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Abstract 

 

Logistic service assumes delivery of logistics units in the 

fastest possible way along with minimization of 

transportation and handling costs. In order to properly 

organize delivery in a specific region, the logistic company  

should try to find the answers to the following questions: 

What should be the total number of delivery hubs? b) 

Where these facilities should be located? c) How should 

demand for facilities’ service be allocated to facilities? By 

identifying the right locations of the hubs, correctly defined 

transportation links in the network and properly setting of 

transportation schedule, it is possible to reach the 

maximization of one defined criterion or a combination of 

them. These issues are modeled in this paper as a multi-

objective problem. The model developed is based on 

Compromise Programming and Genetic Algorithms.  

 

Key words: Logistic Services, Hub Locations, Compromise 

Programming, Genetic Algorithms. 

1 INTRODUCTION 

Logistic service assumes delivery of logistics units (LU) in 

the fastest possible way along with minimization of 

transportation and handling costs. Every logistic unit to be 

delivered is characterized by origin, destination, and usualy a 

delivery deadline. There are various options of the delivery 

service, such as courier service, guaranteed next business day 

delivery, guaranteed two business days delivery, etc. Logistic 

companies organize picking-up pallets and containers, 

organize transportation, as well as unloading of freight at the 

destination points. As a rule, delivery network in the 

observed country or region is not fully connected. Delivery 

companies usually organize hub delivery network, since 

flows between hubs are characterized by economies of scale 

effect. At hubs, LU are exchanged across vans, trucks, and 

planes. In other words, majority of LU are transported from 

one node to another without a direct service (Figure 1). 

In order to properly organize delivery in a specific region, the 

logistic company  should try to find the answers to the 

following questions: What should be the total number of 

delivery hubs?  b) Where these facilities should be located? 

c) How should demand for facilities’ service be allocated to 

facilities? These issues are modeled in this paper as a multi-

objective problem, in order to simultaneously find the 

optimal number of hubs, find the optimal location for the 

calculated number of hubs, and allocate the population to the 

suggested hubs. 

The total number of hubs, hub locations, and nodes allocation 

to hubs influence the total transportation costs, and the level 

of service in delivery network. The flows between all pairs of 

nodes (Origin-Destination matrix) represent the basic input 

data for the hub location problem. O’Kelly [7,8] was the first 

to study the hub location problem. Hub location problems are 

known to be very difficult ones and are generally considered 

to be NP-hard. Various aspects of this problem were studied, 

among others[1,3,9,10,11,12,13,14,15,16,17,18,19]. 

 In this paper, we consider the case  when  there is no 

capacity constraints at hubs. We also assume that the total 

number of hubs in the network is not prescribed in advance. 

The problem studied in this paper could be defined in the 

following way: for known flows, and the distances between 

all pairs of nodes, determine the total number of hubs, hub 

locations, and allocate non-hub nodes to hubs in such a way 

to minimize total service costs, and to maximize level of 

service offered to the clients.  

The aim of this paper is to present a multi-objective approach 

for solving delivery hub location problem. The considered 

delivery hub location problem is solved by a combination of 

Genetic Algorithm and Compromise Programming and is 

also supported by numerical examples. 

The paper is organized as follows: The statement of the 

problem is given in Section 2. Section 3 describes proposed 

solution to the problem. The experimental results are given in 

Section 4. Conclusions and directions for future research are 

given in Section 5. 

2 STATEMENT OF THE PROBLEM 

We studied the deleivery problem for the case of a region 

that could be served exclusively by the fleet of vans and 

trucks. Thus, planes have not been included in the delivery 

operations considered here. Without loss of generality, we 

considered the serevice option known as ’guaranteed two 

business days delivery’. In this paper, we studied hub 

location problem in a case of non-oriented network, 

represented by a graph G = (N, A). This graph includes a set 

of consecutively numbered nodes N, as well as a set of 

consecutively numbered links A. We denote by n cardinality 

of set N.  

Nodes denoted by H in Figure 1 are hub nodes, while nodes 

represented by triangles are spokes. In the majority of cases, 

network of hub nodes is a completely connected graph. We 

assume that every node is connected to one of the hubs in the 

network. We denote respectively by R ( NR  ) and S 

( NS  ) the set of LU origin and the set of LU destination 

nodes.  We consider the case when the total number of future 

hubs in the delivery network is not given in advance. We 
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assume that each hub has a very big capacity, thus we 

consider uncapacitated hub location problem. 

