Pre prints.org

Article Not peer-reviewed version

Research on Optimizing Human
Resource Expenditure in the Allocation
of Materials in Universities

Li Zhao and Ying Wang, i
Posted Date: 27 June 2024
doi: 10.20944/preprints202406.1938.v1

Keywords: Task scheduling; integer Programming; multivariate function model

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3552017

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 June 2024 d0i:10.20944/preprints202406.1938.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Research on Optimizing Human Resource Expenditure
in the Allocation of Materials in Universities

Li Zhao ! and Ying Wang %*

School of Foreign Languages, Jiangsu University of Science and Technology, Zhenjiang, 212100, China; zhaoli@just.edu.cn
School of Science, Jiangsu University of Science and Technology, Zhenjiang 212100, China; wangying@just.edu.cn
*  Correspondence: wangying@just.edu.cn; Tel.: +086-15050895925

2

Abstract: This study establishes a multivariate function model for natural human load carrying walking in some
typical scenarios like college equipments and materials relocation for students. For classified materials relocation
needs and constraints, we obtain the relationship between walking speed and load weight for single person, as
well as the time cost for different round trips. By establishing an integer programming model with the minimum
total transportation time cost and quality assurance as the objective function and the requirements of negative
weight and speed as the constraints conditions, we reach the optimal item allocation methods considering time
cost and shelf life were obtained. We discover that there is an approximate linear relationship between the
change in natural walking speed and travel time when the load is small, thus obtaining the time cost of student
transportation under different round-trip situations. The Monte Carlo simulation algorithm is used to obtain the
optimal allocation scheme that meets the efficiency and quality requirements. The analysis methods and results
can be used as guidance for task scheduling optimization for material relocation in educational organizations as

well as commercial agencies.

Keywords: task scheduling; integer programming; multivariate function model

1. Introduction

1.1. Background of the Problem

In the context of constantly escalating logistic demand, the logistics problem is gradually emerging
and developing rapidly. For example, logistic problems are typical in colleges. For example in China
colleges with the increase of online shopping, increasing quantities of parcels pour into campus daily,
one or more large scale parcels distribution center established in single campus, compared with that
many city blocks share only one small distribution center in city area. Also with fast Universities
development in China, constant facilities upgrade or new campus plan call for many freight relocation
needs, for example, the new University level physics experiment classrooms relocation call large scale
teaching equipments relocation. The University hosted national academic conference call large scale
logistic materials transportation. Almost in all such scenarios for freight transportation, at least partial
of the relocation trip require manual labor for transport[1-3], like when complicated geographical
location or unmovable obstacles involved. So there are general needs regarding the specified freight
information and sorted relocation need information, to develop efficient relocation scheme to optimize
the relocation task[4,5], partially to meet some stringent timing restriction and minimum human and
financial resources expenditure.

The general problem is that, depending the information of different items to be relocated and
details of resources dispatch requirement, University logistic unit, for example, try to develop cor-
responding solutions. For items such as vegetables or fresh-keeping items, special attention should
be paid to the issue of squeezing and maintaining quality and efficiency during transportation. In
some special road sections or situations, manual load consumption may be high, and students (in
Universities where transportation tools have objective restriction) need to be transported one or more
times with heavy loads[6-8]. Logistics units need to further optimize personnel configuration and
focus on sorting and distribution. How to build a logistics distribution and allocation model that

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://orcid.org/0000-0002-4947-0949
https://doi.org/10.20944/preprints202406.1938.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 June 2024 d0i:10.20944/preprints202406.1938.v1

20f14

meets the requirements, improve the level of logistics services, and propose solutions for the logistics
distribution model[9-13] to achieve the highest resource utilization rate is of great significance for the
development of the logistics problem today not only in Universities but also in commercial location
with special needs.

