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Abstract

In this research, the problem of designing a logistics hub network to improve flow management in the implementation of global
transport operations has been investigated. In this case, shipments can be moved directly or indirectly between points. In indirect
shipping mode, the shipment first enters the hub network and then is sent to customers. In this case, there is a certain discount
factor that reduces the time it takes for the product to reach end customers. The objective function of the proposed model is to
minimize the fixed costs of constructing a hub, the cost of constructing an inter-hub infrastructure, the cost of transportation if
the equipment is transported directly, and the cost of transportation if the hub network is used. The limitations of the model
also include locating logistics hubs, managing flow between points, calculating transport time, and finally managing flow
between network points. To evaluate the performance of the proposed model, a researcher-made numerical example based on
real-world conditions with randomly generated data and sensitivity analysis on the problem outputs was performed. According
to the results, it can be seen that the proposed model can produce justified and optimal global answers and therefore can solve
real-world problems. Also, based on the sensitivity analysis, it can be seen that with increasing the amount of capacity, the
values of the target function decrease. In other words, if capacity is increased, there is a need for fewer vehicles and thus costs
are reduced. It is also clear that as capacity increases, the number of vehicles to respond to decreases. In fact, the greater the
carrying capacity, the easier it is to manage the flow between the hubs as well as the direct transmission, thus reducing the
number of vehicles. In addition, as the cost of building infrastructure increases/decreases, the cost of the entire system is
affected.
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INTRODUCTION

But looking at the functional issues in the supply chain literature and exploring the results of operational projects, it can be seen
that logistics network integration is a new concern for some global organizations on various issues such as humanitarian
logistics. Is commercial logistics and tourism logistics (Song & Parola, 2015). For example, we can refer to the planning done
by the United Nations Humanitarian Response Depot (UNHRD), which always tries to create a global network to optimally
meet the needs in times of crisis in different parts of the world (Dufour, Laporte, Paquette, & Rancourt, 2018). For example,
the global freight network being designed by companies such as Amazon has recently been recognized as one of the largest
global trade projects (Robischon, 2017). The company intends to be able to respond to any demand anywhere in the world in
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the shortest possible time. But it currently covers only part of Europe, Southeast Asia, and North America. In the tourism sector,
we can also mention the operational projects implemented by some large tourism companies such as Expedia Group or studies
conducted to develop the Antalya tourism cluster as a global tourism center. Studies to develop a logistics system in Thai
tourism management are other examples of studies in this field (Somnuek, 2017). Therefore, it can be said that the existence of
integrated logistics structures, in addition to reducing strategic and operational costs, can improve political relations between
communities (Bhatnagar & Viswanathan, 2000), which is itself a prelude to the expansion of international relations. For all
countries, especially underdeveloped countries; because some underdeveloped countries have very good logistical potentials,
but due to the impossibility of investment, it has not been able to achieve its main position in world trade (Vasiliauskas &
Jakubauskas, 2007). The African continent, for example, has some of the most important commercial ports in the world.

However, the continent is in a critical situation in terms of transportation infrastructure (Tchamyou, 2017).

In some previous studies, the issue of global logistics network design has been discussed as a conceptual issue that mainly
defines development strategies in various political and financial areas, identifies and measures the development criteria of these
networks They also provided management solutions to implement the results (Zijm, Klumpp, Heragu, & Regattieri, 2019).
Therefore, it can be said that there is enough access to infrastructure models and analytical studies. But the issue that has
received less attention is the optimal design of the global logistics network to integrate strategic decisions such as the location
of facilities and the infrastructure for the development of ports and airports and operational guarantees such as the coordination
of maritime and air transport. And is grounded in real-world conditions through mathematical optimization tools and big data
analysis methods. However, these tools are among the most efficient management tools available to achieve highly reliable
answers (Prinzie & Van den Poel, 2005). According to studies, most of the logistics structures presented in previous studies are
limited to locating facilities and pay much attention to other aspects of logistics management, such as the coordination of
transport systems for scheduling by sea, air, and land. Also, inventory management in warehouses of goods has not been done
(Mangan & Lalwani, 2016). However, designing an integrated facility location structure, synchronizing different vehicles, and
inventory management can improve logistics system performance and ultimately reduce operating costs (Vanajakumari,
Kumar, & Gupta, 2016).

