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Abstract

In this paper, the problem of non-response with significant travel costs in multivariate stratified
sample surveys has been formulated of as a Multi-Objective Geometric Programming Problem
(MOGPP). The fuzzy programming approach has been described for solving the formulated MOGPP.
The formulated MOGPP has been solved with the help of LINGO Software and the dual solution is
obtained. The optimum allocations of sample sizes of respondents and non respondents are ob-
tained with the help of dual solutions and primal-dual relationship theorem. A numerical example
is given to illustrate the procedure.
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1. Introduction

In sampling the precision of an estimator of the population parameters depends on the size of the sample and va-
riability among the units of the population. If the population is heterogeneous and size of the sample depends on
the cost of the survey, then it is likely to be impossible to get a sufficiently precise estimate with the help of
simple random sampling from the entire population. In order to estimate the population mean or total with
greater precision, the heterogeneous population is divided into mutually-exclusive, exhaustive and non-overlap-
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ping strata which will be more homogeneous than the entire population. The entire population is called Stratified
Random Sampling. The problem of optimum allocation in stratified random sampling for univariate population
is well known in sampling literature; see for example Cochran [1] and Sukhatme et al. [2]. In multivariate strati-
fied sample surveys problems the non-response can appear when the required data are not obtained. The prob-
lem of non-response may occur due to the refusal by respondents or their not being at home, making the infor-
mation of sample inaccessible. The problem of non-response occurs in almost all surveys. The extent of non-
response depends on various factors such as type of the target population, type of the survey and the time of
survey. For the problem of non-response in stratified sampling it may be assumed that every stratum is divided
into two mutually exclusive and exhaustive groups of respondents and non respondents.

Hansen and Hurwitz [3] presented a classical non-response theory which was first developed for surveys in
which the first attempt was made by mailing the questionnaires and a second attempt was made by personal in-
terviews to a sub sample of the non respondents. They constructed the estimator for the population mean and de-
rived the expression for its variance and also worked out the optimum sampling fraction among the non respon-
dents. EI-Badry [4] further extended the Hansen and Hurwitz’s technique by sending waves of questionnaires to
the non respondent units to increase the response rate. The generalized EI-Badry’s approach for different sam-
pling design was given by Foradori [5]. Srinath [6] suggested the selection of sub samples by making several at-
tempts. Khare [7] investigated the problem of optimum allocation in stratified sampling in presence of non-
response for fixed cost as well as for fixed precision of the estimate. Khan et al. [8] suggested a technique for
the problem of determining the optimum allocation and the optimum sizes of subsamples to various strata in
multivariate stratified sampling in presence of non-response which is formulated as a Nonlinear Programming
Problem (NLPP). Varshney et al. [9] formulated the multivariate stratified random sampling in the presence of
non-response as a Multi-objective Integer Nonlinear Programming problem and a solution procedure is devel-
oped using lexicographic goal programming technique to determine the compromise allocation. Fatima and Ah-
san [10] addressed the problem of optimum allocation in stratified sampling in the presence of non-response and
formulated as an All Integer Nonlinear Programming Problem (AINLPP). Varshney et al. [11] have considered
the multivariate stratified population with unknown strata weights and an optimum sampling design is proposed
in the presence of non-response to estimate the unknown population means using DSS strategy and developed a
solution procedure using Goal Programming technique and obtained an integer solution directly by the optimi-
zation software LINGO. Raghav et al. [12] has discussed the various multi-objective optimization techniques in
the multivariate stratified sample surveys in case of non-response.

Geometric Programming (GP) is a smooth, systematic and an effective non-linear programming method used
for solving the problems of sample surveys, management, transportation, engineering design etc. that takes the
form of convex programming. The convex programming problems occurring in GP are generally represented by
an exponential or power function. GP has certain advantages over the other optimization methods because it is
usually much simpler to work with the dual than the primal one. The degree of difficulty (DD) plays a signifi-
cant role for solving a non-linear programming problem by GP method.

