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Abstract. Based on interactive fuzzy goal programming, a model is introduced 
for extended hub-and-spoke regional port transportation network optimization 
problem where one of the objective functions is considered as a non-linear func-
tion. The proposed model considers the imprecise nature of the input data and  
assumes that each objective function has a fuzzy goal, and aims at jointly mini-
mizing the total costs including the sailing cost and handling cost as well as the to-
tal transit times consisting of sailing time and handling time. Meanwhile it opti-
mizes the following factors: transportation quantities via a hub port from an origi-
nal port to a destination port, transportation quantities directly from an original 
port to a destination port. The solution procedure to the proposed model is then 
presented. At last, a numerical example is given to demonstrate the effectiveness 
of the proposed model and evaluate the performance of the solution procedure. 

Keywords: Fuzzy goal programming, Hub-and-spoke, Optimization, Port 
transportation network. 

1   Introduction 

In regional port transportation networks, the sizes and types of ships calling at every 
port are different because individual port’s natural condition and capacity are differ-
ent. The route selection is important in regional port transportation network optimiza-
tion. The port condition and economy of scale in ship transportation should be  
considered to select the routes from original ports to destination ports. The ports are 
connected by direct transports or via a transshipment port. This has led to the forma-
tion of hub-and-spoke networks in regional port transportation industry. Cargoes from 
original ports are usually consolidated at hub port and shipped to different destination 
ports. Hub-and-spoke transportation can be classified into two types: pure and ex-
tended [1]. The pure hub-and-spoke transportation network is characterized by trans-
shipment in which direct transport between ports is excluded and all cargoes have to 
be transported via a hub port. The extended hub-and–spoke transportation network 
consists of direct transportation between ports and transshipment via the hub port. 
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In this paper, based on extended hub-and-spoke port transportation system, a deci-
sion model is developed to determine the following factors: shipment volume via a 
hub port from an original port to a destination port, shipment volume directly from an 
original port to a destination port. 

The decision problem of hub-and-spoke systems has received many attentions in 
academic literature. Some researchers solved it as the location –allocation problem 
that determines locations of hubs and assigns shipments to each route[2][3][4]. An-
other researchers examined it as the pure allocation problem that finds the optimal 
assignment of shipments under predetermined hub locations[5][6][7]. But the models 
and methods in these studies are applied in air or truck transportation networks and 
have been less focused on linking hub-and-spoke system to ports. Most of them only 
consider transportation (or travel) cost and don’t include the handling costs occurring 
at nodes. Furthermore, these studies only consider one objective function. This paper 
introduces a model to examine the pure allocation problem in extended hub-and-
spoke regional port transportation network. The model aims at jointly minimizing the 
total costs consisting of sailing cost and handling cost occurring at the ports as well as 
total time consisting of sailing time and handling time occurring at the ports, in which 
the time objective function is a non-linear function. In addition, the existing decision 
problem of hub-and-spoke system is a deterministic mathematical programming prob-
lem. However, in practice, the input data or decision parameters, such as transporta-
tion capacity, cost, time and objective function are often imprecise because some 
information is uncertain. Therefore, the values of these parameters are rarely constant. 
To deal with ambiguous parameters in the above decision problem, this paper uses an 
interactive fuzzy goal programming model to formulate the problem of extended hub-
and-spoke regional port transportation network optimization, and propose a solution 
procedure for this model. 

2   The Decision Problem of Extended Hub-and-Spoke Port 
Transportation Network  

2.1   Notations 

M , the number of ports excluding the hub port 0; 

ijD , transportation demand quantity from port i to port j ; 

ijC , the transportation cost per unit cargo from port i to port j ; 

ijS , the transportation capacity in the route from port i to port j ; 

k
ijT , the sailing time from port i to port j ; 

iC , the handling cost per unit cargo occurred at port i ; 

iT  the handling time per unit cargo occurred at port i ; 

ijx , transportation quantity from port i  to port j ( )ji ≠ ; (Decision variables) 
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2.2   Mathematical Model 

