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Abstract
In this article, we have suggested estimation of variance in finite population by
using known values of parameter related to auxiliary information such as rank and
second raw moment of auxiliary variable in stratified random sampling. The
expression for the bias and mean squared error (MSE) of the suggested estimator
are obtained up to first order of approximation. The proposed estimator is efficient
comparatively various other estimators. A numerical and theoretical study are
performed to support the suggested estimator.

Keywords: Bias, Mean squared error, Auxiliary variable, Ranks of auxiliary variable, Percentage
relative efficiency. 1.5

Introduction
The etimation of finite population mean is always a laborious process due to limited respurces and

sensitive nature of the study variables. In literature various studies are available to estimate the
finete popuplation by the significant use of the auxiliary information.

Notations
Consider a finite population of size N denoted by & = (64, 62, ..., Oy). Further, let us assume that

the population consist of L homogeneous partitions (starta), each of size N, where h =
{1,2,...,L}, such that ¥%_, N, = N. For the purpose of consistency, we define Y, X, R and U
be the study variable, auxiliary variable, ranks and squared values of auxiliary variable taking
values Yih, Xih, Rih and Uih respectively, on the ith unit belongs to the hth stratum, where
i={12,..,N,}. Thus W, = N, /N stays as the weight of hth stratum We then draw a sample of
size nh from the hth stratum using SRS without replacement scheme for the estimation of
population variance ensuring that the total sample size n = Yk_, n,.

We now define population mean of study variable as Yy, =Y = Yi_, W,Y, where
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population mean of Y for hth stratum is ¥, = X" Yy, /N,,. Similarly X, = X = $k_, W, X,
and X, = Z?':hl X;n /N, are the population mean of auxiliary variable and population mean of
auxiliary in hth stratum, respectively. Furthermore, Ry, =R =Yk_, W,R, and R, =
le-vfl R;n/Ny represent the population mean of ranks and mean of ranks of hth stratum along
with Uy, =U =Y5_, WU, and U, = Z'i\’z’ll U;n /N, define as population mean of squared
values of auxiliary variable and population mean of squared values in hth stratum, respectively.
Their corresponding sample estimate are given as szz(h) =Y = >h_, Wh?h,

¥, = Yt Yin/na, X =X =3hy WiXy, Xy = it Xin/ M, Rst = R = Xk WyR,
Ry, =M™ Rip/nn, U = U = Tk, W, Uy, and U, = X7, Uy /ny,. Next, we define expression
of population variances within stratum such that S¢, = YN (Y — T)?/ (N, — 1), S%, =
Tty Kin = Xn)? /(N = 1), SF, = (Rin— R?/(Np—1) and S, = 2 (Uin —
Un)?/(Ny — 1), where as, covariances are given as Sy, x, = YN (Vi = V) Kin, — X))/ (Np, —
D, Sy,r, = 22y Cin = V) Rin = R)/(Np = 1), Sy,u, = Ziy Vi = V) Ui = Tp)/(Ny —
1), Sxury = Tty Kin = Xn) (Rin = Rp)/ (N = 1),

Sxavn = Zity Kin = Xp)Uin = Un)/(Np = 1) and  Sg,y, = 5% (Rin = R) (Uip ~
Rp)/(Np = D).

Based on above provided expressions, we now provide correlation coefficients when
stratified sampling scheme is used, such as

pYX(St) = Z%’l=1 thl’{thXhSYhSXh/\/thl Wh?/lslgh\/zh=l thlls)%h’

pYR(St) = Zﬁ=1 WhZAthRhSYhSRh/\/Z%;,:l Wh?/lslgh\/zh=l thllslgh’

Pru(st) = 2}L1=1 Wllz/lehUhSYhSUh/\/Z;i:l th/lslgh\/Z%l:l th,lSlzjh,

PxRr(st) = Zﬁ=1 WhZAthRhSXhSRh/\/Z%lzl th/ls)%h\/zﬁﬂ th/lS}%h,

Pxu(st) = Zﬁ=1 th/lehUhSXhSUh/\/zlflzl th/ls)%h\/zﬁﬂ thflszzlh and

PRrU(st) = Yho1 thApRhUhSRhSUh/\/Z%z=1 th/lS;%h\/Z,ﬁ:l th/lSlz,h , where py x, =
Sypxn/ SvySxy:

Pyyr, = SYth/SYhSRh v Pyyu, = SYhUh/SYhSUh v PxyRp, = SXth/SXhSRh v Pxpun, =
Sxnun/SxySu, aNd pr,u, = Sr,r,/Sr,Suy,:

For further mathematical proceeding, the relative error terms are define as

€on = (szl(h) - S}%(h))/slz(h) ' €1p = (Si(h) - S}%(h))/s)%(h) ' €2n = (Srz(h) -
Ska)/Say  €sh = GSuqny = Stiwy) /Sty and yp, = 1/,
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Moreover, for i = 0,1,2,3, E(e;) = 0.
where as E(edn) = VnBaoyny,  E(efn) = YnBoxay: E(esn) = VuBory, E(e3y) =
YnBaummys  E(eon€in) = Yndzzo0my,  E(€on€zrn) = Yndzozom)»  E(€onesn) = Yndzo02(n) »
E(einezn) = Yndozzony  E(€1r€3n) = Ynhozozny: E(€2r€3n) = Yriooz2(n)-
#4ooo(h) Hos00(h) _ Hooson)

Where ﬁZy(h) ' BZx(h R ﬁZr(h

#5000 o(h) l‘ozoo(h) ﬂoozo(h)’
are the coefficient of kurtosisof y, x, r and wu respectively.
Let  Boymy =Bayimy — 1 Baxwy = Baxay = L Barwy = Paray — 1,
Bauny = Bzuy — Lidz200(n) = A2200t0) — 1o A2020(0) = A20200) — 1+ A2002(h) = A2002(0) — 1,

H0004(h)

ﬁZu(h)

”oooz(h)

Ao220(n) = Aoz220(m) — LAozoz(ny = Aozoz(r) — 1 Ao0z2(n) = Aoozzn) — 1-
Upgrs 1
Where qurs(h) =2z a7z = U/l)z s/2 »Hpgrs(n) = Zl 1 Wi — Y) (Xni —
”zooo(h)“ozoo(h)”oozo(h)“oooz(h)
)Q(rm - R)r(uhl - U)s

zzoo(h) 2020(h) zooz(h)

Ps; Sy(h)sx(m 'Ps; Sy(h)sr(h) Ps; Sy(h)Su(h)
:BZy(h) ﬁZx(h) BZy(h) ﬁZr(h ﬂZy(h) IBZu(h)
0220(h) 0202(h)
Ps Sx(h)sr(h) [ , » Pst Sx(h)su(h) , ’ and p ST(h)Sii(h)
BZx(h ﬁZr(h ﬁZx(h ﬁZu(h
oozz(h)

’ ﬁ;r(h) / ﬁ;u(h)

see Garcia and Cebrian (1996)

Existing Estimators of Variance in Stratified Random Sampling (VStRS)
We consider the existing estimators for the population variance S,E(h). Recall that the variance of

the conventional unbiased variance estimator s;;(the sample variance), the variance is given by:
1.

Var(83) = Xho1 WiViSym By 1)

2. The Isaki (1983) introduced the following ratio estimator for population variance is given by:
x(h)

Skst) = Syn) ( x(h)) (2)
The MSE of SR(St) up to first degree of approximation, is defined as:

MSE(SEst)) = Zhe1 WiV Sy Baymy + Baxcny — 2432000 ]- 3)
3. The traditional regression estimator defined by Isaki (1983) §,§eg(st) is given by

Segsty = Symy T ba(Szmy — S2m), (4)

Where by, is the sample regression coefficient of y, on x, with corresponding population

y(h) A2200(h)

regression coefficient given by g, = in stratum h. The variance of S‘ﬁeg(st), to the

Sz Paxh)

3
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first degree of approximation, is given by

G2 — \'L 4.,3¢c4 * 2

Var(Sgegist)) = Zh=1 WrViSymBaym) (1 - pS§(h)S§(h))' )
4. Singh (1988) difference estimator is given by

Shist) = WiSaqny + W2 (SEny — Semy); (6)
where w; and w, are suitable constants having optimum values are

1 S2\A5
Wi(opt) = and Wa(opt) = Wi(opt) %-
1+Vhﬁ;y(h)<1—P§z <2 ) x(h)P2x(h)
Y(h) x(h)

The MSE of Sﬁ(st), to the first degree of approximation is given by

resfontive (2,
mSymbaym\1=Psz 2

MSEmin(gg(st)) = ﬁ=1 WI;LVI% (7)

