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Abstract: The paper studies a one-dimensional multiple stock size cutting stock problem (1D-MSSCSP) with
multiple suppliers selection procurement problem (MSSPP) from the perspective of supply chains. Accord-
ing to the requirement of global optimization for enterprise business, a coordination optimization model of
procurement with multiple suppliers selection and one-dimensional cutting stock with multiple stock lengths
is formulated. The model’s objective is to minimize total costs of the stock, ordering and setup. Lagrangian
relaxation approach is employed to relaxing a certain type of constraint. A hybrid heuristic method called
Lagrangian-based cutting and procurement heuristic based on the methods of column generation, branch-and-
bound and subgradient, is developed. It consists of two sub-algorithms, one is for ID-MSSCSP, the other is for
MSSPP. Finally, more than 180 instances randomly generated have been solved by using the proposed method.
The calculation results demonstrate the validity of the proposed model and the corresponding solving method.
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T ST SN FH A5 22 RHIT ST R — A AR Ta) L — 4R Ia) RS DAt & i Ze MEREA BEAT DR, i 2 25 )7 B8R
ii2a SURSEZ NS ED Y % NP M-y § = AT I PP b | SR T S S O S RSa B2 5 2 N S A A Y VR E R e S Y

WK HE T ORI B A BEAN R, — 4 R 3 D 2, RIVBRHE—4E 1 Bl i) 8 (standard one-dimensional
cutting stock problem, S1D-CSP)F1- il — 4 %} ] i (general one-dimensional cutting stock problem, G1D-
CSP). 7:S1D-CSPH, I T VI FI I BEA K B 4 EAH 45, RTER— RIS BEF T BLSSSCSP (single stock-Size cutting
stock problem) 12!, 547 /DB LMK BEAS T RIMSSCSP (multiple stock-size cutting stock problem) !, 45 F
TS I BEAF AL N 5 A0 24 2 AN 2 IR 1T /EG1D-CSPH, H T U181 I BEM G & ANAH [R], BEA S Bic %2, H.
FERPRURS R REM 0 R A UAR, %2 A —HRCSP(residual cutting stock problem) M.

Z WU BEAL T R iR) JI(MSSCSP)&NPHE, tH T REM RS B 2, thg i —4E TR @A E 2R
R AT e, DR EU SRS BEA R ORE S A SR iR . Belova% BIEESE T 22 MUAS Ar fE — 4 I R 48 50000 K1) A
A, BERP RS I BEAT IR Y 552 B, AR VE A R S B R R R AUE TR K, H b R s M BER AT A, 12
F Chvatal-Gomory #1532 F 71 A2 ik s it 22 BEA K RE— 2 FORERI L Alves R F 43 358 th B 1H 5
%1 SEMSSCSP. Gradisar4 PUJT ST T RCSP, L™ 9% 2 744 1€ 755K, FIHISHPSLVE M 73 5 1 551
SRR SR AR, JL T4 3 0] @ de DU, (H g da SN TR B, R STHR IS B A 2% R RER L& @ M, anBEpF I G
JEE - PEAF AR L LTI 9 P A, U S gt 5T ToRkin) @, B H AR e 20—, HELUS ] T SEBR TRk i) .

Erjavec A S BILAG 1 45 Fh 55032 CL 28 e Dyt 9 1R 1) R (005 20 SR i, Ao 1 o £ 1 800 AN T e 15 357,
JRREE ]0.025% B 210.015%. 1Rk i 25k (14 J5T e AN AT O0 A0 SRE, i HL SE AR T i) 25 g 1 -8
Goulimis O K4 TR} A2 by 8CTORE ) ORI TR ), 2 REM RSP 38K B 1 A 13K B 2 LA/
ISF, % U T TRk S, A BT RN, B2 5 4 B 1) S AR . Johnston UOVHE— B4R HE BERA
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Holthau "31TA Ay A7 v 2 55 P ol 50 22 AN ()RR 2508 1) B LU U S — RIS (R BEAE, 586 B T B AR BEA A
R RCA. AR BEAG EAT b AN [R] RS RERFECR B0, 39 OK T BEAF G SR I HE B2, AT JAS AR R 88 n, DR 5
191 2% BH E A7 AN [A) BRAS BEA B AR BB L 4. GasimovZs: U4IIFSY 1S4 REA 4325 5 R kL 8L, #3772 H
PRI A AR I BT Raffensperger M5V IS A5 17— M 43 88 1) R g f BEA K FE T RL i) /L 2 T 40 210 T
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Y ANO-178 5, W R RF R R T 28 r P RERA R Wy, = 15 Wy, =0

TCH H bR A .

