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4 Georgi Evtimov

Chapter 1

Introduction

The need for optimization of human labor leads to mass distribution of computing
electronic devices that in most cases they replace the human presence. That’s where
it starts the extreme development of information technology (IT) as a tool to control
computing devices. Significant reduction in the cost of electronics further develops this
process. More and more production machines are operated by computers, whether used
by a small, medium or small enterprise great. A natural continuation of this process
is the development of a network to integrate electronic devices called the Internet.

There is a current trend to redirect all services from reality to virtual reality. High-
tech industries in the manufacturing sector are massively building systems for planning
and managing the resources of production. Information systems allow optimizing re-
sources at all levels of the organizational hierarchy. This optimization in most cases
has a positive impact on both the competitiveness of the company and contributes for
more flexible and faster finding new markets. Use of information systems by companies
makes it possible to their customers to solve better, faster and more efficiently subject-
specific problems. This approach is especially effective in the field of heavy industry
and construction.

The widespread application of IT in Europe and Bulgaria has created a dynamic
and highly competitive environment in which a company without Implementing I'T
solutions is often doomed to bankruptcy. The need to cut production costs is vital
important for the survival of the enterprise. On the other hand, customer requirements
are growing, which further fuels the need for rapid solutions to optimize material and
human resources, which is achieved effectively using software. This market situation
reveals new and almost unlimited possibilities for the application of application software
in solving a variety of tasks. Any software in which knowledge is applied can be seen
as a strategic source of innovation. Another flexibility of IT is the ability for the
technology to be developed by a third party that does not belong to the company, but
to be effectively applied by many other companies.

In short, the focus of research combined with technological innovation is one of
the most dynamic areas of development of modern industry. The present dissertation
is an effort in this direction. The motivation and object of application of this work
comes from the construction industry and in particular from the production of steel
structures.

One of the most important and widely practiced activities there is the following: for
the needs of a construction site it is necessary to cut a certain number of details (often
reaching thousands) with different sizes, shapes, thicknesses, and in some cases from
different material. The material is delivered in the form of metal sheets or remnants
of sheets from which details have been previously cut. An example of such a steel
structure is shown in Figure 1.1. It is necessary to cut out the necessary details while
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Metaheuristic Methods for Reducing Cutting Tasks 5

minimizing the cost of material.

This statement is a special case of the general mathematical problem for optimal
cutting. The practical task for optimal cutting lies in the following simple formulation:
set is defined material (for example, in the textile industry it is fabric, in building
constructions it is metal sheets) and a large amount of often different, details. It is
necessary to cut out the necessary details while minimizing material consumption. In
practice, this means minimizing the material that remains after cutting and cannot
be recovered except to be recycled. This unused material is often called waste. This
task is mathematically formulated more than 80 years ago in connection with the
industrialization of garment production. Similar types of problems arise in many other
industrial productions and the use of optimization solutions can lead to significant
material savings.

Figure 1.1: Steel Construction

The scientific methods proposed in this paper will be useful and most suitable for
the needs of start-ups, including those in the software field. The methods presented
here are based on mathematics and logic and do not use external libraries, can be
written in any programming language and can help the development of any company.
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6 Georgi Evtimov

1.1 Actuality of thesis

The topic of optimal cutting becomes even more relevant over the last two decades,
finding a variety of applications in many industrial industries. The task is especially
important now that the market is open and companies have to compete with a large
number of competitors with modern equipment and low labor costs.

On the other hand, the mass consumption of goods leads to the need to optimize
the production of these goods. This includes both minimizing the consumption of
energy and raw materials and reducing the use of human labor. The problem is very
acute in heavy industries, especially when it is necessary to make a large number of
elements from expensive material. These two features are present, for example, in the
construction industry. Therefore, the problem of optimal cutting there is on the agenda
with special relevance.

An overview of the existing methods and their implementation in application soft-
ware is made below in the Section 1.2. Here we will only note that the software market
for the needs of optimal cutting has basically two types of implementation approaches.
In one approach, the plates are approximated to rectangles that are optimally placed
on the steel sheet, and in the second they have their exact geometry. In methods that
apply approximation to a rectangle the disadvantage is that in figures other than a
rectangle the waste is large. In different industries, a large number can be understood
as a variety of numbers. In the present paper we will understand 25-50 % for large
waste, 10-25 % for medium large waste, 0-10 % for small waste. When working with
triangular shapes formed by straight lines on all three sides, the waste is 50 %. Big
waste. This approach has limited application, but is used quite widely and gives good
results in glassmaking and the paper industry. In both types of software, the input
of the cutting objects is done manually. The polygons are entered by coordinates of
the vertices or by segments of the sides. It takes a lot time and it is possible to make
inaccuracies and / or errors in data entry.

In the last three decades, CAD systems have been widely used for the design of
construction sites. In the presented dissertation the problem of optimal disclosure of
building elements (or plates) is solved under the assumption that the polygons (plates)
are generated and provided to the builder by a CAD system. Then the data is pre-
processed and finally the plates are cut with their exact geometry.

Preparation of plates for the needs of steel structures represent a certain class
subtasks for optimal cutting, which is characterized by a number of features that lead
to simplification and to complicate the task of cutting. The most important features
are:

1. often the planks have complex shapes, the boundaries of which are arbitrary non-
self-intersecting polygons (in rare cases, making elements with elliptical contours
is reduced to the above case by approximation with polygons with sufficient
accuracy for practice);

2. very often the plate does not have a "face" and a "back", which allows a mirror
search of its location in the cutting process; this feature can lead to material
savings, but increases the complexity of the problem.

3. in the set of slats to be produced, there is often a considerable variety of sizes,
areas and shapes.

The paper focuses on methods for solving the problem for cutting into slats in 2D.
The two-dimensional cutting task is more difficult than the one-dimensional, especially
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Metaheuristic Methods for Reducing Cutting Tasks 7

when the cut-out figures are not convex and have an irregular shape. Both tasks are
NP -complete combinatorial optimization tasks [12], [13].

Figure 1.2: Steel Structure 1. Figure 1.3: Steel Structure 2.

As an illustration, some examples of the case of steel structures will be presented.
In the steel hall shown in figure ref fig: 3DViewl there may be about 2000 - 3000
steel plates for cutting. They are of different thickness, in practice we often have to
work with 6 different thicknesses. Therefore, from a metal sheet of a given thickness
should be cut about 500 pieces of plates with quite complex shape. In the present case
rotation and mirror image of the plate are recommended in the optimization of the
cut. Moreover, there are slats in which the ratio of length to width (of course as the
plate is placed in a rectangle with minimum dimensions) is more than 100.
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8 Georgi Evtimov
1.2 Overview of the main results in the field

The problem of optimal cutting (CSP) occurs in many industrial areas [61]. Most
authors solve 2D cuts by approximating the input polygons (figures) to rectangles.
These solutions are also applicable in many industries. For example, the production
of paper and glass [24], container loading, multi-scale integration (VLSI) design, and
various scheduling tasks [55].

The more complex version of the problem is when the input polygons (fig-
ures) are not approximated to rectangles. This problem arises in building structures
in the manufacture of steel products, the manufacture of clothing, the manufacture of
footwear, etc. In [24] the main theme is a two-dimensional orthogonal packaging prob-
lem in which a fixed group of small rectangles should be mounted in a large rectangle
and the unused area of large rectangles should be minimized. The algorithm combines
a substitution method with a genetic algorithm. In [45] a Greedy (greedy) procedure
of random (randomized) adaptive search has been developed. In this study, there is a
large primary stock that needs to be cut into smaller pieces to maximize the value of
the pieces. Cintra [49] offers a precise algorithm based on dynamic programming that
is suitable for small problems, since the problem is NP-difficult. Dusberger and Raidl
[62], [63] offer two meta-heuristic algorithms based on searching for variable neighbor-
hoods. The above works solve the simplified problem with rectangular elements. In the
building industry, slabs are polygons that can be irregular in shape and can be convex
or concave, but not just intersecting. Such a variety of forms significantly increases the
severity of the problem. As the slats or entrance polygons can be applied in a mirror,
since the steel sheets are homogeneous on both sides. The complexity of the task is
also increased by the fact that a triangular plate can be described with more than three
points.
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Metaheuristic Methods for Reducing Cutting Tasks 9
1.3 Aims and objectives of the dissertation

The main aims set for the doctoral student are of scientifically applied and applied
nature. They can be summarized as follows.
Dissertation objectives:

1. Optimal cutting of linear elements with minimal waste;

2. Optimal cutting of two-dimensional elements with an irregular shape with mini-
mal waste.

To achieve these goals, the following tasks were formulated:

e Task 1. Development of an algorithm for solving the problem of one-dimensional
(linear) cutting;

e Task 2. Development of an algorithm for solving the problem of cutting two-
dimensional elements;

e Task 3. To make a program implementation of the developed algorithms and to
be implemented the comparison of real construction sites with existing in practice
methods of cutting.

The basis of development is a C'AD environment for obtaining graphic information
from a given construction site. After optimization, information is generated in terms
of the same C'AD environment. For this purpose, a numerical algorithm for cutting
(placement) of arbitrary non-intersecting polygons has been developed. (called planks
and generated by the CAD system) from a user-specified polygon (steel sheet). The
focus of the dissertation are planar elements (sheet material) 2D figures (called plates
here). Geometrically, this means that a certain number of figures in the plane are ar-
ranged in an area with a given user closed loop. This is a fairly general mathematical
problem that can be applied in a variety of industries. The algorithm allows and addi-
tional settings and various principles in the optimization when arranging the figures.
These tasks are based entirely on examples from practice, and the input data are from
actually designed and executed construction sites.

1.4 Research approach

This dissertation deals with the solution of two optimization problems: (1) cutting
of linear profiles, steel bars, T - and II -shaped profiles, etc.) or 1D cutting and (2)
cutting of two-dimensional (flat) plates of steel sheets.

The first task is one-dimensional (linear), 1D cutting. No optimizations are in-
troduced for 1D optimization special definitions, as it works with one parameter, the
length of the element. The task of minimal waste comes down to finding the minimum
number of profiles used. Although it is easier than the two-dimensional task, it is also
NP complex. The approach uses the ant method.

The second task is it 2D cutting. The data includes an incoming list of n per
number of laths (called input polygons) that need to be arrange as tightly as possible
in a polygon, called the main. In search of a possible placement of incoming polygons
can be applied rotation and mirror image. Once the location of the input polygon
is selected it is necessary to apply the algorithm for "subtraction" ("cutting") of two
polygons. This is done in order for the next incoming polygon to look for a location
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10 Georgi Evtimov

in the rest of the main polygon. This (cut) strip is then removed from the list with
input strips. This is repeated until all the bars in the input list are exhausted. Then
the overall solution (the set of planks) is evaluated by metaheuristics. See point ?7?.

Figure 1.5: Exemplary input poly-

Figure 1.4: Initial main gons (dimensions are significantly
polygon (to be filled). increased)

Figure 1.6: Main polygon be- Figure 1.7: Main polygon af-
fore cutting. ter cutting.

A wide range of literature has been used in the process of studying the problem.
Created new methods and algorithms are published in the author’s articles, [12, 13, 15,
14]. Three methods have been developed. The first is to evaluate the input polygons
(sets). To their angles and lengths. This method gives a score from 0. to 1. for the
highest probability that a polygon will be placed in the fill polygon at a given peak.
The second method gives an estimate of the largest contact length (area) between
two polygons. The third method is hybrid metaheuristics. Gives an assessment of all
admissible solutions for a given peak. The score for each decision is between 0. and
1. The one with the highest score is chosen. If there is more than one solution with
a maximum score, one of them is chosen at random. The combination of the three
methods allows us not to look for complete exhaustion of the possible combinations for
placing the input polygons II; in the polygon of filling A. Two new algorithms have
been developed, which are an improvement on two existing algorithms. One is the
Ray method [40]. The addition is that before applying the Ray method, it is checked
whether the given point is in the box of the polygon, if so then it is checked for the
whole polygon. For a definition of box on the polygon, see point 2.5. The box of the
polygon will be used if the number of vertices of the given polygon is greater than 4.
The other method is "Bentley-Ottman ” [39]. The addition is that not all segments
are crawled, and the algorithm stops the first time the two segments intersect.

As a final result of the research of the problem, software was developed that suc-
cessfully solves both tasks. A comparison of the obtained results with the results from
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the use of commercial software is made. The advantages of the created program over
the tested commercial software are given in 4.6 and in 5.
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12 Georgi Evtimov

Chapter 2

Computational Geometry: Basic
Definitions

In this section the geometric objects point, linear segment and polygon in the two-
dimensional plane are used. All points will be represented as a list of ordered numbers
(coordinates), |9], in two-dimensional cases these are pairs of numbers P = (x,y). Here
we also discuss the concepts important for the construction of algorithms when a point
is inside a polygon, intersection and subtraction of two polygons, etc.

2.1 Definition of List

The list is strictly ordered items. Each element can be a number, a string or another
list. Examples:

1. list(X,Y) - point given by its Cartesian coordinates;

2. list(pto, pty,...,pt;) - a list of points, where pt; is a list representing a point with
index i;

3. list (eg, €1, ..., e,_1) - a list of segments where e; is a linear segment with index
7, see below.

2.2 Definition of point, segment and polygon

Definition of point.

The points in the d -dimensional space are represented as an ordered list of d
numbers called coordinates, [9]. Since we consider the problem in a plane, in this
work the point pt; is defined as pt; = list (z;,y;), where the coordinates z; and y; are
real numbers. When working with real numbers using computer arithmetic raises the
question of the rounding error. The error of rounding real numbers is an important
and extensive field in mathematics. The following rules have been adopted:

1. We work with an accuracy of four characters after the decimal point .0001;
2. We accept a deviation of fuzz, which is a real number greater than 0.

These rules are dictated by the need to work with data produced by CAD systems. In
the field of design of objects made of steel structures, the dimensions of the structures
are give in millimeters, so all numerical data (coordinates of points, segments, etc.)
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Metaheuristic Methods for Reducing Cutting Tasks 13

are in millimeters. For the needs of the construction industry (steel structures), the
difference in the lengths of the sides of the plates of 0.5mm does not make the detail
indistinguishable. That is why we accept them as the same.

We assume that two points coincide P; = P, axo:

(i — fuzz) <xy < (x;+ fuzz) A (y; — fuzz) <y, < (y; + fuzz) (2.1)

WJIN
maz{|z; — zq|, lyi — yql} < fuzz (2:2)

Definition of linear segment.
We will use two types of segments:

(1) CAD linear segment. C'ADe; = list(ptg, pt1, dots,pt;) is set with a list of points

that lie on one line; such segments are obtained from the operation of the CAD system,
which generates all input data used in this work.
(2) Linear segment e; = (pt;, pt;+1) a closed set of points lying on a line between two
points pt; and pt;,1, called endpoints, [9]. The items in the e; list are sorted. The first
is the initial and the second the final. In our work, the linear segments are obtained
after removing the inner points of the CAD segment.

Definition of polygon.

Polygon is closed area of the plane surrounded by n linear segments forming a
closed curve [9] Note that we are using a linear segment here, not a C'AD linear
segment. Let ptg, pty,...,pt, be n points on a plane such that pty = pt,. The points
pto, pt1, ..., pt, form a cyclic list. While pt, is followed by pt;, pt,_1 is followed by
pto = pt,. The polygon is also described by its vertices, the endpoints of its segments,
so that equivalently, IT = list (pto, pti,..., pt,). We say that two segments are adjacent
when they have only one common endpoint.

Linear segments form a polygon if and only if:

1. The intersection point between each pair of adjacent segments in the cyclic list
is: e; N €11 = pti+1, for all ©+ = O, = 1,

2. Non-adjacent segments do not intersect.

We will call the points pt; vertices of the polygon, and a segment of the polygon
will we call it a linear segment. Note that a polygon with n vertices has a n segment.

2.3 Rotation of point

Let’s look at two different points pta = list(Ta,Ya) ¥ Ploase = 1iSt(Toase, Ypase)
in the coordinate system XOY. We want to turn the point pt4 arround the base
point pty.s. of given angle 3. If the angle (§ is positive number, then the rotation
is counterclockwise anti — CW, otherwise the rotation is clockwise C'W. After the
rotation we will get a new point ptp = list(xy, yp) in the coordinate system XOY .

To make the necessary calculations and get the calculation formulas for the coor-
dinates of the point obtained after the rotation, we will introduce a new coordinate
system X'O’'Y’, whose coordinate origin matches pty,... The axes of the new coordinate
system X'O'Y" are translate parallel to the axes of the XOY coordinate system. For
the new coordinate system we get the coordinates of the point pta, 2/, = (T4 — Tpase)
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14 Georgi Evtimov

and ¥y, = (Yo — Ypase) OF pta = list(x),y)) in the new coordinate system X'O’Y’. The
turning radius R is found by the formula:

R=\/2?+y? (2.3)

The angle of rotation « is receiving by formula:

.:C/
a= arccosﬁa (2.4)

Then the coordinates of the point ptp in the coordinate system XOY are:

R
= Dy + —— 2.5
Tb = Trase T cos(a+ f3) (25)
R
= Ybase 3 — 2.6
Yo = Yoase + sin(a + B) (2:6)

2.4 Perpendicular from a point to a line

The line is set with two points A = list(z,,y,) B = list(xy, yp) and the test point
is T = list(xy,y¢). We want to find a point C' = list(x.,y.) from the line list(A, B)
such that the vector defined by the points T" and C' are perpendicular to the line.
Before we start looking for the point C, we need to check if the points A =
list(xa,ya), B =list(xp,yp) and T = list(z;, yr) do not lie on the same line. This is
done by finding the face of the triangle F' = list(A, B,T). The result we will get from
this algorithm is the oriented face of the triangle list(A, B, T). We are only interested
in whether the person F is zero or not. If the person F' = 0, then the points lie on one
line and we do not need to look for the perpendicular vector TC to the line list(A, B).
If the person F' # 0. Then the algorithm proceeds in the following steps, according to
[41]:

1. If x4 = zp, then the line is vertical and the search point is ptc = list(za,yr) -;
2. If y4 = yp, then the line is vertical and the point sought is pto = list(zr,ya);

3. If the above conditions are not met, then we look for the slope m of the line

list(A, B);
m =B Y4 (2.7)
B —TA
(x—T +yr + m.xy — yA)
= -m 2.8
rc m—l-% ( )
Yo = ya +m(rc — Ta) (2.9)

Or the coordinates of the desired point is: C' = list(z¢, yc).

2.5 Finding of box of polygon

By boz of polygon II; = list(pto, pt1 . .. pt,) we will understand the rectangular shell of
the given polygon II;. Look figure 2.1.

To find box on the polygon II; we have to go through the list of points II; =
list(pto, pt1 dotspt,) and for each point we take its coordinates on X.pt and on Y.pt.
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Figure 2.1: box of polygon

Then sort the two new lists in descending order, listX = (zg,x1...x,) and listY =
(Yo, 91 ---Yn). The first value of listX will give us maxzX the last minX. We do
the same for the listY list. Thus we get the coordinates of the points boxpt; =
list(minX,minY") and boxpts = list(maxX, maxY). Point boxpt; is always at the
bottom, on the left. Point boxpts is always at the top, on the right.

2.6 Mirror image of polygon

By mirror image of a polygon we will mean a mirror image on all sides of the polygon,
which are not parallel to each other.

The polygon Mirrorl = list(mpto, mpty, mpty, mpts) is obtained from the shaded
polygon II; = list(ptg, pt1, pta, pt3). To find the mirror image of the polygon F; uses
the following sequence:

1. We take the first pty and the second pt; point from the polygon P;.

2. We form the rights L1 — L1. The line L1 — L1 is formed by two points. The
first point is ptp; = (polar(pto; (angle = pty, pto); 10e10)). The second point is
ptro = (polar(pty; (angle = pto,pt1)); 10e10). We find the polar coordinates of
the points ptr; and ptrs - base point, angle and length. In this case, the length
is chosen large enough to be acceptable for the CAD system.

3. For each vertex of the polygon P; we find the heel of the perpendicular to the
line L1 — L1 and denote it by ptperp,. The mirror point is obtained: mpt;, =
(polar(ptperp,;; (angle = pt;, ptperp, ); distance(pt;, ptperp,)). To find the heel of
perpendicular to the line L1 — L1 see Subsection ?7.

The line L1 — L1 will be collinear with the segment list(pto, pt1). Then the distance
distance(pto, pt perp;) Will be zero and the points pty and mpt; will coincide. Any pair

of consecutive vertices list = (pt;, pt;+1) on the polygon P; can be used to find the line
L1—L1.
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16 Georgi Evtimov
2.7 Finding the direction of a polygon (CW or anti —
CW)

Here we will discuss ways to determine the direction, (clockwise (C'W) or counterclock-
wise (anti — CW) ), at the boundary of polygon Il = list (pty, pti, ..., pt,). From the
basics known in the literature methods for landmark orientation, here we will present
one of the fastest methods for calculating the direction of traversal of the peaks along
the border at the IT [28] polygon

Figure 2.2: Area of Trapeze

Let e; € Il is an arbitrary segment and let its midpoint

P,, has coordinates:
P - T; + ll?i+17 Yi + Yi1 ‘ (2.10)
2 2
Area of the figure between segment e; € II and the coordinate axis X is:

(Tit1 — 2) (Wi + ¥s)
2

Note that the person F; can be positive, negative or zero. The face sign depends
on the order of the points in the list defining P since the layout can be list (pty, pti,
ceey Ptn_q1) or list (pt,_1, pto, ... , ptn—1). We will call this person an oriented person.
This procedure applies to all e; segments. To save CPU time, it makes no sense to
divide each person by 2. Therefore, the sum of the oriented persons can be recorded
as follows:

F;, =

(2.11)

n—1
2F = Z (Tit1 — @) (Yir1 + Yi) (2.12)
i=0
If the coordinates of the points on vertices list(pto, pt1, dots,pts) satisfy conditions
x5 > x4 > T3 > To > X1 > X, then the corresponding areas are positive and F' > 0. If
the coordinates of the points on vertices list(pto, pt1, dots,pts) satisfy the conditions
Ty > Tg > Ty > Tg > Tg, then [ <0
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2.8 Angle between two vectors. Internal angle of a

polygon.

In order to get a better characteristic for a given landfill, we will need the internal
ones its angles. First we will find the angle between two vectors @ = list(7T, pt;) and
b= list(T, pt;11), defined in the XOY coordinate system.

We first determine the lengths of the vectors @ and 5, and then their scalar product.
To find the length of the vector @, we will translate the point A; to zero, T; = (list0,0).
Then the vectors @ and b will have coordinates (z4,ya) and (zy,yy), respectively.

@]l = /a2 + y2 (2.13)
1]l = /2% + v, (2.14)
the scalar product is:
a-b=raw+ Yol (2.15)
and so we get
d-b (2.16)
cosa = .
[lallll]

To find the interior angles of a polygon, we will need to check whether the polygon
in the vicinity of a vertex is convex. or not protruding. In order to check this we need
to find the orientation of the polygon. To find the interior angles the direction of the
polygon must be counterclockwise anti — C'W. Then we start checking everyone three
points from the polygon list(pt;, ptii1, ptive). We find the inner angle «, which is at
the vertex pt; ;1. We check the orientation of the three points. If they are clockwise
CW, then from 27 we need to subtract the angle . If the orientation of the vertices
list(pt;, ptis1, ptiv2) is the opposite of clockwise (anti — CTW), then we record the angle
a without correction.

Algorithm 1 InsidePolyAngle
/*Function for finding internal corners of a polygon*/
procedure INSIDEPOLYANGLE(pto, pt1, .- ., pty)

if isClockWise ptg, pt1, ..., pt, then return ptList = reverse pty, pty,...,pt,
i=20
L = length of pto, pty, ..., pt,
Repeat L
for pt;, pt;i1,ptivo do a = getlnsideAngle pt;, pt;i1, ptiso
if isClockWise pt;, pt;11, ptiyo then return a = (27 - «)

else «
i=i+1
End Repeat

In this way, it will be possible to write information about the internal angles and
lengths of its sides to each polygon.
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18 Georgi Evtimov
2.9 Crossing of two segments

Finding an intersection between two lines is an "expensive" operation in terms of CPU
time and should be used in the "extreme" case, so here we will look at two functions.
The first is to find the coordinates of the intersection point pt, of two given segments
e1 and ey, and the second is to check whether two given segments e; and ey intersect
without looking for the intersection point itself. The first function will return the in-
tersection point list = (x;,y;) as a value, and the second - true or false.

Find the coordinates of the intersection point pt,.
According to [31] and [30] the intersection point ptX = (X,Y") of two given segments
e1 = (x1,y1) and ey = (22, y2) has coordinates:

Ty yi| |y 1 T iy 1
Ty Yo||T2 1 Ty Yo Y2 1
r3 y3||rs 1 r3 y3||ys 1
T ry 1 T 1
x - 1T Ya| |4 Y= 4 Ya| |Ya ‘ (2.17)
Ty 1li|jz; 1 xp 1fjyr 1
To 1f|zg 1 x2 1fjy2 1
xT3 1 x3 1 T3 1 Ys 1
g 1llzg 1 ry 1l|ys 1

By calculating the determinants in (2.17), we obtain the following expressions for
X and Y:

. ($1y2 - ylx2)($3 - $4) - ($1 - $2)(I3y4 - y3$4)

+ = (21 — @2) (3 — ya) — (Y1 — v2) (w3 — 24) (2.18)
o ($1y2 - ?Jl$2)(y3 - y4) - (y1 - yz)(x3y4 - y3$4)

Y= (21 —22) (23 — 9a) — (Y1 —y2) (T3 —24) (2.19)

2.10 Point in polygon

We will consider the following problem in the XOY plane. For a given random point
T = list(x,y) (called test point) and polygon II = list(pto, pti, ..., pt,) to determine
whether the point is inside the polygon or not. The vertices of the polygon are given
by pt; = list(x;, y;).

Here will be considered two methods for solving this problem - Ray crossing method
(intersecting beam), [32], and Balanced sum of angles. In the software developed for
the dissertation the following approach is used before applying the intersecting beam
method to all segments. It is checked by the method of the intersecting beam whether
the given point 7' is in box of the polygon II;. For more finding box on a polygon, see
?2?

and if it is in box then the Ray method is applied to all segments of the II polygon.
This approach requires crawl the entire list of points (pto, pt1, ..., pt,) and compare to
find the minimum and maximum of each coordinate. This check is done quickly, as it
comes down to comparing two numbers. This approach is justified because the number
of segments in a polygon is growing very fast. Depending on the complexity of the
input polygons and the allowed angles of rotation, the polygon for which we check II
can reaches 300-400 segments. As this check is repeated n a number of times. The
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Metaheuristic Methods for Reducing Cutting Tasks 19

complexity of the algorithm is O(n?), but if the method set out in ?? is applied, then
the complexity can be reduced to O(n).

Ray crossing method
Check if a point T is in a given polygon II. Recall that the area surrounded by the
landfill is closed, i.e. including the border. For this purpose we build a horizontal
half-line

with the beginning the given point 7" and the end point T, which we will call
the intersecting ray Ray = list(T,T). Under a point in infinity we will understand
the largest number that can be generated from a given CAD system. In most cases,
10%° is sufficient as an approximation to infinity. The idea of the intersecting beam
method is based on the number of intersections with the polygon II. If the bore of
the intersection points is even, then the point 7' is outside the polygon, otherwise it is
inside the polygon.

In special cases, when the intersections of the ray Ray with the segments of polygon
IT coincide with a given vertex of the polygon II inaccurate results are obtained. To
solve the problem of coincidence of the transverse current with a given vertex of the
polygon, a criterion for "Ascending" and "Descending" segment is introduced.

Balanced sum of angles

The task is to find the oriented internal angle between the vectors. @ = list(T), pt;)
w b= list(T, ptisy).

We will now give criteria for when a point 7' is inside or outside a polygon Il =
list(pto, . .., pt,). We construct the vectors d; from the point 7" to pt;, i =0,...,n—1

and find the oriented angles o; between a@; and @;,1,7 = 0,...,n—1. Then we calculate
Sume = Z arccosa; (2.20)
i=1

If the point T is interior for the polygon II, then the sum of all interior angles
Sum qiphe is equal to £27. With a calculation of all angles (crawling), this method
gives us two important characteristics for a given polygon II:

1. If Sum, = 27 polygon II is oriented C'W;
2. If Sum, = —27 polygon II is oriented anti — C'W.

This is a very reliable method, but not fast enough according to cite BGSTAM
2017. Also from critical the error that accumulates when adding the corners is also
important. Usually the values of the angles are small with a large number of segments
of polygon and then a large enough error can accumulate, which in turn, it will be
difficult to judge whether the point 7" is in the polygon II.

2.11 Add points in a linear segment

Adding points in a linear segment is necessary to find more possible valid ones locations
of the polygons P;, 7 = 1, dots, in the polygon A. See point 4.4. Now let’s take a certain
polygon P = list(ey,ea,...e,) from the incoming list of polygons. Each segment e; of
the polygon P = list(eq,es,...e,) is divided into three subsegments. Detailed points
are added for each sub-segment. The principle of placing detailed points.

