, (20)
7=1
x ey, (21)
a; € 27, i=1,..,n. (22)

Tir céc phét bieu (8)-(10) va (17)-(22) ta c6 méi lién he gitra hai bai todn nhu sau.
Pinh 1y 1.

LDMCSP(m, M,1,b,L,c) < LDCSPg(m, Ly, 1,b) Yk € {1, ..., M}.

Néi cdch khdc, bai todn cat vat tu véi nhieu kich thuéc vat liéu thé sé tét hon viéc cdat chi
trén mot loar vat liéu.
Chitng minh. Do gid thiét gid cia vat tu ty lé thuan véi bé rong cia nguyen liéu nén gid tri
ham muc tiéu chi phu thuéc vao cic phuwong an cat. Cac phwong 4n cat t6i wu cho (8)-(10)
thda man (7) ddi v6i chi 86 k nao dé thi cing théa man (19) va do vay ching trd thanh
phuong 4n chdp nhan duoc clia (17)-(22). DPiéu niy chiing minh khang dinh cia dinh 1y. =

Dinh 1y 1 khing dinh y nghia cta viéc xay dung cdc giai phap cho bai toan cat vat tw véi
nhiéu kich thuéc vat lieu tho.

Gid st #* 13 nghiém t6i wu cda (17)-(22). Ta ky hiéu:

Q(k), k=1,..., M la tap tat ci cdc phwong 4n cat trén vat lieu tho thit k dwoc st dung
trong (17)-(22) twong ting a*;

2*/Q(k) la thu hep cda 2* trén Q(k);

b* 14 vector vat tur thanh pham nhan dwoc tir (17)-(22) véi viee stk dung s6 lan cat theo

cic phirong 4n cat trong (k) dwoc xéc dinh bang céc thanh phan twong ing cia z*/Q(k).

Pinh 1y 2. Néu x* la nghiém t6i vu cia bai todn 1DMCSP(m, M,1,b,L,c) (17)-(22)
thi x*/QUk) la nghiém 67 wu cia bai todn 1DCSPg(m, Ly, 1,0°) Yk € {1,..., M} (8)-(10),
k=1,.., M.
Chatng minh. Gid st 2* la nghiém t6i wu cda (17)-(22). Ro rang rang néu ta khéi tao bai toan
(8)-(10) véi cdc phurong an cat dugce xdc dinh trong Q(k) thi 2*/Q(k) chinh 14 1 nghiém chap
nhan dwoc ctia 1DCSPa(m, Ly, 1, b%). Vi vay ta c6 1DCSPg(m, L, 1, bF) < ||o*/Q(k)|. Ta
can chi ra trong trudmg hop nay thue su xdy ra ddu dang thic.

Gid st 2*/Q(k) khong phai la nghiém t6i wu cia bai todn. Khi dé ton tai @’ la nghiém

) SO 5 ~
cua no6 va théa man:

LDCSPe(m, Ly, 1) = |'|| < [la*/Q(k)].

Vi viéc cat nguyén liéu thé thit k& hoan toan doc lap véi viee cat céc nguyeén lieu tho

khéc nén néu ta thay tap cdc bién cia @* nam trong x*/Q(k) bang tap cic bién twong ing
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cla 2’ d€ nhan dwoc tap bién méi «” va dwa cdc phwong 4n cat tao nén ' trong bai toan
LDCSPg(m, Ly, 1, %) vao (18) va (19) thi 2” chinh 13 mét nghiém chap nhan dwoc cia (17)-
(22). Khi dé gid cia ham muc tiéu cda bai todn (17)-(22) xdc dinh trén 2" sé nhé hon gid
ctia hdm muc tiéu xdc dinh trén z*. Diéu nay mau thuan véi gia thiét 2* 1a nghiém téi wu
clia (17)-(22). Nhw vay «*/Q(k) 1a nghiém t6i wu cia bai todn 1DCSPg(m, Ly, [, b). Dinh
Iy dugc chirng minh. [ |

Trén co s& cia Dinh 1y 2, ta c¢6 thé moé hinh héa bai todn 1DMCSP duéi dang phét bieu

mai nhw sau.

