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Abstract

Increasing cost of raw material and need to avoid induststage, solving cutting stogk
problems became of great interest in the area of Opesd®esearch. An optimum cutting stock
problem can be defined as cutting a main sheet into smgzees while minimizing tota
wastage of the raw material or maximizing overall profitaoi#d by cutting smaller pieces
from the main sheet. Objective of this study is to geteefeasible cutting patterns for twp-
dimensional triangular shape cutting items. An algorithpresented based on modifigdanch
and BoundAlgorithm. A computer program is developed using Matlafiveare package to
generate feasible cutting patterns. As a case stadydifferent sizes of triangular shape items
with their demands are selected to cut from a main shigetknown dimensions. Applying
proposed algorithm, demand is satisfied and total wassagéimized. Proposed algorithm can
be exploited to generate cutting patterns for rectangotréangular cutting items at the same
time and more suitable for medium size two dimensiontiing stock problem.

Keywords: Cutting stock problenBranch and Bound Algorithmpattern generation, Matlab
software package.

1 Introduction

Increasing cost of raw material and need to avoid indlisivastage, solving cutting stock
problems became of great interest in the area of OperaRessarch. Therefore, Operations
Research plays a major role in minimizing wastagexaf material or to maximizing usage of the
raw material. An optimum cutting stock problem can banéef as cutting a main sheet into
smaller pieces while minimizing total wastage of the ramterial or maximizing overall profit
obtained by cutting smaller pieces from the main shees dften results in smaller pieces which
cannot be used for the production and considered as waste. ofbe@ftting items should be
planned and orient to minimize waste of raw materialerdlare different arrangements to cut
required items from the existing raw material to maxintize used area. Each arrangement is
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defined as a cutting pattern. These problems arise in ifeistich as garment, furniture, paper
and sheet metal industries, glass etc.

Many researchers have worked on the cutting stock probieinugsed different approaches to
solve the problem. Among them, Gilmore and Gomory [1] condwusxtene of the earliest research
in this area and one-dimensional cutting stock problem isedolsingLinear Programming
Technique In this study, unlimited numbers of raw materials vditfierent lengths are assumed
available in stock, and a mathematical model has beenageekeko minimize the total cutting
cost of the stock length of the feasible cutting patterns@oldmn Generation Algorithrhas
been developed to generate feasible cutting patterns. Giknore has claimed that feasible
cutting patterns are increased with the required cuttimgsiteinear Programming Techniquie
not applicable to solved mathematical model with too manigbies. After two year Gilmore and
Gomory [2] has made an approach for one-dimensional cigtouk problem as an extended of
early study and cutting stock problem has been described as a NP-hardmrabhew and rapid
algorithm for the knapsack problem and changes in the mattwaiformulatioh has been
evolved and Gilmore has explained the procedure oKttepsack Methodising a test problem.
In addition Saad [3] has modifig8ranch and Bound Algorithro find feasible cutting patterns
for one-dimensional cutting stock problem and mathenlativadel has been developed to
minimize the total cut loss. In the case study, Saadélasted four different types of steel coils
to cut from the standard steel coil with the 130 cm leagthwidth of the main coil and widths of
the required coils are equ8lranch and Bound Algorithimas been explained using the example.

Also, Sirirat and Peerayuth [4] has proposed a mathematicdkel with column generation
technique by &Branch and Bound procedurand Heuristic based on the First Fit decreasing
method for one-dimensional cutting stock problem. Siriratrhade assumptions that different
lengths of items to be cut from a stock, Each item hsmcésted a certain length, and each cutting
pattern for a stock are not limited in the number of knivasthe sum of the length of items do
not exceed a length of stock.

Other than to one-dimensional cutting stock problem, mogteofésearches have conducted two
dimensional cutting stock problem. Among them, Beasley [&udised the unconstrained two-
dimensional cutting stock problem with guillotine cuts (a cotnf one edge of the rectangle to the
opposite edge which is parallel to the two remaining e)igesl staged cuts (the cuts at the first
stage are restricted to be guillotine cuts parallel ® axis, then the cuts at the second stage are
restricted to be guillotine cuts parallel to the otéeis and the cuts at the third stage are restricted
to be guillotine cuts parallel to the original axis etBgasley has presented batleuristic and
Optimal Based Dynamic Programmifgr staged cutting and guillotine cuttings. Also, Coromoto
et al. [6] has used Rarallel AlgorithmandSequential Algorithnio solve the mathematical model
which maximizes the total profit incurred by cuttinghumber of rectangular pieces from a large
rectangular main sheet. Coromoto has made an observationlitlaittteng patterns can be
obtained by means of horizontal and vertical builds ofmettangles and us&tiswanathan and
Bagchi Algorithnmto produce best horizontal and vertical builds.