In general, three approaches including 1) capacity expansion, 2) demand distribution and 3) equipment management in
order to deal with disorders caused by the lack of goods for customers around the world. Applying each of the approaches
depends on the creation of a reliable logistics infrastructure. The capacity expansion approach directly emphasizes the creation
of new demand-side infrastructure as well as the provision of new equipment, which of course requires a lot of time and money.
In this approach, it is believed that all the necessary equipment and facilities should be provided to meet the demand in each
region and budget constraints should not be considered. However, there was not enough time to build such infrastructure in the
global logistic networks. In addition, many countries around the world faced new financial problems that limited the possibility
of building facilities or purchasing new equipment. Therefore, this approach cannot be considered as a rapid response tool in
the global supply chains. The focus of the demand distribution approach is on the transfer of applicants of global services to
different centers so that the empty capacity of all existing centers in an area can be used.

In this research, the issue of flow management in global logistics is examined as a hub network design issue. The use of
global hubs, in addition to significantly reducing costs, can also lead to a reduction in service delivery time. Creating order
integration channels and transport management through highways created between hubs reduces transportation operating costs
and ultimately leads to near-optimal conditions. In addition, considering the time discount coefficient in intercity transportation
compared to direct transportation has made the problem environment closer to the real-world situation; This is because there
are a variety of examples in which consolidating shipments and shipping management can reduce operating costs. The
limitations of the model also include locating logistics hubs, managing flow between points, calculating transport time, and
finally managing flow between network points. In the following, first, the research literature is examined and then the research
problem and mathematical model are explained. In the fourth section, the numerical results are described so that in the final
part of the research, a summary and future proposal for the development of theoretical and operational dimensions of the
research can be presented.

REVIEWING RESEARCH LITERATURE

In this section, articles related to the field of research are reviewed, which are mainly published in 2020 and 2021. To this end,
we can refer to the research presented by (Yamaguchi, Shibasaki, Samizo, & Ushirooka, 2021) that focuses on container
transport in Myanmar, predicts the possibility of the rapid growth of the country's economic indicators. In the future. This study
simulates the impact of Myanmar logistics policies on container transport. These measures include improving the east-west
corridor of the Greater Mekong area and the development of the southern corridor and the port of Dawi. Based on the simulation
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results, the authors conclude that policies that reduce border barriers and improve service levels at the port of Dawi will also
lead to Thailand using Myanmar ports for its cargo. (Shah, Rutherford, & Menon, 2020) presented research to summarize the
current and potential capabilities of the Internet of Things how it will help logistics management and how to further help in the
2050 digital age. The 10T is expected to take over the way logistics operations are managed today, reducing the number of
employees in many organizations around the world. (Jiang, Zhang, Meng, & Liu, 2020) designed a multi-purpose local logistics
network to reduce CO2 emissions and uncertain demands for urban cluster development. The system studied in this paper is
formulated as a two-tier programming model followed by equivalent mathematical programming with equilibrium constraints
to depict leader-follower behaviors. (Guerrero, 2020) in his research modeling and policy setting for the global logistics
network, quantification, and analysis for international transport. Initially, the main determinants of the evolution of regions
within Europe were examined through a literary study. This explores the opportunities and challenges of interregional
comparisons and proposes a common pilot framework.

(Lu, Zhu, Wang, Xie, & Su, 2020) optimally designed a hybrid recycling network that simultaneously integrates forward
and reverses logistics between its multi-product multi-story structures. To optimize this problem, a fuzzy mixed-integer is
modeled using the linear programming approach. (Trochu, Chaabane, & Ouhimmou, 2020) presented a two-stage stochastic
model for designing an efficient reverse logistics network with environmental considerations. The purpose of this optimization
model is to maximize the expected profit and minimize waste disposal activities to create more incentives to recycle materials.
(Sadrnia, Langarudi, & payandeh Sani, 2020) proposed a framework for reusing household appliances to reduce municipal
solid waste and help low-income families. To optimize the reverse logistics network, a single-objective mixed-integer linear
programming model with uncertainty in the number of products used by consumers is proposed. (Guerrero-Lorente, Gabor, &
Ponce-Cueto, 2020) presented an integrated integer scheduling model for the Omnichannel logistics network design problem
with integrated customer priority for delivery and efficiency that manages online orders from retailers. The network includes a
variety of facilities, such as city distribution centers, intermediate warehouses, packing offices, as well as channel points such
as auto packing points, shops, or kiosks.