1.2. Problem Formulation

We adapt to one typical problem scenario, the methodology introduced can be easily extended

to different combination of problem parametric values setting[14-16]. The following problem, which
is representative of a vast category of similar problems, is stated as (considering the sample data in
Appendix):
Scheduling task one:Establish a dual leg weight-bearing walking model, study the relationship between
the natural walking speed and the weight carried by 9 students carrying different mass items in a short
period of time, and predict the changes in the speed of the second and third equal weight-bearing round
trips, namely the change in time cost. Scheduling task two:Based on the results obtained from task one,
distribute all 16 freight packages to 9 or fewer transport workers once or multiple times.Establish a
mathematical model to determine the method of assembling and matching transportation packages
for the student with the lowest transportation cost (each time). Scheduling task three: Distribute all
16 freight packages to 9 or fewer transport workers once or multiple times.Establish a mathematical
model to determine the mixed solution with the highest number of transportation packages with an
average shelf life rate (yield) exceeding 80%, and provide the shelf life rate for each transportation
package.

2. Models and Methods
2.1. Problem Analysis

2.1.1. Analysis of Task One

Regarding the analysis of problem one, natural walking is a special way of walking. Through
literature review, it is known that at any given speed, the oxygen consumption required for a freely
chosen step rate is the smallest, and there is a direct correspondence between the load and the walking
rate[17-19]. A multivariate process group can be established. According to question one, it can be
seen that each student knows 2 sets of natural walking data. Based on the known data, the unknown
variables of the relevant equation system are eliminated, and then the data of students with the same
characteristics are connected for solving. Finally, the relationship between the natural walking speed
and the weight carried[20-23] by each group of students in a short period of time is obtained. At
the same time, through literature review, it is known that there is a correlation between the speed of
natural walking and the travel time during long-term travel, which can be used to obtain the changes
in the speed of the second and third round trips with equal load.

2.1.2. Analysis of Task Two

For the analysis of question one, it is required to allocate all 16 freight packages to 9 or fewer
transport workers based on the results obtained from question one.It is known that the cost of human
transportation is directly related to the cost of transportation time. In the process of solving problem
one, the relationship between student transportation time cost and load and transportation time
is known. Based on this, the objective function of a single objective programming model can be
established, which is to minimize the total transportation time. Meanwhile, as the impact of item
type on transportation time is not considered, the optimal allocation method for items can be directly
calculated multiple times using Monte Carlo simulation algorithm with the student’s load-bearing
capacity as the constraint condition.
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2.1.3. Analysis of Task Three

Regarding the analysis of question three, as the weight and shelf life of each item are fixed,
different types of items are assigned to 9 or fewer transporters. During the mixed allocation process,
the shelf life of the transport package changes, so the items can be combined and allocated based on
weight. Due to the neglect of transportation time cost and item quality, a single objective programming
model can be established, with the objective function of maximizing the number of transportation
packages with a quality assurance rate exceeding 80%, and using the student’s load-bearing capacity
as a constraint. The Monte Carlo simulation algorithm can be used for multiple simulation calculations
to obtain the optimal allocation method and the quality assurance rate of each transportation package.

2.2. Model Assumptions and Symbols Description

1. Assuming that the physical factors of students are only related to the data table and meet the
requirements of the experimental model;
2. Assuming that there is no strict adherence to natural speed during student transportation;
3. Neglecting objective factors beyond the set conditions during transportation;
4. Assuming that the weight of an item can be infinitely divided.

Table 1. Symbols Description.

symbol Symbol Description
E, Energy rate per unit weight
s step
n Step rate
e Extreme step size
nZ Extreme step rate
7 Natural ultimate speed
T Time cost
my; The i-th student's j-th load
Mimin lower limit of load for i-th student
1T Upper limit of load for i-th student
X; The weight of student i's load
Yy Iltem allocation matrix
P i-th student's item shelf rate

2.3. Establishment and Solution of the Model for Task One

2.3.1. Analysis and Solution of Task One

For question one, it can be seen that 9 students used natural walking mode during the transporta-
tion process. By consulting relevant literature and experimental reports on this mode, the relationship
between natural walking time and load weight can be obtained, and relevant model equations can
be established based on this. At the same time, due to the correlation between students” empty
transportation time, the model equation can be further simplified and solved based on this.

