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The cutting stock problem (CSP) is a critical issue in the manufacturing of thin film transistor liquid crys-
tal display (TFT-LCD) products. Two manufacturing processes are utilized in this industry: (1) various
TFT-LCD plates are cut from a glass substrate based on cutting patterns, and (2) the number of glass sub-
strates required to satisfy customer requirements is minimized. The current algorithm used to select the
cutting pattern is defined as a mixed integer program (MIP). Although the current MIP method yields an
optimal solution, but the computation time is unacceptable when the problem scale is large. To accelerate
the computation and improve the current method, this study proposes an integrated algorithm that
incorporates a genetic algorithm, a corner arrangement method, and a production plan model to solve
CSPs in the TFT-LCD industry. The results of numerical experiments demonstrate that the proposed algo-
rithm is significantly more efficient than the current method, especially when applied to large-scale
problems.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

With the rapid growth and spread of information technology,
the cutting stock problem (CSP) has become a critical issue in the
manufacturing of thin-film transistor liquid crystal display (TFT-
LCD) products. Increasing attention is being directed toward cut-
ting issues in various manufacturing industries (e.g., textiles,
leather, paper, wood, glass, and sheet metal). Two manufacturing
processes are used in the TFT-LCD industry: (1) various TFT-LCD
plates are cut from a glass substrate based on cutting patterns,
and (2) the number of glass substrates required to satisfy customer
requirements is minimized. However, the ideal cutting patterns are
exceedingly complicated. To determine the effectiveness and com-
plexity of the search procedure, the CSP must be resolved within a
reasonable time. However, the traditional method of cutting TFT-
LCD plates cannot resolve the CSP effectively.

Cutting various TFT-LCD plates from a glass substrate of limited
dimensions (i.e., stock) is a well-known assortment problem (Beas-
ley, 1985; Chen, Sarin, & Balasubramanian, 1993; Li & Chang, 1998;
Li, Chang, & Tsai, 2002; Li, Tsai, & Hu, 2003; Lin, 2006), whereas
minimizing the amount of stock utilized and satisfying customer
demand is a classic CSP (Chambers & Dyson, 1976; Correia,
Oliveira, & Ferreira, 2004; Demir, 2008; Holthaus, 2002; Tsai,
Hsieh, & Huang, 2009; Wagner, 1999).

CSPs have been studied in various applications (Cui & Lu, 2009;
De Queiroz, Miyazawa, Wakabayashi, & Xavier, 2012; Zheng, Ren,
Ge, Qiu, & Liu, 2011) such as crosscutting rectangular products
from wood stocks (Reinders, 1992), cutting TFT-LCD plates from
glass substrates (Tsai et al., 2009), placing all devices in a sys-
tem-on-a-chip circuit (Li, Ma, Xu, Want, & Hong, 2009; Tang &
Yao, 2007), and overseas container shipping services (Chen, Lee,
& Shen, 1995; Pisinger, 2002; Wang, Li, & Levy, 2008). The problem
has generated a great deal of interest because minimizing the
amount of stock would significantly reduce production overheads
and increase a company’s competitiveness.

Hinxman (1980) first classified cutting stock problems as one-
dimensional, 11/2-dimensional, and two-dimensional problems.
The approaches for solving CSPs can be classified as heuristic and
deterministic-based methods. Beaslay (1985) proposed a heuris-
tic-based method that uses an integer model and a heuristic algo-
rithm to solve a two-dimensional CSP in the guillotine industry,
whereas Jakobs (1996) designed a genetic algorithm (GA) to im-
prove the efficiency of deterministic methods. Leung, Chan, and
Troutt (2003) presented a mixed simulated annealing-genetic algo-
rithm to accelerate the solution time of CSPs. Umetani, Yagiura,
and Ibaraki (2003) utilized meta-heuristics and adaptive pattern
generation techniques to minimize the number of one-dimensional
CSPs with different patterns. Subsequently, Gradisar and Trkman
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(2005) proposed a combined approach to solve general one-dimen-
sional CSPs, whereas Lin (2006) introduced a genetic algorithm
that incorporates a novel encoding schema in a random packing
process to solve two dimensional CSPs (Gonçalves, 2007; Jakobs,
1996; Kroger, 1995). Although all heuristic-based methods guaran-
tee a solution within a reasonable time, such solution may not be
optimal.

As regards the deterministic-based methods, Page (1975) pro-
posed a two-dimensional dynamic programming model for cutting
rectangular steel plates. Chen et al. (1993) constructed a mixed
integer programming (MIP) model to solve an assortment problem
that involved placing a set of small different-sized rectangles, in a
non-overlapping formulation, within a large rectangular minimum
area. To improve Chen et al.’s nonlinear program with non-over-
lapping constraints, Li and Chang (1998) proposed a bilinear objec-
tive model that linearizes the objective function (i.e., xy) and
reduces the number of binary variables for the non-overlapping
constraints. Li et al. (2002) utilized a logarithm-based decomposi-
tion technique to solve the bilinear objective function. Subse-
quently, Li et al. (2003) converted the original assortment
problem into a number of sub-problems by dividing the objective
value into several intervals, after which they solved the related
sub-problems with a set of personal computers using parallel net-
work technology. This approach demonstrates that when the solu-
tion time is unrestricted, deterministic-based methods can exploit
the analytical properties of the problems to generate a sequence of
points that converge to an optimal solution (Chen et al., 1993; Li &
Chang, 1998; Li et al., 2002; Li et al., 2003).