Obtaining detailed points for the segment e; = list(pt;, pt;11) is done by polar
coordinates (base point, angle and length). We define the function polar which returns
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a point at a given base point, angle and length. The base point is pt;. The angle of
the segment e; with respect to the abscissa axis OX is angle(pt;, pt;+1). Finding the
length of each segment is as follows:

1. Divide the segment e; into the ratio Ly = 0.1(distance = pt;, pt;11).

2. L, is divided by the corresponding number of segments we want to achieve. 3 or
5 divisions can be used.

3. The first detailed point will be ptr,; = (polar(pty, ang.1, %)

The calculation of the other detailed points for the segment e; is done in the same
logic as for the point pt;;;. The addition of these detailed points along the boundary
of the landfill in some cases increases the quality of valid solutions. When testing, if 1
place the polygon II; at the vertex pty, then we will not get a valid solution (placement
of the plate). However, if the polygon II; is placed in any of the detailed points, there
will be a valid solution.

2.12 Remove redundant points from a linear segment

The inspection is performed before the arrangement of the polygons begins. When rep-
resenting polygons as a list of vertices list(pto, pti, ..., pt,) is it is possible to describe
a triangle with more than three points. So the number of the vertices (points) in a list
do not determine the type of figure.

2.13 Crossing of two polygons

The function for finding the section (intersection) of two polygons A and B is one of the
main operations with sets and is often used in cutting algorithms. Unfortunately, the
implementation of this operation requires a lot of CPU time. The classic approach is
to check whether each segment of the B boundary intersects segment of the boundary
of A. This method is easy to implement, but as slow as possible, there is a complexity
O(n?), [10], p. 21. This approach is not used in the software developed by the author.

Faster methods for checking whether two polygons intersect use finding the points
of intersection of their boundaries with their coordinates or verification for logical
intersection. In most cases we will use logical intersection of the two polygons, then it
is not necessary to know the number or coordinates of the intersection points, suffice
it to know that one of the two polygons has at least one vertex that is inside the other
landfill. This is also used when searching for a possible position of a polygon II; relative
to the main polygon A. In the section 4.4 for 2D cutting we will give more information.

One of the possible cross-checks is by starting to emit rays from each vertex of the
B polygon. And if a vertex from the polygon B is in the polygon A, then the two
polygons A and B intersect. Not in this approach it is mandatory to check all points
of the polygon B whether they are internal to the polygon A. The method is reliable,
but its complexity is almost O(n?), since each ray is actually a segment with initial
vertex B;. This approach is relatively faster than the classical method.

tab |0.5 cm| One of the fastest algorithms is that of the "Bentley — Ottmann
algorithm", [39], which is concludes with the introduction of a vertical or horizontal
"scanning" line passing through all segments. When reaching the beginning of a seg-
ment, we report "event" and when we reach the end of the segment we also have an
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"event" the algorithm uses a vertical scan line. According to [43] the complexity of
this algorithm for all K intersections between the N segment is O((N + K)log N).

2.14 Reduction of polygon vertices

In the process of searching for a valid solution along the contour of the polygon, de-
tailed points are "inserted", which increase significantly the likelihood of finding a valid
solution. In the algorithm developed by the author [13], 15 detailed points are placed
on each segment. Three intervals of five points. This area of search for solution-these
detailed points. For each of them, the input polygon is translated and rotated. until a
valid solution is found. A valid solution is that the input polygon is in the fill polygon.
Without crossing the two polygons.

Reducing the polygon will significantly increase the speed of the algorithm and
save accordingly computational time. To reduce the polygon, we must determine its
direction of construction. Assume that the direction of construction of the polygon A
is CWW. We open a new blank list and start traversing the polygon A with every three
points list(pt;_1, pt;, ptiy1), i = 1...n. We calculate the direction of rotation of the
points list(pt;_1, pt;, pt;y1). If their direction coincides with the direction of rotation
on the polygon A, we check whether (get PolyArea(pt;_1, pt;, ptir1) < minArea and if
so it we do not write a point pt; in the empty list, otherwise we write pt; in the empty
list. If the direction does not match on rotation of list(pt;_1, pt;, pt;11) with A we write
pt; in the list.
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Chapter 3

Task for 1D Cutting Stock Problem.

3.1 Formulation of the task.

The problem of optimal cutting of elements of a given polygons (plates) dates back
to the beginning of the industrial revolution, the second half of the 18th century and
the beginning of the 19th century. It is typical for this period of time the exponential
development of the productive forces. The industrial revolution is connected not only
with the beginning of the mass use of machines, but also with the sharp rise of labor
productivity. High labor productivity is directly and directly proportional depending
on the consumption of raw materials. Hence the need for optimal use of resources in
production. The task of optimal linear cutting mainly affects industry. Industry is
a sector that includes the extraction of minerals and the processing of raw materials
in intermediate or final products. Conditionally, we can divide the industry into two
extractive sectors and processing. The secondary sector also includes construction.
Our task stems from the secondary sector - construction. Several types of materials
are mainly used in construction: Reinforced concrete, steel, wood and others. In this
case, we will focus on steel and wood constructions. These constructions allow to be
produced in a workshop and to be installed on the construction site. The production
of both types of materials (steel and wood) allows cutting. Let’s take for example, the
steel structure shown in figure 1.1.

In this construction, cross-sections of various types are used for the rod elements.
Double "" T "profiles," L "profiles," C "profiles.

Sections of steel profiles often reach 100 kg/m. At a price of one kilogram of steel of
the order of BGN 3.5 1v./ kg. (as of 2021) makes BGN 350 per linear meter. And when
we can make savings that are repeated for each account, then the benefit of optimal
cutting is obvious.

A list of input profile lengths L = [; is given. The solution of the problem for 1D
will be reduced to finding a solution for Bar;. Or this is the linear arrangement of
part of profiles [; in a given length Bar;. The next steps are until all accounts in the L
list are exhausted. Optimization involves locking the profiles so that get the smallest
possible remainder for each given length Bar;, see figure 3.1.
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Figure 3.1: Defining a linear cut.

Where Bar;, © = 1...n, see Figure 3.1, the target fill length for finding one pro-
file layout is displayed. The problem will be solved with the method of ants ACO.
The ant method is a metaheuristic method for solving computational problems [16].
This algorithm is part of the algorithms of Social Intelligence (SWARM models of the
evolution of culture).

In this case, it is 12,000 units. It cannot be less than the smallest length of the
input profiles. To find a valid solution, we take the one with the smallest value of
the remainder wastel of them among all the solutions found. We must note that
wastel consists of two wastes. One waste is real - that which remains as material
stored in the variable wasteReal. The other is technological, written in the variable
wasteCut. This is the width of the cutting tool. Therefore, the total waste is waste; =
wasteReal +wasteCut. Then the profiles included in the selected solution (green color
of figure ref fig: 1D-Waste) exclude them from the input list. The task is repeated
until as the incoming list becomes empty. Then we write in a variable sumWaste =
(wastey + wastes + - - - + wasten) scrap from all profiles and save the solution. Once
we get the next solution we compare them by sumWaste. We choose this with the
smaller sumWaste. The decisions are repeated or until we get a waste less than 5 %
or up to a given calculation time.
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3.2 Finding a complete solution for 1D cutting.

Let the following incoming list of cutting profiles be given. The incoming list is obtained
directly from the C'AD system. One such list is shown in table ref tbl: Profilelnput.
Input data for 1D cutting:

Table 3.1: Input data for profile cutting.

Section | Count | Length
2 3 4

Profile 1 36 320
Profile 12 54 330
Profile 8 4 330
Profile 15 18 334
Profile 31 54 340
Profile 25 54 350
Profile 19 | 360 365

] O T i W N =B

With n we will mark the "collapsed" list with 18 items. With N we will mark
the developed list with 580 items. Three stacking methods were tested. The first is
combinatorial optimization by the method of ants ACO, [53] and [54]. An ant was
used to find a solution for a Bar;.

Figure 3.2: Illustration of the ant method.

Figure 3.3: Value.
The Ant Colony Optimization method is part of the population methods. Popu-

lation methods are part of Metaheuristics. See figure 4.1. In general, this is a prob-
abilistic approach to solving a variety of computational problems. The ACO method

Abstracts of Dissertations 2022 (8) 4-57



Metaheuristic Methods for Reducing Cutting Tasks 25

solves problems according to given parameters. This method was first proposed by
Prof. Marco Dorigo in 1992 in his dissertation.

From then until today, the method proposed by Prof. Dorigo has been extended
and modified to be able to solve a wider range of tasks. The idea is taken from nature,
so here we will use terms like "ant" and "pheromone". A pheromone is a chemical
that is released from the ants in the process of passing a road. This pheromone serves
to communicate with other ants. In the beginning, the ants move at random. When
they find food, they return to their nest. All the way back and forth they release a
pheromone. This pheromone is deposited in their path. The pheromone attracts ants.
The more pheromones there are in a given road, the more likely the ants are to move
on it. In this way, the amount of pheromone increases and the path to the food source
becomes more attractive to other ants. A different number of ants can be used to solve
each task. The fewer ants are used to find the global optimum less current computing
resources (CPU time) will be required. In the present case, an ant was used. The ant
selects any valid element and places it in the valid solutions. For the next solution, it
uses a function called transition probability. This feature is a product of the amount of
pheromone and heuristic information. The amount of pheromone represents the expe-
rience of previous iterations of ants. The heuristic function is information representing
prior knowledge of the task. The ant chooses this transition, which has a great deal
of pheromone and heuristic information. This is the highest probability of a correct
decision. If there is more than one solution with equal probability, then one of them
is chosen at random. Omnce all the ants have found their solutions, the pheromone
should be renewed. First, the pheromone is reduced to reduce the impact of previous
decisions. A new pheromone proportional to the value of the target function is then
added. The logic is that solutions with more pheromone are better than those with
less pheromone and so they will become more desirable in the next iteration. In the
specific task, the pheromone is placed on the transitions.

Probability of transition.

(Tﬁj)(nfj)

i~ g 3.1
Pid = 5 () (P ) (3.)

where:

e 7,; is the amount of pheromone corresponding to the transition from vertex 7 to
vertex j;

e « is a parameter to control the influence of 7 j;

e 7;; is heuristic information. Combination of the parameters of the objective
function and the constraints;

e (3 1is a parameter to control the influence of 7; ;.
Pheromone Update.

¥ {L;€7 if an ant K passes through the edge i, j (3.2)

0, else

Algorithm of the ACO ant method, according to cite ESGI'113.
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Algorithm 2 ACOAIlgorithm
/*Algorithm of ants*/

procedure ACOALGORITHM
Begin
Placing an initial pheromone
While while the criterion is true do
Place each ant at the top vertex
Repeat
For each , apply for each ant
Choose next vertex
End Foreach , end of apply for each ant
Until , each ant is construct a solution
Pheromone renewal
End While , end of while
End

Since the creation of the algorithm in 1992 by Prof. Dorigo until today, various
modifications of the ACO algorithm have been developed. Some of the most popular
variants of the ant optimization algorithm are presented in [17], [18], [19], [20], [21],
[22], 23], [53] , [54],

In the current 1D task, the largest pheromone is given to those profiles that give
the smallest remainder of Bar;. The length of the profile is its weight because the cross
section is the same. It is a constant. See figure 3.3. The Length2 profile will receive a
higher pheromone (rating) than the Lengthl profile. Or these are longer profiles will
have a higher rating. The sum of the pheromone for Bar; is larger for longer profiles.
In this case, the ant method exhibits a Greedy character.

The second method is dynamic optimization. This approach does not make combi-
nations between profiles, but records the sum of the accounts due to an index. In the
next search, the sum of the lengths is not passed through the entire list to the given
position, but their sum from previous calculations is used. Give a list of profiles with
their lengths L, = list(po,p1 ... pn). The sum of the lengths of the first 5 profiles will
be:

1. sum; = py + p1;

2. sumo = sumq + po;
3. sumsg = sumso + p3;
4. sumy = sums + py;
5. ...

6. sum; = sum;_1 + p;;

The third method is a combination of Greedy and a combinatorial method with
complete depletion of the n-element, k-th class. In Greedy. method profiles are sorted
by length. From largest to smallest. The arrangement of the profiles starts with the
largest lengths being placed first. The next placement is the combinatorial method.
Method the largest length of the sum of the lengths of each of the three elements in the
list L,. The combination class is limited to three elements. Each combination differs
from each other by at least 1 element.

Abstracts of Dissertations 2022 (8) 4-57



Metaheuristic Methods for Reducing Cutting Tasks 27

vk n!

Ck="n — " 3.3

" Pk kl(n—k)! (3:3)
Or for ten profiles we have the following number of combinations with three ele-

ments:

100 3628800
31(10 — 3)!  6.5040

The lengths of profiles with the same cross section do not vary widely. In the
comparisons made between the three methods, for the purposes of steel structures the
hybrid approach Greedy + n? the algorithm gives the best results in terms of density
and time. The combinatorial method works with the "collapsed" list, we will mark
with the n element = 18 pieces. The maximum number of iterations is 73 = 343. It
is not necessary to reduce the number of items n by one after each profile placement.
In the developed list we will mark with N = 580 pieces. The maximum number of
iterations should be 580°% = 19, 511, 000.

Cutting lengths 12000 mm, cutting knife width 0. mm. The number of lengths
(profiles) for cutting is unlimited. Number of profiles for cutting - 580. The total
length of the profiles for cutting is 205 332 mm. Therefore, the global minimum will

be around % = 17.11, or up to 18 12,000m profiles.

=120 (3.4)
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3.3 Results at 1D cutting. Examples.

We will use the following commercial product:

Figure 3.4:
Comemercial product
for 1D CSP.

The Results of calculation:

Figure 3.5: Solution of 1D cutting with a commercial prod-
uct.
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The blue ellipses in figure 3.5 indicate the number of required profiles. They are 17
whole lengths of 12,000 mm + 1002 mm of the 18th length.
Results in this method:

Table 3.2: Results with Ants for 1D cutting.

N | Ibmkuan | Ocrarbk ITpodnm

1 2 3 4

1 12000 120 profile 19 (360x33),

2 12000 120 profile 19 (360x33),

3 12000 120 profile 19 (360x33),

4 12000 120 profile 19 (360x33),

5 12000 120 profile 19 (360x33),

6 12000 120 profile 19 (360x33),

7 12000 120 profile 19 (360x33),

8 12000 120 profile 19 (360x33),

9 12000 120 profile 19 (360x33),

10 12000 120 profile 19 (360x33),

11 12000 120 profile 12 (330x36),

12 12000 120 profile 31 (330x36),

13 12000 100 profile 25 (350x34),

14 12000 120 profile 1 (320x36), profile 19 (360x1),
15 12000 160 profile 19 (360x29), profile 25 (350x4),
16 12000 120 profile 31 (330x18), profile 12 (330x18),
17 12000 130 profile 15 (330x18), profile 25 (350x16), profile 8 (330x1),
18 12000 11010 profile 8 (330x3),
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Table 3.3: Pesyararu ¢ Greedy + n® method for 1D CSP.

N | Length | Waste Profile

1 2 3 4

1 | 12000 150 profile 1 (320x36), profile 12 (330x1),
2 | 12000 120 profile 12 (330x36),

3 | 12000 120 | profile 12 (330x17), profile 8 (330x4), profile 15 (330x15),
4 | 12000 120 profile 15 (330x3), profile 31 (330x33),
5 | 12000 170 profile 31 (330x21), profile 25 (350x14),
6 | 12000 | 100 profile 25 (350x34),

7 | 12000 180 profile 25 (350x6), profile 19 (360x27),
8 | 12000 120 profile 19 (360x33),

9 | 12000 120 profile 19 (360x33),

10 | 12000 120 profile 19 (360x33),

11| 12000 | 120 profile 19 (360x33),

12| 12000 | 120 profile 19 (360x33),

13| 12000 | 120 profile 19 (360x33),

14 | 12000 | 120 profile 19 (360x33),

15 | 12000 120 profile 19 (360x33),

16 | 12000 120 profile 19 (360x33),

17 | 12000 120 profile 19 (360x33),

18 | 12000 | 10920 profile 19 (360x3),

Table 3.4: Comparison of results for 1D cutting.

Software Number of Accounts Used | Time |s]
1 2 3
Commercial product 17x12000 + 1002 mm 7
Greedy + n? 17x12000 + 1080 MM <1
Ants ACO 17x12000 + 990mm 1

Obviously, the commercial product uses very complex heuristics or other optimiza-
tion methods. The commercial product is the slowest compared to the other two
methods Greedy + n® and ACO. As can be seen from the comparison table ref tbl:
ComparelD, the ant method AC'O gives the best result in terms of least waste, which
is our main goal. As a computation time Greedy + n? is slightly faster than ACO at
the expense of the worse solution. The commercial product is slow and gives a worse
solution than the ACO ant method. Therefore, we can conclude that the algorithm
proposed by the author of the dissertation ACO is superior to the other two.
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Chapter 4

Task for 2D Cutting Stock Problem.

4.1 Formulation of the task.

The industry sets a variety of optimization tasks to solve. These tasks can be classified
on many grounds depending on:

1. the nature of the problem to be solved;
2. task structure;
3. the number of control parameters;

4. the nature of the dependence of the criterion and the constraints of the parame-
ters;

5. the presence of various restrictions;
6. the nature of the required minimum;
7. number of criteria;

8. and others.

In the production of steel structures it is necessary to cut plates from a given steel
sheet. The plates come as polygons from a CAD system. This requires arranging the
input plates on the sheet so as to obtain minimal waste. This is the cutting of a certain
number of figures from a given material, which in the general case will be a polygon.
We will call this polygon a polygon to fill. See figure 1.4.

This task is also known as Cutting Stock Problem or (CSP), [69]. This problem
is an NP-complex combinatorial task [88]. The literature gives exact solutions to the
problem for figures (planks) that are rectangles. It will be given below an algorithm for
finding a solution to the problem of arranging a given number of arbitrary geometric
figures (plates described by polygons) inscribed in any contour (polygon to fill). The
method allows use of rotation and a mirror image of the figure. CPU computing time
increases significantly with increasing the number of figures and their complexity as
geometry. Finding a solution by exhausting all possible combinations is unacceptable
as too large a calculation. In the modern development of computer technology it is
possible to solve a complex task on a super computer that will find all possible solutions,
but in most cases this is not justified. Of course, the cost of a significant computing
resource depends on the importance of the task. The algorithm presented below has
the possibility to parallelize the computational processes. But the mass tasks will
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be realized on a desktop or personal computer. The aim is to create an algorithm
that gives in a short time an acceptable solution to complex combinatorial tasks using
mobile computing devices. We will introduce all the mathematical concepts that are
used to describe the mathematical model and algorithm for solving the optimization
problem.

The CAD system produces polygons, which are lists of points in the coordinate
of the XOY system. In the general case, these polygons also contain points that are
not vertices of the polygon, ie. points lying on one right. We will call these points
redundant. Therefore, all polygons generated by the CAD system will we apply the
function for clearing the excess points. After removing the excess points we get input
allowable polygon described by a list of points

P = list(ptg, pt1, ...pty,), (4.1)

where pt; are the vertices of the polygon. This list has the following properties: 1. The
list is ordered; 2. The list is cyclic pt,, = pto; 3. There is no self-crossing.

In the process of working on the algorithm we will need the concept of a segment,
which is a segment between two consecutive tops. In this way we generate the segments
e1 = list(pto, pt1), ..., e, = list(pt,_1,pt,) and we get another characterization of the
polygon II = list(ey,es,...,€,). Plates with curve boundaries are approximated by
polygons with a sufficient number of vertices. Examples of input valid polygons are
shown in Figure 1.5.

A polygon to fill A to be filled will also be described with a list of points:

A= liSt(p(]?pl? s 7pm> (42)

The filling contour must not be self-intersecting.
There are two criteria for task optimization:

1. Minimum fill height optimization - minY’;

2. Optimization of the number of vertices of the residual polygon after cutting of
the input polygon from the fill polygon - minVertex.

Let’s consider optimization of the minimum height.

Of all the dispositions, we will consider as the best the one with the smallest ordinate
in the coordinate XOY system. If more than one solution with the same ordinates
minY is obtained, then we take this with best fill factor. If there is more than one
solution with a maximum coefficient of fill we choose those solutions that cut the
fill polygon with the smallest number of vertices. This means that the cut achieves
"correct" shapes. If there is more than one solution with the smallest number of
vertices, then select the first in the list.

To find the face of a polygon, see the formula 2.12. This formula gives the double
face of the polygon. Then we define the fill factor ratio as:

2 i b
Ap

Therefore, the minimum value ratio = 0 of the coefficient is when the polygon Ap
is not filled. The maximum value ratio = 1.0 is at maximum fill of Ap.

Of course, the definition of minY leads to the situation of how the fill polygon P
is introduced. If we want to avoid this problem, then the solution of the problem will

ratio =

(4.3)
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have to take several different angles of the filling polygon P. The angles of rotation
will be the angles that each segment concludes with the abscissa axis. The number of
rotations is equal to the number of segments of the respective polygon.

Consider optimization of the number of vertices of the residual polygon.

Of all the layouts, the best will be considered what when cutting the input polygon
in the fill polygon has at least the vertices of the residual polygon. In the present
dissertation, this is the criterion for a polygon to be "smoother". Finding a suitable
polygon from the input polygons will be done by comparing the sides of the two poly-
gons - the input and the filling polygon. If we have a complete match of the lengths
of the sides of the two polygons, then we will choose this input polygon. If there is no
coincidence of the sides of the input polygon to the filling polygon, then we will use
the coincidence of the angles of the two polygons.

If more than one solution with the same number of vertices of the residual polygons
minVertex is obtained, then we take the first decision in the list of valid decisions.
The difference between minY and minVertex is that with minVertexr large (long)
polygons are allowed to "enter" the filling polygon first, because they are more likely
to produce a smooth residue. The minimum smoothness of the residual polygon that
can be obtained is a polygon with three vertices list = (pto, pt1, pt2) with an area other
than zero.
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4.2 Strategy for selection of an input polygon. Meta-
heuristic methods.

Metaheuristics is a powerful tool for finding the optimal or suboptimal solution of com-
plex combinatorial problems. A key role in the development of metaheuristic methods
is the need to find an acceptable solution for an acceptable time with limited hardware
resources. According to cite Wiki: Meta, metaheuristic algorithms (metaheuristic algo-
rithms, in short: metaheuristics, metaheuristics) in computer science are algorithms for
mathematical optimization, which solve combinatorial optimization problems. These
tasks are generally complex, represented by sampling the input data. Such tasks are
usually characterized by strong nonlinearity, many parameters, various complex con-
straints for satisfaction and many - often contradictory - optimization criteria.

Even with one optimization criterion, there may not be a single valid solution. Only
then there is no optimal solution. If there is even just one acceptable solution, then
there must be an optimal solution.

In general, finding the optimal or even close to the optimal solution is difficult to
achieve. The term "metaheuristics" was introduced by Fred Glover in his founding
article in 1986 as an upgrade of the term "heuristic" algorithm, which in the broadest
sense means a trial-and-error solution-finding algorithm. "Means" beyond "," super
" " at a higher level "and the metaheuristic algorithm means a" higher "strategy that
guides and modifies other heuristic algorithms to achieve solutions better than those
that would normally be obtained when searching for a local optimum [35], [36]. In
addition, all metaheuristic algorithms balance between global and local search. Qual-
itative solutions to difficult optimization problems can be achieved in a reasonable
(ie polynomial) time, but without a guarantee that (global) optimal solutions will be
achieved. The two main components of any metaheuristic algorithm are: intensification
and diversification, or exploration and exploitation. Diversification means generating
a variety of solutions so that the search space can be explored over a wide range, while
intensification means focusing demand on a local region, knowing that the current best
solution is in that region. When selecting the best solutions, a good balance must
be found between intensification and diversification in order to improve the rate of
convergence of an algorithm. The choice of the best current solution ensures that the
solutions will converge to the optimum, while the diversification by choosing random
values of variables allowing to avoid falling into a local extremum and the same time to
increase the diversity of the solution. A good combination of these two main compo-
nents usually leads to finding a global optimum. According to [27], the basic properties
of metaheuristics can be summarized as follows:

1. Metaheuristics provides strategies to guide the search process;

2. Our goal is to effectively explore the search space to find optimal or suboptimal
solutions;

3. Metaheuristic techniques cover a wide range of procedures - from local search
procedures to complex machine learning procedures;

4. Metaheuristic algorithms are approximate and usually nondeterministic;

5. Metaheuristic algorithms generally provide mechanisms to avoid focusing demand
only in limited areas of space;

6. The basic concepts of metaheuristics can be described on an abstract level;
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7. Metaheuristic algorithms are universal;

8. The metaheurist can use knowledge specific to the field in the form of heuristics,
which is governed by a high-level strategy;

9. To guide the search, modern metaheuristics uses the experience gained in the
search;

10. Metaheuristics is a high-level strategy for exploring the search space using differ-
ent methods;

11. Requires a dynamic balance between the use of two fundamental concepts: di-
versification and intensification.

Figure 4.1: Classification of metaheuristics with populations.

Hybrid metaheuristics provides opportunities to increase search efficiency by
combining different metaheuristic algorithms. Hybrid metaheuristics is used in the
present dissertation. The following strategy was used:
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1. "Scattered Search" from the Evolutionary Algorithms of the Population Method
See figure 4.1;

2. Probabilistic prediction of the selection of an element;

3. Hierarchical evaluation of decisions.
We have a list of polygons

I, = (listy(pto, pt1, ...ptn), (lista(pto, pt1, ...ptn)), . . . (list,), pty, ...ptyn)), (4.4)

where [ist; are polygons describing through their vertices. The vertices are described
by a list of two real numbers list(X,Y), see 2.1. We will call the list IT; a list of input
polygons.

The polygon A to be filled is described by a list of points:

A = list(po, p1s-- - Pm) (4.5)

The filling contour must not be self-intersecting. In the given task the polygon for
filling A is one in number. If we have more than one polygon, then the solution of the
problem is repeated for each of them.

Before selecting an input set, it is necessary to estimate the coincidence of the angles
and sides of the current input polygon.

Hi - (liSt(pt()?ptl? ptn),’t — ]-, Lo,

to it the angles and sides of the filling polygon A = (listg, pti, ...pt,). For this pur-
pose, two new derivative lists of II; and A are compiled. Accordingly, they contain
sequentially arranged lists list(previosLength, Angle, NextLength). It is good for the
elements of the two lists to be composed of constructive pairs. The constructive pair
is composed of two elements - the first with a name, the second with a variable. It
can be written as cons("name”.AnyValue). In "name" we write "angle" for angle or
"length" for length In AnyValue - any value which can be Integer, Real, String or List.
Or the new derivative lists are:
II; = list((list(cons” previosLength” (distancep, pt,))
(cons” angle” pt,, pto, pty)
(cons” NextLength” (distancep, pt,)))

(list(cons” previosLength” (distanceyt,pt,_1))
(cons” angle” pty, ptp, pta_1)
(cons” NextLength” (distancep, pt,))))
Where n the number of vertices of the polygon II;. If (i + 1) > n then ¢ = 0. The
I1; list is cyclic.

A similar list is compiled on the polygon to fill A. The A list is cyclic.

Each item in the II; List is compared to the corresponding item in the A list. The
largest number of consecutive matching elements from the two lists will give us the
highest probability that the polygon II; coincides with the polygon A. In order to
make a correct comparison of the two lists, we will have to choose which list will be the
main one. Below the main list we will understand the one that has a greater length
(more elements). In the list list(A) can be either II; or A. Not necessarily the number
of vertices of A to be greater than the number of vertices of II;. Crawling both lists
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will be done on base indices. The first iteration is when the index 0 from the list listB
coincides with the index 0 on the list listA. Now the first index of listA increases by
1. A second iteration follows when the index 0 from the list B coincides with the index
1 on the list A. As an index 0 from listA goes last in listA. Or the listA list has a
cyclical behavior. This is repeated as we go through all indexes of listA or the loop
is repeated as many times as the length of the list listA. For each check we record
the number of consecutive matches. The evaluation of the list listB is given by the
following formula:

k= Z Ratiogngre; + Z Ratiopengin,, (4.6)

, where
Ratiogngre; = (if|(angles; — anglep;)| < fuzz toreturnl.,else0.).

At the corners we look for a complete match. As A: is an angle from the list listA,
and Bi is the corresponding angle from the list listB.

Once we have a complete coincidence of the corresponding angles Ratiognge, = 1.,
then we proceed to estimate their respective lengths.

lengthp; length ;)

Ratiopengin, = (i f(lengtha; > lengthp;) — return( (4.7)

length ; e lengthp;

Condition 4.7 gives coefficients close to or equal to 1., no matter which length is
greater lengthA; or lengthB;. This is because we are looking for polygons whose sides
almost coincide.

