International Journal of Engineering Research and Development
e-1SSN: 2278-067X, p-ISSN: 2278-800X, www.ijerd.com
Volume 9, Issue 7 (January 2014), PP. 40-49

Solution of Fuzzy Maximal Flow Network Problem Based
on Generalized Trapezoidal Fuzzy Numbers with Rank
and Mode

M. K. Alam*, M. K. Hasan?

! ecturer in Mathematics, Department of Mathematics and Statistics, Bangladesh University of Business and
Technology, Dhaka, Bangladesh.
?Assistant Professor of Mathematics, Department of Mathematics and Statistics, Bangladesh University of
Business and Technology, Dhaka, Bangladesh.

Abstract:- Network-flow problems can be solved by several methods. Labeling techniques can be used to solve
wide variety of network problems. A new algorithm to find the fuzzy maximal flow between source and sink
was proposed by Kumar et el. [19]. They have represented normal triangular fuzzy numbers as network flow. It
is not possible to restrict the membership function to the normal form and proposed the concept of generalized
fuzzy numbers in many cases [8]. Generalized trapezoidal fuzzy numbers for solving the maximal flow network
problems have been used by Kumar [21]. In this paper, we have modified the existing algorithm to find fuzzy
maximal network flow between source and sink for generalized trapezoidal fuzzy number. Ranking and mode
function to find the highest flow for maximum flow path of generalized trapezoidal fuzzy number has been
applied. A numerical example has been solved by the proposed algorithm and the other results are discussed.
Mathematica programs have been applied for various arithmetic operations.
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. INTRODUCTION

In 1965 Zadeh [30] introduced the concept of fuzzy set theory. Fuzzy set can provided solution to
vast range of scientific problems. When the estimation of a system coefficient is imprecise and only
some vague knowledge about the actual value of the parameters isavailable, it may be convenient to
represent some or all of them with fuzzy numbers [30]. Fuzzy numbers are fuzzy subsets of the set of real
numbers satisfying some additional conditions. Arithmetic operations on fuzzy numbers have also been
developed according to the extension principle based on interval arithmetic [24]. Fuzzy numbers allow us to
make the mathematical model of logistic variable or fuzzy environment.
Opposite and reverse fuzzy numbers have not been shown by Dubois[13] and Yager [29] on the
sense of group structure. Some of the interesting arithmetic works on fuzzy numbers are discussed by Dubois
[14]. Arithmetic behavior of trapezoidal fuzzy numbers is not widely discussed in the literature. The aims
of this paper to stimulate the inclusion of trapezoidal fuzzy numbers in applied engineering and scientific
problems by extending the concept of traditional algebra into fuzzy set theory, which is described by Bansal [3].
A method for ranking of generalized trapezoidal fuzzy numbers is studied by Chen [9]. Abbasbandy [1] has
introduced a new approach for ranking of trapezoidal fuzzy numbers based on the rank, mode, left and right
spreads at some-levels of trapezoidal fuzzy numbers.

The maximum flow problem is one of basic problems for combinatorial optimization in weighted
directed graphs. In the real life situation very useful models in a number of practical contexts including
communication networks, oil pipeline systems, power systems, costs, capacities and demands are constructed by
the base of maximal flow network problem. Fulkerson [15] provided the maximal flow problem and solved by
the simplex method for the linear programming. The maximal flow problem have been solved by Ford [14]
using augmenting path algorithm. This algorithm has been used to solve the crisp maximal flow problems [2],
[4], [26]. Fuzzy numbers represent the parameters of maximal flow problems. Kim [17] is one of the first
introducer on this subject. Chanas [5], [6], [7] approached this problem using minimum costs technique. An
algorithm for a network with crisp stricter was presented by Chanas in their first paper. In their second paper
they proposed that the flow was a real number and the capacities have upper and lower bounds had been
discussed [6]. In their third paper, they had also studied the integer flow and proposed an algorithm [8]. Interval-
valued versions of the max-flow min cut theorem and Karp-Edmonds algorithm was developed by Diamond
[11]. Some times it arise uncertain environment. The network flow problems using fuzzy numbers were
investigated by Liu [23]. Generalized fuzzy versions of maximum flow problem were considered by Ji [16]
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with respect to arc capacity as fuzzy variables. A new algorithm to find fuzzy maximal flow between source and
sink is proposed by Kumar et al. [19] with the help of ranking function.