Deterministic-based methods explored well-known algorithms
such as the simplex method for linear programs (Dantzig, 1963),
and the branch-and-bound method for mixed integer programs
(Land & Doing, 1960). However, in the branch-and-bound method,
the CSP with all its extensions and variants has been classified as
NP-hard (Garey & Johnson, 1979; Lai & Chan, 1997), thus making
the derivation of an optimum solution within a reasonable time
impossible. To address this problem, this study utilizes a GA to
identify the possible cutting patterns and proposes a high-speed
corner arrangement (CA) method to verify such patterns. We then
use a mixed integer program to construct a production plan (PP)
model and minimize the number of glass substrates.

In this study, we regard each glass substrate as an item of cut-
ting stock with fixed dimensions. The substrate is then cut into
TFT-LCD plates according to customer requirements. Considering
that the CSP in the TFT-LCD industry tries to minimize the number
of glass substrates, we utilize an integrated algorithm that (a)
implements a GA to refine the fitness value of the cutting patterns,
(b) verifies all possible cutting patterns with a corner arrangement
method, and (c) utilizes a mixed integer program to minimize the
number of glass substrates needed to satisfy customer require-
ments. When we compared the proposed method with current
method (Tsai et al., 2009), we observed that:

(i) Tsai et al.’s optimization algorithm only performed well on
small-scale problems. That is, Model 2 in their algorithm is
unsuitable for verifying possible cutting patterns in real
world cases, especially when the number of small rectangles
becomes large.

(ii) Garey and Johnson (1979) also proved that the cutting stock
problem is NP-hard solved by MIP. That is, real world cases
in the TFT-LCD industry are all large-scale CSPs, which can-
not be solved optimally by deterministic methods because
the computation time grows exponentially.

The proposed algorithm seeks and verifies possible patterns in a
short time to reduce waste of the stocks, and a mixed integer pro-
gram constructs a PP model to minimize the number of glass sub-
strates needed to satisfy customer demand. The key advantages of
the proposed integrated algorithm are as follows:

(i) All possible cutting patterns are quickly verified by imple-
menting the proposed CA method.

(ii) The quality of the cutting patterns is guaranteed by the fit-
ness function, and the algorithm can find a solution within
a reasonable amount of time.

The remainder of this paper is organized as follows. Section 2
introduces three methods used to solve the CSP: a GA for coding
strings of placement in orders also called possible cutting patterns;
a CA method that verifies possible cutting patterns; and a PP model
that minimizes the amount of stock required to fulfill orders. Sec-
tion 3 describes the proposed integrated algorithm for solving the
CSP in the TFT-LCD industry. Numerical examples are given in Sec-
tion 4 to demonstrate the efficacy of the proposed algorithm. Sec-
tion 5 contains some concluding remarks.

2. Three methods

Three methods are constructed to solve the CSP in the TFT-LCD
industry. These methods identify and verify possible cutting
patterns and minimize the amount of stocks required to fulfill
orders. First, we define the notations used in the remainder of this
paper.
Notations:
(Width, Length)
 The width and length of the glass substrate

(pi, qi)
 The length and width of the ith TFT-LCD

plate

i
 The ith TFT-LCD plate

I
 The number of TFT-LCD plates

f i
g

The ith TFT-LCD plate in the gth cutting
pattern
Fg
 The gth feasible cutting pattern that
identifies different TFT-LCD plates
N
 The initial length of the chromosome

ng
 The number of small rectangles cut from a

glass substrate based on the gth pattern

pg
 The gth cutting pattern as a permutation

(i.e., chromosome)
pj
g

The jth small rectangles in the gth
permutation (i.e., chromosome)
Qg
 The gth set of feasible cutting patterns that
mark the coordinates of the small rectangles
Cg
 The gth set of corners

j
 The indicator of the small rectangle j

k
 The indicator of the corner k

M
 The number of cutting patterns
aj
g
 The cutting element aj

g ¼ ½xj
g ; y

j
g ; p

j
g ; q

j
g �,

where ðxj
g ; y

j
gÞ is the coordinate of the small

rectangle j placed along the x-axis and y-

axis from the original point ðpj
g ; q

j
gÞ
ck
g
 The corner element ck

g ¼ ½xk
g ; y

k
g ;w

k
g ; l

k
g �,

where ðxk
g ; y

k
gÞ is the coordinate of the kth

corner space, and ðwk
g ; l

k
gÞ denotes the kth

dimension of the corner space of the gth set
ðpj
g ; q

j
gÞ
 The component of pj

g , which expresses the
width and the length of the small rectangles
j in the gth pattern



CA algorithm
Initial:

(i): Possible cutting patterns are expressed as pg ¼
ðp1

g ;p2
g ; . . . ;pN

g Þ (e.g., p1
g ¼ ðp1

g ; q
1
gÞ).

