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Abstract 
 

Travelling salesman problem(TSP) deals with visiting all the given cities and return back to the starting city with the minimum travelling 

distance or minimum travelling cost where each city is visited exactly once. The TSP problem is a special kind of an assignment model 

that excludes sub tours.  In this paper we used Haar Hungarian algorithm approach [13] to solve a Fuzzy Travelling Salesman Problem 

(FTSP) and Numerical examples are given to validate the proposed algorithm. 
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1. Introduction 

Travelling salesman problem is a part of computational mathemat-

ics which is the collection of computational problems with in-

grained difficulties.  The Travelling salesman problem is to detect 

the shortest circuit of cities.  Since 18th century this problem has 

been studied rigorously.  In practical situations it is difficult to 

determine the cost or time as crisp quantity. The fuzzy parameters 

were used to overcome this uncertainty of fixing the cost or time.  

The cost or time or distance of the fuzzy TSP is fuzzy numbers.   

In recent years, several techniques have been approached to obtain 

the solutions of fuzzy TSP.  Hansen [2] applied tabu search algo-

rithm to solve fuzzy TSP.  Jaszkiewicz [3] applied genetic local 

search algorithm to solve the fuzzy TSP problem.  Yan et al., [4] 

proposed the fuzzified version of evolutionary algorithm to solve 

fuzzy TSP.  Sepideh Fereidouni [5] and Rehemat et al., [8] solved 

the problem by using multi objective linear programming.  Angel 

et al., [6] proposed dynamic search algorithm to solve fuzzy TSP.  

Paraquete et al., [7] used the pareto local search algorithm for 

solving fuzzy TSP.  Amit kumar et al., [9] proposed an algorithm 

for solving fuzzy TSP with LR-fuzzy parameters.  Dhanasekar et 

al., [10] solved fuzzy TSP by using Hungarian algorithm with 

elementwise subtraction of fuzzy numbers.  Since fuzzy TSP is a 

NP-hard problem, more numbers of algorithms are still proposed 

to solve the fuzzy TSP.  In this paper, the ordering of fuzzy num-

bers based on Haar wavelet is used [12], to order the fuzzy num-

bers.  The advantage of using this ranking technique is that, it 

converts a given fuzzy number into average and detailed coeffi-

cients using down sampling.  The uniqueness of the Haar ranking 

method  [12] is that, the fuzzification from the defuzzied value is 

very easy to obtain through up sampling.  In this paper the Hun-

garian method using Haar tuples [13] is proposed for solving  

travelling salesman problem with fuzzy parameters. In section-2 

basics are discussed. Section 3 describes the proposed new algo-

rithm. In Section 4 a numerical example is solved by using the 

proposed method.  Conclusion is given in Section-5.  

2. Preliminaries 

2.1. Fuzzy Set 

A Fuzzy set can be obtained by allocating all the elements in the 

universe of discourse to a value lies in [0,1] by using a member-

ship function. 

2.2. Fuzzy Number 

A Fuzzy number A
~

 with membership function )(~ x
A

  satisfies 

piece wise continuity, convexity and normality.  

2.3. Triangular Fuzzy Number 

A fuzzy number with membership function in the form 
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2.4. Trapezoidal Fuzzy Number 

A fuzzy number with membership function in the form 
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2.4. Fuzzy Operations 

Addition: 

(a1,b1,c1,d1)+(a2,b2,c2,d2)=(a1+a2,b1+b2,c1+c2,d1+d2) 

(a1,b1,c1) +( a2,b2,c2,) = (a1+ a2,b1+b2,c1+c2) 

Subtraction:   

( a1,b1,c1,d1) -( a2,b2,c2,d2)= (a1- d2,b1-c2,c1-b2,d1-a2) 

( a1,b1,c1) -( a2,b2,c2,) = (a1- c2,b1-b2,c1-a2) 

2.5. Haar Ranking 

For a given fuzzy number ),,,(
~

dcbaA  , the average and 

detailed coefficients namely the scaling and wavelet coefficients 

can be calculated using α    + + +   /4  β    +  -  +   /4  γ   -

  /2  δ   -d)/4 and call this new 4-tupleas. Define 
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 the first element of the or-

dered tuple of  )
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(AR  is less than the first element of the ordered 
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(BR .Define if BA
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 the first element of the ordered 

tuple of  )
~

(AR  is more than the first element of the ordered 

tuple of ( ).R B Define BA
~~

  if and only if the elements of  

)
~

(AR and )
~

(BR are term wise equal.     

2.6. Order Pair Arithmetic 

Addition: 

(a1,b1,c1,d1)+(a2,b2,c2,d2)=(a1+a2,b1+b2,c1+c2,d1+d2) 

(a1,b1,c1) +( a2,b2,c2,) = (a1+ a2,b1+b2,c1+c2). 

Subtraction:   

( a1,b1,c1,d1) -( a2,b2,c2,d2)= (a1- a2,b1-b2,c1-c2,d1-d2) 

( a1,b1,c1) -( a2,b2,c2,) = (a1- a2,b1-b2,c1-c2). 

2.7. Fuzzy Travelling Salesman Problem 

The matrix form of the fuzzy TSP is given as follows 
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A Fuzzy Travelling salesman problem is defined as  
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Constraint (1) makes sure that each city is visited exactly once.  

Constraint (2) excludes all 2-city sub tours.  Constraint (3) ex-

cludes all 3-city sub tours.  Constraint (4) defies all (n-2) city sub 

tours. 

3. Proposed Algorithm 

Consider the matrix form of the fuzzy travelling salesman problem.  

Step: 1 

Transform the given fuzzy parameters in to Haar parameters.  