Geometric Programming (GP) has been known as an optimization tool for solving the problems in various
fields from 1960’s. Duffin, Peterson and Zener [13] and also Zener [14] have discussed the basic concepts and
theories of GP with application in engineering in their books. Beightler, C.S., and Phililps, D.T. [15], have also
published a famous book on GP and its application. Davis and Rudolph [16] applied GP to optimal allocation of
integrated samples in quality control. Ahmed and Charles [17] applied geometric programming to obtain the op-
timum allocation problems in multivariate double sampling. Ojha, A.K. and Das, A.K. [18] have taken the Multi-
Objective Geometric Programming Problem being cost coefficient as continuous function with weighted mean
and used the geometric programming technique for the solutions. Magbool et al. [19] and Shafiullah et al. [20]
have discussed the geometric programming approach to find the optimum allocations in multivariate two-stage
sampling and three-stage sample surveys respectively.

In many real-world decision-making problems of sample surveys, environmental, social, economical and
technical areas are of multiple-objectives. It is significant to realize that multiple objectives are often non-com-
mensurable and in conflict with each other in optimization problems. The multi-objective models with fuzzy
objectives are more realistic than deterministic of it. The concept of fuzzy set theory was firstly given by Zadeh
[21]. Later on, Bellman and Zadeh [22] used the fuzzy set theory for the decision-making problem. Tanaka et al.
[23] introduces the objective as fuzzy goal over the a-cut of a fuzzy constraint set and Zimmermann [24] gave
the concept to solve multi-objective linear-programming problem. Biswal [25] and Verma [26] developed fuzzy
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geometric programming technique to solve Multi-Objective Geometric Programming (MOGP) problem. Islam
[27] [28] has discussed modified geometric programming problem and its applications and also another fuzzy
geometric programming technique to solve MOGPP and its applications. Fuzzy mathematical programming has
been applied to several fields.

In this paper, we have formulated the problem of non-response with significant travel cost where the cost is

quadratic in \/E in multivariate stratified sample surveys as a Multi-Objective Geometric Programming

problem (MOGPP). The fuzzy programming approach has been described for solving the formulated MOGPP
and the optimum allocations of sample sizes of respondents and non respondents are obtained. A numerical ex-
ample is given to illustrate the procedure.

2. Formulation of the Problem

In stratified sampling the population of N units is first divided into L non-overlapping subpopulation called stra-
. - L - - .
ta, of sizes Nj,N,,---,N,,---,N_ with >’ N, =N and the respective sample sizes within strata are drawn
with independent simple random sampling denoted by n,,n,,---,n,,---,n_ with thl n, =n
Let for the h™ stratum:
N, : Stratum size.
Y, : Stratum mean.

SZ: Stratum variance.
W, =N, / N : the estimated stratum weight among respondents.

W, = IQhZ/N : the estimated stratum weight among non-respondents.

N,, : the sizes of the respondents.
N,, = N, —N,, : the sizes of non respondents groups.

n, : Units are drawn from the h™ stratum. Further let out of n,, n. units belong to the respondents group.
n,, =N, —n,, : Units belong to the non respondents group.

n=>n,:The total sample size.

A more careful second attempt is made to obtain information on a random subsample of size r, out of n,
non respondents for the representation from the non respondents group of the sample.

r, =ny,/k,;h=12,---,L: Subsamples of sizes at the second attempt to be drawn from n,, non-respondent
group of the h" stratum. Where k, >1 and 1/k, denote the sampling fraction among non respondents.
Since N,, and N, arerandom variables hence their unbiased estimates are given as:

Ny, =nyN, /n, : The unbiased estimates of the respondents group.

Ny, = n,,N, /n, : The unbiased estimate of the non respondents group.

Vims J =1, p: denotes the sample means of j™ characteristic measured on the n, respondents at the
first attempt.

VJ-hz(rh); j=1--,p:denotes the r, subsampled units from non respondgnts at the second attempt.