In this paper the existing algorithm [19] have been modified to find fuzzy maximal flow between
source and sink by representing all the parameters considered as generalized trapezoidal fuzzy numbers. To
illustrate the modified algorithm, a numerical example is solved. If there is no uncertainty about the flow
between source and sink then the proposed algorithm gives the same result as in crisp maximal flow problems.
But when we face same rank more than one arc then we have applied mode function for selected maximal flow
path. In section 2 we have discussed some basic definitions, ranking function, mode function and arithmetic
operations for interval and generalized trapezoidal fuzzy numbers. In section 3 we have proposed an algorithm
for solving fuzzy maximal flow problems. In section 4 we have applied the proposed algorithm over a numerical
example. In section 5 and 6 we have discussed results and conclusion respectively.

1. PRELIMINARIES
In this section some basic definitions, ranking function, mode function and arithmetic operations are
reviewed

1.1. Definition [13]: Let X be a universal classical set of objects and a characteristic function u, of a
classical set A € X assigns a value either O or 1 i.e.
_(1 if xeA

“A(x)_{o if xgA

This function can be generalized to a function u; such that the value assigned to the element of the
universal set X fall within a specified range unit interval [0,1] i.e. uz: X — [0,1]. The assigned values indicate
the membership grade of the element in the set A. The function 4 is called membership function and the set
A ={(x, nz(x)); x € X} defined by p7(x) for all x € X is called fuzzy set.
1.2. Remark: Throughout this paper we shall write fuzzy set u.
1.3. Definition [18]: Suppose u is a fuzzy set. Then for any a € [0,1], the level set (or a cut) of u is
denoted by u* and defined by u® = {x € X: u(x) = a}.
1.4. Definition: [27] The special significance is fuzzy sets that are defined on the set R of real number is
membership functions of these sets, which have the form u: R — [0,1] is called fuzzy number if the following
axioms are satisfies:

. u must be normal fuzzy set i.e. there exist x € R; u(x) =1

. u® must be closed interval of real number, for every a € 10,1]

. the support of ;1 must be bounded and compact i.e. {x € R; u(x) > 0} is bounded and compact.

Fuzzy number is denoted by F(R).

1.5. Remark: Every fuzzy number is convex fuzzy sets. Also a fuzzy set u is convex if for all x,y € X;

ulkx + (1 — k)y) = min{u (x), u ()}, forall k € [0, 1].

1.6. Arithmetic Operations

In this section, we shall define addition and subtraction between two intervals.

Let [a, b] and [c, d] be two closed interval, then

Addition: [a,b] + [¢c,d] = [a+ ¢, b + d], Additive inverse: —[a, b] = [—b, —a]

Subtraction: [a, b] — [c,d] = [a, b] + (—[c,d]) = [a,b] + [-d,—c] = [a—d, b — c]

1.7. Definition: [10] A fuzzy number A = [[a, b, c,d]] is said to be a trapezoidal fuzzy numbers if its
membership function is given by

0 ; —o<x<a
x—a <x<bh
b—a @ *=°
u(x) = 1 ; b<x<c , whereabrccd€eR
ix—d < <d
lc—d ; c<x<
0 ; d<x<w

1.8. Definition: [10] A fuzzy number A = [[a, b, c,d;w]] is said to be a generalized trapezoidal fuzzy
number if its membership function is given by
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r 0 ; —wo<x<a
w(x —a) _
b—a °
u(x) =4 w ; b<x<c wherea,b,c,d € Randw € ]0,1]
w(x —d) _
c—d '
0 ; d<x<w

a<x<b

c<x<d

Arithmetic Operations

In this subsection, arithmetic operations between two generalized trapezoidal fuzzy number, defined on
universal set of real numbers R, are reviewed by Chen [10].
Let A = [[ay, by, ¢1,dy; wil] and B = [[ay, by, ¢z, dy; w,]] be two generalized trapezoidal fuzzy numbers then
o A+ B =[[ay + ay, by + by, ¢; + ¢3,dy + dy; minfwy, w, }]
. A—B = [[a1 —d,, by — ¢y, ¢; — by, d; — ay; min{wy, w, }]]

