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Abstract—Introduction applicability of high-speed cuttingpsk
problem (CSP) is presented in this paper. Duedmthders continued
coming in from various on-line ways for a professib cutting
company, to stay competitive, such a business bafodus on
sustained production at high levels. In others wpegherators have to
keep the machine running to stay ahead of the pHukrefore, the
continuous stock cutting problem with setup is js®Ed to minimize
the cutting time and pattern changing time to ntieeton-line given
demand. In this paper, a novel method is proposedotve the
problem directly by using cutting patterns direcliymajor advantage
of the proposed method in series on-line produdidhat the system
can adjust the cutting plan according to the flggtbrders. Examples
with multiple items are demonstrated. The resuiasconsiderable
efficiency and reliability in high-speed cutting @SP.
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|. INTRODUCTION

Offering increased manufacturing speeds
compromising quality, our method can significanitiyprove
production capabilities and save costs.

High speed

cutting machine Stock materials

Cut items

Fig. 1 A production line for high-speed floorboautting

The characteristics of a cutting stock problemdifferent
industries may separate into two types. First,gliem variety

NESTING is a process usually applied in cutting an@f criterions such as increasing efficiency of proivity and

packing processes, and the balk of the documentatias
already recorded the explorations for this rath@sical issue.
Such nesting problems have always been importartreas
involving production. The cutting stock problemsS) turn
up when the large volume of stock material hase@ilt into
smaller-sized materials to meet the requirementsustomer
orders. Therefore, cutting stock problems have moose
applications in a wide variety of manufacturingustties [1],
from cutting steel and other metals to cutting papextiles,
furniture[2], wood [3], glass, fiber, shipbuildingnd coastal
structures [4-6].

maximizing yield. A cutting stock problem is folled by an
optimal stock selection problem. But most of thevwus
researches focus on only using the off-line optinalgorithms
to find the best arrangement of cutting pattermaisT it cannot
detect the relationship of whole group fraudstensl ghe
execution process should not be on-line real-time.

A method is developed and applied using both cotiweal
and the heuristic methods. This method gives nezgptimal
solutions in real time. It is applied to both basdiving and
on-line solving of one-dimensional cutting of largeale
production or repetitive manufacturing. A majorwbeack of

Increased manufacturing speeds, while desirablen fromodern CNC systems is that the machining parametec as

economic perspectives, can have intense needscdhsipply
arrangement and fast computing results to meet-spgied
cutting requirement. Fig. 1 shows a high-speedrmthachine
on a production line with a stock conveying speietm/s. For

CSP cutting processes, high cutting speeds cancéndlbeen developed so far.

unpredictable variations in different length, ramddlaw
distribution, holding conditions, and other procéesarings.
High speed interactions among the machine, cuttiade, and
the stock materials may create uncertain conditibias can
push the process away from its expected operagidversely
affecting part quality and tool life. It is increéagly realized
that to meet such challenges it is necessary toeaddhe
process-machine interactions in a comprehensivenaran
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feedrate, stock size and number of cut, are stigmmmed
off-line.

Wide treatments in combination of optimum problems

appear in many application fields, and various @ilgms have
However,
combinatorial optimization problems for which ndywmial

time algorithm to find an optimal solution, thoseolplems
known as NP-hard [7-8]. The Bin Packing Problem &msl
Cutting Stock Problem are two classes of well-kndwArhard
combinatorial optimization problems [9]. In the BRIRe aim is
to combine items into bins of a certain capacity asto
minimize the total number of bins, whereas in ti8PCthe aim
is to cut items from stocks of a certain lengthnimizing the
total number of stocks. Obviously, these two probledasses
are very much related, and the approach proposgusinvork

will be able to tackle both of them.

This study focuses on one-dimensional nesting problfor
multiple lengthen stock material usages. The ongedsional
cutting stock problem (1D-CSP)
representative combinatorial optimization problemghich
arises in many industries. By using exact algor#hHor such
problems can be a very time consuming and exhayugtin

without

there are numerous

is one of the most
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Exact solution methods for the BPP and the CSPongnbe
used for very small problem instances. Since tlaetesolution
hard to be found in mass stock material, this leadome
approximating problems. As a fact, the CSP has lsaatied
extensively. Cost functions for the CSP may implemall
various objectives, such as minimizing trim lossnimizing
the number of stocks with wastage or maximizingigalt is
required that CSP problems must cut in multiple efisions,
incorporate the set-up cost and time associated ehianging
or adjusting the knife or blade settings.

