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Abstract:

Introduction/purpose: In this paper, a new solution for solving a multi-
objective integer programming problem with probabilistic multi — objective
optimization is formulated. Furthermore, discretization by means of the
good lattice point and sequential optimization are employed for a
successive simplifying treatment and deep optimization.

Methods: In probabilistic multi — objective optimization, a new concept of
preferable probability has been introduced to describe the preference
degree of each performance utility of a candidate; each performance utility
of a candidate contributes a partial preferable probability and the product of
all partial preferable probabilities deduces the total preferable probability of
a candidate; the total preferable probability thus transfers a multi-objective
problem into a single-objective one. Discretization by means of the good
lattice point is employed to conduct discrete sampling for a continuous
objective function and sequential optimization is used to perform deep
optimization. At first, the requirements of integers in the treatment could be
given up so as to simply conduct above procedures. Finally, the optimal
solutions of the input variables must be rounded to the nearest integers.

Results: This new scheme is used to deal with two production problems,
i.e., maximizing profit while minimizing pollution and determining a
purchasing plan for spending as little money as possible while getting as
large amount of raw materials as possible. Promising results are obtained
for the above two problems from the viewpoint of the probability theory for
simultaneous optimization of multiple objectives.
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Conclusion: This method properly considers simultaneous optimization of
multiple objectives in multi-objective integer programming, which naturally
reflects the essence of multi-objective programming, and opens a new way
of solving multi-objective problems.

Key words: multi-objective optimization, integer programming problem,
preferable probability, discrete sampling, sequential optimization.

Introduction

Multi-objective programming (GP) is an important branch of
optimization theory. It is a mathematical method developed to solve multi-
objective decision-making problems based on linear and nonlinear
programmings. Since 1960s, it has been gradually developed and matured.
It is widely used in economic management and planning, human resource
management, government management, optimization of large - scale
projects and other important areas.

The idea of multi-objective programming originated from the study of
the utility theory in economics in 1776. In 1896, economist Pareto first put
forward the multi-objective programming problem in the study of economic
balance, and gave a simple idea which was later called the Pareto optimal
solution. In 1947, von Neumann and Morgenster mentioned the multi-
objective programming problem in their game theory work, which attracted
more attention to this problem. In 1951, Koopmans put forward the multi-
objective optimization problem in the analysis of production and sales
activities, and first formed the concept of the Pareto optimal solution. In
the same year, Kuhn and Tucker gave the concept of the Pareto optimal
solution of the vector extremum problem from the angle of mathematical
programming. The necessary and sufficient conditions for the existence of
this solution are also studied. Debreu's discussion on evaluation balance
in 1954 and Harwicz's research on multi-objective optimization in
topological vector space in 1958 laid the foundation for the establishment
of this discipline. In 1968, Johnsen published the first monograph on the
multi-objective decision-making model. Until 1970s-1980s, the basic
theory of multi-objective programming was finally established through the
efforts of many scholars, making it a new branch of applied mathematics
(Huang et al, 2017; Liu, 2014; Ying, 1988).

Up to now, there are the following general methods to solve multi-
objective programming: one is to transfer multiple objectives into a single
objective that is easier to solve, such as the main objective method, the
linear weighting method, the ideal point method, etc.; the other method is
called the hierarchical sequence method, i.e. a sequence is given
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according to the importance of the target, and the next target optimal
solution is searched in the previous target optimal solution set every time
until a common optimal solution is obtained; the third one is the main target
method, which takes one fi(x) as the main target, and the other P-1 as the
non-main target. At this time, it is hoped that the main target will reach the
maximum value, and other targets will meet certain conditions; the fourth
one is the linear weighting method, which sets a series of weight
coefficients «; for objective functions fj(x), and thus a new evaluation
function U(x) = ¥¥_, w; - fj(x) is obtained by linear weighted summation,
which makes the multi-objective problem become a single-objective
problem. However, under the condition that the dimensions of the target
are different, normalization is needed. For a multi-objective linear
programming problem, decision makers hope to achieve these goals in
turn under these constraints by minimizing the total deviation from the
target value, which is the problem to be solved by goal programming
(Huang et al, 2017; Liu, 2014; Ying, 1988).

In practical engineering systems, such as many nonlinear, multi-
variable, multi-constraint and multi-objective optimization problems in
power systems, the existing mathematical methods have limited ability to
optimize these problems, and the solutions obtained are not satisfactory.