Using the estimator of Hansen and Hurwitz [3], the stratum mean Y, for j™ characteristic in the h™"
stratum may be estimated by

M1 Yint + M2 Y jnagr,)
jh(w) = n ( @
h

<l

It can be seen that Y,
characteristic with a variance.

is an unbiased estimate of the stratum mean Y, of the h" stratum for the j"

_ (1 1) Wh22812h2 Wh228j2h2
V(yjh(w))—[n—h—N—hij  n @

where szh is the stratum variance of j™ characteristic in the h™ stratum; j=1,2,---,p and h=12--,L
given as:

1
Nh -1 i=1

()

2 _
s2 =

(yjhi _Y_jh)2
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where y,. denote the value of the i" unitofthe h™ stratumfor j" characteristic.
Y, =YN, Z.Nzhl Yjui - is the stratum mean of y,;.
szhz is the stratum variance of the j™ characteristic in the h™ stratum among non respondents, given by:
NAhZ

SAJZhZ == 1_121‘4(yjhi _Y_jhz)z

NhZ

J/th ZN"f Y is the stratum mean of 'y, among non respondents.

th = th/Nh is stratum weight of non respondents in h™ stratum.

If the true values of SJ-Zh and szhz are not known they can be estimated through a preliminary sample or the
value of some previous occasion, if available, may be used.

L
Furthermore, the variance of Vj(w) = thth(w)' (ignoring fpc) is given as:
h=1
LWZ(S-Z ~W,,S? ) L 2W g2
h jh h2* jh2 h2¥jh2

()= 203, P

h=1 n, i

= fo;(n.r) (3)

where Vj(w) is an unbiased estimate of the overall population mean \71 of the j™ characteristic and

V (th(w)) is as given in Equation (2).

Assuming a linear cost function the total cost C of the sample survey may be given as:
L L L
C= zchonh + Zchlnhl + zchznhz
h=1 h=1 h=1

where c,, = the per unit cost of making the first attempt, ¢, = thlcjm is the per unit cost for processing the
results of all the p characteristics on the n,, selected units from respondents group in the h™ stratum in the first

p
attemptand c,, = Zthz . the per unit cost for measuring and processing the results of all the p characteristics
j=1

on the r, units selected from the non respondents group in the h™ stratum in the second attempt. Also, Cin
and Cjnp @re per unit costs of measuring the ™ characteristic in first and second attempts respectively. As
n, is not known until the first attempt has been made, the quantity W,,n,, may be used as its expected value.
The total expected cost C of the survey may be given as:

L

Z(Cho +Cpy hl)nh +Zch2rh +ztho Ny +Zth2\/— (4)
h=1 h=1 h=1
The problem therefore reduces to find the optimal values of sample sizes of respondents n, and non-
respondents r, which are expressed as:

g - 2 2 2
Min (foj):ZL:Wh (th thsjhz) ZL:W WS,

h=1 n, h=1 I

Subject to L j=12,p ®)

L L L L
hZ(Cho +Ch1Wh1)nh +hzch2rh +hz‘,thox/a+hzth2\/a <G,
) =) =) )

n,.n=0and h=12,---,L

3. Geometric Programming Formulation

The following Multi-objective Nonlinear Programming Problem (MNLPP) with the cost function quadratic in
n, and significant travel cost is defined in Equations (6) as follows:
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. ~ L ahj
Min V(zrsj)z —
h=1 nh
Subject to

L

L L L
Z(Cho +Ch1Whl)nh +h2_;0hzrh +hz_;th0\/a+hz_;th2\/a <G,

h=1
n,,r=0and h=12,---,L

j=142,---,P (6)

Similarly, the expression (6) can be expressed in the standard Primal GPP with cost function quadratic in
N, where the travel cost is significant is given as follows:

Max fy,(n,r)
Subject f,(n,r)<1 j=12--,p 0
n,r, >0, h=12--L

where fq (n'r) _ Z d {(nlpunzpiz ,“nEiL )+(|—1Pi1r2Piz “_eriL )}'q =0,12,---.k
iej[q]

L L
or fq (n,r): di {|:Hn£ihi|+|:l_[rhpih:|},di >0,n, >0,q =0,12,---,k,
iejfa] h=1 h=1

p;, - arbitrary real numbers, d,: positive and fq(n) : posinomials
Let for simplicity f,, =a, and d, =ay =(C,, +CW, )/C, =¢,,/Cy =t,,/Cy =1, /C,

L W L L L
where fq(n,r)zzwnhWLZ“CCﬂrhJr tCh_O o +Ztch_2\/a
h=1 0 h=1 %o h=1 g h=1 L

The dual form of the Primal GPP which is stated in (7) can be given as:

Max vy, () =[] ] {[d—jw }ﬁ( Y Wi]'é'zmm (i)

a=0icifq] |\ Wi =1\ iej[q]
Subjectto > w. =1 i .
j iEZ[O] : 1521, ®)
K
z z P =0 (iii)
q=0i<j[q]

w. >0,0=0,1---,k and i=12,---,m, (iv)

The above formulated dual GPP (8) can be solved in the following two steps:
Step 1: For the Optimum value of the objective function, the objective function always takes the form:

o (x) [ Coeffi. of first term " ( Coeffi. of Second term |
O(X )_ WOl g W02

> w’s in the first constraint s

Coeffi. of last term
XoeoeX
Wk

W
j (Zw’s in the first constraints)

)Zw’s in the last constraints

(Zw’s in the last constraints

The Multi-Objective objective function for our problem is:

({2 bz )™

Step 2: The equations that can be used for GPP for the weights are given below:

> w; in the objective function = 1 (Normality condition ) and for each primal variable n, &\/E and
iej[o]

r &\/E having m terms.

()
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My
(w; for each term )x(exponenton n, & \n, and r, & /1, inthat term) =0 (Orthogonality condition) and
i=1
w, >0 (Positivity condition).

The above problem (8) has been solved with the help of steps (1-2) discussed in Section (3) and the corres-
ponding solutions W, is the unique solution to the dual constraints; it will also maximize the objective function
for the dual problem. Next, the solution of the primal problem will be obtained using primal-dual relationship
theorem which is given below.

4. Primal-Dual Relationship Theorem
If w; is a maximizing point for dual problem (8), each minimizing points (n,,n,,n;,n, and r,,r,,r,,r,) for
primal problem (7) satisfies the system of equations:
Wf,iv(w*), ieJ[0],
(W= M ey, ©
v (w5)
where L ranges over all positive integers for which v, (W;i ) >0.

The optimal values of sample sizes of the respondents (n;) and non-respondents (rh*) can be calculated
with the help of the primal-dual relationship theorem (9).

5. Fuzzy Geometric Programming Approach

The solution procedure to solve the problem (15) consists of the following steps:

Step-1: Solve the MOGPP as a single objective problem using only one objective at a time and ignoring the
others. These solutions are known as ideal solution.

Step-2: From the results of step-1, determine the corresponding values for every objective at each solution

derived. Let (n(l),r(l)),(n(z),r(z)),~~~,(n“),r(”),m,(n(p),r(p)) are the ideal solutions of the objective functions
fOl(n(l)vr(l))! foz(n(z),r(z)),'“: fo, (n(j),r(j)),._,' fo, (n(P),r(p))'
So Uj — Max{fm(n(l),r(l)), foz(n(2),r(2)),..., fop(n(P),r(P))} and Lj — fo*' (n(j)’r(j)), i=12,-,p.

[Uj and L; be the upper and lower bonds of the j™ objective function fo; (n,r) =12, p]
Step 3: The membership function for the given problem can be define as:

0, if fo,(n,r)>U,
U;(nr)-fy(nr) . .

yj(foj(n r)): Ujj(n,r)—LjJ(n,r)’ ifL;<f,(nr)=yU,;, j=1,2,-,p (10)
1, if f, (n,r)<L;

Here U, (n,r) isastrictly monotonic decreasing function with respectto f,; (n,r).
The membership functions in Equation (11)

e, g (fo;(nr)),j=12,p
Therefore the general aggregation function can be defined as
g (r) =1 { (o (00, (For (0,0) o1, oy (1))}

The fuzzy multi-objective formulation of the problem can be defined as:

Max u_(n,r)
Subject to
i(cho +Ch1Wh1) Zcﬂrh Z_O\/7 z_z\/> (11)
h=1 CO ha C h=1 C h=1 0
n,.n =0 andj—12 . p.
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The problem to find the optimal values of (n*, r’) for this convex-fuzzy decision based on addition operator
(like Tiwari et. al. [29]). Therefore the problem (11) is reduced according to max-addition operator as:
p

Max g, (07,17) = a1, (f; (n1)) = zp: 1~ (fos (nur))

j=1 j=1 U _L

Subject to f,(n,r)<1; (12)
OS,uj(foj(n,r))sl

n, n=0and j=12,-- p.