(Y. Wang et al., 2020) formulated and solved a multi-location logistics network design problem involving the routing of
vehicles with multiple shared warehouses by allocating a time window to effectively reduce the impact of changing time
windows on operating costs. In this paper, a dual-objective planning model is developed that optimizes the total operating cost
and the total number of delivery vehicles. An innovative hybrid algorithm consisting of K-means clustering, Clark-Wright
saving algorithm (CW), and extensive non-dominant sorting genetic algorithm (E-NSGA-II) is proposed to solve this problem
efficiently. (Tosarkani, Amin, & Zolfagharinia, 2020) to develop a scenario-based feasibility approach based on optimization
and configuration of an inverse electronic logistics network taking into account uncertainties related to fixed and variable costs,
demand and efficiency, and product quality. They returned. Table 1 summarizes the research related to the field of research.

According to a review of the research literature, it can be seen that most of the researchers in this field used mathematical
optimization tools to solve the problem, which confirms the high efficiency of using optimization methods in solving real-
world problems. In addition, in most studies, the location of facilities has been the main focus, which is a major part of strategic
decisions. But in the meantime, other key issues such as the use of combined transport, including the possibility of direct
sending and sending through the hub network, have been less studied. In the real world, however, many companies use this
feature in their hub networks. It should also be noted that much of the research in the field of logistics is inverted and classical,
and less attention has been paid to the design of the global logistics network. While one of the most important criteria for
sustainable global development is to pay attention to the improvement of global logistics structures;bBecause it clearly
improves the quality of communication and ultimately increases productivity in supply and demand management. Therefore,
it can be said that this research tries to cover some of the neglected points in the research literature and is the basis for future
research in the development of global logistics.

Based on the literature review, the most important novelties of this research which cover the research gaps are as follow:

v Designing a new global hub network problem using mathematical programming.

v Considering a hybrid transportation type including 1) direct shipping and 2) undirected shipping using hub network.

v Considering time discount coefficient parameter which made the problem environment closer to the real-world
situation

v Considering a hard time window to improve the reality of the problem based on the customers satisfaction.
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EXPLAINING THE RESEARCH PROBLEM AND MATHEMATICAL MODEL

In this research, the issue of flow management in the global hub network has been investigated to reduce the delay time in
receiving customer demand in the form of a mathematical optimization model. It should be noted that in the global logistics
structure, it is not possible to send goods directly from supply centers to consumption points, or if this is possible in terms of
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infrastructure, it will certainly not be economical. In addition, the time of direct delivery of goods from the source of supply to
the final destination may be so long that it practically destroys the operation of the logistics system. To this end, it is desirable
that in some areas (preferably global metropolises with different transport infrastructure and also have sufficient capacity to
store products) centers have been established as hubs to facilitate the delivery of goods. These centers are known as the main
bases for receiving and sending goods. In addition, these hubs are known as the main centers, and the operations of sending,
receiving, sorting, and distributing goods will take place in them. Customer regions in different locations will then be assigned
to each hub uniquely. In this way, all executive operations such as sales market management, including demand forecasting,
inventory management, cost management, and receipt and delivery management of goods to each region can be better
examined. Figure 1 shows the supply structure of goods in the presence and absence of hubs in a logistics system.
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(b): Transmission via the hub
FIGURE 1
TYPES OF HUBS USED IN THE PROPOSED NETWORK STRUCTURE