1.9. Ranking function

A convenient method for comparing of fuzzy number is by use of ranking function [22]. A ranking
function R: F(R) — R, where F(R) is set of all fuzzy numbers defined on set of real numbers, which maps each
fuzzy number in to a real number. Let A = [[ay, by, cy,dy; wil] and B = [[ay, by, ¢y, dy; wy]] be two
generalized trapezoidal fuzzy numbers then
ER(A) — Wl(a1+b1+c‘1+ dl) and 9:{‘(B) — Wz(a2+bi+ Cz+d2).
Mathematica function for rank calculation:

z[[S]] * (z[[1]] + z[[2]] + 2[[3]] + z[[4]])
4

ralz_]:=

19.1. IfR(A) > R(B)thenwesay A > B
19.2. IfR(A) <R(B)thenwesay A < B
1.93. IfR(A) = R(B) thenwesay A ~ B

1.10.  Mode function

When two generalized fuzzy number A = B with respect to ranking function then we will apply mode
function for maximum flow position. A mode function M: F(R) — R, where F(R) is set of all fuzzy numbers
defined on set of real numbers, which maps each fuzzy number in to a real number [20]. Let
A = [[ay, by, ¢1,ds; wy]] and B = [[ay, by, ¢3, dy; w,]] be two generalized trapezoidal fuzzy numbers then

M(A) =D ang y(B) =222t

Mathematica function for mode calculation, mod[z_]: = ZIBI+E21+2[3)D

2

1. ALGORITHM

Chen has proposed that it is not possible to control the membership function to the normal form, in
some case [8]. He also proposed the concept of generalize fuzzy numbers. The normal form of trapezoidal
fuzzy number ware used by various papers for solving real life problems. In this paper, we will use generalized
trapezoidal fuzzy number for network flow. In the section the maximal flow network problem is modified to
find fuzzy maximal flow between sources and sink for generalized trapezoidal fuzzy numbers. The proposed
algorithm is direct extension of existing algorithm [26], [25]. The fuzzy maximal flow algorithm is based on
finding breakthrough paths with net positive flow between the source and sink nodes. Consider arc (i,j) with
initial fuzzy capacities (E W) and fuzzy residuals capacities (or remaining fuzzy capacities) (,ucl-j ,,ucji).
For a node j that receives flow from node i, we will a label [/,taj l] where pa; is the fuzzy flow from node i to
j. The step of algorithm for generalized trapezoidal fuzzy number are summarized as follows:
1.11. Step 1 For all arcs (i,j), set the residual fuzzy capacity is equal to initial fuzzy capacity i.e.,
(ucy ,uci) = (ucy , ucy;). Let pay = [[o0,0,00,00; 1]] and label the source node 1 with [[oo, %, %0, o0; 1], —]. Set
i =1, and go to step 2.
1.12.  Step 2 Determine S;, the set of unlabeled nodes j that can be reached directly from node i by arcs with
positive residuals capacity (i.e., pc;; is non-negative fuzzy number for each j € S;). If S; = @ then go to step 4,
otherwise go to step 3.
1.13.  Step 3 Determine k € S; such that

max{(uc; )} = i)
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Set ua;, = ucy, and label node k with [uay, i]. If k = n, the sink node has been labeled, and a breakthrough path
is found, then go to step 5. Otherwise go to step 2.
Again, if max;es {R(uc; )} is more than one fuzzy flow then we have applied mode test for maximal flow
according to maximal rank test.
Mathematica program for breakthrough path according to rank and mode
rafu[AR , BB , CC ] := Module[{a, b, ¢, s}, a=ra[BAA]; b=ra[BB]; c =ra[CC];
t={a, b, ¢}; Print["theri ranks are ", t]; tt = Position[t, Max[t]];
g=Sum[t[[1]], {1, 1, 3}]; tt = Position[t, Max[t]];
If[s >0, If[Length[tt] =1,
If [Flatten[tt] [[1]] =1, Print["maximum rank is 1st position which is ", BA],
If[Flatten[tt] [[1]] = 2, Print["maximum rank is 2Znd peosition which is ", BB],
Print["maximum rank is 3rd position which is ", CC]]]]:
If [Length[tt] =2, If[Flatten[tt][[1]] =1 && Flatten[tt] [[2]] = 2,
Print["maximum rank are both 1lst ", AA, "and 2n position ", BB,
"so we need mode test"], [f[Flatten[tt] [[1l]] =1 && Flatten[tt][[2]] = 3,
Print["maximum rank are both 1lst ", BA, "and 3rd position ", CC,
"so we need mode test"], If[Flatten[tt] [[1]] = 2 && Flatten[tt] [[2]] = 3,
Print["maximum rank are both 2nd ", BB, "and 3rd position ", CC,