M M
LDMCSP(m, M,1,b,L,c)=min» Y 1DCSPe(m, Ly, 1,b")c (23)
k=1 k=1

~ A N ~
trén mién rang budc:

M
> =, (24)
k=1

bk e 77 (25)

Dinh 1y 3. Nghiém t6i wu cia bai todn (23)-(25) sé zdc dinh trén tdp cdc vector b* théa
man Zﬁil bk = b. Tdp cdc vector b* nhw vdy dwoc goi la phin hoach cia b. Néi cdch khdc
nghiém t6i wu cia (23)-(25) dwoc xde dinh trén tdp cdc phan hoach cia vector b.
Chitng minh. Gia st cdc b thda man Z;ivil b* > b. Khi dé ta c¢é thé chon cic vector
tk ¢ Z™ théa man tF <V k=1,.., M, Z;ivil t* = b. R& rang rang néu «* 14 nghiém
t6i wu cia 1DCSPg(m, Ly, 1,bF) thi * ciing 14 mét nghiém chdp nhan dwoc cia bai todn
LDCSPg(m, Ly, 1, t*). Do d6 1DCSPg(m, Ly, 1,t*) < 1DCSPg(m, Lg, 1,b%), k = 1,..., M.
Thay céc bat dang thirc nay vao (23), dinh 1y dwoc chimg minh. [ ]
DPinh 1y 3 sé giéi han khong gian tim kiém cia bai toan 1IDMCSP trong tap cic phan

hoach cia vector don hang.
3.2. Lai ghép thuat toan gen va ky thuét tao sinh cdt gidi bai toan 1DMCSP

Céc Dinh Iy 2, 3 v phét bieu méi ctia bai toan 1D MCS P trong (23)-(25) goi cho chiing ta
¥ twdng phan ra bai todn 1D MCSP thanh cic bai todn co s& 1 bai toan 1DC'S Pa(m, L, [, bF)
deé c6 thé ap dung dwoc phwong phap gidi st dung ky thuat tao sinh cot ciia Gilmore va Go-
mory. Céc nghiém t6i wu cia tirng bai todn co s& s& dwoc két hop lai dé tao nén nghiém
chiap nhan dwoc cia bai toan 1DMCSP. Viéc tim nghiém t6i wu cho bai toan 1DMCSP sé
do thuat todn gen ddm nhiém véi khong gian tim kiém 13 tap cdc phan hoach cia vector don
hang.

Sau day ta sé lan luot hinh thitc héa ¥ twdng dé trén ngoén nglr cia thuat todn gen va ky

thuat tao sinh cot.
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Bi€u dién bai todn: Ta st dung nhién sic thé cé cau tric (b, ..., bM), b* € Z™ dé bicu dién
céc ¢ thé (cdc diem) trong khong gian tim kiém. Moi quan thé la mot tap bao gom mot s6
¢6 dinh céc ¢4 the.

D6 do thich nghi: Véi mdi cd thé s = (b', ..., bM) ta xdc dinh mitc do thich nghi clia ¢4 thé

f(s) bang cong thitc sau:

1
M IDCSPa(m, L, b e

f(s) (26)

Todn t hon phdi: Gia stt s1 = (b}, ..., b}1) va sy = (bl, ..., b)) 12 hai c4 thé bat ky, k 1a mot
s6 duoc lra chon ngau nhién, 1 < k < m. Tl hai c4 thé trén ta tao ra hai hau dué s} vi s}

v6i cdc vector cot twong tng cia ching dwoc xdc dinh nhu sau:

Vil = lld), i=1,... k=1, 675 =bd], i =k, ....m, j=1,..., M, (27)

Vili) = i), i=1,... k=1, bJ[i| =b[i], i=Fk,....m, j=1,.., M, (28)

Todn t dot bién: Chon ngan nhién mot bo 3 céc s6 nguyén (p,q,7), 1 < p, ¢ < M va
1 <r <m, véi xédc suat pg = 1/mM?2. (29)
Toan tir dot bién tdc dong lén ca the s = (b',...,bM) dé tao nén cd the s = (b1, ..., b})

v6i bd (p, q,7) da chon nhu sau:

bi=b khii£pva i#q, i=1,.., M, (30)
Bl5] = 7Ll bYlj] = b7[5] khi j = 1,....mva 5 #r, (31)
L] = 0] — 1, bIfr] = b9[r] + 1 néu bP[r] > 0, (32)
BPlr] = bPlr], 6707 = b9[r] néu bP[r] = 0. (33)

Todn i chon loc: Toan tir chon loc duoc xdc dinh theo ludt ty lé thuan véi mire do thich

nghi:

S
P S e 109

trong dé, s 1 c4 thé va G 1a quan thé dang xem xét cé chira s.

