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Abstract
In this research the universal system using CAD geometry for solving of cutting stock problem is
proposed. The system consists of the three main modules: geometry definition module, objective
definition module, and the search strategy module. In the first module the reference points and
orientation of parts and stock are defined. In the second module some constraints such as the quantity
of the desired type of parts to be placed on the stock can be taken into account. The third module
contains the search strategy. For the purpose of this research, the genetic algorithm was used as the
search method. For illustration of the generality of the proposed approach, three practical examples for
solving orthogonally and irregularly-shaped cutting stock problems are presented. The parts which are
to be cut from stock-material with minimal loss and also the stock-material itself are presented as
CAD geometries without any kind of geometrical constraints (i.e., concavity, convexity, sections, and
holes). In the presented approach the AutoCAD environment was used. The AutoLISP in-house
developed system for cutting stock problem was integrated into the AutoCAD. The developed system
is without any kind of geometrical constraints and thus highly applicable in the practice. The presented
approach can be developed also in other CAD systems where the application programming interfaces
(API) are available.
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1. INTRODUCTION
In general, scheduling problems involve efficient usage of resources within selected
objectives [1-3]. Most of these problems are geometry-dependent (e.g., facility layout, vehicle
routing, packing, or cutting stock problems) [4-9]. Solving them calls for a colourful
variability of geometry representation, search methods (i.e., algorithms), and objectives
selection.
The geometry-dependent problem solving involves selection of elements (resources),
dimensions of shapes (1D, 2D, 3D, or nD), and its representation [5, 8-10]:
 1D (one-dimensional shapes): bars [11];
 2D (two-dimensional shapes): rectangles, trapezoids, circles, convex, concave and
irregular shapes [7, 12-18];
 3D (three-dimensional shapes) [19, 20];
 nD (n-dimensional shapes) [21, 22].
Also several objectives can be considered [5, 8-10]:
 element alignment (orthogonal or arbitrary),
 efficient usage of available resources (e.g., number of cuts, scrap percentage) and
 (real world) application constraints [23].
Finally, geometry representation and objectives strongly influence search strategy
selection. Several exact and heuristic strategies can be found in the literature [1, 10, 24].
https://doi.org/10.2507/IJSIMM16(2)10.387
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Here, only available research dealing cutting stock problems pertaining to irregularlyshaped products are presented.
Arbel [7] developed a system for tree-based representation of packing stock problem for
aircraft manufacturers, where several irregular shapes should be cut from the square stock
material. Irregular shapes were simplified using column representation. Several cutting
strategies are presented: sequence cutting of a single shape, cutting different shapes while
finding the most suitable combination and afterwards adjusting in consideration of the stock
dimensions or by using previously used cutting patterns. Similarly, the scheduling of cutting
was considered. Exact and heuristic algorithms were also used.
Dalalah et al. [10] proposed an approach for solving 2D bin packing problems when
cutting non-convex polygonal items out of non-convex stock that is based on their convex
boundaries (convex hull optimization) and several feasibility tests in order to avoid their
overlapping inside the stock. These tests consist of angle, boundary, point inclusion and
polygon intersection test. The approach efficiency was proved by using several published
works and known libraries.
In the paper [16], Weng and Kuo proposed general cutting stock problems where 2D CAD
geometry, which is transferred into discrete pixels, is used. Also the placing algorithm using
small angle rotations is presented. The time consumption is, normally, strongly correlated
with the precision of discretization. The proposed system works within the AutoCAD
environment.
Burke et al. [17] developed so-called no-fit polygon generation for avoiding overlapping
the shapes which are intended for coupling. The concave, convex and polygons with holes can
be taken into account. The developed system constructs an envelope around one shape using
another shape to be coupled with it. In that way a safe zone is created. Several known
benchmark problems were used for presenting the developed system performance.
Anand et al. [18] used a computer vision system in order to transform images of the
irregular shapes into polygons. Afterwards, the genetic algorithm was used for layout
optimization.
In the paper [25], the authors proposed relocation of the machinery in a steel plant because
of the investment in a new continuous rolling mill. The authors were actually solving a
Traveling Salesman Problem by means of genetic algorithm method and by considering that
the representation of machines can be 2-dimensional or 3-dimensional without any kind of
geometrical restrictions. As a result of the layout (machinery) rearrangement, efficiency of
material flow in the steel plant increased by 13.58 %.
In the current article the universal approach using CAD geometry for general solving of
cutting stock problems is presented. Due to the extensive usage of evolutionary methods (e.g.,
[25-27]) the authors used genetic algorithm for optimal solution search.
Accordingly, first the system architecture is presented. Afterwards, three selected cases
are shown: one with rectangle shapes and stock, a second with irregular shapes and
rectangular stock, and a third with irregular shapes and several irregular stock shapes. At the
same time the selected search strategy and objectives are presented. In the end conclusions are
drawn and guidelines for future work are given.