1+Yhﬁ;y(h)<1_P§2 $2 >
Y(W)Sx(h)
5. The Bahl and Tuteja (1991) exponential ratio estimator is given by
A SZ p—S2
Y = sZ,.ex (M) 8
BT,R(st) y(h) €XP G *+SZm (8)
The MSE of §§T'R(St), up to first degree of approximation, is given by

& * ﬁ*x *
MSE(Sprrst) = The1 WiVaSym) (ﬁZy(h) + ZT(h) - /12200(h)>' )
6. Shabbir and Gupta (2007) proposed the following estimator for Ss?c(st) is given by
&2 _ 2 2 .2 Sk ~Sx(h)
Sse(st) = W3Sy + WalSx(ny — Sx(n)))eXp <—S)2((h) +S§<h)>'
where w5 and w, are suitably chosen constants having optimum values given by

_ YrBaxm 8=YnBax(h)
W3(opt) = 8

*2

Yh(B;x(h)+B;y(h)r8;x(h)_’12200(h)):|
and

w Sy <_3B;x(h)+8’1§2200(h)_B;x(h)}‘zzzoo(h)+4’B;y(h)ﬁzx(h)_4}‘;2200(h))
4‘ t - * * * *

(op®) 85%(n) Byt BayyPaxny~As200(h)

The MSE of §§G(St), up to first degree of approximation, is given by

B2 —168; 1-p? Sy —4
Yr(=B2x(n)y=16B2yn)( Psi(h ch(h))(ﬁZx(h) )

)S

~ st
2 _vL 4_2°y(h)
MSE(Ss(sty)) = Lh=1 Wn'Vi =, Byt 2
Sy(n)Sx(h)

] (10)

7. Singh (2014a) proposed an improved estimator for $& ., is given by
2 2
Seucsty = Somy|Ws + We(SZny — s2my)|exp {‘P a(zy(;:)(:)s;;(;fz b}' (11)
where ws and wg are suitably constants, W takes values +1 and —1 for ratio and product
estimators and a, b be the known population parameters of the auxiliary variables. The minimum
MSE of §§M(St), up to first degree of approximation, at optimum values g =¥ =1,
1 =125y A2200(h) +3Bax () 16A3500(h) ~8Bax(hy—2B3%(h) ]

4 B3 xhy = 4By Aa200(h) t8A3500(hy = 2By (hyBax(hy = Bax(hy = Pax(h)

Ws(opt) =
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and
W6(opt)
1 [=6B5xmyA2200(m) + Braeny T 84%200(m) — 4Baxny T 843200(n) — 8Bax(nyA2200() + 4ﬁ;x(h)ﬁ;y(h)l
45 x(h) ﬁzz;(h) 4’ﬁ2x(h)/12200(h) + 8/12200(h) zﬁ;y(h)ﬁ;x(h) - ﬁ;x(h) - ﬁ;;zc(h)
is glven
g [ B2sx(h) Baxny +82200(1)) +16(B2x () ]
3 53 2x(h) —4Var($3,,s0)))+1645 yh -
MSE(Ssm(st))mm ~ Zh ) Wh yh y(h) ar(Speg(st))) 2200(h) A2200(h) B2x(h)) (12)

64 =By A+Biy iy +2243200(m)) 445200 (1))

8. Yaqub and Shabbir (2016) proposed an improved class of estimators for Sés(st), is given by

£ { (Sx(n)=Sx(h)) }

&2 _ 2 2 .2 a(Sxm=sxw) | 2 a(Sxemy tSxm)+2b) |

$¥ssty = Sy W7 + we(Szny — Szn)] (a(s,%(h) +5Z )+ 2D ) a2 -sZ) | (13)
T 2 exp {a(sf(h)+s§(h))+2b}

where w, and wy, are suitably constants and a and b be the known population parameters of
the auxiliary variables. The minimum MSE of §,§S(st), up to first degree of approximation, at
optimum values a = 1,b = 0,

w ﬁz;c(h) [ 1+7(1=Boxn)) ]
9(opt) — By 4B (i) (1= B () 4By hy Bax () ~4A2200(h)
and
WlO(opt)
B Sony 22000 + 75200 (1 = Baxny) = 8Baxcny (1 = Bax(ny) + 8By nyBaxny — 8132200(;1)]
282 x(h) Braxny T 4By = Baxny) + 4By nyBoxcny — 4222000 ’
is given by

6455y Var(Skeg(se) (1=Baxny) ~Baxch
MSE S =~ W y(h) a y(h) R g — _ )