The above discussion shows that normalization and the introduction
of subjective factors in the previous methods are indispensable processes
in their "additive" algorithm, and the final result depends to a great extent
on the normalization method adopted after the targets with different
attributes are converted into "single" targets (Zheng et al, 2021). Different
normalization methods may lead to completely different results. In addition,
in some algorithms, the beneficial performance index and the unbeneficial
performance index are treated unequally.

From the point of view of the set theory, the "additive" algorithm in the
previous methods for multi-objective optimization corresponds to the form
of "union”. Therefore, the above algorithm can only be regarded as a semi-
guantitative method in a sense.

Recently, a probabilistic multi - objective optimization (PMOO)
method has been proposed to solve the inherent problems of subjective
factors of the previous methods of multi - objective optimization (Zheng et
al, 2021; Zheng et al, 2022a; Zheng et al, 2022b). A brand - new concept
of preferable probability is put forward to reflect the preference degree of
performance indicators in project management optimization. PMOO aims
to deal with multi-objective simultaneous optimization from the perspective
of the probability theory. In the new methodology of PMOO, the
performance utility indicators of all candidates are preliminarily divided into
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the beneficial category and the unbeneficial category according to their
roles and preferences in optimization; each performance utility index of the
candidate quantitatively contributes to a partial preferable probability; the
product of all partial preferable probabilities deduces the total preferable
probability of a candidate; the total preferable probability thus transfers a
multi-objective problem into a single-objective one. In the evaluation, the
total preferable probability of a candidate is the unique and decisive index
of the candidate.

In this article, by using probabilistic multi - objective optimization and
the good lattice point to conduct discrete sampling and sequential
optimization for successive deep optimization, a reasonable method of
multi - objective programming is formulated, and the application details of
this method are illustrated with two examples.

Solution for solving an integer programming problem
by means of probabilistic multi - objective optimization

In this section, probabilistic multi - objective optimization, good lattice
point (GLP) discretization and sequential optimization are organically
combined, which establishes a rational method for solving a multi-objective
programming problem. The probabilistic multi - objective optimization
method is used to transfer a multi - objective optimization problem into a
single - objective optimization one from the perspective of the probability
theory; the discretization of GLP provides an effective discrete sampling to
simplify mathematical processing, which is especially important for dealing
with multi - objective programming problems with continuous objective
functions; and sequential optimization is used for successive deep
optimization.

The systematic implementation is demonstrated in the subsections A)
and B).

A) A method based on the perspective of probabilistic
multi - objective optimization

From the perspective of probabilistic multi - objective optimization,
the whole event with multi - objective simultaneous optimization
corresponds to the product of all single objectives (events). For multi -
objective programming problems, each objective can be analogically seen
as a single event (Zheng et al, 2021; Zheng et al, 2022a; Zheng et al,
2022Db). All performance utility indexes of the candidate are preliminarily
divided into two categories: beneficial and unbeneficial, according to their
role and preference of a candidate in optimization, respectively.
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Specifically, the assessment of the preferable probability P; of both
beneficial indicators and unbeneficial indicators can be carried out
according to the evaluation procedure in Figure 1 (Zheng et al, 2021;
Zheng et al, 2022a; Zheng et al, 2022b).

B) Discrete sampling by means of the good lattice point
and successive sequential optimization

In multi - objective programming problems, the objective function is
usually continuous. In order to simplify mathematical processing, the
discrete sampling by means of the good lattice point (GLP) can be used.
As described in literature (Hua & Wang, 1981; Fang & Wang, 1994; Fang
et al, 2018), the methods of good lattice point and uniform experimental
design (UED) make discrete sampling possible and practical. The GLP
method and UED are based on the number theory, and it can obtain an
effective approximate value for a definite integral or an extreme value
problem with a limited number of sampling points (Hua & Wang, 1981;
Fang & Wang, 1994; Fang et al, 2018). Such a limited number of sampling
points is uniformly distributed in the super space with low discrepancy. The
characteristic of the uniform point set makes its convergence speed much
faster than that of the Monte Carlo sampling method (Hua & Wang, 1981;
Fang & Wang, 1994; Fang et al, 2018), so it is considered as an efficient
approximation named quasi-Monte Carlo method. In order to use this
uniformly distributed point set appropriately, Professor Fang specially
developed uniform design and uniform design tables (Fang, 1994; Fang et
al, 2018).