For an understanding classification of cutting ktpblems,
it is referred to Dyckhoff[9]and Wascher et al. [1Dyckhoff
made a general description and classification dtiray stock
problems prior to 1990. Wascher et al. made anaiherview
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The mutation operator selects a number of genes and
rebuilds new genes from the selected genes, wkiehmuch
more time-consuming task than a simple swap mutati@ng
et al. [14]proposed a novel evolution algorithm YBrhich is
similar to GA but uses mutation as search operaiigyp. The
remove and reinsert mutation is also used in tlhembased
GA. Usually the crossover in the order-based GA Idou
degrade the performance of GA. The crossover opecauld
not exploit the ordering information and sometiniegven
destroyed the ordering information. In this pape,propose a
new evolutionary approach to CSPs with and without
contiguity based on an EP algorithm. The EP alborits much
simpler and less time-consuming than the GA, argl nses
swap mutations. No crossover is adopted. The drdsed
representation will be used in our EP algorithmichturns out

in the same field from 1995 to 2004. Gilmore angy pe much better than the group-based GA.
Gomory[11]were the first who attempted to solve the polthaus[15] proposed the decomposition approabased

one-dimensional cutting stock problem by analyticedthod.
Since the linear programming (LP) relaxation ofteas the
property that the rounded up value of the LP lotveund is
equal to the optimum value of integer programmingbfem.
They proposed a LP approach which is based onntipécit
enumeration of potential cutting patterns. Fromhkginning,
the feasible cutting patterns are determined te@ridss how
many items of each type are cut from stock lengffse
resulting LP relaxation of the integer cutting &tqeoblem is

on the classical column-generation technique favisg the
integer one-dimensional cutting stock problem wdifferent
types of standard lengths. Belov and Scheithaupfdiesented
on an algorithm for one-dimensional nesting problehere
branching is applied to Gilmore-Gomory formulati@ikili et

al. [17]introduced a successive elimination methodsolve
one-dimensional cutting-stock problem where cutplaps are
achieved directly without the need to establishahematical
model. The main objective of the method is to rehetoptimal

then solved with a column generation method wheses n integer solution while minimizing the number of fditent

cutting patterns are generated when they can inepupon the
current solution. Once an optimal solution to threrkelaxation
is found, exact methods such as branch-and-bouhéuwistic
methods, often based on rounding schemes, are taskud

integer solutions.

There are two representations have been used etietic
algorithm (GA) approach, i.e., group-based and mbdsed
representations. The group-based representatienguseps of
items as genes, and the number of genes is equalntbich is
the total number of stocks used. The order-bage@sentation
uses an ordered list to represent all the itembetacut. A
decoder, therefore, is needed to organize thengupibints and
the stock length of each point in the list. It bagn shown that
the group-based GA is better than the order-bagetbCSPs.
One of the major problems with the order-based &Ahat
crossover is unable to exploit the ordering infaiorain the

chromosome representation. In the group-based Ga&, t

ordering information is encapsulated within genesl #ss
susceptible to the destruction of crossover. Theémentation
of the crossover operator in GAs is normally aidifit task.

The crossover has to maintain the feasibility dsmfng,
otherwise some kind of penalty or repair methodstrbe used
in order to evolve a feasible solution. The ordasdd GA uses
uniform order-based crossover [12] that appliesraplate of
randomly generated binary bits to exchange sommsitend
maintain relative order information from both pasenThe
mutation operator uses both swap and remove ansiemti The
group-based GA uses grouping crossover, where raesggpf
one parent is inserted into another parent to gé®@ean
offspring [13]. Such crossover may not be as ditfagward as
it first appears because it has to avoid duplicétets being
copied into the offspring.