9. Muneer (2018) proposed an ratio-product type exponential estimator for 3131(50, is given by

&2 [ ( i(h)) n S;Zc(h) 5§(h)—592c(h) (15)
W11 Wi2 eEXpl\z =2 )
M(st) = y (h) Sk(h) Sz Sy tSam)

where w;; and w;, are unknown constants whose values are

(14)

W11(opt)
1[1625500(h) + 1645200y Bayhy — 2445200m)Bax(ny = 16B5ymyBaxny — Boecny = 16432000n) — 8Bax(ny
8 1612200(}1) 16)’3200(h)ﬁ;x(h) - 4ﬁ;y(h)ﬁ;x(h) + ﬁgpzc(h) - 4ﬁ;x(h)
and
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W12(opt)
l 4825500n) — 1643200 Bayny = 7223200 Baxny T 16BaymyBaxcny + 2182
Sy +16A%200(h) — 24B2xn)
16 1625300(n) = 1645200 Bax(ny = 4BaymyBaxny T Baxny — 4Baxny

\

The minimum MSE of st(st), up to first degree of approximation, is given by
MSE i (S2M(st)) =
( 64255 00(h) Bay(hy ~ 4845200 Bax(h)~12823200(h) Bay () Bax(ny )

+4825200 (1) Bax(hyBax (i) 64 B3y h) By 9B (h)
4 *2 * *
iLz ) W,{’yﬁ Sy(h)< | +64255 000 —64B3y ) Bax(h) ] [ (16)
- 16 16255 00(h) = 1642200(h) Bax(hy =By hy Bax(hy t Baxchy = 4Bax(h)
\ y,

Proposed Estimator
We propose a difference ratio type estimator of the population variance 5‘§ in stratified random

sampling as

Shristy = WasSyny + Wia(Sieny — Sty + Wis(Siny — Simy) + Wis(Sicny — Samy)}

exp( a(Sxny=Sichy) ), (17)

a(Si(h)+sfc(h))+2b

where wy3, Wy, Wi and wy are unknown constants, whose values to be determined for
optimality. After rewriting the proposed estimator §,§r(st) in terms of relative error. Moreover, a
and b can take varying values and thus provide different members of our proposed family of
estimators. Table 1 below, presents various values of a and b and resultant estimators.

Shresty = WisSyny + Syny€onWis — Sx(ny€1nWia — S7€2nWis — Sicny€snWie)

2,2
(1-%an 30y .y (18)
solving further the right hand side of (23), and keeping terms only up to second order in e;;s, we

can write
(SZrsty = Shemy) = SpmyWiz — 1) + S2nyonWis — Siny1nWis — Siny€znWis — Siny€snWis
1

-3 OS] nye1nWiz + Zezsf(h)efhww - %gsf(h)%hﬁwm + %Hsf(h)elzhwm
+§95r2(h)e192hW15 + %esi(h)elhe3hwl6- (19)
By applying the expectation on both sides on (24), we obtain the bias of an estimator S‘ﬁr(st) as
Bias(ggr(st)) =

3 . 1 .
Soy(wiz — 1) + gylegzsj(h)ﬁZx(h)WIS - gyleesg%(h)wmlzzoom) 20)

L 2
-1 W,

h=1 h 1 % 1 % 1 %

+ EYPZLQSJ%(h)BZx(h)WM» + gyfzzgsrz(h)wwlozzo(h) + 5)’}21955(@ W1640202(h)

Squaring and then taking expectation of both sides of (24) we get the MSE of an estimator
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§,§r(st), up to first degree of approximation, as

MSE (S'Igr(st))

S;(h)(l 2wyi3) + S (h)W13 + ¥4 6? Sy(h)ﬁZx(h)Wm 3 Yr6? Sy (h):BZx(h)W13
Vi Sy BaymyWis + Vit Scny Bax(nyWia + VhSr(h).B;r(h)Wls

Vi SatnyBrumyWis + 2Vn Sy StyWiaWisAoz20(my + 2¥ i SecnySuch)
W1aW1640202n) + 2V Sty SumyW1sW16A0022n) + 2YhOSy ) Srin)

W13W15/13220(h) + thHS (h)Su(h)W13W16/10220(h) - thS (h)Sx(h)W13W14

IR
ingh
X

Ar200(h) = 2V SymySemyW13WisAz002(n) = 2V SymySamyWisWi643020(m)
_Vl"tHS;(h)SE(h)WlleZZO(h) - VheS (h)Su(h)W16/10202(h)