The above problem (12) reduces to

. % j (foj'(”-r))
Max o (") = Z{U TN
Subject to (13)

f,(n,r)<y;

n,n=0and j=12,---,p.

f,: (n,r . .
The problem (13) maximizes if the function F, (n) ={W} attain the minimum values. Therefore the
iTh

problem (13) reduces into the primal problem (14) define as:
p
Min > F,(n,r)
i=0
Subject to (14)

fq(n,r)sl;
n,.r=0and h=12,---,L

The dual form of the Primal GPP which is stated in (16) can be given as:

Max v(w) = HH{( j}ﬁ{ZWJZ{]W (i)

q=0iej[q] g=1\liej[q]
Subject » w, =1 i
fect 2 (i) (15)
k
2. 2 Py =0 (iii)
q=0iej[q]

w,>0,=01-,kandi=12---m  (iv)

The optimal values of sample sizes of the respondents (nh) and non-respondents (rh*) can be calculated
with the help of the primal-dual relationship theorem (9).

6. Numerical

In Table 1, the stratum sizes, stratum weights, stratum standard deviations, measurement costs and the travel
costs within the stratum are given for two characteristics under study in a population stratified in four strata. The
data are mainly from Khan et al. [8]. The travelling costs t,, and t,, areassumed.

The total budget available for the survey is taken as C, =5000. The relative values of the variances of the
non-respondents and respondents, that is thz/SJh is assumed to be constant and equal to 0.25 for j = 1,2 and h
=1,2,3,4. However, these ratios may vary from stratum to stratum and from characteristic to characteristic and
can be handled accordingly.

For solving MOGPP by using fuzzy programming, we shall first solve the two sub-problems:
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Table 1. Data for four Strata and two characteristics.

h N h Slzh SZZH Whl WhZ chO chl ChZ
1 1214 4817.72 8121.15 0.7 0.30 1 2 3
2 822 6251.26 7613.52 0.80 0.20 1 3 4
3 1028 3066.16 1456.4 0.75 0.25 1 4 5
4 786 6207.25 6977.72 0.72 0.28 1 5 6

0.5
0.5
0.5
0.5

Sub problem 1: On substituting the table values in sub-problem 1, we have obtained the expressions given

below:

~ 456.3344 N 261.8965 N 209.5529 N 230.9097

1 n, N n,
N 11.10002688 . 2.75680566 . 3.492547875 . 4.866484
n I 5 h

Min f,,

Subject to
0.00048n, +0.00068n, +0.0008n, +0.00092n,
+0.0006r, +0.0008r, +0.001r, +0.0012r,

+0.0001,/n, +0.0001,/n, +0.0001,/n, +0.0001,/n,
+0.0004,/r, +0.0005,/r, +0.0006,/r, +0.0009,/r, <1
n, 20, 1,20, n,r, areintegers; h=1,2,---,L

The dual of the above problem (16) is obtained as:

Max v(w;,) = ((456.3344/w,, )" ) x((261.8965/w;, )" )x((209.5529/wy, )" ) x((230.9097/we, )" )
x((11.100027/wg; )" | (2.756806/wog )™ ) x((3.492548/wy, )" ) (4.866484/weq )™ |

0.00048JW“ (o.oooesjw“ (O.OOOSJW“ [0.00092

X X X X

Wll WlZ W13 Wl4
o.ooosjwlﬁ o.om}“’” (0.0012)“’“’ [o.oomjw“’ (

X X X X X
W16 W17 W18 W19
o.oomj"”” 0.0004JW23 [o.ooos}w“ [o.oooa}“% [

X X X X X
W22 W23 W24 W25

><((w11 +W,,

0.0006
W15

e

Wag
0.0001} § (0.0001
WZO

WZl
0.0009 JWZG }

WZG
+ W + W, + W + Wy + W, +Wg +Wg +Woq + W,y +Woy +Wop + W,y + Wy +W26)A

(Wll +W12 +W13 + W14 + W15 +W16 +W17 + W18 + W19 + W20 + W21 +W22 +W23 +W24 +W25 + WZG))'

Subject to

W, + Wy, + Wyg + Wy, + W +Weg + Wy, + W =1; (normality condition)
—Wp + Wy, +(3/2) g =0

