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A GENERALIZED APPROACH TO THE SOLUTION
OF ONE-DIMENSIONAL STOCK-CUTTING
PROBLEM FOR SMALL SHIPYARDS

Ahmet Cemil Dikili* and Baris Barlas**
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ABSTRACT

A generalized approach is introduced for the optimization of
one-dimensional cutting stock problem (1D-CSP), which oc-
curs in wide variety of engineering manufacturing processes
especially in ship building industry. Instead of making pre-
liminary specifications and accordingly ignoring many alter-
native arrangements, the suggested optimization technique
selectively considers feasible arrangements by eliminating ma-
jority of the possible but inefficient arrangements thus ren-
dering the problem solvable for practical applications. The
introduced approach, which minimizes the piece arrangement
plans and trim losses in the material, achieves the ideal solu-
tion implied by the analytical methods. Another important
advantage of the present method is its ability to produce in-
teger results, which usually cannot be obtained by means of
analytical methods used in linear programming. Overall, the
solution of the problem has been drastically simplified even to
allow hand calculations instead of long computer runs. Thus
the introduced approach can be very functional for small ship-
yards and single boat builders. The introduced approach is
evaluated by two numerical examples.

I. INTRODUCTION

In industrial cutting operations, the one dimensional stock
material input is a very important criterion. The cutting plans
must be prepared to obtain the required set of pieces from the
available stock lengths. From the automotive and the con-
struction sectors to the ship building industry, a vast range of
stock materials are used such as angles, bars, rods, U-section
channel beams, I-(IPN or IPE profiles) or T-section beams, etc.
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Fig. 2. The marking of the cutting patterns and cutting of U-section chan-
nel beams.

Fig. 1 gives a snap shot photograph of the production of U-sec-
tion channel beams in rolling mill plant. In Fig. 2 instances
from the marking and cutting processes are shown.

The fundamental aim is to minimize the quantity of used
stock material. The combination of the assortment problem
and the trim loss problem is known as the cutting stock prob-
lem (CSP). In the cutting process, the whole of the stock mate-
rial can rarely be used and some residual pieces are left aside
as waste. Since the primary objective of the cutting process is
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to minimize the wastage, the problem is known as the trim loss
problem [11].

The analytical method of optimization proposed by Gil-
more and Gomory in the 1960’s has proved unpractical due to
too large number of possible arrangements which render the
solution impossible and unusable due to results which are not
integer numbers [12-14]. For instance, an average case may
produce 10 million and an extreme case as high as 100 million
possibilities [10]. Thus, instead of using the analytical method
to obtain the ideal solution, heuristic approaches with accept-
able approximations have gained popularity [2, 8, 15, 19, 20,
25]. Hinterding and Khan [16] have studied 1D-CSP using
genetic algorithm approaches with and without contiguity.
Wagner [26] have studied a 1D bundled CSP with contiguity in
the lumber industry.

In recent years there have been several efforts to solve this
problem by linear programming (LP) based branch-and-bound
with column generation (called branch-and-price (BP)) and by
general purpose Chvatal-Gomory cutting plans. Nevertheless,
De Carvalho [5], Vance et al. [22], Vance [21], Vanderbeck [23],
Vanderbeck [24] recently presented some attempts at com-
bining column generation and branch-and-bound, a framework
that has also been successfully applied to other integer pro-
gramming problems. They were able to obtain exact solutions
to quite large instances of cutting stock problems. Scheithauer
et al. [18] presented an exact solution approach for the
1D-CSP which is based on a combination of the cutting plane
method and the column generation technique. Belov and
Scheithauer [3] proposed a cutting plane approach combining
Chvatal-Gomory cutting planes where column generation is
generalized for the case of multiple stock lengths in the
one-dimensional cutting stock problem. Johnston and Sad-
inlija [17] created a new model which resolves the non-line-
arity between pattern variables and pattern run-lengths in the
one dimensional cutting stock problem by a novel use of 0-1
variables. Bingul and Oysu [4] suggested a new algorithm and
evaluation of three one-dimensional stock cutting algorithms
regarding trim loss. Belov ef al. [1] investigated robust branch-
and-cut-and-price (BCP) algorithms, their theoretical proper-
ties and presented numerical results for BCP.