+2¥ 1055 () Sz BaxnyW1sWia + YrOSymyWiAs200m) — Y OSycmySich)

i Bax(myWia — 2vx 6'~5'y(h)W13)L2200(h) |
By minimizing (26) we have the optimum values of wy3, wy,, wys and wyg, respectively,

given by

(BeBax(ny+A2) Y87 B3x(n)—8)
(- A4’10202(h) 2(As+Ag)+A;—2Ag +A9/13%,22(h)

Wi3(opt) =

-8 +2B55(myA2020() 22002 20022 () (A9 Bau(ny + Bax(hy Bar iy X2002(h))
L +B5umBoxmyAs520m)Yh+A2+B6Bixhy |

_leh93ﬁ§§(h) +4260° B3 (n) _%Blyhgzﬁ;x(h) +((B2+B3B2r(n))B2x(h)
5‘32’(h) +7L;2200(h)ly(‘)%22(h) +4920022(h) +“14/132202(h) —2B543002(h)A0202(h) A7
_ +A10+Bsfox(n)+A2)0+2B,
Wi4(opt) = (—A4dgS 0z —2(As+Ae)+A7—2Ag+As 53 55y v

252 +2B55(m)A2020(m) A2002(h) 20022 () (Ao Bau(hy + Bax (i Xs002(h) Barch)
+BuyBax(y o020Vt A2 +B6 By

w _ S3(hy(B7+Bg) (YnO? B (ny—8)
15(opt) (—Asd02(ny—2(As+Ae)+A7—245+As Ao 55 1) '

-8SZn) +2B55 () A5020(m) A2002 () 20022 () + (A9 Bau(iy + Bax(iy X002y Bar(h)
+23520(h) BauhyPax(h)) Yh+ A2+ Be B n)
and
w _ Sy hy(Bo+B10) (Y102 B3 x(hy—8)
16(opt) [ (—AsdZonny—2(As+Ae)+A7—245+As Ae5 50 1)

1
‘855(h)| +2’12020(h)’lzooz(h)’lzozz(h)ﬁ;x(h)+(A9ﬁ;u(h)+ﬁ;x(h)’1;%)02(h))ﬁ;r(h)Jl
+B3u(h) Bax(yA2020(h))Yh+ A2 +Be B h)

Where B; = (—=A5522(m)A2200n) + (Ro202(m)A2020(0))A0022(h) — Bar(nyAo202(mA2002(h)
—Brum) (—B2rmyA2200n) T 0220(m)A2020(1)))>
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B, = AB%)ZZ(h).B;y(h) + Az%zo(h)ﬁ;u(h) — 225002(m)A2020(m)A0022(n)
B; = ﬁ;u(h)ﬁ;y(h) - /13%02(11)»34 = ﬁ;y(h)/lzzzo(h) - AZOZO(h)AZZOO(h)'
Bs = = BarmyA2200n) T A0220(m)A2020(0) Be = (—BarmyBaumy + /13%22(@)»
B; = (ﬁ;u(h)/lzozo(h) - ABOZZ(h)AZOOZ(h))ﬁ;x(h)'
Bg = BZZOZ(h)AZOZO(h) + BaumAo220(m)A2200n) — (Aoo22myA2200(r) T A2002(1)) 202021
By = (_ﬁ;r(h)/lzooz(h) + Agozz(h)AZOZO(h))ﬁ;x(h)'
By = ?)2220(h))‘§002(h) + BarmyAoz02(m)A2200(n) — (Aoo22(mA2200(0)
+ 0202(m)A2020(1)) L0220
Ay = .Bzr(h)ﬂszzozm) + 5§u(h))132220(h) — 245022(m) A0202(r) A0220(n)
Ay = 250220y Bayny + BariyXa002n) — 240022(h)A2020(h) A2002(h):
Az = (=BrrayBrymy + Xsoa0m)»
Ay = (Aoo22(m)B2y(ny — A2002(h)A2020(n)) Ao220(n) 02021
As = (B2rmyA2002(n) — Ao022()A2020(1)) A2200(h) L0202 (n)
As = (=BoumyBaymy + As502(n)) Ao320(h):
A7 = (=BrumyA2020tn) F A0022(m)A2002(1))A2200(n) A0220(R):
Ag = 2(34/13202(@ - ABZZO(h)AZOOZ(h)’1§200(h))'
Ag = 2/1;020(h)AZZOO(h)ABZZO(h):B;u(h) - Azzzoo(h)ﬁ;r(h)ﬂ;u(h)'
G = (A lo502an) + 2(As + Ag) + A7 — 24).
Substitute the optimum vales of w3, wy4, wys and wye, in (26), we get the minimum MSE of
Shr(sty is given by
I_;Béyh94ﬁ£§c(h)_Vhezﬁgc(h){%Azgz‘H%
S;(h)l +A4ﬁ§u(h)}+{Vh923§x(h)+G+Be71§2200(h)}
+4(A3+A4B50n))}=4(G+BsA3500(n)

mm( Pr(st)) Zh_l nYh {_G_A‘B)‘o%zz(h)_Zﬁzx(h)lzozo(h)’lzooz(h))loozz(h)