2.3.2. Model Preparation-Energy Consumption Model for Natural Walking

The energy consumption during walking is usually expressed as a function of walking speed.
However, this relationship only applies to the stride frequency pattern during natural walking, used
to predict the energy consumption of any combination of stride length and stride frequency. Literature
review indicates that the energy demand for this combination can be determined through two exper-
iments. In the first scenario, the subjects are free to choose their own walking mode to achieve the
specified speed. In the second scenario, the speed remains constant, but the subject is forced to use the
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prescribed range of step rates. The combination of the results of these two experiments has generated
enough data to make it possible to determine the energy equation for patterns, including "free" and
"forced" gaits. The results indicate that at any given speed, the oxygen consumption required for a
freely chosen step rate is the smallest. Any other forced step rate at the same speed will increase the
cost of oxygen, exceeding the oxygen cost required for natural step rates. Research has shown (Zarrugh
et al., 1974) that in natural conditions, the total energy consumption during horizontal walking at all
stride and speed is

Ey = Eo/(1—5%/s2)(1 —n?/n2) 1)

where Ey, is energy rate per unit weight, in cal/kg/min, s is the step length in meters, N is the step rate
in steps per minute, s, is the limit step size in meters, 1, is the step rate measured in steps per minute,
v, is moving speed, the energy consumption rate at t = 0 is Eg. The condition for the minimum E
derived from equation (1) is applicable to a fixed velocity v, which has been proven to be

s = (sy/ny)n ()

Research has shown that the minimum E, occurs at v = v,, /3, where v = sn,,. If the speed remains
constant, the minimum E,, step size for that speed needs to be proportional to the step length, and the
proportional constant s,, /1, remains the same regardless of the speed.

When the subject walks freely, they usually adopt a pattern that is almost identical to the one
described in equation (2).Figure 1 shows the s/n walking mode of the example.A bold continuous
line was drawn in the form of equation (2).The sin relationship shown in Figure 1 is basically linear
for all subjects, but there are significant differences between subjects (such as B, C, and G). However,
due to a 10% increase in the s/n ratio of typical subjects (walking speed= V;, = 80m /min), energy
expenditure only increased by 0.7% compared to the optimal level. Therefore, subjects can change
their walking mode near the optimal ratio without significantly increasing their energy expenditure.
At the same speed, even if sin increases by 20%, it will only increase by 2.6%. In natural walking,
step length is uniquely correlated with step frequency through equation (2). If speed is chosen as the
independent variable and equation (2) is used, equation (1) will be simplified to the following natural
walking equation:

Eyw =Eo/(1—v/vy) 3)

where v is walking speed in unit m/min.
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Figure 1. Model of freely selecting step size under variable speed.
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2.4. Establishment of Energy Consumption Model for Load Travel of Task One

The relationship between oxygen consumption Vo, [mL/kg. min] and load L/W(%) at various
speed levels is shown in Figure 2, using the mean measured values of 12 subjects as the experimental
results.

40
35 F ——3 km/h
30 F —8—4 km/h

25 | T 5 ka/h
20 F —%—6 km/h
15 ’.=:t=:‘="—‘~’::! ~—7 km/h

10 1 L L 1
5.0 12.520.027.5 35.0

V0,, [mL/(kg * min)]

Figure 2. Relationship between oxygen consumption and load during flat ground load carrying travel.

The results in Figure 2 indicate that the relationship between oxygen consumption (VO) and
load (LW) during flat ground load travel should be strictly nonlinear. But when the speed is low, for
example:V < 5km/h, the relationship is basically linear, and when the speed is high, the nonlinear
relationship will gradually become significant. There have been many studies on weight-bearing travel
and some empirical equations have been proposed to represent this relationship, with international
legal units being used uniformly. Some of the main equations are as follows:

M/Wp = (1+ Wi) 2.7 +3.2(V —0.7)"%° + G(0.23 + 0.29(V — 0.7))]'? @)
b

When G = 0, there is
L
M/W, = 1.5—|—2(1+W)(L/Wb)2+1.5V2(1+L/Wb) (5)
b

The empirical equation indicates that there is a basic linear relationship between V5, and L/W),.However,
from the research results, it can be seen that for flat terrain, when V is very high or L/ W, very large,
the nonlinear relationship between Vp, and L/W;, will gradually become significant (Figure 1). Some
studies have also found that the energy consumption during flat ground moving is not always linearly
related to the load. It has pointed out that when the load is greater than 40% to 45% of the body weight,
the energy consumption during driving will increase nonlinearly, and when the load is larger, the
energy consumption will increase faster.