The decision problem of extended hub-and-spoke port transportation system can be 
formulated as follows: 
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In real world, the input data or parameters of (P1) problem, such as transportation 
capacity and objective function are often imprecise because some information is un-
obtainable. Conventional mathematical programming can’t capture such vagueness in 
the critical information. In this case, a fuzzy programming approach is commonly 
used to treat the information in a fuzzy environment. However, some researchers have 
presented the shortcomings of using fuzzy programming in solving some multi-
objective decision problems. Abd El-Wahed (2001) proved that using fuzzy  
programming in solving such multi-objective transportation problem changes the 
standard form of the transportation problem [8]. In addition, Li and Lai (2000) proved 
that using the min-operator does not guarantee an efficient solution[9]. In this paper, 
we introduce an interactive fuzzy goal programming model for regional port transpor-
tation networks optimization, which is the combination of interactive programming, 
fuzzy programming and goal programming, and leverages the advantages of the three 
approaches as well as reduces some or all of the shortcomings of each individual 
approach [10]. 

3   Interactive Fuzzy Goal Programming Approach 

3.1 IFGP Model 

In our model, we capture the ambiguity about the fuzzy information related to the 
total transportation cost, total transportation time and transportation capacities by 
transforming the (P1) model into the following (P2) model. 



 Interactive Fuzzy Goal Programming Approach for Optimization 189 
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as well as constraints given in (3), (4) and (6) 

where the symbol “ 
~
< ” indicates “essentially smaller than or equal to ” and allows 

one reach some aspiration level, ,
~

,
~

21 ZZ  and ijS
~

 denote fuzzy values. 

In this paper, a linear membership function defined in Bellman and Zadeh(1970) 

has been considered for all fuzzy parameters in (P2) problem.  

To formulate model (P2) as a goal programming model, we introducing the follow-
ing positive and negative deviation variables: 

( )k k k kZ x d d G+ −− + = ,                      1, 2k =                                               (10) 

where iG is the aspiration level of the objective function i . 

By using the given membership functions and introducing an auxiliary variable L   
the fuzzy programming model (P2) can be formulated as the following equivalent 
programming model (P3) (Zimmermann, 1978): 

(P3)   Max    L  
  s.t.  max min max( ) ( )k k k kL Z Z Z x Z− + ≤           1, 2k =                                     (11) 
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as well as constraints given in (3), (4) and (6). 

3.2   The Solution Procedure 

In order to obtain the solution to Model (P3), the following procedure can be applied. 

Step1: Solve the model (P1) as a single objective problem to obtain the initial  

solutions for each objective function, i.e. 1 1{ }ijX x=  and 2 2{ }ijX x= , 

,,...,1,0,,..1,0 MjMi == . ji ≠ . If 1 2X X= , select one of them as an optimal 

solution and go to Step 6. Otherwise, go to Step 2. 
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Step 2: Determine the best lower bound ( min
kZ ) and the worst upper bound ( max

kZ ) 

for each objective function: min 1
1 1( )Z Z X= , max 2

1 1( )Z Z X= , min 2
2 2( )Z Z X= , max 1

2 2( )Z Z X= , 

,,...,1,0,,..1,0 MjMi == ji ≠ . 

Step 3: Define the membership functions of each objective function. 

Step 4: Solve problem (P4) as a goal programming and obtain the solution to it. 
Compare the upper bound of each objective function with the new value of the objec-
tive function.  If the new value of each objective function is equal to the upper bound, 
go to Step 6. Otherwise, go to Step 5.  

Step 5: Update the upper bound of each objective function. If the new value of the 
objective function is lower than the upper bound, consider this as a new upper bound. 
Otherwise, keep the old one as is. Go to Step 3.  

Step 6: Stop. 

4   Numerical Example 

We consider the following numerical example to demonstrate the application of 
IFGP. Assume that there are four ports and one hub in regional port transportation 
network. There are two types of ships employed in the route between two ports. The 
transportation capacity of ship for type 1 is 5000 Ton, whereas that for type 2 is 8000 
ton. The handling cost per ton occurring at Port 1, Port 2, Port 3, Port 4 and Port 0 are 
0.40,0.55,0.60,0.65 and 0.40 Yuan, respectively. The handling time per ton occurring 
at Port 1, Port 2, Port 3, Port 4 and Port 0 are 0.5,1.0,1.0,1.5 and 0.5 hour, respec-
tively. The other data of the problem is given in Table1, Table2 and Table3. 