As to the successive sequential optimization of multi - objective
optimization problems, a sequential optimization algorithm (SNTO) can be
employed for deep optimization (Zheng et al, 2022c; Zheng et al, 2023).

Moreover, by combining probabilistic multi - objective optimization,
discrete sampling, and sequential optimization, the multi - objective
programming problem can be solved rationally.

At first, the requirements of integers could be given up so as to simply
conduct the above procedures. Finally, the optimum solutions of the
input variables must be rounded to the nearest integers, which must
be withstanding the constraint conditions as well.
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Figure 1 — Evaluation procedure of the PMOO method
Puc. 1 - lNpouedypa ouyeHku memoda PMOO
Cnuka 1 - lNocmynak esanyauuje memoda PMOO

Applications

In this section, two examples are employed to illustrate the use of the
above methods in solving multi - objective integer programming problems.

1) An integer programming problem that maximizes profits

and minimizes pollution

A factory plans to produce two products, PV cell 1 and PV cell 2.
During production, it causes certain polluting gas release into the air
(Huang et al, 2017). So, in the production plan, the goals are to get
maximum profit with minimum pollution at the same time. Profit, unit
pollution of each product, mechanical ability, manpower resource and
resource limits are shown in Table 1 (Huang et al, 2017). Therefore, the
problem is how to organise production which maximizes profits and causes

the least pollution.
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Table 1 — Resource consumption, profit and pollution of each product
Tabnuya 1 — NompebneHue pecypcos, Npubbinib U 3a2ps3HEHUE Kaxd020 npodykma
Tabena 1 — lNompowa pecypca, npochum u 3azahusar-e ceakoz rpousgooa

Content Product Limit unit
Cell 1 Cell 2

Resource exhaust unit per product 1 5 72
Mechanical ability exhaust per product 0.5 0.25 8
Manpower resource exhaust per 0.2 0.2 4
product
Profit per product (¥RMB) 1 3
Pollution unit per product 15 1

Solution

Assuming that the output of the products Cell 1 and Cell 2 is x; and
X2, respectively, the mathematical model and the constraint conditions of
this problem are as follows,

Max f1(X) = X1 + 3Xo,

Min fz(X) =1.5x; + X2,

S. t. 0.5x1 + 0.25x%, < 8 (Mechanical ability),
0.2x1 + 0.2x2 < 4 (Manpower resource),

X1 + 5x2 <72 (Resource limit), and

X1, X2 > 0.

Because there are two input variables x; and x; in this problem, at
least 17 evenly distributed sampling points are needed for the
discretization in the working domain according to literature (Zheng et al,
2022c). Here, we try to use the uniform design table U*24(24°) to implement
the discretization (Fang, 1994; Fang et al, 2018), and the results are shown
in Table 2. As it can be seen from Table 2, five sampling points were
excluded due to the limitation of the constraint conditions, and the
remaining 19 sampling points were within the working area, which meets
the basic requirement of at least 17 uniformly distributed sampling points
within the working zone.

Additionally, in this problem, the objective function fi(x) is a beneficial
indicator while the objective function fx(x) is an unbeneficial indicator.
Table 3 shows the evaluation results of the partial preferable probabilities
Pu and Pr of the objective functions fi(x) and fz(x) at the corresponding
discrete sampling point, respectively; P: represents the total/overall
preferable probabilities of each sampling point.
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As it can be seen from Table 3, sampling point No 2 shows the
maximum value of the total preferable probability. Therefore, around
sampling point No 2 of Table 2, sequential uniform design is adopted for
successive deep optimization.

Table 2 — Evaluation results of discrete sampling with U*24(24°)
Tabnuya 2 — Pe3ynbmamabi oyeHKu OuckpemHol 8ni6opku ¢ U*24(24°)

Tabena 2 — Pesynmamu esainyauyuje uckpemHoa y3opkosarba ca U*24(24°)

No Input variable Objective Note
x1 X2 f1 fa

1 0.3333 6.3 19.2333 6.8

2 1 12.9 39.7 14.4

3 1.6667 4.5 15.1667 7

4 2.3333 11.1 35.6333 14.6

5 3 2.7 11.1 7.2

6 3.6667 9.3 31.5667 14.8

7 4.3333 0.9 7.0333 7.4

8 5 7.5 27.5 15

9 5.6667 14.1 Excl.