Considering that all 9 students are moving objects at a natural walking speed, the equation system
can be obtained by combining equations (3) and (5) as,

{ Ew =Eo/(1—0/v,) (6a)

L L
Ew/Wy = 154+2(1+ ——)(L/W,)* +1.5V3(1+ ——) (6b)

W W
Meanwhile, due to the same natural time cost for the first empty load of every three passengers, it
can be inferred that the maximum speed v, is the same.The function relationship between the natural
walking speed and the load of the i-th student carrying items of different masses in a short period of
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time, without considering the influence of load time on the natural walking speed, can be obtained as
follows

EOi/(l—v/vu]-)/Wbl-:1.5+2(1+v\? J(L/ Wy )2 +1.5V2(1 + -2 @)

bi bi

where v is the speed of item handling, L is the mass of item. If we consider the cost of transportation
time under the influence of time, as the quality of the goods is much lower than 40% of the weight of
the transporter themselves, the transportation time can be regarded as positively correlated with the
rate of physical exertion, which can be calculated linearly by 2.6%.

2.5. Solving the Model for Task One

Due to the fixed transportation distance, if the distance is considered as a unit length, thenv =
1/one-way time cost. Using programming software to numerically solve the model, the relationship
between the natural walking speed of students and their weight is obtained as shown in the table
below.

Table 2. Student Speed-Load Relationship.

Student

cofie Speed-load relationship formula

3.9638/(1-V)/2.0736=1.5+2 (1+L/2.0736) (L/2.0736) 2+1.5 * V2
(1+L/2.0736)
3.6729/(1-V)/1.9214=1.5+2 (1+L/1.9214) (L/1.9214) 2+1.5 * V2

1

2 (1+L/1.9214)

5 3.4442/(1-V)/1.8018=1.5+2 (1+L/1.8018) (L/1.8018) 2+1.5 * V2
(1+L/1.8018)

4  8:2578/(1-V)/3.5795=1.5+2 (1+L/3.5795) (L/3.5795) 2+1.5 * V2
(1+L/3.5795)

5 8.0229/(1-VY/3.4777=1.5+2 (1+L/3.4777) (L3.4777) 2+1.5 * V2
(1+L/3.4777)

6 7-5248/(1-V)/3.2617=1.5+2 (1+L/3.2617) (L/3.2617) 2+1.5 " V2
(1+L/3.2617)

,  13.7822/(1-V)/5.1146=1.5+2 (1+L/5.1146) (L/5.1146) 2+1.5 * V2
(1+L/5.1146)

g  12.9585/(1-V)/4.8089=1.5+2 (1+L/4.8089) (L/4.8089) 2+1.5 * V2
(1+L/4.8089)

o  12-1348/(1-V)/4.5032=1.5+2 (1+L/4.5032) (L/4.5032) 2+1.5 * V2

(1+L/4.5032)

Considering that the physical exertion during unloaded natural walking can be ignored, the time
cost under load is linearly correlated with the speed of physical exertion. After calculation, the time
cost for each load stage is shown in the table below.

Table 3. Time cost for each round trip stage.

Stdent  First handling time Second handling  Third handling time

e cost/min time cost/min cost/min
1 7.50 T-IT 8.05
2 8.00 8.29 8.59
3 8.50 8.81 9.12
4 8.80 912 9.45
5 9.00 932 9.66
6 9.50 9.84 10.20
7 9.60 9.95 10.30
8 10.00 10.36 10.73
9 10.50 10.88 11.27
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2.6. Conclusion of Model for Task One

According to the above analysis, it can be seen that under natural walking conditions, there is a
corresponding relationship between time cost and speed. In the case of small loads, the increase in
transportation time cost is linearly correlated with transportation time.