2. ARCHITECTURE OF THE PROPOSED APPROACH
The proposed approach for cutting stock problem solving is created within the AutoCAD
system. The AutoLISP/VisualLISP API is used as the programming language. The dialect of
LISP programming language is incorporated into all contemporary AutoCAD systems. The
AutoLISP allows the user to access the AutoCAD's internal drawing database and to
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manipulate graphical entities. This is the key point which was the basis for the development
of the proposed system.
2.1 The main idea
The in-house CAD system for cutting stock problem consists of three major modules:
 geometry definition, where geometry, reference points and orientation of shapes and stock
are defined,
 objectives definition, where all desired constraints can be taken into account and
 search strategy, where search strategy can be selected and its parameters set.
The principle of the developed universal CAD system for cutting stock problem is
presented in Fig. 1. First, as mentioned, the geometry, reference points and orientation of
parts (i.e., shapes) and stock are defined. These data are used for a search strategy module
which generates and evaluates different solutions according to constraints defined in an
objectives definition module. Afterwards the results of the search strategy module are
presented. Search strategy can be any strategy that provides a sufficiently good solution in a
problem space. For the purpose of this research, we used the genetic algorithm approach.

Figure 1: The principle of universal CAD system for cutting stock problem.

2.2 Description of the modules
Fig. 2 shows the possible geometry for products and stock, and their reference points (R1 to
R4 for parts/products and Rs for stock) and orientations (o1 to o4 for parts/products and os for
stock) of 4 randomly-selected parts and stock. Please note that several stock shapes can be
used at the same time. The user can easily select suitable geometry; the points and orientation
can be automatically or manually defined.

Figure 2: Geometry, reference points and orientation of 4 randomly-selected parts and stock.

It must be emphasized that in a geometry-definition module several geometry properties
are also accessible (e.g., area, perimeter, bounding box, mass centre, moments of inertia).
Some of them are presented in Fig. 3.
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Figure 3: Some accessible geometry properties in the case of product3.

In an objectives definition module several constraints, such as number or percentage of
required shapes to be cut or needed to be packed, their overlapping area, waste perimeter and
area, can be taken into account, Fig. 4.

Figure 4: Some accessible geometry properties in an objectives definition module.

In a search strategy module, any kind of search algorithm can be used (e.g., genetic
algorithms, particle swarm algorithm, gravitational search algorithm). The input data consists
of objectives definition module data (e.g., overlapping area, waste perimeter and area), parts
and stock geometry, reference points, and orientation.

3. RESULTS AND DISCUSSION
For this general overview of functionality of the proposed CAD system only cutting stock
problems were selected.
The first example shows placing rectangular parts on rectangular stock, the second
example shows irregular parts on rectangular stock, and the third shows irregular parts on two
irregular stock shapes.
3.1 Definition of objectives
In all three cases presented hereafter the same objectives were selected.
First, the number of required parts of each product should be determined. This can be
determined either explicitly by the exact number (e.g., 3 pieces of part 1, 12 pieces of part 2
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and 1 piece of part 3) or implicitly (i.e., by the ratio of area of parts of a single product in
terms of the area of all parts or of the stock area).
In our case the required ratio between the number of parts was selected. Where there are
two products, we can decide that for the first product we need 3 parts and for the second
product 6 parts. So the ratio between the number of required parts of the first and the second
part is 3 : 6 = 1 : 2. In practice, depending on products and stock dimensions, the number of
parts placed on stock can vary. The absolute difference between the mentioned ratio of
practically cut and required parts (fn) was selected as a first objective.
For the second, third and fourth objectives the ration between waste (Aw), overlapping
(Ao), outside stock (Aos) and stock area (As) were selected, respectively.
The objective (optimization) function F can be defined as:
𝐹 = 𝑤𝑓𝑛 ∙ 𝑓𝑛 + 𝑤𝐴𝑤 ∙

