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Abstract In modeling of an optimization problem, situ-
ations arise when the information about the objective
functions and/or constraints are imprecise. One efficient
approach to deal with such problems is considering the
solution of such optimization problems in intuitionistic
fuzzy environment. Here, we have considered the impre-
cise coefficients of objective functions and constraints as
intuitionistic fuzzy numbers and are approximated by its
expected interval value. Further, a goal programming
approach is applied to solve such problems. The developed
method has been illustrated by implementing on a multi
objective programming problem of agricultural production
management system.

Keywords Intuitionistic fuzzy sets (IFS) - Triangular
intuitionistic fuzzy number (TIFN) - Expected intervals -
Multi-objective linear programming problem

1 Introduction

Since Charnes and Cooper (1961) introduced the goal
programming to solve a multi-objective linear program-
ming problem by converting it to a linear programming
problem, it emerged as a powerful tool for solving various
decision making problems in the area of economics and
management.
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Its growing popularity attracted numerous authors for
their contributions both on methodology as well as on
applications. Some of the popular methodological exten-
sions of goal programming are weighted goal program-
ming, lexicographical goal programming, integer goal
programming, fractional goal programming and stochastic
goal programming. The intrinsic feature of the goal pro-
gramming is to provide an optimal solution to a multi-
objective programming problem by accommodating aspi-
ration levels of achieving various goals set by a decision
maker. Thus, it has potential to deal with a kind of
imprecision in terms of lower and upper aspirations levels
set for various goals. A detailed study of various method-
ologies of goal programming can be obtained in Cohon
(1978) and Ignizio (1976) studies.

In modeling of optimization problems arising in real life
situations, one is often encountered by conditions where
the information available is imprecise or vague. To deal
with such situations, Zimmermann (1978) used the fuzzy
set given by the Zadeh (1965) and studied the fuzzy linear
programming with several objectives. The application of
fuzzy sets in decision making was also studied by Nara-
simhan (1981) and many more and thus a new area of fuzzy
goal programming emerged. Further, in studies of decision
making under uncertainty, the relationship between goal
programming and fuzzy goal programming may be viewed
in Mohamed (1997) work and a detailed study of fuzzy
programming can be found in Lai and Hwang (1994). In
multi-objective programming applied to physical problems,
there are many situations in which one has to optimize the
efficiency of the system and thus it turns out to be a frac-
tional programming problem. Various authors like (Lu-
handjula 1984; Dutta et al, 1992; Chakraborty and Gupta
2002; Pal et al, 2003; Mishra and Singh 2013; Kuwano
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1996) worked in the area of fuzzy multi objective linear
fractional programming problems.

Another approach for dealing with such optimization
problems having uncertainty in parameters was developed
by using interval valued number approach and numerous
authors have worked to get the precise solutions to the
optimization problems having imprecise information given
in intervals. Some of these interval valued approach in
multi objective programming problem can be viewed in
work of Inuiguchi and Kume (1991), Inuiguchi and Tanaka
(1990) Pal and Sen (2008). A variety of studies in modeling
the agriculture production planning problems having vari-
ous type of uncertainty, imprecision and vagueness can be
visualized in work of Biswas and Pal (2005), Mohanty and
Vijayaraghawan (1995), Zeng and Kang et al. (2010).
Beside the uncertainty of type interval value numbers and
fuzzy numbers, there is another kind of uncertainty in
which apart of belonging and none belonging, situation
needs to deal with hesitation factor. In view of modeling
such situations, Atanassov (1986) introduced intuitionistic
fuzzy sets. As application of intuitionistic fuzzy set,
Angelov (1997) extended the fuzzy optimization method-
ology to intuitionistic fuzzy environment. Here, it is
interesting to note that in many areas like economics,
financial planning, agriculture production planning and
many more areas, the decisions parameters are neither fully
deterministic, nor fully stochastic but are possibilistic and
having some degree of non determinacy. Thus, it is noble
idea to deal such problems as intuitionistic fuzzy numbers
having membership grade, non-membership grade and a
hesitation factor.