2.7. Analysis for Task Two

For question two, it can be seen that the transportation process still adopts a natural walking
mode. From question one, the relationship between transportation speed and load weight in this mode
is known. Considering that the impact of item types on transportation time and cost can be ignored,
the establishment of a single objective programming model mainly considers the relationship between
transportation time, load weight, and transportation frequency for 9 students.

2.8. Model Establishment for Task Two-Data Preprocessing

The total mass of the i-th item is 4;, and its shelf life rate is b;, both of which are constant real
numbers. The values are shown in the table below.

Table 4. Total Weight and Shelf Life of Items.

Item type Total weight a; Shelf life rate b;
1 10 0.88
2 15 0.6
3 i 0.93
4 17 0.9
5 10 0.9
6 14 0.78
7 10 0.7
8 10 0.83
9 13 0.95
10 20 0.87
1 3 0.65
12 20 0.75
13 16 0.8
14 12 0.68
15 10 0.87
16 10 0.83

Due to the lack of consideration for transportation time costs and the fact that the student load
limit is greater than the total mass of the item, it is assumed that students will only participate in a
single transportation activity. If the transportation weight of the i-th student is X;, then

1
X; = %1%, Y;a; (8)
where Yj; is coefficient matrix to be determined.

2.9. Model for Task Two

Due to limitations in the number and handling capacity of students, with their load-bearing
capacity as the limiting condition and the maximum number of transportation packages with a quality
assurance rate exceeding 80% as the objective function, a single objective programming model is
established as follows: (1) Establishment of objective function As can be seen from the question, the
maximum number of transportation packages that require a quality assurance rate exceeding 80% is the
variable z, which can be recorded as transportation packages with a quality assurance rate exceeding
80% in a certain transportation allocation situation, Objective function:T=max (z) (2) Establishment of
restrictive conditions Due to not considering the impact of item types and time costs, the warranty
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rate of the i-th student’s transport bag is P;, then P; = Z}ilYijajbj /5i gma}ilYijaj. The single objective
programming model are as follows:

X; = 1% Y;aj (9a)
Pi = Z}ilYijajbj/Z}ilYijaj (9b)
Mimin < Xij < Mimayx (9¢)
ifP > 0.8, thenz=z+1 (9d)

2.10. Solving the Model for Task Two

Use Monte Carlo simulation algorithm to obtain the item allocation matrix T for different situa-
tions.Through programming software, perform 10000 cycles under restricted conditions. During the
cycle, store the maximum value of z in MAX for a single cycle, and use matrix DMAX to store the
optimal allocation matrix for the previous several simulation conditions. When there is a value greater
than the original DMAX value, replace z * with z and replace DMAX with MAX. After the loop ends,
the obtained optimal simulation matrix DMAX is the optimal allocation scheme Y * After calculation,
the optimal allocation plan and the parcel shelf life rate is shown in the table below

Table 5. Optimal package calculated shelf life rate.

Package code Parcel retention rate
1 0.821629
0.804405
0.801495
0.833797
0.804377
0.809537
0.802351
0.808308
0.812711

© 0o N O 0 A W N

2.11. Conclusion for Model of Task Two

Based on the above analysis, it can be concluded that without considering the time cost of item
transportation, the optimal allocation plan that meets the quality assurance rate requirements can be
obtained by using the method of single transportation of items by students.

3. Evaluation of the Models
3.1. Evaluation of the Model

3.1.1. Advantages of the Models

(1) The model adopts Monte Carlo simulation algorithm to randomly generate multiple feasible
operation plans and compare them pairwise to obtain the optimal plan. This method has a high degree
of randomness, and the generated multiple excellent transportation plans can avoid the impact of
some students being injured during transportation and unable to transport heavier packages.

(2) The model refers to many widely recognized references within the industry, and has great scientific
and practical value.
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3.1.2. Disadvantages of the Models

The model adopts Monte Carlo simulation algorithm, which has randomness and may not be able
to obtain the best solution within the limited number of times specified by the program. Therefore, it
is necessary to run the program repeatedly and verify the results.

