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Abstract

The present paper describes a new method for gphie problem in which the
objective function is a fractional function, and evé the constraint functions are in
the form of linear inequalities. The proposed mdtim based mainly upon simplex
method, which is very easy to understand and afplis can be illustrated with the
help of numerical examples.
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1 I ntroduction

Fractional programming problem is that in which tbigjective function is the ratio of
numerator and denominator. These types of probleswe attracted considerable research
and interest. Since these are useful in produgilanning, financial and corporate planning,
health care and hospital planning etc.

Algorithms for solving linear fractional programmgirproblems are well known by many
authors [1, 2, 3]. Charnes-Copper [1] replacesi@ali fractional program by one equivalent
linear program, in which one extra constraint aneé extra variable has been added. The
usual simplex algorithm computes the optimum sotutilsbell-Marlow and Martos [3, 4]
find the solution of a sequence of linear prograiagner-Yuan [8] showed that, when the
feasible set is bounded. Chdhas-Rachael [2] s@\sstem of linear of inequalities in which
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the objective function is expressed as one of trestcaint along with the given set of linear
constraints of the problem. Resently Tantawy [ baggested a feasible direction approach
and a duality approach to solve a linear fractigmagramming problem.

Here our aim is to find the integer solution ofctianal programming problems (i.e. objective
function is the ratio of numerator and denominatidinear functions). For it, we use simplex
method and branch and bound method. These meth®dsry easy to understand and apply.
Preliminaries are given in the next section. Tlepstof the proposed algorithm are presented
in section 3. Numerical examples have been workedrosection 4 of the paper and finally
in section 5 we present the references.

2 Preliminaries

A maximization integer fractional programming preil may be stated as:

cx+a

Max. Z = T
d'x+p3

. (2.1)

s.t.  Ax<b
x>0 and an integer

wherex, ¢, d aren x 1 vectors, b is am x 1 vectorc', d* denote transpose of vectorsand
dis anm x nmatrix anda , § are scalars constants. It is assumed that th&treint.

S ={x: Ax<b, x>0 and integer} is non- empty and bounded.

3 Algorithm

Step 1. first, observes whether all the right sidestants of the constraints are non-negative.
If not, it can be changed into positive value onltiplying both the sides of the
constraints by -1.

Step 2: next converts the inequality constraintegoations by introducing the non-negative
slack or surplus variables. The coefficients otklar surplus variables are always
taken zero in the objective function.

Step 3: constructs the simplex table by using thiewing notations.

Let x; be the initial basic feasible solution of the giyoblem such that
Bx; =b
Xg =bB™
where B = (b,,b,,...,b,,b,,...,.b,).
Further suppose that
Z1=Cp Xz +a
Zy = dé Xg +[
where c; and d; are the vectors having their components as théficeats

associated with the basic variables in the numegatd denominator of the objective
function respectively.
Step 4: Now, compute the ‘net evaluatidn, for each variablex; (column vectok; ) by the

formula
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A, = Z,(c,-Z")-2,(d, -Z?)
Step 5: If allA; <0, the optimal solution is obtained.

Step 6: If optimal solution is an integer solutiben we get the required solution otherwise
use Branch and Bound method.

4 Numerical Example

Examplel. Find the integer solution of following fractionalogramming problem:-

+
max. Z:X1—2X2
2% — X, +2
S.t. -X +2X,<2
X+ X, <4

X, X, 20 and an integer.

Solution:
After adding slack variables, andx,, the constraints become
=X+ 2X, +X; =2
X1+ X2 +X4 = 4
X s X5, %5, X, 20
Table-1
G 1 2 0 0 Min.
ratio
d 2 -1 0 0 >V
Yi
dB Cs XB B X1 X2 X3 X4
0 0 % 2 -1 > 1 0 2/ 2
0 0 X4 4 1 1 0 1 4/1
Z]_: 0
Z=0
22: 2
c,-z% |1 2 0 0
d,-z® |2 -1 0 0
A, 2 4 0 0




Where
Z]_ =

A

i

Z, (Cj - Zj(l))_zl(dj _Zj(Z))
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Since Z = 0 and Z = 2, thereforeA ;= 2(c; —Z ") as shown in table 1.