H A o8 (1) B =380 AL BRI S AR BER VT W AR VB M £ BROAS ;. 20 3R(2) ™ 635 2 P %) 1
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HI LI (S) IAFAE LS R B T RENPAE, DR B A7 (1)—-(10) 7 AT 32 (K v I 18] Y, 3f DAAS
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Z ) 7 AT AV HE 25 1 22 HARMSSCSPI) . H b of 20 2 AN 43, 55— BEM A 2, 26—
o3 A A8 R AN R RS (0 BEAE ORLINE, D6 B M e £ 9l HH, I A M 7 48 00 45 7)) 16 46 o R PR R 4
Jo FIMES TAESE. TR A B2 B s Ak D18 i 2, DR vT DA 20 [)— RS R AR ) RS A v 2% AN
[F) RIS (0 REAE A2 TR ), ks> R b ik B o = 2 0 R B, B2 1 REAE BRI . BRI, M e A TR
A5 F A TS (R BERF I, st 4 7 2k — R VE e 4. DR b, B BRERA RS B0 1R 18 0, gl 2 A 2 38 0 4 b v 2%
e @

Z ANV 7 BRI 7] (MSSPP)

K R
Min TCIR = ) ) (B = Az (14)
k=1 r=

r=1
s.t. (6), (9).

REM IR B S 35 2 AR R i) f b L2825 18, BT UACRI ) 80 ZEAIE 5T 2% 8T 9% FH 1 2 7= i %2
PENY 7 TR R i), A R B s N RERA VT T 2 . BERA (R 0T 0 2 B O ] LA 35 BEAE 1A [ 2 8 i 2 F 25—
S AN o 5 A A P ] s 2 .

P 3(13) T LU 7R

Min TCg(A\) = TCSYF(A) + TCPR (N) (15)

s.t. (2)~(4), (6)—(10).
R A Ak B st i 32 v 0 (1 S) R s B Ot % i 0 D A S T (D)—(LO) B B KR . S (1S) iz e
3 X A ) 7

Max MinTCp () = TCR (A) + TCRR(N). (16)

I A A SV A 190 10 JAT 25 A B, VOB B D AL ST b B A L 5% 3
R BB L, B T IS R = (), = 1,2, .., R DRk, JKBBIEAR A BV (R, Vb e
Ji A8 ik, (018

M=yl =Y 2 (17

& SR i WY H 3 AR = max{0, \* + 65~} 62 Uk FEAR AL S5 P K 2 4, Hiﬁﬁ&i o' =
k=1
oofil lim 0% = 0 LY. RRUGERORIEE N

R
' = 6(TCly — TCLg)/ Y (nh)>. (18)
r=1
SHIRAEBE A2, TCYp A2 5 I B (1)—(10) I Ot H PRI — A F 5, B LR S5 )8 i) — N w47 A 00 H b (A
SE. TC) g MBI H B (15)— AN R AL, WHIEITC) 3 = TCp(AY), TCp () A& Fr s B H G i B (16) i .

4 BRAFZHA

LCPH(Lagrangian-based cutting and procurement heuristic) & — 4~ 3& T $7 A% B H 5t 45 K 161 51 2 i
RS ION oy S5 R OB B VR & 3 Ak ANV, % 57 IHHBCG(hybrid branch-and-bound column
generation) .y fFTHBPP(heuristic branch-and-bound for procurement problem)$.v2 4 #4321 il. HBCG 574 H]
TKAEID-MSSCSP1 1) /&, IiTHBAPS i H T+ SEMSSPP -1 i i fpc 1L fff
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HBCGHIELE S T 43 B e S M A 25 sk i 1D-MSSCSP-1- il U A ARTCESP . 13 AR, 2 %%, %
BRI KB, 38 A A R S S AR BEA S UL T CSP—AN AT SR S5, B B I REAF Rl 25 5,
Bl 1D-MSSCSP-1- ) /il kAT,

HE WG, BB R RS SR, BN (L, dy) S LF, CF, B, BEM L, AR B HE R, #9% E B K
L, = max{l;|i = 1,2,...,m} + 100;

W2 WEIERRENCnt = R — r + 1, FVEBGEV S r BEM RS M (' = R/, v’ # r)fICSPn i,
Iy AR 2 Az, W2, > 20, WINFHERZEE = 2,0, EIHE2YE = 2, BB = 2, 2UB = 25

SUE3 LE0IE F4Y 3w SRR A i, i B e A K JBE OSSRl 5 i 200t

SIBA VTR RS B2 6 R R BL(13), (0B BB = et Loesttt W (1 RER 1 A 43 3 St
(KR siroot = r, WREMAMS LR, W IEREM RS AR = 2, AR = 0, FiA% I ST = 05