As can be seen from the formula (4.6) polygons with a larger number of vertices will
be more likely for higher matching scores. This is good, because after subtracting the
two polygons A\ B we get polygon with fewer vertices. The coefficient of the formula
(4.6) can be used as an estimate for the similarity or similarity of figures.

4.3 Strategy for choosing a solution from valid place-
ments.

Let’s look at two polygons. Fill polygon A = list(pty, pta, pts, pts) and input polygon
I1; = list(pty, pta, pts, pty, pts, pte). The right II; polygon is the input polygon. The
left polygon A is the fill polygon. The polygon II; is not a triangle! It is necessary
to add detailed points along the boundary of the polygon to fill A. These points will
be areas of placement of the polygon II; and check whether the polygon II; is in the
polygon A. If the check is satisfied, we record this decision as possible. Rotation
of the landfill is allowed. Mirror image not attached. From these valid solutions we
estimate those that have the greatest contact length with the polygon A and the
distance LengthA = distance(pto, ptyr). There is a relationship between the length
of the support and the length LengthA. This dependence is accepted by the author.
Of course, other dependencies can be written. The evaluation of each solution is
eval = LengthO fTouch + (2.0 x LengthA). It is given the weight of the distance from
the center of gravity of the polygon to a selected point of the polygon to fill. In this case,
this is the point at the bottom, at the left. Another point can be selected regardless of
whether it is from the many points of the fill polygon. After evaluating the solutions,
we choose the solution with the green outline of the polygon. We subtract A \ II;.
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Once we have chosen the first solution, we proceed to choose the second. The
selection of an input polygon is done according to the procedure described in point 4.2.
Since our goal is the maximum consolidation of the solutions, the choice of the second
solution should be sought along the contour of the already found solutions. At this
stage, a hierarchical evaluation of decisions is applied. We build a rectangular contour
around the selected polygons. We will call it box. We will first look for solutions that
go into the box of valid solutions, if we do not find such we use all valid solutions for
evaluation. The evaluation of the solutions inside box is also done according to the
formula: eval = LengthO fTouch + (2.0 * LengthA). It should be noted here that this
procedure for selecting solutions after the first must bypass all incoming polygons and
then take this with the highest score. In the software developed by the author, this
crawl is not done due to the lack of computational resources, but the proposed method
is not limited in this direction. If there is enough powerful hardware plus GPUs, the
algorithm will give very close results to the global optimum.

After cutting the two polygons, the new contour is obtained. This loop will serve
as a fill loop for subsequent polygons. As you can see new contour does not follow
completely old. The new contour is purposefully reduced. For more information on
how to reduce the contour, see 2.14.

Aboz

Iy,

TatiOGlobal = S 1.0 (48)

4.4 Finding a possible location of the plate in the fill-
ing polygon.

Finding a possible arrangement of the plates (represented as polygons) is done by plac-
ing an input polygon in the polygon for filling and applying the function of subtracting
two polygons. The function is described below. Depending on the requirement of
the particular case we can build derived polygons from the input polygon often with
permission to apply rotation and mirror symmetry.

The number of rotations on which we can rotate a given polygon is arbitrary. The
more angles we have in the rotation list, the more likely we are to get a possible solution.
In order to limit the arbitrary rotation of the polygon without a quality solution (the
polygon should be in the filling polygon) it is necessary to choose appropriate rotation
angles. The angles of the segments of the input polygon with the abscissa axis X can
be taken as a starting point. The exact angles (0;0.57; 7; 1.57) can then be added. If
it is necessary to consider the application of the input polygon, then the number of
additional polygons will increase. Some states of rotation will be completely identical
in geometry.

Checking whether one landfill is contained in another can be done in two ways:

1. Check for each node whether it is in the fill polygon. This check should be done
with a while loop, if the current test point is outside the loop, the solution is
dropped without continuing;

2. Check if there is a trivial intersection of the two polygons. If there is an inter-
section, then the decision is dropped, otherwise - is accepted.

If the first criterion for an optimal solution is minY, then only the top of the
polygon P can be checked with the smallest ordinate (in this case p;). But it is best to
do for all vertices of the polygon to fill P. Another criterion for choosing a solution is
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when a smooth shape is obtained when cutting the two polygons. The criterion for a
smooth figure will be the minimum number of vertices after cutting the given polygon
from the filling polygon. A combination of criteria is also possible. On the selected
valid solutions for minY, the criterion of a minimum number of vertices after cutting
them with the fill polygon will be applied.

In the presence of a multi-core processor and the language in which the application
is written, parallel calculations are allowed. Parallel calculations can be made for the
other possible states of the input polygon.

The algorithm is repeated for the generated mirror image of the input polygon. All
generated rotation angles are valid for the mirror polygon.

4.5 Elimination of the real waste in 2D cutting.

A cutting tool with a certain cutting characteristic is used for cutting the figures. For
this reason, a distance between the polygons must be provided. We enter the parameter
cutW for the width of the joint (knife) between the polygons.

This problem is solved as the input polygons are expanded with a strip with a width
of 0.5cutW and each segment is moved off the range by 0.5cutW'.

4.6 Results at 2D cutting. Examples.

In the following pages we will illustrate the cutting of the following input polygons
(plates). The examples are taken from a real construction site.

The landfill will be a standard rectangular sheet with a width of 1500 mm. For
the input polygons we will show results with the contour line of the polygon shifted
by the width of the knife. Width of the knife 5 mm. The dimensions of the plates
are in millimeters. Before we start calculating the input polygons, they go through
preprocessor processing, which includes:

1. Sorting the slats by thickness;
2. Read their number;

3. Find the contour of the plates.
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Figure 4.2: Input polygons.
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Comparison of the current algorithm with a commercial product.

It takes about three months to make a steel structure from figure 1.1. The number
of slats in such a construction is about 1000. The number of unique slats is about 100.
The number of iterations is relative. It depends on whether the material is expensive
or not. Several iterations can be run on different computers and the best of them
can be taken. This is a matter of consumer decision. If hardware is available, several
iterations can be made until acceptable waste is obtained.

In the present comparison we will use the bars given in figure 4.4. The total number
is 106. With these plates a comparison is made between the commercial product and
the developed method in the present dissertation. Finding the final solution with
the presented method is for one iteration. More iterations can be made with more
homogeneous planks.

Used commercial product.

Figure 4.3: commercial product FP Opti2D.

According to the manufacturer’s website, the product offers the following function-
alities:

1. User friendly graphical interface.

2. Handles panels, metal sheets and glazing.

3. Specific functions for aluminum composite panels.

4. Defines the parts to be optimized.

5. Directly uses the panels and glazing lists generated by FP PRO.

6. Imports work lists from Excel and from external calculation programs.
7. Manages the stock of full sheets and short bars.

8. Graphic display and printing of the optimized sheets, with clear indication of the
cuts to be made and layout of the workpieces.

9. Provides statistical information on use of the sheets.
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Figure 4.4: Sheet from the printout of the commercial product.

As can be seen from the printout, the commercial product version V.2.0 / 2 (Build
2) only works with rectangular plates. It is allowed to rotate the plates. According to
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the operator, the optimization lasted about 20 minutes or 1200 seconds. Dimensions
of the filling sheet 1500mm / 6000mm. Operating time is not specified in the printout.
Waste 18.2 %. All plates have an offset contour of 5mm. We will work with this
contour in the calculations. Actual waste can be calculated as follows:

1. Total used area - 2 sheets x 1500mm x 6000mm = 18,000,000 mm?;

2. Real area of all 106 plates - 9,859,421 mm? ;

The real waste is 8,140,579 mm?. Or 45 % waste. Actual occupancy 54 %.
Results of the presented method in the present paper. Number of plates are 106.
All plates have an offset contour of 5 mm from their actual contour. Permitted rotation

of the plates: Yes. Outline: of fset PtL.

Table 4.1: Comparison of a commercial product and the presented algorithm

Turn On parameters Contour | Count plates Ratio Time |s]
1 2 3 4 S

(a) Mirror:Yes, Rortate:Yes, Intervals:No box 106 0.72 18 776
(b) Mirror:Yes, Rortate:Yes, Intervals:No | Of fset 106 0.70 109 519
(c) Mirror:Yes, Rortate:Yes, Intervals:No | Of fset 106 0.71 227 846
(d) Mirror:Yes, Rortate:Yes, Intervals:No | Of fset 106 0.69 7 555
(e) Mirror:Yes, Rortate:Yes, Intervals:No | Of fset 106 0.76 41 031
(f.1) Mirror:Yes, Rortate:Yes, Intervals:No box 51 0.71(0.67) | 2194
(f.2) Mirror:Yes, Rortate:Yes, Intervals:No box 55 0.57 (0.44) | 2454

(Commercial product)
Mirror:N /A, Rortate:Yes, Intervals:N/A box | 106 | 054 |

For the case f.1 and f.2 in brackets are given the fillings of the plates relative to the
base sheet 1500mm x 6000mm. The same parameters were used as for the commercial
product. The commercial product has a number of limitations. Some of them are
that the figures are approximated to a rectangle, a mirror image of the figures is not
used. The angles of rotation are reduced to two: 0 ° and 90 °. In terms of the fill
ratio Ratio, the presented algorithm is much better. see table 4.1. The odds are 0.71
for the current algorithm compared to 0.67 for the commercial product. The second
comparison is 0.57 for the current algorithm compared to 0.44 for the commercial
product. With large volumes of work or expensive material from which it will be cut
the difference increases even more in favor of the presented algorithm. The algorithm
presented in this dissertation is better than the commercial product because it gives
a higher percentage of compaction of the figures. Another advantage is the very good
one its suitability for parallelization of calculations.
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Chapter 5

Conclusion

1D Cutting Stock Problem.

As can be seen from the comparison table 3.4 the ant method (ACO) gives the best
result in a very short time. In this case, the ACO method exhibits the character of a
Greedy algorithm. The ACO algorithm is better than the commercial product both
in time and in optimization. For large decoupling volumes and computers with weaker
processors, the ACO method is very suitable.

2D Cutting Stock Problem.

After the tests of different types of boards, the conclusion is that a larger number
of iterations are needed for an acceptable solution of a given problem. The results
in the present dissertation are in 3 iterations. Three iterations are accepted because
finding a solution takes considerable time. For some types of plates this number is
insufficient. The tests were performed on a Windows ®)10 Pro, x64 desktop computer.
Intel textregistered Core (TM) i5-9500@3.0 GHz processor. Used processors one. CPU
CPU type. Although the processor is one of the last generations at the time of writing
this paper is proving weak for a higher degree of compaction of the plates. But if
you are looking for a relatively fast arrangement and a small number of boards, the
desktop computer can handle it. The presented approach to solving the problem can
be applied in 90 % of the cases in practice. It should be noted that a slightly higher
density of the solution requires significantly more calculation time. Whether time will
be sacrificed at the expense of material depends on how expensive the material from
which the figures will be cut is expensive. A further development of the problem will
be its development for hardware with sufficient computing resources based on GPU
processors. The results of this dissertation have been reported at various national and
international conferences.
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2. 11th Annual Meeting of the Bulgarian Section of STAM (BGSIAM - 2016);

3. 120th European Study Group with Industry (ESGI’120 - 2016);

4. 12th Annual Meeting of the Bulgarian Section of SIAM (BGSIAM - 2017) ;
5. 13th Annual Meeting of the Bulgarian Section of STAM (BGSIAM - 2018);

6. Conference on Large-Scale Scientific Computations LSSC’17, Sozopol, 2017;

7. Ninth International Conference on Numerical Methods and Applications NM&A’18,
Borovets.
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5.3 Yields

Contributions to this dissertation can be divided into scientific and applied sci-
ence, as scientific contributions concern the development of methods and algorithms for
1D and 2D cutting, and the scientific-applied ones refer to their program realization.

The scientific contributions are:

e An algorithm for optimal cutting in one-dimensional space has been developed;
e An algorithm for optimal cutting in two-dimensional space has been developed;

e A method for two-dimensional cutting based on hybrid optimization has been
developed;

The scientific and applied contributions are:

e A program implementation of the algorithm for one-dimensional cutting has been
made;

e A program implementation of the two-dimensional cutting algorithm has been
made;

The results of this dissertation can be used in various fields of science and engineer-
ing practice:

e The design of buildings and facilities;

e The design of the wear of parts in machines as well as the design of mechanisms;
e Barth mechanics - soil consolidation;

e Aviation equipment - finding the optimal path in an environment with obstacles;
e And in many other areas where CAD systems are used.

Applied contributions can also be developed in companies that produce steel struc-
tures. The application software can be implemented in other industries that are not
related to the construction of buildings and facilities. Another very great application
advantage is that the input data is taken directly from the database of the CAD system
with which the facility was designed. This repeatedly increases the speed of receiving
and accuracy of the data with which the program works. With a few clicks, thousands
of polygons can be selected and the cutting program can be started. The software
can automatically remove or correct "incorrect" polygons to avoid inaccuracies in the
initial results. The solution takes a few minutes depending from the performance of
the computer system on which the software is used. The algorithm developed in the
presented dissertation, allows the use of a mirror image of the polygons, rotation and
other operations, which can lead to a significant improvement of the obtained approxi-
mate solution. Of course, for the purposes of large-scale research, the algorithm can be
implemented of a supercomputer as it allows significant parallelization of calculations.
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I'1aBa 1

YBOJ

HeobxoaumocTTa oT onTuMHU3aIius Ha JOBEIIKUS TPY BOJAU 0 MacOBOTO Pa3lpOCTpa-
HEHHE Ha U3YUCJIUTETHU €JICKTPOHHA yCTpOfICTBa, KOUTO B IMOBEYETO CJy4Yau 3aMeCTBaT
YOBEIIKOTO IpUCheTBUE. OT TaM 3aIll04YBa U €KCTPEMHOTO pa3BUTHE HA HHQMPOPMAIHOH-
uure rexnosioruu (T) kaTo cpeicTBO 3a ypaBieHHe HA H3YUCIUTENHUTE YCTPOHCTBA.
SHAUYUTETHOTO MOEBTUHABAHE HA €JIEKTPOHUKATA JOMBIHUTE/THO PA3BUBA TO3U MPOIIEC.
Bce noBede mammam 33 TPOU3BOCTBO Ce YIIPABISABAT OT KOMIIOTPH, 0€3 3HAUEHIE [TAJTH
ce MOoJI3yBaT OT MPEANPUATHE, KOETO € MaJjKO, CPeIHO WU rojisiMo. KcrecTBeHO TIpo-
JIbJIZKEHHE HA TO3U IPOIEC € PA3BUTHETO Ha MPeKa 3a 00euHsIBaHe Ha eJIeKTPOHHUTE
ycTpoiicTBa Hapedena VHTepHer.

C'beeMeHHa TEHJACHIINA € BCUYKH YCJAYId [Jda Ce IpeHaCcOdYBaT OT peaIHOCTTAa BHB
BUPpTYyaJIHATa peaJIHOCT. BI/ICOKO TEXHOJOTUYIHUTE MHAYCTPUU B IMIPOU3BOJCTBEHUA CEK-
TOP MAcOBO H3TPazKJIaT CUCTEMH 3a IJIAHUPAHE U YIIPAaBJIeHHEe Ha PeCypCcuTe HA MPOU3-
BOACTBOTO. H(popMalHOHHUTE CUCTEME TO3BOJISABAT ONTUMHU3UPAHE HA PECYPCUTE HA
BCUYKH HHUBa Ha OpraHu3allMOHHATa ﬁepapXI/IH. Taan OlITUMMU3allsd B 11IOBEYETO CJIydau
OKa3Ba TOJIOYKUTETHO BIUIHUE KAKTO BbPXY KOHKYPEHTHOCIOCOOHOCTTA Ha (hupMaTa,
TaKa M CrocoOCTBa 3a MO-I"'bBKABO U MO-0bp30 HaMUpaHe Ha HOBU mazapu. I3norssane
Ha UHAGOPMANMOHHUTE CUCTEMHU OT (pHUpPMUTE JaBa Bb3MOKHOCT Ha KJIHEHTHUTE UM Ja
pelraBar mo-ao0bpe, mo-0bp30 U mo-e(PeKTUBHO CIeNUMUIHE IPOoOIeMHI B 1aJIeHa Ipe -
merHa obsact. Ocobeno edexkTuBeH e To3u MOAX0A B cdhepara HA TEKKATA WHyCTPUS
u CTPpOUTEJICTBOTO.

Iupokoro npunarane Ha N'T B Eppona u Bbirapusa cb3gaie egHa TUHAMUYHA U
BHCOKO KOHKYPEHTHa cpejia, B KosaTo ¢pupma 06e3 BHeapsaBane Ha T perenus e gecto
obpeuena na ¢asut. HeobxoaumMocTTa 0T ChbKpalliaBaHe Ha MPOU3BOJCTBEHU PA3X0/u €
JKU3HEHO BaykKHA 34 OIEIsIBaHeTO Ha npeanpustrero. OT apyra cTpaHa W3NCKBAHUATA
HA KJIMEHTUTE HAPACTBA, KOETO JOMbJIHATEIHO MOAXPAHBA HEOOXOIMMOCTTA OT Obp3u
pellieHus 38 OINTUMHU3AINA Ha MATEePUAJTHUTE W YOBEIIKU PECYPCH, KOETO Ce IOCTUTA
eeKTUBHO ¢ u3moa3yBaHe Ha codryep. Taszu cuTyanusi Ha masapa OTKPUBA HOBU U
HOYTU HEOTPAHUYEHU BbH3MOXKHOCTU 33 MPUJIATaHETO HA HPHUJIOXKEeH codTyep Ipu pe-
IMAaBAHETO HA Hal-pas/jnvdHu 3a7a49u. Beekn codryep, B KOHTO € MPHIOKEHO 3HAHWE,
MOZKE Jla Ce pasljiekJa KaTo CTPATerudecKd W3TOYHHMK Ha uWHOBalus. /Ipyra rbeka-
BocT HA U'T e BB3MOXKHOCTTA TEXHOJIOTHATA ja Obje pazpaboTeHa OT TpeTa CTpaHa,
HeIpUHAIeXKAIa Ha hupMaTa, HO JIa ce Npuiara e(peKTUBHO OT MHOIO JAPYTU (hUPMH.

Hakparko, ¢pokychbT HA HAyTHO-M3CIEI0BAaTEICKATa paboTa B CHIETAHNE C TEXHO-
JIOTUYHUATE MHOBAIMU € €JIHa OT Hall-IuHAMUYHUTE 00JIACTH Ha Pa3sBUTHTE HA CbhbBpe-
MeHHaTa uHaycTpud. HacTosmara aucepralnmsita MpeIcTaBIsgBa YCUIHE B Ta3U MOCOKA.
MotuBanugara u 00eKTHT Ha MPUIOKEHNEe Ha Ta3u paboTa NPOU3IU3a OT CTPOUTETHATA,
UHAYCTPpUA U 110 CIEUAJIHO OT IIPOU3BOJACTBOTO Ha CTOMaHEHW KOHCTPYKIUH.

Exna or Hali-BazKHUTE U MIMPOKO TPAKTUKYBAHH JICHHOCTH TaM € CJIeHaTa: 32 Hy K-
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JIUTe HA CTpoUTE/IeH 00EKT € HeOOXOJMUMO JIa Ce PA3KPOsT OIIPEIe/IeHO YUCJIO JeTailain
(MHOTO 9ecTO JAOCTHUTAIN XUJISIAN) ¢ PA3JIndHu pasmMepn, Gopmu, JebenHE, a B HIKON
caydait m oT pazjandeH mMarepuas. Marepuaabr e gocTaBeH 1moj ¢popMaTta Ha MeTaJH!
JIICTOBE WJIH OCTAT'bIN OT JIICTOBE, OT KOUTO MpeIN TOBA ca U3psa3BaHU jeTaitiu. [Ipu-
Mep Ha TaKaBa CTOMaHeHA KOHCTPYKIHS e mokaszan Ha Purypa 1.1. Heobxoxumo e 1a
ce pa3KposaT HYXKHUTe JAeTallii KaTo ce MUHUMU3NPA Pa3xXoja Ha MaTepHuadl.

Tazu mocranoBka € yacTeH cjaydail Ha obiara MareMaTudecKa 3ajada 3a OnTHMAa-
JieH pa3kpoit. [IpakTudeckara 3a/1a4a 3a onTuMaJjeH pa3kpoil ce 3aK/049aBa B CJIe/Ha-
Ta JiecHa (hOpPMYTUPOBKA: 3a/IaJIeH e ONpejieieH MaTepua (HalpuMep, B TeKCTUTHATA
HH/YCTPHS TOBA € IJIAT, B CTPOUTEJHUTE KOHCTPYKIIUH TOBA ¢4 METATHHU JIHCTOBE) U TO-
JIIMO KOJIMYEeCTBO YeCTO pas3aIndHH, jgeTaitnn. Heobxoaumo e ga ce pasKposiT HYKIUTE
JieTaiiin KaTo ce MUHUMU3UPa Pa3xorbT Ha MarepuaJ. [IpakTrndecku, ToBa 03HavaBa jJa
ce MUHAMH3UPA MaTePUAT BT, KOWTO OCTaBa CJie/] pa3Kpos U He MOYKe J1a, Ce OTIOJI30TBOPH
OCBEH JIa ce IIpejiaje 3a BTOpUYHa MpepadoTKa WU peluKaupane. To3u Hen3mor3yBan
MaTepHaJ ce Hapuda decTo (pupa. Tasu 3a7aua MaTeMaTHIeCKH € (pOpMyJIHpaHa IpeIn
noseve oT 80 TOJAWHW BHB BpPb3Ka ¢ WHAYCTPUAIUIAINUATA HA IMUBAIKOTO TPOU3BOI-
ctBO. Ilogoben Tui 3a/ja4um Bb3HUKBAT B MHOI'O JIPYI'M WH/yCTPHAJJHU MPOU3BOJICTBA
W W3MOJ3YBAHETO Ha ONTHMU3AIMSI Ha PelIeHudATa MOYXKe 13 JOBeJe JIO ChIMeCTBEeHH
WKOHOMUW Ha MaTepuaJl.

Qurypa 1.1: Cromanena KOHCTPYKIHS

[TpeiokennTe B Ta3u pabora HAYIHU METO/IH 1e O'bJAT OJEe3HN U HANW-110IX0/ AT
3a HYKJIUTe Ha CTapTUpPAIIX KOMIAHWUNA, BKIIOYUTEJHO W TaKWBa OT cdepara Ha cod-
Tyepa. MeToguTe, KOUTO ca NpeJICTaBeHU TYK, ca HGa3upaHd Ha MaTeMAaTHKA M JOTHKA
U He ce U3I0JI3BAT BbHINHH OHOJTHOTEKH, MOTAT Ja ce HAIUIIAT, HA KOMTO M JIa € €3UK
3a MpOrpaMUpaHe W MOraT Ja MOMOTHAT Pa3BUTUETO HA KOATO U JA € KOMIIaHUS.
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1.1 AKTyaJIHOCT HA TeMaTa

Temata 3a onTuMaJIeH pa3Kpoil MpuI00UBa OIIE TO-TOJIAMA AKTYAJHOCT MIPe3 OCJIe THH-
Te JBe JICCETUIETHSI, HAMUPAKKH Pa3sHOOOpa3HU NMPHIOKEHUS B MHOTO MHJIYCTPHAJHH
npou3BoacTBa. OcobeHO BakKHa € 3aJadaTa cera, KoraTo ma3aphbT € OTBOpeH U (bupMure
TpsiOBa J1a ce c¢’bCTe3aBar € IoJisIM OpOit KOHKYPEHTH C MOJEPHO 0DOpYy/iBaHe W HUCKA
1eHa Ha TPYIa.

Ot gapyra crpana MacoBOTO MOTPeOJIEHTE HA CTOKH BOJIN /10 HEOOXOAMMOCTTA OT OTI-
TUMH3HPpaHe Ha MPOU3BOJACTBOTO HA TE3W CTOKH. TOBa BKJIIOUBA KAKTO MHHUMHU3HPAHE
Ha MOTpebIeHneTO HAa €HeprHs W CYPOBUHHU, TaKa W HaMaJidBaHe Ha HM3IMOJI3yBaHe Ha
yoBemku TpyJ. MHOTO ocTbp € pobeMbT IIPU TeXKKUTE UHYCTPUU, 0OCODEHO KOraTo
e HeoOXOAUMO U3pabOTBAHETO HA TOJgM OpOil eJeMeHTH OT CK'bIO CTPYBAlll MaTepH-
as. Te3u aBe 0CODEHOCTH ca HAJWIE, HAIIPUMED, B CTPOUTEJHATA WHIYCTPHS. 3aTOBA
npobJieMbT 33 ONTUMAJIHUS PA3KPOil TaM CTOM Ha JHEBEH pejl ¢ ocobeHa aKTyaJTHOCT.

O630p Ha CBHIIECTBYBAIIUTE METOJAH U TAXHATA peaJu3allMs B HPUJIOKEH COPTy-
ep e Haupaseno 1no-gouy B Ceknus 1.2. Tyk me orbee:kum caMo, de Ha masapa Ha
copryep 3a HyzKJUTe Ha ONTUMATHUSA PA3KPOil MMa OCHOBHO JIBa BUJA IIOJIXO/A HA pe-
aJIN3annd. B CANHUA IMOAXO0] IMJIAHKHUTE Ce allpOKCUMUPAT A0 NPaBOBI'BJIHUIIU, KOUTO
ce pasmoJiaraT ONTHMAJIHO BbPXY JIMCTA CTOMAaHA, a IPU BTOPHUS Te Ce pas3moJjarar
TOYHATA UM reoMeTpusi. IIpu MeTomuTe, KOUTO IMpUIaraT alpoKCUMUPAHe 10 MPaBOb-
I'bIHAK HEJOCTATBHKDBT €, de npu (DUTYPH PA3IUIHE OT TPABOBIBIAHUK OTHAIBLKDLT €
rojigiM. B pazjmynuTe MHAYCTPUU MO, TOJISM MOZKE J1a ce pa30upar Hail-pa3/jndaHu Yuc-
na. B macrosmma tpyn 25-50% me pasbupame 3a rosam ornaabk, 10-25% 3a cpemno
roaMm ornaabk, 0-10% manbk ornanbk. [Ipu pabora ¢ Tpubrbanu (hurypu obpasysa-
HHU OT IPaBH IO TpHUTe cu cTpanu ornaabka e 50%. Tonam ornaabk. Tosn moaxon nma
OTPAHUYEHO NMPHJIOKEHHE, HO ce M3MOI3yBa JO0CTa MAacoOBO U JIaBa JI0OPH pe3yaTaTH B
CT'bKJIAPpCKaTa U XapTUEHaTa ITPOMUIIJICHOCT. I/I B IBaTa BHIaA COCbTyep BbBCZKAAHECTO
Ha 0DeKTHTEe 33 Pa3Kpoil craBa pbUHO. [loAMrOoHWTE Ce BbBEXKIAT IO KOOPAMHATH HA
BbpPXOBETEe WJIM IO CeIrMeHTH Ha cTpanute. ToBa oTHEMa MHOIO BpeMe U € Bb3MOXKHO
JIa ce JIOMYCHAT HETOYHOCTH W/WJIM IPEINKY MPH BbBEXKIAHETO Ha JAHHUTE.

[Ipe3 mocieauuTe TPU AECETUICTUS 33 TPOEKTHPAHE HA CTPOUTETHU ODEKTH Ce U3-
nossyBaT MacoBo CAD cucremu. B npejcraBenara gucepraiust Tpo0IeMbT 3a ONTHMA-
JIeH PA3KPUii Ha CTPOUTETHH eJleMeHTH (HJIH TJIAHKH) € PeItieH IPH MPeNoI0KeHHeTO,
de TOJUTOHUTe (TJIAHKUTE) ce TeHepupar u TpemoctaBat Ha crpoutenst or CAD cuc-
tema. CjeJ1 TOBa ce IpaBu IIpeIBapuTeHa 00pabOTKa Ha JJAaHHUTE U HAKpas IJIAHKUTE
ce pa3KposiBAT C TOYHATA UM T'€OMeTpPHs.

BaFOTOBKa Ha IJIAHKKW 3a HY2KAUTE Ha CTOMaHCHUTEC KOHCTPYKIUU, IIpeJCTaB/1dBaT
oTIpe IeIeH KJac Mo/I3a/1a91 33 ONTHMA/IEH PA3KpOil, KOMTO ce XapaKTepu3upa ¢ PeIuia
0CODEHOCTH, KOUTO BOAST KAKTO 10 ONMPOCTSABAHE Taka M 10 YCIOKHSBAHE Ha 3a1a4daTa
3a paskpod. Haii-Baxknute ocobeHocTH ca:

1. "ecTo MIAHKHTE ca ChC CAOKHU (DOPMU, YMUTO TPAHUIN €A IIPOU3BOJIHH Heca-
MOTIPECHYAIN Ce MOJUTOHU (B PEJIKU CJIydan, HalpaBaTa Ha eJeMEeHTH ¢ eJIUICO-
BU/THU KOHTYPH C€ CBEXKJa K'bM TOPHU CJydall dpe3 anpoKCUMAaIisd ¢ TOJUTOHT
C OCTATHIHA 34 MPAKTUKATA TOYHOCT);

2. mHOrO Yecto mirankara Hama "mune” n "rpwh”, K0eTo MO3BOMIABA OTJIETATHO THP-
CeHe HA MECTOIOJIOKEHUEeTO i B MpoIeca Ha Pa3Kposi; Ta3u OCOOEHOCT MOXKE Jia
JIOBeJIe 710 MKOHOMESI HA MATEpPHAJI, HO YBEJHYABA CJOKHOCTTA HA HpobeMa.