"so we need mode test"]]]]1]:;

If[Length[tt] = 3, Print[" "og, "
AR, ™ ", BB, " ", CC, "so we need mode test"]],
Print["rank of fuzzy number is ", 2, " so flow is not possible"]]]
mofu[AA , BB , CC_] := Module[{a, b, ¢, s}, a =mo[AA]; b= mo[BB]; ¢ = mo[CC];

t={a, b, e¢}; Print["their mods are ", t]; tt = Position[t, Max[t]];
s=8Sum[t[[i]], {1, 1, 3}]; tt = Position[t, Max[t]]:;
If[s »0, If[Length[tt] =1,
If[Flatten[tt][[1]] =1, Print["maximum mode is lst position which is ", AA],
If[Flatten[tt] [[1]] =2, Print["maximum meode is 2nd position which is ", BB],
Print["maximum mode is 3rd position which is ", CcC]]]]:;

If[Length[tt] =2, If[Flatten[tt][[1]] =1 && Flatten[tt] [[2]] = 2,
Print["maximum mode are both lst ", AA, "and 2n positicn ", BB],
If[Flatten[tt] [[1]] =1 &&Flatten[tt] [[2]] = 3,

Print["maximum mode are both 1st ", AR, "and 3rd positiomn ", CC],
If[Flatten[tt] [[1]] = 2 &&Flatten[tt] [[2]] = 3,

Print["maximum mode are both Znd ", BB, "and 3rd position ", CC]]1]11:

If[Length[tt] = 3, Print[" "t ",
AA.; n "J BB; n l'|’ cc]] .
Print["mode of fuzzy number is ", 8, " so flow is not peossible”]]]

1.14. Seep 4 If i = 1, no breakthrough is possible, then go to step 6. Otherwise, let r be the node that has
been labeled immediately before current node i and remove i from the set of nodes adjacent to r. Set i = r and
go to step 2.

1.15. Step5Let N, = {1,kq, ks, . oo. ... ,n} define the nodes of the p** breakthrough path from source node
1 to sink node n. Then the maximal flow along the path is completed as u, = min{,ul,,ukl,,ukz, ...,,un}.
Mathematica function for maximal flaw for a path is flow = {r[f01],r[f12],r[f24],v[f45]}; fura =
Min[flow]. The residual capacity of each arc along the breakthrough path is decreased by u, in the direction of
the flow and increased by w, in the reverse direction i.e. for nodes i and j on the path, the residual flow id
change from the current (uc;; , uc;; ) to

1.15.1. Case 1 We shall compute (uc;; — w,, ucj; + ) if the flow is from i to ;.

1.15.2. Case 2 We shall compute (uc;; + pp, ucj; — ) if the flow is from j to i.

Mathematica function for residual capacity calculation
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resedue[ff , gg_, hh_] :=
Module[{a, b, ¢, d, e, p, ¥, 8}, a =Delete[ff, -1]; b =Delete[gg, -1];
¢ = Delete[hh, -1]; d=Min[£f£f[[-1]1], gg[[-1111~
e=Min[gg[[-1]], hh[[-1]]]; p=a- Reverse[b]; ¥ = Join[p, {d}];
g=b+e; s=Join[q, {e}]; {x, s}]
1.16.  Step 6 In the step we will determine flow and residue.
1.16.1. Given that total numbers of breakthrough paths are m. Then we get total flow of a network by
determining: F = p; + yy + p3 + -+ + u,,, where mis the number of iteration.
Mathematica function for total flow calculation
totalflow[flowall ] :=