Table 1. Transportation demand between ports (ton) 

Destination ports Original 
Ports Port1 Port 2 Port 3 Port 4 Hub 0 
Port 1 ---- 1790 1960 2680 750 
Port 2 2500 ---- 3030 6830 1000 
Port 3 2320 2670 ---- 9490 2100 
Port 4 890 2330 3690 ---- 650 
Hub 0 450 1500 2700 560 ---- 

Table 2. Transportation costs ( Yuan per Ton) and sailing time(Hours) in different routes 

Destination ports
Port 1 Port 2 Port 3 Port 4 Hub 0 Original

ports
cost time cost time cost time cost time cost time

Port 1 ---- ---- 3.0 10.0 4.0 8.0 4.0 8.0 1.5 5.0
Port 2 2.5 11.0 ---- ---- 2.5 11.0 4.5 8.0 1.1 4.0
Port 3 3.0 10.0 2.8 9.0 ---- ---- 4.0 8.0 1.5 5.0
Port 4 1.6 5.5 3.0 10.0 4.0 8.0 ---- ---- 2.0 11.0
Hub 0 1.5 5.0 1.1 4.0 1.5 5.0 1.8 11.0 ---- ----
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Table 3. Transportation capacity provided by carriers for different routes (Ton) 

Destination ports
Port 1 Port 2 Port 3 Port 4 Hub 0 Original

ports Lower
bound

Upper
bound

Lower
bound

Upper
bound

Lower
bound

Upper
bound

Lower
bound

Upper
bound

Lower
bound

Upper
bound

Port 1 ---- ---- 1850 2000 2350 2500 2850 3000 1570 1600
Port 2 2880 3000 ---- ---- 2950 3000 6850 7000 1460 1500
Port 3 2450 2500 2850 3000 ---- ---- 9350 9500 2350 2500
Port 4 850 900 2450 2500 3850 4000 ---- ---- 1150 1200
Hub 0 560 600 1580 1600 2860 3000 560 600 ---- ----  

4.1   Solution 

The initial model (P1) of the numerical example can be obtained as  

Min 232110141312040302011 65.345.33.205.50.595.385.25.205.23.2 xxxxxxxxxxZ +++++++++=  

2470.5 x+ + 2005.2 x 424130343231 2.465.25.225.595.30.4 xxxxxx ++++++ 435.25x+ 403.05x+  

232110141312040302012 0.110.110.50.80.80.100.110.50.40.5 xxxxxxxxxxZ +++++++++=

240.8 x+ + 200.4 x 424130343231 0.105.50.50.80.90.10 xxxxxx ++++++ 4043 0.110.8 xx ++
2
02410131012101040103010201