 

 
 

Fig. 1 Hub-and-spoke parcel delivery network 

 

In this paper we assumed that optimal decisions related to the 

hub locations should be made in the presence of trade-offs 

between two or more conflicting objectives. At the same time 

we tried to optimize two conflicting objectives subject to 

specified constraints. The objectives that we considered are 

minimization of total costs and the maximization of level of 

service offered to the clients. These objectives are conflicting 

with each other. We propose the multi-objective formulation 

of the parcel delivery hub locations problem. 

2.1 Measuring the total service costs 

When analyzing the delivery system costs, we take into 

account collection costs from origins to hubs, transportation 

costs from hubs to hubs, distribution costs from hubs to 

destinations, and the costs of establishing hubs. We use 

notation proposed by O'Kelly [7,8] and modified by 

Topcuoglu et al. [17]. We denote by Wij the number of units 

of flow between node i and node j, and by Cij the 

transportation cost of a unit of flow between node i and node 

j. We assume that Cii = 0 and Wii = 0.  Let us consider the 

path i→k→m→j. Without loss of generality, we assume that 

all costs are symetric (Cij = Cji). The total costs of 

transporting the LU from origin i, through hubs k and m, to 

destination j equals:  

 CCC mjkmik   (1) 

where α ≤ 1 is a parameter that reflects the economies of 

scale effects in hubs’ flows. Let us introduce into analysis the 

following binary variables:  
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The total collection costs in the whole network equals:  

 CxW ik

k

ik

i j

ij  (4) 

The total transportation costs between hubs equals:  
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k m
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The total distrubution costs in the whole network equals 

 CxW jm

m
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i j
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We denote by fi the cost of establishing the hub in node i. 

The total costs )(
1 xf


 of the parcel delivery system equals: 
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2.2 Measuring the level of service offered to clients 

Guaranteed next business day delivery assumes existing of 

time window for picking-up parcels. For example, the 

operator could offer guarantees to clients that all LU 

collected between 8:00 a.m. and 3:00 p.m. will be delivered 

by the end of the next business day. Figure 2 shows time 

window for picking-up LU. The earliest ei , and the latest li 

possible time point for accepting LU are denoted in the 

Figure 2. Time point C represents collection of i-th LU. 
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Fig. 2 Time window for picking-up parcels 

 

Let us consider the path i→k→m→j. Without lost of 

generality, we assume that all travel times are symetric (tij = 

tji). The total transportation time of the LU from origin i, 

through hubs k and m, to destination j equals: 

 txtxxtxt jm

m

jmkmjm

k m
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k

ikij    (8) 

Let us denote by T
*
 guaranteed time period for making the 

delivery (for example, in the case of guaranteed next day 

delivery, T
*
 = 24 hr.). In other words if we want to make 

delivery during next business day LU must be in destination 

logistic center befor the wehicles left center.  The latest 

possible time point li for picking-up parcels at node i must 

satisfy the following inequality: 

   Ttl ij
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We use the time window concept to measure the level-of-

service offered to clients. The wider the time windows, the 

higher the level-of-service. We denote by twi the time 

window for picking-up parcels at node i (twi = li - ei)   

Without loss of generality, we assume that ei = 0. The     


j

iji Wtw  represents the total number of hours available for 

picking-up at node i. The total number of hours )(
2 lf



 

available for collection in the whole network equals: 

   


j

ij

i

i

i j

iji WlWtwlf )(
2

 (12) 

The total number of nodes and/or total number of inhabitants 

in the network that can enjoy offered delivery services also 

represent important attributes of the level-of-service. The 

total number of hubs, hub locations, and nodes allocation to 

hubs influence the values of these quantities. For example, 

the total number of nodes (inhabitants) that can enjoy 

guaranteed next business day delivery could be significantly 

increased by introducing new hubs and/or by relocating 

existing hubs.  

 

There are two possibilities for each node in the network. 

Node could be outside of the delivery system, or node could 

be connected with all other nodes in the network. We have 

not considered the case when node could have delivery 

service with limited number of other nodes in the network. 