As can be seen, direct transmission (Figure 1 (a)) is much more expensive than hub transmission (Figure 1 (b)). Therefore, the
use of logistics hubs can greatly reduce costs and facilitate flow management between different levels of the chain. However,
the management of this distribution flow requires careful studies, which in this study tries to provide an optimization model to
minimize transmission costs according to the level of demand of each customer. But one of the main problems in implementing
this plan is the high time and cost of transportation between different places. To solve this problem, in this study, the concept
of creating a hub network has been used in which some parts of the country that have more appropriate technical and
communication infrastructure are selected as hubs and demand flow management through communication networks. To be
done between hubs. This will reduce both the cost and the supply time. Following figure shows the conceptual framework of
the research.
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The objective function of the model has six sentences in which; In the first part, the fixed cost of constructing a hub is calculated,
in the second part, the cost of constructing an inter-Jewish infrastructure, in the third part, the cost of transportation in case of
direct transportation of equipment, and in the fourth, fifth and sixth parts, the cost of transportation is calculated in case of
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using a hub network. Constraint (2) states that any non-hub point can be assigned to only one hub. Constraints (3) and (4)
establish a relationship between two types of facilitation variables. Constraint (5) indicates that a node can be assigned to a hub
when the hub in question is constructed. The function of constraint (6) is that an inter-denominational connection can be
established when both nodes are selected as hubs. Constraint (7) indicates that communication can be established by
constructing two hubs at two points. Constraint (8) states that if one point is selected as a hub, it will be connected to another
hub with an inter-hub connection. In constraint (9), we choose between direct and hub-based transportation methods. Constraint
(10) is the constraint of our current balance between points. This limitation determines which interfaith connection is used to
transport between the two points. Constraint (11) ensures that shipments flow only on hub links constructed. Constraint (12)
determines the number of vehicles required and constraint (13) calculates the cost of interstate transportation. In constraint (14)
the total amount of inter-Baha'i cargo is calculated. Constraint (15) calculates the total service time between two points and
constraint (16) specifies the corresponding boundary. Limits (17) to (28) indicate the range of value of the decision variables.

COMPUTATIONAL RESULTS

Numerical results analysis includes coding, solving, and numerical analysis of the results of solving the proposed model, which
makes it possible to provide management analysis to implement the results in real-world conditions. In this part of the research,
the proposed model of the problem is solved with the help of a Cplex 12.1 solver in the GAMS 27 commercial software
environment and the necessary numerical analyzes including analysis of the sensitivity of the model to change the input
parameters are presented. But the numerical analysis must always be presented in a context based on real-world conditions. For
this purpose, in this paper most of the parameters are generated based on the real data collected by authors from a research field
process. It should be notice that some parameters are generated randomly that is a regular data generation method in the
literature (Wang, etal, 2019). In this example, there are 10 points where points 1, 4, 6, 8, and 10 are considered as creating a
hub. It is clear that these points play the role of consolidation centers for shipments.

TABLE 2
THE FIXED COST OF BUILDING INFRASTRUCTURE AT POTENTIAL AND HUB CONSTRUCTION SITES
Point 10 Point 8 Point 6 Point 4 Point 1
2877 2903 3651 4530 2515
TABLE 3
PRODUCT FLOW BETWEEN TWO POINTS
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8 Point 9 Point 10
Point 1 0 10 26 2 15 30 17 30 23 4
Point 2 19 0 8 20 13 11 11 4 5 18
Point 3 25 7 0 23 9 3 15 5 26 8
Point 4 9 18 22 0 14 12 4 9 1 10
Point 5 5 19 17 23 0 20 23 19 9 3
Point 6 3 19 16 1 24 0 5 16 23 5
Point 7 1 18 19 12 11 7 0 4 28 11
Point 8 24 9 4 22 2 6 0 0 15 5
Point 9 5 10 10 10 29 30 11 11 0 12
Point 10 27 4 22 2 17 2 0 12 16 0
TABLE 4
DIRECT SHIPPING COST BETWEEN TWO POINTS
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8 Point 9 Point 10
Point 1 0 419 383 346 581 427 340 416 412 381
Point 2 585 0 389 322 420 331 415 397 358 334
Point 3 479 453 0 535 584 479 482 409 478 504
Point 4 452 348 497 0 337 596 368 503 533 580
Point 5 360 389 359 374 0 520 326 345 430 356
Point 6 508 529 346 417 509 0 484 593 308 356
Point 7 326 462 338 520 334 447 0 448 460 303
Point 8 463 435 593 355 349 307 353 0 305 551
Point 9 480 308 359 585 401 478 378 492 0 438
Point 10 418 542 462 417 467 580 405 302 585 0
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TABLE5
THE COST OF TRANSPORTATION BETWEEN TWO POINTS IN NORMAL MODE (NETWORK USE)
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8 Point 9 Point 10
Point 1 0 8 7 5 8 7 5 7 6 8
Point 2 8 0 6 7 7 5 8 8 7 6
Point 3 6 5 0 7 7 7 7 5 8 7
Point 4 8 8 7 0 7 7 7 5 6 5
Point 5 7 6 6 7 0 7 7 5 6 7
Point 6 7 8 6 6 5 0 6 6 5 7
Point 7 6 5 6 6 8 5 0 6 6 7
Point 8 7 6 5 8 6 8 6 0 6 6
Point 9 6 5 7 7 5 6 6 8 0 7
Point 10 8 8 8 8 6 7 7 7 5 0
TABLE 6
COST OF CREATING A NETWORK BETWEEN HUBS
Point 1 Point 4 Point 6 Point 8 Point 10
Point 1 0 937 832 866 863
Point 4 904 0 834 937 901
Point 6 915 944 0 804 968
Point 8 942 831 922 0 839
Point 10 873 925 946 883 0
TABLE 7
UNLOADING AND LOADING COSTS BETWEEN HUBS
Point 1 Point 4 Point 6 Point 8 Point 10
Point 1 0 30 68 69 69
Point 4 64 0 32 52 37
Point 6 70 62 0 33 47
Point 8 44 35 53 0 46
Point 10 67 39 39 52 0
TABLE 8
COST OF MOVING BETWEEN HUBS
Point 4 Point 6 Point 8 Point 10
Point 4 0 300 400 250
Point 6 200 0 250 150
Point 8 450 150 0 150
Point 10 250 150 250 0
TABLE9
SHIPPING TIME BETWEEN POINTS
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8 Point 9 Point 10
Point 1 0 3 9 4 3 4 2 9 4 5
Point 2 4 0 8 7 3 3 5 7 4 2
Point 3 7 7 0 8 3 7 7 9 6 4
Point 4 6 5 3 0 5 3 7 2 8 9
Point 5 6 6 8 6 0 8 3 4 7 6
Point 6 10 10 9 5 6 . 9 3 7 8
Point 7 7 2 8 4 5 5 0 7 6 7
Point 8 10 5 8 10 10 4 5 0 3 8
Point 9 4 8 7 4 8 2 9 2 0 5
Point 10 8 5 6 5 8 9 6 4 6 0
TABLE 10
OPERATION TIME AT EACH HUB POINT
Point 10 Point 8 Point 6 Point 4 Point 1
1 2 2 1 3
J | E
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TABLE 11
EQUIPMENT DELIVERY TIME RANGE BETWEEN TWO POINT
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8 Point 9 Point 10