Dubois and Prade (1987) give a method to compute mean
value of a fuzzy number and Heilpern (1992) presented a
method to compute the expected value of a fuzzy number.
These methods were extended in the case of intuitionistic
fuzzy numbers by Adrian (2008) and Adrian and Coroiann
(2009). Later, Grzegorzewski (2003) discussed a method
for distances and ordering for a family of intuitionistic
fuzzy numbers and Hassan (2010) extended the ranking of
fuzzy number to a method for ranking of intuitionistic fuzzy
numbers. Thus motivated with the extension of works of
Bharati et al. (2014) and Nishad et al. (2014) for approxi-
mation methodology of a fuzzy number to approximation of
intuitionistic fuzzy number, objective of the present study is
to develop a computational method for goal programming
procedure to a real life multi-objective linear programming
problem into an intuitionistic fuzzy environment. As a
matter of fact, if we consider any agriculture production
problem, it involves the parameters which are intuitionistic
fuzzy numbers in a natural way. Taking an account of
coefficients of objective functions, cost coefficients, the
price of many agriculture commodities are uncertain and
may be dealt as intuitionistic fuzzy numbers in a more

optimistic way. Similarly, the constraints of the resource
vectors, the requirement for various factors like man power,
water, insecticides, pesticides, are not predefined but are
situation/condition dependent and sometimes are purely
uncertain. In view of accommodating the above factors of
realistic situation, we plan to develop a computational
procedure to model such class of optimization problems in
intuitionistic fuzzy environment. The study is presented into
subsequent sections as follows: Sect. 2 gives the basic
notion of fuzzy numbers, its extension to intuitionistic fuzzy
number and its approximation. Section 3 describes problem
formulation, need and justification of fuzzy goal program-
ming. Sections 4 and 5 present the development of com-
putational methodology to extend fuzzy goal programming
to intuitionistic fuzzy goal programming and have been
illustrated by implementing on an example. Section 6 deals
with fractional programming problem in intuitionistic fuzzy
environment and the developed method have been imple-
mented on a real life problem of cropping system followed
by conclusion to show its suitability.

2 Intuitionistic fuzzy numbers and its approximations

Definition 1 (Intuitionistic fuzzy set) Let X is a collection
of objects then an intuitionistic fuzzy set A in X is a defined
as: A = {(x, u;(x), v;(x),x € X)} where yu;(x) and v(x)
are called the membership and non-membership functions
of x in A respectively.

Definition 2 [Trapezoidal intuitionistic fuzzy number
(TIFN)] An intuitionistic fuzzy set (IFS), A = {(x, p; (x),
v(x),x € X)} of R is said to be an intuitionistic fuzzy
number, if u; and are membership and non-membership
function respectively and v;(x) < p§ where u$ denotes the
complement ofu;. A trapezoidal intuitionistic fuzzy num-
ber with parameters a <a<b<c<dc< d denoted by
A= <(a,b,c,d, Ui),(d,b,c,d,v;) > is an IFS on real
line R’ whose membership and non-membership functions
are defined as follows (Fig. 1):

E=aw e < v <b
(b—a)
pi(x) =< w ifb <x<c (1)
(d—x)w .
— ife<x<d
(d—c)
and
_/ —
= dut b=%) ooy oy
(b—d)
vilx) =< u , ifb <x<c (2)
Codjutle=x o iy

(c—d)
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Fig. 1 Membership and non-membership function of trapezoidal
intuitionistic fuzzy number

Here, the values w and u represent the maximum degree of
membership and the minimum degree of non-membership
function, respectively, such that p; : X — [0, 1] and vy :
X—1[0,1]and 0 <w+u < 1.