Imagine that operator guarantees next business day delivery, 

but accepts logistic units only between 8:00 a.m. and 8:05 

a.m. For the majority of potential clients such service would 

be unacceptable. Obviously, there is a need to establish 

minimum value of time interval twi, i = 1, 2,…, n. For 

example, in the case when the earliest time point is ei = 8 

a.m., minimum acceptable latest time point for accepting 

parcels could be  li = 10 a.m. We denote minimum acceptable 

latest time point for accepting parcels by l
*
. Node i could be 

included in the delivery system if the following is satisfied: 
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Let us introduce the following binary variables: 
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The total number of nodes )(
3 yf



 included in the parcel 

delivery system equals: 
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2.3 Mathematical formulation of the problem 

 

Here, we propose making optimal, or near optimal, decisions 

related to the delivery hub location problem, in the presence 

of trade-offs between two or more conflicting objectives. We 

attempted to simultaneously optimize three conflicting 

objectives subject to specified constraints.  

The objectives that we consider are minimization of total 

costs, maximization of the total number of available hours for 

accepting logistic units, and the maximization of the total 

number of nodes included in the delivery system. These 

objectives are conflicting with each other. We propose the 

following mathematical formulation of the multi-objective 

parcels delivery hub location problem: 

Minimize 
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The objective function )(
1 xf


 represents the total costs of the 

delivery system, while the second objective function )(
2 lf


  

represents the total number of hours available for collection 

in the whole network. The third objective function )(
3 yf



  

represents the total number of nodes included in the delivery 

system. Constraint (19) defines the latest possible time points 

for collecting LU at nodes. Constraint (20) prescribes that 

each node is assigned to one and only one hub. Constraint 

(21) requires that node i is assigned to node k only if k is a 

hub. The other constraints describe variables of the model.  

Determining hub locations as expressed by relations (16)-

(23) is a multicriteria nonlinear integer programming 

problem of the general form: 

 

      egerxandXxxfxfxf r
int)(),...,(),(max

21
  (24) 

 
where RX n  is the set of feasible points defined by given 

constraints and )(),...,(),(
21

xfxfxf r
 are criteria that must be 
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maximized. If one of the criteria is to be minimized, for 

example )(xf i
, then the usual transformation is made: 

  )(max)(min xfxf ii
  (24) 

Due to the conflicting nature of the given criteria, there is 

usually no solution that simultaneously maximizes all of the 

criteria. For this reason the solution to problem (16) – (23) 

usually comprises a Pareto-optimal (efficient, non-inferior) 

solution. This is the solution where no criterion can be 

improved without simultaneously worsening at least one of 

the remaining criteria. More precisely, it says that x
*
 is the 

Pareto optimal solution if there is no other Xx  such that: 

 rixfxf ii
,...,2,1)()( *   (25) 

The set of Pareto-optimal solutions is a subset to feasible set 

X. 

3 PROPOSED SOLUTION TO THE PROBLEM 

For integer problems that have a finite, but enormous number 

of feasible points, an approximate solution to the given 

problem is found by examining a randomly chosen subset of 

feasible points. The variables of the problem randomly take 

on discrete values from the intervals in which they are 

defined and thereby form a trial point whose feasibility 

should be examined. The point that gives the best criterion 

value is determined among the generated feasible points and 

it is considered to be an approximate optimal solution to the 

problem. 

We use compromise programming [2] as a tool for solving 

multi-objective parcel delivery hub location problem.  

The vector  [f1
o
, f2

o
,..., fk

o
 ] is called the ideal vector, where 

fi
o
(i=1,2,...K) denotes the optimum of the i-th objective 

function. The point that determines the ideal vector is called 

the ideal point. In real-life applications, it is rare, if not 

impossible, to discover the ideal solution of the considered 

multi-objective problem. Duckstein [4] proposed the 

following measure of  ”possible closeness to ideal solution”. 
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where 

)(
→

xfi
– i-th objective function value that is result of 

implementing decision x


 

fi
o
 – the optimum value of the i-th objective function 

fi worst – the worst value obtainable for the i-th objective 

function 

K – total number of objective functions 

wi – i-th objective function’s weight 

p – the value that shows distance type: for p = 1, all 

deviations from optimal solutions are in direct proporsion to 

their size, while 2 ≤ p ≤ ∞, bigger deviation carry larger 

weight in Lp metric. 

 

We can generate various compromise solutions, by choosing 

different parameter values. In this way, we are able to present 

several feasible alternatives to decision-maker.  

The optimal values fi
o
 defined objective functions should be 

discovered in order to calculate the closeness to ideal 

solution Lp. In other words, it is necessary to solve single-

objective parcel delivery hub location problem for every 

defined objective function. When solving single-objective 

problems we use an approach based on Genetic Algorithms. 