10 6.3333 5.7 23.4333 15.2

11 7 12.3 43.9 22.8

12 7.6667 3.9 19.3667 15.4

13 8.3333 10.5 39.8333 23

14 9 2.1 15.3 15.6

15 9.6667 8.7 35.7667 23.2

16 10.3333 0.3 11.2333 15.8

17 11 6.9 31.7 234

18 11.6667 13.5 Excl.

19 12.3333 5.1 27.6333 23.6

20 13 11.7 Excl.

21 13.6667 3.3 23.5667 23.8

22 14.3333 9.9 Excl.

23 15 15 19.5 24

24 15.6667 8.1 Excl.
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Table 3 — Evaluation results of discrete PMOO using U*24(24°)
Ta6nuua 3 — Pe3ynbmamai oueHku duckpemHoz2o PMOO ¢ nomoubto U*24(24°)
Tabena 3 — Peaynmamu esarnyauuje duckpemHe PMOO nomohy U*24(24°)

Preferable probability
No Partial Total

Pr Pt Px103
1 0.0402 0.0877 3.5268
2 0.0830 0.0601 4.9936
3 0.0317 0.0870 2.7581
4 0.0745 0.0594 4.4280
5 0.0232 0.0862 2.0018
6 0.0660 0.0587 3.8749
7 0.0147 0.0855 1.2577
8 0.0575 0.0580 3.3340
10 0.0490 0.0572 2.8055
11 0.0918 0.0297 2.7277
12 0.0405 0.0565 2.2892
13 0.0833 0.0290 2.4146
14 0.0320 0.0558 1.7854
15 0.0748 0.0283 2.1139
16 0.0235 0.0551 1.2938
17 0.0663 0.0275 1.8255
19 0.0578 0.0268 1.5494
21 0.0493 0.0261 1.2857
23 0.0408 0.0254 1.0343

Table 4 shows the evaluation results of the successive deep
optimization using sequential uniform optimization, in which c(t) = (Max P{"
D — Max P")/Max P{? represents the relative error of the maximum total
preferable probability of the i-th sequential step. If we assume that the pre-
assignment of c® = 2%, the successive deep optimization can be
terminated in step 3. At this time, the final optimal results of this multi-
objective programming optimization problem are fiop. = 42.7625 ¥RMB,
foopt. = 14.4 unit, while the instant input variables of the successive deep
optimization in step 3 are x; = 0.125 and x> = 14.2125, respectively. Since
this is an integer programming problem, the solution for x; and x> must be
rounded to the nearest integers, so the values of x; and x, are 0 and 14,
respectively, and the optimal values of objective functions are thus fiop. =
42 ¥RMB yuan and foop. = 14 unit, individually. This result is much better
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than that given by Huang with a linear weighting algorithm (Huang et al,
2017).

Table 4 — Evaluation results of sequential optimization with U*24(24°) discrete sampling
Tabnuya 4 — Pe3ynbmambl OueHKuU rocriedosameribHol onmumu3ayuu ¢ OuckpemHou
8bI6opKol U*24(24°)

Tabena 4 — Peaynmamu esarsnyauuje cekeeHyujasaHe onmumu3ayuje nomony
OuckpemHoa y3opkosara U*24(24°)

Step | Range Instant input Optimal objective Max c®
variable Px103
X1 X2" fiopt. faopt.
[0, 16] x [0,
0 14.4] 1 12.9 39.7 14.4 4.9936
[0,8] x [7.2,
1 14.4] 0.5 13.65 41.45 14.4 4.4152
2 [104 j} X[08, | 25 | 14.025 | 42325 14.4 4.2855 0.0294
3 [104 421% x[12.6, 0.125 | 14.2125 | 42.7625 14.4 4.2034 0.0191

Il) Purchasing raw material for production

A factory needs to purchase certain raw material for production. There
are two kinds of raw materials in the market, A and B, with unit prices of 2
¥RMB yuan / kg and 1.5 ¥RMB yuan /kg, respectively. It is required that
the total cost now should not exceed 300 ¥RMB yuan, and the raw material
A should not be less than 60 kg. How to determine the best purchasing
plan, spend the least money and purchase the largest amount of raw
materials? The smallest weight unit is 1 kg.