(ii): Let ng ¼ 0; j ¼ 1; k ¼ 1; xk
g ¼ 0; yk

g ¼ 0;wk
g ¼Width; lkg ¼

Length;Cg ¼ fc1
gg, and c1

g ¼ ðx1
g ; y

1
g ;w

1
g ; l

1
gÞ.

(iii): Let Qg = £, where ‘‘£’’ denotes that no small rectangle
has been cut.

Arrangement:
(i): If the small rectangle j can be fully covered (see Definition

1) by the space of the corner ck0
g (where pj

g is parallel to the

x-axis of the corner k0; pj
g 6 wk0

g , and k0 2 f1; . . . ; kg), the
following operations are executed:

(a) ng = ng + 1.

(b) Mark the small rectangle j in the corner ck0
g . That is,

ang
g ¼ ðxk0

g ; y
k0
g ; p

j
g ; q

j
gÞ, and add ang

g to Qg.

(c) Update the corner ck0
g ¼ ðxk0

g þ pj
g ; yk0

g ;w
k0
g � pj

g ; q
j
gÞ.

(d) Insert a new corner ckþ1
g ¼ ðxk0

g ; y
k0
g þ qj

g ;wk0
g ; l

k0

g � qj
gÞ into

Cg, and go to step (iii).
(ii): If the small rectangle j can be fully covered (see Definition

1) in the corner ck0
g (where pj

g is parallel to the y-axis of the

corner k0; pj
g 6 lkg , and k0 2 f1; . . . ; kg), then the following

operations are executed:
(a) ng = ng + 1.

(b) Mark the small rectangle ang
g ¼ ðxk0

g ; y
k0
g ; q

j
g ; p

j
gÞ in the

corner ck0
g , and add ang

g to Qg.

(c) Update the corner ck0
g with ck0

g ¼ ðxk0
g þ qj

g ; yk0
g ;w

k0
g � qj

g ; p
j
gÞ.

(d) Insert a new corner ckþ1
g ¼ ðxk0

g ; y
k0
g þ pj

g ;wk0
g ; l

k0

g � pj
gÞ into

Cg, and go to step (iii).
(iii): Let j = j + 1 and go to step (i) if j 6 N.

End
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2.1. Method 1 – GA

A GA is a heuristic method that mimics natural selection (Gonç-
alves, 2007; Kroger, 1995; Lin, 2006; Wagner, 1999) through the
processes of reproduction, crossover, and mutation. Initially, all
possible cutting patterns are unique and randomly generated
based on the sizes of the produced TFT-LCD plates. The patterns
are then refined by GA iteratively.

The length of the chromosome N is determined by the initial
step in the GA and considers as many kinds of TFT-LCD plates as
possible, such that

N ¼MAX
Length�Width

pi � qi

� �
; 8 i ¼ 1; . . . ; I

� �
:

In this study, the GA method uses the roulette wheel selection
process to select two chromosomes from the population for repro-
duction based on the proportion of cutting patterns. The steps of
the process are as follows:

(i) Decoding and permutation: The component in the permutation,
pj

g , is randomly generated from a uniform distribution based
on pj

g 2 fðp1; q1Þ; ðp2; q2Þ; . . . ; ðpI; qIÞg for j = 1, . . . , N, and the
permutations pg ¼ ðp1

g ;p2
g ; . . . ;pN

g Þ are also denoted as a chro-
mosome for g = 1, . . . , M. Each pg in a chromosome is unique.
The advantage of the genetic permutation is that it facilitates
the random generation of a new permutation as a sorting
sequence, which is refined in the crossover and mutation steps.

(ii) Crossover: The crossover operator generates a new offspring.
Specifically, the roulette wheel selection process combines
two chromosomes to generate a new one. Let N = 6. We
choose a pair of chromosomes and select two cutting points
for crossover, as shown in Fig. 1.

The elements between the two cutting points of the first parent are
included in the crossover operation, and the elements between the
two cutting points of the second parent are excluded. We then incor-
porate these elements into the new child produced by parent 1 (i.e.,
g = 1) and parent 2 (i.e., g = 2). The concept is illustrated in Fig. 2.

(i) Mutation: The mutation operator exchanges two compo-
nents in the new child if a random probability value is
greater than a threshold value, as shown in Fig. 3.

The operator then exchanges qj and pj when another random
probability value is greater than a threshold value, which indicates
that a rectangle is rotated 90� (Fig. 4).