In this work, an approach which completely removes the
drawbacks of the Gilmore and Gomory method, is developed
to solve the 1D-CSP based on the principles first given in
Dikili [6, 7]. Even for small number of stocks Gilmore and
Gomory method considers large number of meaningless pos-
sibilities with large computational time. Besides, these com-
putations produce real numbers (fractional values) instead of
integers, which are necessary in defining the number of stocks
properly. Compared to the previously reported works of Dikili
et al. [8, 9] the present work gives a more general and mathe-
matically sound heuristic model which includes the earlier
works as special cases, which is the novel aspect of this work.
For instance, in Dikili et al. [8, 9] only a single type of material
is considered and all the material loses are gathered in mini-
mum number of stocks. The present work on the other hand
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Fig. 3. 1D-CSP with one stock type.

does not contain any of these constraints and the solution is
obtained without such restrictions. A successive elimination
method has been proposed and the cutting plans are achieved
directly without the need to establish a complicated mathe-
matical model. The main objective of this method is to reach
the optimal integer solution while minimizing the number of
different patterns contained in a solution. Therefore this
method can be used particularly in small shipbuilding com-
panies, small shipyards and single boat builders without time
consuming cumbersome computations. The generalized ap-
proach gives fast and reliable results within minutes for hand
calculations, which are quite valuable in working environ-
ments with various different projects changing in relatively
quick pace. In the next section, the 1D-CSP is introduced and
the structure of the proposed algorithm is defined. In Section 3,
the computational results of selected test cases are presented
and the results of both the conventional and the proposed meth-
ods are compared. It is demonstrated with numerical appli-
cations that screening of all alternative patterns to reach an
integer result is no longer required in this method. In Section 4
concluding remarks are presented.

II. THE GENERALIZED APPROACH

We now present a new method, which, when compared
with the previously reported works of Dikili et al. [8, 9], gives
a more general and mathematically sound heuristic approach
that contains the earlier works as special cases. While in the
earlier work of Dikili et al. [8, 9] only a single type of material
is considered and all the material loses are gathered in mini-
mum number of stocks the present work is free of any of these
constraints and the solution is obtained without such restric-
tions. A given set of order lengths from U-section channel
beams of a fixed length (Fig. 3) is obtained by the one-dimen-
sional cutting stock problem (1D-CSP). The objective is
typically to minimize the number of stocks. The generalized
approach is a combination of the conventional method and the
heuristic method. The 1D-CSP is defined by the following
steps:

Step 1: Assign L; as the length of any one of the required
(demanded) material to be cut and D; the correspond-
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Table 1. Cutting patterns for elimination process.

Table 2. Definition of the parts.

L, L, L, Trim Loss Nuntlbe; of Nuni)etr of
stoc parts to
TL
Di Dy Dy (Th) material be cut
Vii Vi, Vin TL, SM; PU,
Vo1 Vi Von TL, SM, PU,
Vki1 Vko Vka TL SMyg PUg

i L; D;
1 60 6
2 50 7
3 30 15
4 25 20
5 20 9
6 10 16

ing number of demanded pieces with length L; for
i={l,2, ..., n} different parts to be cut from the given
stock material.

Step 2: The demand list is sorted in descending order so that
Li2Ly, forVi,i+1 e Iwithi= {1, 2,..,n}. The
resulting parts are:

R={(Ly,Dy), ..., (Li, Dy, ..., (Lo, Du)}

Step 3: Specify the practical cutting patterns according to the
demand quantity of each part, excluding the patterns
which do not include the largest part in size with a
specific demand quantity.

Step 3.1: For each cutting pattern determine the trim loss, the
maximum number of stock material to be used con-
sidering the demand list and the total number of
parts to be cut. The cutting patterns are given in

Table 1.

Forj ={l,..,K}andi={1,...,n},Vje]
D; =demand quantity of the i part

Vi1 = the quantity of i" part in the j" pattern
K = pattern number

Trim Loss (TL) is the difference between the stock length L
and L;. The values of Trim Loss (TL;), Stock Material (SM;),
Parts Used (PUj) can be calculated using the following rela-
tionships;

Jii

SM ;= min(LD}./V/.JJ)

PszSMj;VN,

TLj =L—iV L.
i=1

V;; values can be calculated using the following recursive
relationship
forVjeland Viji+1lel

(L - Z Vj,pr j
p=1

L

i+1

V.

Jitl =

Table 3. The required stock material quantity and the
cutting patterns.