=W, + W, +(1/2) Wy, =0

=Wy + Wy +(3/2) Wy, =0

(orthogonality condition)

)

(ii)

(i)

Wog  Wop s Wz s Woy s Wos s Wog , Woy , Wog > 0;
Wip, Wiy, Wag, Wiy, Wig, Wag, Wiz, Wag, Wi, Wag, Wyy , Wy , Wog, Wy , Wog, Wog 2 0

} (positivity condition)  (iv)

(16)

17)
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For orthogonality condition defined in expression 17(iii) are evaluated with the help of the payoff matrix
which is defined below

O O O O O O O

o O O O O O O

O B OO O O O o

R O O O O O o o
—_

OOOO%OOO
~—

O O O O O O+~ O

o O O O O » O O

O O O O r O O O
—

OOOSOOOO
~

Solving the above formulated dual problem (17) with the help of Lingo software, we have the corresponding
dual solutions as follows:

Wy, = 0.2306558, W, = 0.2079228, W, = 0.2017047, w, = 0.2270049, W,, = 0.04094539,
Wy, =0.02376402, Wy, = 0.02986826, Wy, = 0.03813407, and v(w" ) = 4.175039.

Using the primal dual-relationship theorem (9), we have the optimal solution of primal problem: i.e., the op-
timal sample sizes of respondents and non respondents are computed as follows:

fo; (n1) = Wov (W)

In expression (16), we first keep the r constant and calculate the values of n as:



Shafiullah et al.

for (1) = W;lv(W;i ) =n =474

fo (N, 1) = Wgzv(w;i): n, = 302
foa (Ny, 1) = W;3V(W0i)2 n,=249 f

0 (ngr)= W&V(W;i ) =n, =244
Now, from the expression (16), we keep the n constant and calculate the values of r as:
fou (1) = Wiy (g ) = =65 fop (N1, ) = Wiy (W) )=, = 28
fos (N,1) = W;3v(w;i ) =>r=28 f,(nr)= W(;Av(wgi): r,=31
The optimal values and the objective function value are given below:
n, =474,n, =302,n; = 249 and n, = 244;
I, =65,1, =28,r, =28 and r, =31 and the objective value of the primal problemis 4.175039.

Sub problem 2: On substituting the table values in sub-problem 2, we have obtained the expressions given below:
. 769.2353 318.9684 99.53584 259.5712
Min = + + +

fOZ -

n n, n, n,
N 18.7111296 N 3.35756232 N 1.658930625 N 5.47053248

rl r2 r3 r4
Subject to (18)

0.00048n, +0.00068n, +0.0008n, +0.00092n, +0.0006r; +0.0008r, + 0.001r, + 0.0012r,

+0.0001,/n, +0.0001,/n, +0.0001,/n, +0.0001,/n, +0.0004/r, +0.0005,/r, +0.0006,/r,

+0.0009\/a£1 n,20,r 20, n,r, areintegers; h=1,2,---,L
The dual of the above problem (18) is obtained as follows:

Max v(w),) = ((769.2353/W01)W°1 )x ((318.9684/w02 ) )x ((99.53584/w03 ) )x ((259.5712/w04 ) )
x ((18.7111296 Wy )" )x((3.35756232 I W )" )>< ((1.658930625 Iy )" )x ((5.47053248 g ) )

(0.00048qu (O.OOOGS]WH [o.oooa}““ [0.00092]“’“ [o.oooe}wls ( O.OOOS]WM
X X X X X X
Wll W12 W13 W14 W15 W16
(o.omj“’“ [0.0012]“’18 ( 0.0001]ng (o.ooij” (o.oomjwﬂ (0.0001]”"”
X X _— X _— X X _— X
W17 W18 W19 WZO WZl WZZ
(0.0004 JW“ [o.ooos)w (0.0006 JW” [0.0009 j"””
x| | —— x| | ——— x| | — x| | ——==
W23 W24 WZS W26

N
x((wll Wy, + Wig + Wy + Wy + Wyg + Wiy + Wyg + Wyg + Wog + Wy + Wy, + Wog + Wy + Wg + Wi )

(Wyg + Wiy + Wy + Wiy + Wi + Wyg + Wiy + Wi + Wyg + Wag + Wy + Wy + Wy + Wy + Wi +W26)); (i