Module[{a, b, ¢, d, e, p, ¥, s}, p = flowall; a = Transpose[p]’
b = Transpose[Delete[a, -1]];, ¢=Sum[b[[i]], {i, 1, Length[bk]}];,
d=Min[a[[-1]]]/e =Jdoin[c, {d}];

Print["sum of teotal flow ", p, " is = ", e]]
1.16.2. Using the initial and final fuzzy residuals of arc (i, j) are (ﬁij ,ﬁﬁ) and (uc;; , pc;; ) respectively, the

fuzzy optimal flow in arc (i,j) is computed as follows: Let (a,B) = (;EL.]. — Uy ,/ﬁji - /,tcji). If R(a) >0
then the fuzzy optimal flow from i to j is a. Otherwise, if R(B) > 0 then the fuzzy optimal flow from j to i is
I[\g/lathematica function for decision flow direction
flowdirection[ff , gg_, hh_, ii ] :=
Module[{a, b, ¢, d, e, £, p,q, ¥, =, t, u, v}, a=Delete[ff, -1];

b = Delete[gg, -1]; ¢ = Delete[hh, -1]; d = Delete[ii, -1];

e = a-Reverse[c]; £=b-Reverse[d];p=Min[£f£[[-1]], hh[[-1]]1]"

g =Join[e, {p}]l; r=Min[gg[[-1]], ii[[-1]]1; = = Join[£f, {x}];

t=1{g, s};u={ra[g], ra[s]}; t = Append|[t, u]; t = Append|[t, ££];

If[u[[1l]] > 0, Print[t, " and flow - direction"],

If[uf[l]] <0, Print[t, " and flow <- direction"],
If[u[[l]] =0, Print[t, " and no flow"]]1]]]

V. ILLUSTRATIVE EXAMPLE
In this section the proposed algorithm is illustrated by solving a numerical example.

fl0. 0, 0.0; 17]

11.20,34,47; 7]

[[8, 12,20, 25; 1]] [[0, 0, 0, 0; 17]

Figure: 1

Example Consider the network shown in the figure 1. We will find out the fuzzy maximal flow between source
node 1 and destination node 5.

Iteration 1: Set the initial fuzzy residual (ucl-j ,ucﬁ) equal to the initial fuzzy capacity (ﬁij ,ﬁﬁ). Input of all
flow from the given network according to Mathematica:
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oful2 = £ul2 = {0, 7, 22, 38, .7}; oful3 = £u13 = {2, 7, 15, 20, .5};
ofuld = fuld = {8, 10, 20, 35, .6} ; ofu2l1 = £fu21 ={0, 0, 0, O, 1};
ofu24 = £fu24 = {8, 12, 20, 25, 1.}; ofu25 = £u25 = {12, 20, 38, 60, .5};
ofu3l = fu31 = {0, 0, 0, 0, 1}; ofu34 = fu34 = {7, 19, 36, 65, 0.4} ;
ofu35 = fu35 = {15, 22, 38, 45, 0.5}; ofpudl = fu41 = {0, 0, 0, O, 1};
ofud2 = £u42 = {0, 0, 0, 0, 1}; ofud3 = £u43 = {20, 40, 60, 80, .9};
ofuds = £ud45 = {30, 150, 180, 240, .3}; ofub2 =£ub2 ={0, 0, 0, 0, 1};
ofu53 = fu53={0, 0, 0, 0, 1}; ofu54 = fu54 = {0, 0, 0, O, 1};

fud={0, 0, 0, 0, 0}; tfu = {};

Remarks: First four entries of each vector represents trapezoidal fuzzy number and fifth entry is value
of w for generalize trapezoidal fuzzy number. We have used ““,” in replace of “;” for calculation in Mathematica.
Also we have used “{}” in replace of “[[ ]]” for fuzzy number to calculation in Mathematica. Also ofp and fp
represent initial and residual flow respectively. Any bold Mathematica texts are input and other texts are output.
In Mahtematica rafp represents rank test function, mofp represents mode test function, resedue represents
residue function, totalflow represents flow addition function and flowdirection represents flow direction
function.

Step 1: Set fu0l={Infinity,Infinity, Infinity, Infinity,1} in Mathematica format i.e.

{o0,00,00,00,1} and label node 1 with (fu01,-). Seti = 1.