3. B Habopa OT TJIaHKW, KOUTO TPsiOBa Ja ObaaT Mpou3BejeHH, MHOTO YeCTO WMa
3HAYUTEIHO pa3sHoOOpa3ue Ha pa3Mepure, ILIOMuTe u (hopMara.
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B paorara yjapeHueTo e MOCTABEHO BbPXY METOJM 33 PellaBaHe Ha 3a/a4aTa 3a
pa3kpoii Ha mianku B 20D. JIBymepHaTa 3a/1a4a 3a pa3kpoil € nmo-Tpy/iHa OT €JHOMEepHa-
Ta, 0CO6EHO KOTaToO M3pA3BaHUTE (DUIYPU HE CA U3I'BKHAJIM U Ca ¢ HermpaBuyHa (hopma.
U asere 3amaun ca N P-mbinu KOMOMHATOPHU ONTUMH3AINMONHA 3agadn [12], [13].

Qurypa 1.2: CromaneHa KOHCT- Qurypa 1.3: CromaneHa KOHCT-
pykims 1. pyKImga 2.

Karo miocTpanus 1e ce IpeIcTaBsAT HAKOW IPUMEPH 3a cJydas Ha CTOMAaHEHH
KOHCTpyKIuu. B cromaneHo xaze mokaszano Ha ¢urypa 1.2 moxe ma uma okosao 2000 -
3000 cromaneHnu IJIaHKH 3a pa3kpoii. Te ca ¢ paziudna jebejinHa, B IPAKTHKATA I€CTO
ce HaJsiara ja paborum ¢ 6 pazmumanu gebennan. CjenoBaTe/THO OT METaJIeH JHUCT C Ja-
neHa jebenuHa TpgbBa j1a ObjaT paskpoeHn 0kos0 H00 Opos ILIAHKHU C JI0CTa CJI0XKHA
dopma. B pasmirexpanus ciaydail poraius 1 orjegajieH o0pa3 Ha IJIAHKATa Ca HPero-
PBUNTETHU NPH ONTUMH3ANUATA Ha pa3kposd. Helmo mopede, nMma IJIaHKH, IPU KOUTO
CHOTHOIIEHUETO JbJIZKHHA K'bM IIMTHPOYHHA (TOBA ce Pa3bupa KaTo IIAHKATa, ¢e HOCTABH
B IPABOBI'bJHUK C MUHUMAJIHN pasmepu) e nosede ot 100.
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1.2 (O0630p Ha OCHOBHUTE Pe3yJTaTu B 00J1acTTa

[Ipobaembr ¢ ontumastus paskpoit (CSP) Bb3HHKBA B MHOIO WH/IYCTPHAJIHE
obacru [61]. [Toeeuero aBTopu pemasar 2D paskpos, KAKTO AIPOKCAMUPAT BXO/ISIITH-
Te moauronu (burypure) 10 MpaBObIbIHUNM. Te3n peleHus CbIIo ca TPUJIOKIME B
MHOrO MHJycTpuu. Hampumep npousBOACTBOTO HA XapTHs U CTBKJIO [24], 3apexgane
Ha KOHTellHepH, nu3aiin ¢ MHOTO MamabHa uaTerpanus (VLST) u pasnnanu 3aaun 3a
nanupane [55].

[To-coioxkHATA Bepcusi Ha mpobyeMa e, KOraTo BXOJSIIUTe mouronn (dury-
puTe) He ca AUPOKCUMHUPAHU JI0 IPABOBI'bIHAIM. 1031 1POOIEM Bb3HUKBA DU CTPO-
UTeJIHUTE KOHCTPYKIHMU B IIPOU3BOACTBOTO Ha CTOMaHEeHM U3OCJAHA, IIPOU3BOACTBOTO
Ha JIPeXH, MPOM3BOACTBOTO Ha 00yBKM W T.H. B [24] ocHoBHaTa Tema e nByu3mepeH
OPTOrOHAJIEH IPOOJIEM ¢ OLAKOBAHETO, IIPU KOWTO (pUKCHpaHa I'pylia OT MAJKH Hpa-
BOBI'bJIHUIU TPAOBA J1a C€ MOHTHPA B IOJIAM IIPABOBIbJIHUK U HEM3IIOJI3BAHATA, ILJIOII
OoT roJieMu 1paBObl'bJIHUOK Jla CE€ CBeAE A0 MUHHUMYM. AﬂFOpI/IT'bM’]:)T KOM6I/IHI/Ipa Me-
TOJI HAa 3aMecTBaHe ¢ reHeTHdeH anaropurbM. B [45] e paspaborena Greedy (amdna)
IPOIE/LyPa HA MPOU3BOIHO (PAHIOMH3HMPAHO) AJANTUBHO ThpceHe. B ToBa mpoyvBane
nMa TOJIIM IIbPBHYEH 3alac, KOHTo TpabBa ja Oble Haps3aH Ha [O-MaJKHU IIapyera,
3a Jla ce YBEJUYH MAKCHMAJTHO CTOWHOCTTa Ha mapderarta. Cintra [49] mpemiara to-
YeH aJrOpuThbM, OasupaH Ha JUHAMUYIHO IIPOrpPaMHpaHe, KOHTO € MOAXOMSI 38 MAIKH
npobaemu, Thit kKato npobsemsbr ¢ NP-tpyaen. Dusberger n Raidl [62], [63] mpeamarar
JIBA METAa-€BPUCTHYHU AJITOPUTHMA, OA3UPaH Ha T'bPCEHE HA MPOMEHJIMBUA KBAPTAJIH.
TopecioMeHaTuTe paboOTH pENIaBAT OUPOCTEHH MPOOJIEM € HPABOBI'bIHH €JIEMEHTH.
B unaycTpHdTA Ha CTPOMTETHUTE KOHCTPYKIUH IJIAHKATE €A IOJUTOHU, KOUTO MOTAT
Jla UMAT HempaBuaHa (opMa M MOTaT Ja ObIAT W3MIbKHAIM WIA BITHOHATH, HO HE U
camo npecudaniu ce. [1ono6Ho paznoobpazue or (popMu 3HAYUTE/HO yBeIUIaBa TPY/-
HOCTTa Ha HpO6JIeMa. KaTO IMJIaHKHUTE WJIN BXOJANIATE IIOJUTI'OHU MOT'aT A& IpUJIararT
U OLJIEJIAJIHO, T'bil KATO CTOMAHEHUTE JIMCTa €4 XOMOIeHHH OT jiBere cu crpanu. CbIno
CJIOZKHOCTTa Ha 3a/ladaTa ce yBeJudaBa M OT TOBA, Y€ TPUbI'b/JIHA IJIAHKA MOXKE JIa
Oblle OIHUCAHA ¢ IOBEYe OT TPU TOUKH.
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1.3 lleau m 3aga4u HA JUCEPTAIULATA

OcHoBHHTE eI TIOCTABEHH IIPEJT JOKTOPAHTA €A OT HAYYHO-NIPUIOXKEH U IPUIOZKEH
xapakTep. Te morar ga 6baar 0600INEHH 10 CJIEIHUSI HATHH.
Lenu Ha nuceprarugara:

1. Onrumasen pa3kpoil Ha JWHEHHN eJIeMeHTH TPU MUHUMAJIEH OTTA/IbK;

2. OnruMaJieH pasKpoil Ha JBYMEPHH eJIeMEHTH ¢ HellpaBHIHA (hopMa IIPU MHUHU-
MaJieH OTTAIbK.

3a mocturane Ha Te3u nean Osxa GOPMYJIUPAHU CJICTHUTE 33TaTH:

Bagada 1. PazpaborBane Ha aJropurbM 3a PEIIaBaHe Ha 3a/1a49aTa 33, ¢HOMEPTEeH
(muHeeH) pasKpoii;

Sanada 2. PazpaborBane Ha aJrOpUTbM 3a pelllaBaHe HA 3aJadara 3a pa3Kpoii
Ha JIByMEpPHH €JIEMEHTH;

Bamaga 3. /la ce mampaBu mporpamMHa peajgu3arus Ha Pa3padOTeHUTE aJTOPUTMU
u Jia O'bJIaT NPOBEJICHN CPABHBHUS HA PEAJHU CTPOUTETHU ODEKTU ChHC ChIIECT-
BYBallll B MPAKTUKaTa METO/N 3a Pa3KPOii.

Baza na pazpaborkara e CAD cpeza 3a moaydaBaHe Ha rpadudHa HHOOPMAIUS OT
najied crpoureen obexr. Cies onTuMu3anusaTa ce renepupa nHGOPManust B TEPMHHU-
te Ha chiara C'AD cpema. 3a 1era e pa3paboTeH IUCIeH AJITOPUTHM 34 PAa3KPOIBAHE
(pasmnosiarase) Ha MPOM3BOJHU HE CAMOIPECHYAIH Ce MOJUIOHN (HADHYAHW TJIAHKA 1
renepupann ot CAD cuctema) OT 33/aJ1€H OT HOTPEOUTEIS OJUTOH (CTOMAHEH JIHCT).
Dokyc Ha JUCEPTAIUATA Ca DABHUHHU ejeMeHTH (iucToB MaTepuas) 2D dburypu (Ha-
pudaHu TyK IwiaHku). [eomerpudecku ToBa 03HadaBa onpe/jienen 6poit dpurypu B pas-
HUHATA Jla Ce MOJpe/d B IJIONL ChC 3aJaJeH OT MOTpeduTes 3aTBOpEeH KOHTYp. ToBa
e JocTa 00Ia MaTeMaTHYecKa 3a/ada, KOSITO MOYXKE Ja Ce TPUJIOXKN B Hal-pasaudaHu
UHAYCTPUU. AJNTOPATHMBT MO3BOJIIBA U JOI'bJIHUTE]HA HACTPORKY U PA3IAIHI HPUH-
UM B ONTHUMH3AIMATA IIPH MOApexkiaHe Ha durypure. Tesu 3amaum ca OGasupanu
HU3LAJI0 Ha IIpUMEpU OT IIPpaKTUuKaTa, a BXOJAHUTE JaHHU Ca OT PEaJJIHO IIPOCKTUPDAHU U
HU3II'bJIHEHU CTPOUTE/IHU O6eKTI/I.

1.4 Iloaxom Ha mM3cjJeaABaHETO

Tazu gucepranust ce 3aHMMaBa C PeNTaBaHETO Ha J(Be ONTHMH3AIMOHHU 3amaqn: (1)
paskpoit Ha JuHeliHu npoduwin (cromanenu npbru, T- u II-o6pasuu npoduiu, u T.H.)
i 1D paskpoit u (2) paskpoii Ha 1ByMepHH (IJIOCKH) TJIAHKA OT CTOMAHEHHU JIHCTOBE.

[Tbpeata 3a1a4ua e eqaoMeper (JuHeeH), 1D paskpoti. 3a 1D onTuMuzanusTa He ce
BbBEXK/IAT HAKAKBU CHEIUaj i JeUHUINT, Thil KaTo ce paboTu ¢ eJuH mapamerbp,
IBJIKIHATA HA eJIeMeHTa. 3ajadara 3a MOUHIMAJEH OTIaIbK Ce CBeXKIa 10 HaMUpaHe
HA MHHEMAaJIeH Opoil M31o0/a3BaHu Npoduin. Bbipeku, 4e e mo-jgecHa oT JByMepHATa
3aj7a4a, Ta ¢bio e NP cioxknaa. [loaxoasT u3moa3yBa MeTo1a Ha MPaBKHUTE.

Bropara 3anaua e 2D pasxpoti. JaHHATe BKIIOYBAT JaJIeH BXOJISIN CIIUCHK OT N HA
Opoii IaHKU (HAPEYeHH BXO/SIIN TTOJUTOHT ), KOUTO TPsiOBa [1a Ce TOPEAT Bh3MOKHO
Hal-IJIbTHO B JdaJied IIOJIMIOH, HapedYeM OCHOBEH. HpI/I TBHpCEHETO Ha €IHO B'Bb3MOZKHO
pasmoJiaraHe Ha BXOIAIINATE MOJUTOHH MOYKE J1a Ce TPHUJIOXKHU POTAIUS W OTJIeTaeH
obpaz. Ciex KaTo e u3bpaHO MECTOIOJIOXKeHIEe Ha BXOIMIIUA IIOJUTOH € HeoOXOIUMO
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Jla ce IPUIIOKHU airopurbMa 3a "m3Baxkjane” ("uspsssane”) na jBa nosurona. Tosa ce
[paBH C IeJ 3a CJIeBAIUS BXOJAII TIOJUTOH /1 Cé ThPCH MECTOMO/IOKEHIEe B 0CTaTbKa
ot ocHoBHUs mouroH. Cies ToBa Ta3u (M3psi3aHa) TJIAHKA Ce TTPeMaxBa OT CIHCHKa C
BXOJISIIN IJaHKK. ToBa ce moBTaps JOKATO Ce H3YEPISIT BCUIKHU IJIAHKH OT BXOISIIIHS
cnucbk. Cie] TOBa MSIOCTHOTO pellieHre (ChbBKYITHOCTTA OT ILIAHKH) Ce OIEHsIBAa OT
MeTaeBpHCTHKaTa. BuxK Touka 4.2.

Qurypa 1.5: [lpumepnu Bxomdim
HOJINTOHN (Pa3MepuTe ¢a ChIeCT-
BEHO YBeJIMYeHN )

Durypa 1.4:
IIbpBoHAaUaeH OCHOBEH
IIOJIUTOH (3a 3amrbJIBaHe).

Qurypa 1.6: OcHOBEH MOTUTOH Qurypa 1.7: OcHOBEH MOJIUTOH
npeu U3psI3BaHeTo. cJIe]T U3PS3BAHEeTO.

B nponeca na msydaBane Ha mpobJjeMa € M3I0JI3BaHa IMHPOK KPbI OT JIHTEPATY-
pa. Cb3mageHnTe HOBH METOIU W AJTOPUTMHU €A NMyOJUKYBAHH B CTATUU Ha aBTOPA,
[12, 13, 15, 14]. Ce3nagenu ca tpu Merona. [IbpBus € 3a ONEHKA Ha BXOJMAIIUTE TTOJIH-
roun (MuHOKecTBa). CIpsMO ‘bLUIUTE UM U JbJKUHATE UM. TO3M MeTOJ JaBa OIleHKaTa
or 0. 10 1. 3a Hail-rojigMara BEPOATHOCT JAJI€H HMOJUIOH JIa C€ IOCTaBH B IIOJIUTOHA
Ha 3all'bJABaHe NPH JaJieH BpbX. BTopus MeTo jJaBa olleHKa 3a Hal-roJisgMa JOMHPHA
JUbJKAHA (IJI0ML) MEYKy JiBa MOJUroHa. Tperus MeTo)] e XUubpuiHaTa MeTaeBPUCTUKA.
JlaBa OlleHKA HA BCUYKW JIONYCTUMU PeIleHus 3a jjajaeH Bpbx. OneHkara 3a BCSIKO €HO
pemntenne e mexxay 0. m 1. M306upa ce ToBa ¢ Hait-rosigma orenka. [Ipu nosoxxenn, 1e
uMa IoBede OT €JIHO pellleHrne ¢ MAaKCHMaJIHA OIleHKa ce m30upa MPOU3BOJHO €JIHO OT
Tax. KoMmOunamusara € or TpuTe MeTO/]a HU JaBa Bb3MOKHOCT J1a HE THPCUM II'bJIHO
u34YeplBaHe HA Bb3MOKHUTE KOMOMHAIIMK 3 MOCTaBsHe Ha BXoAsdImuTe moyuronn I1; B
HOJIUIOHA, Ha 3amrbiaBaie A. Pazpaborenure ca jgBa HOBH aJaropuTbMa, KOUTO €4 IOL00-
peHre Ha J(Ba ChINECTBYBaIn ajgropurbma. Eauaus e Ray merona [40]. Jlobaskara e,
e mpen Ja ce MPWIoKH Ray MeToma ce mpoBepsiBa, Iaju AajieHaTa TOYKa € B bor Ha
IOJTUT'OHA, aKO € TaKa TOraBa ce IIPOBepdABa 3a IeJHs MOJUroH. 3a aedunuius Ha box
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HA IOJMIOHA BUK TOYKa 2.2. box HA IOJHUIOHA IIE Ce MU3I0/13Ba, aKO Opos HA BbPXO-
BeTe Ha JaJIeHusl MOJUIOH e mo-rosiam or 4. Ipyrusar merox e "Bentley-Ottman” [39].
JTobaBkaTa e, 4e He ce 00X0ZKIAT BCHYKHU CEIMEHTH, & aJITOPUTbMA CIIUPa MPH I'bPBOTO
npecuyane Ha JBaTa CerMeHTa.

Karo kpaen pesysirar ot uzcjaeaBanero Ha mpobiema e pazpaboren codryep, KOHTo
VCIIEIITHO pelaBa jJaBeTe 3aja4un. HampaBeHo e cpaBHeHHe Ha TOJIYYEHHTE Pe3yJITATH C
pesy/aTaTuTe OT W3MOJI3yBaHe Ha KomepcuasieH codryep. [IpexmvcrBara Ha cbh3gaie-
HaTa Mporpama mnpej TeCTBaHus KoMepcuaseH codpryep ca jgajienn B 4.6 u B 5.
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I'1aBa 2

M3unciurenana reomerpus.

B Tasu cekuya ce u3noasypar nepMHUIUA OT U3YUCJIUTEIHATA TEOMETPHS - TOU-
Ka, JIMHEeH CeTMEHT U IOJIUIOH B IBYMEPHOTO HPOCTPAHCTBO. Bemuky Touky me 6baar
IPEJICTABEHH KATO CIUCHK OT Hapejaenn duciaa (koopauuarn), [9], B aBymeprus ciydan
TOBa ca ABOHKHU wncaa P = (z,y).

2.1 OcnooBHEu gedmHUITAN
edunnnnsga HA CONCHK

Crmcbka npeICcTaB/IsIBa CTPOro MOAPEIeHn ejieMeHTr. Beekn enn ejleMeHT MOXKe
Jia ObJie YuCs10, CTPUHT WK JApYyr ciuchK. [Ipumepu:

1. list(X,Y) - Touka 3a/a/ieHa ¢ HEIHUTE JEKAPTOBU KOODIAUHATH;

2. list(pto, pty,...,pt;) - CHUCHK OT TOYKH, K'BJETO Pt; € CIUCHK, TPEJCTABIII TOIKA
C MHJIEKC 1;
3. list (eq, €1, ..., €y_1) - CHUCHK OT CEIMEHTH, K'BJIETO €; € JINHEEH CEIMEHT ¢ HHJIEKC

1, BUXK TIO-JTOTTY.

Hedunnnusa Ha TOYKA.

ToukuTe B d-MepPHOTO IPOCTPAHCTBO Ca MPEICTABEHN KATO HAPEIeH CIUCHK OT d 9HCIa,
Hapedenn koopaumuatu, [9]. Thit KaTto pasmiexgame 3ajadata B paBHHHA, TO B Ta3u
pabora Touka pt; e neduruUpana kato pt; = list (z;,y;), KbAETO KOOPAUHATHTE T; U Y;
ca peanHu gucaa. Ilpu pabora ¢ peaaHy 9uc/1a U3M0/I3YBalld KOMIIOTbPHA APATMETHKA,
ce IOCTaBd BBIPOCHT 3a I'PENIKATa IIPU 3aKpblieHue. ['pemkara oT 3aKpbIVICHAC Ha
peaJIHATe YHCIa € BaXKHA U 00IupHa 001aCT B MaTeMaTuKaTa. TyK ca MpueTH CJIe HuTe
HpaBuIa:

1. PabotuMm ¢ TOUHOCT YeTHpH 3HAKA cjeld jJecerudnara 3amerad .0001;
2. Ilpuemame oTkjaoHeHue fuzz, KOETO € PEAJTHO YUCJIO0, MO-ToasaMO oT (.

Tesu nmpaBmia ca IPOTUKTYBAHE OT HEOOXOIUMOCTTA /18 PAOOTUM ¢ JAHHH IIPOU3BEIeHH
or CAD cucremu. B obnacTra Ha mpoekTHpaHe Ha OOEKTH H3IM'bJIHEHH ChC CTOMAHEHH
KOHCTDPYKIINH, PA3MEpUTe Ha KOHCTPYKIIMUTE Ce JaBAT B MIJIAMETPH, TaKa Ye BCHIKH
YUCJICHN JaHHHU (KOOp,ZLI/IHaTI/I Ha TOYKH, CCI'MECHTU U T.H.) Ca B MUJIUMETPU. 3a HYyzKJUTE
Ha CTpOUTE/JIHATa MHAYCTPHUA (CTOMaHeHI/I KOHCprKHI/II/I)7 pa3jiiKaTa B AbJZKUHUTE Ha
crparuTe Ha miaHkuTe or 0.OMM Ha JaBa jeraiijia TH MpaBU HEPA3TUINMU. 3aTOBA TH
npueMaMe, de ca eIHaKBH.
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ITpuemame, de npe Touku cbBuagar P = P, axo:

(i — fuzz) <wxy < (x; + fuzz) A (y; — fuzz) <y, < (y; + fuzz) (2.1)

nJjain
ma:z:{|x2 - xq|7 |y2 - yq|} S fUZZ (22)

dedununusa Ha JUHEEH CEerMeHT.
[l1e msmon3yBaMe aBa BHIA CETMEHTH:
(1) CAD usuneen cermenr CADe; = list(pto, pty,...,pt;) ce 3amaBa ¢bC CHUCHK OT
TOYKH, KOUTO JIe’)KaT HA eJHa MpPaBa; TAKHBA CETMEHTH Ce TMoJaydaBarT oT paborara Ha
CAD cucremara, KOSITO reHEpUPa BCUYKN BXOJHU JIAHHU W3MOI3YBAHU B Ta3W padoTa.
(2) Jlumeen cerment e; = (pt;, pti41) € 3aTBOPEHO MHOXKECTBO OT TOYKH JICZKAIIU HA
eJTHAa TIpaBa MEXK/Y JIBe TOYKH pt; U pt;y 1, HApedeHH Kpaituu touku, [9]. Toukure B
CIUCbHKA €; ca nojapejenun. Karo mwbpsara € nHada/ina, a Bropara kpaiina. B namara
pabora JinHEHHNTEe CETMEHTH Ce MOJIyJaBaT Cjej NPEeMaXBaHe Ha BBTPEINTHUTE TOIKH
Ha CAD cermenra.
eduHunmara Ha MOJUTOH.

[Mosmron 11 = list (eg, €1, ..., €,-1) € 3aTBOpPeHA 00JACT OT pABHWHATA OTPaJIeHa
OT n JIMHEeHHH cerMeHTH 06pasyBallli 3aTBOpeHa Kpusa, [9]. Obpbiiame BHUMaHKE, e
TYK M3M0J3BaMe JiuHeeH cerment, a ie C'AD ymneen cerment. Heka ptg, ptq, ..., pt, ca
n TOYKH OT /IaJIeHa paBHUHA, TaKuBa, de ptog = pt,. Toukure pty, pty, ..., pt, odpasysar
MUKJINYeH crucbK. Jlokaro pty e mocaeaBana ot pty, To pt,_1 € mocjaeaBana ot pty = pt,,.
HOJH/II‘OHT)T Ce OIMMCBa CbIIO U OT HETrOBUTE BBHPXOBE, KpaIU/IHI/ITe TOYKHN Ha CETrMEHTUTE
My, Taka 4e ekBuBaseHTHO, II = list (pto, pty,..., pt,). Kaspame, ge nBa cermenra ca
C'bCEJIHH KOTaTO UMAT caMo eIHa obIa KpaiiHa TOYKa.

JIuneitnu cermMeHTH 00pa3yBaT MOJUIOH TOTaBa M CaMO TOraBa, KOTaTo:

1. TIpeceunara ToYKa MeXK/Iy BCAKA JABOWKA ChCEJIHW CEIMEHTH B IMUKJIMIHUS CIIH-
CbK, € : e;MNe 1 =ptivy, 3a Benaku ¢ = 0,...,n — 1;

2. Hecbcejnu cermenTu He ce pecuyar.

Toukure pt; me v HapUIaMe 6sProse Ha IMOJUTOHA, a CEIMEHT OT IOJUIOHA IIe
HaprdaMe JITHeeH cerMenT. Heka orGesiekumM, e IMOJTUIOH C 7 BbPXOBE HMa 71 CeCMEeHTA.

Poranug ma rouka

a pa3riemgaMe ABe pa3IudIHEA TOUKE pt 4 = list(xa, ya) U Plpgse = list(xbase, ybase)

B koopaunatHa cucteMa X OY. ZKemaem 1a 3aBbpTUM TouKaTa pty OKOJI0 Oa3oBaTa
TOUKA Plpgse HA AAJEH bI'bJI 3. AKO BI'bJIBT [ € MOJ0KHTEIHO YHUCJIO TOraBa BbpTe-
HETO ce pa3bupa 00paTHO Ha YacoBHUKOBaTa crpenka anti — C'VW, B mpoTuBeH ciydai
BBHPTEHETO € 0 YacoBHWKOBara crpeka CW. Chaen 3aBbpTaHeTo Ie MOJIYyINM HOBA
rouka ptp = list(xy,yp) B KoopauuaTHata cucremMa XOY. 3a 1a HAIPABUM HYKHU-
Te MPeCMITAHNA U MOJIYYHM H3YHCIATETHUTE (DOPMY/IN 33 KOOPAHHATHTE HA TOYKATA,
HOJIyIeHa CJIe, pOTAIUATa, Il BbBeIeM HOBa KoopaunaTHa cucrema X' O'Y”, unero Ko-
OPAMHATHO HAYAI0 CbBHALA C Plpgse. Ocure Ha HOBaTa Koopaunarua cucrema X' O'Y’
ce TPAHCJAMPAT YCIOPEIHO Ha ocuTe Ha KoopamHaTHara cucrema X QY. Cupsmo HOBa-
Ta, KOOPJMHATHA CHCTEMa IOJydaBaMe KOODJUHATHTE HA TOYKA pta, T, = (T4 — Tpase)
1Y, = (Ya — Ybase) WM pta = list(z),y,) B HOBaTa KoopauHaTHA cucrema X'O'Y".
Pannyca na 3apbprane R ce Hamupa 1o (popMmyiarta;

R=\Ja? +y? (2.3)
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a 'bI"'bJI'bT HA 3aBbpTaHe (v Ce HoJiydaBa OT popMyara:

/

o = arccos—= 2.4
K (2.4)
Torasa xKoopauHATHTE Ha TOYKA ptp B KoopauHarHaTa cucrema X OY ca:

R

Tp = Tpgse + ———= 2.5

b cos(a + ) (2:5)
R

= Ypgse + ——— 2.6

Yo = sin(a + ) (2.6)

IlepnenguKyadgp OT TOYKa KbM JadeHa Ipasa.