Definition 3 [Triangular intuitionistic fuzzy number
(TrIFN)] In a trapezoidal intuitionistic fuzzy number, if we
put (b = c) then it becomes a triangular intuitionistic fuzzy
number with the parameters 8’ <a <b <d <d and is

denoted by (Fig. 2) A = < (a,b,d, wi), (d,b,d v;) >

M ifa<x<b
(b—a)
wi(x) =q w ifx=»5 (3)
(d-x) ifb<x<d
(d—b) -
and
p— / —
e U O
(b—d)
vilx) = o Pt (b—) ifx=>h (4)
xX—d)u+ (b—x
b—d) ifb<x<d
Definition 4 (Expected interval of fuzzy number)

Expected interval EI (A) of a fuzzy number A is one of the
method to approximate a fuzzy number in form of a
deterministic interval. The theory of expected interval of a
fuzzy number was introduced by Dubois and Prade (1987).
Dubois and Prade considered the approximation of a fuzzy
number as a mean value of fuzzy number and give a rig-
orous definition for mean value of a fuzzy interval to show
that the addition of mean value is preserved in possibilistic
frame work. Later, Heilpern (1992) defined the expected
value of a fuzzy number via a random set and introduced
two notations, the expected interval and the expected value
of the fuzzy number. He defined the expected value of a
fuzzy number as a centre of the expected interval of such a

@ Springer
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Fig. 2 Membership and non-membership function of triangular
intuitionistic fuzzy number

number. Let A = <(a1,az,a3,a4) > 1is a fuzzy number
then as fuzzy interval number can be written as

where (5)

EI(A) = [E.(A),E*(A)],

E(A) = a — / " f(dx and (6)

ag
E*(A) =a;3 —/ gi(x)dx (7)
as

Here, the two function f;(x) and g;(x) are defined as
Ji(x) = 7= and g;(x) = ;=%

Definition 5 (Expected interval for intuitionistic fuzzy
number) Let there exist numbers: ay, a», az, as, by, bs, bz,
by € RN such thata; < a, < a3 <ag <b; < by, < b3 < by
and are four functions f;, g5, h;, ki : ¥ — [0, 1]: where f;
and g; are non decreasing and hj;, k; are non increasing

function, then an intuitionistic fuzzy number A =
{(x, ui(x),v(x),x € X)} is defined by membership and
non-membership function as given below

filx) ifa <x<a
)1 ifa, < x<a;
Ha ()C) o g/{(x) ifa3 S x <dag (8)
0 otherwise
and
hg(x) ifb; <x<b,
B - 0 ifb, < x <bs
AN =3 k() ifbs < x <by ©)
1 otherwise

Then the expected interval of the intuitionistic fuzzy
number A = ((ar,az,a3,a4), (b1, by, b3, by)) introduced by
Grzegorzewski (2003) is a crisp interval and is defined as

EI(A) = [E.(A),E*(A)],where
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. +b b2 a
E*(A):azz—l—i-/ hA(x)dx—/ fi(x)dx (10)
b1 ai

- +b ay ba
E*(A)z%—!—/ g/;(x)dx—/ kji(x) dx (11)
as b3

and
_x—b L X—a
) =5 i) =2
X — ay x— by
~ e k~ =
8i(x) . i(x) b by

Definition 6 (Expected interval for a triangular intui-
tionistic fuzzy number) Let A = <(a1,a,az; u3), (bi,a,
by;v;) > is an triangular intuitionistic fuzzy number then
the above definition of expected interval of triangular in-
tuitionistic fuzzy number gives

EI(A) = [E.(A), E*(A)] (12)
where
[ 2th " (%) dx — a2~x X
E.(3) =" ﬁémmd Aﬁﬂd .
_Batbi+(a—b)v;—(a—ay
4
and

B b ay ba
E*(A) = a5 + b4 —|—/ gi(x)dx — / kji(x)dx
2 as b3 (]4)
~3a+by+(a —a)u; + (@ —by)vg
- 2

3 Problem formulation

Consider a multi-objective linear programming problem
with k objectives and m constraints in n decision variables
which is given as

Optimize Z;(X) = Cy(X)
Subjectto AX (>,=, <)b (15)
X >0

where X € R",b7 e R",CT € R" and A be a m x n
technological matrix.