Further Hassan et al. [7] has made an approach to cut regdléregular shaped pieces from a
rectangular main sheet of known dimensions and has transfarmegular shapes pieces into
rectangles before the allocation is made. In the casly,stlassan considered male trouser with
size 42 cm. Five types of pieces (two pieces of fsafe leg, two pieces of back side leg, belt, two
pieces of side pockets and two pieces of back side pyaketsl to be considered to tailor one
trouser. For this task, imposed assumptions are the eelgpieces and main sheets should be in
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rectangular shape (if pieces are in irregular shapes itdheulransformed to rectangular shape),
the maximum length and width of each main sheet (fabric nadl)cansidered to be five meters
and one meter respectively, all applied cuts are guilldipe and the cutting waste in each step
cannot be more than the previous cutting step. USimgulated Annealingrocess, single
objective (minimizing the total cutting waste) two dimsénal cutting stock problem has been
solved.

There are different arrangements to cut required pieaas the existing raw material to
maximize the used area and each arrangement is definediti;)@ pattern. Rodrigo et al. [8,9]
presented an algorithm based Bmanch and Bound Algorithnbo generate feasible cutting
patterns. As a case study, manufacturing floor tiles @00 mm x 1400 mm dimensions was
selected to cut four different sizes of rectangulampshiiles and twenty five different cutting
patterns are generated and only two patterns are egtletcut the main sheet according to the
requirements. As an extended of above paper, Rodrigo et al haeth@arliestBranch and
Bound Algorithmto represent Cartesian coordinate points of each iteraci pattern within the
main sheet.

In this paper, cutting items with triangular shapes akectsl to cut from a rectangular shape
main sheet. An algorithm based Branch and Bound Algorithrand a computer program using
Matlab software package to solve the algorithm are deveéldpegenerate feasible cutting
patterns.

2 Material and M ethods

Any firm’s main objective is to maximize the annualntribution margin accruing from its
production and sales. By reducing wastages and maximizing sateluctivity can be improved.
Wastage can occur in many ways and at any step of producisooutting stock problem can be
described under the raw material wastage.

According to the selection, a mathematical model to mizénthe raw material wastage is
formulated as follows:

Following notations are introduced to describe the model:

m= Number of items,
n = Number of patterns,

d = Demand for thé™ item.
pj = Number of occurrences of thé item in thejth pattern,

¢, = Cutting loss for eacrjth pattern,

X, = Number of main sheets being cut according tojtﬁepattern,
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2.1 Mathematical M odel (Gilmore and Gomory [1])

n
Minimize z = ch X (TotaICuttingLoss)
j=1

j=1
X;, B; =0 andintegerforall i, j,

The number of occurrences of thtgpiece in thejth pattern f;) needs to be determined to find

the optimum solution (minimum-waste arrangement) for theergivmathematical model.
Therefore, the develop algorithm is used to generate feasilting patterns.

m
Here, Z pjA =LxW forallj= 12..,n, whereA is the area of thé" item and L and
i=1
W are length and width of the main sheet respectively
In this study B&B algorithm is applied to generateting patternsg) and initial basic feasible
solution can be found using Step 1 and Step 2. Beanch tree method is applied. Here, lower

bound of each item is zero and upper bound of @aomis maximum number of pieces that can
be cut in a main sheet for a particular item.

2.2 Modified Branch and Bound Algorithm

Here, we consider the following parameters of ttegle as given below:
A

|
|
|
|
|
B D C

BC = AB and BC = AC,

I, = BC (lengthof thei™ item),
w = AD (widthof thei®item),
e =BD

Step 1. Arrange required lengthk,, i = 1, 2, ...,m in decreasing order, ig >1,> ... >|,,
wherem = number of items.

Arrange required widthsw; ,i =1, 2, ...,mand lengthg ,i =1, 2, ...,maccording to the
corresponding length ,i=1, 2, ....m.
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Step2: Fori =1, 2,...mandj =1 do Steps 3 to 5.

Step 3: set a; = H%l ﬂ :

@),

whereL is the length of the main sheet.
Here, a; is the number of pieces of th& item in the jth pattern along the length of the main
sheet and[[y]] is thegreatesintegerlessthanor equalto y.