patterns contained in a solution. Valério de Cdwwat al. [18],
Degraeve and Peeters[19], Hajizadeh and Lee (280Well as
Alves and Valério de Carvalho[20]all proposed apgtes to
finding optimal integer solutions to the one-dimenal cutting
stock problem. Poldi and Arenales[21]compared dhffietypes
of rounding heuristics to convert a fractional $ao into a
feasible integer solution for a slightly modifiedoplem with
limited supply of different lengths of stock mageri

Johnston and Sadinlija[22]developed a new model for
one-dimensional nesting problems that does not imequ
prespecification of cutting patterns. The cuttitgck problem
in its classic form only considers how large itecas be cut
into smaller ones in order to meet demand. Addiion
considerations such as order allocation betweerallphr
machines [23]Jand a multi-period approach where evast
material longer than a given threshold can be neiito the
warehouse and used later [24]have also been coadidm
addition, significant work has been done on cuttsigck
problems where the number of open stacks durindymton is
a concern. In these problems, the sequencing tihguiatterns
is important as it determines the number of pdytiedmpleted
orders at any time during the cutting operatioresehproblems
are therefore much more difficult to solve thos#tiog stock
problems where the sequencing of patterns is arlitr

More recently, Yanasse[25]considered sequencingrder
to create a cutting plan where the maximum numiepen
stacks is limited. Dikili et al. [6]proposed an apach to
achieve results using cutting patterns directly nehs
analytical methods first need to establish a ma#imal model.
While obtaining ideal solutions of the analyticagtimods, the
new approach limits the wastage to a minimum nurobstock
materials.
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Ragsdale et al. [23]proposed a genetic algorithmtlie

The objective of this study is to develop a morasfele

ordered CSP, and more recently Alves and Valério daethod to address one-dimensional nesting problémenw

Carvalho[7]proposed an exact algorithm for the sanoblem.
Their focus is a reduction of in-process inventlayels and
material handling activities and their approachyadnsiders
the sequencing of complete orders, as opposeddividnal

cutting patterns. Erajvee et al. [26] presentedthodology for
evaluation CS process renovation benefits.

The rest of this paper is organized as follows. fitodlem is
described in the next section. In section 3, weudis a solution
method for the model and the objectives have todmsidered
and minimized. Two test cases are introduced tsgmtethe
new heuristic method with different numerical expamnts in
section 4. Finally, the conclusions are given ictisa 5.

I1. PROBLEM DEFINITION

The aim of CSP is to cut an object made of maténit can
be a fast feeding wood, pipe, or wire, etc., tdilfudustomer
orders. In a cutting problem there are two groupsasic data,

whose elements define geometric sizes in one oremor

dimensions. The material is referred to as thekstifclarge
objects and the list of orders as so-called srwts. If there is
more than one stock length to be cut to satisfyddmaands, the
problem is called a multiple stock length CSP hiis paper, we
focus on CSPs with multiple stock lengths.
Dyckhoff[9]proposes that cutting problems can essified
using four characteristics. There are dimensionakind of
assignment, assortment of large objects and assotriwhsmall
items. Dyckhoff separates the solution of cuttintpck
problems into two types, item- and pattern-orierapgroach.
The item-oriented approach is characterized byviddal
treatment of all items to be cut. In the patteriemtied approach,
order lengths are combined into cutting patterrigsit Follow
a succeeding step, the frequencies that are negasssatisfy
the demands will be determined. In the patternnbeie
approach, the classic LP-based or any other LPdbasthod
(LPM) is mostly used. LPM is possible only when #teck is
of the same length or of few groups of standardtleawhich
means that all objects within the same group aeatidal and
the other when all stock lengths are differentgdiencies
cannot be determined and therefore only an iteented
solution can be found. This means that in caseswhmee stock
is of different lengths, there are two differertuations which
require two different solution approaches. To sdliizeCSP in
this paper, we need the item-oriented method becallistock
lengths can be different. There are two choicesb®