[IpaBara e 3auajena ¢ jase rouku A = list(x,,y,) B = list(xy,yp) u Tecro-
Bata Touka e T = list(zy,y;). Vckame na wamepum touka C' = list(x.,y.) OT npaBaTa
list(A, B) TakaBa, Ye BeKTOPHT onpenesner or touknte T u C' e mepreHIuKyIsipen
Ha mpasara. llpenu na 3amounem TbpceneTo Ha ToukaTa C, TpAOBa Ja HPOBEPUM IAJH
roukute A = list(xa,ya), B = list(xp,yp) u T = list(x;, yr) He JekaT HA eTHA PABA.
ToBa craBa upe3 HaMupaHe Ha JuIeTo HA Tpubrbauuka F = list(A, B,T). Pesynara-
TBT, KOUTO 1€ IOJIYIYHUM OT TO3HU AJTIOPUTHBM, € OPDUCHTUPAHOTO JINIE Ha TPUBI'bJIHUKA
list(A, B,T). Hac Hu mHTepecyBa camo Jaau Jjunero F e Hyna wan #e. AKO JHIETO
F =0, To TouKmTe JiezKaT Ha €Ha [IpaBa 1 He € HYZKHO JIa T'bPCUM IePIeH UK YIAPHA
BEKTOP TC xbM npasata list(A, B). Ako qunero F' # (0. To ajropurbma IpoTHYA B
CJIETHUTE CTBIKA, ChIIACHO [41]:

1. Ako 4 = xp, ToraBa IpaBaTa € BepTHKaJHa ¥ ThpCeHaTa TOYKa € pto =
list(xa,yr).;

2. Ako ya = yp, TOraBa mpaBaTa € BepTUKAIHA U ThpceHaTa TOUKa e pto = list(zrr,ya);

3. AKo He ca M3II'bJIHEHU TOPHHUTE YCJIOBHS, TOraBa ThPCUM HAKJIOHA 1 HA IIPaBaTa

list(A, B):
m=YB" Y4 (2.7)
I — XA
(3L +yr +m.aza—ya)
Yo =ya +m(zc —x4) (2.9)

Unn xoopauHaTute Ha kenanara rouka C' = list(zo, yo).
Oraepajien o6pa3 Ha IOJUTOH.
Ilox ornenanen obpa3 Ha HOJUIOH Ie paszdupame oryefajeH obpa3 MO BCHUIKU
CTPAHH OT IOJMIOHA, KOUTO He ¢a YCIOPeIHH €IHA Ha JIpyTra.
[Momurona Mirrorl = list(mpty, mpty, mpty, mpts) € HOXy4eH OT 3allpPUXOBAHUS
nosturon I1; = list(pto, pt1, pta, pt3). 3a HAMUpaHETO Ha OTyIeAAIHIs 00Pa3 Ha TTOJUTOHA
I1; ce m3mon3Ba caemHaTa MOCICIOBATETHOCT:

1. Baumame nmbpBata pty u BTOpa pt; Touka OoT noJsmrona lI;.

2. O6pasyBame mpaBata L1 — L1. IlpaBata L1 — L1 ce obpa3yBa IO JIBe TOYKH.
[Ibpsara Touka e ptp; = (polar(pto; (angle = pty, pto); 10e10)). Bropara rouka e
ptra = (polar(pty; (angle = ptoy, pt1)); 10e10). Hamupame mossipauTe KOOpARHATH
Ha TOYKUTE plri U plro - 6a30Ba TOYKA, BI'bJ U IbJIXKUHA. B ciaydast AbIKUHATA
e m30paHa JIOCTATHIHO roJigMa Taka, Je ja Obae gonycruma 3a C'AD cucremara.
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3. 3a Bceku BpbX Ha nojurona lI; Hammupame merarta Ha HEPUEHIUKYISPA K'bM IIPa-
Bata L1 — L1 n 2 o3nauasame C ptpepp, -

Orteasinara To4Ka ce nostydasa: mpt; = (polar(pt pep,: (angle = pt;, ptpery, ); distance(pt;, pt perp,))-
3a HamMupaHe Ha IeTaTa HA MEePHeHANKY/Isipa Bbpxy mpasara L1 — L1 Bux Tlog-
cexmus 2.1.

IIpaBara L1 — L1 me Gbie KomuHeapHa ¢be cermenta list(ptg, pt1). Torasa u pas-
croguueTo distance(pty, ptperp,) e Obae HyTa U TOIKUTE pty U mpt; e CbBHAJAT. 32
Hamupane Ha npasBata L1 — L1 moxke ja ce m3m0J13Ba BCSKA €JTHA JBOIKA MOC/IeI0Ba-
TesiHu BbpxoBe list = (pt;, pt;11) Ha momurona I1;.

Hamupane nHa nocoka Ha mosuroH (clock — wise, CW nau anti — CW).
Tyk 1e 0o0CHIuM HAYMHE 3a ONpEJEessiHe 3a MOCOKaTa, (IO 4acoBaTa CTPeJIKA,
CW, naum obparHa Ha JacoBara crpeska, anti — CW), na rpanunara sa moauron [1 =
list (pto, pti,..., pt,). OT OCHOBUTE U3BECTHHU B JUTEPATYpATa METOIM 3a OPUEHTAIUS
Ha IIOJHIOH, TYK IMe HMPEeICTABHM €IHH OT Hai-Obp3uTe MeToad 3a IpecMATaHe Ha
IIOCOKATa Ha O0XOXK/aHe Ha BbpPXOBeTe 110 Ipanunara Ha nojurona 1 |28.

Qurypa 2.1: Jlune na Tpaners

Hexa e; € II e mpon3BojieH cerMenT U HeKa cpeaHaTa My To4uka P, nMa KOp/JIWHATH:

P - (xz +2517i+17 Y +2?Jz'+1> . (2.10)

[Lnomra wa durypara mex iy cerment e; € [I u koopunaraa oc X e:

(Tip1 — ) (Wiv1 + ¥s)
2

F, = (2.11)

Ja orbesexxum, e jiuiero F; Moxke jia O'bjie MOJI0KUTETHO, OTPUIIATETHO WA HYyJI1a.
SHaKBT Ha JHIETO 3aBUCH OT IOApeadara Ha TOYKATE B CIHCHKA onpemeaanu I, Tbit
KaTo mojpeadara Moxke aa owbue list (pto, pti,..., ptn_1) win list (pty_1, Ptos..., Ply_1)-
ToBa nuie 1e HapedeM OpHEHTHPAHO JuIle. Ta3w mpoleaypa ce Mpuaara 3a BCUIKH €;
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cermMeHTHu. 3a Jia Ce MeCTH HPOIECOPHO BPEMe HsMa CMHCHJI BCAKO JIAIE J1a CE JeJIH Ha
2. 3aroBa cOOPHT OT OPUEHTHPAHUTE JINIA MOYKEM J1a 3aIUIleM KaKTO CJIeIBa:

n—1
2F = (wiy1 — 1) (Wir1 + %) (2.12)

i=0
AKO KoOpAMHATHTE Ha TOYKHTE Ha BbpXoBe list(pto, pty,...,pts) yAOBIETBODSIBAT
YCJIOBULATA Ts > T4 > X3 > To > T1 > Lo, TO CbOTBETHUTE NJIOIIHA Ca IIOJIOZKUTEJTHHU U
F > 0. Ako KoppAuHATHTe HAa TOYKUTE HA BbPXoBe list(ply, pty, ..., pts) yIOBIETBODS-

BaT YCJOBHUATA X5 > XTg > Ty > Tg > Tg, Torara F < 0

‘broa mexxay aBa BeKTopa. BbTperieH brbj Ha IIOJUTOH.
C 1es ga moayduM mo-100pa XapaKTepUCTHKA 32 JaeH TOJUIOH Ie Ca HA HYKHH
BLTPENTHATE MY BITH. [IBPBO 1e HaMepuM bI'bjia MexK iy aBa Bektopa d = list(T, pt;)

ub= list(T, pti1), nedpunnpann B XY KoOpAMHATHA CHCTEMA.

[TbpBo onpeje/saMe IbIKUHATA Ha BEKTOPUTE d U b, & CJle]] TOBA U TAXHOTO CKaJlap-
HO IIpou3BejcHue. 3a Ja HaMepUM JIbJIZKHHATA Ha BEKTOpa d, IIe TpaHCJupaMe TOUKa
A; no mynara, T; = (list0,0). ToraBa BekTopuTe @ U b 11 UMAT KOOPANHATH ChOTBETHO

(Tas Ya) 1 (T, Yp)-

|l = Va2 + y? (2.13)

a a

1Bl = /23 + u (2.14)

CKaJIapHOTO IIPOU3BEJICHUE €:

G-b=z,1 -+ Yalb (2.15)
U Taka I0JIydaBaMe
b (2.16)
cosqy = ——— )
[all][o]

3a HAMHPAHETO Ha BBTIPENIHUTE BIVIM HA JaJIeH MOJUTOH Iie TPIOBa Ja MPOBEPUM
JIaJIU TIOJIMTOHBT B OKOJTHOCT HA JTaJIeH BP'bX € M3IMMbKHAJ WA He M3ITbKHAJ. 34 JIa MOXKe
Jia TPOBEPUM TOBA HUE TPsIOBA a4 HAMEPUM OPUEHTAIMSTA Ha MOJIUTOHA. 3a 13 HaMePUM
BBTPENTHUTE BIVIM TOCOKATA HA HMOJHUTOHA TPAOBA J1a Ob/le 0OpATHO HA YaCOBHUKOBATA
crpenka antt — C'W. Cien ToBa 3anouBaMe Jia MpoBepsBaMe BCEKH TPH TOYKH OT TO-
nurona list(pt;, ptis1, ptive). HaMupame BbTpentnus brbJ o, KOUTO € MPH BPBX Pliyy.
[IpaBuM npoBepka 3a OpHEHTANUATA HA TPUTE TOYKU. AKO Ca OPUEHTUPAHU 0 YACOB-
aukoBara crpeska C'W, to or 27 TpsabBa ma W3BauM brbja . AKO OpueHTAIMATa HA
BbpxoBere list(pt;, ptii1, ptir2) € obpaTHO Ha YacoBHUKOBaTa cTpenka (anti — CW), 1o
3amnmucBaMe brbja o 6e3 KOpeKIus.
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Algorithm 1 InsidePolyAngle
/*DyHKINA 33 HAMUPaHe HA BbTPENTHH BbIVIH HA MOJTUTOH™ /
procedure INSIDEPOLYANGLE(pto, pt1, ..., pty)

if isClockWise ptg, pt1, ..., pt, then return ptList = reverse pto, pty,...,pt,
i=20
L = length of pty, pty, ..., pt,
Repeat L
for pti,pti+1,pti+2 do a — getInsideAngle pti,pti+1,pti+2
if isClockWise pt;, pt;11, ptiyo then return a = (27 - «)

else «
i=i+1
End Repeat

HO TO3W HaYUH III€ MOXKE€ K'bM BCEKH €JHUH ITOJIUTOH Jda CE 3allHIlle I/IHCbOpMaHI/IH 3a
BBbTPEIIHUTE bIVIH U IbKHHATE HA CTPAHHUTE MY.
lobaBssHe HA TOYKU B JITHEEH CErMEHT
JlobaBsiHETO Ha TOYKH B JIHHEEH CEIMEHT € HeoOXOIMMO 33 HAaMHPAHeTO Ha, IOBe-

Ye Bb3MOXKHU BaJIHJIHU pas3losaranud Ha nosuronute 1I;, ¢ = 1,..., B moaurona A.
Buxk rouka 4.4. Cera ja B3emem ejun onpejesied nojuron 11 = list(eq, es,...€,) or
BXOJISIIIHS CIIMCHK OT HOJUTOHU. Beekn cerment e; ot moaurona 11 = list(eq, eq, ... €,)

ce paszesis Ha TPH TMOJACEIMEHTa. 3a BCEKM MOICETMEHT ce H00aBAT MOAPOOHW TOUYKH.
[Ipunnuna 3a mocraBsHe Ha IOAPOOHU TOUYKH.

[TosryaaBareTo Ha MOAPOOHH TOYKU 3a cerMeHT e; = list(pt;, pt;11) craBa dpes mo-
JSPHU KOOpIUHATH (6a30Ba TOYKA, BI'bJ U IbKUHA). ledunupave dynuusara polar
KOSITO BPBIA TOUKA 1O 3aJaJieHa 6a30Ba TOUYKA, BI'bJ U IbJXKHHA. BbazoBaTa Touka e
pt;. ‘brojaa Ha cermenra e; cupsamo abuucuara oc OX e angle(pt;, pt;y1). Hamupanero
HA JTbJKWHATA HA BCEKH CEIMEHT € KaKTO CJIe/IBa!

1. Pasnessive cermenta e; B chorhommenne Ly = 0.1(distance = pt;, pti1).

2. Lq ce pa3jens Ha ¢bOTBETHHA OpPOil cerMeHTH, KOUTO HCKaMe /13 mocTuraem. Moxke
Ja ce U3MOJI3BAT 3 WX D JeJIeHHs.

3. IIvpBara nmoxpobua Touka e 6bae ptri,; = (polar(pty, ang.l, %)

N3zuncagBanero Ha ApyruTe nHoApOOHU TOYKH 33 CEI'MEHTA €; CTaBa B CbIIATa JIOI'MKA
KaKTO 38 TOYKa ptr ;. JlobaBaHeTo HA Te3n MOIPOOHN TOYKHN 110 IPAHUNATA Ha ITOJINTOHA
B HYAKOW CJIy4ad MOBUINABA KAYeCTBOTO HAa BaJimjHuTe perienus. [Ipu TecTBane, ako
nocTaBgM 1nonurona II; BbB BpbX pty, ToraBa HaMa Ja IMOJYYUM BaJU/HO pelleHue
(pasnosarane Ha mwiakara). Ho, ako nosmrona II; ce mocTaBu B HSIKOS OT TOAPOOHUTE
TOYKM BaJIMJHO pellleHUEe 111e UMA.

IIpemaxBane HA U3JIUIMTHU TOYKHU OT JIMHEEH CETMEHT [IpoBepkaTta ce
U3II'bJIHABA 1PN JIa 3all09HEe CaMOTO NoJIpexKiane Ha nojuronure. [Ipu mupejcrass-
HETO Ha MOJUTOHUTE KATO CIUCHK OT BbpXoBe list(pto, pt1, ..., pl,) € Bb3MOKHO TPUb-
I'bJIHWK JIa Ce OIHIIe ¢ TI0OBeYe OT TPH TOYKH. Taka, e 6post Ha BbpXoBeTe (TOYKUTE)

B €JIMH CIHCHK He Oonpejiesd Bua Ha durypara.
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2.2 Hammpane Ha boxr Ha TOJIUTOH.

[Mox, box na nomuron I; = list(pty, pty ... pt,) we pasdupame HPaBObI'bJHATA OOBUBKA
Ha jgajenus noquron 1I;. Bux durypa 2.2.

Q@urypa 2.2: boxr Ha IMOJUTOH

3a ma HamepuMm boxr Ha nosurona II; TpsbBa ga nmpeMuHEM IIpe3 CIHUCHKA OT TOY-
ku II; = list(pto,ptl . ptn) A 33 BCIKa €JHa TOYKa Ja B3E€MeM KOOPAMHATHUTE I 110
X.pt mw mo Y.pt. Cnex ToBa 7a coprupame JBaTa HOBH CIHCHKA M0 HU3XOJSII Pej,
listX = (zg,x1...2,) ulistY = (Yo, Y1 ... Yn). [I'bpBara croiinocr ot listX me vHu na-
Je mazx X nocaeqnara minX . CbIOTO NpaBUM U 3a ciucbKa [istY . Taka momydaBame
KOOpJMHATHUTE Ha ToUKUTe boxpt; = list(minX, minY') u boxpts = list(max X, maxY’).
Touka boxpt, e BUHArM Haii-mouy, Hail-BasBo. Touka boxpts e BuHArm Haii-rope, Haii-
BJI5ICHO.

2.3 Ilpecuyane Ha JiBe IIpaBu

Hamupanero Ha npecedna TOYKa MEXK/Iy JIBe IPaBu € "CKbIIo” cTpyBalla Onepalust OT
rJIeHA TOYKa Ha MPOIECOPHO BpeMe n O1 CIeaBasIo Ja e M3M0/A3Ba B 'KpaeH Cydaii.
BaroBa TyK 11e pasriegame aBe dyHKimn. [IbpBaTa e HaMUpaHe HA KOODANHATHTE Ha,
npecevHaTa To4YKa pt, Ha JiBa JaJeHU CeIMEHTa €; M €y, a BTOpaTa € MpOoBepKa JIaIn
JIBa JAJICHH CEeIMEHTa €1 U e ce Ipecuyar, 6e3 Jia ce ThPCH caMaTa MpecedHa TOYKa.
[IbpBara dyHKIUs 1Ee BPbLIA KATO CTORHOCT npeceunara To4ka list = (x;,y;), a BTO-
para — true wau false.

Hamvmmpane Ha KOoOpuHATH Ha MpecedHa TOUKa pt,.

Cornacuo [31] u [30] npeceunara touka ptX = (X,Y) ma aBa JgajieHu cerMeHra
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e1 = (r1,y1) u ea = (T2, Yy2) UMA KOOPMHATHU:

x1 yr||rp 1 T Y1y 1
Ty Yo w2 1 To 2| |y2 1
xr3 ys||rs 1 r3 y3||ys 1
T sy 1 T 1
X = 1T Ya| | T4 Y = 4 Ya| |Ya . (2.17)
ry 1|xr 1 xy 1y 1
To 1|z 1 x2 1f|y2 1
ZT3 1 ZT3 1 T3 1 Ys 1
rqa 1f|zg 1 xy 1fjys 1

Karo npecmernem gerepmunanTute B (2.17), noaydasame ciaegnure uspasu 3a X u Y:

(T1y2 — y172) (23 — 74) — (21 — T2)(¥3ys — Y374)

*= (21 — o) (@3 — ya) — (1 — Y2)(¥3 — 24) (218)
. (x1y2 - 91552)(93 - 314) - (y1 - yz)(x3y4 - y3x4)
o T By R | o R 219

2.4 Touka B IIOJIMI'OH

IITe pasriemame caegHaTa 3aga4da B pasunaara X OY. 3a mageHa mpon3BOIHA TOYKA
T = list(x,y) (Hapedena TecTBaHa To4Yka) u noiuron 11 = list(pty, pty, ..., pt,) Ha ce
oIlpeJIe/Id JaJId TOYKATA € BbIpe B IOJUTOHA WJIM He €. BbpxoBere Ha IOJUIOHA ca
sagajenu ¢ pt; = list(x;, y;).

Tyxk mie 6bjaT pa3riejanu JBa MeTo/la 3a pellaBaHa Ha Ta3u 3aja4a - Ray crossing
method (npecnuant sba), [32], u Balanced sum of angles (Banancupana cyma Ha br-
aure). B paspaborenusi KbM JIHCEPTAIMOHUST TPYI copTyep ce H3MOJI3Ba CJETHUSIT
HOJXOJ IPEeJId J1a e MPUJIOKH MEeTOa Ha MPeCHYAIlns JIbd 38 BCHUKH cerMenTHd. IIpa-
BI Ce IPOBEPKA Upe3 MEeToIa Ha IIpecHYallys ce JIbd JajIu JajeHara Touka 1 e B box
na nosinrona lI;. 3a noBede namupane Ha boxr Ha mojuron Bux 2.2.

1 ako e B box Torapa ce npujiara Ray meroja 3a BCUYKH cerMeHTH Ha, mojiurona [1.
To3u moaxo/| u3UCKBa 0OXOXK/IaHe Ha IeJus CMUCbK ¢ ToIku (pto, pty, ..., pt,) U cpab-
HeHHe 33 HaMHpaHe Ha MHHMMYM H MaKCHMyM Ha BCAKa KOoopamHaTa. Tasm mpoBepka
ce mpaBu ObP30, Thil KATO ce CBeXKIA IO CpaBHsSBaHe Ha JBe ducjaa. To3u momxon e
OIpaBIaH Thil KaTo OPOs Ha CETMEHTHTE B €IWH IOJUTOH MHOrO Obp30 HapacTBa. B
3aBUCUMOCT OT CJIOZKHOCTTa Ha BXOJHUTE IOJIMI'OHH M pa3pelleHuTe bIJIM Ha pOTalud,
MOJIMTOHA 3a KoiTo npoeepsiBame I moxke jma mocrurne 300-400 cermenrta. Karo raszm
poBepKa ce nopraps n Ha 6poit mbru. CioxHocTTa Ha ajaropurbma e O(n?), Ho ako ce
IPUTOZKH METObT H3JIOKEH B TOUKA 2.5 TO CJIOKHOCTTA MOXKe Ja ce namasu 10 O(n).

Ray crossing method (Merox Ha npecuyarus Jab4)

ITposepka nann jajena Touka 1' e B jasen noaurod 1. Jla npunomumMm, de obJiacTra
OTpajieHa OT TOJUTOHA € 3aTBOPeHa, T.e. BK/IIYBAINA U TPAHUIATA. 34 IEeITa TOCTPO-
siBaMe XOPH30HTAJHA IOJYIpaBa ¢ HAYAJIO JajeHaTa TOYka 1 u KpaitHa Todka 1,
KoifiTo e napedem mpecwdart Jabd Ray = list(T,T,,). Ilon Touka B Ge3KpaitHocTTa
me pasbmpaMe HaR-TOISIMOTO UHCJIO KOETO MOXKe 1a ce reHepupa oT magenara CAD
cucrema. B nosedero ciayuan 102 e gocrarbuno xKaTo npubsinzkeHne 10 6e3KpailHOCT.
Nnesra va MeTona Ha mpecuyarius Jibd ce ba3upa Ha 6post TPecedHr TOYKHU C TTOJTUTOHA,
I1. Ako Gopst HA NpeceIHNTe TOYKH € YeTeH, TO TOUKA 1 e W3BbH MOJUTOHA, WHATE TS
e BbTpPe B IOJIUTOHA.
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B HYaCTHUTE CJiydaud, KOraTo IpeCeYHUTEe TOYKH Ha JI'b4ad Ray CbhbC CerMedTuTe Ha
IIOJINTOHA H CBbBIIadaT C JaJdeH BPbX IIOJIUTI'OHa H Ce IoJiydaBaT HETOYHU pe3y/JITaTH.
3a pemasane Ha npob/aeMa ¢bC ChBIAJEHUE HA NPEYHATa TOKA C JAJeH BPbX OT IOJIH-
rOHa ce BbBeKIa Kpurepuii 3a "Bob3xongm” u "Husxongm’ cermenr.

Balanced sum of angles (Bamancupana cyma Ha briure)

Bajauara ce CBeXJa JI0 HAMUPAHETO HA OPUEHTUPAHUS BHTPEIIEH bI'bJl MEKIy
sekropure. d = list(T, pt;) u b= list(T, ptiyq).

Cera e JajeM KpUTepHH Kora jajieHa TodkKa 1 ce HaMHpa BBLITPE WM BbH OT
nanen nommron 11 = list(pto, ..., pt,). llocrposBame BekTopuTe d@; ot Toukara 1’ mo pt;,
i =0,...,n—1 1 HAMApaMe OPHEHTUPAHUTE BIJIUH (; MEKIY G; U dj1,1 = 0,...,n—1.
Cites; ToBa mpecMsiTame

Sumg, = E arccosw; (2.20)
i=1
Ako Ttoukara T e BbTpelIHa 3a moaurona II, To c6opbT Ha BCHYKH BBTPEIIHA bIJII
Sum,, e pasen Ha +27. C eIHO U3UUCICHHE HA BCHUKH bIIH (0OX0XKIaHe) TO3N METOJ
HU JaBa JIBe BaXKHU XapaKTEePUCTUKHU 3a JajeHus moaurod I1:

1. Ako Sum, = 27 noaurona II e opuentupan C'W;
2. Axo Sum, = —2m nonurona II e opuentupan anti — CW.

ToBa € MHOTO HaJIEXKJIEH MeTOJI, HO He JOCTaThIHO Obp3 ¢braacHo [14]. Chimo raka
OT KPUTHYHO 3HAUYEHHE € U I'PelllKara, KOsITO Ce aKyMyJaupa Ipu ChbOUpPaHeTO Ha 'bIJIH-
Te. OOMKHOBEHO CTOIHOCTUTE HA 'BbIJNTE Ca MAJKH HPH TOJAM OpOil HA CEIMEHTH Ha
MOJIUTOHA W TOTaBa MOXKE JIa Cce HATPyIa AOCTATHIHO TOJIMAa TPENTKA, KOETO OT CBOM
cTpaHa Ie 3aTPYAHU MpelleHKaTa Jaqu ToukaTta 7' e B moymmrona I1.

2.5 Ilpecuyane Ha JiBa NOJIUTOHA

DyHKIUATA 38 HAMUPAHE Ha cedeHneTo (Mpecruyuane) Ha jBa moaurona A u B e eHa or
OCHOBHHUTE OIePAIlii ¢ MHOYKECTBA M YeCTO M3I0J3yBaHA B aJlOPUTMHUTE 338 PA3KPOil.
3a cbKajeHne peasn3alnuaTa Ha Ta3u Oleparys M3UCKBA MHOTO IPOIECOPHO BPEMe.
Knacndecknar moaxon ce 3ak/I09aBa B MPOBEPKaA JaJN BCEKHW CEIMEHT OT TDAaHUIATa
Ha B npecuda cerment or rpanunata Ha A. To3um Meron e jecen 3a peaau3aiius, HO
BB3MOKHO Hail-6asen, nva caoxkuoct O(n?), [10], crp. 21. Tosu moaxo He ce U3MOI3yBa
B pa3paboreHusi 0T aBropa codryep.

[To-6bp3u MeTOM 3a MpoBepKa JAIU JIBA TOJHUTOHA Ce TPECHYAT W3MOI3YBAT Ha-
MHUPAHETO HA TOYKHUTE HA IIPECUYaHe Ha IPAHUIUTE UM C TEXHUTE KOOPJAMHATH WJIU
IpPOBEPKa 3a JIOTHIECKO MpecudaHe. B moBevyeTo caydan Ie N3Moa3yBaMe JOTHIeCKOTO
npecrvaHe Ha JIBaTa TOJUTOHA, TOTaBa He e HeoOXOANMO Ja 3HaeM Opost WIN KOOD/IH-
HATUTe Ha TMPECevHNTe TOYKHU, JOCTATHIHO e Ja 3HAeM, Ue eJMH OT JIBaTa IOJUTOHA
UMaT MOHe eJNH BPbX, KOUTO € BbB BBTPENTHOCTTA HA Jpyrus noguroH. Toa ce ms-
HOJI3yBa C'HIIO IIPH ThPCEHETO HA Bb3MOXKHO IIOJIOXKEHUE Ha Ja/ieH mourod 1I; cupsamo
ocuoBaus moauron A. B ceknus 4.4 npu 2D paskpos e gajgem moBede nHGOpPMAIUS.

EHa oT BB3MOXKHATE IPOBEPKH 34 NPECHYaHe € KaTO 3all09HAT Ja Ce IIyCKaT JIbun
oT Bceku BpbX or mouron B. U1 ako ganen Bpbx or nosmrona B e B mosmrona A, To
nBata nosmrona A m B ce npecnydar. B To3m moaxon ne e 3abJIXKUTEIHO J1a Ce MPO-
BepSIBAT BCUYKU TOYKH OT TOJHTOH B jmaiu ca Bbrpentau 3a nojuron A. Meroansr e
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Ha/Ie2K/IeH, HO cozkHOoCTTa MY € 11outu O(n?), Tbil KaTo BCEKM eJlMH JIbY PeaJsito e cer-
MEHT C HavaJieH BpbxX B;. To3u 1moaxo/1 e cpaBHUTEHO 1T0-0bP3 OT KJIACHYECKUS METO/I.

Enun or 6bp3ute asroputvu e to3u Ha "Bentley-Ottmann algorithm”, [39],
KOITO ce 3akJovaBa BbB BbBEXK/AaHe HAa BEPTHUKAJIHO HJIM XOPU3OHTAJIHO 'CKaHWpa-
ma” JTUHUS TPEMUHABAIIA TPe3 BCUUKN cerMenTH. [Ipn mocTurane HATAI0TO HA TaJIEH
cermeHT oTynTame "cvhburme” W Mpu JOCTHTAHE Kpasi HA CerMeHTa nMame Cbino "cnbu-
tre”. 3a pa3paboTBAHETO HA AMTOPUTHMA C€ M3MO/I3Ba BePTHKAIHA CKAHWPAIIa JTHHH.
Cormacuo [43] coKHOCTTa HA TO3M aJrOPUTDHM 3a Bemuku K mpecnmdanns Mexiay N
cermenTa e O((N + K)log N).

2.6 PeaynupaHe Ha BbpXOBeTe Ha IIOJUTOH.

B nporieca na Thpcere Ha BAJUIHO peIleHUE 110 KOHTYpa Ha HOJUrOHA ce 'BMbKBAT’
HOJIPOOHU TOYKHU, KOUTO MOBHIABAT C'HITECTBEHO BEPOATHOCTTA JIa Ce HAMEDHU BAJHUIHO
pemenne. B asropurbma pazpaboren ot aBropa |13] Ha BceKn cerMent ce mocTaBsT 1o
15 noapobuu touku. Tpu wHTEepBasa MO MET TOYKU. ToBa € 0bJacTTa HA ThpPCEHE Ha
penienud - Te3n HO,ZLpO6HI/I TOYKMH. 3a BCdKa €JHa OT TAX BXOAAIUA ITOJUTOH Ce€ TpaH-
cJMpa M 3aBbPTa JI0 HAMHpaHe Ha BAJUIHO pellleHne. BagwmaHo peleHne e ToOBa KOETO
BXOJIAIINS OJUTOHA € B TIOJUTOHA HA 3allbJBaHe. Be3 mpecnyane Ha JABaTa MOJTUTOHA.