3.1 Genetic Algorithm Approach to the Single-

Objective delivery Hub Location Problem 

In the first step, we  obtain optimal values of the specific  

objective functions fi
o
 by genetic algorithm. Genetic 

algorithms [5,6] represent search techniques used for solving 

complex combinatorial optimization problems. These 

algorithms were developed by analogy with Darwin’s theory 

of evolution and the basic principle of the “survival of the 

fittest.” In the case of genetic algorithms, as opposed to 

traditional search techniques, the search is run in parallel 

from a population of solutions. At first, various solutions to 

the considered maximization (or minimization) problem are 

generated. In the next step, the evaluation of these solutions, 

that is, the estimation of the objective (cost) function is made. 

Some of the “good” solutions yielding a better „fitness” are 

further considered. The remaining solutions are eliminated 

from consideration. The chosen solutions undergo the phases 

of reproduction, crossover and mutation. After that, a new 

generation of solutions is produced, followed by a new one, 

and so on. Each new generation is expected to be “better” 

than the previous one. The production of new generations 

ceases when a prespecified stopping condition is satisfied. 

The final solution of the considered problem is the best 

solution generated during the search. 

3.2 String representation and Initial Population 

Generation 

Our chromosomes contain full information about solutions 

they represent. We use binary strings to represent solutions. 

Each bit in the string offers information about hub location in 

a specific node. Figure 3 shows two examples of the binary 

strings. First string (Parent 1) represents solutions with eight 

hubs. Hubs are located in nodes: 1, 4, 5, 8, 11, 12, 14 and 15. 

 

We generate initial population of solutions in a random 

manner. In the first step, we randomly generate number of 

hubs (number of 1’s) for every binary string. The number of 

hubs H in any string must be within the interval 0 < H ≤ n. In 

the second step, we randomly generate hub locations 

(locations of 1’s within the string). The probability that the 

node i will be selected to be a hub equals: 

 

 




j

j

i
i

U

U
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where: 

Ui = Oi + Di 

Oi – the total number of LU originating from node i 

Di – the total number of LU whose destination is node i 

 

The quantity Ui represents the total number of “operations” 

(receiving and shipping logistic units) in node i. The higher 

the total number of operations in the node, the higher the 

probability for a node to be selected as a hub.  
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Once the hub locations were known, the allocation of non-

hub nodes to hubs was performed. The allocation of non-hub 

nodes to hubs could be performed in a variety of ways. We 

assigned every non-hub node to its nearest hub. Once the 

allocation was finished, it was possible to calculate fitness 

function value of every generated solution. 
 

3.3 Selection, Crossover and Mutation 

In the first step, we copied the best chromosomes to a new 

population (we usually copied 10% ÷ 20% of the best 

chromosomes). The remaining chromosomes from the parent 

population were selected in a random manner. The 

probability that chromosome i will be selected to be the 

parent (in the case of maximization problem) equals: 

 

 




j

j

i
i

f

f
p  (28) 

where: 

 fi – fitness function value of the i-th chromosome 

In other words, we use well-known roulette wheel selection. 

The higher the fitness function value, the higher the 

probability for a node to be selected as a parent. 

The crossover probability in this paper equals 90%. We used 

uniform crossover (Figure 3).  Bits were copied in a random 

manner from the first or from the second parent. 

 
 

 

    Parent 1         Parent 2        Offspring 

 

Parent 1 1 0 0 1 1 0 0 1 0 0 1 1 0 1 1 

Parent  2 1 1 0 0 1 1 1 0 0 0 0 1 1 1 1 

Offspring 1 1 0 0 0 1 0 1 0 0 0 0 1 1 1 1 

Offspring 2 1 1 0 1 1 1 0 1 0 0 1 1 0 1 1 

Fig. 3 Example of uniform crossover in the case of network 

with 15 nodes 

 

Only offsprings that contain at least one hub were considered 

for further analysis. 

Parts of chromosome could be mutated. In our case, mutation 

refers to the change in value from 1 to 0 or vice versa. The 

probability of mutation was very small (0.75%). The purpose 

of mutations is to prevent an irretrievable loss of genetic 

material at some points along the string. For example, in the 

overall population a particularly significant bit of information 

might be missing (for example, none of the strings have 0 at 

the sixth position), which can considerably influence the 

determination of the optimal or near-optimal solution. 

Without mutation, none of the strings in future populations 

could have 0 at the sixth position. 