Assuming that the two raw materials, A and B, are purchased in x;
and xz kg, respectively, then the total cost is:

fi(X) = 2x1 + 1.5x%z;

The total amount of the purchased raw materials is:

fz(X) = X1 + Xo.

Then the goal of our solution is to spend the least money to buy the
most raw materials, i.e. to minimize fi(x) while maximizing f2(x).

At the same time, it is necessary to meet the requirements that the
total cost should not exceed 300 ¥RMB yuan, and the raw materials A
should not be less than 60 kg, so the constraint conditions are as follows:

2X1 + 1.5%, 5300,

X1 > 60, X2 >0.
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Solution

Based on the above analysis, the following optimal mathematical
model is given:

Min fi(x) = 2X1 + 1.5x2;

Max f2(X) = X1 + Xz;

S. L.

2X1 + 1.5x2 <300;

X1 > 60, X2 >0.

Because this problem has two input variables x; and Xz, similarly, at
least 17 evenly distributed sampling points in the working domain are
needed (Zheng et al, 2022c; Zheng et al, 2023). Here, we try to use the
uniform test table Us7(37%?) conduct the discrete sampling (Fang, 1994;
Fang et al, 2018), and the results are shown in Table 5. It can be seen
from Table 5 that, due to the limitation of the constraint conditions, 18
sampling points are excluded, and, luckily, 19 sampling points are within
the scope of the constraint conditions, which meets the requirement of at
least 17 uniformly distributed sampling points within the scope of s. t.
condition. In this problem, the objective function fi(X) is the unbeneficial
indicator, and f2(x) is the beneficial indicator.

Table 6 shows the evaluation results of the partial preferable
probabilities of the functions f; and f, at the discrete sampling points, Pn
and Px, respectively; P; represents the total/overall preferable probability
of each sampling point. As it can be seen from Table 6, sampling point No
2 shows the maximum value of the total preferable probability. Therefore,
around the 2nd sampling point in Table 6, sequential optimization is
adopted for successive deep optimization. Table 7 shows the evaluation
results of the sequential optimization using the uniform design table
Us7(37?). Similarly, if a pre-specified value of 0.7% is set for ¢, then the
deep optimization can be terminated in step 3. At this point, the final
optimal results of this multi-objective programming optimization problem
are fiop. = 298.7635 ¥RMB yuan and foop. = 179.0270 kg, while the instant
input variables of the successive deep optimization at step 3 are x; =
60.4460 kg and x» = 118.5810 kg. Similarly, since this is an integer
programming problem, the solution for x; and x» must be rounded to the
nearest integers, so the values of x; and x; are 60 kg and 119 kg,
respectively, and the optimal values of objective functions are thus fiop. =
298.5 ¥RMB and foopt. = 179 kg, individually.
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Table 5 — Results of discretization with Uz7(37%?)

Tabnuuya 5 — Pesynbmamsi duckpemusayuu ¢ Us7(37%?)

Tabena 5 — Peaynmamu duckpemusayuje ca Us7(3712)

Input variable Objective
No Note
X1 X2 f1 f2
1 61.2162 53.5135 202.7027 114.7297
2 63.6487 108.6490 [290.2703 |172.2970
3 66.0811 43.7838 197.8378 |109.8649
4 68.5135 98.9189 285.4054 |167.4324
5 70.9459 34.0541 1929730 |105
6 73.3784 89.1892 280.5405 |162.5676
7 75.8108 24.3243 188.1081 |100.1351
8 78.2432 79.4595 275.6757 157.7027
9 80.6757 14.5946 183.2432 | 95.2703
10 83.1081 69.7297 270.8108 |152.8378
11 85.5405 4.8649 178.3784 |90.4054
12 87.9730 60 265.9459 | 147.9730
13 90.4054 115.1351 Excl.
14 92.8378 50.2703 261.0811 |143.1081
15 95.2703 105.4054 Excl.
16 97.7027 40.5405 256.2162 |138.2432
17 100.1351 95.6757 Excl.
18 102.5676 30.8108 251.3514 |133.3784
19 105 85.9460 Excl.
20 107.4324 21.0811 246.4865 |128.5135
21 109.8649 76.2162 Excl.
22 112.2973 11.3514 241.6216 |123.6486
23 114.7297 66.4865 Excl.
24 117.1622 1.6216 236.7568 |118.7838
25 119.5946 56.7568 Excl.
26 122.0270 111.8919 Excl.
27 124.4595 47.0270 Excl.
28 126.8919 102.1622 Excl.
29 129.3243 37.2973 Excl.
30 131.7568 92.4324 Excl.
31 134.1892 27.5676 Excl.
32 136.6216 82.7027 Excl.
33 139.0541 17.8378 Excl.
34 141.4865 72.9730 Excl.
35 143.9189 8.1081 300 152.027
36 146.3514 63.2432 Excl.
37 148.7838 118.3784 Excl.
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Table 6 — Evaluation results of PMOOQ discrete sampling with Us7(372)