Here (>, = ,<) denotes that inequality which may be in
general any of the three types: > or = or <.

3.1 Fuzzy goal programming formulation

In many real life problem, a decision maker may be
encountered by a situation with imprecise knowledge for
setting an aspiration level to be achieved by objective
functions. Thus, if we introduce an imprecise aspiration
level for each of objective functions, then these objectives

of problem (15) can be dealt with fuzzy goals. Thus if g, be
the given aspiration level to the kth objective function
Z,(X), then the fuzzy goals are represented as

1. Zi(X) 7 g for maximization of Z(X)

and

2. Zi(X) =gy for minimization of Z;(X)

Hence, the problem (15) can be written as the fuzzy multi-
objective goal programming problem

find X

such that Z(X)Z g k =1,2, ... Kk
Zi(X)<Zg k =k +1, ...k (16)
AX (>,=,<)b
X >0

3.2 Constructing membership function

If 1y is the lower tolerance limit for the kth fuzzy goal, then
the membership function for goal Z;(X) gr can be
expressed as

1 if Zk(X)ng
Z(X) =1 .

Hz, (X) = kg(k)_kk if e <Z(X) < gk (17)
0 if Z(X) <k

and if u is upper tolerance limit for the kth fuzzy goal, then
membership function for kth fuzzy goal Z;(X)<g; can be
written as
1 if Z,(X) < g«

— Zi (X
e ~ Z(X) if g <Zi(X) <uy (18)

HZK(X) =
Uy — 8k
if Zk(X) 2 Uy

As the highest value of these membership functions be
one, then these membership functions can be written in
terms of under deviation and over deviation variables as

Zi(X) -1
Zi(X) — Ik +dp —df =1 (19)
8k — I

—Zi (X
= ZX) | g gy =1 (20)
Ur — 8k

where di, di > 0, didi =0

Now, we extend this idea of multi-objective fuzzy goal
programming problem to a multi-objective intuitionistic
fuzzy goal programming problem

4 Multi-objective programming problem
with the intuitionistic fuzzy parameters

Let us consider a multi-objective optimization problem

with n decision variables, m constraints and k objective
functions,
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Max Z(X) = {C1X, C:X, C3X, ... CiX}

st AgXj(>,=,<)b i=1,2/3..m (21)
X;>0  j =123, ...n

X}, Cr(k=1,2,...k) and

m). X and b; are n dimensional and m

where X = {xy, Xz, X3,..
bi(i=1,2,3,..
dimensional vectors respectively. A is am x n matrix with
intuitionistic fuzzy parameter and b; and Cy are intuition-
istic fuzzy numbers. Since the above problem (21) has
intuitionistic fuzzy coefficients which have possibilistic
distribution in an uncertain intervals and hence may be
approximated in terms of its expected intervals.

Let EI (A) be expected interval of intuitionistic fuzzy
number A described by the definition (5) EI (A) =
[E.(A),E*(A)] where E,(A) and E*(A) are the lower and

upper bound of the expected interval EI (A ) of intuitionistic
fuzzy number.

Since the coefficients of the objective function Cy are

intuitionistic fuzzy numbers, expected interval of Cy can be
defined as

EI(Cy) = [E.(Cy), E*(Cy)]

where E, (Cy)

and E*(Cy) is given as in definition of expected interval.
Thus EI (C'k) can be represented as a closed interval
[E*(ék),E*(ék)], such that ék S [E*(ék),E*(ék)}

Now the lower and upper bound for the respective
expected intervals of the objective function are defined as

Lo Y E(GX (22)
=
v iE*(Ck»Xj (23)

In the next step, we construct a membership function for
the maximization type objective function Z;(X) which can
be replaced by the upper bound of its expected interval i.e.