Table-2

1 0 0

2 0 0

ds Xg X1 X3 X4
-1 X -1/2 1/2 0
0 X 3/2 -1/2 1

=2

C —Zjl 2 -1 0

d-z? | 32 172 0

-1 -2 0

Z]_ =

Zz =
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A, = Z,(c;=Z2P)-2,(d, -2?)
A, = Z,(c;=ZP)-2,(d, -2?)
= 1(2) - 2(3/2) =-1

A, = 0
A, = 1(-1) - 2(1/2) = -2
A, = 0

Herex; = 0,xx=1and Z Z,/Z, = 2. Since allA; < 0, therefore the current solution is the
optimal basic feasible solution.

Example2. Find the integer solution of following fractionalogramming problem:-

max. Z = 2t %,
3, +X,+6
S.t.
5% +3X, <6
7%+ X, <6

X, X, 20 and an integer.
Solution: After adding slack variables, and x,, the constraints become

5% +3X, +X; =6
%+ X, +X, =6
X,y Xy, Xg, X, 20

Table-3
G 2 1 0 0 Min.
ratio
q 3 1 0 0 )V
Yi
dB Cs XB B X1 X2 X3 X4
0 0 X 6 5 3 1 0 6/ 5
0 0 X 6 1 0 1 6/7
7
1= 0
Z=0
Zzz 6
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Where
Z, = ceXs +a
B 0
0
Z = d él) Xg t ,8
3 0
0
A j =

c, —Zj(l) 2 1

dj—zj@) 3 1

Aj 12 6 0
N

Z, (c; —zj(l))—zl(dj —zj<2>)

Since Z = 0 and Z = 6, thereforeh ;= 6(c;, - Z”) as shown in table 1.

Table-4
G 2 1 0 0 Min.
ratio
q |3 1 0 0 V
Yi
ds Ca Xg B X1 X2 X3 X4
0 0 X 12/7 0 16/7 1 -5/7 3/4
3 2 X 6/7 1 1/7 0 1/7 6
Z:=12/7
Z =1/5
Z>=60/7
c,-z' |0 5/7 0 217
d -z2 |0 417 0 3/7
Ai 0 252/49 | 0O -12/7
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Z, = COXg +a
0\(12/7
= +0 =12/7
2)\6/7
Z = dPx, +p
0\(12/7
= +6 =60/7
3)\6/7
A, = Z,(c;=Z2P)-2,(d, -2?)
A, = Z, (Cj _Zj(l))_zl(dj _Zj(Z))
= 0
A, = Z, (Cj _Zj(l))_zl(dj _Zj(Z))
_ 60 5 12_4 252
= —X— = oX— = ——
7 7 7 7 48
A, = Z, (Cj _Zj(l))_zl(dj _Zj(Z))
= 0
A, = Z,(c;=Z2P)-2,(d, -2?)
_ 60 -2 12 3 -84 -12
= ——X—+t—X— = ——= ——
7 7 7 7 48 7
Table-5
q 2 1 0 0
d 3 1 0 0
dB Cs XB B X1 X2 X3 X4
1 1 * 3/4 0 1 7/16 -5/16
3 2 X 3/4 1 0 -1/16 3/16
Z]_: 9/4
Z=1/4
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Z,=9
c,-z+ |0 0 -5/16 -1/16
d -z2 |0 0 -1/4 -1/4
A, 0 0 -9/4 0
Z, = cOxg +a
1)\(3/4
- (2](3/4}0 - /4
Z5 = d&x, +f
1\(3/4
- (3](3/4}6 =9
A, = Z,(c,-2")-2,(d, -Z{?)
A, = Z,(c,-Z2M)-2,(d, -Z{?)
= 0
A, = Z,(c,-Z2M)-2,(d, -Z2?)
= 0

Herex; = 3/4,x;=3/4and Z =Z,/Z,= 1/4. Since alA; < 0, therefore the current solution is

the optimal basic feasible solution. Bytandx, are not integer value so make them integer,
we use Branch and Bound
method



An Integer Solution of Fractional... 9

Z=1/4

X1 = 3/4

Xo = 3/4
Z=1/4 Not feasible
X1 = 0
Xo =

Hence we get the integer solution of the given |enob
The optimal solution ig;= 0 ,x; = 2 and max. Z = 1/4.
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