2
01 5.1 xxxxxxxxxxxxxx ++++++++  

13030403
2
0342023202120204020302 0.20.15.10.20.20.2 xxxxxxxxxxxxxxx ++++++++

1210
2
10340424041404

2
0443032303 0.30.30.30.20.20.2 xxxxxxxxxxxxxx ++++++++

321214121312
2
1240103010201014101310 0.25.1 xxxxxxxxxxxxxxxxx +++++++++

34142414
2
14431323131413

2
134212 0.30.30.20.20.25.10.2 xxxxxxxxxxxxxx ++++++++

2321
2
2140203020242023202120

2
20 0.25.10.20.20.25.1 xxxxxxxxxxxxxx +++++++

3424
2
2443232423

2
23412131212421 0.35.20.20.20.20.2 xxxxxxxxxxxxxx ++++++++

4232
2
3232313230

2
34343234313430 0.20.20.20.25.20.20.20.2 xxxxxxxxxxxxxx ++++++++

434042404140
2
4040304131

2
30

2
313130 0.30.30.30.20.10.15.15.10.2 xxxxxxxxxxxxxxx +++++++++

2
434342

2
4243414241

2
41 5.20.35.20.30.30.2 xxxxxxxxx ++++++  

s.t. 718014131210 =+++ xxxx ,  1336024232120 =+++ xxxx  

1658034323130 =+++ xxxx ,  756043424140 =+++ xxxx  

616041312101 =+++ xxxx ,   829042321202 =+++ xxxx  

1138043231303 =+++ xxxx , 1956034241404 =+++ xxxx  

160010 ≤x , 200012 ≤x , 250013 ≤x , 300014 ≤x , 150020 ≤x , 300021 ≤x     

300023 ≤x , 700024 ≤x , 250030 ≤x  , 250031 ≤x , 300032 ≤x , 950034 ≤x  

120040 ≤x , 90041 ≤x  , ≤42x 2500 , 400043 ≤x , 60001 ≤x , 160002 ≤x  

300003 ≤x ,  60004 ≤x ,   0≥ijx    ji,,...,j,,...,i ≠== 410410    
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By using the above-mentioned solution procedure, the set of solutions 1 2( , )Z Z can 

be obtained after 17 iterations. The values of objective function are converged at 
(212509.0, 1366308000), the corresponding optimal solution is as follows: 

02 03 04 12 13 14 100, 790.1, 2200.0, 507.0, 2000.0, 2180.1, 3000.0, 0.0,x x x x x x x= = = = = = = =01x

21 23 24 20 31 32 34 303000.0, 3000.0, 6553.1, 807.0, 2260.0, 3000.0, 9500.0, 1820.0x x x x x x x x= = = = = = = =

41 42 43 40 1 1 2 2900.0, 2500.0, 4000.0, 160.0, 234.0, 0.0, 2614425.0, 0.0x x x x d d d d+ − + −= = = = = = = =  

4.2   Performance Evaluation 

To evaluate the performance of the proposed model, the solution to the illustrative 
example by using different methods is considered. The fuzzy programming approach 

gives the following results: 1Z = 212729, 2Z = 1368880000. The interactive fuzzy 

goal programming approach provides the following results: 1Z = 212505, 
2Z = 1366640000. To determine the degree of closeness of the IFGP model results to 

the ideal solution, the family of distance functions presented in [10][11] is considered. 

                          1/
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where kd represents the degree of closeness of the solution to the ideal optimal solu-

tion with respect to the k th objective function, kd = the ideal optimal value of kZ / 
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power p represents a distance parameter 1 p≤ ≤ ∞ .  

Thus, we can state the approach is better than others if Min  ( , )pD Kλ is achieved 

by its solution with respect to some p . Assuming 1 2 0.5λ λ= = , 1, 2p = and ∞ , 

the results of the different approaches are given in Table 4. 

Table 4. Comparison of results by different approaches 

Fuzzy
programming

Interactive fuzzy
programming

Interactive fuzzy
goal programming

Optimal
solution

(Z1,Z2) (212729,
1368880000)

(212505,
1366640000)

(212509.0,
1366308000)

(212274.5,
1363694000)

D1 0.0030 0.0016 0.0015 --
D2 0.0022 0.0012 0.0011 --
D 0.0019 0.0011 0.0010 --  

It is clear from Table 2 that the solution to the proposed approach is better than the 
solution by the other approaches for all the distance functions.  
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5   Conclusions 

This paper proposes an interactive fuzzy goal programming model of the extended 
hub-and-spoke regional port transportation network optimization problem, where 
transportation capacity and objective function are considered as o imprecise/fuzzy, 
and aims at jointly minimizing the total costs including the sailing cost between ports 
and handling cost occurring at all ports as well as the total transit times consisting of 
sailing time between ports and handling time in all ports. To obtain the solution of the 
above-mentioned problem, the solution procedure for the model is illustrated by up-
dating both the membership values and the aspiration levels. At last, a numerical 
example is given to demonstrate the effectiveness of the proposed model and evaluate 
the performance of the solution procedure by comparing its results with those of the 
fuzzy programming approach and interactive fuzzy programming approach.  
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