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Abstract. An uncertain transportation problem is a transportation problem in which the 

parameters are fuzzy numbers. This paper presents a survey on single objective fuzzy 

transportation problem (SOFTP) and multi-objective fuzzy transportation problem (MOFTP) 

with its mathematical models. 

1.  Introduction 

The transportation problem (TP) is a minimum-cost planning problem for transporting a commodity 

from factories to warehouses with the shipping cost from one point to another point. The basic TP was 

originally developed by Hitchcock [36]. TP can be a single objective problem or multi objective 

problem. The aim of the TP is to find the transportation schedule that minimizes the total 

transportation cost. The unit costs of transportation, supply and demand quantities are the parameters 

of the TP. This paper is organized as follows: Section 2 projects the membership functions. Section 3 

presents SOFTP with its mathematical formulation and MOFTP with its mathematical formulation in 

section 4 and the last section presents the conclusion. 

 

2.  Membership functions and ranking technique  

One of the main assumptions in solving fuzzy mathematical programming problems involves the use 

of non-linear (exponential and hyperbolic) membership functions and linear membership function for 

all fuzzy sets involved in a decision making process. 

 

2.1.Triangular Membership Function  

Triangular membership function can be stated as follows. 
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2.2.Trapezoidal Membership Function 

Trapezoidal membership function can be defined as follows. 
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2.3.Linear Membership Function 

A linear membership function can be defined as follows. 
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Where Lm is the aspiration level of achievement and Um is the highest acceptable level of achievement 

for the mth objective function. 

 

2.4.Exponential Membership Function 

An exponential membership function can be defined as follows. 
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 where (y) (z L ) / (U L ) 1,2,...,Mm m m m m m     and s is a non-zero parameter recommended by 

the decision maker. 

 

2.5. Hyperbolic Membership Function 

A hyperbolic membership function can be defined as follows. 
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where
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m
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Hyperbolic membership function has the following properties. 

(1) μ (z (y))m m

H
is strictly monotonously decreasing function with respect to Zm(y); 
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(4) μ (z (y))m m

H
satisfies 0<μ (z (y)) 1m m

H    for L z (y)m m mU    and approaches 

asymptoticallyμ (z (y)) 0m m

H  and μ (z (y)) 1m m

H  as Zm(y)→∞ and -∞, respectively. 

 

2.6.Ranking Technique 

Ranking of fuzzy data is an essential part of the decision process in various applications. Fuzzy data 

must be ranked before an action is taken by a decision maker. In [41,42], Jain introduced a method 

using the notion of maximizing set to order the fuzzy numbers. In [96], Yager presented a robust’s 

ranking method to convert the FTP into TP. 

 

2.6.1.Robust’sRanking Technique.The Robust’s ranking is defined as
1

0

(c) = 0.5(c ,c ) ,L UR d   where

( , )
L U

c c
 

is the α-level cut of the fuzzy number c .Robust’s ranking approach satisfies the property of 

compensation, linearity and additive. 

 

3.  Single objective fuzzy transportation problem (SOFTP) 

In many real life situations, transportation problems are modelled and solved as single objective 

problems. The occurrence of randomness and imprecision in the real life is unavoidable due to some 

unexpected circumstances. To deal quantitatively with uncertain data in making decisions, Bellman 

and Zadeh [3] and Zadeh [97] proposed the concept of fuzziness. In practice, due to some 

uncontrollable factors cost coefficients, the supply and demand amount of a TP may be imprecise. 

Such TP is known as FTP. The objective of the FTP is to find the transportation schedule that 

minimizes the total fuzzy transportation cost. O’heigeartaigh [35] proposed a heuristic approach for 

the solution of TP where the availability and requirements are fuzzy numbers with linear triangular 

membership functions. Using the parametric programming approach in terms of the Bellman-Zadeh 

criterion, Chanas et al. [11] discussed TP with fuzzy parameters. Their method solved the solution 

which simultaneously satisfied the constraints and the objective to a maximum level. Lio and Hwang 