(34)

Pinh 1y 4. Gid sit hai cd thé cha-me la cdc phan hoach cia ciing mét vector. Khi d6 cdc
todn tt hon phdéi va todn tt dot bién xdc dinh nhu trén s€ bdo dam cdc hdu dué cung la nhirng

phdn hoach cia vector 4.
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Chatng minh. Néu ta bieu dién céc cé thé dudi dang bang c¢é kich thuée m x M, trong dé
cot i cia bang chira vector b’ ctia cd thé, i = 1, ..., M. Khi dé toan tir hon phéi sé thue hién
viéc trao d6i M — k hang cudi cung cia 2 bang twong @ng véi 2 phan tit cha-me cho nhau
dé tao nén 2 hau dué. Con doéi véi toan tir dot bién, hau dué sé hoic la ban sao clia cha-me
theo (30)-(31)-(33), ho#c chi thay déi tai hang r theo (30)-(31)-(32). Vi vay téng cic cot cla
hau dué luon bang tong céc ¢ot cia cha-me. Pinh Iy dwoc chitng minh. [ |

Dua trén céc Dinh Iy 1,2,3.4 ching ta c6 thé xay dung thuat toan lai ghép nhu sau.

Thuét toan GA-CG

Input: m, M, [, L,b, c

Output: Nghiém t6i wu cia bai todn 1DMCSP(m, M,1,b, L, c) va cidc phwong 4n cat twong
ing véi nghiém toi wu doé.

Step 0. Khdi tao quan thé gom K cd thé G = {s?, ..., s%-}. Viéc khéi tao nay cé thé thuc
hién dé dang bang viéc tao ra. K phan hoach khac nhau cia b, méi phan hoach sé twong tng

s’ ~ A S A7 ’ ’ A7 oA - X
véi mot doi twong cua quan thé. Céc cd the duoc biéu dien nhu sau:

M
SQ - (b?h 7b?M>7 b?] € ZT; Zbgj - b, 1= 1, ,K
7=1

Step 1. Gidi cdc bai todn 1DCSPg(m, Ly, 1,b%), i =1, ..., K, k = 1,..., M, t la thi tu buéc
lap (thtt tuw cia quan the) bang phwong phap tao sinh ¢ot. Tinh mitc do thich nghi f(sf) cho
tirmg c4 thé cia Gy theo (26).

Step 2. Lua chon cic cha-me trong Gy theo mitc do thich nghi dé ghép cap theo todn tir hén
phéi (27)-(28) dé tao nén tap céc hau thé G} véi Ky phan ti.

Step 3. Tsc dong toan tir dot bién (30)-(33) vio Gy UG} dé nhan duoc G .

Step 4. Thuc hién tinh toan giong nhu trong Stepl cho cic cé thé cia GY.

Step 5. Ap dung todn tir chon loc (34) lén Gy U G, d& chon ra K c4 thé ¢6 mitc do thich
nghi 16n nhét tao quan thé méi Gyyq.

Step 6. Néu dieéu kién dirng chwa thda man quay lai Step 2. Nguoc lai thuat todn ding va

cho nghiém t6i wu cling tap céc phuwong 4n cat twong tng véi nghiém t6i wu.
3.3. Tinh héi tu cia thuét toan

Véi gid thiét gia cla vat lieu tho ty 1& thuan véi bé rong cia vat lieu, ta ¢é mot s6 tinh

chat sau.

B& dé 1. Nghiém t6i wu cia bai todn 1DMCSP nam trong khodng saw:

o =min{er} < 1LDMCSP(m, M, 1,b, L) < max{cx > b} =0. (35)
j=1

Va zdc sudt chon loc tré thanh cd thé thuéc quan thé ti€p theo cia tirng cd thé s théa man:
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psz< 1/0 =p1 > 0. (36)

2K + K1)/o

Chitng minh. That vay, trong (35) bat dang thitc dau tién xdy ra do ¢é ft nhat mot loai vat
lieu tho duwoc dwa vao san xuat dé dap wng don hang. Ping thirc sé& dat dwoc trong truwong
hop chi can dung 1 tdm vat liéu thé nhé nhat 1a di dé san xuat. Néi cach khic néu ky hiéu

L. = ming{Lg} thi ding thitc x4y ra khi théa man:

L. > b,
j=1

Bét ddng thitc thit hai 4 hién nhién khi ta sir dung méi vat liéu tho cé be rong 16n nhat
chi dé cat 1 vat tw thanh pham.