In the initial setting of the GA, we randomly and uniquely gen-
erate M possible cutting patterns. We then utilize the GA to refine
the derived cutting patterns, after which each possible cutting pat-
tern is verified by applying method 2 – CA.
1
gπ 2

gπ 3
gπ 4

gπ 5
gπ 6

gπ g=1 

Fig. 1. Random selection of two cuttin

1
gπ 2

gπ 3
gπ 4

gπ
5
gπ 6

gπ g=1 

1
gπ 2

gπ
3
gπ 4

gπ 5
gπ

Fig. 2. Crossover operation
2.2. Method 2 – CA

To verify possible cutting patterns within a reasonable time, we
propose a solution called the CA method. The method identifies a
rectangular domain space and marks the bottom left-hand point
of the space as a corner. After the space is marked as a cutting
small rectangle (i.e., TFT-LCD plate), the remaining space is divided
into two sub-spaces, wherein the other smaller rectangles can be
1
gπ 2

gπ 3
gπ 4

gπ 5
gπ 6

gπ g=2 

g points in the crossover operator.

1
gπ 2

gπ 3
gπ 4

gπ
5
gπ 6

gπ
g=2 

6
gπ New child 

generates a new child.



1
gπ 2

gπ 3
gπ 4

gπ 5
gπ 6

gπ New child

Exchange positions 

Fig. 3. The operator exchanges two components in the new child.

3ip =
1iq =

1ip =

3iq =

Fig. 4. A rectangle is rotated 90�.
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placed. The objective is to use the least square measure of the glass
substrate to generate the needed small rectangles. The steps of the
CA algorithm are as follows:

A simplified demonstration of the CA algorithm is shown in Fig. 5.

Definition 1. A feasible corner space can be used to fully cut a
required small rectangle (i.e., TFT-LCD plate) that satisfies the
following conditions:

(i) The jth small rectangle, ðpj
g ; q

j
gÞ can be covered by a feasible

corner k0, where k0 2 f1;2; . . . ; kg satisfies either
0 0
� lk

g P pj
g and wk

g P qj
g; or

� lk0

g P qj
g and wk0

g P pj
g .
(ii) If condition (i) is satisfied, we obtain a set of feasible corner
spaces Cg. Considering the minimal trim-loss issue (i.e., in
space with minimum waste), a corner space k’ is the best

choice, where k0 ¼Maxfpj
gþqj

g

lkgþwk
g
6 1; 8Cgg. Otherwise, no feasi-

ble corner spaces exist.

Given that the fitness values of each feasible cutting pattern
must be verified (i.e., utility rate), we have Remark 1 below.

Remark 1. The fitness value of the feasible cutting pattern is
calculated by following function:

FitnessðgÞ ¼
Png

i¼1pi
g � qi

g

Length�Width
� 100%:
2.3. Method 3 – PP model

After the feasible cutting patterns are verified by the CA algo-
rithm and refined by the GA iteratively, these patterns are pre-
pared for the optimal production scheme. The operations are
discussed as follows:

Initial production plan:
(i) f i

g ¼ 0 for g = 1, . . . , M and i = 1, . . . , I.

(ii) If the cutting element aj
g in the set Qg belongs to the ith

TFT-LCD plate, then f i
g ¼ f i

g þ 1 for g = 1, . . . , M, j = 1, . . . , ng

and i = 1, . . . , I.

Let Fg ¼ ðf 1
g ; f

2
g ; . . . ; f I

gÞ be the gth cutting pattern. In addition, let
Di denote the order quantity of the ith TFT-LCD plate, and let the
decision variable Ug indicate the number of TFT-LCD plates that
can be cut from the gth feasible cutting pattern. To minimize the
number of glass substrates required to fulfill customer orders,
the optimal PP model is formulated as follows:
PP Model

Min
XM

g¼1

Ug

,

s:t:
XM

g¼1

f i
gUg P Di for i ¼ 1; . . . ; I;

where Ug 2 Zþ.

3. Integrated algorithm

The proposed integrated algorithm explores three methods. First,
the GA method refines M possible cutting patterns. Second, the CA
method verifies each possible cutting pattern. Finally, the PP method
guarantees that the number of glass substrates is minimal.

The detail steps of the algorithm are as follows:

Input values: {iterations, threshold
values, (Length, Width),M, (pi, qi) and Di for i = 1, . . . , I}

Preprocessing:
{
Step 1: current_ite=0, j ¼ 1, k ¼ 1, x1

g ¼ 0, y1
g ¼ 0, w1

g ¼Width,

l1g ¼ Length, Cg ¼ fc1
gg, c1

g ¼ ðx1
g ; y

1
g ;w

1
g ; l

1
gÞ, Qg ¼ ;,

N ¼MAX Length�Width
pi�qi

l m
for i ¼ 1; . . . ; I

n o
, and

pg ¼ ðp1
g ;p2

g ; . . . ;pN
g Þ for g = 1, . . . , M.