Point 1 0 604 576 664 664 517 613 792 614 547
Point 2 642 0 562 688 501 651 501 656 751 522
Point 3 728 587 0 631 611 666 522 773 515 746
Point 4 738 698 618 0 760 793 672 594 637 611
Point 5 626 526 744 653 0 747 624 777 618 633
Point 6 709 703 671 552 681 0 718 574 543 767
Point 7 633 534 771 600 799 639 0 557 560 693
Point 8 740 676 791 647 612 748 746 0 778 501
Point 9 685 502 622 697 685 579 521 514 0 636
Point 10 551 671 758 511 607 601 646 578 767 0

It is noteworthy that the temporal discount coefficient (o) is equal to 0.206. Also, the capacity of vehicles to carry cargo (cap)
is equal to 20 and the cost of using vehicles (CV) is equal to 50. After solving the problem, the graph of the reduction of the
computational gap between the upper limit and the best response discovered in each section is shown in Figure 2.
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FIGURE 2
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REDUCTION OF THE COMPUTATIONAL GAP BETWEEN THE UPPER LIMIT AND THE BEST RESPONSE DISCOVERED IN EACH SECTION

As can be seen, in the computational gap between 60 and 40%, the reduction process is very slow and a large number of cuts
are required. This indicates the high complexity of the model in solving. After obtaining the optimal global answer that requires
1 minute and 35 seconds, the answers are presented in Table 12.

TABLE 12
SENTENCE VALUES OF OBJECTIVE FUNCTIONS
sixth Fifth third second first the total value of the
fourth sentence o .
sentence sentence sentence sentence sentence objective function
51646 2950 11262 53778 10734 13961 144331

Due to the volume of cargo flow between points, it is necessary to create a large number of hub centers. Therefore, the available
hubs (H_k #) include points 4, 6, 8, and 10. It is clear that in some places, transportation is done directly, which is presented in
the table below.
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TABLE 13
POINTS THAT HAVE DIRECT TRANSPORT BETWEEN EACH OTHER
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It is clear that the transport between other points was done using a hub network. Therefore, the flow between hubs will be

presented below.
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FIGURE 3

GRAPHIC STRUCTURE OF THE ANSWERS OBTAINED BY SOLVING A NUMERICAL EXAMPLE

The allocation of network points to the construction sites is also presented in Table 14.