PeﬂyKHI/IHTa Ha IIOJIMI'OHa Ie IMOBHUINK 3HAYUTEJTHO CKOPOCTTa Ha aJITOPUTbMa U
C'hOTBETHO I CIECTH U3YNCIUTETHO BpeMe. 3a PeIynupaHeTo Ha MOJUTOHA TPIOBa /1a
oIpeJieJ;IMM HeroBaTa IOCOKaA Ha mocTpoernue. /la mpuemeM, de mocokaTa Ha MOCTPOEHUE
Ha nosmrora A e C'W. OTBapsiMe HOB Ipa3eH CIUCHK U 3aI09BaMe 00X0KIaHe Ha, HOJIH-
rona A ¢bC BCeKH TpU TOUKM list(pt;_q1, pt;, ptiv1), i = 1...n. V3uucagsame mocokara
Ha BbpTeHe Ha ToukuTe list(pt;_1,pt;, ptiv1). AKO IOCOKATA UM CHBIAJA C TOCOKATA
Ha BbpTeHe Ha nosmrona A, npasuMm nposepka gaau (get PolyArea(pt;_1,pt;, ptii1) <
minArea n ako TOBa € TaKa TO HE 3aMUCBAMe TOYKA Pt; B TPA3HUsI CIIUCHK, HHAYE 3ATTHC-
BaMe pt; B Ipa3HUs CIIUCHK. AKO He CbBIAJA OCOKATA HA BbpTeHe Ha list(pt;_1, pt;, ptii1)
¢ A To 3amucBaMe pt; B CIUCHKA.
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I'taBa 3

3ajiada 3a 1) pa3kpoii.

3.1 @opmyaupoBKa Ha 3aJadvara.

[IpobaeMbT 3a ONTHMAJIHO Pa3KposBaHe Ha eJIeMEHTH OT 3aJaJeHa 3aroTOBKa JIaTH-
pa OT HAYAJ0TO HA WHJIYCTPUAJIHATA PEBOJIIOIMS, BTOpaTa MOJOBUHA Ha 18-Tu BeK u
Hadga0To0 Ha 19-Tm Bek. XapaKTepPHO 3a TO3U MEPHUOJ, OT BpeMe € eKCIIOHEHIHAJIHOTO
pa3BUTHE Ha MPOU3BOJACTBeHUTE cun. VHaycTpraJiHaTa PeBOJIIOINS € CBbP3aHa He ca-
MO € Ha49aJIOTO Ha MAaCOBOTO M3MOJI3BaHe HA MAIIWHHU, HO U ¢ PA3KOTO MOBUIITABaHE HA
MPOU3BOIUTETHOCTTA Ha TpyJda. BucokaTa TpOU3BOAUTETHOCT Ha TPYy/Ja € B IPsAKa U
HPABOLPOIOPIMOHAIHA 3aBUCUMOCT OT pa3xoja Ha cypoBunu. OT TyK ce paxkja He-
00XOIMMOCTTA OT ONTHMAJIHO U3IOJA3BaHE HA PECYPCHUTE B MPOU3BOIACTBOTO. 3adadaTa
3a ONTUMAJIEH JIMHEeH pa3Kpoil 3acdra NpeauMHO IpoMuIiieHocrra. Vuaycrpusita e
CEKTOP, KOWTO BKJIIOUBA JOOMBa Ha IMOJIE3HU U3KOIAEMHU U IpepadoTKaTa Ha CypPOBUHU
B MEXKTUHHY WM KpaifHH TPOAYKTH. YCJIOBHO MOKe J1a pa3Jie/;ITAM HHIYCTPUATA Ha JIBa
ceKTopa J00MBHA U NpepadoTBalia. BbB BTOPUUHES CEKTOP Ce BKJIIOYBA M CTPOUTEIC-
TBoTO. Hammara 3ajada mpousjin3a oT BTOPUIHHUS CEKTOP - CTPOUTEICTBOTO. B crpou-
TEJICTBOTO Ce M3I0JI3BAT OCHOBHO HAKOJIKO BHa MaTepuaan: CToMaHOOETOH, CTOMAaHa,
JbpBO H Apyru. B ciaydag e ce (pokycupaMe BbPXY CTOMaHEHUTE W TbPBEHUTE KOH-
cTpyknuu. Te3u KOHCTPYKIIUH TTO3BOJISIBAT Ja Cce MPOU3BeIaT B MeX U Jla ce MOHTHpAT
Ha cTpoexka. [IpOoM3BOJCTBOTO W HA JBATA BHJA MATEPUATH (CTOMAHA U TbPBO) TO3BO-
JgBaT pa3kposiBane. /la B3eMeMm 3a npumep cTOMaHeHaTa KOHCTPYKIHUA MMOKa3aHa Ha
durypa 1.1.

B Tazm KOHCTPYKINS 3a MP'BTOBUTE eJIEMEHTH Ce W3T0I3BAT CeUYeHUsI OT Hal-pa3indeH
Bua. poitro 17 npoduan, "L” npodunn, "C” npodun.

Ceuenngita cromanenutTe npoduau gecto gocrurar 100 kr/m. Ilpu nena Ha exun
KHJIOrDaM CTOMaHa OT mopsiAbKa Ha 3,5 jB./Kr. (kbM 2021 roxuna) npasu 350 JB. Ha
JuHeeH MeTbp. M KoraTo MoxkeM J1a HalpaBUM UKOHOMUS, KOATO Ce MOBTOPH 33 BCEKH
npoduii, TO 1MoJ3aTa OT ONTUMAJIEH Pa3Kpoil e odeBnTHA.

Jlagen e cucbK OT AbJAXKUHU Ha BXoasmu npodunun L = [;. Pemenuero Ha 3a1a-
yara 3a 1D e Obje cBeleHO A0 HAMHUpPaHeTO Ha pelleHue 3a eaud Bar;. lim ToBa e
JIMHEIHOTO pasmoJiarane Ha dact or upoduianre [; B gajgena abiazxkuna Bar;. Cueasa-
IATE eTald Ca A0 U3YePIBAaHeTO HA BCHYKU mpoduan oT cuucbka L. OnruMusanusira
ce 3aKJII0YaBa B TAKOBa pasiojarane Ha nNpodujnTe, ¥e 1a ce MOJIYyId Bbh3MOKHO Hafi-
MaJIbK OCTATbK 3a BCdKa eJiHa JlajieHa JIbKuHa Bar;, Buxk durypa 3.1.
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Qurypa 3.1: /lebunupane Ha JimHeeH pa3Kpoii.

Kwbpero Bar;, i+ = 1...n, Buxk durypa 3.1 e nuzobpaszena nejesBara JIb/KUHA HA
3amrbJBaHe 3a HaMHpaHe Ha eJHO pasnosarane Ha upoduante. [Ipodbiaema 1ie Obie
pemter ¢ metoga Ha MpaBkute ACO. Merona HA MpaBKUTE € METAEBPUCTUYIEH METO]]
3a pelliaBaHe Ha W3duCIUTeNHH 3aa4d [16]. To3u asropuTbMm e 4acT oT aJropuTMUTe
na Coruanaust uarenekt (SWARM Mozienu Ha eBOJIONUATA HA KYJITYPATa).

B nagenus cay4aii s e 12 000 epununu. Ta wHe Moxke jia Objie 110-MaJjika OT Hadi-
MAaJIKaTa Ib/KAHA Ha BXOAANUTE Npoduin. 3a HAMHUPAHETO HA €IHO BAJUIHO pe-
IMeHne B3MMaMe TOBa € Hali-MaJiKa CTOMHOCT Ha ocTaTbka wastel UM Mexkjy BCHY-
KHUTe HaMepeHH pelrenus. 1psOBa ja odObpHeM BHEUMaHHE, e wastel e cbeTaBeH OT
JIBa OoTHa bKa. EauHudg oTnaIbK € peaHusl - TO3M, KOMTO OCTaBa KAaTO MaTepHual,
3amucal B mpoMenauBa wasteReal. pyrusg e TeXHOJIOTHYEH, 3allMCaH B MPOMEHIHBA
wasteCut. ToBa e mupunara Ha pexkenus nHCTPyMeHT. Cjie0BaTeTHO OOIMUS OTIIa-
IbK e waste; = waste Real +wasteCut. Caex ToBa npoduanTe BKIOYEHE B H30PAHOTO
perierne (3esenus nBAT Ha ¢urypa 3.1) I U3KII0IBAME OT BXOJSIIHS CIUCHK. 3318~
yaTa ce IOBTapd 0 KaTO BXOIMAIIUS CIUCHK crame npasen. Ciiel TOBa 3alucBaMe B
enna mpomernuBa sumWaste = (waste; + wastes + - - - + wasten) dbupara or BCHI-
ku npoduan u 3amazsame pertenunero. Cjej] KaTo MOJIYYUM CJIeIBAIOTO PEIeHne TI'i
cpasasiBame o sumW aste. Mzbupame ToBa ¢ no-maakusa sumW aste. Pemenusta ce
MOBTAPAT WM JOKATO MoLy4unm dbupa mox 5% uam 10 1ageHo BpeMe 3a U34nCIeHwue.
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3.2 HamupaHe Ha H4JIOCTHO pellieHue 3a 1) pa3kpoii.

Hexka e magen ciemaust BXOISIN CIIUCHK ¢ MPOMUIN 3a pa3KposBane. BxoasmusT ciu-
C¢bK ce mosydaBa gupekTHo or CAD cucremara. ExuH TakbB CHIHCHK € IOKA3aH B
Tabana 3.1.

Bxomnu mannu 3a 1D pa3kpoii:

Tabuna 3.1: Bxoanu JaHHu 3a pa3kpoit Ha mpoduia.

n | Ceuenne | Bpos | JIbmkuna
1 2 3 4

1| Profile 1 36 320

2 | Profile 12 54 330

3 | Profile 8 4 330

4 | Profile 15 18 334

5 | Profile 31 54 340

6 | Profile 25 54 350

7 | Profile 19 | 360 365

C n me orbenexkum "ceutus"couchk ¢ 18 Gpos enementa. C N 1me orheseknM
pa3BuTud cruchbK ¢ 580 Opod eleMeHTH.

M3npobBanu ca Tpu MeToa Ha mojapexgane. [IbpBuaT e KoMOMHATOPHA OMITHMHA3A-
st o Metosa na mpaskute ACO, [53] u [54]. Usnoa3Bama e elHa MpaBKa 3a HaMApaHe
Ha, pellleHue 3a exun Bar;.

Q@urypa 3.2: Mitoctpaliusg Ha MeTO/1a MPABKUTE.

Qurypa 3.3: OteHka.
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Meroaa na mpaskure (Ant Colony Optimization) e gacT 0T MeTOIUTE C HOMY/IAIIUH.
MeroauTe ¢ monysanuu ca dact or MeraeBpucrtukara. Buxk durypa 4.1. Haii-o6110
TOBa € BEPOSTHOCTEH TOJXOJ 3a pelllaBaHe Ha Hal-pa3/IMdHu U3YUCJUTEJTHU 33a49H.
ACO merona pemasa 3aJa4d 10 3a1aeHA IapaMeTpd. 3a IIbPBH II'bT TO3U METOJ, €
npeiozken ot npod. Mapko dopuro npes 1992 B neropara aucepraliusi.

Ot ToraBa 10 JHEC METOXBT TpeIoXkeH oT mpod. opuro e pasmmpsBare u MO-
Jucpunmpana 3a J1a MOXKe Jla peliaBa Io-IUPOK Kpbr oT 3aadu. nedara e B3era ot
HPUPOJIATa, 3aTOBA TYK IIe M3I0/a3BaMe TepMuHu KaTo "MpaBka’ u "dbepomon”. Pepo-
MOHA& € XUMHUYIECKO BEIEeCTBO KOETO Ce OTIEesI OT MPaBKUTE B MPOIeca HA U3MHUHABAHEe
Ha JaJied bT. To3u GpepoMOoH CJIyKu 38 KOMYHHMKAlUs C JIPYTM MpaBKu. B HAa4a10TO
MPABKUTE Ce JIBUZKAT HA CJy4YaeH mpuHiun. [Ipm OTKpuBaHe Ha XpaHa Ce 3aBPBINAT
B rHe3710TO cu. [Ipe3 means wbT HA OTWBaHE W BpbIlaHe Te oTaeaaT (pepomon. Tozm
depomon ce otTiara o nbrd kM. PepoMona npusanyda MpaBkuTe. Koskoro nmoseue ¢e-
POMOH MMa Ha JaJieH II'bT TOJKOBA IOBeYe BEPOATHOCTTA MPABKHTE I Ce€ JIBHKAT I10
Hero e mo-rojisiMa. 1o To3u HauuH KOJIM4YecTBOTO (PepOMOH Ce yBejndaBa U I'bTsd J10
M3TOTHWKA Ha XPaHA CTaBa [0 MPUBJIEKATENEH 33 JAPYTUTE MPABKH. 3& PEIIaBaHETO
HA BCdKa ejHa 3a/la9a MOTaT Jia ce M3IMO0JI3BaT pasjudeH Opoit Mpasku. Kojkoro mo-
MaJIKO MPaBKHU €€ M3I0JI3BAT 38 HAMHPAHETO HA IVIOOAJTHUS ONTUMYM TOKOBA I10-MaJIKO
H3YHUCJIUTEHE PecypcH (MPOIECOPHO BpeMe) e ¢a HeoOXoauMu. B HACTOsIIIHs cJTydaif
e M3MoJI3BaHa eJHa MpaBKa. MpaBKaTa n3dupa eIuH TPOU3BOJICH BAJTUICH €JIEMEHT U
r0 MOCTaBs BHB BAJUIHUTE PENIeHUs. 3a CJAeJBAIN0 PeIleHne W3MoI3Ba (DYHKIUS Ha-
pedeHa BepOATHOCT Ha npexoja. la3u pyHKIN € TPOu3BeeHne Ha KOJIUIeCTBOTO (e-
POMOH ¥ eBpucTHUYHA HHOpManud. KoamdecTBoTo (hepoOMOH IPeJICTaB/IsdBa OIUTA Ha
HPEIXOIHATEe UTepallud Ha MpaBKuTe. EBpuctuunara GhyHKIUS ¢ HHOOPMALKS IIPe-
CTaBJIBAIIA TPEIBAPUTEIHO MO3HAHKUE 33 3aJadara. MpaBKaTa H30Upa TO3U MPEXO/I,
KOUTO UMa Ha IOJIIMO [pou3BejieHne Ha (pepoMoHa U eBpucTuYHaTa nndopmarms. To-
Ba € Hall-rojiIMaTa BepOATHOCT HA BSIPHO permenne. AKO WMa 1OBeUYe OT €IHO PeIeHne
C eJHAaKBa BEPOATHOCT, TO ce U30Hpa €JHO OT TdX Ha mpouspoJien npuniui. Ciem Ka-
TO BCUYKH MPABKH HaMeEPSAT PelIeHusTa CHU, cjeasa ja ce obHosu ¢pepomona. [Ibpso
depoMoHa ce HaMaJsIsIBa 3a Ja ce HaMaJd BJAUSHHETO OT Hpeauiinu pemtenusd. Crien
TOBa ce J100aBd HOB (DEPOMOH HPONOPIIMOHAIEH HA CTOMHOCTTA Ha IeJieBaTa (PyHKIIHSI.
Karo sorukara e, e perrenusgra ¢ nosede hepoMoH ca Mo-100pHu OT Te3U C MO-MaJIKO
depoMoH U Taka Te Ie CTaHaT Mo-YKeJaHW Ha CjejBaliara urepalus. B KoHkpeTHara
3aj1a49a PEPOMOHDBT €€ TOCTaBdA Ha IIPEXOJIHUTe.

BeposiTHOCT Ha mpexona.

_ @)
pi,j = ﬁ’ (31)
> (Ti,j>(nz‘,j)
K'bJIETO:
® 7, ; € KOJTHIeCTBOTO (pepoMOH, CHOTBETCTBAIIO Ha IIPeXoja OT BPbX ¢ BbB BPDBX J;

¢ (v € IIapaME€T’bp 3a KOHTPOJI Ha BJIHAHUETO HA T; ; |

e 7); ; e eppucTudHa uHdopmanud. KomOuHanus or napaMeTpuTe Ha IejaeBaTa GyH-
KIUsI ¥ OTPAHUIEHUSITA;

e [ e mapaMeTbp 3a KOHTPOJ Ha BJIUSHHETO HA 7); ;.

ObnHoBgBaHe Ha (pepoMOHA.
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(3.2)

¥ Ly, ako MpaBka K mnpemune mpe3 pebpoTo i, j
10, wHauge

AsropurbM Ha Meroga Ha MpakuTe ACO, cbhraacho [26].

Algorithm 2 ACOAlgorithm
/*Anropurbm Ha MpaBkuTe™ /
procedure ACOALGORITHM
Begin
ITocraBsine Ha HavaeH HepoMOH
While nokaro xpurepus e ncruua do

[locTraBsne Ha BCAKa MpaBKa B Ha4YaJIeH BPbX
Repeat
For each , npuioxku 3a BcgKa MpaBKa
N360p na ciepBaii BpbX
End Foreach , kpaii na npuioxKu 3a BCIKa MpPaBKa
Until , Bcaka MpaBKa e IIOCTpOn/ia pelleHne
Ob6noBsaBane Ha ¢dpepoMoHa
End While , xpait za while
End

Ot cw3gaBaneTo Ha aaropurTbMma 1mpes 1992 rog. or npod. dopuro mo gHec ca pas-
paborenn paznunaau moguduranuu #a ACO anropurbma. Enau oT Hali-onyngapauTe
BapHaHTH Ha aJITOPUTHMa 3a ONTUMHU3alud 110 MeTOAda Ha MPAaBKUTE Ca HM3JIO2KEHH B
[17], [18], [19], [20], [21], [22], [23], [53], [54],

B macrosmara 3ama4da 3a 1D pa3kopos Hal-roasM GpepoMOH IOJIYIaBAT TE3H MpO-
duim, KOUTO JaBaT Hail-MabK OCTaTbK 0T Bar;. Ibkuaara Ha npoduia e Heropara
TEZKECT, 3aI0TO CEUYEHUETO € eTHO U ¢bino. To e koncranTa. Buxk dburypa 3.3. I[lpodun
Length2 me noxyun no-rossm depomon (orenka) crnpsimo npobui Lengthl. Mau rosa
ca To-IbaruTe mpoduIn e nMaT mo-BHCOKa orenka. Coopa Ha depomona 3a Bar; e
[O-TOJIIM IIPH IO-AbJAruTe npodumin. B To3u ciaydail MeTona Ha MpaBKHTe IIPOSBIBA
Greedy xapakTep.

Bropusar Meron e nuHaAMUYHO onTUMHpaHe. [Ipum To3m momxos He ce IpaBH KOM-
OMHAIME Me:K1y MpodUInTe, a 3alucBa cOOpa HA AbJIKATE Ha IPOMUINTE T0 JTa1eH
unekc. [lpu ciaeasammo Tepeere Ha cOOpa HA Ib/KUHUTE HE Ce MPEMUHABA IIPe3 Iie-
JIWsT COUCHK JI0 JIQJIEHATA TO3UIHS, a Ce M3M0/I3Ba cOOpa UM OT TPEUIITHE W39HCIeHNUS.
Heka e gamen cnucebk ¢ npoduin ¢ Texuure Tbkuan L, = list(po,p1 ... pn). Coopa
OT JbJKUHUTE Ha IbpBUTE b mpoduia e obe:

L. sumq = po + pi;
2. sumeo = sumy + po;

3. sumsg = sumso + p3;

=

Sumy = Sums + p4;

6. sum; = sum;_1 + p;;
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Tperust meros e komOunanust Greedy 1 KOMOMHATOPEH METO/I C II'bJIHO U3YEPIBAHE
Ha n-ejgementa, k-tu kjmac. B Greedy. merona npoduinre ce cOPTUPAT MO IbHIZKAHA.
Or mHaii-roam KbM Hail-marbK. [loapexkmanero Ha mpoduImTe 3am09Ba KaTo MbPBU Ce
HOCTaBAT Haff-ronemuTe AbKUHEA. CleIBANIOTO TOCTaBdHEe € KOMOMHATOPHUS MeTO.
Metona Haii-rossiMaTa IbIKHHA OT cOOpa HA JTbJIKUHUTE OT BCEKU JI0 TPU eJIeMeHTa
B cucbka L,. Kimaca Ha KoMOHHAIIUATa € OrpaHUYeH 10 TPU edeMeHTa. Bedaka xomOn-
HAIUg ce pa3/nuvyaBa €JiHa OT JApyra ¢ none 1 ejieMeHT.

vk n!
Ch= e — — 3.3
" Pk kl(n—k)! (3:3)
WNnwn mpu gecer mpoduia umame cjienusg Opoil KOMOMHAIIMY C TPU €JIEMEHTA:
10! 3628800
= =120 (3.4)

31(10 — 3)!  6.5040

JIbazkunuTe Ha NpodUINTE C €JIHAKBO CeYeHue He BapupaT B rojieMu rpanunu. [Tpu
HAMTPABEHUTE CPABHEHHUS MEXK/Iy TPUTE METO/a, 32 MENNTe HA CTOMAHEHUTE KOHCTPYK-
nun xubpuaang noaxon Greedy + n® aaropuTbMa 1aBa Hail-T00pH PE3YITATH MO OT-
HOIIIEHYE Ha ILUTbTHOCT U BpeMme. KoMOnHATOpHUAT MeTo paboT ¢be "cBuTus" ciucbK
e GeaesKuM ¢ 1 eJeMenTa — 18 6pos. MakcuManausa 6poit uteparnuu e 7° = 343. He e
3aIbJIZKUTE/IHO CJIJI BCSIKO MOCTaBsIHE HA POGu OPOs HA eJIEMEHTUTE N /14 HAMAJIEe
¢ exno. [lpu paszsutug cnuchk e oenexxkum ¢ N = 580 Oposa. Makcumarnugar Opoit
nTepanny 6u ciaensaio ga 6baar e 580° = 195112000.

Hbmxuan 3a paskpogBane 12000 MM , mmpuaa pexkermusd HOXK 0. MMm. bpodar Ha
JbRuHATe (MpodbuIuTe) 33 paskposiBaHe e HeorpanudeH. Bpoil mpoduin 3a paskpoit
- 580. Obma jabizkuHa Ha npoduanTe 3a paskpospate e 205 332 mm. CiegoBareaHo
[JIODAJTHUAT MUHEMYM TiIe O'bJIe OKOJIO 21025030302 = 17.11, uwnn go 18 6poga npoduau o 12
000M.
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3.3 Pesyararu npu 1D paskpoii. I[Ipumepn.

[Ile nznon3Bame cjegHus KOMEPCHAJIHUSA HPOILYKT:

Qurypa 3.4:
Komepcuanen  mpo-
IyKT 3a 1D paskpoii.

PeByﬂTaTI/I OT U3YHCJICHUATA:

Ourypa 3.5: Pemenmne nHa 1D pa3kpoii ¢ KoMepcuaaeH Tpo-
JIYKT.
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B cunute ejuiicu na dpurypa 3.5 ca nocoyenu 0post Ha Heodxopumure npocdusiu. Te
ca 17 6pos nenn jabaKuaA 110 12 000mM + 1002 MM o 18-Ta AbazKUHA.
Pezysitaru B Hactosmnus MeTO/;

Tabsiuna 3.2: Pesyararu ¢ Mpasku 3a 1D pa3kposi.

N | dbmkuan | Ocrarbk ITpodbusu

1 2 3 4

1] 12000 120 profile 19 (360x33),

2 | 12000 120 profile 19 (360x33),

3 12000 120 profile 19 (360x33),

4 12000 120 profile 19 (360x33),

3 12000 120 profile 19 (360x33),

6 12000 120 profile 19 (360x33),

7 | 12000 120 profile 19 (360x33),

8 | 12000 120 profile 19 (360x33),

9 | 12000 120 profile 19 (360x33),

10 12000 120 profile 19 (360x33),

11 12000 120 profile 12 (330x36),

12 12000 120 profile 31 (330x36),

13 12000 100 profile 25 (350x34),

14 12000 120 profile 1 (320x36), profile 19 (360x1),
15 12000 160 profile 19 (360x29), profile 25 (350x4),
16 12000 120 profile 31 (330x18), profile 12 (330x18),
17 12000 130 profile 15 (330x18), profile 25 (350x16), profile 8 (330x1),
18 12000 11010 profile 8 (330x3),
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Ta6aumna 3.3: Pesyararu ¢ Greedy + n® meron 3a 1D paskposi.

N | Jdbmkunan | OcrarbK ITpodbum

1 2 3 4

1 12000 150 profile 1 (320x36), profile 12 (330x1),
2 12000 120 profile 12 (330x36),

3| 12000 120 | profile 12 (330xL7), profile 8 (330x4), profile 15 (330x15),
4 [ 12000 120 profile 15 (330x3), profile 31 (330x33),
5 | 12000 170 profile 31 (330x21), profile 25 (350x14),
6 12000 100 profile 25 (350x34),

7 | 12000 180 profile 25 (350x6), profile 19 (360x27),
8 [ 12000 120 profile 19 (360x33),

9 [ 12000 120 profile 19 (360x33),

10| 12000 120 profile 19 (360x33),

11 12000 120 profile 19 (360x33),

12 12000 120 profile 19 (360x33),

13 12000 120 profile 19 (360x33),

14 12000 120 profile 19 (360x33),

15| 12000 120 profile 19 (360x33),

16 | 12000 120 profile 19 (360x33),

17 12000 120 profile 19 (360x33),

18 12000 10920 profile 19 (360x3),

Tabauna 3.4: CpapHenue Ha pe3yararute 3a 11 pa3kpos.

Codryep Bpost nznoassanu npoduan | Bpemels|
1 2 3
Komepcuanen npomykr 17x12000 + 1002 mm 7
Greedy + n? 17x12000 + 1080 mm <1
Mpasku ACO 17x12000 + 990Mm 1

$IBHO KOMepCHAHNS TPOAYKT MOJI3BA MHOIO CJI0YKHA eBPUCTHKA HJIH IPYTH METOIN
3a onTuMu3upane. KoMepcunajaHusaT NpoJLyKT € Hali-OaBeH CHpsMO JPYTUTE JIBA METO/IA
Greedy + n® u ACO. KakTo ce BHXK/Ia OT CpABHOTEIHATa TaOauIa 3.4, METOILT Ha
mpaBkuTe ACO naBa Haii-100bp pe3yaTar OT IJeJHa TOYKa Ha Hall-MaJIKO OTHaIbK,
KOeTO e riaBHaTa HE ned. KaTo Bpeme 3a npecmarane Greedy + n® e Maako mo-6bp3
or AC'O 3a cMeTKa Ha IO-JIONMIOTO pelteHne. KoMepcnaJIHuaT IpoayKT e OaBeH U 1aBa
HO-JIOIIO penieHne or Meroja Ha Mmpapkure ACO. 3aToBa MOXKe Ja 3aKI0UYAM, 4
OpeIoKeHnAT OT aBTopa Ha jaucepranuara ACO airopuTsbM MPEBb3X0XKIa APYTUTE
JiBa.
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I's1aBa 4

3ajJiada 3a 20) pa3kpoii.

4.1 PopmMyaupoBKa Ha 3aa4aTa.

Nupycrpugra nocraps 3a pelraBane Hafl-pas3/iImyHu ONTUMHUZAIMOHHY 3a/[a4u. '1e3u 3a-
JIaYu MOTAT JIa ¢e KAACHMUIIMPAT 110 MHOTO TPU3HAIN 3aBUCEIH OT:

1. xapakTepa Ha pelraBaHus TpodJIeM;

2. cTpPYKTypa Ha 3ajadaTa;

3. Opos Ha YIPaBJIIBAIIUTE ITapAMETPH;

4. XapaKTepa Ha 3aBUCHUMOCTTa Ha KpUTEPpUAd U OrpaHUYCHUATa Ha ITapaMeTpHuTe;
5. HaJIWIUeTO Ha PA3JNTIHU OTpaHUYeHNs;

6. xapakTepa HA ThpPCEHUS MUHUMYM;

7. Opost HA KPUTEPHUUTE;

8. m apyru.

[Ipu npou3BOJACTBOTO HA CTOMAaHEHU KOHCTPYKIIMH C€ HaJara Jia ce U3pA3BaT ILIaH-
KU OT JaJIeH cToMaHeH JIucT. [ LtankuTe uasar kato nosmuronu ot gagena CAD cucrema.
TOBa HaJlal'a IIOAPEKAaHe Ha BXOAANINUTE IIJIaHKW B'bPXY JIMCTA TaKa, Y€ Jda Ce I10J1y4dHu
muanMa Ha pupa. ToBa e u3psa3BaneTo Ha onpejeneH Opoit GUrypu or 1a1eH MaTepu-
aJI, KOUTO B OOIUsI Caydail me Obje moauron. To3u MOJUTOH Tie Hapudame MOJUTOH
3a 3ambiaBane. Bux durypa 1.4.