Tabnuua 6 — Pe3aynbmamsl oueHKu duckpemHoli ebibopku PMOO ¢ U3z7(3712)
Tabena 6 — Peaynmamu esarsyauyuje duckpemHoe y3opkosara PMOO ca Us7(371?)

Preferable probability
No Partial Total

P Pr Pix103
1 0.0615 0.0456 2.8059
2 0.0420 0.0685 2.8754
3 0.0626 0.0437 2.7344
4 0.0430 0.0666 2.8664
5 0.0637 0.0418 2.6586
6 0.0441 0.0647 2.8533
7 0.0647 0.0398 2.5787
8 0.0452 0.0627 2.8360
9 0.0658 0.0379 2.4945
10 0.0463 0.0608 2.8145
11 0.0669 0.0360 2.4061
12 0.0474 0.0589 2.7887
14 0.0485 0.0569 2.7588
16 0.0495 0.0550 2.7247
18 0.0506 0.0531 2.6864
20 0.0517 0.0511 2.6439
22 0.0528 0.0492 2.5971
24 0.0539 0.0473 2.5462
35 0.0398 0.0605 2.4058

Table 7 — Evaluation results of sequential optimization with Us7(37*?) discrete sampling
Tabnuya 7 — Pe3ynbmama! oyeHKu nocriedosameribHOU onmumu3ayuu ¢ OUCKpemHou
eblbopkoli Us7(371?)
Tabena 7 — Pe3ynmamu esarsyauyuje cekgeHyujanHe onmumusayuje nomohy
OuckpemHoz y3opkoeara Uz7(371?)

Instant input variable | Objective Max
Step | Range " " 3 c®
X1 X2 fropt. faopt. Pix10
X
0 [[600’112500]] 63.6487 | 108.6490 | 290.2703 | 172.2970 | 2.8754
X
1 [[660(; 1]025(}] 61.8243 | 114.3240 | 295.1351 | 176.1490 | 2.8481 | 0.0095
X
2 [[690(; 8]22]0] 60.8919 | 117.1620 | 297.5270 | 178.0540 | 2.8102 | 0.0133
[60,71] X
3 (105, 120] 60.4460 | 118.5810 | 298.7635 | 179.0270 | 2.7909 | 0.0069
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Discussion

When solving multi - objective programming problems, the
approaches employed in the previous work of other methods include the
linear weighting method (Zheng et al, 2022c), i.e. the "additive" algorithm,
which transfers multi — objective problems into single objective ones.
However, from the perspective of the probability theory, this essentially
means a "union”, and some methods even take several objectives as
constraint conditions to solve multi-objective programming problems
(Zheng et al, 2022c), which is not realized to the intrinsic meaning of multi
- objective programming problems, while probabilistic multi-objective
optimization tries to deal with simultaneous optimization of multiple
objectives from the perspective of the probability theory, which is a rational
method of multi - objective optimization (Zheng et al, 2022c). Therefore,
the results obtained by other methods cannot be compared with the results
of probabilistic multi - objective optimization.

Conclusion

By using the combination of probabilistic multi - objective optimization,
discrete sampling by means of the good lattice points, and successive
sequential optimization to solve the multi - objective integer programming
problem, we establish a reasonable scheme for solving the multi - objective
programming problem. This method properly considers simultaneous
optimization of many objectives in the problem, which rationally reflects the
essence of simultaneous optimization of multiple objectives, and opens a
new approach to the relevant problem.
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HoBoe pelueHue ana MHorouenesblX 3a4ay LenovYncrneHHoro
nporpaMMmpoBaHns C NOMOLLIbIO BEPOATHOCTHOW MHOrOLIEeNeBon
onTumMmusauum