Step 2: S; ={2,3,4} # ¢.

Step 3: We are calculating maximum ranking of the generalized trapezoidal fuzzy number using Mathematica
program which defined rafu in section 3.3.

rafu[£ul2, £ul3, £fuld]
theri ranks are {11.725, 5.5, 10.95}

maximum rank is at lst position which is {0, 7, 22, 38, 0.7}

s0, set k = 2 and pa, = pc;, = ful2 = [[0,7,22,38;.7]] and label node 2 with (fu12,1). Set i = 2 and repeat
step 2.
Step 2: S, = {4,5}.
Step 3: rafp[fu24,fu25,fuo]

theri ranks are {16.25,16.25,0}, maximum rank are both at 1st {8,12,20,25,1.} and 2n position
{12,20,38,60,0.5} so we need mode test. mofu [fu24,fu25,fu0]
their mods are {16.,14.5,0}, maximum mode is 1st position which is {8,12,20,25,1.}
so set k =4 and pa, = pcy, = fu24 = [[8,12,20,25; 1]]. Now label node 4 with (fu24,2). Set i = 4 and
repeat step 2.
Step 2: S, = {3,5}.
Step 3: rafp [fud3,fud5,fu0] output: theri ranks are {45.,45.,0} maximum rank are both 1st {20,40,60,80,0.9}
and 2n position {30,150,180,240,0.3} so we need mode test. mofu [fu43,fud5,fu0] output: their mods are
{45.,49.5,0} maximum mode is 2nd position which is {30,150,180,240,0.3}.
50, set k = 5 and pas = pcys = fud5 = [[30, 150, 180, 240; .3]]. Now label sink node 5 with (fu45,4). We
have reached the sink node 5, and so a breakthrough path is found. Go to step 5.
Step 5: The breakthrough pathis 1 - 2 - 4 - 5and N; = {1,2,4,5},
Mathematica script:

flowul » {xa[£fu0l)], xa[ful22), xa[fu24],
ra[fu4as]).:

FPrint["rank of flow iz ", flowul,
' B0 minimum rank is in the position
no ",
Flatten [Position[flowul 6 Min([(flowul]]l]l]

rank of flow is {e, 11.725 , 16.25, 45. )
so minimum rank is in the position no
(2)

fual - fu12
tfu = Append [tf, fual)
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T4, 36. 35 4]]

15,22,38,45; 5]

[0, 0.0,0; 11

.20, 511

[0, 0.0.,0; 1]

118,10, 20.35; 5]

[[20.49, 60, B0; 27)

[12.20. 33,55 3] 0.150, 180, 240; 31

[0.0.0.0.11 4
[[8.12.20.25;17] 0.0.0.5: 10

Figure: 2
We have calculated the fuzzy residual capacities along path N; are (using Mathematica program which

has defined residue in section 3.5):
Input for residue | Output for residue |

ful2fu2l = resedue [ful2, fual, fu21] 1-3%. -39, 15,
fu24£fud?2 = resedue[fu24, fpal, fud2] ((-30, -10, 13, 25, 0.7, (0, 7, 22, 38, 0.
fud5£uS4 = resedue[fudd, fual, £ud4] .

)
w
4
R
N
[ 8]
L
wm
Kl

126, 173, 240, 0.3), {0, 7, 22, 38, 0.

Update network flow as follows:
ful2 = ful2fu21[[1]]; £u21
fud2 = fu24fud2[[2]]; £u4dsS

ful2fu21[[2]]; £u24 = £u24£ud2([[1]];
fud4S£uS4[[1]];

Iteration 2
Repeating the procedure described in iteration 1, at the starting node 1, the obtained breakthrough path

is1—4-3-5andN, ={1,43,5}. u2 = [[8, 10, 20, 35; .6]].