TS Bt =t + 1, A 3CE FERBAE AT SRR (13), 158N AT 2 g csps TR 2 R csp <
228, M8 = 2tp copr T, WHRR > R, M2 B S Brset = (L, C,, Q) r = 1, R, ZEIEH; K0,
PAT L BE6;

HIE6 WINRIMFIEER = R+ 1, AT DS,

4.2 HBPPHE%

HBPP/2 3L T3 K a2 AR ARMS SPP - 1) Fl (14) S AR TCY p 13 & VA, Stk n R

S YRR S = 0, B2 AHBCGH %45 set = (L, Crr, Q,r), 7' = 1,2, .., RV, HERV i
HAELE, C*, BF,

T2 Et =t + 1, K (L, Cr, Q)ELE, CF, BRI BN ik, THETCRAH, 1 AMSPPF- ) fl— 4>
RSB, 3B H R E R EE SR ARPP T R S . e > R, WE LN RIS LY, CF | B, TS 3, 15,
AT B2,

SE3 (ERAES TR\ RFERRMA HL, > L, 3HETCE = CkQ,. FITCY, = CK QK + BX i,
RTCF < TCHMATHH A, 15 NIEEL LIET.

H B4 EMHBCGH ISR
43 LPCHE %

Ja & X EIELCAYEHBCGAHIHBPPE VL IE Al b, I 8 B A A S R SR v 4 B 6T A 17) fEC16) (1) S DA
CRER DY/

S YIUHL, BB R IR, Bkt = 0, M HITA =0,r = 1,2,..., R;

P2 Rt < TWIFAT B3, 5 WHAT D RS

183 PATHBCGHIEFLF, T HCSPR(13) il 4T Il TC R 5

SB4 PUTHBPPHILFLT, VPP (14) 1T ATC R s

HIES PR B H B AR 2, (V) = TCSF + TCHE, ATCL , = 2p(\F);

L6 A B (1)-(10) EAAETCL

FB7 W7, KA B hhs W H 3fe 1

FES WIRTC — TCr < 1075, 5 1EHHE, AT 2D B2,

5 ZRERRSH

LCPH:X i Javait: = ¥ i1 5281, 7EIntel Pentium 4 2.8 GHz 512MB DDRRAM PC ML FHEATRENLSZHK:. T
KA S ¥ SCHR[201BE ML= A, 1M SE S 506 vk, moh TR0 P AL, 23 =41, B4L 1M B 5 AR 10, 204 40,
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3 SR /N KRS ROk i R e SRRSOk il SRR R i) 385 o) L T e NG BE, vy € {0.1,0.2,0.3};
v LN T M I KK, vy € {0.3,0.6,0.9}, W EARMERM KE AL = 1 000em; dh & 417473 75 K &,
d € {10,100}. F25F0A [F RS I BER, S5 I BEM K BE 2 Liin = 400, BEM K 42 100563, 5 K 10 B &
JEM Liax = 2 800. 1 5 H T — P SLBIB 50, 1574 e SEAR R4, 1841

R FHEEISHI

Table 1 Number of items instances of parameters where cuts are necessary

No m V1 v2 d No m V1 v2 d
1 10 0.1 0.3 10 10 20 0.2 0.6 100
2 10 0.1 0.3 100 11 40 0.2 0.6 10
3 20 0.1 0.3 10 12 40 0.2 0.6 100
4 20 0.1 0.3 100 13 10 0.3 0.9 10
5 40 0.1 0.3 10 14 10 0.3 0.9 100
6 40 0.1 0.3 100 15 20 0.3 0.9 10
7 10 0.2 0.6 10 16 20 0.3 0.9 100
8 10 0.2 0.6 100 17 40 0.3 0.9 10
9 20 0.2 0.6 10 18 40 0.3 0.9 100

R B3 AL B AR — 28R B SE B, B A SEBIIEAT100K. BERS BN 55 & ALY 55 o B BEAS 1 5
MCr = aL, + 6, Lo HE, 0 < a < 1, BE[0, a Ly /10]BIHL™ £, F225 H RS BER AT 2 HUA% BEFT T

n R Jr
FH S5 25, Hoh Gap# /RMSSCSP FEHESSSCSP VD BEM K i, Gap = Y- @y — Y. - @y, 41