3.2. Improvement of the Models

The establishment of the model first drew on numerous widely recognized literature materials in
the industry, compared and analyzed them, and then selected the literature that best fits this type of
simulation situation for further reference. The established relationship formula has a certain degree of
scientific validity and feasibility. Secondly, we used the Monte Carlo simulation algorithm to randomly
simulate various situations of transporting student packages and compared them pairwise to obtain
the most suitable transportation plan. The random simulation algorithm not only fits the randomness
of package allocation to different carriers in real situations, but also avoids the impact of some possible
accidents on some carriers. In addition, each model run can provide an equally efficient different
transportation plan for selection. The establishment of this model can not only be applied to the
logistics transportation industry, but also be extended to all industries involved in the distribution
process.

4. Conclusion

In this study, for typical manual freight relocation problem in scenario like college with student
labors, we develop integer programming model with minimum transportation time cost target function,
with personal load-time cost relationship established incorporating possible shelf life quality constraint.
The Monto Carlo simulation algorithm is used to identify the optimized freight allocation scheme with
different round trip conditions. The analysis results can be applied to freight relocation scheduling
problem for optimal efficiency regarding resource dispatch in educational entities or commercial
organizations.
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Appendix A. Student-Item Sample Data (For Test in This Work)

Sample Data Table

Item

e 1 2 3 4 5 6 i 8 9

A 0.16 0.10 0.06 0.19 0.02 013 0.04 0.10 0.21
B 0.08 0.14 0.12 0.10 0.04 0.15 0.11 0.14 0.11
C 0.15 0.09 0.18 0.16 0.06 0.14 0.09 0.05 0.09
D 0.11 0.09 0.08 003 0.15 0.13 0.13 0.14 0.13
E 0.09 0.06 0.19 0.13 0.15 0.16 0.07 0.09 0.06
F 0.18 0.18 0.05 0.07 0.22 0.09 0.12 0.01 0.08
G 0.01 0.16 0.05 0.0 0.20 0.06 0.06 0.15 0.25
H 0.19 0.03 0.06 0.19 0.10 0.05 0.05 0.19 0.15
It 0.03 0.17 0.03 0.17 0.01 0.19 0.09 0.13 0.18
1 0.16 0.01 0.06 0.15 0.17 002 0.11 0.15 0.16
K 0.03 0.03 0.23 0.18 0.17 0.08 0.05 0.11 0.12
L 0.16 0.09 0.07 0.11 0.16 0.07 0.17 0.09 0.08
M 0.02 0.01 0.03 001 0.10 013 0.36 0.12 0.22
N 0.00 0.07 0.15 0.09 0.10 0.14 0.15 0.17 0.13
0 0.06 0.19 0.11 0.10 0.12 0.01 0.13 0.19 0.09
P 0.03 0.15 0.17 0.00 0.00 0.03 0.22 0.15 0.25

Figure A1l. Student-Load Data (for 9 students, data in unit of 30kg).

Appendix B. Matlab Code

S55=0,551=0,552=0; SS3=0,;554=0;
kongvaluel=5;

kongvalue2=6;

kongvalue3=7;

SSmin=10000;
TRSSN=zeroSS(3,9);
trSSn=zeroSS(3,9);

for timeSS=1:2000 for i=1:2 tr1=randi([2,10]);
tr2=randi([2,10]);
tr3=randi([2,10]);
trd=randi([4,12]);
tro=randi([4,12]);
tr6=randi([4,12]);
tr7=randi([6,16]);
tr8=randi([6,16]);
tr9=randi([6,16]);
TRSSN(,:)=[tr1,tr2,tr3,tr4 tr5,tr6,tr7,tr8,tr9];
SymS vvl;

SymS v2;

SymS v3;

SymsS v4;

SymsS v5;

SymS vé6;

SymS v7;

SymsS v§;

