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ABSTRACT: Transportation is the distribution of goods and resources from one place to another. Most of the solving
techniques for solving fully fuzzy mathematical programs are based on the standard fuzzy arithmetic operations. The
constrained fuzzy arithmetic concept generates efficient solutions for many real-life applications. The transhipment problem is
an extension of the transportation problem, shipping from a source to another source, shipping from a destination to another
destination and shipping from a destination to any source may be allowed. This paper proposes a fuzzy constrained arithmetic
approach to minimize the cost of fuzzy transportation. This paper presents an efficient algorithm for solving the transhipment
problem using a fuzzy constrained arithmetic approach. At first, convert the transportation problem into an equivalent
transhipment problem and then solve it by using the constrained fuzzy arithmetic algorithm. This novel method gives the
minimum cost for the transhipment problem. In this paper, the solution procedure for the fully fuzzy transhipment problem
using the CFA approach is explained with the help of a numerical example as another application of this algorithm.
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1. TRANSHIPMENT PROBLEM

In a transportation problem, shipment of a commodity takes place among sources and destinations, but instead of direct
shipments to destinations, the commodity can be transported to a particular destination through one or more intermediate or
transhipment points.

Each of these points in turn contributes to the other points. Thus, when the shipments pass from destination to destination and
from source to source, we have a transhipment problem.

2. FULLY FUZZY TRANSSHIPMENT PROBLEM
Let we have m origins and n destinations. It is known that in a transhipment problem, any origin or destination can ship to any
other origin or destination. For convenience, the origins can be numbered successively. (i.e.) from m+1 to m+n.

Let a; be the quantities available at the origins and b; be the demands at the destinations. It is known that the necessary and
sufficient condition for the existence of a feasible solution is,

S oa; =XP b

l=1al j=1%j

3. MATHEMATICAL FORMULATION OF FULLY FUZZY TRANSHIPMENT PROBLEM
(FFTSP):

The mathematical formulation of a fully fuzzy transhipment problem with triangular fuzzy numbers can be expressed as
follows:

S+D S+D
Minimize Z~ Y > € ®%, (1)
i=1 j=1,j=i
Subject to;
S+D
D x; =Cap, +T,i=12...S @)
j=1
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The algorithmic step of the CFA based method to solve FFTSPs for the risk averse decision makers is given as follows:
Step 1: The conjugate model of the given FFTP can be written as follows without using any fuzzy ranking functions or
auxiliary variables

S+D S+D

Minimize Y > G ®%; ™
i=1 j=1,j=

S+D
(Capi SR ) >0 Vi 8)
= YjxijsCap;

S+D
(Capi © D % +T >0 Vi 9)
j=1

YjxijsCap;

S+D
( De; © Z X ) <0 vj (10)
= Yix zDe;

S+D
(Dej o inj+T> <0 vj (11)
= Yix zDe;

Step 2: the fuzzy arithmetic operations with requisite fuzzy equality constraints in conjugate model can be performed as
follows. Actually, these operations are performed among the fuzzy capacities, demands and transshipment amount as given by
Egs. (12) and (13).

s+ \* 54D
[Capi £y xijj =1 Cap, * > %, <Capi , inj> c (Capia xy xﬁ] NE” (12)
=1 E i j j=1
S+D a S+D a a
(De *quj De, * > x; <Dej,inj>e(De,- XZXij)nE (13)
i i i=1

Step 3: If all of the uncertain parameters and variables for the given FFTSP are symmetric or non-symmetric triangular fuzzy
intervals, then we can obtain the following results of the fuzzy subtraction operations under fuzzy equality constraints for
remaining capacities and demands:

a
S+D

Cap, © > xi+T

=1

= (14)
E

S+D

%(a)—sfxij(a)—A(a+bj\/_(l @) +T(),Cap, () - qu(a)+A(a+bj\/_(l a)+T(a)
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i=1

E

De; (@) - Sf‘:x”(a) A[ jf(l a)+T(cx), De;(a) - Sf‘:x”(a)m( j\/_(l a)+T(a)} (15)

Step 4: The crisp equwalent form of the conjugate model can be written as follows by using the results of arithmetic operations

obtained from step 3. As mentioned previously, the crisp Lp problem of the stated FFP with fuzzy intervals can be formulated
as in Eqgns. (16)-(25).

