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1. Introduction

The problems of QFPP are very importance subjectén nonlinear programmingLike linear
programming, nonlinear programming is a mathemht@azhnique for determining the optimal solutior
many business problems, The -linear fractional programming problem, i.e. the (minimizai
maximization of a fraction of twseparated functions subject to givemnstrictedconditions, applied in
various decision making problepf®r example linear fractional programming is usedields ol network
flows, transportation problems the QFPP is used on field production planning and inventories[2] . There
are differentapplications of nonlinear programming, cof them encounters the problem in which the re
of given two functions is to bminimizedor maximized [1].

There are different solutianethoc for determining the besblution of particulaproblems of fractional
programming problems. One liharnes and Cooper (196:other bylsbell and Marlow (196: ,Martos
(1964) and Wolf (1985) solvdihear fractional programmir problem.[2]. Bitran and Novaes [| solve the
LFP by solving a sequence of linear programs og-computing the local gradient of the objective fuorct
Dinkelbach, 1967, used his algorithm for convexlmeaar fractional programming problel.[3] i.e Several
methods to solve such problems are proposed irRj18teir method depends on transforming this LEd
an equivalent Linear Program[4Rajendra (1993solved theinteger linear fractional programming. pal
et al.(1991) went tanvestigates configuration management and optirogichl network design fc
reconfigurable networks. They defined underlyingistcained nc-linear integer fractional problems a
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developed a heuristic technique to solve it. . Ard Khurana and Arora (2011) solving the probléQeP
under some of its constraints are homogeneousBidds at (2005) solving nonlinear Optimization.[5]
The special case problem will be solved bypdex method after convert the objective functionleable

linear fractional programs and after word convertach linear fractional to linear programming

Theorem: Assume that a LP in standard form is feasible hedbptimal objective value is finite. There
exists an optimal solution which is an extreme {j6]n

* Simplex Method
Which is very efficient in practice but spd@ed for LP: move from one vertex to another wiiho
enumerating all the vertices
e Interior-point Method [7].
e Ellipsoid Method
This long standing issue was resolved by Leédfhachiyan in 1979 with the introduction of the
ellipsoid method, the first worst-case polynomiaig algorithm for linear programming.
e Cutting-plane Method|[8].

Section below illustrated the relationship betwkePrand QFP
The mathematical form of an LP is as follows:

Maximize(minimize) Z=g (1)
Subjectto & =b (2)
x>0 (3)
>0 4)
where A= (,&,...... y O BNy e e e ,&) is mxn matrix, ER™, x,c,€R", x is a (nx1)column vector, and c is

a (1xn) row vector,

3. Mathematical form of QFPP
The mathematical form dQFPPis given as follows:

(CTx+5+%xTGx)
Max z :W (5)
Subject to
<
Ax (2) b, (6)
x =0 (7)

WhereG is (nx m) matrix of coefficients withG is symmetric matrix. All vectors are assumed to be
column vectors unless transpos@d, Where x is an n-dimensionalolumn vector of decision
variables, C is the n-dimensional row vector ofstants, b is n-dimensional column vectors vector
of constantsy ,§ are scalars.

In our paper the problem that has objective fumcisosolved by using the following form:

(clTx+a) (csz+ B)

Max z= @y (8)
Subject to
<
Ax (2) b, 9)
x =0 (10)

A is m x n matrix , all vectors are assumed a&acblumn vectors unless transpo$€fl Wherex is an n-
dimensionakolumn vector of decision variables;, c,, d are the n-dimensional row vector of constahts,

is n-dimensional column vector of constants,,  ,y are scalars. Now we divide the QFP into two parts
one of them is LFP of the form
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:(clTx+a)
(dTx+y)

Max z;

Subject to:

and the other is LP of the form

Max z,= (cp"x + B)
Subject to

IN IV

x =0

Now about equation (11)

1 (Part-A)

(11)

(12)

113

(14)

(15)

(16)

It is assumed that the feasible regfos {xeR™:Ax < b,x = 0}
is nonempty and bounded and the denominator d*x +y # 0

Case 1if d=0 andy = 1 then the LFP in (11) to (13) becomes an LP problEmen (11) can be written as:

Maximize Z=(01Tx+oc)
Subjectto A < b; x =0

(17)
(18)

Case 2:if d=0 andy # 1in (11) , then zbecomes a linear function

C a z!
z=2x+-==
Y Y

, where z' ¢, x + ay is a linear function.

In this case Zmay be substituted Wit?lé corresponding to the same set of feasible re§iofss a result the

LFP becomes an LP

. —N; o _a
Case 3: if ¢;=0 in (11) then Erey S o

, where z" Xd"x + vy) is a linear function.andz" = Zi

1

In this case Zbecomes linear on the same set of feasible salufl. therefore the LFP becomes an LP with

the same feasible region S.