[61] developed transportation model which solved the problem when supply and demand are fuzzy 

and costs are crisp. Chanas et al. [10] formulated the FTP in three different cases and presented an 

algorithm for solving the formulated FTP. Chanas and Kuchta [12] discussed the concept of the 

solution of the LPP with the objective functions as interval coefficients. Chanas and Kuchta [13] 

discussed an algorithm for finding an optimal solution to fuzzy integer TP by considering the 

parameters that are availability and requirement as L – R type fuzzy numbers. Parra et al. [75] 

presented a new procedure for solving FTP and then to obtain the possibility distribution of the 

objective value of the TP. For finding an optimal solution to interval TP, Sengupta and Pal [81] 

applied a technique of fuzzy programming and they also considered the midpoint and width of the 

interval in the objective function. Nagoor Gani and Abdul Razak [69] solved the TP by considering 

the constraints as uncertain parameters and they discussed the utilization of Kuhn-Tucker conditions 

related to the parametric problem. For finding an optimal solution to a TP under fuzziness, Omar et al. 

[73] applied a parametric technique. Based on the concept of extension principle, Liu and Kao [62] 

discussed a new procedure for solving the FTP by considering the objective value and parameters as 

fuzzy numbers.   
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Jershan Chiang [43] discussed the optimal solution of the FTP, in which requirement and product are 

fuzzy. NagoorGani and Abdul Razak [70] discussed a two-stage cost minimizing FTP in which 

demands and supplies are trapezoidal fuzzy numbers. Nagoor Gani and Abdul Razak [71] have solved 

TP with availability and demand as fuzzy values and also with an integration condition imposed on the 

solution using a procedure. For finding the fuzzy initial basic feasible solution of FTP, Das and Baruah 

[15] applied a method of VAM. Li et al. [55] discussed a new procedure for solving FTP with fuzzy 

costs and their idea was based on the concept of goal programming. Chen et al. [14] discussed the 

methods for solving TP on a fuzzy network. Lin [60] proposed a genetic algorithm for solving TP by 

considering the coefficients as fuzzy. Dinagar and Palanivel [20] introduced a fuzzy MODI method for 

finding the optimal solution to the FTP, in which parameters are trapezoidal fuzzy numbers. In [21], 

they applied trapezoidal membership functions for solving FTP. Pandian and Natarajan [74] 

introduced a new algorithm namely, fuzzy zero point method for finding the optimal solution to the 

FTP in which parameters are trapezoidal fuzzy numbers. GuzelNuran [32] investigated the FTP at two 

stages, in first stage they calculated the level of satisfaction between uncertain supply and demand and 

in second stage by considering the unit costs of TP from zero to maximum satisfaction level. Kaur and 

Kumar [45] discussed a heuristic approach for solving FTP by considering that a decision maker is 

imprecise about the precise values of the unit cost of transportation, availability and requirement of the 

quantity. For solving FTP, Gani et al. [29] discussed a simplex type procedure. Edward Samuel and 

Venkatachalapathy [22] discussed VAM for solving FTP. Sobha [83] found the maximum profit cost 

of some products through a capacity network, when the availability and requirement of nodes and the 

cost and capacity of nodes are considered as triangular fuzzy numbers. A new dual based procedure 

for the unbalanced FTP was discussed by Edward Samuel and Venkatachalapathy [23]. Kaur and 

Kumar [46] proposed a heuristic method for finding the optimal solution to the FTP, in which 

parameters are generalized trapezoidal fuzzy numbers. In [24], Edward Samuel and 

Venkatachalapathy investigated a heuristic algorithm for solving generalized trapezoidal FTP. 

Mohanaselvi and Ganesan [66] presented a new algorithm to find the initial fuzzy feasible solution for 

the FTP and they applied fuzzy version of MODI method to find the fuzzy optimal solution. Shugani 

Poonam et al. [82] solved a FTP where the parameters are trapezoidal fuzzy numbers. Robust’s 

ranking function is used to transform the FTP into crisp TP. Fegade et al. [28] solved fuzzy 

transportation problem using zero suffix and robust ranking method.  Manimekalai et al. [65] proposed 

an algorithm for solving FTP with minimum cost using robust ranking method. Narayanamoorthy et 

al. [72] proposed fuzzy Russell’s method to find the initial basic feasible solution of fuzzy 

transportation problem. They applied Yager’s ranking method to transform fuzzy transportation 

problem to crisp transportation problem. Edward Samuel and Venkatachalapathy [26] proposed a new 

method for solving a special type of fuzzy transportation problem on the assumption of the uncertainty 

of the decision maker about the precise values of transportation cost. They [25] also investigated the 

improved zero point method for solving fuzzy transportation problems using ranking functions. 