= Y E(Cy)X; (24)
=1
Similarly to construct a membership function for mini-

mization type objective function Z,(X) that is replaced by
the lower bound of its expected interval given as

= > E.(Cy)X; (25)
j=1
and the constraint inequalities
S (AXzBi (i=1,2,..my) (26)
j=1

@ Springer

> (ANX<B (i=m+ 1, m+2,..m) (27)

j=1

Can be written in terms of expected values as

zn:E*(A,;,-)szE*(é,-) i=1,2,....,m) (28)

ZE DX, <E(B) (i=my+ 1, m +2,. my)
(29)
and the intuitionistic fuzzy equality constraint
En:( )X~ B;(i=my+1,my +2,... m) (30)
=1
can be transformed into two inequalities as
EH:E*(AU)X_,- <E'B;) (i=my+ 1,m,+2,. m)
=
(31)
ZE* DX, >E.(B) (i=my+ 1, my+2,..m)
(32)

Thus the undertaken maximization problem is trans-
formed into the following multi objective linear program-
ming problem (MOLPP) as

ZE* Cij)X,

Subjectto Z E*(A

Jj=1
S
J=1

S E(A)X<E'(B) (i=my+1, my+2,...m)
j=1

Max [Z(x) (k=1,2,3,...k

HX>E(B) (i=1,2,...m

A::,-)Xj SE*(B,) (1 =m; + l, my +2, mz)

S EA)X;ZE.(B;) (i=my+1, my+2,...m)
j=1

X;>0 (j=1,2,3,....n)
(33)

5 Intuitionistic fuzzy goal programming formulation

Now consider the conversion of objectives to fuzzy goals
by means of assigning an aspiration level to each of them.
Thus applying the goal programming method, the problem
(33) can be transformed into fuzzy goals by taking certain
aspiration levels and introducing under and over devi-
ational variables to each of the objective functions. In



Int J Syst Assur Eng Manag (Apr-June 2015) 6(2):206-215

211

proposed method the above maximization type objective
function, is transformed as

Zj 1E (ij) i —
— I

+dp —df =1 (34)

where d; ,d," > 0, with d; .dj = 0 are under and over
deviational variables and g, is aspiration level for the kth
goal and the highest acceptable level for the kth goal and
the lowest acceptable level 1 are ideal and anti-ideal
solutions and these are computed as

n
= Max » E*(Cy)X;, (k=1,2,3,..%) (35)

J=1

I =Min Y E.(Cy)X;, (k=1,23,.

J=1

K) (36)

Now using min sum goal programming method, the
above fuzzy goal programming problem is equivalently
transformed to a linear programming problem as follows.

find xeX

n
min Z:g wid,
J=1

so that to

subject to
ilE*(ékj)Xj —l
T+dk —di =1
iE*( )X; > E.(B)) (i=1,2,.m)
j=1
iE*(A,-j)X, < E*(B)) (=m 4+ 1, m +2,..my)

(i=my+1,m; +2,... m)

(i=my+1,mp+2,.. m)

X;>0,(=1,23,..,n),d;,d > 0,andd; .dj = 0

(37)
here, Z represents the achievement function. The weights

wy attached to the under deviational variables dj are given
as

1
] for max case
gkl k (38)
for min case

Wi =

u — Iy

6 Fractional programming problem in intuitionistic
fuzzy environment

Consider a problem in which one has to optimize the
efficiency of the system. Taking a more general problem,

suppose we need to optimize the ratio of two objective
functions, out of k objective functions as core of the

problem. Let these two linear objectives are C,Z,(X) > 0

and C,Z,(X) > 0 with intuitionistic fuzzy parameters in
their coefficients, thus it gives rise to a linear fractional
programming as
CpZ,(X
Maximize #() (39)
CyZ4(X)
As C,Z,(X) > 0 and C,Z,(X) > 0, it is equivalent to
Maximize C,Z,(X)
CpZp(X)

~C,Z,(X) and

—rCyZyX) > 0

where r is a positive real number, it is a restriction that the
ratio should always be greater than a level r. Thus the

problem (39) can be equivalently written in an intuitionistic
fuzzy goal programming problem as

Maximize C,,Z (X) — C,Z,(X)
Such that Z,(X) — rC,Z,(X) > 0
CZ X) b
% Zi ( )N~k (40)
(X)ibq
Cth(X) by
x>0
where (s =1,2,3...n), k, s, t €{(1,2,...k)—

(p, qQ)}; Cy, Gy, C,, and by, by, b, are intuitionistic fuzzy
numbers.