Bét dang thirc (36) dwoc suy ra trie tiép tir (34), (35) va co ché hoat dong cia thuat
toan GA-CG.

Ta ky hiéu:

Partition(b): tap tat cd cac phan hoach cia b thanh M phan hoach;

F, = max{f(s) : s € G}: mitc d6 thich nghi 16n nhat cia quan thé Gy;

F* = max{f(s) : s € Partition(b)}: mic do thich nghi I6n nhat cla tit cd khong gian
nghiém. Mitc do thich nghi 16n nhat nay chinh 1a nghich ddo cia nghiém toi wu toan cuc cia
bai toan 1DMCSP;

S* = max{s € Partition(b) : f(s) = F*} : tap tat ci cdc cd thé twong ing véi nghiem
t6i wu toan cuc cia bai todn 1DMCSP.

Ta thay, moi khi F; = F* thi quan thé G s& chita mot cd thé biéu dién nghiém téi wu
toan cuc cia bai toan 1DMCSP.

Pinh nghia 1. Ky hiéu bién ngau nhién F = min{t > 0 : F; = F*} la lan dau tién trong
quan thé G chita c thé bieu dién nghiém t6i wu toan cuc cia bai toan 1DMCSP. Khi dé
ta néi rang thuat toan GA-CG sé dat dwoc nghiém t6i wu toan cuc trong khodng thoi gian

hitu han véi x4c sudt 1 néu P{F < oo} = 1 khong phu thuoc vao quan thé khéi dau.

Pinh nghia 2. Gid st s vd s’ 1 hai c4 thé khdc nhau trong Partition(b). C4 thé s’ dwoc
goi la ¢6 thé dat dwoc tir s néu ton tai mot day hiru han cdc cé the sq, ..., s, doi mot khac
nhau cia Partition(b) sao cho s = s1, s = s, va s;11 nhan dwoc tir s; véi xdc suat dwong

bang viéc ap dung toan tir dot bién vao s;, i = 2, ..., 7.
B& dé 2. Moi cd thé trong Partition(b) @éu cé thé dat dwoc tir cd thé bt ky ciia Partition(b).

Chitng minh. Gid sit s,s" 1a hai c4 thé khdc nhau bat ky trong Partition(b). Néu ta bieu
dién hai c4 thé d6 bang hai ma tran A va A’ kich thuéc m x M, ta c¢é thé dinh nghia khoang

céch gitra hai c4 thé nay la:
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1 m M
d(s,s') = 5 DY Jaiy — alyl-

i=1 j=1
Do s va s’ 14 cdc phan hoach khdc nhau cia vector b nén néu tai mot dong r nao dé cia
ma tran A ton tai mot chi s6 p sao cho arp > a;p thi cling s& ton tai mot chi s6 ¢ ma tai
d6 théa man a,, < a;,. Khidé ta cé thé thuc hién phép dot bién trén bo 3 (p, q,r) véi
X4c suat po vao s dé nhan dwoc cd thé méi s’ cung la phan tit cia Partition(b). Khi dé

”

d(s ,s') =d(s,s’) — 1. Thuc hién lén tiép thu tuc nay d(s, s’) lan ta sé nhan dwoc s'.

Theo gid thiét ban dau, s va s’ 1 hai c4 thé bat ky nén bo dé dwoc chitng minh. []

Pinh 1y 5. Thudt todn GA-CG dat dwoc nghiém 167 wu toan cuc trong khodng thoi gian hicu
han véi xdc sudt 1 khéng phu thudc vao quin thé khdi dau.

Chitng minh. Gid st s, s’ la hai cd thé cia Partition(b) sao cho s & S* va s’ & S*. Theo
Bo dé 2, s’ c6 thé dat dwoc tir s, titc 13 ton tai moét nhanh hitu han di tir s dén s’ ma méi
c4 thé trén dé nhan dwoc bang viéc tic dong toan tir dot bién vao ca thé ding truée né. Dé
dang chi ra rang do6 dai ciia nhdnh ngan nhédt di tir s t6i s’ bang cdc toan tir dot bién chinh
la d(s, s'). Dat ks = max{d(s,s) : &' € S*} va k = max{ks : s € S*}.