Solaiappan and Jeyaraman [84] proposed an algorithm for solving a fuzzy transportation problem 

using zero termination method with trapezoidal fuzzy numbers.  Srinivasan and Geetharamani [86] 

discussed an innovative method for solving fuzzy transportation problem. Removing some variables 

from equations by the elimination method and applying the Fourier elimination method, Poonam 

Shugani et al. [77] have found the best compromise solution for the fuzzy transportation problem. The 

same authors [78] introduced dual simplex method to solve transportation problem with fuzzy 

objective functions. Edward Samuel and Venkatachalapathy [27] discussed improved zero point 

method for solving the unbalanced fuzzy transportation problems. Dayi He et al. [18] transformed the 

fuzzy transportation problem into four types of crisp linear programming problems by the parametric 

method using possibility theory in fractile and modality approach. Srinivas and Ganeshan [85] used 

robust ranking indices to convert the fuzzy transportation problem into crisp transportation problem 

and stepping stone method to find an optimal solution to the fuzzy transportation problem. 

Thamaraiselvi and Santhi [89] discussed a fuzzy transportation problem in which the values of 

transportation costs are represented by indiscriminate hexagonal fuzzy numbers. Gaurav Sharma et al. 
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[31] proposed an algorithm for finding the fuzzy optimal solution for a fuzzy transportation problem in 

which the parameters are trapezoidal fuzzy numbers. Vimala et al. [93] proposed monalisha's 

approximation method for solving the fuzzy transportation problem. Ismail Mohideen et al. [40] 

applied octagon fuzzy numbers with α-cut and ranking technique for solving fuzzy transportation 

problem .Muruganandam and Srinivasan [67] found the least transportation cost of some commodities 

through a capacitated network when the origin and destination of nodes and the capacity and cost of 

edges are represented as fuzzy numbers. Krishna Prabha and Vimala [49] discussed a new algorithm 

for maximizing the profit of the transportation problem in fuzzy environment. By using the method of 

magnitude ranking, fuzzy quantities were transformed into crisp quantities. Krishna Prabha and 

Vimala [48] proposed a new technique for finding the maximum profit cost for fuzzy transportation 

Problem. The circumcenter of centroids ranking technique was used by them [50] for maximizing the 

profit for an unbalanced fuzzy transportation problem. Kalpanapriya and Anuradha [44] proposed an 

algorithm for the two vehicle cost varying balanced transportation problem and unbalanced 

transportation problem with uncertain data. Darunee Hunwisai and PoomKumam [17] used Robust’s 

ranking technique for transforming uncertain data to precise data. They used allocation table method 

for finding an initial basic feasible solution to the fuzzy transportation problem. 

 

3.1.Mathematical Statement of SOFTP 

Now, the mathematical model of an SOFTP is given as follows 
m n

ij

i=1 j=1

n

ij i

j=1

m

ij j

i=1

ij

Minimize z = c

subject to

=a ,  i=1,2,...,m 

=b ,  j=1,2,...,n 

0,  forall i and j

ijx

x

x

x 







        (6) 

where
ijc is the fuzzy cost of transporting one unit from source i to the destination j and 

ijx is the fuzzy 

number of units transported from source i to destination j.
ia is the amount of material available at 

source point i and  jb  is the amount of the material required at destination point j. 

 

4.Multi objective fuzzy transportation problem (MOFTP) 

In general, real-life transportation problems may be modelled more profitably with the concurrent 

consideration of multi criteria because a transportation system decision-maker generally pursues 

multiple goals. For solving LPP involving constraints of equality and objectives conflicting with each 

other, we use MOTP. Lee and Moore [54] suggested the application of goal programming approach 

for solving the MOTP. Zimmermann [100] discussed the fuzzy programming technique for solving 

multi criteria problems. Isermann [38] proposed a new approach for finding all the non-dominated 

solutions for a linear MOTP. Leberling [52] used hyperbolic membership technique for solving 

MOLPP and found that the solutions obtained using this method is always efficient. Luhandjula [64] 

discussed the usage of compensatory operators in fuzzy linear programming with multiple objectives. 