SymS v9;
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[vvl]=vpaSolve([(3.9638/(1-vv1))/2.0736==1.5+2*(1+tr1/2.0736)*(tr1 /2.0736)*(tr1 /2.0736)+1.5*vv1*vv1*
(1+tr1/2.0736)],[vv1]);

[v2]=vpaSolve([(3.6729/ (1-v2))/1.9214==15+2*(1+tr2/1.9214)*(tr2 /1.9214)*(tr2 /1.9214)+1.5*v2*v2*
(1+tr2/1.9214)],[v2]);
[v3]=vpaSolve([(3.4442/(1-v3))/1.8018==1.5+2*(1+tr3/1.8018)*(tr3/1.8018)*(tr3/1.8018)+1.5*v3*v3*
(1+tr3/1.8018)],[v3]);

[v4]=vpaSolve([(8.2578/(1-v4))/3.5795==1.5+2*(1+trd/3.5795)*(tr4d / 3.5795)*(tr4 / 3.5795)+1.5*v4*v4*
(1+tr4/3.5795)],[v4]);
[v5]=vpaSolve([(8.0229/(1-v5))/3.4777==1.5+2*(1+tr5/3.4777)*(tr5/3.4777)*(tr5/3.4777)+1.5*v5*v5*
(1+tr5/3.4777)]1,[v5]);

[v6]=vpaSolve([(7.5248/(1-v6))/3.2617==1.5+2*(1+tr6/3.2617)*(tr6 / 3.2617)*(tr6/3.2617)+1.5*v6*v6*
(1+tr6/3.2617)],[v6]);

[v7]=vpaSolve([(13.7822/(1-v7)) /5.1146==1.5+2*(1+tr7/5.1146)*(tr7 /5.1146)*(tr7 /5.1146)+1.5*v7*v7*
(1+tr7/5.1146)1,[v7]);

[v8]=vpaSolve([(12.9585/(1-v8))/4.8089==1.5+2*(1+tr8 /4.8089)*(tr8 /4.8089)*(tr8 /4.8089)+1.5*v8*v8*
(1+tr8/4.8089)],[v8]);

[v9]=vpaSolve([(12.1348/(1-v9))/4.5032==1.5+2*(1+tr9/4.5032)*(tr9 / 4.5032)*(tr9 /4.5032)+1.5*v9*v9*
(1+tr9/4.5032)],[v9]);

vvl=real(vv1(1,1));

v2=real(v2(1,1));

v3=real(v3(1,1));

véd=real(v4(1,1));

v5=real(v5(1,1));

véb=real(v6(1,1));

v7=real(v7(1,1));

v8=real(v8(1,1));

v9=real(v9(1,1));

T1=1/vv]l;

T2=1/v2;

T3=1/v3;

T4=1/v4;

T5=1/v5;

T6=1/v6;

T7=1/v7;

T8=1/vS;

T9=1/v9;

SS52=T1+T2+T3+T4+T5+T6+T7+T8+T9+kongvaluel*3+kongvalue2*3+kongvalue3*3;

SS1=552+551;

clear vvi;

clear v2;

clear v3;

clear v4;

clear v5;

clear v6;

clear v7;

clear v8;

clear v9;

SS=trl1+tr2+tr3+trd+tr5+tr6+tr7+tr8+tr9;

S53=55+SS53;

if S53>=197 break end
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end

for j=1:100 SS4=SS3;

trl=randi([2,10]);

tr2=randi([2,10]);

tr3=randi([2,10]);

trd=randi([4,12]);

tr5=randi([4,12]);

tré=randi([4,12]);

tr7=randi([6,16]);

tr8=randi([6,16]);

tr9=randi([6,16]);

ifnot=round(rand(1,9));

trl=tr1*ifnot(1,1);

tr2=tr2*ifnot(1,2);

tr3=tr3*ifnot(1,3);

trd=trd*ifnot(1,4);

tr5=tr5*ifnot(1,5);

tré6=tr6*ifnot(1,6);

tr7=tr7*ifnot(1,7);

tr8=tr8*ifnot(1,8);

tr9=tr9*ifnot(1,9);