Step 2: Based on a uniform distribution, randomly generate

pj
g , where pj

g 2 fðp1; q1Þ; ðp2; q2Þ; . . . ; ðpI; qIÞg for j ¼ 1; . . . ;N,
to derive a unique permutation pg ¼ ðp1

g ;p2
g ; . . . ;pN

g Þ for
g ¼ 1; . . . ;M (i.e., Chromosomes).

}
Process:
{
Step 3: Execute the CA method to verify each fitness value of

the M feasible cutting patterns.
Step 4: Execute the main process of the GA method to

generate M2 new children (i.e., M + M2 possible cutting
patterns), such that current_ite = current_ite + 1.

Step 5: Execute the CA method to verify the fitness values of
the M2 new children.

Step 6: Delete the worst feasible cutting patterns of the last
M2 children according to their fitness values.

Step 7: Go to Step 4 until current_ite > iterations or each fitness
value of the feasible cutting pattern > threshold value.

Step 8: Execute the PP method, including the preprocessing
step and the PP model.

}
Output: {The optimal production combination

(U1, U2, . . . , UM)}

The flowchart of the proposed algorithm for generating and ver-
ifying the cutting patterns and outputting of the optimal produc-
tion plan is shown in Fig. 6.

4. Numerical examples and experiments

We applied the integrated algorithm to real CSPs in Taiwan’s
TFT-LCD industry. The algorithm was implemented in Java pro-
gramming language (version 6), which also embeds the MIP solu-
tion engine of ILOG CPLEX 11 (ILOG 2008) to solve the PP model
and runs on a PC equipped with an Intel Pentium� Dual-Core



Fig. 5. Demonstration of the CA algorithm.
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2.8 GHz CPU and 2 GB RAM. Identifying and verifying possible cut-
ting patterns are recognized to be the most difficult aspects of solv-
ing CSPs. Our experiments show that the proposed algorithm is
more efficient than the current method.

Additionally, we compare the performance of the proposed
algorithm with that of the following two approaches for placement
procedures (i.e., verifying a cutting pattern).

(i) Batch production method – The current production
approach used in the TFT-LCD industry is batch production,
whereby each glass substrate is cut into TFT-LCD plates of
Fig. 6. Flowchart of the
one size only. Generally, the method is based on rule of
thumb.

(ii) Integer programming method – Tsai et al. (2009) proposed
an MIP model (Model 2 in their approach) to find
feasible cutting patterns. Although the solution of
the proposed algorithm is a global optimum in
seeking each pattern, it is inefficient for large-scale
problems.

We then compare the performance of our approach with that of
Tsai et al.’s MIP method in terms of verifying each possible cutting
proposed algorithm.



Table 4
Feasible cutting patterns derived by the proposed algorithm.

g f 1
g f 2

g f 3
g f 4

g f 5
g f 6

g f 7
g f 8

g f 9
g # Of products Fitness (%) g

1 0 0 0 0 0 0 0 0 6 6 71 2
2 0 0 0 0 0 0 0 8 0 8 72 2
3 0 0 0 3 0 0 0 8 0 11 93 2
4 0 0 0 11 0 0 0 0 0 11 79 2
5 0 0 0 0 0 11 0 0 0 11 79 3
6 0 0 0 0 0 0 11 0 0 11 78 3
7 0 3 3 2 1 0 0 0 3 12 94 3

Table 3
Dimensions of the glass substrates for the 20 orders.

Items Order #

Product # (W,L)cm 1 2 3 4

1 (15,20) 350 1150 1000 1500
2 (90,56) 215 1500 1000 2500
3 (93,60) 205 1250 1000 3000
4 (99,63) 600 1600 2000 2500
5 (95,66) 500 2500 1000 2000
6 (98,64) 810 2800 2000 2000
7 (100,62) 990 3900 1000 2000
8 (108,72) 555 2100 2000 2000
9 (126,82) 990 2900 1000 2000

11 12 13 14

1 (15,20) 30,000 50,000 70,000 90,000
2 (90,56) 30,000 50,000 70,000 90,000
3 (93,60) 60,000 50,000 70,000 90,000
4 (99,63) 60,000 50,000 70,000 90,000
5 (95,66) 70,000 60,000 70,000 90,000
6 (98,64) 70,000 60,000 80,000 90,000
7 (100,62) 70,000 60,000 80,000 90,000
8 (108,72) 90,000 90,000 80,000 90,000
9 (126,82) 90,000 90,000 80,000 90,000

Table 2
Comparison of the proposed method and the integer programming method.