MaoweHe Yxana, Jxu Nio®

CeBepo-3anafHblil NONUTEXHUYECKUI YHUBEPCUTET,
r. Cnanb, HapogHas Pecny6nuka Kutai

@ dhakynbTET XMMNYECKOWN MHXEHEPUN, KOPPECNOAEHT
6 (hakynbTeT eCTECTBEHHbIX HayK
PYBPUKA TPHTW: 27.47.00 MaTemaTnyeckas knbepHeTuka,

27.47.19 VNccneposaHue onepauumn
BWO CTATbW: opurmHanbHasa Hay4yHas cTaTtbs

Peswome:

BeedeHue/yernb: B daHHOU cmambe rpedcmaesrieHo Hogoe peuleHue Ons
MHo20ueneabIx 3aday UesioHUCIEHHO20 MPoepaMmMupo8aHUs C MOMOUbIO
8eposimHocmHOU MHozouenesol onmumu3ayuu. Kpome moeo, 8 yesnsix
CYKUECCUBHO20 yripouwieHusi obpabomku u anybokol onmumusauyuu
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ucriorib3yromcs OUCermU3aL(Uﬂ C roMow|bro coomeemcemeyrouwiux y3r108
pewemku u rocriedosameribHasi OnMuUMU3auUsl.

Memodbi: B 8eposimHOCMHY0 MHO20UEe8y0 onmumu3ayuto esedeHa
Hoeasi KoHUenuusi npednoymumerbHoU eeposimHocmu Or1s1 OnucaHusl
cmereHu rnpedrnoYymeHust none3Hocmu Kaxdoz2o kaHOuGama. Kaxodas
fone3Hocmb  xapakmepucmuk  kaHOudama 8HOCUM  4acmuyHyro
MpednoymumerbHYy0 8epPOsIMHOCMb, a MPoU38eOeHUE 8CEX YaCMUYHbIX
npednoymumeribHbIX eeposimHocmel cocmaernsem obuwyto
rnpednoymumerbHyl0O  8eposimHocmb  KaHOudama. Takum 06pa3som,
obuwasi npednoymumeribHasi 8epOSIMHOCMb 1epesodum MHO20UEE8YH0
npobniemy 8 o0OHouenesyr. J[uckpemusayus no memody Y3108
udearnbHol pewemku rpumeHsemcs 0Onsi OuckpemHou 6bIbopKu, a
rnocriedoeamernbHass onmumu3ayusi — 01 anybokol onmumu3ayuu.
Takxe 6 uensix ynpoweHusi daHHOU rpoyedypbl MOXHO OmKa3ambsCsi om
uenoyucreHHbIx mpebosaHuli. B KoHue npouedypbl onmumaribHbie
peweHuss 88€0eHHbIX MEPEMEHHbIX HEe0bXxo0UMO OKpyenums 00
bnuwxaliweao uenoeo vucna.

Pesynbmamai: HaHHbil 100x00 ucrions3yemcsi Onisi peweHusi 08yx
rpou3sodcmeeHHbIx 3aday, a UMEHHO: Makcumusauuu npubbiau npu
MUHUMU3aUUU 3a2psi3HeHUsT U COCMaesieHUs niaHa 3aKyrnoK Kak MOXHO
6osibLUe20 Koruyecmea Cbipbsi Mpu HauMeHbLUx 3ampamax. C noMoLwbio
meopuu  8eposimHocmell  ebluieyKa3aHHble  3adayu  rokasanu
MHO200b6ewjarowjue  pesynbmambsl  00HOBPEMEHHOU  onmumu3auyuu
HecKosbKux yerned.

Bb1800bi: [JaHHOE peweHue y4umbigaem 0OHOBPEMEHHYH ONMuUMU3ayuro
HecKofbKUX uened npu  MHO20KpUmMepuarbHOM  UesloYUC/IeHHOM
npoepaMmMuposaHul,  4mo,  ECIMEeCcmBeHHO,  ompaxaem  cymb
MHO20KpUMepuasibHO20 Mpo2pamMMUupo8aHUs U memM caMbiM OMKpbieaem
HO8bIE BO3MOXHOCMU K peleHU0 MHO20KpumepuarsbHbIX 3adad.