Once the crossover and mutation were performed, it was 

possible to calculate fitness function value of every generated 

solution. 

4 EXPERIMENTAL RESULTS 

Numerous numerical experiments were performed. The code 

is written in  Matlab. All of our experimental studies have 

been conducted on Pentium IV 2.2 GHz, with a RAM 

memory size of 1 GB (under Windows XP). 

4.1 Experimental results: single-objective case 

We first show experimental results related to the 

minimization of the total costs of the delivery system. The 

number of generations varied between 20 and 1,000. In most 

of the considered cases, the obtained results converged after 

100 generations. The coeficient α varied within the interval 

[0.2, 1]. The cost of establishing the hub f varied within the 

interval [0, 80]. The input data were taken from paper of 

Topcuoglu et al. (2005). The considered network contains 81 

nodes. There were 80 individuals in every generation. The 

total number of generations was equal to 100.  

The obtained results related to the single-objective problem 

of costs minimization are given in Table 1. 

 

Table 1 Results obtained in the case of single-objective 

problem of costs minimization 

α f  
 

Total 

costs 
Hub locations 

CPU 

[sec] 

0,2 

0 88.42 
1,6,7,21,23,25,27,34,35,38, 

42,44,52,55,58,60,61,63,65,66 
56.83 

20 235.06 1,6,21,25,34 28.81 

40 313.78 34 27.67 

60 333.78 34 26.61 

80 353.78 34 26.48 

 

0,4 

0 119.56 
1,6,21,25,27,34,38,44,52,55,58, 

60,61,63,65 
49.73 

20 253.46 1,6,21,25,34 29.70 

40 313.78 34 26.45 

60 333.78 34 25.61 

80 353.78 34 25.70 

 

0,6 

0 143.96 
1,6,21,25,27,34,38,44,52,55, 

58,60,61,63 
43.81 

20 271.86 1,6,21,25,34 30.56 

40 333.78 34 27.56 

60 353.78 34 28.17 

80 373.78 34 28.98 

 

0,8 

0 166.46 
1,6,21,25,27,34,38,44,52,55,58, 

60,61,63 
38.19 

20 290.26 1,6,21,25,34 30.97 

40 313.78 34 28.81 

60 333.78 34 29.11 

80 353.78 34 29.14 

 

1 

0 188.96 1,6,21,25,27,34,38,44,52, 

55,58,60,61,63 

49.83 

20 293.78 34 21.72 

40 313.78 34 19.83 

60 333.78 34 19.73 

80 353.78 34 19.39 

 

The total number of hubs, as well as hub locations, highly 

depends on parameter α and parameter f values. The lower 

the α values, the more hubs exist in the network. The higher 

the f values, the less hubs exist in the network. Figure 4 
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shows fitness function values through generatrions for the 

case when α = 0.6   and f = 20. 
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Fig. 4 Fitness function values through generations (α = 0.6;  

f = 20) 

The full line represents the best value in every generation, 

while the dashed line depicts the average fitness function 

values.  The changes of the fitness function values through 

generations were very similar in all other experiments. 

4.2 Experimental results: multi-objectives case 

Solving the multicriteria problem (16) – (23) by the 

Compromise Programming first requires an ideal point. 

Therefore, we solved three single criterion problems of 

determining hub locations with the following objective 

functions: minimization of the total costs, maximization of 

the total number of available hours for accepting LU, and the 

maximization of the total number of nodes included in the 

delivery system. We minimized possible closeness to the 

ideal solution p
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Genetic Algorithm. We solved the problem several times for 

various pairs of criteria weights. We denote respectively by 

w1, w2, w3 the criteria weights. We varied the weights within 

the interval [0,1] by step 0.1. 
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Fig. 5 Pareto frontier in the two-objective case (minimization 

of the total costs, and maximization of the total number of 

available hours for accepting parcels and packages) 

 

Figure 5 shows Pareto frontier (α=0.9; f=20) for the two-

objective case (minimization of the total costs, and 

maximization of the total number of available hours for 

accepting LU). 