=1 r=1j5=1
S90S th, MSSCSP TR LESSSCSP Ik BB F-449 /5 FI2 936cm, 722k ) KT > 48.78%. B2 T 5859 41
4b, MSSCSP I B REM 13 JE 44 Lt SSSCSP N R ¥ REM K B 2L 5. (K tk, MSSCSP i EHIL T-SSSCSP
B AE T 180U BHAL S 5 v, MSSCSP N B FH A REM ity P i B L 4 Ff, FRIRIGUE T SCHRI13110 45 12
3 45SSSCSP T K} FIMSSCSP A i 1 iy 1) A% AL 2 2, MSSCSP B} FH 0 1 55 i ) 032 Ak 2034 K
T-SSSCSP Ik}, H 25 174HMSSCSP T BLF- 34 T 5 8] 5 K, (H/2924.788s (1) 1 5 I TR0 T~ A AUAR R e i)
(m > 40)52& n] LAEAZ ).
F2 BRBEHTRSSAKEH TROERER

Table 2 Experiment results of cutting stock with single stock length and multiple stock lengths

P SRR LK
Noo WIem)  Kem  BKiem K THKEem  Skgem Kk o OPem RRESD
1 209 700 23 800 3.35 500 22 400 2.39 3 1400 44.1
2 205 1 400 225 400 6.83 1150 224 800 5.62 2 600 14.0
3 194 600 42 000 3.10 570 39 150 2.90 2 2 850 88.5
4 222 800 464 000 3.60 700 459 900 3.15 3 4100 88.8
5 200 700 86 100 3.50 450 85 800 2.25 2 300 17.7
6 189 700 787 500 3.70 450 786 900 2.38 2 600 39.8
7 444 1 800 50 400 4.05 1267 47 700 2.85 3 2700 65.6
8 390 2200 426 800 5.64 1433 424 600 3.67 3 2200 44.6
9 387 1 400 89 600 3.62 1 400 86 300 3.62 3 3300 41.5
10 409 1 400 785 400 3.42 1225 782 700 2.30 4 2 700 30.8
11 395 1100 163 900 2.78 1050 161 900 2.66 2 2 000 41.7
12 401 1300 1566 500 3.24 1100 1 564 500 2.74 2 2 000 40.6
13 631 2 000 68 000 3.17 1 650 66 500 2.62 2 1500 73.7
14 635 1700 588 200 2.68 1700 583 300 2.68 3 4900 50.6
15 590 1 800 131 400 3.05 1300 128 500 2.20 3 2900 40.0
16 548 1 800 1128 600 3.29 1500 1121 300 2.74 3 7 300 61.8
17 660 1 600 280 000 242 1450 270 800 2.20 4 9200 71.0
18 567 2200 2 305 600 3.88 1900 2303 300 3.35 3 2 300 23.2




26 o TR IR %28 &
£33 BHREMTHSZHEEM TRIEE 8 RERRE

Table 3 The computational time and iterations of cutting stock with single stock length and multiple stock lengths

B REAE Z R BRI
T (s) AR ER T TRI(s) ELARYE: ¢
1 0.172 5.23 0.387 8.23
2 0.303 9.40 1.439 18.45
3 0.129 4.16 0.894 7.15
4 0.353 5.69 1.589 8.45
5 1.000 4.92 2.014 6.14
6 1.260 5.76 2.261 6.77
7 0.317 10.23 2443 2221
8 1.034 13.26 2.764 25.36
9 1.163 8.25 11.84 23.67
10 0.770 8.19 26.504 16.45
11 2.388 6.37 20.441 10.56
12 2.294 7.16 15.814 11.67
13 0.237 7.34 1.933 20.56
14 0.165 5.15 4.144 26.56
15 0.794 6.34 10.869 20.43
16 0.989 6.34 17.348 23.13
17 2478 5.11 924.788 17.39
18 44.06 8.27 311.964 30.14
6 LZRiIF

ARSENARM A7 2 T8 R A, G 20 7 i (36 L 7 SR e e 1 i, A S T B O R R R
A% W H R SR, BEVHR A R A AR R R BEAT SR . L X 1802 S 9l 1 5., 78 7 Bk 1 1Y 2 LAk
(RIAT 28, AN SIS I B R ek gt e 22 (R e 2 A R SR 55 R RE N T I 5, P R 3t 14 22 7 ik 22 1 B
1 R 5 22 B — 2 R RO AR, 38 T T R AR RaKn T AN A N TG O A AR AE R
A, BATAT T SR 5B it SR S5 BRI AN 5

X AR S FR R Y AR R AT Ot (R 0, TR i AR BT % R I i B T3 ). Ak A b o A A
BEH A, A BRIE MRS A RIS T, B TR 0 2 A7 Bl P> i 2B 01 R S A I )5 A I 5
BE A, ArREHE RS FCIE T, A I RS A AR K R AL
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