Now the above problem can be solved by approximating
the developed expected interval method. Thus the method
is being implemented on a real life problem in next section
for illustration and testing of its suitability.

6.1 Numerical illustration

In view of illustration of the developed method for mod-
eling a real life problem, we consider a problem of crop
planning as undertaken by Biswas and Pal (2005) in which
different type of seasonal crops and decision variables are
considered in modeling. In the present study, we consid-
ered the undertaken problem in more realistic way by
considering the modeling in intuitionistic fuzzy environ-
ment with a consideration that the coefficients are intui-
tionistic fuzzy numbers.

Thus the mathematical formulation for all the intui-
tionistic fuzzy goals of the under taken cropping problem
of agriculture production system are as follows (Table 1).

1. Land utilization goals

Zl L X1 + x21 +X31527ﬁ35
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Table 1 The seasonal crops and the associated decision variables

Season (s) Crop (c) Variable (x.)
Prekharif (1) Jute (1) X171
Sugarcane (2) X21
Aus (3) X31
Kharif (2) Aman (4) X4
Rabi (3) Boro (5) Xs53
Wheat (6) X63
Mustard (7) X73
Potato (8) Xg3

Zy i Xp1 + X42527/£T35
Z3 : X1 + X53 + X63 + X73 + X33 5275\1/35
2. Productive resource goals

(a) Machine hour goal

Z4 :61.02(x11 + x31) + 40.52(xp1 + x42)
+ 38.51)653 + 36.6(x63 + X73 +X33)
- 37843.75

(b) Man power goal

Zs5 :124x11 + 247x71 + 84x31 + 89xy
+ 111xs3 + 74x63 + 47x73 + 119xg3

= 46510.66
(c) Water consumption goals
Zo : 60x11 + 30xy; + 25x3; = 2727.84
77 : 12x4 7= 1490.40
Zg : 48xs3 + 12x63 + 6x73 + 20x83 72 5675

(d) PFertilizer requirement goals
Zy :20(x1; +X42) +200x71 +40x3,
+ 100(xs3 +x63) + 80x73 + 150x53 2= 44500

Zl() 120()611 + Xx31 +X42) -+ 100)621
+ 50()653 + X63) + 4OX73 + 75x33 i 23’660

Z11 :20()(?11 + X317 -‘1-)(42) + 100x7;
+ 50(xs3 + x63) 4 40x73 + 75x83 == 19000

Z12 :8577.98x11 +23031.57x2; +6700.94x3,
+ 6811.57x4, + 10508.44x53 + 7685.76x¢3

+ 5093.10x73 4 22527.05x53 < 6441015.80

@ Springer

4. Production achievement goals
Zy3 1 2538x1; = 306000 (jute)
Z14 : 59283x5, = 259000 (sugarcane)

Zys : 2076x3; + 1885x4 + 3401xs3 2= 870000

(rice)
Z16 : 2301xg3 = 136260 (wheat)
Zy7 : 195x73 7= 60540 (mustard)
Zis : 17779xg3 = 110000 (potato)

5. Profit goal

Z19 :24872.4x11 + 889245x; + 13410.96x3,
+ 10179x42 + 19198.64xs3 + 16107x5;  (41)

+ 9142.5x73 + 33780.1xg3 = 12500000

We consider that each resource goals are triangular in-
tuitionistic fuzzy numbers and hence compute its respec-
tive expected intervals.