 

Table 2 Results obtained in the case of two-objective 

functions 

Total 

Costs 

)(
1 xf


 

The total 

number 

of 

available 

hours for 

accepting 

logistic 

units 

)(
2 lf



 

w1 w2 Hub locations 

327.7 1304 0.9 0.1 1,6,21,25,55 

357.7 1330.7 0.8 0.2 1,6,21,25,38,55,61 

378.9 1343.3 0.7 0.3 1,6,21,25,38,44,52,55 

420.7 1361.3 0.6 0.4 1,6,21,25,38,42,44,55,61 

454.8 1369.3 0.5 0.5 1,6,21,25,27,38,42,44,55,58,61 

484.1 1373.3 0.4 0.6 1,6,19,21,25,27,38,42,44,55,58,61 

744.2 1386.5 0.3 0.7 
1,6,7,10,16,20,21,25,27,34,35,38, 

42,44,45,52,55,59,60 

856.5 1396.5 0.2 0.8 
1,3,6,7,10,20,21,24,25,27,34,35, 

38,41,42,44,45,52,55,59,60 

1222 1413.3 0.1 0.9 

1,3,6,7,10,20,21,24,25,26,27,31, 

34,35,38,41,42,44,45,46,51,52, 

55,59,60,66,67,72,73 

 

The points represent feasible solutions that we generated. 

None of the shown points on the frontier are strictly 

dominated by any other. These solutions are Pareto optimal, 

because there are no other solutions that are superior in all 

objective. Varying the weight values enables the generation 

of a large number of solutions that facilitate the decision 

maker's understanding of the problem and the choice of a 

final solution.  

 

We also tested the proposed approach in the case of three 

objective functions, when delivery is guaranteed within 24 

hours. The obtained results are shown in Fig. 6 and Table 3.  
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Fig. 6 Non-dominated solutions in the three-objective case 

(minimization of the total costs, maximization of the total 

number of available hours for accepting LU and 

maximization of  the total number of nodes included in the 

delivery system) 
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Table 3 - Results obtained in the case of three-objective 

functions
1
  

Total 

Costs 

)(
1 xf



 

The total 

number 

of 

available 

hours for 

accepting 

parcels 

)(
2 lf



 

The 

total 

number 

of nodes 

included 

in the 

delivery 

system 

)(
3

yf


 

w1 w2 w3 Hub loctions 

953.73 1397.3 39 0.1 0.1 0.8 

1,3,6,7,10,16,20,21,24,2

5,27,29,34,35,37,38,42, 

44,45,51,52,55,59,60,61 

895.53 1388.8 39 0.1 0.2 0.7 

1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

45,51,52,55,59,61 

1088.2 1400.2 39 0.1 0.3 0.6 

1,3,6,7,9,10,14,20,21,24,

25,27,29,34,35,37,38,41,

42,44,45,48,51,52,55,59,

61,67 

953.73 1397.3 39 0.1 0.4 0.5 

1,3,6,7,10,16,20,21,24,2

5,27,29,34,35,37,38,42, 

44,45,51,52,55,59,60,61 

1111.4 1404.6 39 0.1 0.5 0.4 

1,3,6,7,9,10,14,20,21,24,

25,27,29,34,35,37,38,41,

42,44,45,48,51,52,55,59,

60,61,67 

1111.8 1407 39 0.1 0.6 0.3 

1,3,6,7,10,14,20,21,24,2

5,27,29,31,34,35,37,38, 

41,42,44,45,46,51,52,55,

59,60,61,67 

1211.4 1409.9 39 0.1 0.7 0.2 

1,3,6,7,10,16,20,21,24, 

25,26,27,29,31,34,35,37,

38,42,44,45,46,51,52,55,

59,60,61,72,73 

1239 1411.2 38 0.1 0.8 0.1 

1,2,3,6,7,10,16,19,20,21,

24,25,26,29,31,34,35,38,

42,44,45,46,51,52,55,59,

60,61,63,66,72,73 

895.53 1388.8 39 0.2 0.1 0.7 

1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

45,51,52,55,59,61 

895.53 1388.8 39 0.2 0.2 0.6 

1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

45,51,52,55,59,61 

895.53 1388.8 39 0.2 0.3 0.5 

1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

45,51,52,55,59,61 

895.53 1388.8 39 0.2 0.4 0.4 
1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

                                                 
1 α=0.9; f=20; K=3; p=2; 
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1 max
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ff

fxf
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f1
o
 = 294;  f1max = 5675 f2

o
 = 1432; f2max = 0; 

f3
o
 = 39;  f3max = 0 

             