Xét mot ca thé tly ¥ s clla mot quan thé ndo dé. Theo thuat todn GA-CG, Step 3 bao
dam rang c4 thé nay chic chan dwoc tdc dong bdi toan tir dot bién va xdc sudt dé anh cia
né qua todn tir dot bién trd thanh diém ti€p theo trén dwong di ngan nhédt tir s dén S* sé
khong nhé hon pg. Theo (34) va wéc lwong (36), ta cé xdc sudt dé mot ca thé bat ky duoc
lira chon lam c4 thé thudc quan thé thé hé sau khéng nhd hon pi. Nhu vay xéc suat dé anh
clia s qua phép dot bién dong thoi la diem tiép theo trén dwomg di ngan nhét tir s téi S* va
dwge lwa chon 1am ¢4 thé cia quin thé thé hé sau s& khéng nhéd hon pfp*~'. Lip lién tiép
ks Tan lap luan nhuw trén, ta thay xédc suit chuyén tir s € S* vao thanh c4 thé ndo dé thuoc
S* tai budce lap thir kg sé khong nhd hon plgsp]fl > 0. V1 vay ta c¢6 thé danh gid xdc suat dé
mot ca thé i wu toan cuc dwoc xét dén trong thuit toidn sau k vong lap sé& khéng nhéd hon
plgp]fl > 0 va khong phu thudc vao s khéi dau thue suw cia s ¢ S*. Tir day suy ra rang,
xéc suat dé thuat todn khong xét dén bat ky mot nghiém t6i wu nao sau ¢ vong lap s& lén

nhat 1a

(1 — phph 1)/, (37)

Dé thay rang dai lwong trong (37) sé hoi tu rat nhanh theo téc do liy thira téi 0 khi
t — oo. Piéu nay c¢6 nghia P(F < oo) = 1 (hay la nghiém t6i wu toan cuc dwoc thuat toan
xét dén [an dau tién sau hitu han buéc lap véi xdc suat bang 1). Do s la cé thé tiy ¥ nén

dinh 1y duoc chirng minh. |

4. NGHIEN CUU SO SANH

Trong céc cong trinh lién quan dén bai todn cat vat tw 1 chiéu, hau hét cdc tac gid deéu
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c6 chung du doan 13 bai todn sé nghiém t6i wu tot hon khi sit dung nhieu loai vat liéu tho
[8,9,10,16,20,21]. Tuy nhién du dodn d6 chi dirng lai & viéc dwa ra nhan xét. Trong bai bdo
nay, Dinh 1y 1 da gép phan khang dinh du bao dé 1a ding.

Xudt phat tir nhan xét trong [30], céc téc gia déu c¢é khuynh hwéng lai ghép mot thu
tuc heuristic v&i cdc thuat todn gidi bai toan cat vat tu 1 chiéu cho mot loai vat lieu tho
nhw céc thuat toan Branch-And-Bound, Branch-And-Price, Cutting Plane ... dé 4p dung gidi
bai todn cat vat tw 1 chieu cho nhiéu loai vat liéu tho. Céc dé xuat chi bao gom viec phét
bieu moé hinh bai todn va mo ta cdc bude cia thuat todn lai ghép ma khong chirng minh
tinh ding dan cta thuat toin duwa ra (bdo ddm tim dwoc nghiém t6i wu sau khoang thoi
gian hiru han). Hau hét céc cich tiép can nay déu dan dén bing né t6 hop doi hdi thoi
gian tinh todn qud lén nén it c¢é kha ning trién khai thuc tién. Chinh vi vay Belov, mot
trong nhirng tic gid quan tam nhiéu t&i van dé niy va cing la mot thanh vién cia ESICUP
(Euro Special Interest Group on Cutting and Packing - http://paginas.fe.up.pt/ esicup/tiki-
index.php?page=About%20Esicup), da nhan xét trong céc cong trinh cia minh 14 cho dén
nay chira ¢c6 mot cong trinh nao ve hiéu qua thue tién cia cdc giai phdp cho bai toan cat vat

tw 1 chiéu véi nhiéu loai vat lieu tho dwoc cong bo [8,9,10,16,25].