# Of
products
(n)

Proposed method Integer
programming
method

Best
fitness
(%)

Average
fitness (%)

Average CPU
time (s)

Best
fitness

CPU
time (s)

6 99 98 5 99% 1850
8 99 98 6 99% 7500

20 97 96 7 Infeasible >36,000
90 98 95 9 Infeasible >36,000

120 98 93 10 Infeasible >36,000
235 97 93 10 Infeasible >36,000

Table 1
Data for different-sized problems.

n = 6 n = 8 n = 20

Type Quantity Type Quantity Type Quantity

(100,62) cm 6 (90,56) cm 8 (17,10) cm 7
(25,12) cm 6
(85,54) cm 2
(100,62) cm 5

n = 90 n = 120 n = 235

(10,6) cm 29 (10,6) cm 64 (10,6) cm 228
(17,10) cm 23 (17,10) cm 49 (90,56) cm 4
(25,12) cm 30 (90,56) cm 3 (100,62) cm 3
(85,54) cm 8 (100,62) cm 4

H.-C. Lu et al. / Computers & Industrial Engineering 64 (2013) 1084–1092 1089
pattern. Thereafter, we discuss a real-world CSP in Taiwan’s TFT-
LCD industry to minimize the amout of stocks utilized.

4.1. Comparison with the integer programming method

Efficient verification of each possible cutting pattern is an impor-
tant issue in this study. Therefore, the solution quality might be sac-
rificed because the computation time is unacceptable when the
problem is large. Table 1 shows different-sized problems observed
in the 10th generation (10G) TFT-LCD industry, as well as the results
of the verification of six cutting patterns with the proposed CA meth-
od and Model 2 of Tsai et al.’s method. The latter is solved by CPLEX
(2009) software. The proposed algorithm ran each problem for 500
iterations in 30 rounds (with n = 6, 8, 20, 90, 120 and 235).

The results demonstrate that the proposed algorithm is consider-
ably more efficient than Tsai et al.’s integer programming method,
which derives optimal solutions for problems when n = 6 and 8,
but fails to obtain feasible solutions for problems when n P 20.
Meanwhile, the CPU time required to reach optimality increases rap-
idly with the problem size, and the method cannot determine the
optimal solution within 36,000 s (i.e., the solution time >10 h) when
the problem size exceeds 20. The results in Table 2 show that the
proposed method is more efficient in terms of computation time be-
cause the CA method is efficient in evaluating cutting patterns.

4.2. Experiments on CSPs in Taiwan’s 10G TFT-LCD industry

We conducted experiments on CSPs of different-sized products
in Taiwan’s 10G TFT-LCD industry. Information about the TFT-LCDs
is available from the following Web sites:
f 1
g f 2

g f 3
g f 4

g f 5
g f 6

g f 7
g f 8

g f 9
g # Of products Fitness (%)

6 38 2 0 0 0 0 0 0 6 46 96
7 37 1 1 1 2 0 4 2 0 48 93
8 36 0 13 0 0 0 0 0 0 49 96
9 37 7 0 0 0 0 0 5 0 49 98
0 39 3 3 4 1 1 0 0 0 51 93
1 41 0 0 0 0 11 0 0 0 52 94
2 43 0 0 11 0 0 0 0 0 54 94

(continued on next page)

5 6 7 8 9 10

2450 4000 5000 13,000 30,000 95,000
1670 3000 2000 17,500 30,000 77,000
1300 2000 3000 15000 50,000 85,000
1120 2000 4500 45,000 50,000 65,000
1850 1000 1000 28,000 50,000 90,000
1600 4000 2500 20,000 40,000 85,000
1350 3000 3300 33,500 40,000 80,000
1990 3000 1700 35,000 40,000 70,000
1330 3000 6000 12,500 40,000 90,000

15 16 17 18 19 20

100,000 300,000 400,000 500,000 500,000 800,000
100,000 300,000 400,000 500,000 500,000 800,000
100,000 300,000 400,000 500,000 500,000 800,000
100,000 300,000 400,000 600,000 700,000 800,000
100,000 500,000 400,000 600,000 700,000 800,000
200,000 500,000 400,000 600,000 700,000 850,000
200,000 500,000 400,000 700,000 800,000 850,000
200,000 500,000 400,000 700,000 800,000 850,000
200,000 500,000 400,000 700,000 800,000 850,000



Table 4 (continued)

g f 1
g f 2

g f 3
g f 4

g f 5
g f 6

g f 7
g f 8

g f 9
g # Of products Fitness (%) g f 1

g f 2
g f 3

g f 4
g f 5

g f 6
g f 7

g f 8
g f 9

g # Of products Fitness (%)

8 0 0 0 8 3 0 0 0 1 12 91 33 43 0 0 0 0 0 11 0 0 54 93
9 0 5 0 0 0 0 4 0 3 12 93 34 46 2 4 0 5 1 0 0 0 58 96