Step 4
If &; > 0, then setb; :HW - ﬂ 2)

else seb; = 0.

where W is the width of the main sheet.

Here,b; is the number of pieces of th& item in the jth pattern along the width of the main
sheet.

Step 5: Set p; = (2a —1)b

ij ijr

wherep; is the number of pieces of tHitem in the | pattern in the main sheet.
Step 6: Cutting Loss

(i) Cut loss along the length of the main sheet:

m
Cu :[L_Z a.ij ||] x W
i=1

Fori=12,..,m

m
If[L—Z a; Ii] =w; and W = 1;, then
—

(Considering 90rotation for the given cutting items.)
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m
— i=1 .
set A; = : W, ;

i) o

0, otherwise.

m
else C, :[L—Zau IiJ x W,
i=1

where,A; andB; are the number of pieces of tHe item in the jth pattern along the length and

width of thec, rectangle respectively ar@, and C, are the total cut loss area along the length
and width of theg, rectangle respectively.

(ii) Cut loss along the width of the main sheet:

Cy = (aij Ii) x Kj .
Here, kij =W —(bij Wi);
If (bij Wi): 0, then
set kij =0,
where k; is the remaining width of each item in each pattern
Forz #i

If (aij Ii)z [, andk; =2w,, then

e[
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CARE

0 , otherwise.

zZi —

Pz =Pz + (2Azi _1)sz
else seth; = 0;
sz = 0;
Pz = Py
If Azj > 0, then

Set CU = (au II _AZJ IZ )X BZ] WZ’
CV :a” II X (k” _BZ]IZ)

else C, = (aij Ii) x ki,

where A, andB, are the number of pieces of tHe item in the j" pattern along the length and

width of thec, rectangle respectively ar@, and C, are the total cut loss area along the length
and width of the, rectangle respectively.

(i) Cut loss within the triangular shape itemgfie main sheet:
If a;; = 0, then

setc, = %eu w + %(li - )wi;

elseset, = 0.
Forz # i

Ife =1, and (& —(IZ—eZ))\A% > w,, then
1

- s[5
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H(W%Vzm  if By >0

F, =
0, otherwise.

Py =Py + (ZEZJ- —1) F, by

else set E,; = O;
FZ] = Ov
pzj = pzj'
If EZ] > 0, then

set C, =Ee| w, — [%Ezilzwzﬂ.

elseset C, = %e‘. W,

Forz #i

If(;, -¢)=1, and [0i-) e, ]V%| ~ i) 2 We then

set €= [ L)}
M%z)ﬂ Jif Ey >0

Fy=
0 , otherwise.

Py =P * (ZEZJ _1) F; bj.

else setE,, = O0;
Fy = O
pzj = pzj-
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If E;> 0, then

set C, =B(li —e)w - (EEZ“ZWZH.

2

else set C,= %(Ii -e)w .

where,E;; andF,; are the number of pieces of tHe item in the j™ pattern along the length and
width of thec, rectangle respectively ar@] is the total cut loss area of the triangular sisap

Step 7: Set r=m-1.
Whiler > 0, do Step 8.
Step 8: Whilea; > 0
setj=j+ 1anddo Step 9.
Step 9: If a, = by, then generate a new pattern according to theviollg conditions:
For z=12..,r-1
set a, =a,j,4;
b, =b

Zj = zj-1-
Forz=r

set a,; =a,j4 —1;

if a,; >0, thenset b,; = HWW ﬂ :
z

elseset b,; = 0.

For z=r+1,....m
calculatea,; and b,; using Equations (1) and (2).

For i=1,....m
set p; = a
Go to Step 5.

iDj -
else generate a new pattern according to the folpwonditions:
For z=12,...,r -1

set a; =a,j;

sz :sz—l'
For z=r
set a; =a;j1,
ij = ij—l_ l

For z=r+1,...,m
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calculate,; andb,; using Equations (1) and (2).

For i=1,...m

set p; = a;b

ij -
Go to Step 5.
Step 10: Set r = r—1.

i

Step 11: STOP.
2.3 lllustrative Example

Following example will illustrate how to genera&asible cutting patterns with triangular cutting
items by minimizing total cutting waste:

A floor tile manufacturing plant uses rectangulaaed marble sheets of length 50 cm and width
15 cm as raw material to cut tiles according togiven specifications. The company has received
an order for floor tiles according to the dimensigiven in Table 1:

Table 1. Required lengths of each item and demand

Item number 1 2 3 4
BC (cm?) 40 25 8 4
AD (cm?) 13 12 5 2
BD (cm?) 30 24 2 2
Demand (d) 6 30 125 500

Below illustrates the method described in the netepaper to cut the main sheet according to the
dimensions so that the total raw material wastageinimized.