Kniroueesnbie crnoea: MHoeaouenesas onmumu3auyusl, 3adaya

UesI04uCIeHHO20 rpoepamMmuposaHus, npednoymumersibHasi
8EPOSIMHOCMb, OuckpemHasi eblbopka, rnocnedosamersibHasi
onmumu3ayusi.

HoBo peluere npobnema BULLEKPUTEPUjYMCKOT LienodpojHOr
nporpamMmupata nomohy BULLEKPUTEPUjyMCKE ONTUMMU3aLmje
3acHoBaHe Ha BepoBaTHoONU

Maowere Llenr?, hau Jy®

YHuBepanutet CeBeposanag, CujaH, HapogHa Peny6nvka KuHa

a PaKkynTeT XeMUjCKOT MHXEH-EPCTBA, ayTop 3a NpPenucky

6 dakynTeT NPMpPoaHMX Hayka
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OBJIACT: matemaTuka, payyHapcke Hayke
KATEITOPWJA (TUIM) YIAHKA: opyruHanHm HayYyHu pag

Caxemak:

Yeod/yurb: Y pady ce c¢popmynuwe HOB0 pewere rpobrema
8ULLEKPUMEPUjyMCKO2 yenobpojHoz rpoepamuparb-a riomohy
npobabunucmuyke  suWeKpumepujymcke onmumusauyuje.  Takohe,
Kopucmu ce duckpemus3sayuja rnomohy 0obpux madaka pewemke, Kao u
CeKseHyujanHa onmumu3ayuja padu cykuyecusHoe riojeGHocmaesbugara
u OybuHcke onmumu3sayuje.

Memode: Y npobabunucmuyky uLEKPUMEPUjyMCKY onmumu3ayujy
yeedeH je HOBU KOHUenm roxesrbHe eeposamHohe kako bu ce onucao
cmereH rnoxesrbHoCMu ceake rojeduHaqyHe KopucHocmu riepghopmaHce
Hekoe kaHOuOGama. Ceaka mojeQuHa4YHa KopucHocm nepgopmaHce
kaHOuOama QonpuHocu napuyujasiHoj MoxesrbHOj eeposamHohu, a
rpou3eod ceux mux eeposamHoha YUHU YKYrHy MoXesrbHy eeposamHohy
KaHOuGama. Ha maj Ha4yuH yKyrHa roxerbHa eeposamHoha rpesodu
8ULLIEKPUMEPUjYMCKU rpobnem y JeOHOKpUMepUujyMCKU.
Huckpemu3zayujom rnomohy memoda 0obpux mavaka pewiemke epuiu ce
OUCKpemHO y30pKosar-e 3a KOHMUHyanHy GhyHKUUjy uyurba, a
cekgeHyujanHoM onmumu3ayujom OybuHcka onmumu3auyuja. Takohe,
Moxe ce odycmamu 00 3axmeea uenux bpojesa  padu
rojeGHocmasrbugar-a HagedeHoe nocmyrnka. Ha kpajy ce onmumanHa
pewera yHemux gapujabriu Mopajy 3aoKpy»kumu Ha Hajoruxu uesnu 6poj.

Pesynmamu: Oeaj npucmyn ce kopucmu 3a pewasar-e 08a rpobrema y
npou3sodbuU: 3a Makcumusauujy npuxoda y3 Hajmare moeyhe 3azalhere
U 3a Kpeuparse riaHa 3a Habasky Hajeehe konu4uHe perpomamepujana
no Hajmaroj yeHu. Obehaeajyhu pesynmamu cy OobujeHu 3a dea
HasedeHa rpobriema romohy meopuje eeposamHohe 3a UCMOBPEMEHY
onmumu3sauyujy suwe yurbeaa.

Sakrbyyak: 080 pewere y3uma y 063up ucmospemeHy onmumusauyujy
guwe yurbesa rpu sULLIEKpUMEPUSyMCKOM UeslobpojHOM rpospamuparby,
wmo  npupo0HO  o0cnukasa  CYyWMUHy  8UWeKpUmepujyMcKoa
fpoepamuparba U muMe omeapa Hoge [lymese Ka pewasary
guwIeKpUMepUjyMCKuUX rpobnema.

KmbyyHe pedyu: esuweKkpumepujymcka onmumusayuja, npobnem
uenobpojHoe npozpamupar-a, rnoxesrbHa eepogamHoha, OUCKPeMmMHO
y30pKoB8aH-e, CeKeeHyujariHa onmumu3ayuja.
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