multiple sized stock materials are going to be mhed during
manufacturing process. Once the stock materialssine
known beforehand, the method assists in the chofcthe
optimum single sized material to be used. A conaept
placement factor is introduced which avoids to &emach two
adjacent items are too small due to the holdindpegent for
each cutting pattern when different sized stockenmals are
used. This value realizes the cutting patternscgffely in the
nesting problems. The approach presented in thdyswhich
incorporates different sized stock materials aleaiith single
stock materials, allows the systematic examinatidnthe
above-mentioned problem. Moreover, when single kstoc
material is used, it produces more sensitive arah@uical
results. The conventional model for the objectitmmimizing
the total cost C to satisfy the orders can be féated as
follows:

minCz]Zr:; W.z) (1)
wheref W, z) is a function of\/\/j and Z
W, =L, —Z:l“lel, ji=1..m
Subject toZm:)gj =N, i=1..n 3)

j=1

where W, is the wastage of thth stock, z is thejth stockwith

wastagen is the number of different requested itemss the
total number of stocks cut, is the length of thth stock, x;

is the number of thigh requested item in thjéh stock,|. is the

length of theith requested item, ani, is the total number of
theith requested item.

M.
As shown in Fig. 2, the problem we discussed is plaiper is

SOLUTION PROCEDURE

implemented, exact methods (branch and bound, diynan'fnown as a cutting stock problem with on-line staikes

programming) or approximation algorithms in the nfioof
Sequential Heuristic Procedure (SHP). SHP seerhs twetter
regarding robustness and potential usefulnessiidearange of
cases. Time complexity of SHP can be much lowegafting a
cutting plan for an extensive order takes onlywagecond on a
personal computer. If some exact method shouldsked,uhis
problem would become intractable.

The majority of the existing research papers fooms
standard one-dimensional cutting problem wheraglsiorder
in a single time has to be fulfilled with a fixeagnaunt of
material in stock.

detecting, as shown in Fig. 3. Not only the lengtluld be
different, but also there could be three variowsdgs of stock
material can be chosen for their appropriate qgalit
normal-grade, medium-grade and high grade. Ustia\stock
materials are supplied sufficiently with variousmdends for
each item irregularly. The stock materials are e the
cutting machine with one cutting blade. The tootscthe
current stock with high cutting speed. In ordect the stock
with premium pattern in a very short cutting periafter
detecting the current stock size, the computingetimust less
than 0.1 second with the feeding speed 10m/s.
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According to the application’s needs, the proposed In this case, values of wastage , cost functiort;j and

procedure is implemented by both conventional agwfiktic
methods described as follows.

Fig. 2 An illustration of the on-line CSP process

placement factoer can be calculated using the following

relationship.
W =L, _Zn:)%li ©
i=1
C, =2 % w ©
i=1
Subject tozn: xl +(Ne, ~Dw, <L, (7)
i=1

where Nc; is the number of cutting times in tftk stock, w is
the priority weight of theith requested item, and is the

Step 1:n different sized parts demand quantity and gradingidth of cutting blade.

(L,D,,G)are given first.

Step 2: Sort n different sized items accordingasagnding size

for k=1~(n-1), IL, 2L,
Set of the parts is
R={(L,D,G)...(L.D,,G)....{L.D,.G, )}

Step 3: Detect the length and grade of the custeck material

S

-
Step 4: Confirmm different sized stock material of length (to

the current stocky=j).

Step 5: When the combination of cutting pattermespgepared,

the ones that exceed the current stock lengthlarady
eliminated.

Step 6: Set up the current cutting pattern by eatalg the cost

function C while considering the demand quantity,
adjacent sizes and grading.

D_etecting sensor

Current stock material

Fig. 3 The real time detecting sensor on the agittiachine

Step 7: Record the wastage .

Step 8: Sort the potential cutting patterns with tieximum
value.
Step 9: Maximize the placement fact@ronce the maximum

value are equal in step 6. For the current cutting,
discriminate the placement factor while considetimg
automatic feeding and transporting handling.

Step 10: Store the best cutting pattern from algbssible
cutting patterns prepared for the current stockenels

while considering the demand quantities, wastage an

priority (if necessary).
Step 11: Terminate the process if the halting Gateis
satisfied, otherwise, go to step 5.