Here, our objective is to maximize the efficiency of the

system that is to maximize the ratio of profit to expenditure

g:zg;, thus this problem turns out to be a fractional pro-

gramming problem (40). For shake of simplicity, we
assume r = 1. Thus this problem becomes a multi-objec-
tive linear goal programming problem with intuitionistic
fuzzy goals. The goals Z;, and Z,¢ are transformed to a
goal and a constraint as:

Maximize Z = Z;9(X) — Z;2(X)
subject to  Zj9(X) — Z12(X) >0

Now we solve the problem (41) by applying the developed
intuitionistic fuzzy goal programming method described in
Sect. 5 and compute various required parameters. We first
calculate upper bound (most acceptable solution)
g = 51,976,000, and lower bound / = 23,962,000, for the
objective function Z, and further compute upper and lower
bound of expected value of all the intuitionistic fuzzy
goals. We also compute W and w; 1 =1, 2, 3, ... 11, 13,
... 18) as defined in (38), and thus the problem (41) is
transformed to following linear programming problem

Minimize
Zx = 0.000000035 D~ + 0.0584;
+ 0.0584, + 0.058d; + 0.0002d, + 0.0008dy
+ 0.011dg + 0.042d; + 0.032dg + 0.0002d,
-+ 0.0006d,, + 0.0003d;; + 0.0006d |,
-+ 0.00001d;, + 0.00007d;5 + 0.00008
-+ 0.0003d,; 4 0.0001d 5
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subject to
0.00058x1; 4+ 0.0390x,; + 0.00023x3,
+ 0.00012x4 + 0.00031x53 4+ 0.00030x63
+ 0.000144x73 + 0.00040xg; + D~ — D™
= 1.853 — 0.058x;; — 0.058x,; — 0.058x3;
+d; —df =-17.247
— 0.058xy; — 0.058x4, +dy —dy = —17247
— 0.058x21 — 0.058x53 — 0.058x63 — 0.058x73
— 0.058xg3 +d; —df = —17.247
0.017x1; + 0.011x2; + 0.017x3; + 0.011x42
4+ 0.01xs53 + 0.01x63 + 0.01x73 + 0.01xg3
+ d; —df =10.605
0.106x11 + 0.211xp1 + 0.071x3; + 0.076x4
+ 0.095xs3 + 0.063x63 + 0.040x73 + 0.101xg3
+ d; —di =39.833
0.0690x1; + 0.345x2; + 0.287x3,
+ dg —di =31.405
0.511x42 +d; —di = 63.532
1.558x53 + 0.389x63 + 0.194x73 + 0.649x33
+ dg —df =184.340
0.005x1; + 0.057x21 + 0.011x3; + 0.005x4,
+ 0.028xs3 + 0.028x¢3 + 0.023x73
+0.043xg3 +dy — dy = 12.816
0.013x;; + 0.065x7; 4 0.013x3; + 0.013x4;
+ 0.032xs3 + 0.032x¢3 + 0.026x73
+0.048xs3 +d|, — dﬁ) =15.016
0.006x1; + 0.034x,; + 0.006x3; + 0.006x4,
+ 0.017xs3 + 0.017x63 + 0.013x73
+ 0.026x53 + d;; — d}f; = 6.641
1.682x1; +d; — d}; = 6.641
0.703xy; +dy, —d{, = 3.071
0.165x31 + 0.150x42 4 0.271x53
+dys — dfs = 69.504
0.203x¢3 + djg — ;s = 12.07
0.272x73 + dy; — d; = 20.74
3.281xg3 +dg — d;y = 20.305
16294.42x1 + 866213.4x;, + 6710.02x3,
+ 3367.43x42 + 8690.21xs3 + 8421.24x63
+ 4049.4x73 + 11253.05x33 >0
(42)
The above linear programming problem (42) has been
solved by MATLAB®, and solution obtained are

x11 = 196.8763, x5 = 25.6309, x3, = 74.7563,
x40 = 271.7307, x53 = 64.1802, x63 = 60.1030,
X73 = 76.25317)(83 = 71.1695,Z19/Z12 =4.73

Thus the result obtained for the under taken problem by the
proposed intuitionistic method in comparison with past
available work have been placed in Table 2 (Appendix)

7 Conclusions

The proposed method has been implemented and tested in
modeling of agricultural management problem of cropping
system planning. Here, we have modeled the agriculture
production problem in more realistic way by treating the
coefficients as intuitionistic fuzzy numbers. The reason for
such assumption is quite obvious as the resource require-
ments for cropping a system are situation dependent and
involve some kind of uncertainty due to uncontrolled nat-
ural parameters. It is well established by several studies
that the prices of crops and the resource requirements in
cropping system are uncertain and many times imprecise.
Thus in realistic modeling these quantities cannot be con-
sidered crisp and pre determined quantities.