Subject to Woy + Wyy + Wyg + Wo, + Weg + Wog + Wy, + Wy =1; (normality condition) (i)

= Wy + Wy +(]7/2)W19 =0

— Wy, + Wy, +(1/2) Wy =0
Wos + W3 +(1/2)Wz1 =0

Wy + Vi +(Y/2) Wy, =0 (orthogonality condition) (iii)
— Wos + Wig +(1/2)W23 =

Wos + Wig +(]/2)W24 =
— Wy, +Wy; +(1/2)w,s =0 (19)
— Wyg + Wig +(1/2) Wy =0

W, W, ,Wog W, ,Woe ,Woi W, W, > 0 . .
01?02 7703 o4 » 7705 * 7106 * 707 08 }(posmvny condition) (iv)
Wll’leZ'Wl?:’Wlél’W15’W16’Wl7’W18'W19’WZO’WZI’WZZ'W23’W24’W25’W26 = 0
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For orthogonality condition defined in expression 19(iii) are evaluated with the help of the payoff matrix
which is defined below:

=
NOOOO
~
—_

o O O kB O O O O

o O r O O O O O

O B O O O O O o

R O O O O O oo o
—_

OOOOEOOO
~—

O O O O O O B+ O
o O O O O+ O O
O O O O O O O
—
OOEOOOOO
~—
OSOOOOOO

o O o

— Wyg + Wi +(1/2) Wy =0
Solving the above formulated dual problems, we have the corresponding solution as:
Wy, = 0.2854095, w,, = 0.2187303, w,, = 0.1325806, w,, = 0.2294348, w,, = 0.04989059,
Wy, = 0.05057448, w,, = 0.02498275, w,, = 0.01974803, and v(w*) =4.593918.

The optimal values of sample sizes of respondents and non-respondents (nh rh*) can be calculated with the
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help of the primal-dual relationship theorem (9) as we have calculated in the sub-problem 1 are given as fol-
lows:

n, =587,n, =317,n, =163 and n, = 246;
r, =8Lr, =29,r, =18 and r, =31 and theobjective value of the primal problemis 4.593918.

Now the pay-off matrix of the above problems is given below:

f.(n,r) f,(nr)

(n.r") 4175039 4.793168
(nm’ rm) 4.403294 4.593918

The lower and upper bond of fy, (n,r)and fy,(n,r) can be obtained from the pay-off matrix

4.175039 < fy, (n,r) < 4.403294 and 4.593918 < fy, (n,r) <4.793168.

Let s (n,r)and s, (n,r) be the fuzzy membership function of the objective function fy (n,r) and
fo2(n,1) respectively and they are defined as:

1 if ., (n,r)<4.175039

1 (nr)= 4'40352‘;;22);(”’ ) ir4175030 < f,, (n.r) < 4403294
o if 1., (n,r)> 4.403294
1, if Z,(n,r)<4.593918

1, (n.r)= 4'793;659;2252 (M) 4503018 <2, (nr) < 4793168
0, | if Z,(n,r)>4.793168

On applying the max-addition operator, the MOGPP, the standard primal problem reduces to the problem as:

f f
Maximize {43.3472_[ w(nr) oz(n.r)j}

0.228255 0.19925
Subject to
0.00048n, +0.00068n, +0.0008n, +0.00092n,
+0.0006r, +0.0008r, +0.001r, +0.0012r, (20)

+0.0001,/n, +0.0001,/n, +0.0001,/n, +0.0001,/n,
+0.00044/r, +0.0005,/r, +0.0006,/r, +0.0009,/r, <1
n,>0,r >0, n,r areintegers; h=12,---,L

for (N, ) s foz(n,r)
0.228255 0.19925

In order to maximize the above problem, we have to minimize [ j , Subject to the con-

straints as described below:
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5859.8847 N 2748.2334 N 1417.6227 N 2314.3744

n, n, n, n,
n
142.5377 28.9287 23.627 48.7761
+ + + +
rl r‘2 r3 r4

Subject to 0.00048n, +0.00068n, +0.0008n, -+0.00092n,
+0.0006 1, +0.0008r, +0.001r, +0.0012r,