𝐴𝑤
𝐴𝑠

+ 𝑤𝐴𝑜 ∙

𝐴𝑜
𝐴𝑠

+ 𝑤𝐴𝑜𝑠 ∙

𝐴𝑜𝑠
𝐴𝑠

,

(1)

where wfn, wAw, wAo and wAos are corresponding weights which can be adjusted.
In all presented examples the same weights were used: for wfn, wAw, wAo, and wAos we used
1, 1, 20, and 20, respectively. Accordingly, the objective function is defined as:
𝐹 = 1 ∙ 𝑓𝑛 + 1 ∙

𝐴𝑤
𝐴𝑠

+ 20 ∙

𝐴𝑜
𝐴𝑠

+ 20 ∙

𝐴𝑜𝑠
𝐴𝑠

.

(2)

3.2 Search strategy
For the purpose of this research, the genetic algorithms were used as a search strategy. The
genetic algorithms are population-based search heuristics which simulate the natural evolution
of living beings [28] and can be used for solving different problems (e.g., [29-32]). In general,
any other search strategy can be used, such as particle swarm optimization, simulated
annealing, bat algorithm, etc. [33-35].
In our case, during simulated evolution the organisms in form of geometric entries and
their locations in the stock piece (i.e., solutions to the problem) undergo adaptation. They,
through several generations (iterations), gradually change until the stopping criteria are met;
this can be the required quality of solution or a maximal number of generations to be run.
Coding of the organisms
The population consists of organisms (i.e., chromosomes). Each individual chromosome
in the population represents possible layout of parts in the stock at a population time t. As
mentioned before, the parts could be of different types. The chromosome consists of genes.
Each gene is in fact a part of selected geometric shape. The individual gene consists of the
following information: geometry of the part, position of the reference points of the part (i.e.,
position of the reference points on the stock or even a little bit outside of it), and the
orientation of the part. The best chromosome in the population represents the best layout of
the parts on the available stock piece.
Genetic operations
For changing organisms, the following eight genetic operations were being created:
crossover, small and large position mutation, small and large orientation mutation,
permutation, deletion and insertion operation. Also the reproduction operation, which does
not change the organisms, is implemented.
The crossover operation ensures the exchanging of genetic material between organisms
(Fig. 5).
Position mutation in Fig. 6 a randomly changes the position of a randomly-selected part.
The repositioning of this part can be large (i.e., over the stock boundaries) or small (i.e., in the
current part vicinity). Similarly, orientation mutation in Fig. 6 b randomly changes the
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orientation of a randomly-selected part. The changes in orientation can be large (i.e., from 0°
to 360°) or small (i.e., within 10°). They can be evenly discrete (e.g. 0°, 90°, 180 and 270°) or
arbitrary.

Figure 5: Crossover operation.

a)

b)

Figure 6: Mutations: a) position mutation; b) orientation mutation.

Permutation operation (Fig. 7) switches the position and orientation between the two
randomly-selected parts in the composition.
Deletion operation removes the random part from the composition. The insertion operation
adds pars into composition.

Figure 7: Permutation operation.