TABLE 14
ASSIGNMENT OF POINTS TO CONSTRUCTED HUBS
Point 10 Point 9 Point 8 Point 7 Point 6 Point 5 Point 4 Point 3 Point 2 Point 1
1 1 1 Point (hub) 4
1 1 Point (hub) 6
1 1 1 Point (hub) 8
1 1 Point (hub) 10

As can be seen, according to constraint (2) in the mathematical model, each point is assigned to only one hub. Also, according
to constraint (5), each point is allocated to the hub created at the same point. The values of the Zkl variable are as follows.
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TABLE 15
THE STRUCTURE CREATED FOR THE INTER HUB NETWORK

0T (qny) Ju1od
8 (any) wiod
9 (any) wutod
v (any) wiod

Point (hub) 4
Point (hub) 6
Point (hub) 8
Point (hub) 10

o|r |k~
=1
N
=)

The number of vehicles required between the two points is as follows.

TABLE 16
NUMBER OF VEHICLES REQUIRED num,,;
Point 4 Point 6 Point 8 Point 10
Point 4 0 6 8 5
Point 6 4 0 5 3
Point 8 9 3 0 3
Point 10 5 3 5 0

Other information related to the cost of moving between hubs, the total number of shipments shipped between hubs, and finally
the shipping time between hubs is as follows.

TABLE 17

TOTAL NUMBER OF SHIPMENTS TRANSPORTED BETWEEN HUBS TFM,,

Point 4 Point 6 Point 8 Point 10
Point 4 0 104 146 84
Point 6 68 0 92 51
Point 8 179 46 0 55
Point 10 82 45 93 0
TABLE 18
TRANSPORT TIME BETWEEN TWO POINTS(ST;;)
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8 Point 9 Point 10
Point 1 0 93.355 121.064 0 88.355 99.473 93.236 117.064 0 101.591
Point 2 101.473 0 0 115.827 91.355 98.355 108.591 0 103.473 92.236
Point 3 115.827 0 0 121.945 93.355 116.827 118.827 0 113.709 102.473
Point 4 0 105.591 100.355 100.591 99.355 117.827 92.236 0 122.064
Point 5 102.709 101.709 112.945 104.709 111.945 93.355 92.473 108.827 0
Point 6 126.182 125.182 124.064 107.591 103.709 0 0 95.355 115.827 116.945
Point 7 111.827 90.236 117.945 101.473 97.591 0 0 109.827 109.709 110.827
Point 8 123.182 0 0 125.182 117.182 99.473 105.591 0 96.355 113.945
Point 9 0 113.945 112.827 0 108.945 91.236 122.064 88.236 0 101.591
Point 10 115.945 102.591 109.709 105.591 0 121.064 110.709 97.473 109.709 0

As can be seen, the resulting answers are quite justified and therefore it can be said that the performance of the proposed model
is correct.

e  Sensitivity analysis

In this section, to investigate the behavior of the model under the influence of changes in input parameters, numerical analysis
is performed. For this purpose, three important parameters in the mathematical model that are predicted to have the greatest
impact on the final results are selected and then the changes in the values of these parameters in different conditions are
examined. It is noteworthy that the results of changing the above parameters on the values of different sentences of the objective
function, the number of hubs created, the number of vehicles used, and also the number of routes in the hub network will be
examined.
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- Analysis of changes in vehicle carrying capacity (Cap)

Considering the final goal of this study, which is to develop the use of hub-based structures to facilitate flow management on
the country's railways, considering the capacity of cargo transportation on inter-hub routes can have an effective effect on the
final results. Be. Therefore, in this section, this capacity level is changed in ten different modes and the results are described as

follows.
TABLE 19
THE EFFECT OF CAPACITY CHANGES ON THE VALUES OF OBJECTIVE FUNCTION SENTENCES

. the total value of the . second Third fourth Fifth sixth

Capacity . - first sentence
objective function sentence sentence sentence sentence sentence

Cap=50 122933 11629 8940 44793 11237 2433 43901
Cap=45 125806 12113 9216 45707 11466 2508 44796
Cap=40 129100 12487 9404 47120 11820 2559 45710
Cap=35 133047 13007 9898 48577 12312 2611 46642
Cap=30 136751 13272 10100 50079 12959 2748 47593
Cap=25 140870 13682 10412 51627 13223 2862 49064
Cap=20 146561 13961 10734 53778 13492 2950 51646
Cap=15 169380 15916 12881 60232 15381 3511 61459
Cap=10 192553 17986 15071 69870 17842 4179 67605

As can be seen, as the capacity increases, so does the number of target function journals. Of course, this is exactly true; This is

because if the capacity is increased, the number of vehicles will be needed less and therefore the costs will be reduced.