Zimmermann’s [101] developed fuzzy approach to solve TP and MOLPP. Ringuest and Rinks [79] 

proposed the usage of interactive algorithms to obtain more than k non-dominated and dominated 

solutions for linear MOTP. Biswal [4] solved multi objective geometric programming problems by 

using fuzzy programming technique.Bit et al. [7] discussed MOTP by using the fuzzy programming 

approach with linear membership function, and arrived at efficient solutions as well as an optimal 

compromise solution for MOTP. In [8], using additive fuzzy programming model, they considered 
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weights and priorities for all non-equivalent objectives for the TP. Lee and Li [53] investigated the 

possibility of fuzzy multiple objective programming and compromised programming with paretoo 

ptimum for solving MOFTP. Bit et al. [9] discussed fuzzy programming technique to chance 

constrained MOTP. Biswal and Sinha [6] solved MONLPP using fuzzy programming approach. 

Biswal [5] solved multi-objective FLPP using projective and scaling algorithm. Verma et al. [92] 

discussed a fuzzy programming technique for solving MOTP with some nonlinear membership 

functions. Verma et al. [92] tried solving MOTP with some nonlinear membership functions after 

discussing a fuzzy programming approach. Hussein [37] investigated the complete solutions of MOTP 

with possibilistic coefficients ofthe objective functions. Das et al. [16]discussed the procedure of 

deriving solution to the MOTP in which all the parameters have been considered as intervals. Li and 

Lai [56] obtained a non-dominated compromise solution to the MOTP using a fuzzy compromise 

programming method. Waiel and Wahed [95] dealt with MOTP under fuzziness. Wahed and Sinna 

[94] applied a fuzzy technique to find the optimal compromise solution of a MOTP and calculated the 

closeness degree of the compromise solution to the ideal solution using the concept of distance 

functions. Gao and Liu [30] used a two-phase fuzzy algorithm for solving MOTP with nonlinear and 

linear membership functions. Ammar and Youness [1] discussed the efficiency of the solutions and the 

stability of MOTP in which parameters are fuzzy. Wahed and Lee [2] obtained a compromise solution 

to the MOTP using an interactive fuzzy goal programming technique. Liang [57] dealt with 

distribution of planning decisions by applying interactive fuzzy MOTP. Islam and Roy [39] solved the 

multi objective entropy TP with an additional delivery time constraint where its shipping costs were in 

the form of generalized trapezoidal fuzzy numbers. Tien-Fu Liang [59] optimized transportation 

planning decision using an interactive fuzzy MOTP technique. Zangiabadi and Maleki [98] presented 

a fuzzy goal programming technique with hyperbolic membership function to obtain an optimal 

compromise solution for the MOTP. Surapati and Roy [88] discussed a priority based fuzzy goal 

programming technique with membership function for finding a compromise solution of a MOTP with 

fuzzy coefficients. They converted the membership functions into membership goals, by prioritising 

the highest degree of a membership function as a level of aspiration and by introducing deviational 

variables to each of them. For solving TP using fuzzy LPP, Liang [58] proposed an interactive multi 

objective technique. Lau et al. [51] solved the MOTP using fuzzy logic guided non-dominated sorting 

genetic algorithm. Deshabrata Roy Mahapatra et al. [19] apprehensive about the usage of fuzzy 

programming  approach to the objective function,  the stochastic technique was used  for the 

randomness of supply and demand parameters in inequality type of constraints of multi objective 

stochastic unbalanced TP. Lohgaonkar and Bajaj [63] applied fuzzy programming approach with 

membership function(linear, hyperbolic and exponential) to obtain the optimal compromise solution of 

a multi objective capacitated transportation problem. Hale GonceKocken and Mehmet Ahlatcioglu 

[33] investigated fuzziness in the objective functions.  They presented a compensatory technique to 

solve the MOLTP with cost coefficients as fuzzy. Their method generated both compensatory and 