The major superiority of the development method is in
modeling of agriculture production planning problem as a
linear fractional programming problem. As various studies
have suggested modeling such agriculture production
problem with imprecise and uncertain parameter, we con-
sidered the coefficients as intuitionistic fuzzy numbers in
more optimistic way. The modeling of the mentioned
problem by intuitionistic fuzzy optimization method pro-
vides a better land utilization in all the three prekharif,
kharif and ravi seasons. The results obtained by the pro-
posed method have been compared to that obtained by
fuzzy method in Table 2. Clearly in most of parameters,
the goals are achieved in better way by using the proposed
method. Further the efficiency of the cropping system, that
is the ratio of profit with expenditure obtained by the
proposed method is much higher to a tune of 4.73 to a 2.78
that obtained by the fuzzy optimization method. Thus the
proposed method may be used to model the agriculture
management problem in cropping system in a better way to
improve the efficiency of the system. Such studies may be
more reliable to get insight the modeling of agricultural
production planning problem in a realistic way.
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Appendix

See Table 2.

Table 2 Optimal solution

Goals

Goals set by decision maker

Goals achieved by Goals achieved by

Aspiration level

Biswas and Pal (2005)  proposed method

Tolerance limit

Lower upper
1. Land utilization (in hectare)
L. Prekharif season (Z;) 272.135 - 309.33 223.39 297.263
II. Kharif season (Z,) 272.135 - 309.33 128.596 297.361
II1. Rabi season (Z3) 272.135 - 309.33 272.163 297.336
2. Productive resource goals
(a) Machine-hr. (MH) (in hrs.) (Z4) 37,843.75 29,912.80 - 28,582.48 38,641.32
(b) Man-days (MD) (in days) (Zs) 46,510.66 43,596.18 - 58,108.06 84,831.74
(c) Water consumption (WC) (in cubic inch)
1. Prekharif season (Zg) 2,727.84 2,524.34 - 9,826.55 14,450.41
II. Kharif season (Z7) 1,490.40 1,437.60 - 1,490.4 3,260.76
II1. Rabi season (Zg) 5,675.00 5,605.20 - 7,377.91 5,682.79
(d) Fertilizer requirement (in metric ton)
Nitrogen (N) (Zo) 44,500.00 37,200.00 - 35,288.19 46,692.56
Phosphate (P) (Z,0) 23,000.00 19,800.00 - 20,091.77 28,032.35
Potash (K) (Z;1) 19,000.00 13,000.00 - 20,091.77 28,032.35
3. Cash expenditure (CE) (Z;,) (in Rs.)  64,41,015.80 - 94,00,113.9  49,52,850.88 77,58,945.55
Jute (production) (Z;3) kg’ 306,000 302,850 - 305,999 499,672
Sugarcane(production) (Z,4) 259,000 81,500 - 260,608 1,519,476
Rice (production) (Z;s) 870,000 843,700 - 870,002 885,683
Wheat (production) (Z;¢) 136,260 112,500 - 136,260 138,297
Mustard (production) (Z,7) 60,540 54,400 - 60,000 60,621
Potato (production) (Z;g) 110,000 98,600 - 109,998 1,265,322
5. Profit (MP*PA) (in Rs.) (Z9) 1,25,00,000 1,10,86,621  — 1,37,58,194 3,67,58,944
Ratio (profit/cash expenditure) 1.94 1.18 - 2.78 4.73
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