20

x 10000

15

Objective value (dollar)

The total value
of the objective

B Cap=50 M Cap=45

SENSITIVITY OF OBJECTIVE FUNCTION SENTENCE VALUES TO CAPACITY CHANGE

Regarding the total number of vehicles used in case of a change of capacity, you can also refer to the information in the table

First sentence

Can=4AN

Second sentence

FIGURE 4

Fourth sentence

Fifth sentence

fan=35 MW Cap=30 MCap=25 MWCap=20 MmCap=15 MECap=10

10
0 nnnnuARl smmemnnnd II II CTTTT 11| | [N II III

Third sentence Sixth sentence

below.
TABLE 20
CHANGES IN THE NUMBER OF VEHICLES (numy,;) VERSUS CHANGES IN THE CAPACITY LEVEL
Capacity Number of vehicles Capacity Number of vehicles
Cap=50 26 Cap=25 51
Cap=45 29 Cap=20 59
Cap=40 33 Cap=15 67
Cap=35 37 Cap=15 74
Cap=30 44

It is clear that as capacity increases, the number of vehicles to respond to decreases. In fact, the greater the carrying capacity,
the easier it is to manage the flow between the hubs as well as the direct transmission, thus reducing the number of vehicles.
The figure below shows the changes in the total number of vehicles to the changes in capacity.
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FIGURE 5
TOTAL NUMBER OF VEHICLES REQUIRED BASED ON CAPACITY

- Analysis of changes in the cost of building inter- hub infrastructure

Considering that one of the most important costs in transportation planning in hub networks is the cost of creating the necessary
infrastructure for the development of communications in this type of network, in this section we will examine the effects of
increasing and decreasing this The cost is paid on the values of the objective function as well as the number of hubs created.
For this purpose, the cost of interstitial network connection in the range of 20%, 40%, and 60% increase/decrease, and the
results are described.

TABLE 21
CHANGES OF OBJECTIVE FUNCTION SENTENCES BASED ON INCREMENTAL VALUES OF THE PARAMETER HLy,

5 3 — =y Z

- z g 2 g e < 5

HLy Sog & 2 3 = s 5 g

changes as =z g 2 B 8 e e -

g g 2 @ = = = o = =

s 3 g =] > a a 2

®2 8 3 3 2 B B 5

c 60 percent 111322 16475 9654 57197 17459 4125 6412 6
o
=]

é 40 percent 112659 16127 9834 59411 17053 3966 6268 5
(<)
o

20 percent 116124 16127 10184 63317 16845 3457 6194 5

20 percent 171351 15962 10783 65008 16145 3337 60116 4
(5]
=

5 40 percent 170321 15193 11549 70040 14928 3026 55585 3
kel
<

60 percent 180720 14182 12370 85597 13802 2879 51890 2

As expected, as the cost of building infrastructure increases/decreases, so does the cost of the entire system. Interestingly, the
value of other statements of the objective function also increased/decreased, which indicates the great impact of this parameter
on the model. It is expected that as this cost increases or decreases, the number of selected hub centers decreases or increases,
and thus the total flow of shipments in the model changes. The following figure shows the graphical structure of cost changes.
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CHANGES IN THE OBJECTIVE FUNCTION SENTENCES VERSUS CHANGING THE HUB INFRASTRUCTURE COST PARAMETER

Regarding the number of hubs created, it can be said that increasing or decreasing the value of the parameter HL,,; causes the
number of hubs to increase or decrease. This trend is shown in Table 22 and Figure 7 below.

TABLE 22
CHANGES IN THE NUMBER OF HUBS CONSTRUCTED VERSUS CHANGES IN HL;
Increase amount HL,; | Number of hubs
60 percent 6
c
=]
3]
S 40 percent 5
e}
j33
o4
20 percent 5
20 percent 4
(<
=
5 40 percent 3
e}
<
60 percent 2

It can be seen that the number of hubs has always had an unprecedented increase or decrease trend, and this is the reason why
the model works properly as expected. Figure 7 shows this decreasing trend more specifically.