Number of individuals in every generation = 500, Number 

of generations = 200 

45,51,52,55,59,61 

917.43 1393.1 39 0.2 0.5 0.3 

1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

45,51,52,55,59,60,61 

881.3 1391.4 38 0.2 0.6 0.2 

1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

45,52,55,59,60,61 

899.28 1396.5 37 0.2 0.7 0.1 

1,3,6,7,10,16,20,21,24, 

25,27,34,35,37,38,42,44,

45,51,52,55,59,60 

895.53 1388.8 39 0.3 0.1 0.6 

1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

45,51,52,55,59,61 

895.53 1388.8 39 0.3 0.2 0.5 

1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

45,51,52,55,59,61 

859.45 1387.1 38 0.3 0.3 0.4 

1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

45,52,55,59,61 

859.45 1387.1 38 0.3 0.4 0.3 

1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

45,52,55,59,61 

842.27 1388 37 0.3 0.5 0.2 

1,6,7,10,16,20,21,24,25,

27,34,35,37,38,42,44,45,

51,52,55,59 

776.78 1389.1 34 0.3 0.6 0.1 

1,6,7,10,16,20,21,24,25,

27,34,35,38,42,44,45,52,

55,59,60 

859.45 1387.1 38 0.4 0.1 0.5 

1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

45,52,55,59,61 

859.45 1387.1 38 0.4 0.2 0.4 

1,6,7,10,16,20,21,24,25,

27,29,34,35,37,38,42,44,

45,52,55,59,61 

769.93 1376.1 37 0.4 0.3 0.3 

1,6,7,16,20,21,24,25,27,

29,34,35,37,38,42,44,51,

52,55,61,62 

689.89 1372.1 35 0.4 0.4 0.2 
1,6,7,16,20,21,25,27,28,

34,35,37,38,42,44,51,55 

629.52 1370.8 33 0.4 0.5 0.1 
1,6,7,16,20,21,25,27,34,

35,37,38,42,44,52,55 

769.93 1376.1 37 0.5 0.1 0.4 

1,6,7,16,20,21,24,25,27,

29,34,35,37,38,42,44,51,

52,55,61,62 

689.89 1372.1 35 0.5 0.2 0.3 
1,6,7,16,20,21,25,27,28,

34,35,37,38,42,44,51,55 

689.89 1372.1 35 0.5 0.3 0.2 
1,6,7,16,20,21,25,27,28,

34,35,37,38,42,44,51,55 

580.93 1369.2 31 0.5 0.4 0.1 
1,6,7,16,20,21,25,27,34,

35,38,42,44,52,55 

720.31 1375.1 36 0.6 0.1 0.3 

1,6,7,16,20,21,24,25,27,

34,35,37,38,42,44,51,52,

55,62 

656.69 1370.4 34 0.6 0.2 0.2 
1,6,7,16,20,21,25,27,28,

34,35,37,38,42,44,55 

453.03 1348.7 34 0.6 0.3 0.1 
1,6,21,25,27,28,37,38, 

44,55 

629.52 1370.8 33 0.7 0.1 0.2 
1,6,7,16,20,21,25,27,34,

35,37,38,42,44,52,55 

409.94 1347.2 32 0.7 0.2 0.1 1,6,21,25,27,28,38,44,55 

409.94 1347.2 32 0.8 0.1 0.1 1,6,21,25,27,28,38,44,55 
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5 CONCLUSION 

The delivery hub location problem was studied in the paper. 

When determining hub locations, the interests of both the 

operator and the client must be taken into consideration. Due 

to the conflicts of these interests, the task of determining hub 

locations is formulated as a multi-criteria decision making 

problem, as opposed to the typical approach under which one 

chosen criterion is optimized, while disregarding alternative 

ones. We have made an attempt to make good decisions 

related to the delivery hub locations problem, in the presence 

of trade-offs between two or more conflicting objectives. We 

determined the total number of hubs, and hub locations, and 

we allocated non-hub nodes to hubs in such a way to 

simultaneously minimize total service costs, and to maximize 

level of service offered to clients. The objectives considered 

in the paper were minimization of the total delivery costs, 

maximization of the total number of available hours for 

accepting logistic units, and the maximization of the total 

number of nodes included in the delivery system. The 

mathematical formulation of the problem considered is 

proposed in the paper.   

We used combination of Compromise Programming and 

Genetic Algorithms in order to simultaneously optimize three 

conflicting objectives, subject to specified constraints. We 

performed a computational study to test the performance of 

the proposed approach. The criteria weight values were 

varied, which allowed us to generate a large number of 

solutions for decision-makers.  

The proposed model has been implemented on a large-scale 

network. The network consisted of 81 nodes.  