10 0 0 5 2 0 5 0 0 0 12 83 35 48 1 6 2 2 1 0 0 0 60 97
11 0 0 0 0 12 0 0 0 0 12 87 36 48 5 0 0 0 7 0 0 0 60 96
12 0 0 7 1 0 5 0 0 0 13 88 37 48 11 0 0 0 0 2 0 0 61 95
13 0 15 0 0 0 0 0 0 0 15 87 38 54 1 2 0 0 0 0 0 5 62 97
14 0 0 15 0 0 0 0 0 0 15 96 39 52 3 6 1 2 0 0 0 0 64 95
15 13 1 1 1 0 2 1 0 4 23 93 40 51 14 0 0 0 0 0 0 0 65 99
16 18 0 14 0 0 0 0 0 0 32 96 41 54 0 0 0 9 2 0 0 0 65 98
17 23 3 2 4 4 0 0 0 0 36 96 42 58 0 0 0 4 0 0 0 4 66 96
18 27 1 3 0 1 2 1 1 2 38 96 43 66 0 0 0 0 0 0 0 6 72 94
19 24 8 0 0 0 0 6 0 0 38 97 44 62 1 2 8 0 0 0 0 0 73 97
20 28 2 2 0 2 1 1 1 2 39 96 45 71 0 0 0 0 0 0 8 0 79 96
21 29 0 0 0 12 0 0 0 0 41 97 46 72 2 0 0 0 0 0 0 5 79 96
22 30 1 2 1 0 4 4 0 0 42 94 47 74 0 0 10 0 0 0 0 0 84 97
23 32 0 4 2 1 2 0 1 1 43 94 48 77 9 3 0 0 0 0 0 0 89 98
24 33 1 0 1 3 1 6 0 0 45 96 49 87 12 0 0 0 0 0 0 0 99 100
25 36 4 1 0 0 1 0 1 3 46 94 50 285 0 0 0 0 0 0 0 0 285 98

Fig. 7. Solution for pattern #20 derived by the proposed algorithm.

Table 5
Coordinates of pattern #20 derived by the proposed algorithm.

# x-Axis y-Axis pi qi # x-Axis y-Axis pi qi

1 288 216 15 20 21 132 75 20 15
2 288 236 15 20 22 152 75 20 15
3 288 256 15 20 23 172 75 20 15
4 112 0 20 15 24 192 75 20 15
5 132 0 20 15 25 212 75 20 15
6 152 0 20 15 26 232 75 20 15
7 172 0 20 15 27 252 75 20 15
8 192 0 20 15 28 272 75 20 15
9 212 0 20 15 29 0 0 56 90

10 232 0 20 15 30 56 0 56 90
11 252 0 20 15 31 236 90 62 100
12 272 0 20 15 32 164 90 72 108
13 164 198 20 15 33 0 90 82 126
14 184 198 20 15 34 82 90 82 126
15 204 198 20 15 35 112 15 93 60
16 224 198 20 15 36 205 15 93 60
17 244 198 20 15 37 0 216 95 66
18 264 198 20 15 38 95 216 95 66
19 284 198 20 15 39 190 216 98 64
20 112 75 20 15
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� STPI: http://cdnet.stpi.org.tw/techroom/market/eedisplay/
eedisplay290.htm.
� Mobile: http://www.mobile01.com/topicdetail.php?f=350&t=

874736&p=1.

In the experiments, the dimensions of the glass substrate are
305cm � 285 cm in the 10G facility, and the PP involves the pro-
duction of nine kinds of TFT-LCD plates to satisfy 20 orders. The de-
tails of the orders are listed in Table 3.

The current state-of-the-art theory on GAs does not provide
information about parameter setting (see Gonçalves, 2007). In
our experience, GAs based on the same evolutionary strategy have
the following initial parameters.

� The number of possible cutting patterns is 50 (i.e., M = 50).
� Rotation probability: 0.7 to 0.8 (i.e., exchange pj with qj).
� Stopping criteria: Iterations > 2000 or Fitness(g) > 90% for all g.
� Runs 30 rounds.

The solutions solved by the proposed algorithm are listed in
Table 4. Take pattern #1 in the Table 4 as an example. The numbers

http://cdnet.stpi.org.tw/techroom/market/eedisplay/eedisplay290.htm
http://cdnet.stpi.org.tw/techroom/market/eedisplay/eedisplay290.htm
http://www.mobile01.com/topicdetail.php?f=350&amp;t=874736&amp;p=1
http://www.mobile01.com/topicdetail.php?f=350&amp;t=874736&amp;p=1


Table 6
Number of cutting patterns used by the proposed method in the10G TFT-LCD experiments.

ug Order #

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 0 0 1 7 4 3 78 1 3 0 2 0 4 1 0 0 0 0 5 0
2 231 620 81 84 82 355 1249 222 6011 12,574 21,936 16,914 11,002 9531 32,713 96,874 42,358 120,997 153,128 102,675
3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0
5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 1 2 0 0 0 0 1 0 0 0 0 1776 0 0 20544 0 0 0 0 0
7 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 1 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0
9 1 191 31 0 0 103 0 3740 2847 3056 4310 0 4185 3090 0 15,622 13,755 53,039 71,033 36,436