+0.0001,/n, +0.0001,/n, +0.0001,/n, +0.0001/n,
+0.00044/r, +0.0005,/r, +0.0006,/r, +0.0009,r, <1
n, =0, 1,20, n,r, areintegers; h=12,---,L

Degree of Difficulty of the problem (21) is = (24 — (8 + 1) =15.
Hence the dual problem of the above final formulated problem (21) is given as:

Max v (wj, ) = ((5859.8847/w;, )" ) ((2748.2334/w,, ) "™ ) x ((1417.6227/wy, "™ ) ((2314.3744/ wy, )™ |

x((142.5377/ws )" ) x((28.9287/wsg )™ ) x((23.627/wey )™ ) x((48.7761/weq ) )

O.OOO48JW (O.OOOGS]WQ (0.0008]“’” (o.ooogzjw“ [o.oooejwﬁ {0.0008]%
X X X X X X

Wll W12 Wl3 Wl4 W15 W16
0.001}“’” (o.omzjwls [0.0001]“’“’ (o.oomjwﬂ’ [0.0001)"“21 [o.oomJWﬂ
X _— X _— X _— X _— X _— X

W17 W18 W19 WZO WZl W22
0.0004}“"23 (0.0005]”"2“ [o.oooejw“ [o.ooogjm‘s
X X X X

W23 W24 W25 WZG

N
><((w11 Wy, + Wig + Wy + Wog +Wig + Wiy + Wyg +Wyg + Wog + Wy + Wy, + Wag + Wy + Wog + Wy )

(Wog + Wiy + Wiy + Wiy + Wi + Wyg + Wiy + Wig + Wyg -+ Wog + Wy + Wy + Wy + Wy + Wag + Wy )) (i)
Subject to Wy, + Wy, + Wyg + W, +Weg + Wog + Wy, + Wy =1; (normality condition)) (ii)
— Wy, + Wy, +(1/2)wg =0
— Wy, + Wy, +(1/2) Wy =0
—Wyg + Wi +(/2) Wy, =

—Wos + Wy, + ( 2)W22

— W5 + W5 +(1/2)
— Wog + Wag +(1/2)W24

)

—Wor + W7 + (]/2 Wos =

(orthogonality condition)) (iii)
W23

— Wog +Wig + (1/2) Woe =

W, Woo s Woay Woy s Woe , Woe , Wy, W > 0;

o1+ Woz s Woz s Wog » Wos » Wog s Wo7 » Wog > U5 . .
} (positivity condition) (iv)

Wig, Wip, Wig, Wiy, Wi, Wyg, Wag, Wyg, Wag, Wog , Woy, Way, Wag, Way, Wog, Wog 2> 0

(21)

(22)

For orthogonality condition defined in expression 22(iii) are evaluated with the help of the payoff matrix

which is defined below:
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After solving the formulated dual problem (22) using lingo software we obtain the following values of the
dual variables which are given as:

w,, = 0.2610739, w,, = 0.2127708, W, = 0.1657664 , W, = 0.2270332, W,,, = 0.04629584,
Wos =0.02431073, W, = 0.02461037, w, = 0.03813880, and v(w' ) = 41.83433.

The optimal values of sample sizes of respondents and non-respondents ( n.,r. ) can be calculated with the
help of the primal-dual relationship theorem (9) as we have calculated in the sub-problem 1 are given as fol-

lows:
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n, =537, n, =309,n, =204 and n, = 244; r, =74,r, =28,r, =23 and r, =31
and the objective value of the primal problemis 41.83433.

7. Conclusion

This paper provides an insightful study of fuzzy programming for solving the multi-objective geometric pro-
gramming problem (MOGPP). The problem of non-response with significant travel costs where the cost is qua-

dratic in /N, in multivariate stratified sample surveys has been formulated of as a Multi-Objective Geometric

Programming Problem (MOGPP). The fuzzy programming approach has described for solving the formulated
MOGPP. The formulated MOGPP has been solved with the help of LINGO Software [30] and the dual solution
is obtained. The optimum allocations of sample sizes of respondents and non respondents are obtained with the
help of dual solutions and primal-dual relationship theorem. To ascertain the practical utility of the proposed
method in sample surveys problem in presence of non-response with significant travel cost where the cost is

quadratic in /N, , a numerical example is also given to illustrate the procedure.
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