SS=trl1+tr2+tr3+trd+tr5+tr6+tr7+tr8+tr9;

SS4=554+SS;

if SS4<197 continue end

TRSSN(3,:)=[tr],tr2,tr3,tr4,tr5,tr6,tr7,tr8,tr9];

SymS vvl;

SymS v2;

SymS v3;

SymS v4;

SymS v5;

SymsS vé6;

SymS v7;

SymsS v§;

SymS v9;

[vvl]=vpaSolve([(3.9638/(1-vv1))/2.0736==1.5+2*(1+tr1/2.0736)*(tr1 /2.0736)*(tr1 /2.0736)+1.5*vv1*vv1*
(1+tr1/2.0736)],[vv1]);
[v2]=vpaSolve([(3.6729/(1-v2))/1.9214==1.5+2*(1+tr2/1.9214)*(tr2/1.9214)*(tr2/1.9214)+1.5*v2*v2*
(1+tr2/1.9214)],[v2]);
[v3]=vpaSolve([(3.4442/(1-v3))/1.8018==1.5+2*(1+tr3/1.8018)*(tr3/1.8018)*(tr3/1.8018)+1.5*v3*v3*
(1+tr3/1.8018)],[v3]);

[v4]=vpaSolve([(8.2578/(1-v4))/3.5795==1.5+2*(1+tr4/3.5795)*(tr4/ 3.5795)*(tr4 / 3.5795)+1.5*v4*v4*
(1+tr4/3.5795)],[v4]);
[v5]=vpaSolve([(8.0229/(1-v5))/3.4777==1.5+2*(1+tr5/3.4777)*(tr5/3.4777)*(tr5/3.4777)+1.5*v5*v5*
(1+tr5/3.4777)],[v5]);

[v6]=vpaSolve([(7.5248/(1-v6))/3.2617==1.5+2*(1+tr6/3.2617)*(tr6 /3.2617)*(tr6/3.2617)+1.5*v6*v6*
(1+tr6/3.2617)],[v6]);

[v7]=vpaSolve([(13.7822/(1-v7))/5.1146==1.5+2*(1+tr7 /5.1146)*(tr7 /5.1146)*(tr7 /5.1146)+1.5*v7*v7*
(1+tr7/5.1146)1,[v7]);

[v8]=vpaSolve([(12.9585/(1-v8))/4.8089==1.5+2*(1+tr8 /4.8089)*(tr8 /4.8089)*(tr8 /4.8089)+1.5*v8*v8*
(1+tr8/4.8089)],[v8]);
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[v9]=vpaSolve([(12.1348/(1-v9)) /4.5032==1.5+2*(1+tr9 /4.5032)*(tr9 /4.5032)*(tr9/4.5032)+1.5*v9*v9*
(1+tr9/4.5032)],[v9]);

vvl=real(vvl(1,1));

v2=real(v2(1,1));

v3=real(v3(1,1));

véd=real(v4(1,1));

vb=real(v5(1,1));

vb=real(v6(1,1));

v7=real(v7(1,1));

v8=real(v8(1,1));

v9=real(v9(1,1));

T1=1/vvl;

T2=1/v2;

T3=1/v3;

T4=1/v4,;

T5=1/v5;

T6=1/v6;

T7=1/v7;

T8=1/vS;

T9=1/v9;
SS2=T1+T2+T3+T4+T5+T6+T7+T8+T9+ifnot(1,1)*kongvaluel+ifnot(1,2)*kongvaluel+ifnot(1,3)*
kongvaluel+ifnot(1,4)*kongvalue2+ifnot(1,5)*kongvalue2+ifnot(1,6)*kongvalue2+ifnot(1,7)
*kongvalue3+ifnot(1,8)*kongvalue3-+ifnot(1,9)*kongvalue3;
SS1=S52+S51;

clear vvi;

clear v2;

clear v3;

clear v4;

clear v5;

clear v6;

clear v7;

clear v8;

clear v9;

if SS1<SSmin SSmin=SS1;

trSSn=TRSSN;

end

if S54>197 break end end end
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