Only input and graph of network have been shown

rafu[£ul2, £u13, fuld] . rafu(£pd2, £u43, £u45], rafu(fu35, fu0, £fu0]
9 ] *

flowp? = (za[£u01], ra|fuld], ra[£ud3], ra[fu35]}: [(0.0.0,0; 1]}
Print|“rank of flew is *, flowu2, * so miniwum rank is

in the position no ", Platten[Position[flowu2, Min[flowul

fpa2 = fuld

tfu = Append[tfu, fua2)

ful4fudl = resedus[fuld, fua2, fudl]
£ud3£34 - resedue [ fudl, fpa2, £u34)
fu35fu53 = resedue[fu35, fua2, fu53]

£ul4 = fulAfud1[[1]]; £udl = £.14£u81[[2]];
fud3 = [u43f34[[1] 1: fu3d = fM43£34[ [2] ] H [[_30__1,3.13.25; m [[{].7'22_38; 7]]
£u35 = £435£u53[ (1] ] £u53 = £u35€u53[(2]]; Figure: 3

Iteration 3
Repeating the procedure described in iteration 1, the obtained breakthrough path is

153 - 5and N; = {1,3,5}. u, =[[2, 7, 15, 20; .5]]
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Only mput and graph of network have shown
rafpu[£fpl12, ful3, fuld], rafu[£u34, £u35, £u0] . rafu[fud2, £445, £u0]
2 *

flowid « (ra[fu0t]|, ra(fu33), ra{€L3d], ra|fudS]):
Peint[“rank of flow ate “, flowud, “ 80 =inisum rank is ko [[0,0_O_O;]n
the position no =, Flatten(Fosition[flowud, Min[flowui]]], |

fual = £u13 [[%.7.15.".
tfu = Append [tfu, fual)

ful3fu3l = resedue[£ful3, fua3d, fu3l)
fu3dfud3 = resedue[fu34, fuald, fud3]
fudSfu54 - resedue[£ud5, fual3, £u54)
£u13 = £u13Fu31[[1]]; £43) = £u13£u31[[2]]; .7,
£u34 = £u34f043[[1]]); £u43 = fu34£x43((2]);
1£u45 = £ud5fubA[[1]]; fubd = £udS5fub4([[2]]; [[-30.-10,13,25; 31} [10.7.22.38; .71
Figure: 4

[-38.-15.15

Iteration 4

Repeating the procedure described in

iteration 1, we get. more iteration 3re not

possible after 3% iteration. Because,
rafu[£ful2, £ul3, £ul4)

[12.7.15.20; 51} n

=

theri ranks are {0, 0, 0} ' 0.14.37,58; 5T]

of fuzzy number 18

0 sc flow is not possible

mofu[£ul2, £ul3, £ul4) ,7,22,38; )] " 12.-20.38,80; { 113.166.238; 3
18.10.20.35; 6] 4

their mods are {0, 0, 0}

e d [(-30,-10,13,25; 33 [10.7.22,38..7])
node of fuzzy number 1s
0 so flow is not possible Figure: 5
Step 6: Now we calculate Fuzzy maximal flow.
totalflow([tfu)
sum of total flow
({o, 7, 22, 38, 0.7), (8, 10, 20, 35, 0,6}, (2, 7, 15, 20, 0.5)) 1a « (10, 24, 57, 93, 0.5)

Fuzzy maximal flow in the network is F = fual + fual + fual = [[10,24,57,93;0.5]]. The initial and final
fuzzy residuals of arc (i, j) are (/Eij ,/Eﬁ) and (ucl-]- , ucﬁ) respectively, the fuzzy optimal flow in arc (i, j) is

computed as follows: Let (a,8) = (ﬁi]. — HCy) ,/Eﬁ - llei)- If R(a) > 0 then the fuzzy optimal flow from i
to j is a. Otherwise, if R(B) > 0 then the fuzzy optimal flow from j to i is 8

Fdl = P‘rint[“ AFG"_,. mn _F:E-lj - fi':-ij",- " 1|‘r "_&E-jl — #Gjillr mn R

"flow rank", " ", "with flow™, " and flow direction"]