Number Number

(100) L: 60 50 30 25 20 10 Trim

of stock of parts

Loss .
No D: 6 7 15 20 9 16 (min) material tobecut
(max)  (min)
1 1 0 1 0 0 1 0 6 18%*
2 1 0 0 1 0 1 5 - -
3 1 0 0 0 2 0 0 4 -
4 1 0 0 0 1 2 0 6 24
5 1 0 0 0 0 4 0 4 -
* chosen
L
Vl,l = L?J
1
Step 3.2: Determine the best pattern according to the follow-
ing order of precedence:
i- Minimum waste ratio: min (7))
ii- Maximum stock material usage: max (SM,)
iii- Minimum total number of parts used: min (PU))
Step 3.3: Determine and store the best cutting pattern.
Step 3.4: Reorganize the demand quantities for the next eli-

mination procedure.
Step 4: Terminate the iteration process if the cutting plan
solution contains the required set of pieces else go to
Step 3.

III. COMPUTATIONAL RESULTS

1. First Application

In the experiment, six different types of parts are planned to
be cut from identical stock material U-section channel beams
of length 100 units. The length and demand quantity of each
part for this application are given in Table 2. The required
stock material and the cutting patterns are given in Table 3.

Result of Table 3: Pattern number 1 (1,0, 1, 0,0, 1) is selected
where 6 pieces of stock material are used 6 x (1,0, 1, 0, 0, 1).
The cutting plan is ((1) (3) (6)) x 6. Therefore, the cutting
pattern describes the cutting of six items of part 1, part 3 and
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Table 4. The required stock material quantity and the cut-
ting patterns.

Table 6. The required stock material quantity and the cut-
ting patterns.

Number Number

Number Number

: Tri : Tri
(100) L: 60 50 30 25 20 10 Ll;;:; of stock of parts (100) L: 60 50 30 25 20 10 Lr(::lsl of stock of parts
No D: 0 7 9 20 9 10 (min) material to bé cut No D: 0 0 0 16 0 10 (min) material to be? cut
(max)  (min) (max)  (min)
1 2 0 0 0 O 0 3 6 1 4 0 0 4 16*
2 1 1 0 1 0 0 7 21%* 2 3 2 5 - -
3 1 1 0 0 2 0 5 - 3 2 5 0 2 -
4 1 0 2 0 O 0 7 21 4 1 7 5 - -
5 1 0 1 1 0 5 - - * chosen
6 1 0 1 0 2 5 - -
7 1 0 0 2 1 0 4 - ) ) .
3 1 0 o0 1 3 0 3 ) Table 7. The required stock material quantity and the cut-
9 1 0 0 0 5 0 5 ) ting patterns.
* chosen (100) L: 60 50 30 25 20 10 Trim umber Number
Loss of stock of parts
. . material to be cut
Table 5. The required stock material quantity and the cut- No D: 0 0 0 0 0 10 (min) (max)  (min)
ting patterns. 1 0 0 1 10

Number Number

(100) L: 60 50 30 25 20 10 Igl:l; of sto?k of parts
No D: 0 0 2 20 2 10 (min) material tobeocut
(max)  (min)
1 2 1 0 1 5 1 4
2 2 0 2 0 0 1 4
3 2 0 1 2 0 1 5
4 2 0 0 4 0 1 6
5 1 2 1 0 0 2 8*
6 1 2 0 2 0 2 10
7 1 1 2 0 5 - -
8 1 1 1 2 5 - -
9 1 1 0 4 5 - -
10 1 0 2 3 0 1 -
11 1 0 1 5 0 2 14
12 1 0 0 7 0 1 -
* chosen

part 6 from the stock length. Then, the demand quantity of
each part is reorganized for the next elimination procedure.
The required stock material and the cutting patterns are given
in Table 4.

Result of Table 4: Pattern number 2 (0, 1, 1, 0, 1, 0) is selected
where 7 pieces of stock material are used 7 x (0, 1, 1, 0, 1, 0).
The cutting plan is ((2) (3) (5)) x 7. Therefore, the cutting
pattern describes the cutting of seven items of part 2, part 3
and part 5 from the stock length. Then, the demand quantity of
each part is reorganized for the next elimination procedure.
The required stock material and the cutting patterns are given
in Table 5.

Result of Table 5: Pattern number 5 (0, 0, 1, 2, 1, 0) is selected
where 2 pieces of stock material are used 2 x (0, 0, 1, 2, 1, 0).