Minimize

G, (@) ®%,(@)+C, () ®X() | )
Subject to; L
Cap, () - MZD X (@)= -A2 ( Cap() ; cap (a)] Vi (17)
Cap,(e)~ 3%, () +T (@) 2-A\2 [Cap‘ "= (“)} vi @)
Cap ()~ 3 %,() > AV (Capi "= (“)] vi a9
Cap ()~ 3 %y (@) +T(@) 2 A2 [Cap‘ (@) ;Capi (“)J vi (20)
Dey(@)- 3 x,(a) < -AV2 (De"(“);@j(“)} i (1)
@j(a)—sfxij(a)n(a)s_AJE[DeJ(“);%(“)J vi 22)
ﬁej(a)—sfxu(a)SAﬁ(Dej(a);D—e"(a)j V] (23)
ﬁaj(a)—sfxij(a)+T(a)gAﬁ(Dej(a);@i(‘x)] Vj (24)
% () = and—Z.j(a) >0 Vi, Vj (25)

These constraints involved by the above step can also be presented in a more compact manner by using the widths of the
triangular fuzzy numbers, a, b and Cj, dj as follows:

Cap; () - sim—x(oc) +T ()2 —A[ *h ]ﬁ(l— a) vi (26)
ﬁ(a)—fxij(a)+T(a)2A(ai ijjﬁa-a) vi (27)
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De;(a) - S+ZDXU(05)+T(0¢)S—A(C1;djj\/ﬁ(l—a) Vj (28)
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X; (@) > and—xij(a) >0 Vi, Vj (30)

Step 5: By substituting the Egs. (9), (10), (12) and (13) into the above end points, the parametric final crisp LP problem can be
obtained as in Egs. (31) — (36).

{“z?“sz(ciw(c;—qf)a)(xif+<xi?—xif>a)“f“f<c ~(cy-¢p)a )(xs—<xa—x5“>a>} @
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4. NUMERICAL EXAMPLE

Type: 1

The given problem is the numerical example for type-1,which is balanced FFTSP problemUsing LINGO 13.0 software , the
optimal solution for the type-1 problem is obtained as follows:

%1, =(0,0,0), %5 =(0,0,0), %14 =(6.2,7,7), %15=(0,0,0),
%,=(0,0,0), %:=(0,0,0.5), x3,=(42559), %,=(78,99),
%3,=(0,0,0), %3,=(0,0,0), %3,=(0,0,0.8), %35=(8.9,10,10.6)
%36 = (1.3,22), %, =(00,04), %, =(000), &, =(0,00),
%33 =1(0,00), x;:=1(000), x;=1(000), xi,=1(00,0),
¥, =(0,00), xi,=(0,0,0), Zxi;=(00,0), X, =1(00,0),

%, =1(0,00), Xxz,=(000), x¢ =(000), x¢ =1(000),
%Xe3=1(0,00), Xx¢,=(000), x¢=(000), % =1(0,00),

x5, =1(0,0,0), x5,=(000), x3;=(000), x,=(00,0),

%75 =(0,0,0), X3, =(0,0,0)



Dr. C. Venkatesan & J. Vimala: 1JETET 2(2), 1-7, 2026

TABLE 1 Triangular Fuzzy Cost Matrix for Supply and Demand Nodes

Sy S, S3 D, D, Dy D, Supply

s, - (9.2,10,11) | (18,19.2,20) | (8,10,10.8) | (20.4,22,24) | (8,10,10.6) | (18.8,20,22) | (7.2,8.8.8)
s, | (92,10,11) i (14,15.2,16) | (14,15,16) | (18220,22) | (10,12,13) | (6,888) | (12.14.16)
S, | (18,19.2,20) | (14,15.2,16) ; (18.4,2021) | (96,12,13) | (7.8,10,108) | (14,15.16) | (10.2,12,13.8)

(8,10,10.8) | (8,10,10.8) | (8,10,10.8) - (14,15,16) (8,10,10.2) | (9,10.2,11) -
Dy

(20.4,22,24) | (20.4,22,24) | (20.4,22,24) | (14,15,16) - (9.6,10,10.2) | (9,10,11.2) i
D,

(8,10,10.6) | (8,10,10.6) | (8,10,10.6) | (8,10,10.2) | (9.6,10,10.2) - (18,19,20) -
Dy

(18.8,20,22) | (18.8,20,22) | (18.8,20,22) | (9,10.2,11 (9,10,11.2) (18,19,20) - -
D,

- - - (6.27,7.8) | (8.9,1011.1) | (65895 | (7.8,910.2)