Thuat toan dwoc dé xuat trong bai nay bao dam hoi tu hau chac chan dén nghiém t6i wu
(Pinh 1y 5). Pieu d6 khiang dinh do tin cay cia thuat todn dwoc dwa ra so véi cac thuat todn

cla céc tdc gia khéc.

Ciing trong bai bdo nay, méi lién hé ngir nghia cia bai todn cat vat tw 1 chiéu cho nhigu
loai vat tw véi bai toan cat vat tw 1 chiéu cho mot loai vat tir dwoc thé hién trong céc Pinh
Iy 1,2,3. Tir d6, ta c6 thé song song va phan tan héa viéc cai dat thuat toan dé tang tinh hiéu
qué vé thoi gian. Trong thue té cai dat, nhém tdc gid da xay dung thuat todn duédi dang mot
hé théng da tac tir (Multi-agent System) gom 2 16p tac tir. Lép trén gom 1 agent thue hién
thuat toan gen cé nhiém vu lap ké hoach (tao ra céc phan hoach cia vector ké hoach), diéu
phdi céc agent & 16p dudi va dong bo héa két qua (tinh do do thich nghi, thue hién cic todn
tir gen...). Lép dudi gom céc agent thuan nhat (cdc agent déu cling thuc hién thuat todn tao
sinh cot dé gidi bai todn cat vat tuw 1 chiéu cho 1 loai vat lieu tho). Céc agent ctia 16p duédi 1a
cic agent di dong (Mobile agent) dwoc agent 16p trén tao sinh khi ¢é nhu cau va cé thé khu
tri tai nhirng node tinh toan bat ky trén mang cuc bo ¢é di tai nguyén. Day cling la diéu
vurot troi cia thuat todn cia chiing toi so véi cdc thuat todn ma cdc tdc gid khdc de xuat.
Viéc cai ddt nhw vay da tan dung dwoc strc manh tinh todn ciia mang LAN va gép phan gidm
déng ké thoi gian gidi bai todn (van dé nay chiing toi sé cé mot bai bio tiép theo dé chi tiét
héa viéc cai dat hé thong da tdc tir). He thong nay da dwoc trién khai phuc vu san xudt tai
nha mdy ong thép Viet-Ditc trong 4 nam qua. Két qud cho thay trén thuc té chwa gip mot
dot sdn xuat nao c¢é lwong phé thai 16n hon 3% beé rong cia tam vat tw c¢é kich thuéce 16m
nhat. Biéu dé chi ra rang thuat toan GA-CG dwoc thiét ké nhw trén c¢6 tinh chat twong tuw
nhw tinh chdt IRUP bang chinh céc tham dinh thuc té, diéu ma céc téc gia khic khong de

cap téi.
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5. KET LUAN

Bai bdo nay dira ra mot phan tich tong quan vé thuc trang nghién cttu bai toan cat vat tu
mot chiéu trong nhirng nam gan day va trinh bay tém tat ky thuat tao sinh cot cia Gilmore
v Gomory dé€ gidi bai todn nay véi trudmg hop c6 1 loai vat lieu thé. Thuat todn nay la
thuat toan dwoc sit dung nhw mét mic dinh khi néi dén cat vat tw vi tinh hiéu qua cia né.

Bai todn cat vat tw 1 chiéu véi nhiéu loai vat liéu thé dwoc cédc nha nghién citu thong
nhat la chi c¢6 thé gidi hitu qua bang céc phwong phap Heuristics. D& c¢é thé tan dung sttc
manh cia ky thuat tao sinh cot, trong bai bdo nay ching toi da dwa ra mot cach phéat bieu
méi cho bai toan, chitng minh mot s6 tinh chat cia céch phat biéu méi dong thoi de xuat
lai ghép thuat toan gen véi ky thuat tao sinh c¢ot dé tao nén mot Heuristic dwoe dat tén la
GA-CG. Tinh ding dan cia GA-CG dwoc chitng minh. Thuat toan da dwoc cai dat va chay
thir nghiém thuc t&. Céc két qua thir nghiém da x4c thuc tinh ding din cia céc két qua
ly thuyét dong thoi ciing cung cap nhigu dir liéu ldm minh ching vé tinh chat IRUP cia

GA-CG.
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