3 Results

Modified Branch and Bound Algorithns applied to the above example to generate fieasib
cutting patterns as given below:

Step 1: Fori =1, 2, 3, 4, lengthils = 40, 25, 8, 4w, =13, 12, 5,2 and = 30, 24, 2, 2.
Length () and width W) of the raw material are 50 cm and 15 cm respelstiv
Dimensions of each item:

Step 2: Fori=1,2,...,4 and =1 do Steps 3to 5.

Step 3: Set ay; = H%ﬂ -1
e[ty ]
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ag, = [[ L- ('1311)_0232% ﬂ "

ay = H ['- - ('1311)‘02 a21)_(l3a31) f ﬂ = 0

Step 4 a;; > O, thenset by, =|| W } = 1
ep 11 11 [[ %\,11 }
a,, = 0, then b, = 0;

as; = 1 then by = 3;
a, = 0, then by, = 0;

Step 5:

SetPattern 1=

o w ok

Step 6:
(i) Cutting loss along the length of the main sheet:

Cy = [L - (|1 all)_ (|2 321)_ (|3a31)_ (|4 a41)] xW
c, =2 x15 = 30cm?.
Fori=1,2,3
setA; = 0;
B;j = 0. (Conditions are not satisfied given in Sigpart (i)

Fori = 4, dimensions of Item 4 are of lengtf) @ cm and widthw,) 2 cm and
conditions are satisfied given in Step 6 part (i).

oo, ] -5
ez, ]=s

A4 > 0, then

seC, = [2_ (A41W4)]XB41|4 = 0x15 = 0 cm?,
C,=2x[15-(Byls)] =2%3 = 6cm?;
C, =}é|4w4 = 4cm?.
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Pattern 1= Pattern1 +

o0 ©O O O
g w o =

(ii) Cutting loss along the width of the main shee
c, = aqly x [15-(b;w,)] = 40x2 = 80cm?

Fori =23
setAj = 0;
B; = 0. (Conditions are not satisfied given in Ségpart (ii))

Fori = 4, dimensions of Iltem 4 are of lengt}) 4 cm and widthw,) 2 cm and
conditions are satisfied given in Step 6 part (ii)

seta = [[ 4, ]] = 10
ou=([ %, -

A41> 0, then
seC, = [40_ (A41|4)]XB41W4 = 0x2 = 0cm?
C, = 40x[2 -(B,w,)] =40%x 0 = 0cm?;
C, :%I4w4 = 4cm?

0 1
Pattern 1= Pattern 1 + 0 = 0

0 3

19 24

(i) Cut loss within the triangular shape itemgfie main sheet:

Fori=1,a,; > Oand z= 2, 3 then
sete, = 30 > |, , and O 02_62»“’%1 = 1257 > w,;
l, & — e3)w
(Il_el):10>l3,and lh -e 3)/01—9,1) =8 > wy

i.e. Forz= 2, 3 dimensions of Item 2 and Item 3 are of thad, |3) 25 cm, 8cm and
widths (v, w3) 12 cm, 5 cm respectively and conditions are fiatigiven in Step 6

part (iii).
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o e[ ] - s e[ -
e [(5]

: _||w -
1, and Fy = [[ %J} =1
E,; > O, then

set C, = l}éelwl - (}é E21|2W2)J = 45cm?,

0 1
1 1
Pattern 1= Pattern 1 + by, =
0 3
0 24
E;; > 0 then
set C, = l}é(ll—el)w1 - (}é E31|3W3)] = 45cm?,
0 1
0 1
Pattern 1= Pattern 1 + =
1 4
0 24

Fori=1,a;; > Oand z= 2, 4 then
sete, = 30 > |, , and (& - ('2‘@2))W%l = 1257 > w,;
1 —e - e3)w
(Il_el):10>l4,and I -e 3)/01_61) =8 > w,

i.e. Forz=2, 4 dimensions of Item 2 and Item 4 are of thad, |4) 25 cm, 4cm and
widths (v, w3) 12 cm, 2cm respectively and conditions are satigiven in Step 6

part (iii).