The cutting plan is ((3) (4) (4) (5)) x 2. Therefore, the cutting
pattern describes the cutting of two items of part 2 and part 5,
and four items of part 4 from the stock length. Then, the de-
mand quantity of each part is reorganized for the next elimi-
nation procedure. The required stock material and the cutting
patterns are given in Table 6.

Result of Table 6: Pattern number 1 (0, 0, 0, 4, 0, 0) is selected
where 4 pieces of stock material are used 4 x (0, 0, 0, 4, 0, 0).
The cutting plan is ((4) (4) (4) (4)) x 4. Therefore, the cutting
pattern describes the cutting of sixteen items of part 4 from
the stock length. Then, the demand quantity of each part is
reorganized for the next elimination procedure. The required
stock material and the cutting patterns are given in Table 7.

Result of Table 7: Pattern number 1 (0, 0, 0, 0, 0, 10) is se-
lected where 1 piece of stock material are going to be used 1 x
(0,0,0,0,0, 10). The cutting plan is ((6) (6) (6) (6) (6) (6) (6)
(6) (6) (6)) x 1. Therefore, the cutting pattern describes the
cutting of ten items of part 6 from the stock length.

Hence, the placement of all parts in the cutting plans is
achieved with 5 types of cutting pattern, using 20 stock U-sec-
tion channel beams. The layout plans are given in Fig. 4. The
overall process takes approximately 15 minutes by using a hand
calculator.

The above example is solved by using the conventional
analytical method developed by Gilmore and Gomory. First of
all, the mathematical model needs to be established using all
possible patterns. For this example we have 44 possible pat-
terns given in Table 8.

The objective function and the constraints of the problem
are defined as follows:
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Table 8. Possible cutting patterns.

# 1 2 3 4 5 6 # 1 2 3 4 5 6
-1 0 1 0 0 1 23- 0 0 1 1 1 2
2-1 0 0 1 0 1 24- 0 0 1 1 0 4
3-1 0 0 0 2 O 25- 0 0 1 0 3 1
4- 1 0 0 0 1 2 26- 0 0 1 O 2 3
5-1 0 0 0 0 4 27- 0 0 1 0 1 5
6- 0 2 0 O O O 28- 0 0 1 O O 7
7- 0 1 1 0 1 O 29- 0 0 0 4 0 O
- 0 1 1 0 0 2 30- 0 0 0 3 1 0
- 0 1 0 2 0 O 31- 0 0 0 3 0 2
10- 0 1 0 1 1 O 32-0 0 0 2 2 1
- o 1 0 1 0 2 33-0 0 0 2 1 3
12-0 1 0 0 2 1 34- 0 0 0 2 0 5
13-0 1 0 0 1 3 35- 0 0 0 1 3 1
14- 0 1 0 0 O 5 3- 0 0 O 1 2 3
15- 0 0 3 0 0 1 37-. 0 0 0 1 1 5
16- 0 0 2 1 0 1 38- 0 0 0 1 0 7
17- 0 0 2 0 2 0 39- 0 0 0 0 5 0
8- 0 0 2 0 1 2 40- 0 0 0 0 4 2
19- 0 0 2 0 0 4 41- 0 0 0 O 3 4
20- 0 0 1 2 1 O 42- 0 0 0 0 2 6
21- 0 0 1 2 0 2 43- 0 0 0 0 1 8
22-0 0 1 1 2 0 4- 0 0 0 0 0 10
Cutting plan = (D(3)(6)) x 6 : : : :
[ i i i i i | K] 6 |
Cutting plan = ((2)(3)(5)) x 7 :
[ : T : 3 | 35 [
Cutting plan = (3)(H)(H(5) x 2 :
[ T3 [ 4 4 | 5 |
Cutting plan = (H(HHH) x 4 : : : :
L4 [ 0 [ 4 [ 4 |
Cutting plan = ((6)(6)(6)(6)(6)(6)(6)(6)(6)(6)) x 1 '
Lo e e o6 o6 []oe[o6]ol]fo6]
Fig. 4. The layout plans obtained by the generalized approach.
Objective function to be minimized is
44
minZ = ZX ; (1)

i=1

where X; denotes the quantity of each pattern in the cutting
plan. The constraints of the problem are defined as:

X, 20,i=1,2,..,44 2)
X+ X, + X, + X, +X,26 3)

2X+ X+ X+ Xy + X+ X+ X, + X5+ X, 27 (4)