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
21 0 0 39 111 145 45 0 526 2638 6013 0 4852 4010 5363 6620 37,761 23,836 31,632 35,080 46,866
22 2 3 0 3 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
23 0 122 0 166 130 284 0 1438 2284 5156 1983 0 4890 0 0 26,421 27,412 27,725 29,337 55,291
24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 14,489 0 0 0 0
26 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
32 0 0 0 0 1 0 31 0 0 0 0 1 0 0 1 0 0 0 0 0
33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
34 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0
35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
36 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
37 20 0 142 206 35 50 307 3489 3267 2888 0 0 3100 5451 0 1 24,236 20,433 21,979 42,767
38 69 262 250 250 249 375 213 4375 5000 8750 11,250 11,028 10,000 11,250 22,431 62,500 50,000 87,500 100,000 106,250
39 0 137 177 479 316 507 92 2707 4227 12,272 750 6262 10,960 15,474 9346 37,501 68,778 65,193 55,165 132,178
40 0 3 0 0 0 13 0 0 0 16 1 1 2 11 0 0 0 0 0 3
41 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
44 0 40 61 193 80 103 101 985 2932 4821 2537 1850 3931 5359 376 13,541 23,843 25,267 23,124 46,487
45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
46 31 158 1 1 0 0 0 0 0 1 4756 0 1 1 0 0 0 0 0 0
47 31 0 164 0 0 0 0 0 1 0 0 2056 0 6163 8498 0 0 0 0 0
48 68 144 2 0 0 0 153 0 0 0 1746 1478 4 3 9941 1 0 0 1 0
49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum 466 1684 950 1501 1044 1838 2225 17484 29,210 55,548 49,271 46,219 52,092 61,699 110,478 304,712 274,218 431,786 488,853 568,953
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Table 7
Comparison of the batch and proposed methods in the 10G TFT-LCD industry.

Order
#

# Of glass substrates Saving

Batch method
(B)

Proposed method
(P)

Quantities
(B-P)

Ratio% (1-P/
B)

1 527 466 61 11.57
2 1901 1684 217 11.42
3 1094 950 144 13.16
4 1716 1501 215 12.53
5 1205 1044 161 13.36
6 2127 1838 289 13.59
7 2587 2225 362 13.99
8 19,962 17,484 2478 12.41
9 33,094 29,210 3884 11.74

10 63,296 55,548 7748 12.24
11 56,373 49,271 7102 12.60
12 53,550 46,219 7331 13.69
13 59,658 52,092 7566 12.68
14 70,612 61,699 8913 12.62
15 125,808 110,478 15,330 12.19
16 346,737 304,712 42,025 12.12
17 313,831 274,218 39,613 12.62
18 495,319 431,786 63,533 12.83
19 560,093 488,853 71,240 12.72
20 651,334 568,953 82,381 12.65
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of TFT-LCD plates i for i = 1, . . . , 9 are ðf 1
1 ; f

2
1 ; f

3
1 ; f

4
1 ; f

5
1 ; f

6
1 ; f

7
1 ; f

8
1 ; f

9
1 Þ ¼

ð0;0;0;0;0;0;0;0;6Þ. The total number of plates is 6, the fitness va-
lue approximates 71%, and the algorithm finds 50 distinct cutting
patterns within 55 s.

Additionally, the solution of pattern #20 (i.e., g = 20) in Table 4
is depicted in Fig. 7. The pattern contains 39 TFT-LCD plates, such
that the numbers of plates i for i = 1, . . . , 9 are (28,2,2,0,2,1,1,1,2).
The coordinates of the pattern are listed in Table 5.

Details of the PP model for the 20 orders and the sets of feasible
cutting patterns are shown in Table 6. Take order #1 as an exam-
ple. The objective value is 466; and the solutions are u2 = 231,
u5 = u6 = u9 = 1, u22 = 2, u36 = 11, u37 = 20, u38 = 69, u46 = u47 = 31,
and u48 = 68. Thus, the proposed algorithm used 466 glass sub-
strates to fulfill the first order.

In the Table 7, we compare the performance of the batch meth-
od with that of the proposed method. For order #1, the batch
method and the proposed method require 527 and 466 glass sub-
strates, respectively, to fulfill the first order. The proposed method
saves 61 (11.57%) glass substrates. Moreover, the computation
time of the proposed algorithm is approximately 60 s for each or-
der. The results demonstrate that the proposed algorithm can
effectively solve the CSPs in the 10G TFT-LCD industry.

5. Conclusion

This study proposes an integrated algorithm to solve the two-
dimensional CSP in Taiwan’s 10G TFT-LCD industry. The algorithm
explores a GA, a CA method, and a PP method to solve CSPs effi-
ciently. Compared with the current method, the proposed method
can solve the same problem at a larger scale. On the other hand, to
obtain a high-quality solution within a reasonable time, merging
the column generation techniques, distributed algorithms, cloud
computing, or other heuristic methods (i.e., neural network tech-
niques, simulated annealing, and tabu-search) in the convergency
of the CA method is a efficiency direction to enhance computa-
tional efficiency in future research.
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