=[] - [ -
[ ]] - o[ - v

E,, > O, then
set C, = l}éelwl - %Elezwz)J = 45cm?.
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0 1
1 1
Pattern 1= Pattern 1 + by, =
0 3
0 24
E,. > O, then
set C, = l}é(ll e )w. (}/ Eyyl 4w4 = 45cm?.
0 1
Pattern 1= Pattern1 + 0 1
1 4
0 24

Fori=2,4 a,,a, = 0 then

s& = 0 cm.
Fori=3, ag >0 and z =4, then

sete; = 2 < |,, then
En  =0;
Fs = 0.

set C, = l}ée3w3 ]bSl = 15cm?, and

Pattern 1= Pattern1.

- W3
set (|3—93)= 6 >1,, and 3 ® / _63 = 333 > w,

i.e. Forz=4 dimensions of Iltem 4 are of lengtk) @ cm and widthw,) 2 cm
respectively and conditions are satisfied giveBtep 6 part (iii).

E, > 0 then

set C, = [}é(lg—eg)w3 - (}é E41|4W4)] by = 33cm?
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0 1
0 1
Pattern 1= Pattern 1 + by, =
0 4
1 27
1
Patt 1 = 1
aterm L= 4 | and total cutting loss = 152 ém
27

Step7: Set r=4-1=3>0
Step 8: ag; = 1> 0, then
sgt=j+ 1 and go to Step 9.

Step 9:
as; < by, then generate a new pattern jaccording to the following conditions :

set a;, = a51; by, = byy.

Az = Ap1; by = by
agy = Agy; by = by — L

a,, = H[L— (assl1)- (Bsal,)- (a3zl3%ﬂ - o

Step 5:

SetPattern 2=

onN OB

Step 6:
(i) Cutting loss along the length of the main sheet:

Cy = ['— - (|1a12)_(|2 azz)‘('saaz)_(|4 a42)] x W
c, =2 x15 = 30cm?.
Fori=1,2,3
setAj = 0,
B;j = 0. (Conditions are not satisfied given in Sigpart (i)

Fori = 4, dimensions of Item 4 are of lengtf) @ cm and widthw,) 2 cm and
conditions are satisfied given in Step 6 part (i)
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a0, -
ou[[1.]-

A > 0, then

seC, = [2 - (A w,)|¥Byyl, = 0x15 = 0 cm?,
C,=2x[15-(Byl,)| =2x3 = 6.cm?;
C, :%I4w4 = 4cm?.

0

0| _
Pattern 2= Pattern 2 + 0 =

5

g N O

(ii) Cutting loss along the width of the main shee
¢, = (agoly x 15 = (b4 )]) + (asols x [15 - (bs w3 )])
= 40%x2 + 8x5 = 120cm?

Consider 2121 % [15—(b12w1)] rectangle:
Fori=23
setA; = 0
B; = 0. (Conditions are not satisfied given in Sgpart (ii))

Fori = 4, dimensions of Item 4 are of lengtl) @ cm and widthw,) 2 cm and
conditions are satisfied given in Step 6 paJt (ii

e [ ]] = o
ou [ ]2

A > 0, then
seC, = [40- (Aul, )| xBipw, = 0x2 = 0cm?;
C, = 40x [2 -(B,,w,)] =40x 0 = 0cm?;
C, :}él4w4 = 4cm?,

0 1

0

Pattern 2= Pattern 2 + = 5
19 24
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Consider32 3% (15_(b32W3» :
Fori=12
setAj = 0;
B; = 0. (Conditions are not satisfied given in Séegart (ii))

Fori = 4, dimensions of Item 4 are of lengtf) @ cm and widthw;,) 2 cm and
conditions are satisfied given in Step 6 part (ii)

v [ ]] - =
oo [[%. -

A, > 0, then
setC, = [8- (Ayl,)| xBpw, = 0x2 = 0cm?;

C, =8x52-(B,w,)] =8x1 = 8cm?;

Pattern 2= Pattern 2 +

0 O O O
|

(iii) Cut loss within the triangular shape itemglire main sheet:

Fori=1,a,; > Oand z= 2, then
setd, = 30 > I, , and (d, - ('2‘0'2))""% = 1257 > w,;
1

(|1_d1)= 10 > 15, and -y _d3)W/(|l_dl) =8 >wy

i.e. Forz=2, 3 dimensions of Item 2 and Item 3 are of tkad,,|3) 25 cm, 8cm and
widths (v, ws) 12 cm, 5 cm respectively and conditions are Satiggiven in Step 6 part

(i).