X+ X, + X +3X s +2X, +2X,, +2X, +2 X, + X,

X+ Xy + Xy + Xy + Xps + X + Xy + X0 215 (5)

Xy +2X 0+ X+ X+ X g +2X,0 +2X,, + X, + Xy
+ X, +4X,0 +3X,) +3X,, +2X, +2X,, +2X,, + X

+ X5+ X5 + X5 220 (6)

2X+ X+ X+ X+ 2X, + X 22X, X+ X,
+2X,, + X, +3X,, +2X,, + X,, + X;, +2X;,
+ Xy 43X, +2X, + X, 45X, +4X,, +3X,,

+2X, + X529 (N

X +X,+2X,+4X, +2X, +2X, + X, +3X; +5X,
+ X5+ X +2X, +4X, +2X,, +2X,, +4X,,
+ X, +3X +5X,, + 7T X, +2X,, + X3, +3X5,
+5X5, + X5 +3X, +5X,, + T X +2X, +4X,,

+6X,+8X,;+10X,, =16 ®)

The preliminary results obtained with simplex method us-
ing the objective function (1) and the constraints (2-8) are
given in Table 9. The results show that at least 20 pieces of
stock material are required. However, the quantities needed
for three patterns are not integers. Therefore, the resulting
value can not be considered practical. When it is rounded-up
to an integer, the required pieces of stock material become 21,
resulting in excess production of required parts. When alter-
native screenings are carried out in addition to the preliminary
results, a total of 25 results are obtained, which a reduced
summary is given in Table 9. For the first application, only 4
out of the first case and 25 alternative solutions yield integer
results. The alternative solutions which yield integer results
are given in summary in Table 10.

Amongst these alternative solutions with integer results
three different solutions for 6 cutting plans and one solution
for 5 cutting plans are given in Fig. 5.

2. Second Application

In this application, five different types of parts whose
lengths and demand quantities are given in Table 11, are re-
quired to be produced using stock materials of 100 units in
length. The required stock material and the cutting patterns
are given in Table 12.

Result of Table 12: Pattern number 4 (1, 2, 0, 0, 0) is selected
where 5 pieces of stock material are used 5 x (1, 2, 0, 0, 0).
The cutting plan is 5 x ((1) (2) (2)). Therefore, the cutting
pattern describes the cutting of five items of part 1, and ten
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Table 9. Preliminary and some alternative solutions using
simplex method for the first application.

373

Table 11. Definition of the parts.

i L D;

First case Alternative Alternative 1 40 7
solutions (4) solutions (8) 2 30 10

# of stock # of stock # of stock 3 20 6
material material material 4 10 4

1 6 5 3 5 2 5 5 2

6 3.5 2 9 6
15 3 15 4 15 5
29 5 29 5 29 ) Table 12. Required stock material quantity and possible
39 1.8 3 3 3 4 cutting patterns.

44 0.7 7 3 13 1 (100) L: 40 30 20 10 5 Trim Number Number
Loss of stock of parts to
No D: 7 10 6 4 2 (min) material  be cut
Table 10. Two alternative solutions which yield integer (max)  (min)
results. 1 2 0 1 0 0 0 3 15
Al " 2 2 0 0 2 0 0 2 -
ernative
Result (4) 3 2 0 0 1 2 0 1 -
4 of stock 4 1 2 0 0 0 0 5 15%*
ors (.)C Patterns Cutting plan 5 1 1 1 1 0 0 4 -
material
6 1 1 1 0o 2 0 1 -
5 3 (1,0,0,0,0,4) ((1) (6) (6) (6) (6)) x 3 7 1 1 0 3 o0 0 | 24
15 421 Eg’ 3’ g’ g’ (0)’ (1); ((3)(83 g;)(;f 4 8 bro 22 0 ! )
X
29 5 (o’ 0.0.4.0, 0) ((4) (4) (4) () x5 o boos 000 2 i
X
3 3 (1’ 0.0.0,2. 0) (1) (5) (5)) = 3 10 bbo 22000 2 i
X
7 3 0’1’1’0’1’0 2)(3) (5)) x 3 1 boo2 b2 0 ! )
X
0,1,1,0,1,0) @306 2 L 0o 1 4 2 0 ] i
- 13 1 0 1 3 2 0 1 -
Alternative * chosen
Result (8)
i oftst(')clk Patterns Cutting plan
matera Table 13. Possible cutting patterns and the columns re-
g

5 2 (1,0,0,0,0,4) ((1) (6) (6) (6) (6)) x 2 quired.