Tazu 3amaua e u3secrna e omie karo Cutting Stock Problem mwiu (CSP), [69]. Tosu
npobaem e NP- cioxkua kombuHaTopHa 3a1ada [88]. B jmreparypara ce JaBaT TOYHH
pellieHnst Ha 3ajadara 3a Gurypu (IUIaHKH), KOUTO ca MpaBObIbanund. 1o mosy e
ObJie TajleH aaropuThbM 33 HaMHUpaHe Ha €IHO pellleHre Ha 3aJadaTa 3a pa3loJjaraHe
Ha JlajeH Opoil mpou3BOJIHE reoMeTpudHu Gburypu (MJIAHKH OIMUCAHH YPe3 MOJUTOHH)
BIMCAHN B IPOU3BOJIEH KOHTYD (IOJIMTOH 3a 3amrbiaBaHe). MeToabT 103B0/IABA 3O
3yBaHe Ha BbpTeHe U orjejajien obpas Ha dpurypara. lIponecopHoro u3duc/iuTeIHoTO
BpeMe ce YBeJIHYaBa CHIIECTBEHO ¢ yBeJndaBaHe Ha Opost Ha (DUIypUTe W HA TAXHA-
Ta CJOYKHOCT KaTo reoMerpus. Hamupanero Ha perierne dpe3 U3deplBaHe Ha BCUUKH
BBb3MOZKHHA KOM6I/IHaL[I/II/I € HelIpUEeMJINBO KaTO TBbP/AC I'OJIAM O6eM n39nuCJJICHUAg. HpI/I
ChbBPEMEHHOTO Pa3BUTHE HA W3UUCTUTETHATA TEXHUKA € Bb3MOKHO /13 C€ PEIn CIOXKHA
3ajJa4da Ha CyIep KOMITIOThP, KOUTO /Ia HAMePU BCUYKH Bb3MOXKHU PellleHnsd, HO B ITIOBe-
4eTo CJIydad TOBa He e onpaBjano. Pazdoupa ce, pa3xo/l Ha 3HAYUTEJCH UIUHCJTUTE/TCH
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pecype 3aBUCH OT BayKHOCTTA Ha 3ajadara. [IpejcraBeHusT mo-10J1y aJropuTbM UMa
BB3MOKHOCT 33 Hapasenn3alusg Ha HW3IUCJuTeTHuTe nporecu. Ho macoBuTe 3a1adm
e ce peajm3upaTr Ha HACTOJEH WIH MepcoHasaeH KoMmioThp. llenra e ga ce cbhi3mgane
AJTOPUTHM, KOHTO /1aBa 3a KPATKO BpeMe MPUEMJIUBO peIleHue Ha CJI0XKHU KOMOMHA-
TOPHH 331a491 U3IOI3BARKH MOOMIHYA HU3YHCIATEHE yeTpoiicTBa. [lle BbBemeM BeHIKH
MATeMATHIECKH MOHITHsI, KOUTO Ce U3TOI3BAT 32 OMUCAHNTE HA MATEMATHIECKUsT MOJIET
U aJIrOPUTHM 32 PelllaBaHeTO Ha ONTUMHU3AIMOHHATA 33,/1a4A.

Ot CAD cucremara ce moJjiydaBar MOJUTOHH, KOUTO €4 CHHUCHIU OT TOYKH B KO-
opauuata Ha cucrema XOY. B obmus ciaydail Te3um MOJHUTNOHU ChIBPZAKAT U TOYKH,
KOUTO He Ca BbPXOBE Ha ITOJIUTOHA, T.e. TOUKH JIeyKallll Ha eJHa MpaBa. 1e3u TOUYKH
e HapudaMe U3JIUINHUA. 3aTOBa Ha BCHYKHU mosuronu reuepupanu or CAD cucremara
e IpUIoKUM (DYHKIUATA 38 MIYUCTBAHe Ha m3aumuuTe Touku. Ciies mpeMaxBaHe
HA U3JUITHATE TOYKHU MOy TaBaMe BXOJSII JIOTYCTAM MOJUTOH OMMMCAH Upe3 CIHUCHK OT
TOYKH

IT = list(ptg, pty, ...pty), (4.1)

K'bJIeTO Pt; Ca BbPXOBE Ha MOJUTOHA. 103U CIuCbK nMa caeaauTe croiicrsa: 1. Crucs-
KbT e noapejeH; 2. CuucbKbT e NUKIndeH pt, = ptg; 3. Hama camonpecuyane.

B npormeca ma pabora Ha aaropurbMa e Hi O'bIe HeOOXOMIMMO IIOHATHETO CeIMEeHT,
KOETO € OTCeYKa MeKJy JBa I0C/eI0BaTe/IHi Bhpxa. Ilo To3u HadyuH renepupame cer-
mentute e; = list(pty,pt1),...,e, = list(pt,_1,pt,) W HOIyIaBaAMe Ipyra Xapakre-
pusaiust Ha nojurona 11 = list(ey, ey, ..., e,). [lianku ¢ KpuBoOJIMHEHHN TDAHUIU Ce
AMMPOKCUMEPAT C MOJUTOHU C OCTAThIeH Opoit Bhpxose. [Ipumepn 3a BXomgmu A0IIyC-
TUMU TIOJIUTOHU ca Mokaszanu Ha ¢durypa 1.5.

[Tosturon 3a 3ambiaBane A, KOUTO TPsOBA & Ce 3aITBJHU ChINO e Ce OMNUCBA CbC
CIHUCDBK OT TOYKH:

A = list(po, p1s-- - Pm) (4.2)

Kontypbr 3a 3anbiaBane He TpsgOBa Ja Obje caMOIIpecryalll ce.
ma nBa KpuTepus 3a ONTHMHI3AIUS HA 33a9aTa;

1. OnruMuszanus Ha MEHEMAJIHA BUCOYMHA HA 3al'bjBaHe - minY;

2. OHTI/IMI/ISaHI/IH Ha 6pOH Ha BBHpPXOoBeTe Ha OCTaT'biHHNA IIOJUTI'OH CJIC]d U3PA3BaHETO
Ha BXOOANNA IMOJUTOH OT IOJUTOHa Ha 3all'bJIBaHE - minVertex.

Jla pasriieiaMe onTUMU3AIMs HA MUHUMAJIHATA BUCOYMHA.

N3 mex 1y BCHUYKH paslojiaraHus 3a Hail-7100po Ime cMsTaMe OHOBA KOETO C Hali-
MaJIKa opamHaTa B KoopamHara cuctema X OY. Ako ce mosydar moBede OT €HO pe-
[IeHHe C eJHAKBU OpAMHATH minY TO B3WMMaMe TOBa C Hal-I100bp KoedHIHEHT Ha
3amrbjiBate. AKO UMa MoBede OT €IHO pellleHre ¢ MaKCHUMAaJeH KOoepUIUeHT Ha 3aIrbJi-
BaHe M30WpaMe Te3W PeIllleHus, KOUTO U3PA3BAT MOJUTOHA 3a 3aIbJIBaHe ¢ Hafl-MaTbK
opoit Bbpxose. ToBa o3navaBa, 1e uzpszpanero nocrura "npasuwinn' durypu. Ako nma
OBeYe OT €HO pelieHne ¢ Hail-MaJ bk Opoil BbpxoBe, TOoraBa m3dupame IbPBOTO B
CIUCHKA.

3a mamMupaHe Ha JiMIe HA MOJUTOH B (opmyna 2.12. Taszu dhopmyna gaBa yiaBo-
€HOTO JIUTIEe Ha MOJUTOHA.

Torasa onpejensive KoeuImeHTa Ha 3abJIBaHe 1atio KaTo:

> i b
Ap

ratio =
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CaenoBare/iHO MUHUMaJIHATA cToWHOCT ratio = (0 Ha KoeduIUeHTa € HPH He 3a-
wbJaBaHe Ha moguroHa Ap. Makcumaanara croiinoct ratio = 1.0 e npu MaKCHMATHO
3amrbjaBane Ha Ap.

Pazbupa ce, nedpununusTa 3a minY BoIH /10 IOJTOKEHHETO KAK € BbBeIeH IOJIUTOHA
3a 3ambaBaHe P. AKo mckaMme jia u3berseM TO3HW IPOOJIEM TO PelIeHHeTO Ha 3aJadara
e TpsaOBa a ce MpoBee 3a HIKOIKO PAa3IHYHU bIVIM Ha MOJUTOHA 3a 3al'biBaHe P.
‘briure na poranus e O'bJAAT BIJINTE, KOUTO BCEKU CEIMEHT CKJIIOUBA C abIICHATA OC.
Bposg wa poranunTe e paBeH Ha OPOsi HA CETMEHTHUTE HA ChOTBETHHS TOJUTOH.

Ja pasriegame onTuMu3aius Ha Oposi Ha BbpPXOBeTe Ha OCTATHYHUSA IIOJIUIOH.

W3 MexKay BCHYKH pasloJarafus 3a Hai-Zo0po Ime ce CMATa OHOBAa, KOETO IIPH
U3PI3BAHETO HA BXOJAIIHUS OJUIOH B IIOJIUTOHA HA 3all'bJIBAHE NMa, HAN-MaJIKO BbhpPXOBe
HA OCTAT'HYHUS TOJUTOH. B HACTOAIIMSA JIUCEPTAIMOHEH TPYJ, TOBA € KPUTEPHUSIT €JIUH
noJIUroH jga Obae "mo-rmaabk". HaMupaneTro Ha MOAXOMAIN IOJHIOH OT BXOISIIUTE
HOJINTOHM IIIe CTaBa Ype3 CPAaBHEHME HAa CTPAHHUTE HA JIBATa IOJHIOHA - BXOAAIIHUAT H
HOJINTOHA, 38 3all'bJIBaHe. AKO HMaMe II'b/JIHO ChBIAIeHNE HA IbIKHHATE HA CTPAHUTE Ha
JIBaTa MOJTUTIOHA, TO 11e n30epeM TO3M BXOSIIL OJUTOH. AKO HIMa HUKAKBO ChBIIAQJIEHUE
HA CTPAHUTE HA BXOIMAIIUS [TOJUTOH K'bM TO TOJUTOHA HA 3aIbJIBAHE, TO IIe U3I0I3BaMe
ChBIAJIEHNEe Ha bLJNTE HA JIBATa TOJUTOHA.

AKo ce moJiygaT moBede OT €IHO PellleHne ¢ eTHAKbB Opoil BbpXOBe HA OCTATHIHUTE
noyiurorn minV ertex, To B3UMaMe I'bPBOTO peIlleHHe OT CIUCHKA ¢ BAJHIHNA PEIIeHHs.
Paznukara mexy minY n minVertex e B Tosa, e upu minVertexr ce jaBa Bb3MOXK-
HOCT HA TOJieMd (JUbJrM) MOJUroHHW na "Biae3Har'mbpBH B IOJUTOHA HA 3aIlb/JIBAHE,
3aI0TO BEPOATHOCTTA Jla MPOM3BEIAT TJAAIbK OCTATHK € Mo-rojsiMa. MuHuMma HaTa
[JIAJKOCT HA OCTATHIHMS IMOJUTOH KOSITO MOKe J1a Ce MOJIYYH € IIOJUIOH C TPH BbpXa
list = (pto, pt1, pt2) ¢ MIOIL PA3IUYHA OT HYJIA.
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4.2 Crpaterus 3a m3060p Ha BXOASNI moJmroH. Meta-
eBPUCTUIHU METOJIM.

MeTaeBpucTuKaTa € MOIIEH HHCTPYMEHT 3a HAMHPAHETO HA ONTHMAJHO WU CyOOITH-
MaJIHO PellleHre Ha CJI0XKHU KoMOmHaTophu 3aja4dn. OCHOBHA POJIA 33 PA3BUTHETO HA
METaeBPUCTHYHUTE METOMHN € HEeOOXOAMMOCTTA Ja € HaMepH MPHUEeMJINBO pPelleHHe 3a
NPUEMJINBO BpeMe IIpu orpaHudenn xapayepun pecypen. Coriacuo [34] meraeBpucTiy-
HuTe agropuTmu (Ha aHrauiicku: metaheuristic algorithms, HakpaTKo: MeTAEBPUCTHKH,
metaheuristics) B KOMIIOTbpHHTE HAYKH Ca AJTOPUTMH 32 MATEMATHIECKA OTNTHMU-
3alysi, ¢ KOUTO Ce peraBar KOMOMHATOPHU ONTHMU3AIMOHHY 3a/a4u. Te3u 3amadu B
o0ITus caydail ca CA0KHH, IPEJCTAaBAHE Upe3 MUCKPETH3AIUsd Ha BXOMAIINTE JTAHHM.
Takwmpa 3aja4un OOMKHOBEHO Ce€ XapaKTEpPU3WPAT ChC CHIHA HEJHHEHHOCT, MHOYKECTBO
napaMeTpHu, pa3sHoOOpa3HU CJIOKHUA OTPAHUYCHHS 34 Y/IOBJIETBOPSABAHE U MHOXKECTBO —
YeCTO MPOTHUBOPEYAINM CH — ONTHMU3AIUOHHN KpuTepuu. lopw U mpu eIuH ONTHMHU-
3allIOHEeH KPUTEpuil MoxKe Jia He C'bIIeCTBYBa HUTO €IHO JONycTHMO perrerue. Camo
TOraBa He CBHINECTBYBa ONTHMAJIHO pelreHne. AKO MMa JTOpPH CaMO €IHO IOIYyCTHMO
pelteHne, ToO ToraBa 3abJKUTETHO CHIIECTBYBA U ONTHMAIHO PelleHHe.

Karo 1510 oTKpuBaHeTO HA ONTUMAJIHO WU JOPH OJTU3KO JI0 ONTUMAJHOTO PellleHHe
€ TPYJIHO HMOCTUZKHIMO.

Tepmunbr "MeTaeBpucTuKa® € BbBegeH 0T Ppen [T10yBbp B OCHOBOMOJIATAIIATA MY
cratust or 1986 1. KaTo HaArpazKaHe HA TepMuHa "eBpucTHdeH" AJTOPUTHM, ¢ KOUTO B
Haii-0011T cMuCHJI ce pa3dupa ajaropuTbM 3a T'bpceHe Ha perenne, ba3upaH Ha npodaTa
u rpemkara. Jacrunara "mera”“ o3mauasa "orebxa’, "cBpbx’, "Ha MO-BUCOKO HUBO' U
C METaeBPUCTUYIHUS aJITOPUTHM Ce O3Ha4daBa ''mo-BHCIA’ CTpaTerus, KOITO HAIIPAaBJId-
Ba ¥ MOAUMUIUPA JPYTH €BPUCTHIHU AJTOPUTMH, 33 Ja MOCTUTHE PeIleHus 1Mo-100pu
OT Te3H, KOUTO HOPMAJIHO OUXa Ce MOJIyYU/IH IPU ThPCeHe Ha JOKaJaeH ontumyMm |35,
[36]. B gonbJiHeHEe BCHYKE METaeBPHCTHYHH AJITOPHTMH OAJAHCHPAT MeZKITy TI00aJ-
HO ¥ JIOKAJHO ThpceHe. KadyecTBeHHWTE peIeHns Ha TPYIHH ONTUMH3AINNOHHU 334N
MOTAT JIa Ce MOCTUTHAT B PA3yMHO (T.e. TIOJIMHOMUHAJIHO) BpeMe, HO Ge3 rapaHius, e
me Obaar mocTurHaT (TJI0GATHATE) ONTUMATHUTE peleHus. /IBaTa OCHOBHU KOMIIO-
HEHTa Ha BCEKHM METAEBPUCTUYEH AJNOPUTHM Ca: MHTeH3U(PUKALMS U JAUBEPCUMDUKALAA
(intensification and diversification), nan ore u3c/eBane u ekciuoaranus (exploration
and exploitation). Tnsepcudukanumsita o3HadaBa Ja ce TeHepHpAT Pa3HOOOPA3HU pe-
IIEeHUs, TaKa Ye IMPOCTPAHCTBOTO Ha TbhPCEHe Jia MOKe Jia Obje MpOy4YBaHO B IIMPOK
JIMAIa30H, JOKATO HHTeH3U(MUKANKEATA O3HAYaBa JIa ce (poKycupa ThPCeHETO B JIOKAa-
JIEH PETHOH, 3HACHKH, Ue TeKYIIOTO Hail-100po pellleHre ce HaMUpa B TO3U peruoH. [Ipu
nojabopa Ha Haii-10b6puTe perreHust TpsidOBa Ja ce OTKpue H00bp HaaHc MeXKy HHTEeH-
sucpukanuaTa U AUBEPCUPUKAIUATA, C 1eJ J1a ce TOJL00PH CKOPOCTTa HA CXOJMMOCT Ha
aJroputTbM. M360pbT Ha Hali-106pOTO TEKYIIO PellleHre OCUIYPsBa, Ye PEeHIeHuATa IIe
CXOXKJIAT K'bM OINTUMYM, JIOKATO JUBEPCHPUKAIMATA IOCPEJICTBOM U3060p Ha cJydaiinn
CTOMHOCTH Ha HMPOMEHJIMBU IO3BOJISIBAINK Ja ce u30erHe IOMAJaHeTO B JIOKAJIEH €KC-
TPEMYM M B ChIIOTO BpPeMe Jia Ce MOBHIIU pa3HooOpa3uero Ha perienuero. /lobpara
KOMOMHAINS OT Te3W ABa OCHOBHHM KOMIIOHEHTa OOMYaiiHO BOAHM 0 HAMHUpAHe Ha TJIO-
banen ontumym. CobriaacHo [27] ocHoBHETE CBOICTBAa HA MeTAaeBPUCTHKATA MOratT Ja
OBbaaT 0000IIeHN KaKTO CJIeIBa.

1. MeraeBpucrukaTa OCUTypsiBa CTPATEIMHU 3a HAIIPAB/IsIBAHE HA IIPOIECA HA ThpCce-
He;

2. Hesra Hu e epeKTUBHO Jia Ce U3CJEJIBa MPOCTPAHCTBOTO Ha ThPCEHE, 3a Jia Ce
OTKPHUAT ONTHUMAJIHU WU CyOONTUMAJIHE PEITCHH;

Asmopegepamu na oucepmavuu 2022 (8) 59-112



10.

11.

Memaespucmuuru memoou 3a peuiasame Ha 3a0a4l 3a paskposasare 90

MeraeBpucruinure TeXHUKU 00XBaIAT HIMPOK CHEKTHP HPOIEJYPHU - OT HPOIe-
JIyPH 32 JIOKAJIHO ThPCEHE JIO CJA0XKHU IMPOIEJLYPH ¢ MAITMHHO O0y4YeHue;

MeTaeBpUCTHIHUTE AJTOPUTMHU €A TPUOIUKEHH W OOMKHOBEHO HEIeTePMUCTHI-

HH;

MeTaeBpucTHYHUTE AJTOPUTMHU B OOIIHs CIyYail OCUTYPSBAT MEXaHU3MU 33 W3-
barpaHe Ha CbCpejOTOYaBaHe HA TbPCEHETO €aMO B OI'DAHMYEHU O0JIACTH Ha
MPOCTPAHCTBOTO;

OcHOBHITE KOHIEIINH Ha MeTAaeBPUCTUKATA MOTaT Ja ObJAT ONHCAHH Ha abc-
TPAaKTHO HHUBO;

MeTaeBpuCTHYHHUTE AJITOPUTMHA Ca YHUBEPCATHU;

MeraeBpucrkara MoyKe Ja W3M0JI3Ba 3HAHKWE, CIEUUIHO 3a 00JacTTa 1Mo hop-
MaTa Ha eBPUCTHUKA, KOSITO Ce YIPAaB/IIBa OT CTPATEIHs HA BHCOKO HHBO;

3a HampaB/siBaHe Ha ThPCEHETO ChBPEMEHHATA METAEBPUCTUKA W3TOJI3Ba HATPY-
MaHUS ONUT IPU T'bPCEHETO;

MeraeBpucrukara mnpejacTaB/isiBa CTPpATEIdd OT BHUCOKO HHMBO HA WM3CJe/BaHe Ha
MPOCTPAHCTBOTO HA T'hPCEHE Upe3 W3MOI3BaHE HA PA3JUIHA METOIN;

N3uckBa quaHaMutdeH OaJlaHC MeXK/y M3I0JI3BaHETO Ha jiBe (PyHIAMEHTAJIHH KOH-
HEeNnmun: JuBepcruduKaius 1 HHTeH3nMOUKAIAA.

Asmopegepamu na oucepmavuu 2022 (8) 59-112



91 Ieopeu Eemumos

Qurypa 4.1: Kiracudukanug Ha METaeBPUCTUKHA C MOIYJIAIUH.

XubpuiHaTa METaeBPUCTUKA OCUT'YPSABA Bb3MOXKHOCTH 33 IOBHUIIaBaHe Ha edek-
TUBHOCTTA HA T'hbPCeHEe KAaTOo KOMOMHUPA PA3IUIHUTE METACBPUCTUYHH AJITrOpuTMu. B
HACTOLAIIATA TUCePTAIKS € U3MI0I3BaHa XUOPHIHA MeTaeBpucTuKa. V3moi3Bana e ciae-
HaTa CTPATEerud :

1. "PazupbcHaro Thpcere” or EBomonnoHHATE aaropuTMu oT MeToa ¢ oIy Ianun.
Bux durypa 4.1;

2. BepogaTHOCTHO IpeJBHXK/TaHe HA M300pa Ha JA/IeH eJeMeHT;

3. HNepapxuwdHo olleHsIBaHe Ha pelTeHusTa.
Nmame gajeH CuchbK OT MOJUTOHU

1T, = (list(listy(pto, pt1, -..pty), (lista(pto, pt1, ...pty), - . . (list, (pto, pty, ...ptn)), (4.4)
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K'bJIeTO [iSt; ca IMOJMIOHU ONMCAaHue Ype3 BbpxoBeTe nuM. BbpxoBere ca onucanu 4dpes
crucbK o1 aBe peasnu uncia list(X,Y), suxk 2.1. Cnucbkbr 1 1me Hapugame cnucbk
OT BXOJISIIN TOJTUTOHH.

[Tosmurona A, Kouto TpsAOBa Ja ce 3aIbJIHU C€ OIKMCBA CbC CIUCHK OT TOIKH:

A = list(po, p1y-- - Pm) (4.5)

Kourypbr 3a 3amrbiaBane He TpsibBa jia Objae camornpecudaln ce. B jgajenara 3aja4da
MOJIUTOHA, 3a 3amrbjaBaie A e eauH Ha Opoil. AKO mMaMe moBeYe OT €IUH MOJUTOH TO
PEIeHneTo Ha 33/1a9aTa, Ce MOBTaps 34 BCEKH €IHH OT TAX.

IIpenun 1a ce m3bepe BXOIAIIO MHOXKECTBO € HEOOXOIUMO Ja Ce HAIIpaBH OIEHKA 33
CHBIIAIEHUETO HA BIVINTE W CTPAHUTE OT TEKYIIHS BXOISII, ITOJTUTOH

KbM TO BbIJMTE W CTPAHWTE HA MOJUroHa 3a 3ambiabane A = (list(ptg, pti,...pt,). 3a
1eJITa Ce CbCTaBAT JIBA HOBU Npou3Bojuu cuucbka Ha [1; u A. Te cborBeTHO ChABPKAT
NOCTIeI0BATEHO TTOApeieHn ciucbin list(previosLength, Angle, NextLength). IloGpe
e eJIeMeHTHUTE Ha JBaTa CIIUCHKA JIa Ce ChCTABAT OT KOHCTPYKTUBHU NBOHKN. KOHCTPYK-
THUBHATA JBOHKA € ChCTABEHA OT J[BA €JIEMEHTA - IbPBUAT C KM€, BTOPHUST € IPOMEHJINBA.
Mozxe ga ce 3amuiie Taka cons(”name”. AnyValue). B "name” 3anucsame "angle” 3a
b uan "length” 3a abkuna. B AnyValue - npon3Bsosina cTORHOCT KOSITO MOXKe 12
obae Integer, Real, String mmm List.

Vnu HOBUTE TIPOU3BOIHY CIIUCHIN CA:

II; = list((list(cons” previosLength” (distancep, pt,))
(cons” angle” pty, pto, pt1)
(cons” NextLength” (distancep, pt,)))

(list(cons” previosLength” (distanceyt,pt,_1))
(cons” angle” pty, pty, ptn_1)
(cons” NextLength” (distancep, t,))))
Kbaero n 6post Ha BbpxoBere Ha nosmrona II;. Ako (i + 1) > n Torasa i = 0.
Chucbka IlI; e mukimyen.

CnberaBsa ce 1 10g00eH CIIUCHK U Ha TOJUIoHa 3a 3ambasade A. Caoucbka A e 1uK-
JINYEH.

Bceekn enement or Crnmebka II; ce cpaBHsiBa ¢'bC CHOTBETHHS €IEMEHT OT CIHCHKA,
A. Hait-ronemusar 6poif Ha MOCIEI0BATEHO CHBIAJAIN Ce €IEMEHTH OT JBATA, CITUCH-
Ka IIe HU Jajie Haii-roJsiMaTa BeposTHOCT mojuroHa Il; na cbBmagse ¢ mosamroxHa A.
3a Ja HAIIPpaBUM KOPEKTHO CpaBHEHHE Ha JBaTa CIIUCbHKa e TpsabBa Ja u3bepem Koit
cuuchbK 1e O0bae ocHoBeH. Ilon ocHOBeH cHOuCHK e pasdupamMe TO3HM, KOUTO UMa IO-
roJisiMa JbJzkuHa (110-rosisim 6poii estlementn). B crmebka list(A) moxke ga Obae win
IT; mau A. He e 3agbaxurenno 6pos #Ha BbpxoBeTe HA A 1a Obe MO-TOJSIM OT OpOst
Ha Bbpxosere Ha II;. OOxo0xKTaHEeTO Ha JABaTa CIHCDHKA IMe cTaBa Ha 0a3aTa MHIEKCH.
II'bpBara urepamus e xkoraro uagekc 0 or cnucbka listB cbBuaga ¢ naaekc 0 Ha CIu-
cbKa listA. Cera mbpBus uHIekc oT listA ce yBeanuapa ¢ 1. CieaBa BTopa uTepaius
koraro unjgekc 0 or cuucbka B cbBuasa ¢ unjgeke 1 va cuucbka A. Karo nmaexc 0
ot listA orua karo nocaenen B listA. Vau cnucbka [ist A uMa NMUKINYHO MOBEICHUE.
Tosa ce moBTapst IOKAaTO TMPEMHUHEM IMPe3 BCHYKHW WHIEKCH Ha [istA mam MUKbIbT ce
HOBTaps TOJIKOBA I'bTH KOJKOTO € JILJIZKUHATA Ha cIoucbKa listA. 3a Bcgka mpoBepKa
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zanucsame Oposi HA HocJejoBarTeHuTe ChBuaeHus. Onenkara Ha cuucbka [istB ce
JIaBa C'bC cjeHaTa hopMyJia:

k= Z Ratiogngre; + Z Ratiopengin,, (4.6)

KBIETO
Ratiogngie, = (if|(angle; — anglep;)| < fuzz — returnl.,else0.).

[Ipu braure ThpcuM MhaHO ChBHaAeHUe. Karo Ai e brbja oT cnuchbka listA, a Bi e
CBOTBETHUSA BI'bJ OT CIUCHKA [istB.

Cien kKaTo nMaMe I'bJIHO ChBIIEHUE Ha CHOTBETHUTE BIVIN RatiOgng., = 1., TOraBa
HNPUCT'bIIBAME K'bM OINEHKA Ha ChOTBETHUTE UM JIbJIXKUHH.

lengthp; length 4;
Ratiopengtn, = (if(lengtha; > lengthp;) — return(eng—B Gt hA

4.
length a; e lengthBZ-) (47)

YeqoBue 4.7 naBa KoeduimeHTH OJU3KKM WX paBHH Ha 1., 0e3 3HaUeHUe KOsl IbJI-
KuHA e no-rojsma lengthA; wim lengthB;. ToBa e Taka, 3aI0TO THPCUM IIOJUTOHH,
Ha KOUTO CTpaHUTE UM IMOYTH CbBIIaJaT.

Kaxkro ce Bux1a ot dhopmysa (4.6) moJuroHuTe ¢ IO-roJisiM 6poii BbPXOBe Ie NMaT
[0-TOJIIMa, BEPOATHOCT 33 IO-BHCOKM OIIEHKM Ha ChBIaJeHHe. Toa e mobpe, 3aImoTo
cJieT M3BAXKIAHETO HA ABATA MOTUroHa A\ B Ie Moy duM MOJTUTOH ¢ TIO-MAJIKO BbPXOBE.
Koedunuentbr or dopmysa (4.6) Moxke j1a ce U310J3Ba KATO ONEHKA 3a 1101001e 1
eJIHAKBOCT Ha (DUTYPH.