Step: 2 

Fuzzy optimum assignment is obtained by using the Hungarian 

algorithm. 

Step: 3 

Inspecting the obtained solution to see whether the solution satis-

fied route conditions or not. 

  If it is then it is the optimal solution of fuzzy TSP. If not, take the 

next best solution.  

 

4. Numerical Examples 

 
Consider the following fuzzy TSP discussed in \cite{Abha}: 

 































(11,12,13)(2,3,4)(5,6,7)4

(7,8,9)(6,7,8)(14,15,16)3

(3,4,5)(5,6,7)(0,1,2)2

(9,10,11)(8,9,10)(1,2,3)1

4321

city

city

city

city

citycitycitycity

 

 

Convert the given fuzzy numbers in to haar tuples. The TSP with 

haar tuples as its elements is given as follows 
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After applying the first two steps of Hungarian algorithm, we get 
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Covering the Haar zeros in a minimum no of lines.  

 





























)0,0,0,7()0,0,0,0()0,0,0,3(

)0,0,0,0()0,0,0,0()0,0,0,8(

)0,0,0,2()0,0,0,0()0,0,0,0(

)0,0,0,7()0,0,0,2()0,0,0,0(

 

 

To get the optimal assignment the number of covering lines 

should be equal to the number of rows.  Since it is not in this case, 
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choose the minimum Haar number in the uncovered elements is 

(2,0,0,0) and Subtract it from all the uncovered Haar elements also 

add it in the intersection of the lines. 
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Again covering the Haar zeros in a minimum no of lines. 
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Since the number of covering lines is equal to the number of rows, 

allocations can be made. 
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Therefore the optimal tour is 1 → 3→ 4→ 2→ 1        → C →D 

→ B →    th  H  r opt m l  ost  s [21 -2,-2,-2] and the corre-

sponding fuzzy optimal cost is given by (17,21,25). 

 

5. Conclusion 

 
An Algorithm using Haar tuples is proposed for solving fuzzy 

travelling salesman problem. Since this algorithm is similar to 

Hungarian algorithm it is effective and easy to compute.  This 

proposed method is effective than the existing methods because 

the results were obtained in Haar parameters and further it can be 

transformed in to parameters. 

 

References  

 
[1] L    Z   h  “Fuzzy s ts”  Information Control, Vol.8, (1965), 

pp:338-353. 

[2] M P  H ns n  “Us   o  su st tut   s  l r z n    un t ons  to   u    

lo  l s  r h   s   h ur st  s: Th    s  o  MOTSP”  J. Heuristics, 
Vol.6,  (2000), pp:419-431. 

[3] A. Jaszkiewicz  “G n t   lo  l s  r h  or mult -objective combina-

tor  l opt m z t on”  European Journal of Operational Research, 
Vol.137, (2002), pp:50-71. 

[4] Z  Y n  L  Zh n   L  K n   G  L n   “  n w MOE   or mult -

o j  t v  TSP  n   ts  onv r  n   prop rty  n lys s”  Proceedings 
of Second International Conference, Springer Verlag, Berlin, 

(2003), pp:342-354. 

[5] F  S p   h  “Tr v ll n  s l sm n pro l m  y us n     uzzy mult -
o j  t v  l n  r pro r mm n ”  African Journal of Mathematics 

and Computer Science Research,  Vol.4, No.11, (2003), pp:339-349. 

[6] E   n  l  E  B mp s  L  Gourvs  “ pproximating the Pareto curve 
with local search for the bicriteria TSP(1,2)  problem, Theoretical 

Computer Science, Vol.310, (2004), pp:135--146. 

[7] L. Paraqu t   M  Ch  r n  n   T  Stytzl   “P reto local optimum 
sets in the biobjective travelling salesman problem : an experi-

m nt l stu y  M t h ur st  s  or mult o j  t v  opt m z t on”  Lec-

ture Notes in Economics and Mathematical Systems, 535, Springer, 
Berlin, (2004), pp:177--199. 

[8] A. Rehmat, H. Saee   M S  Ch  m   “Fuzzy mult -objective linear 

pro r mm n   ppro  h  or tr v ll n  s l sm n pro l m”  Pakistan 

Journal of Statistics Operation Research , Vol.3, No.2, (2007), 

pp:87-98. 

[9]  m tkum r  n   n l upt    “  ss  nm nt  n  Tr v ll n  s l sm n 

problems w th  o      s LR  uzzy p r m t rs”  International Jour-
nal of Applied Science and Engineering, Vol.10, No.3, (2012), 

pp:155-170. 

[10] S  Dh n s k r  S  H r h r n  P  S k r  “Cl ss   l Tr v ll n  S l s-
man Problem (TSP) based approach to solve fuzzy TSP using Ya-

  r’s r nk n ”  “Int rn t on l journ l o  Comput r  ppl   t ons 
 IJC  ”  Vol 74  No 13   2013   pp:1-4. 

[11]   h  S n h l  n  Pr y nk  P n y  “Tr v lling Salesman Problems 

 y Dyn m   Pro r mm n   l or thm”  International Journal of 
Scientific Engineering and Applied Science, Vol.2, (2016), pp:263-

267. 

[12] S  Dh n s k r  S  H r h r n  P  S k r  “R nk n  o  G n r l z   
tr p zo   l  uzzy num  rs us n  H  r w v l t”  Applied Mathemat-

ical Sciences, Vol.8, No.160, (2014), pp:7951-7958. 

[13] S. Dhanasekar, S. Hariharan, P. Sekar   “H  r Hun  r  n  l or thm 
to solv   uzzy  ss  nm nt pro l m”  International Journal of Pure 

and Apllied Mathematics, Vol.113, No.7, (2017),  pp:58-66. 

 