9 6 0,1,0,2,0,0) (2) @) @) =6 Number  Numb
15 5 (0,0,3,0,0, 1) (3)3)(3) (6))x 5 (100) L: 40 30 20 10 5 Trim Of“;ﬁ):; Of“‘;t:tro
29 2 0,0,0,4,0,0) (@@ @)x2 Loss material bi -

3 4 (1,0,0,0,2,0) (1)) (5) x4 No D: 2 0 6 4 2 (min) (max) (min)
13 1 0,1,0,0, 1, 3) (@) (5)6)(6)(6) x 1 1 5 1 0 o 0 1 3

2 2 0o 2 0 0 1 8
3 2 0 1 2 0 1 5

: : : i : : : 4 1 3 0 0 0 2 8*
Cutti lan = ((1)(6)(6)(6)(6 3 :
|: u mgpan: (( )(T)( ) ?( ))X: T T | - 5 ) s 2 0 0 5 10
Cutting plan = (2)@)(5)) x 7 : 6 1 2 1.2 0 1 -
2 ] 7] ] 7 1 1 4 0 0 1 -
Cutting plan = (3)3)(3)(6)) x 4 f : : 8 1 13 2 0 1 -
s [ 3 T3 [ 6] 9 0 4 2 10 - -
Cutting plan = ((1)(5)(5)) % 3 : * chosen
L : : 1 : : | 5 | 5 |
Cutting plan = (3)(4)(4)(5)) x 3 ‘ :

: : : 4 | 3 | items of part 2 from the stock length. Then, the demand

L3 |

4 |

Fig. 5. The layout plans obtained by using the conventional analytical

method.

quantity of each part is reorganized for the next elimination
procedure. The required stock material and the cutting pat-
terns are given in Table 13.
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Table 14. Possible cutting patterns and the columns re-

Table 15. Preliminary and alternative results.

quired. First case
(100) L: 40 30 20 10 5 Trim humberof Number # # of stock material
Loss stock of parts 1
No D: 0 0 0 4 2 (min) material to bé cut 5 5
(max) (min) 59 1
1 4 2 remaining parts 84 0.4
94 0.1
Cutting plan = ((1)2)(2) 5 R Alternative
[ : 1 : ] 5 [ o | __ Result (58)
;C““i”g plan - ((])(3;)(3)(3)) x2 : : fof St(.)Ck Patterns Cutting plan
[ . 1 . [ 3 [ 3 [ 3 | material
Cutting plan = (4)(4)(4)(4)(S)(5)) x 1 : : : 62 05  (0,0,4,0,4) (BA)B)IBIMB)G)BG)(B5)(5)*0.5
L4 1444 ][s]5] | 5 5 (1,2,0,0,0) (D@ @)x5
: : : : : : : : : : : 59 0 . _
Fig. 6. The layout plans obtained by the generalized approach. 61 0 - -
13 2 (1,0,2,2,0) @@MHEB) @A) x2

Result of Table 13: Pattern number 4 (1, 0, 3, 0, 0) is selected
where 2 pieces of stock material are used 2 x (1, 0, 3, 0, 0).
The cutting plan is 2 x ((1) (3) (3) (3)). Therefore, the cutting
pattern describes the cutting of two items of part 1, and six
items of part 3 from the stock length. Then, the demand
quantity of each part is reorganized for the next elimination
procedure. The required stock material and the cutting pat-
terns are given in Table 14.

Result of Table 14: Pattern number 1 (0, 0, 0, 4, 2) is selected
where 2 pieces of stock material are used 2 x (0, 0, 0, 4, 2).
The cutting plan is 1 x ((4) (4) (4) (4) (5) (5)). Therefore, the
cutting pattern describes the cutting of four items of part 4, and
two items of part 5 from the stock length. As seen from Fig. 6,
totally, 8 pieces of stock material are used and 3 layout pat-
terns are obtained. The overall process takes approximately
12 minutes by using a hand calculator.

For this problem set, a total of 94 possible patterns are ob-
tained. To obtain the optimal integer solution by using the
linear programming model, 58 alternative solutions are
screened. The preliminary and alternative results are given in
Table 15. From these 58 plans, the last layout plan (Alterna-
tive Result (58)) uses 7.5 pieces of stock material. The layout
plan is given in Fig. 7.