Case 4:if Ci=(¢,C,Ca,..- ... @), d=(d,d, s, ... ..... ,d) are linear dependent , there exjstg 0 such that
ci=p d then
5 = Dxtay _ (D) x+py-py+ay _((p ) x+py  —py+a
1 dx+v) dTx+y) dTx+y) dTx+y)
_p@Tx+y) | a-py a-py
T @Tx+y)  (dTx+y) then z=p + (dTx+y)
i) If «a—py=0then z-pisaconstant.
i) If a— py =+ 0 then Z1 becomes a linear functions. ThereforeLflé becomes LP with the

same feasible region S.
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If c1# 0,d+= 0 then one has to find a new way to convert the LtE® an LP . Assuming that the feasible
region Sx{ER™ Ax < b,x =0}

Is nonempty and bounded and the denominatar+ y > 0 , we develop a method which converts an LFP
of thistype toa LP

4. Proposed Method for Solving QFPP

In this section , we will use the developed a stiated method for solving LFP problems to
solve the QFPP.

For this , we assume that the feasible region
S={x erR™ Ax < b,x = 0}
Is nonempty and bounded and the denominafox + Y>0.
In this case we will divide the quadratic fractibpeogramming problem(QFPP) in to:
1) alinear programming (LP) factor
Max z= (¢, x + B)
Subject to

v

AX =

IN
(@3

then solve the above LP in a suitable methodfaand let the optimal solution be g
2) linear fractional programming (LFP) factor andrttvee convert the (LFP)

_(clTx+a)
Max Z;= Tty
Subject to
>
AX = < |b
x =2 0

to (LP) fory.

We will derive the converting

(clTx+a)
@ x+y)

Multiplying both the denominator and the numerdaply we have

i) Transformation of the objective functidax z=

1 Txy+ay _clTxy—deoc+dea+ay (ClTy—dToc)x+(de+y)a
y@xy) y(@ x+y) B y(@ x+y)

_(clTy—dToc)x l(d%'ﬂ’)a
~ y@ x+y) Tvy{r x+Y)

1

T _Ta x @ _
=(c;” —d D, ty TP

X

dg=a—

T _ T& X
Where p£c, d Y) Y Tty and g="

Then F(y) =py + g
i) Transformation of the constraidt x < b
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M <0 where y(de +v)>0,if y(de +vy)<0
y(d x+y)

the conditioin % 0 will not hold.

As a result solution to the LFP cannot be found
(Axy by) <0 '_>(Axy —bd" x+bd x—by) <0
v x+%/) v(d x+y)

Y(A+Vd )x

b(d x+Y) <0
v@ x+y) v x4y)
b T x b
A+-=d - = 0
“ty )(de+v) Y
b T X b
v

IA

At—-d)—~r
“ry )(de+y)

T
Gy<h where G#A+$d ), h-—gandy=

IA

x
dtx+y

iii) Calculation of the unknowrx from

X
Y s X = yd'x+yi= x=yd'x+yy)

x—ydx=yy = x(1-yd)=yy)
— S deT)_ which is the optimal solution and let it be g
-y
3) Then Max z = max (z ¥,z (&)

Numerical examples:
Test 1:

Max z = (8¢,% +24x; x,+18x,%-2)/( 6x; +9x,+3)
Subject
xq +3x, <5
2, +x, <2
X1 ,%x, =0

Solution:
(4x1+6x2—2)(2x1+3x,+1) _(4x1+6x2-2)

Max z= 6x1+9%,+3 61 t9xy 43 (2xy + 3%, + 1) =2, 7,
Subject to
x1+3x, <5
21 +x2 <2
X1 X2 >0
Where z=85t8%272) o Ox +3x, + 1)

6x1+9x2+3

Now we solve the LFP

4x1+6x,—2
Max =27 _Q
6x1+9x2+3

Subject to
X, +3x, <5
2, +x, <2
X1 ,x, =0
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By convertit to LP

4 X4 6
Wehavec1:6,x:X ,dzg,a:-Z,y:3
2

a

5 a -2
=|C,;/ -dT =4 6)-6 9) =—|=8 12 )and = —=—
pefcr-aT D)= )6 9)3]= 12)amdg==
G,=[A,+247 =0 3)+(ij(e 9)= @1 18)and h, = 21 =3

Y 3 y 3
b 5 b 2
G,=|A,+—-2d"|=(2 1)+|=|(6 9)=(6 7)and h, = =2 = —
saeBiar]=@ D (36 9= 7anan,=Pa-2
Then
Max F(y)=8y,+12y, - =
Subject to
13, +18y, < =
o, +7y, < g
yi, 22 0
Now we will solve the above LP by simplex method.
Converting the LP in standard form we have ,
Max F(y)=8/1+12y, - =
Subject to
13, +18y, +s; = =
§,+7y; +s,- g
Y1, Y2515z = 0
Where y, and y, are decision variables , angdand s, are slack variables
Now we get the following simplex table
Table 1:
8 12 0 0
Yi | Y2 | S S
h |Ratio
o) s | 11| 18 1 0 5 |5 <—
o |24
3
0| s | 6] 7] 0] 1|2 ]2
3 |21
CoZy 8 12 | O 0

244



JZS (2017) 19 — 1 (Part-A)