D

The optimal value of the problem is achieved by putting * in ¢X as follows:
(€x7) = ((ex™)P, (cx)™, (cx™)°)

S D S D S D

= 22 200ex), 20D ()™, 2D (e
i1 j-L i=1 j=1 i=1 j=L

= (235.98, 352, 458.21)

Type:2
The given problem is the numerical example for type-2, which is balanced FFTSP problem Using LINGO 13.0 software, the
optimal solution for the type-1l problem is obtained as follows:

X, =(0,00), %;=(0,0,0), %, =(300,300,300),  %is=(0,00),
% = (300,300,300) , %, =(0,0,0), %, =(0,0,0), X5 =1(0,0,0),
%,=(0,0,0),  %5=(0,0,05), £5,=(0,00), 3= (350,350,350),
%3,=(0.0,0), #,=(0,0,0), #54=(0,0,0), %35=(0,0,0)

%56 =(0,00), x3,=(0,00), Zx;; =000, x;,=1(000),

%3 =(0,00), X;5=(0,00), X3 =000, &i,=1(0,00),

%z, =(0,00), =%, =(0,00), =*;=(0,00), =*,=(0,00),

%is = (0,00), %, =(0,00), X =(00,0), i =(000),

X3 =(0,00), %5 =(0,00), Xz;5=(0,0,0), *z =(00,0),

%2, =(0,0,0), #i,=(00,0), #F;=(000), %, =(00,0),

%35 =1(0,00), %7, =(0,0,0)
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TABLE 2 Fuzzy Supply-Demand Transportation Matrix Using Triangular Fuzzy Numbers

S1 Sa S3 D, D, Dy D, Supply
S, - (18,20,2 | (22,25,2 | (17,19,21) (15,16,17) | (15,16,17) (16,18,20) (550,650,800)
2) 7
s, | (18,20,22) - l@a151 | (17.1921) | (1214.16) | (14,1618) | (11,13,15) | (550,700,850)
6)
s, | (22,25,27) | (14,15,1 - | (22527) | (182022) | (2021,23) | (20,22.24) | (600,800,1000)
6)
D, | (17,19,21) | (17,19,2 | (22,252 ; (14,1516) | (8,10,10.2) | (9,102,11) .
1) 7
D,| (1516,17) | (12,14,1 | (18,202 | (14,1516) - (9.6,10,10) | (9,10,11.2) ;
6) 2)
D,| (1516,17) | (14,161 | (20,21,2 | (8,10,10.2) | (9.6,10,10) - (18,19,20) ;
8) 3)
D,| (16,1820) | (11,131 | (20,212 | (9,102,11 | (9,10,11.2) ; ;
5) 3) (18,19,20)
- - - (250,300,35 | (300,350,40 | (250,300,35 | (300,350,40
D 0) 0) 0) 0)

The optimal value of the problem is achieved by putting * in ¢X as follows:
(€ x7) = ((ex)P, (ex™)™, (cx™)°)

S D S D S D

=| 220 2 2™, 20D
i1 j=1 i1 j=1 i1 j=1

= (16950, 17900, 21790

5. CONCLUSION

In this paper, the methodology to solve the fuzzy transportation problem using CFA is discussed, where all of the parameters
and decision variables are stated as triangular fuzzy numbers. Also, a method based on the CFA concept is proposed for
solving fuzzy transhipment problems. This method provided fuzzy acceptable solutions for “risk seekers” with a high degree of
uncertainty. Moreover, Constrained Fuzzy Arithmetic (CFA) can be considered more useful than standard fuzzy arithmetic in
terms of providing applicable solutions for many practical applications.

Furthermore, the given method assists decision makers with yielding fuzzy efficient solutions under different uncertainty levels
(a-cuts) and crisp solutions are a challenging task and may not be possible due to several uncertainties as discussed throughout
this project. Therefore, it may always be desirable to provide fuzzy solutions by taking into consideration the decision maker’s
risk attitude in such occasions. More reliable, applicable and information-efficient solutions can be presented to the decision
makers under varying demand and capacity conditions using this method. Also, the optimal cost obtained by the fuzzy
transhipment problem is less than that of the fuzzy transportation problem. Therefore, transhipment problems ensure cost-
effective movement of the products from one place to another for the risk-averse decision maker for type-11l, in which the risk-
free solutions are available in different a-levels.
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