Print["(1,2),", flowdirection[ofpl2, ofp2l, Fupl2, fuzl1]]:;
Print ["({1,3),", flowdirection[oful3, ofp3l, ful3, fu3l]]
Print["(1,4),", flowdirection[ofpld, ofpdl, fpld, Fpdl]];
Print ["(2,4),", flowdirection[ofu24, ofpd2, fu2d4, fud2]]
Print ["(2,5),", flowdivection[ofpu25, of b2, fu2f, fus2]]:
Print ["(3,4),", flowdirection[ofu34, ofpdld, fu3d4, fud3]]
Print ["(3,5),", flowdivection[ofp35, of b3, Fu3f, Fus3]]:
Print ["(4,2),", flowdirection[ofud?, ofu2d4, fu42,6 fu24]]
Print["(4,3),", flowdirection[cfpud3, ofp34, Fu4d, fu3d]];
Print ["(4,5),", flowdirection[ofpd5, ofpbd, fpdf, Fusd]];
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Reo DBty - pomdy EEfi - pemi flom =zank wifh flow and flow dl-astimm

.2).{{-28, -8, 37, 76, 0.7}, {-38, -22, -7, 0, 0.7}, {11.728, -11.728 }, {0, 7, 22, 38, 0.7}, and flow = dizaction }
.3).{{-16, -1, 22, 28, 0.5}, {-20, -1%, -7, -2, 0.5}, {55, -5.5}, {2, 7, 15, 20, 0.5}, and flaw = dizaction }
.4).{{-1%, 0, 20, €2, 0.6}, {-3=, -20, -10, -8, 0.6}, {10.5% , -10.58}, {8, 10, 20, 35, 0.8}, and flow = dlzaction }
.4).{{-17, -1, =0, 55, 0.7}, {-38, -22, -7, 0, 0.7}, {11.728, -11.72% }, {8, 12, 20, 25, 1.}, and flow = dizaction }
.5).{{-48, -18, 18, 48, 0.5}, {0, 0, 0, 0, 1}, {0, 0}, {12, 20, 38, 60, 0.5}, ns flow}

.4&).{{-81, -30, 22, €0, 0.4}, {-72, -2%, 33, 53, 0.5}, {-2.5, 3.625}, {7, 15, 36, 55, 0.4}, and flow «- dizaction }
.E).{{-22, -€, 3, €5, 0.8}, {-35, -20, -10, -8, 0.}, {5.12%, -10.5% }, {15, 22, 38, 45, 0.5}, and flow = dizectisn }
,2).{{-28, -22, -7, 0, 0.7}, {-17, -1, 30, 5%, 0.7}, {-11.725 , 11.725 }, {0, O, O, 0, 1}, and flow «- dizaetion }
.3),.{{-72, -25, 33, 53, 0.5}, {-E1, -30, 22, €0, 0.4}, {3.62%, -2.5}, {20, 40, €0, B0, 0.5}, amd flow = dizaction }

.5).{{-208, -1€, €7, 268, 0.3}, {-%4, -37, -14, -2, 0.5}, {8.325, -13.878 }, {30, 150, 180, 240, 0.3}, and flow = dizeetisn }

Results and Discussion

In this section, we will shortly explanation
our result for the above numencal example.
We have found the fuzzy maximal {optimal)
flow F = [[10,24,57,93;0.5]]. From this
result we can take the decision that the
amount of flow between source and sink is
10 and 93 umit. We also can take the
decision about the statement that the
maximal flow will be 24 to 37 unit is 30%.
The decision making for the reaming [10.7.22. 38

[[-38.-15,15.88

E.113,166,238;

amount of flow can be obtained by g
[30.-10,13,25; 3] [0.7.22.38 7]]
Figure: 5
0 ; —o<x<10
0.5(x — 10) 10 < x < 24
14 b=
UF(x) = 0.5 ; 24<x<57
0.5(x —93) 57 < 5 < 93
36 ’ *=

0 ; 93<sx<w

where, x represent the amount of flow.

V. CONCLUSION
In this paper, we have proposed algorithm for solving the fuzzy maximal (optimal) flow problems

occurring in real life situation and we have shown that the flows are represented by using generalized
trapezoidal fuzzy numbers. Kumar and Kaur [23] have solved fuzzy maximal flow problems using generalized
trapezoidal fuzzy numbers. But they apply only ranking function for maximal flow path. To demonstrate the
proposed new algorithm, we have solved a numerical example and obtain results are discussed. In the algorithm
of the paper, we have used ranking function also used mode function when ranking function fails for chose the
path of the flow, we have also used some Mathematica program for all mathematical calculation of these
numerical example. In future, we can solve the other network problems by extending this proposed algorithm.
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