o e [[3(]] - o e[ e(] -+
o[ ]) s -
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E,, > O, then
set C, = l}édlwl - (% E22I2w2)] = 45cm?.
0 1
1 1
Pattern 2= Pattern 2 + by, =
0 2
0 32
E5, > O then
set C, = l}é(ll—dl)w1 - %E32I3W3)] = 45cm?,
0 1
1
Pattern 2= Pattern 2 + 0 =
1 2
0 32

Fori=2,4 a,,,a,, = O, then
s&, = 0 cm.
Fori=3, az, >0,and z =4, then
setd; = 2 < |,, then
Esp =05
Fp = 0.
set C, = [}éd3w3 ]b32 = 10cm?, and

Pattern 2= Pattern 2.

set (Is_d3)= 6 >1,,and (1~ —d4)W%|3—d3) =333 > w,

i.e. Forz=4 dimensions of Iltem 4 are of lengtk) @ cm and widthw,) 2 cm
respectively and conditions are satisfied giveStiep 6 part (iii).

set Eyp = H(Is—d%ﬂ _ 1.
SIVARE

E,, > 0, then
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set C, = [}é(l3—d3)w3 - (% E42I4w4)]b32 = 22cm?,

0 1
0 1
Pattern 2= Pattern 2 + b, =
0 3
1 34
1
P 2 = !
atern2 = 1. | and total cutting loss = 144 &m
34

The algorithm proceeds in the same manner to generabe a@llitting patterns shown in Table 2
for the 50 cm x 15 cm standard dimension.

Below specified the search tree diagram that can beided the different patterns produced from
the selected main sheet 50 cmx15 cm. The branches of lskielM the multiples of the largest
required length and corresponding width of the triangée I¢i.= 40 cm andv; = 13 cm) that can

be produced from the main sheet, whereas the branchegedfll show the multiples of the next
largest required length and corresponding width of the tafigd.1; = 25 cm andv, = 12cm),

and so we branch along the tree as the required length sesr&arting with the left branch of
level I, 1 unit of item 1 is the maximum number ofgaighat can be produced from the main sheet.
The two branches of level | show respectively, fraft to right 1, and O pieces that can be cut.
Nodes are representing cut loss at each level. Top to bofttime tree gives one pattern and left
to right designate all patterns. Here, last node damital cut loss.

]

2 1
¢, {10x15), €,
(402}, 45 cm?
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Table 2. Generated cutting patterns

Cutting Cutting patterns

[tem 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2 1 0 0 0 1 0 1 1 0 0 1 0 0 1

3 4 8 4 7 3 3 3 2 7 6 1 5 1 0

4 27 27 63 32 32 71 34 44 34 42 51 52 88 59
Cut loss 15 16 15 22 15 14 14 12 21 20 11 18 11 10
(cm?) 2 8 8 2 2 6 4 4 4 2 6 2 8 4
Cutting Cutting patterns

Item 15 16 17 18 19 20 21 22 23 24 25 26 27 28
1 1 0 0 0 0 0O 0 O o0 o 0 0 0 0

2 0 3 3 1 1 0O 0 O 0 O 0 0 0 0

3 0 4 0 19 15 33 27 21 15 10 6 3 1 0

4 95 25 48 14 39 8 35 63 91 11z 12t 15z 154 17z

Cutloss 110 120 108 164 144 58 70 78 86 102 98 82 82 91
(cm?)

There are 28 feasible cutting patterns availableutoraw material with the dimensions 50 cm x 15ioto
required triangular shaped items. The mathematicalel is developed to design generated cuttingepat
so that waste (cut loss) will be minimized anddpémum solution to the model is given in Table 3:

Table 3. Optimum solution

Cutting Optimal Patterns Demand
Iltem 14 5 12

1 1 0 0 6

2 1 3 0 30

3 0 0 33 12¢

4 59 48 8 500
Cut loss (crf) 104 108 58

# of sheets from each patt 6 8 4

Zmin (Total cut loss) = 1720 ¢m

4 Conclusion

In this study, a cutting stock problem is formuthtes a mathematical model based on the concepittdig

patterns. As given in Table 2, twenty eight cuttpagterns are generated and only three cuttingpattare
selected as given in Table 3 to cut the main shemtrding to the requirements. In this case stthéyplant

assumes that all the extra pieces from each itewaatage. Using the presented algorithm in thigpdmwth

rectangular and triangular shape cutting itemsheaout to minimize the cut loss. Also, total cgd can be
decreased if there are smaller cutting items vatiiangular or triangular shaped.
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