The basic input data for the problem considered are the 

estimated number of logistic units between pairs of cities. It 

is often impossible to estimate these numbers with enough 

precision (i.e. there is a degree of uncertainty surrounding the 

numbers of units between pairs of cities). Uncertainty is also 

frequent in the estimation of future operator’s costs. A future 

research direction would be developing the model that 

incorporates uncertainty in numbers of logistic units, as well 

as operator’s costs. The basic goal of future research should 

be to present the fuzzy set theory tools and their potential 

application to a delivery hub location problem. 

ACKNOWLEDGMENT 

The paper is a part of the research done within the project 

of Ministry of Education, Science and Technological 

Development of Serbia number 36002 and 36022. 

REFERENCES 

1. Abdinnour-Helm, S. (1998). A hybrid heuristic for the 

uncapaciated Hub location problem. European Journal 

of Operational Research, 106, 489-499.  

2. Coello Coello, C.A., Gary B. Lamont, G.B., & Van 

Veldhuizen, D.A. (2007). Evolutionary Algorithms for 

Solving Multi-Objective Problems (Genetic and 

Evolutionary Computation). Heidelberg: Springer. 

3. Čupić, A., Teodorović, D. (2014). A Multi - objective 

approach to the parcel express service delivery problem, 

Journal of Advanced Transportation 48(7), 701-720. 

4. Duckstein, L. (1984). Multiobjective optimization in 

structural design: The model choice problem. In: Atrek 

et al., eds, New Directions in Optimum Structural 

Design, pp. 459-481. New York:  Wiley.  

5. Goldberg, D.E. (1989). Genetic algorithms in search, 

optimization and machine learning. Reading, MA: 

Addison-Wesley. 

6. Holland, J.H. (1975). Adaption in natural and artificial 

systems. Michigan: University of Michigan Press. 

7. O’Kelly, M. E. (1986). The location of interacting hub 

facilities. Transportation Science, 20, 92-106. 

8. O’Kelly, M.E. (1987). A quadratic integer program for 

the location of interacting Hub facilities. European 

Journal of Operational Research, 32, 393-404. 

9. O’Kelly, M.E., Miller, H.J. (1994). The hub network 

design problem - A review and synthesis. Journal of 

Transport Geography, 2 (1), 31-40. 

10. O’Kelly, M.E., Skorin-Kapov, D., & Skorin-Kapov, J. 

(1995). Lower bounds for the Hub location problem. 

Management Science, 41, 713-721. 

11. Klincewicz, J.G. (1991). Heuristics for the p-Hub 

location problem. European Journal of Operational 

Research, 79, 25-37.  

12. Marianov, V., Serra, D., & ReVelle, C. (1999).  

Location of hubs in a competitive environment, 

European Journal of Operational Research, 114, 363-

371. 

13. Serra, D., Marianov, V., & ReVelle, C. (1992).  The 

maximum-capture hierarchical location problem. 

European Journal of Operational Research,  62, 363-

371. 

14. Skorin-Kapov, D., Skorin-Kapov, J. (1994). On tabu 

search for the location of interacting hub facilities. 

European Journal of Operational Research, 73, 502-509. 

15. Skorin-Kapov, D., Skorin-Kapov, J., & O’Kelly, M.E. 

(1996). Lower Tight linear programming relaxations of 

uncapaciated p-hub median problems. European Journal 

of Operational Research, 94, 582-593. 

16. Tan, P.Z., Kara, B.Y. (2007). A hub covering model for 

cargo delivery systems. Networks, 4, 28-39. 

17. Topcuoglu, H., Corut, F., Ermis, M., & Yilmaz, G. 

(2005).  Solving the uncapaciated hub location problem 

using genetic algorithms. Computers & Operations 

Research, 32, 967-984. 

18. Wasner, G., Zäpfel, G. (2004). An integrated multi-

depot hub-location vehicle routing model for network 

planning of parcel service. Internationa journal of 

production ecnonomics, 90, 403-419.  

19. Zäpfel, G., Wasner, G. (2002). Planning and 

optimization of hub-and-spoke transportation networks 

of cooperative third-party logistics providers. 

International journal of production economics, 78, 207-

220. 

 

 

 

 

 

 

 

Contact address: 

Aleksandar Čupić, 

Saobraćajni fakultet u Beogradu 

V. Stepe 305, 11000 Beograd 

E-mail: a.cupic@sf.bg.ac.rs 

mailto:a.cupic@sf.bg.ac.rs