Evolutionary parameters
In all experimental runs the same population size of 100 organisms was chosen. The
maximum number of generation was 100 for all runs. For selection of organisms, the
tournament method with the tournament size of 7 was used. The maximum number of
generations was selected as the stopping criteria for the purposes of this paper. The following
probability parameters were selected for the simulated evolution control: 0.2 for crossover,
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0.2 for large position mutation, 0.2 for orientation mutation 0.1 for permutation, 0.1 for
deletion, 0.1 for insertion and 0.1 for reproduction probability. We executed 100 independent
runs of the system.
3.3 Example 1
Geometry (parts and stock), reference points and orientation for the first example are
presented in Fig. 8. The required ratio between number of parts for each product cut from the
stock was 1 : 2 : 2. Due to rectangular shape of the stock and the parts only discrete orientation
mutation was used where only 0° and 90° angles were possible.
The results from the most successful run are presented in Fig. 9. For presented organisms
(i.e., compositions in generations 0, 50, and 100), the following data are given: the absolute
difference between the mentioned ratio of practically cut and required pieces (fn), ratios
between waste (Aw), overlapping (Ao), outside stock (Aos) and stock area (As), and the
objective function (F).
While observing the results from the generation 0 it is possible to notice that the layout
consists of 3, 5 and 6 parts of product1, product2 and product3, respectively. Accordingly, the
ratio between number of parts for each product cut from the stock is 3 : 5 : 6 which differs
from the required 1 : 2 : 2. According to the definition, the absolute difference between the
mentioned ratio of practically cut and required parts (fn) is 1 : 2 : 2 – 3 : 5 : 6 = 0.25 – 0.1 = 0.15.
The waste (Aw), overlapping (Ao), and outside the stock area (Aos) percentage is 39.64 %,
8.63 % and 13.22 %, respectively. The value of objective (optimization) function F (defined
in Eq. 2) is:
𝐴𝑤
𝐴𝑜
𝐴𝑜𝑠
𝐹 = 1 ∙ 𝑓𝑛 + 1 ∙
+ 20 ∙
+ 20 ∙
𝐴𝑠
𝐴𝑠
𝐴𝑠
(3)
𝐹 = 1 ∙ 0.15 + 1 ∙ 0.3964 + 20 ∙ 0.0863 + 20 ∙ 0.1322 = 4.9180

Figure 8: Geometry, reference points and orientations for example 1.

Figure 9: The best organisms – compositions in generations 0, 50 and 100 for example 1.
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3.4 Example 2
Geometry (parts and stock), reference points and orientation for the second example are
presented in Fig. 2. For this example also discrete orientation mutation was used where 0°,
90°, 180° and 270° angles were possible.
The required ratio between the number of parts for each product cut from the stock is
2 : 2 : 1 : 4. The results from the most successful run are presented in Fig. 10.

Fig. 10: The best organisms – compositions in generations 0, 50 and 100 for example 2.

2.5 Example 3
In this example two stock materials were selected. For demonstration purposes the stock
material is coloured grey, Fig. 11. The arbitrary orientation was used (i.e., from 0° to 360°).
The required ratio between the number of parts for each product cut from the stock is
1 : 2 : 6. The results from the most successful run are presented in Fig. 12.

Fig. 11: Geometry, reference points and orientation for example 3.

Fig. 12: The best organisms – compositions in generations 0, 50 and 100 for example 3.
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4. CONCLUSION
In this paper the general approach for solving of cutting stock problem is proposed. The inhouse system for cutting stock problem solving was realized in the AutoLISP/VisualLISP
programming language within the AutoCAD system. The proposed approach consists of three
major modules: geometry definition, objectives definition, and search strategy. For the
purpose of this research we used genetic algorithms as the search strategy.
Without any kind of geometrical constraints, several objectives (i.e., optimization
functions) and search algorithms can be selected for the best solution search. From a practical
point of view, only three examples of cutting stock problems were presented. The first
example shows placing rectangular parts on rectangular stock, the second, irregular parts on
rectangular stock, and the third, irregular parts on two irregular stock shapes.
For changing of organisms (i.e., layout of parts on available stock piece) we used the
following genetic operations: reproduction (i.e., selection), crossover, small and large position
mutation, small and large orientation mutation, permutation, deletion, and insertion.
In all three experimental cases the difference of the ratios between the number of required
and cut pieces, the ratio between waste area, overlapping area between pieces, area of the
pieces outside stock and stock area were selected as objectives (objective function).
Obviously, minimizing selected objectives is the main aim of the problem. In general also
other objectives can be chosen (e.g., waste perimeter).
The results of the best independent run for each of the three cases allow us to conclude
that each generation brings improvements in terms of all the selected objectives.
The shortest and longest runs of CAD system for the selected examples on AutoCAD last
less than 2 hours and more than 6 hours on an Intel Core i7-4600U processor with 8 GB of
RAM, respectively. The majority of the time was spent on manipulation of the geometric
entities inside the AutoCAD system.
It must be emphasized that the proposed system is based on CAD geometries without any
kind of geometrical constraints (i.e., concavity, convexity, sections and holes) and that it is,
with proper objectives and search algorithms selection, extremely applicable in practice. The
developed approach will be used also for solving regular and irregular 3D bin packing
problem. In addition, in order to shorten the processing time, a fine tuning of the program
code will be implemented in the future.
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