Number of hubs
[ C N TR S R ]

60% 40% 20%

Reductio

20% 40% 60%

Incremental

n HL,, changes

FIGURE 7

CHANGES IN THE NUMBER OF HUBS CREATED ACCORDING TO THE INCREMENTAL L VALUE OF THE PARAMETER HL,;
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MANAGERIAL IMPLEMENTATIONS

Logistics network design is one of the most important parts of supply chain management in various fields that seeks to find
optimal solutions related to facility location, inventory management and vehicle routing. Therefore, the use of mathematical
optimization tools can be used in making practical decisions. In this research, a new optimization model to design or improve
the structure of global logistics networks in which raw materials are supplied from different countries and final products are
produced in production centers around the world with the aim of increasing flexibility and agility. One of the main applications
of this research can be considered in critical situations of coronavirus outbreak, which has disrupted the general activity of the
supply chain. In addition, it should be noted that in recent months, the quarantine of populated areas and the imposition of legal
restrictions on traffic in urban and rural areas has been proposed as a joint global program to combat the spread of the
coronavirus. Although this program has had a positive impact on improving the global situation, it has caused some countries
in the world to face the problem of supply and production of basic goods as a national concern due to the closure or closure of
a large number of large food factories. To be. In this research, a new structure of global logistics networks is proposed in which
the global hub network is used. One of the main advantages of using coordinated logistics hubs is that if one firm closes, the
entire supply and production system is not affected and other centers can respond to market demand. Given that centers
operating in global chains often face many financial problems, so providing government financial incentives can be a good way
to strengthen their activities. According to the solved numerical examples, it is shown that the proposed logistics network can
effectively manage all production operations required for different products in cross-linking between hubs and meet market
demand. Also, increasing and decreasing the number of hubs does not disrupt the production process and in fact shows the high
flexibility of the proposed logistics network. Therefore, using the results of this study can be used as a powerful management
tool in corona crisis management.

SUMMARIZING AND FUTURE SUGGESTIONS

In this research, the design of the global logistics hub network as a mathematical optimization problem to improve product
flow management between customer points has been investigated. The objective function of the proposed model is to minimize
the fixed costs of constructing a hub, the cost of constructing an inter-hub infrastructure, the cost of transportation if the
equipment is transported directly, and the cost of transportation if the hub network is used. The limitations of the model also
include locating logistics hubs, managing flow between points, calculating transport time, and finally managing flow between
network points. The use of global hubs, in addition to significantly reducing costs, can also lead to a reduction in service
delivery time. Creating order integration channels and transport management through highways created between hubs reduces
transportation operating costs and ultimately leads to near-optimal conditions. In addition, considering the time discount
coefficient in intercity transportation compared to direct transportation has made the problem environment closer to the real-
world situation; This is because there are a variety of examples in which consolidating shipments and shipping management
can reduce operating costs. To evaluate the performance of the proposed model, a researcher-made numerical example based
on real-world conditions with randomly generated data and sensitivity analysis on the problem outputs was performed.
According to the results, it can be seen that the proposed model can produce justified and optimal global answers and therefore
can solve real-world problems. Also, based on the sensitivity analysis, it can be seen that with increasing the amount of capacity,
the values of the target function decrease.

In other words, if capacity is increased, there is a need for fewer vehicles and thus costs are reduced. It is also clear that
as capacity increases, the number of vehicles to respond to decreases. In fact, the greater the carrying capacity, the easier it is
to manage the flow between the hubs as well as the direct transmission, thus reducing the number of vehicles. In addition, as
the cost of building infrastructure increases/decreases, the cost of the entire system is affected. Interestingly, the value of other
statements of the objective function also increased/decreased, which indicates the great impact of this parameter on the model.
It is expected that as this cost increases or decreases, the number of selected hub centers decreases or increases, and thus the
total flow of shipments in the model changes. Regarding the number of hubs created, it can be said that increasing or decreasing
the value of the parameter HL,,; causes the number of hubs to increase or decrease. Therefore, it can be said that the behavior
of the model is by reality and therefore its performance is correct. To develop the operational and theoretical dimensions of the
present study, various modes of transportation can be considered, including sea, land, and air transportation, which has always
been one of the most important infrastructures for global logistics development. Also, since the problem of network design is
a category of non-complex (NP-hard) problems, the development of solution algorithms based on innovative algorithms can
provide suitable conditions for solving large-scale problems.
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