IV. COMPUTATIONAL RESULTS

Two examples are given below and the complete fiata
these problems is given latter. Typical cases fCISP are
presented here which use four and more differergssstock
materials, respectively.

Example 1

Four types of items will be cut from different sszetock
material with unknown lengths detected on-line. The
dimensions and demand quantities of the parts menas
show in Table. I. The initial condition for gain ight of each
item is 1. Suppose the stock materials are suppliéiiciently
and the current cutting pattern on-line is to bepoted.

TABLE |
DEFINITION OF THEITEMS
i L Di Wi
1 300 100 1
2 40C 10C 1
3 500 100 1
4 60C 10C 1

In order to obtain the on-line cutting plan for tgeven
problem, the first step should be evaluating theximam
amount of stock materials according to the itencijpations
and demand quantities to fulfill the continued osdé-irst, all
cutting conditions will be determined for each &twaaterial
on-line while taking features of the parts into sideration.
Value, wastage and placement factor are calculdedhe
current cutting pattern. When the current stocke sig
determined, the demand quantities are consideréhwéduce
the wastage of trim loss. The algorithm exploits filact that the
placement factor canbe chosen independently; ibst® a
variable orderingthat often yields very good ptiaed
solutions. However, there could be several solgtitm the
problem. The largest placement factor yields thst Solution.
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Fig. 4Pattern layouts of the nine possible solutionsxameple 1

In this case, the first result obtained from pdssitutting
patterns formed for the current stock materialthecones with
the largest usage rate where stock material witigtre

L, =1931 is to be used and nine cutting patterns will be o

considered. Due to the usage rate are equal, pateiactor

plays a crucial role to choose the best solutiothis case, after

the first heuristic combination process, 9 suprgmssible
solutions have been brought out, as shown in Tialaled Fig.
4. The placement factor to be maximized is defiagd

>
N

whereX; denotes the number of tité item in thgth stock. The

®)

[

placement factors of the case in Table Il are ¢aled as:

Placement Factor #l= (1° +12+12+3* + 3)/4=21/4= 525
Placement Factor #2= (12 + 2° + 4* + £)/3=37/3= 1233
Placement Factor #3= (1> +12 +1% + 2° + 4) /4= 23/4= 575

All other possible solutions of placement factar sihown in
Table Il. The second possible pattern has beerechisased on
the rules of the placement factor method. Thisimytpattern
describes the cutting of one piece of part 1, 2tamdpieces of
part 4 from the current stock material, as showRiq 5. The
results indicate that the first solution also fietrequest of
minimum number of cut.

TABLE Il
POSSIBLECUTTING PATTERN FORCURRENT STOCK MATERIAL WITH LENGTH
L, =1931

Dossible | Iteml Ttem 2 Item 3 Item4 | Usaze Umge No.of Placement

Sohstions 300 400 00 &0 Rae Cut Factor
“ x,=3 x,=0 x,=1 x, =0 1900 088 4 515
#2 1 1 2 1900 098 3 1233 (Chosen)
#3 3 1 1 1900 093 4 375
#4 1 3 1900 093 3 10.33
#3 1 4 1900 093 4 423
# 1 2 1 1900 093 3 11.67
#] 2 1 1 1200 093 3 1n
#8 2 2 1 1900 093 4 825
# 3 1 1900 093 3 18

TABLE llI
POSSIBLECUTTING PATTERNS WITH THECASE INFIG. 5
Poszible Ttem 1 Teml Ttem 3 Ttem 4 Tzage  Uszage Moo of
Solutions 300 400 500 600 (Virmaly Rats Cut
¥ x,=3 x,=0 x,=2 x,=0[ 2350 1216 ¢
#2 1 1 2 2050 1061 3
#3 3 1 1 2350 1216 4
# 1 3 1900 0983 3
#3 1 4 2050 1061 4
=6 1 2 1 2050 1061 3
2 1 1 1900 0933 3
£ 2 2 1 200 1138 4
# 1 2650 1372 3 (Chosen)
L—[—" fa = § 50% Iﬁ\l 5
Length | W ‘OTY Count ‘Sorter ‘X ‘
J00 1 100 20 J 2. 4k —
=y
400 1 100 20 0 20 d a
AN N N O O AL -,
600 1 100 40 0 =
———
=%