4.3 Crparerudg 3a m300p Ha €IHO peIleHne OT BaJINI]I-
HI Pa3I0JIOKEHNSI.

Heka pasriaenave asa mosmrona. [lomurona 3a sambasane A = [ist(pty, pto, pts, pty) u
Bxosu noyuron I; = list(pty, pto, pts, pty, pts, pte). decausr I1; nosuron e Bxopsiiust.
JleBugar moanuron A e moanrona 3a 3ambiasane. [losmrona II; e e Tpubrbannk! Heoo-
XOIUMO € 100aBsSHeTO HA TMOAPOOHN TOYKU MO TPAHUIATA, HA TOJUTOHA 33 3aITbJIBAHE
A. Te3u Toukn 1me 6bIAT 00JACTH HA MOCTaBAHE Ha mosmroHa II; m mpoBepkaTa gajm
nosimrona Il; e B mosmrona A. AKo ImpoBepKaTa € yIOBJIeTBOPEHA, TO 3allMCBaMe TOBa
pelteHne KaTo Bb3MO:KHO. Paspeniena e poranus Ha moaurona. OriemaneH obpas He e
npuaoxker. OT Te3u BaJUIHE DPEIIeHUs ONEHIBaMe Te3W, KOUTO NUMAaT Hai-rojigMa J0-
NHPHA IbJKAHA ¢ nosmrona A u pascrosiauero LengthA = distance(pto, ptyr). Mexmy
JIb/ZKAHATA Ha ONHpaHe n abjkuHaTa LengthA nva 3aBucumoct. Ta3u 3aBucuMocT e
npuera oT apropa. Pazbupa ce Morar Ja ce HAIMIIAT U JAPYTH 3aBUCUMOCTH. OIleHKaTa
Ha Besiko perenne e eval = LengthO fTouch + (2.0 % LengthA). Ta naBa ce Texect Ha
PA3CTOAHMETO OT MEHThPA HA TEXKECTTA HA MOJUTIOHA JI0 n30paHa TOYKA OT IIOJUTOHA
Ha 3amrbjaBaHe. B caydas ToBa e Toukara Haili-moJy, Hal-BasiBo. Moxke nga ce usbepe
JIpyra To4uka 0e3 3HaueHue JAJH € OT MHOXKECTBOTO TOYKHU OT IOJTUIOHA 34 3all'bJIBaHe.
Cien kaTro cMe OIEHUJIM PelleHHATa, U30UpaMe PereHueTo C'bC 3eJeHHs KOHTYD Ha
nosmrona. Vssaxkmame A \ 11,

Cutes; kaTo cme m3bpaJjin bPBO pelieHne TPUCTbiBamMe KbM n360p Ha BTOPO. M3-
Oopa Ha BXOJISII TOJTUTOH CTaBa 1O IPoreaypara onucHa B Touka 4.2. T'bit karo merra
HU € MaKCHUMAJIHO YILThTHsIBaAHE Ha PeIeHusiTa TO n300pa HAa BTOPOTO pelneHne Tpsid-
Ba Jla ce ThbPCH 10 KOHTYpa Ha Bede HaMepeHuTe pelnenus. Ha To3u etar ce mpusara
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flepapxuvHoO onensiBane Ha pernrenusaTa. QK00 H30pAHUTE MOJUTOHH TOCTPOSIBAME TTPa-
BObI'bjieH KOHTYD. [Ile ro napeuem box. [IbpBo 11 ThpcuM perenus, KOUTO BAU3AT B
box oT BanMIHUTE DEIIEHUsI, AKO He HAMEDUM TAKWBA, M3MOJI3BAME 32 OMEHKA BCHIKH
BauAHN pelteHns. OTeHABAHETO HAa pelIeHuATa BbTpPe B boxr CBINO cTaBa MO HOpMY-
nara: eval = LengthO fTouch+ (2.0% LengthA). Tyk TpstBa na ce orbeseku, de Ta3u
IpoIeIypa 3a u300p HA PelleHus Cae] MbPBOTO TPaOBa 1a 00XOIU BCUIKU BXOJSIIIH
MOJIMTOHM W TOTaBa Ja Ce B3eMe TOBa C Hafi-Bucoka oreHka. B codryepa paspadboren
OT aBTOpA TOBa OOXOYKJAHE HE Ce MPaBHU TOPAJIN JIUIICATA HA HU3UUCTUTEEH PeCcypc,
HO TPeJJIOYKeHWs MeTO]l He € OTpaHWYeH B Ta3W Mocoka. llpm Hammdme HA JOCTATHY-
HO MOIIEH Xap/ayep IUTIoC rpadudHu MPOIEecOpu airopuTbhMa Ie Jajie MHOTO OJTU3KH
PE3YITATH /10 TTI00ATHUS ONTHMYM.

Cuienr u3ps3BAHETO HA JABATA MOJUTOHA Ce MOIyYaBa HOBUsI KOHTYD. To3u KOHTYD 111e
MOC/Y’KU KAaTO KOHTYD Ha 3allbjBaHe 33 cjejaBanuTe noauronn. Kakro ce 3abessiza
HOBH KOHTYD He cJeJ[Ba HAII'bJIHO cTapus. HoBusS KOHTYD IeleHacO4YeHO e perylupaH.
3a moseue uHMOPMAIUS 338 HAYMHA HA PeAylupaHe HA KOHTYPa BUXK TOUKa 2.6.

Aboa}

1153

ratioGlobal == S 1.0 (48)

4.4 HamupaHe HA €JHO Bb3MOXKHO Pa3I0JOKEHNE Ha
IIJIAHKA B IIOJIMT'OHA 33 3all'bJIBAaHE.

HaMI/IpaHeTO Ha €¢IHO Bb3MO2KHO pa3lloJiaradHe Ha IMJIaHKUTe (HpeﬂCTaBHHI/I KaTO TIOJIU-
IOHH) CTaBa Upe3 MOCTaBsiHe Ha BXOJSI MOJUIOH B MOJUIOHA 3a 3all'bJBaHe W TPHJIa-
rafe Ha (PYHKIUATA H3BaykKaaHe Ha ABa Hoaurona. OyHKIHATA € ONHCaHa Mmo-1oJy. B
3aBUCUMOCT OT U3UCKBAHETO Ha KOHKPETHHA Cﬂyqaﬁ MOZKe Ja IIOCTPpOUM IIPOU3BOJHU
MOJTUTOHU OT BXOIMAIINS MOJUTOH YECTO ¢ pa3pelleHre 3a OpUIaraHe Ha POTAIds 1
OTJIeIaTHa CHMETPHS.

Bpogar Ha poramuure, Ha KOUTO MOXKEM Ja POTHpaMe JAJeHUs HMOJUTOH € MPOU3-
BoJIeH. KOJIKOTO moBede 'bIJIM MMaMe B CIHCBLKA 34 POTHPaHe TOJKOBA € IO-TOJISIMA
BEPOATHOCTTa [da HOJIYYHUM BB3MOXKHO pelleHue. C nea Ja OrpaHuvuM IIPOU3BOJIHOTO
poTHpaHe Ha MOJTUTOHA Ge3 1a nMa KadeCTBeHO pereHne (MOJMroHa f1a Objie B TTOJUTOHA
Ha 3aI'bJiBaHe) e HeoOXO MO J1a u36epeM MOJXO/LAIIN b Ha porupane. Karo Hadato
MOTraT Ja Ce B3eMaT bIVIATe Ha CeIMEHTHTEe Ha BXOISIIHNs ITOJUT0H ¢ abcmucHaTa oc X .
Cnen ToBa morat na ce mpobasar tounute wrau (0;0.57; 7; 1.57). Ako e HeOOXOMUMO 1
OorjieJaHO IIpuJlaraHe Ha BXOJAINWA IIOJUIOH, TO 6pOHT Ha AOII'bJIHUTEJIHUTE IIOJIHUT'OHI
e ce yBeJIn4du. HHKOI/I CbCTOAHUA Ha pOTalud Ie 6’bﬂaT HaII'bJIHO UICHTHYHN KaTO
reoMeTpHs.

[IpoBepkara mgaJu majeH IMOJUTOH Ce ChbIbprKa B JAPYD MOXKE Ja CTaHe IO JIBa Ha-
YUHA:

1. IlpoBepka 3a BceKH €IMH Bb3eJ1 JAJH € B IIOJUTOHA 3a 3all'bJBaHe. 1a3u mpoBepKa
e nmo0pe J1a cTaHe ¢ UKL wWhile, ako TekymaTa TecTBaHa TOYKA € U3BbH KOHTYpa
peIeHneTo OTnajla, 6e3 1a IpoIbIKaBa HATATDHK;

2. llpoBepka jma/m ©Ma TPUBHAJIHO IpecHYaHe Ha JABaTa IMOJUrOHA. AKO UMa [pecH-
YaHe, TO pelleHneTo OTIaja, HHade — ce TpueMa.

Ao bpBUAT KpUTEpPHil 32 ONTUMAJIHO perienue e minY, To MOYXKe /a Ce IPOBepH
caMo BbpXa Ha moaurona P c waii-maiaka opauHara (B caydas pr). Ho naii-no6pe e ga
ce HAIIPaBH 33 BCHYKM BbPXOBe Ha MOJMTOHA 33 3ambiaBane P. [Ipyr kpurepuii 3a u360p
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Ha pelicHue € KOraro IIpu u3pA3BaHeTO Ha JABaTa IIOJIUI'OHa Ce 1IOJIy4U IJIadKa (bHpra.
Kpurepugar 3a rnajka ¢purypa me 0bjae MUHIMAJICH OPOM HA BbHPXOBETE CJIEJ U3Pd3-
BaHe Ha JaJCeHUA IIOJIUTOH OT IMOJIMT'OHA 3a 3all'bJIBAHE. B”b3MO}KHa en KOM6I/IHaHI/I§I 3a
kpuTeprunTe. Ha m30pannuTe BaJIuaHN pellleHnsd 32 minY , e ce TPUIOKU KPUTEPHS 32
MUHHAMAJEH OpPoil Ha BbPXOBETE CJie/l M3PA3BAHETO UM C MTOJUTOHA 3a 3allbJIBaHe.

[Ipu Hamuume Ha MHOTOSIIPDEH MPOIECOP U €3WKa Ha KOUTO Ce TUIIe TPUIOKEHUETO
MO3BOJIABAT MMapaJjesnn n3ancjiaenud. [lapajgenure n34ucjaeHus MOraT /1a ce HAIIPaBAT
1 3a OCTaHAJIUTE Bb3MOXKHHU ChbCTOAHUA Ha BXOAAINNA ITOJHUTOH.

ANropuTbMBT Ce TIOBTAPs 33 FreHepUpaHUs OrJieaieH 00pa3 Ha BXO/SIIN TOJTUTOH.
3a orurelaTHUS MTOJTUTOH €A BAJW/IHA BCUUKW TeHEPUPAHU BIVIM HA POTAIIHS.

4.5 IlpemaxBaHe Ha peajiHaTa dpupa npu 2D pa3kpos.

3a u3psA3BaHeTO Ha (BUTypUTE ce U3MOI3BA PEXKell UHCTPYMEHT ¢ OIpejiesieHa Xapa-
KepUCTHKa Ha ps3aHeTo. [lo Taszm npuumHa TpsgOBa Ja ce OCUIYPH PA3CTOSHUE MEXKLY
nosmronure. Boexgame napamernvpa cutW 3a mupuna wa dyrara (HOXKA) MekKILy
IIOJINTOHUTE.

To3u npobJiem e perier KaTo BXOAAIIITE TOJUTOHN Ca PA3IIUPEHN ¢ UBUIIA C IMTUPUHA
0.5cutWW un Bceku eIuH CerMeHT € OTMeCTeH U3BbH mnoJymurona ¢ 0.5cutW.

4.6 PesyaraTtu npu 2D paskpoii. IIpumepn.

B ciemsamnTe cTpaHWUIN Ie WIOCTPHPaMe Pa3KpOsBaHe Ha CJETHNUTE BXOISIIN TOJIN-
rouu (mianku). [TpuMmepute ca B3eTd OT peajieH CTPOUTESEH ODEKT.

[lommronsT 3a 3ambiaBaHe 1me ObJe CTAHAAPTEH NPABOBI'bJIEH JUCT ChC MUPOINHA
1500mM. 3a BXoggmuTe MOJUIOHU IIE MOKAYKeM pPe3yJiTaTh ¢ KOHTYDHATA JIMHUS HA
MOJTUTOHA OTMECTEHA C'bC IMUpoUnHaTa Ha Hoka. [[Tupuna na noxka S5mm. Pazmeputre na
miankuTe ca B MumMmerpu. [Ipean jja 3anounemM u3ducjaeHne Ha BXOJASIIUTE TOJUTOHN
Te MHHABAT Mpe3 IpemnpolecopHa 06paboTka, KOATO BKJIIOIBA:

1. CopTupane Ha IJIAHKHUTE IO JIe0e/IMHA;
2. Ilpounrane na O6poiikaTa uM;

3. Hamupane Ha KOHTYypa Ha IJaHKHTE.
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Qurypa 4.2: Bxoaginy nourotu.

Asmopegepamu na oucepmavuu 2022 (8) 59-112



97 I'eopeu Eemumos

CpaBHgBaHe Ha HACTOANINS aJTOPUTHM C KOMEPCHUAJIEH TPOIYKT.

3a n3paboTBaHeTO HA €IHA CTOMaHeHa KOHCTpyKIus oT ¢gpurypa 1.1 oTHEMa OKOJIO
Tpu Mecena. bpou MmiaHKu B eaHa TakaBa KOHCTpyKIus e okoso 1000. Bpon ynukaanm
mwiaHKu okKoJ10 100. bposa utepamuu e orHOCHTeTeH. Toft 3aBUCH OT TOBA A/ MaTepua-
JI'BT € CK'bII WJIN He €. MoraT ja ce mycHaT HAKOJKO UTEPAIUH Ha Pa3/JTHIHA KOMIIOTPH
1 Ja ce B3eMe Haii-1oopoTo oT Tax. ToBa e BbIpoc HA penrenne Ha norpedutens. [lpn
HAJMYHMETO Ha XapJyep MOraT Jia ce HallpPaBAT HAKOJKO UTEPAIUW JOKATO Ce TMOJIyUH
MPUEMJITB OTTAIbK.

B macTosineTo cpaBHeHHE Ie U3I0a3BaMe IJIaHKuTe jiajenn na purypa 4.4. Oo1mus
opou e 106. C Te3n IJIAaHKK € HAPABEHO CpaBHEHHE MEXKIY KOMEPCUAJTHUS ITPOIYKT U
paspaboTeHusT MeTOJ B HacTosIara aucepraius. HaMupanero Ha KpaiiHOTO pelnreHue
¢ mpejicTaBeHus MeTO/I € 3a ejiHa ureparus. [Ipu 1mo e HOPOIHN ILJIAHKKH MOXKE J1a ce
HAIPaBAT ITOBeYe UTEePaINH.

M3no3Ban koMepcrasieH MpOaAyKT.

Qurypa 4.3: Komepcuamen npogykr FP Opti2D.

CohriacHo caiiTa Ha TPOU3BOJUTE/IdA, HPOAYKTa Ipejjiara cJeaHuTe (pyHKIHOHA-
HOCTU:

1. User friendly graphical interface.

2. Handles panels, metal sheets and glazing.

3. Specific functions for aluminum composite panels.

4. Defines the parts to be optimized.

5. Directly uses the panels and glazing lists generated by FP PRO.

6. Imports work lists from Excel and from external calculation programs.
7. Manages the stock of full sheets and short bars.

8. Graphic display and printing of the optimized sheets, with clear indication of the
cuts to be made and layout of the workpieces.

9. Provides statistical information on use of the sheets.
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Qurypa 4.4: Jlucr or pa3nedarkara Ha KOMEPCUAJIHUS TPOJILYKT.

KaxkTo ce BukKIa oT pasnedarkara KOMepcHaaHus mpoayKT sepeust V.2.0/2 (Build
2) paboTu caMO ¢ TPABOBI'bJIHH ITAHKH. Pa3pelneHo e 3aBbpraHe Ha IaHkuTe. 110
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JIAHHU Ha OllepaTopa ONTUMHU3AIUATA € PO bizkuia okoso 20 munytu uian 1200 cek.
Pasmepu Ha sincra 3a 3ambasade 1500mm / 6000mm. Bpeme 3a pabora He e mOCOIE€HO
B pasnedarkara. Ornaabk 18.2%. Bewukn mranknm ca ¢ ormecren Koutyp na bmm. C
TO3W KOHTYD IIle paboTUM B H3UUCIEHUATA. PeaTHudaT oTmaabK MOXKe Ja ce U3UUCTU
KaKTO CJIeJIBa:

1. O6ma n3mo3BaHa oI - 2 aucta X 1500mm x 6000mm = 18 000 000 2;

2. Peanna mont Ha Bewuku 106 mramknm - 9 859 421 2;

Peasnnara dpupa e 8 140 579 2. Wau 45% dbupa. Peanno sanbisane 54%.

Pesynaratu oT mpeactaBeHus MeTOM B HacToAmusa Tpyd. bpoit maanku 106. Benukn
IJIAHKU €4 C OTMECTEH KOHTYP Ha OMM OT JIedCTBUTETHUS UM KOHTYp. Pazperieno
zapbprane Ha mwiankute : Jla. Kouryp : of fset PtL.

Tabnuma 4.1: CpaBHeHNe HA KOMEpPCHAJIEH MPOAYKT U TPEJICTaBEHUs aITOPUTHM

Bxiouenn napamerpu Konryp | Bpoii miankn Ratio Bpewme [s]
1 2 3 4 d

(a) Mirror:Yes, Rortate:Yes, Intervals:No box 106 0.72 18 776
(b) Mirror:Yes, Rortate:Yes, Intervals:No | Of fset 106 0.70 109 519
(c) Mirror:Yes, Rortate:Yes, Intervals:No | Of fset 106 0.71 227 846
(d) Mirror:Yes, Rortate:Yes, Intervals:No | Of fset 106 0.69 7 555
(e) Mirror:Yes, Rortate:Yes, Intervals:No | Of fset 106 0.76 41 031
(f.1) Mirror:Yes, Rortate:Yes, Intervals:No box 51 0.71(0.67) 2194
(f.2) Mirror:Yes, Rortate:Yes, Intervals:No box 55 0.57 (0.44) 2 454

(KomepcuaJsieH pojiyKr)
Mirror:N/A, Rortate:Yes, Intervals:N/A box | 106 | 054 | 1200

Ba cayuait f.1 u f.2 B ckoOM ca JaJIeHN 3albJIBAHIATS Ha IIAHKHTE CIPIMO OCHOB-
aug jircet 1500mm x 6000mM. M3non3Banu ca chbIiuTe nmapaMeTpu KakKTo MPU KOMepPCH-
aJHAA TpOAYyKT. KoMepcuaaHuAT TPOAYKT HUMa peulia orpanndenud. Hakom oT Tdax
ca, Je (pUrypuTe ce alpoKCUMHUPAT J0 NMPABOBIbJIHUK, OrJIeJa eH odpa3 Ha hUrypure
He ce M3M0JI3Ba. ‘braute Ha 3apbpTaHe ca cBegeHu 10 asa: 0° u 90 °. Ilo orHoIeHne
Ha KoeduIMeHTa Ha 3alrbjBaHe Ratio, npejacTaBeHUs] aJTOPUTHM € MHOIO MO-A00bp.
Bk Tabsaumna 4.1. Koedurmenture ca 0.71 3a HACTOAIIUS AJITOPUTHBM CHIOCTABEH C
0,67 3a xKomepcmaJtHUS MPOAYKT. BTopoTo cpaBHenme e 0,07 3a HACTOAASA AJTOpPH-
TbM cbroctapen ¢ 0,44 3a KoMmepcuaJHus NPpoAyKT. [Ipu rojsemu obemu ot padora miu
CK'BIT MaTepras, OT KOUTO Ie ce M3psA3Ba pa3luKaTa HapacTBa OINe MoBede B IMOJI3a
Ha HpeJICTaBeHusT aJropuTbm. IIpejacraBeHusaT ajropuTbM B HACTOLAIIATA, JUCEPTAINS
e mo-100bp OT KOMEPCHAJIHUS MTPOJYKT, 3aI0TO JaBa MO-TOJISM MPOIEHT Ha yILIbTHe-
nue Ha durypure. Ipyro HeroBo mpeauMcTBO € MHOTO JIoOpara MY HPUTOJHOCT KbM
napajenn3anus Ha U3IUCTeHAATA.
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I'maBa 5

SaKJII0YeHue

1D pa3kpoii.

Kakro ce BuxkIa or cpapHuTesHaTa Tabanna 3.4 meroga wa mpaskure (ACO) mama
Hali-100bp pe3yaTaT 3a MHOTO Kparko Bpeme. B ciaydas ACO meroma mposiBsi Xapak-
tep Ha Greedy aaropurbMm. ACO aaropurbMma e Mo-100bp 0T KOMEPCHAJHUAS ITPOLYKT
U 10 BpeMe U [0 ONTUMU3UpaHe. 3a roJeMH 00eMH Ha pasKposBaHe W KOMIIOTPH C
no-ctabu nponecopu AC'O meTona € MHOTO HOIXOISIII.

2D pa3skpoii.

Ciien mpoBeeHuTe TeCTOBE Ha PA3JIMYHU BUJIOBE IJIAHKH 3aK/JII0YEHUETO €, Ye 3a HMpPH-
eMJINBO pellleHre Ha JaJeHa 3ajada ca HeoOXOJAUMHU MO-TOJIsIM Ha Opoit utepamnun. Pe-
3yJITATUTE B HACTOAIIATA JUCepTaIugTa ca npu 3 6pos urepanuu. [Ipuern ca Tpu 6pos
UTEPATIH, 3aI0TO HAMUPAHETO HA €JIHO DElleHre OTHeMa 3HAYUTETHO BpeMe. 3a H-
KOH BHJIOBE ILIAHKH TO3U Opoil ce oKa3Ba HejocTaTbieH. TecTroBere OsXa HalpaBeHU
Ha HACTOJeH KOMIIOTHD ¢ omepanuonta cucrema Windows ®)10 Pro, x64. IIponecop
Intel ®Core (TM) i5-9500@3.0 GHz. U3snonssanu nporecopu exus. Tun Ha mpore-
copa CPU. Bbupeku, ge nporecopbT € €IHO OT MOCASIHATE MOKOJIEHNsT KbM JIaTa Ha
nucaHe Ha HACTOAIIMSA TPYJL ce OKa3Ba €J1ab 3a MO-BUCOKA CTEIEeH Ha YILTHTHIBAHE Ha
nnaakuTe. Ho ako ce Thpcu CpaBHUTETHO ObP30 MOAPErKIaHe W HEerojssM Opoil TLIaH-
KH HACTOJTHUAT KOMIIIOTBP MOXKe Ja crpaBu. llpeacraBeHusT 1m0AX0/1 3a pelraBaHe Ha
npobaema Moxke ga ce npuioxku B 90% ot cayuanre B mpaktukara. Tpsabsa ma ce or-
OeJiezku, Y€ 3a MAJIKO MO-TOJISIMa IUIBTHOCT Ha PEIleHUeTo € HeOOXOJMMO 3HAYUTEHO
HO-TOJIIMO BpeMe 3a m3ducjenue. laaum 1me ce xKeprBa BpeMe 3a CMETKa Ha MaTepHall
3aBUCH OT TOBA JIOKOJIKO € CK'bIT JAI€HUSIT MaTepPHasl, OT KOUTO I ce n3ps3BaT hury-
pute. Karo cieaBaiio pasBuThe Ha MIpodseMa 1e Obje pa3paboTBaHeTO My 3a Xapayep
¢ JOCTaTBHUYHH u3uncauTennn pecypcu 6asupan na GPU npomnecopu. Pesyararure ot
HACTOSIIATA JTUCEPTAIUS Ca JOK/IAIBAHN HA PA3JTHYHN HAITMOHATHU W MEXKTIYHAPOTHH
KOH(DEPEHITHNH.
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5.2 Anpobanusa Ha pe3yJITaTUTe

PesynraTure B HACTOSINUS JIUCEPTAIMOHEH TPV €& JOKJAJIBAHU HA PA3JIUIHUA MEPOII-
puarus Ha cexius "Ilapanennn axropurmn” kbm UMKT-BAH karo:

1. 113th European Study Group with Industry (BGSIAM - 2015);

2. 11th Annual Meeting of the Bulgarian Section of STAM (BGSIAM - 2016);

3. 120th European Study Group with Industry (ESGI’120 - 2016);

4. 12th Annual Meeting of the Bulgarian Section of SIAM (BGSIAM - 2017) ;
5. 13th Annual Meeting of the Bulgarian Section of STAM (BGSIAM - 2018);

6. Conference on Large-Scale Scientific Computations LSSC’17, Sozopol, 2017;

7. Ninth International Conference on Numerical Methods and Applications NM&A’18,
Borovets.
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5.3 Ilpunocn

[IpurOocuTe B Ta3m muceprarus Moratia ObaaT pa3fejeHd Ha HAYIYHA U HAYIHO-
OPUJIOYKHU, KATO HAYYHUTE MPUHOCH KacdaT pa3paboTBaHETO HA METOIW U aJITOPUTMU
3a 1D u 2D paskpoii, a HAy4YHO-IPUJIOKHUTE Ce OTHACIT KbM TAXHATA [POIDAMHA
pean3anms.

Hayunure npunocu ca:

e Pa3zpaboren e aJiropuTbM 3a ONTHMAJIEH PA3KPOR B € THOMEPHOTO MIPOCTPAHCTRO;
e Pa3paboTeH e aaropuTbM 3a ONTHUMAJIEH Pa3Kpoil B IBYMEPHOTO IMPOCTPAHCTBO;
e Paspaboren e MeTO/1 3a JBYyMepeH pa3Kpoil Ha 6a3aTa Ha XUOPUIHA ONTHMUBAIINS;
Hay4Ho-nipujiozKHuTe NPUHOCHU Ca:

e HampaBena e mporpaMHa peajan3aliisl Ha aJrOPUTHMA 33 eTHOMEpeH pa3Kpoil;

e HampapeHa e mporpaMHa peaju3aliis Ha aJrOPHTHMA 33 JIByMEpeH pa3Kpoii;

PeSyJITaTI/ITe Ha HaCTOAIINUA AUCEPTAIMOHEH TPYA MOraT Ada Ce U3I0J3yBaT B Hali-
pa3JanvdHn obJjacT OT HayKaTa U HH2KEHEpHaTa IIPpAKTHKA:

e [IpoekTUpaHeTo Ha CrPaJid U ChbOPHKEHUS;

e [IpoekTmpaneTo Ha W3HOCBAHETO HA JeTAWIN MPU MAITMHATE KAKTO M MPOEKTH-
paHeTO Ha MEeXaHU3MU;

e 3eMHA MeXaHUKA - KOHCOUIAINS Ha TOYBUTE;
e ABHAIMOHHATA TEXHUKA - HAMHPAHE Ha ONTUMAJIEH 'bT B CPEJia ¢ MPEHITCTBUA;
e U1 B muOrO Apyru obactu, Kbaero ce m3noasyBar CAD-cucremu.

[Ipwao:KHUTE TPUHOCH MOTAT JIa Ce PA3BUAT U BbB (PUPMU KOUTO ITPOU3BEIKIAT CTO-
MaHeHn KOHCTpyKmuu. [Ipunoxuaums codryep MOXKe Ja ce BHEAPH U B JAPYIH OTPACIN
KOUTO HE Ca CBBbP3aHU ChC CTPOUTEICTBOTO HA CIPAIM U ChOpbyKeHus. JIpyro MHOro
TOJIIMO TIPUJIOYKHO TIPEINMCTBO €, 9e BXOJHUTE TAHHHW Ce B3eMaT AMPEKTHO OT Da3ara
nauaan Ha CAD crucremara, ¢ KOSITO € IPOEKTHPAHO ChOpbiKeHneTo. ToBa MHOTOKpPATHO
HOBHUIIIABA CKOPOCTTA HA MOJIYYaBaHe  TOYHOCTTA Ha JAHHUTE, C KOUTO pabOTH IIPorpa-
MaTa. C HIKOJIKO KJIMKBAHHsI MOraT Ja ce u30epar XU/ IMOJUTOHU U JIa CTapTHpPa
nporpamara 3a pas3kpoit. Codryepbr Moxke caM 1a OTCTPAaHW WJIW KOpUrupa 'Hermpa-
BUJIHUTE” TIOJIUTOHU 34 Ja ce n30erHaT HeTOYHOCTH B U3XOJMHUTE pe3yaTaTu. Perrernero
HPOTHYA B PAMKHUTE HA HAKOJKO MUHYTH B 3aBHCHMOCT OT IIPOU3BOIUTETHOCTTA HA KOM-
HIOTbPHATA CHCTEMA, HA KOATO COMPTYepbT ce M3M0A3YBa. AJTOPHTHMBT, pa3paboTeH
B IPEJICTABEHUAT JAUCEPTALMOHEH TPY/I, HO3BOJIABA M3IOJI3YBaHE HA OIVIEdaJieH 00pa3
Ha [TOJIMTOHUTE, POTAIMSA U APYTH OMEPAIldi, KOUTO MOTaT [a J0BEJAT 0 ChIIECTBEHO
moo00peHue Ha MoJIydeHOTO MpubInyKeHo perenne. Pazbupa ce, 3a mente Ha MTHPOKO-
MalaOHu HAYYHH U3CJIeBAHUS aJTOPHTHMBT MOXKE JIa e BHEJPU HA CYHeP-KOMITIOTHD
Thii KATO IMO3BOJIsIBA 3HAUUTEIHA MapajeTu3alus Ha H3UUCICHUITA.
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