Pareto optimal compromise solutions. Venkatasubbaiah et al. [91] used fuzzy goal deviation function 

to identify a compromise solution for the MOTP and introduced a fuzzy max-min operator, an 

auxiliary variable, the equivalent fuzzy interactive goal programming technique was formulated to 

maximize λ. Peidro and Vasant [76] used modified S-curve non-linear membership function to 

determine a compromise solution for the MOTP. Zangiabadi and Maleki [99] proposed a fuzzy goal 

programming technique with special type of nonlinear membership function to find an optimal 

compromise solution for the linear MOTP. Thorani and Ravi Shankar [90] discussed an algorithm for 

analyzing a FMOTP by applying a linear programming model based on a heuristic approach for 

ranking generalized LR fuzzy numbers. Subhran and Goswami et al. [87] proposed two-vehicle cost 

varying MOTP. They transformed the cost varying MOTP to MOTP by NWCR method and then used 

MODI method for finding the optimal solution. Khan and Das [47] proposed a review of the 

connection between modern era approaches and fuzzy multi objective optimization to deal with its 

shortcoming and fuzzy multi objective optimization used in TP. Hale GonceKocken [34] proposed a 

compensatory fuzzy technique to the MOLTP in which unit cost supply and demand quantities are 



7

1234567890

14th ICSET-2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 263 (2017) 042105 doi:10.1088/1757-899X/263/4/042105

 

 

 

 

 

 

triangular fuzzy numbers. This technique had three stages. In the first stage, by using Zimmermann’s 

“min” operator, the uncertain availability and requirement amount was removed, that is, the precise 

availability and requirement amount were obtained from uncertain amount to satisfy the balance 

condition. In the second stage, breaking points and cost-satisfaction interval sets were fixed for each 

objective. In the third stage, considering cost-satisfaction interval sets of all objectives, an overall cost-

satisfaction interval set was identified. Muruganandam and Srinivasan [68] presented a heuristic 

approach for finding the optimal solution to the two stage cost minimizing FTP with multi objective 

constraints. For MOTP, SaruKumari and Priyamvada Singh [80] applied fuzzy efficient interactive 

goal programming technique. 

 

4.1.Mathematical Statement of MOFTP 

Now, the mathematical model of an MOFTP is given as follows 
m n

ij ij

i=1 j=1

n

ij

j=1

m

ij

i=1

Minimize z ( ) = c ,    1,2,...,
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 ,  1,2,...,                                 

 ,  1,2,...,

0,      

r

r

i

j

ij

x x r K

x a i m

x b j n

x for all i and j



 

 









           (7) 

where
ia  is the amount of the material available at the ith source and jb  is the amount of the material 

required at jth destination. r is the number of the objective function of MOFTP. 
r

ijc is the uncertain 

unit transportation cost from source i to destination j for the objective r and 
ijx is the uncertain number 

of units shipped from source i to destination j. 

 

4.2.Fuzzy Goal Programming Approach with Linear and Non-linear Membership functions 

Using the linear membership function as defined in (3) than an equivalent linear model for the model 

(7) can be formulated as:  

1 1
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Using the exponential membership function as stated in (4) then an equivalent linear model for the 

model (7) can be formulated as: 
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Using the Hyperbolic membership function as stated in (5) than an equivalent linear model for the 

model (7) can be formulated as: 

min :
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L L
z z

2 2
1 1

+d  + d  =1,
L L2 2 z zr2 2

d ,  m=1,2,...,M,

d d  =0,

,  i=1,2,...,m;  ,  j=1,2,...,n,
1

m m m m

m m m

m m m m

m m

m m m m

m

m m

U U

e e

U U

e e

x a x bij i ij j
i

 

 

   
   
   
   
   

   
   
   
   
   



 
  

  
 

  


 

 

 
1

d d  0,

1, 0,

0,  for all i,j,

where the equlibrium condition 

1 1

m m

n m

j

xij

m n
a bi j

i j

 


  

   



 
 

 

 

5. Conclusion 

This paper provides the survey on single objective FTP and multi-objective FTP with its mathematical 

models. The survey also studies the approaches used to solve such problems. 
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