Fig. 6 Complete data for the first twenty stock enials with length
L, =1931 in example 1

A major advantage of the proposed method in sereline
production is that the system can adjust the aytian
according to the floating orders. Generally spegkieal-time
response for floating orders from different custosrenytime,
anywhere for some items are found in patterns dhatmore
flexible than those that have only one order foaitthame
production. Take example 1 for instance, if theawehbeen
twenty stock materials cut with Iengt_r]n =1931

Part 1 and 2 reach 20% of demand, while part 4hesa40%
of demand. In order to obtain the on-line cuttingnpfor the
given problem of changing the gain weight from 11t6 for
part 1. Value, wastage and placement factor amiledéd for
the current cutting pattern. When the current steide is
determined, the demand quantities are consideréthwéduce
the wastage of trim loss. Then, cutting patteresdatermined
according to the renewed gain weights and simildahg
solution with the largest usage rate is chosenaBse the gain
weights may larger than one unit, the usage ratg emaeed
100% too. The actual usages are subject to equatidfter the
first heuristic combination process, 9 possibleusohs have
been brought out to meet the maximum usage ratehdfu
calculation for the virtual usage with differentimgaveights of
the case in Fig.7 are calculated as:

C #1=300*15*3+500* 2= 2350
C #2=300*15+400+600* 2 = 2050
C #7=400*2+500+600=1900

1893
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C #8=300*15*2+400*2+500=2200
C #9=300*15*5+400=2650

b 5o B8 mall —l1] 50% ["\L .
Length | w oryY Count ‘Sorter |* ‘ T
300 1.5 100 25 3 i —-—
=
500 1 100 g 4 0. 00% —
600 1 w00 40 ] =
———
=%

Fig. 7 Complete data for the 21th stock materighvength L, =1931
in example 1

All other possible solutions of usage are showmable Il1.
The 9th possible pattern has been chosen basdw onlées of
the virtual usage method. This cutting pattern diess the
cutting of five pieces of part 1 and one pieceart 2 from the
current stock material, as shown in Fig. 8. Thalfiesults are
implemented by gain weights as the best solutiothowit
placement factor determination. The manufacturicigedule
can vary greatly based on the size and gain weigkach item.
The volume of each item will increase by followithis cutting
pattern until reach the demand of each item or ghamrious
parameters.

200.00 400.00 600.00 800.00 1000.00 1200.00 1406.00 I1600.00 1800.00 2089. 00

Fig. 8 The final cutting pattern with Iengt_hj =1931in Fig. 7

2208. 00 2400

V.CONCLUSION

The feature of a cutting stock problem is that steck
material has to be cut to produce smaller piecanatkrials,
items, in quantities matching received orders. Imadern
production the challenge turns from the competiti@tween
individual companies to the competition between pbup
chains. Whenever the JIT concept is adopted, pirtyidasy
supply chain integration for larger or smaller citees of
material becomes a simple task to improve proditgtivn
order to optimize the supply channel, it is necassaensure
that the least amount of inventory is held or makentory
available at the lowest possible cost.

In this paper we have proposed a novel method tiingu
stock problem where we seek an optimum solutiodyimamic
orders without managing stock materials in advaridee
results of the testing cases in practice showubigiy different
sized stock materials without limits yield econoatiand
practicable results.

The present method also helps finding the ideaitsol for a
single type of stock material. Because the stocteras are
fed into the cutting machine with the speed of 1o/ the
solution is achieved in 1/10 second. Thereforestiation has
to be completed much faster than ever before. Tiesept
method which involves heuristic selection at thetidh
combination is based on the solution for the sirsiged stock
material developed by Gilmore and Gomory.

The solution finding process has been simplifiedhfialtiple
length stock materials. The creative approximaiiorolves
the use of cutting patterns along with placementtofa
Whenever the usage rate comes to equal, placereont is a
usage value for any cutting pattern which effedyivealizes
the cutting patterns in the nesting problem.
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