Table 2:
8 12 0
Y1 Y2 S S
h |Ratio
12y |11 1| 1] 0] 5 [5<—
18 18 54 |
0 g | 3L | 0 | 7| 1 1 |1
18 18 54 |93
Cs-Z; s 0 —2 0
3 3
i\
Optimal table :
8 12 0 0
Y1 Y2 S S
h
12 Y2 0 1 95 1 12
324 | 3 33
8 Y1 1 0 l
93
Cs-Z; 0 0 — -
Then the table of results as below:
1 12
Yi3 Yo
— yY _ 1y)y
7 (1—ych) (1, %2) = (A=c"1y2)
Then
X1= .2

X>=1.6

245




JZS (2017) 19 — 1 (Part-A)

After solving the LP
Max z,= (2x1 +3x, + 1)
Subject to
x; +3x, <5
xR +x, <2
X1 ,X, =0
We will find x;=.2 andx,=1.6
In this case the optimal solution oif andz, are same point i.¢ ,=q,
Then max z=3.2

Test 2:
Max z = (‘pclz +12x1 X2+8X22+4x1+4x2)/( 4x 4 +8x2+4)
Subject to
-2X, + X, £3
4x, + 2X, < 8
Xll X2 2 O

Solution:

(2x, +2x,)(2x, +4x, + 2) _ (2x, + 2x,)
(4x, +8x, +4) (4x, +8x, +4)

Max z =

X (2x, +4x, +2)=z,z,
Subject

-2X, + X, <3

4x, +2x,<8

X, X, 20

Where z, = (2X, * 2X,) . Z,= (2%, +4x, +2)
(4x,+8x, +4)

Now we solve the LFP

(2%, + 2X,)

Max z, =
Y (4x,+8x, + 4)

Subject
-2X, + X, <3
4x , + 2x, £ 8
X, X, 20

2 X 4
We have cl:£2j,x :[le ,d:£8j,a =0,y=4
2

p:[Cf—dT%j:(Z 2)- (4 8)(%),:(0 2)andg:a7:O:O

Gl=(Al+%de=(—2 D+ [2)@ 8)= Danan =02

|
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b 8 b 8
Gl:[A2+72de:(4 2)+(Zj(4 8)= (12 18)and hZ:TZ:Z:Q

Then
Max F(y)=2y,+2y,
Subject to

3

yitly, =
12y+18y, < 2
yi.y2 =2 0
Now we will solve the above LP by simplex method.
Converting the LP in standard form we have ,

Max F(y)=2y,+2y,
Subject to
3
Y1i+ilys 51 =3
1218y, +s,= 2

YV1:Y2,51,52 Z_ _O _ _
Where y; and y, are decision variables , angdand s, are slack variables

Table 1:
2 2 0 0
Y1 Y2 S S
h | Ratio
0 S 1 7 1 0 3 |3 <«
Z 28
0 S 12 18 0 1 2 i
18
Ci-Z 2 % 0 0
Table 2:
2 2 0 0
Y1 Y2 S S
h |Ratio
2 Y2 1 1 1 0| 3 [Z<—
7 - 28 |*°
0| |6 0o |18 1 | 1 1
7 7 14 |32
Ci-Z L2 0 —2 0
7 7
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Optimal table :
8 12 0 0
Y1 Y2 S S
h
2 Vo 0 1 25 —_1 i
E 7 54
2 |y | 1 o | 3| 7 |1
11 66 132
G-Z 0 0 - -
Then the table of results as below:
1 7
Yi=13; Yo=g¢
— yY — (}’1'}’2)\(
7 (1—ych) (x1,%2) A= (1y2)
% Then
7 X 1 X1:.25
X 1 —
[X } - 66 — = | 4 X,= 3.5
(1 - (4 8 | 182 2
-

After solving the LP
Max z,= (2x; +3x2+ 1)
Subject to
X, +3x, <5

2, +x, <2

X1 ,%, =<0
We will find x;=.25 andx,=3.5
In this case the optimal solution gif anadz, are same point i.¢ =g,
Then max z=3.75

The table blow illustrated the comparison resulivleen the three method Wolfe’'s, modified
simplex, proposed method, we obtained the samét:resu
Table 1: Comparison of the numerical results

Example Wolfe’s, modified Modified Simplex Proposed Method
Method
EX.1 x1=0.2,x,=1.6 x1=0.2,x,=1.6 x1=0.2,x1,=1.6
Max z=3.2 Max z=3.2 Max z=3.2
EX.2 x1 =0.25,x, =3.5 x1 =0.25,x, =3.5 xq =0.25,x, =3.5
Max z=3.75 Max z=3.75 Max z=3.75
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5. Conclusion

This paper presents a new approach to solaetibnal Programming Problems (FPPs) based split
objective function into twdinear programming and solved separatib linear programming by finding
maximum value of QFPP . A better accuracy was rkatdy observed in the solution results.

The comparisons of these methods are basdbeowalue of objective function , the study thexma
resulted of other methods are same as illustratadble 1.
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