With the aid of a numerical example given above, the con-
ventional analytical method and the developed method are
compared, using a Pentium-4 3.0 GHz computer. The results
obtained by both methods are summarized in Table 16. In this
comparison, the production parts are planned to be cut from
identical stock U-section channel beams of length 100 units.
The numbers of part types are increased from 5 to 40 gradually
and the part lengths vary randomly from 5 to 60 units. With
increasing number of part types, the difference between the
possible patterns considered in the generalized approach and

Cutting plan = (3)3)BG)3)S)EHS)(S) x 0.5 - S
I

I 3 | 3

Cutting plan = ((1)(2)(2)) x 5 : : : :

[ : 1 : I 2 I 2 |

Cutting plan = (D3)3)(#)(@) x2 : g T
' 1 : [ 3 I 3 | 4

Fig. 7. The layout plans obtained by using the conventional analytical
method.

the analytical method is found to increase dramatically, up to
600 times. The file sizes are also given. It should be noted
that the files also contain extra information on the layouts. In
the last column the ratio of the generalized method patterns to
the analytical method patterns, which would approximately
mean the fraction of computational time required for the pre-
sent method in comparison with the analytical method is pre-
sented.

IV. CONCLUSION

In this work, an approach which completely removes the
drawbacks of the conventional analytical method by Gilmore
and Gomory method, is developed to solve 1D-CSP. A suc-
cessive elimination method has been proposed and the cutting
plans are achieved directly without the need to establish a
mathematical model. The introduced approach, which mini-
mizes the piece arrangement plans and trim losses in the stock
material, achieves the ideal solution implied by the analytical
methods. Additionally, alternative screenings become re-
dundant in order to reach an integer result and cutting plans are
minimized which dramatically decrease the solution time.
Instead of making preliminary specifications and accordingly
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Table 16. Comparison of the generalized approach and
conventional analytical method.

File size (KB)

Possible pat- Possible pat-

No. of for all possible Fraction of

part terns f"? the  terns fo.r the patterns for the column (2)/

types generalized  analytical analytical column (3)

approach method method

5 5 5 28 0.179
6 12 12 106 0.113
7 40 40 600 0.067
8 41 41 671 0.061
9 46 46 995 0.046
10 65 65 1,947 0.033
11 66 66 2,129 0.031
12 67 67 2,497 0.027
13 68 68 2,594 0.026
14 74 74 3,442 0.021
15 76 76 3,928 0.019
16 77 77 4,042 0.019
17 101 101 7,080 0.014
18 102 102 7,452 0.014
19 120 120 11,046 0.011
20 121 121 11,197 0.011
21 122 122 12,052 0.010
22 123 123 12,428 0.010
23 126 126 14,513 0.009
24 207 207 32,759 0.006
25 208 208 34,026 0.006
26 222 222 42,300 0.005
27 298 298 72,992 0.004
28 301 301 78,776 0.004
29 302 302 79,581 0.004
30 566 566 203,141 0.003
31 567 567 211,215 0.003
32 568 568 212,134 0.003
33 569 569 214,982 0.003
34 636 636 283,908 0.002
35 648 648 312,401 0.002
36 649 649 320,812 0.002
37 702 702 395,401 0.002
38 703 703 396,317 0.002
39 711 711 425,090 0.002
40 712 712 428,264 0.002

ignoring many alternative arrangements, the suggested opti-
mization technique selectively considers feasible arrange-
ments by eliminating majority of the probable arrangements
thus rendering the problem practically solvable. Another
important advantage of the generalized approach is its ability
to produce integer results, which usually cannot be obtained
by means of analytical methods used in linear programming.

Overall, the solution of the problem is drastically simplified to
allow hand calculations instead of long computer runs. In the
given test cases, the overall process takes approximately 15
minutes for the first case and 12 minutes for the second case by
using a hand calculator. The test cases clearly show that the
cutting plan solutions are achieved with less number of pat-
terns with the generalized approach compared to the conven-
tional method; hence, it emerges as a time and cost efficient
tool. Furthermore, the trim loss is limited to a minimum al-
lowing efficient use of stock material. In conclusion, the gen-
eralized approach can be very functional for small shipyards
and single boat builders without time consuming cumbersome
computations. The generalized approach gives fast and reli-
able results within minutes for hand calculations, which are
quite valuable in working environments with various different
projects changing in relatively quick pace. For the future re-
search, the generalized approach can be applied to 2D stock
cutting and 3D part nesting applications.
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