(21)

4 +(A9Boumy By Az002(m) Bar(h)

+B3uhy Brx(hy 2020 Y h+A2+Be By

hp!
e Members of the suggested families of estimators
a b Sr(st)
1 Cx(st) S ﬁﬁgt) (W1sSyey + Wia(Sxny — Sxny) + Wis (S
— sry) + Wis(San
2 2
— 52))exp ( o)~ Ss00) )
(Sxmy T Sxmy) T 2Cxst)

Ba(st)x) S 13520 (W13Syny + W1a(Siny — Seny) +
W15(5r2(h) - Srz(h)) + W16(S£(h) -
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2 2
2 (Sx(n)—Sx(n)) )
S. ex
u(h))) p <(5§(h)+592c(h))+2ﬂ2(5t)(x)

B2(st)(x)

Cx(st)

g2(3)
SPr(st)

(W13532/(h) + W14(S§(h) - Sf(h)) +
w1s(Seny = Srny) + W6 (S —

Ba(st)(x) (Sxch) _Sazc(h))>
(Sf(h) +s;25(h))+2Cx(St)

SLZL(h)))eXp (

Cx(st)

ﬁz (st)(x)

52(4)
SPr(st)

(W13Syny + Wia(S5ny — Sxmy) +
w1s(Seny = Srny) + W6 (S —
Cx(st) (Sehy=S(h)) )

2
S ex
u(h))) P <(5§(h)+592c(h))+2ﬂ2(5t)(x)

Pyx(st)

52(5)
SPr(st)

(Wi3Spny + Wia(Siny — Seny) +
w1s(Simy = Srmy) + Wi (S —

(SZhy—Szchy) )
Sf(h) +5,25(h))+2PYX(st)

Szi(h)))exp <(

Cx(st)

Pyx(st)

22(6)
SPr(st)

(W13532/(h) + W14(S§(h) - Sa%(h)) +
w1s(Siny — Srny) + Wie (S —
Cax(st) Sx(hy =Sk (hy)
52 1)) exp (7o

x(h) +5;25(h))+2PYX(st)

Pyx(st)

Cx(st)

&2(7)
SPr(st)

(W13Syny + W1a(Siny — Sey) +
w1s(Siny = Srny) + Wi (S —

Pyx(st)(Sxny=Sz(h) >
(sf(h)+s§(h))+zcx(st)

Si(h)))exp (

Ba(st)x)

Pyx(st)

22(8)
Pr(st)

(W13Syny + W1a(Siny — Seny) +
w1s(SFmy = Srmy) + Wi (S —

Ba(st)x) (Sxcm) _Sazc(h)))
(Sf(h) +s§(h))+2pyx

Si(h)))exp (

Pyx(st)

Ba(st)(x)

22(9)
Pr(st)

(W13Spny + Wia(Siny — Seny) +

w1s(SEny — Srny) + Wie (S —

2 2
2 Pyx(sx(h)_sx(h)) )
S ex
u(h))) P ((5§(h)+5;25(h))+2ﬁ2(st)(x)

NS2

42(10)
SPr(st)

(W13Syny + W1a(Siny — Sey) +

w1s(Srmy = Sray) + Wis(Sany —

(S%y=S=hy) >
s,%(h)+s§(h))+2Ns,%

Sﬁ(h)))exp <(

Performance Comparison
In this section, we advance by comparing the efficiency of our proposed family with Muneer et al.
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(2018), we need to show MSEqin (Siist)) — MSEmin(SEr(sy) > 0, Which on simplification
provides the general efficiency condition such as,

[ 6425500 Bryhy — 48X5200m)Baxny — 1283200(n)Bay(nyBax(hy
+4825500(m) BaeyBaxny + 64B2ymyBowchy + IBaxiny
+6425500(n) — 64B5y(nyBax(h)

{_G - A9/18%)22(h) - zﬁ;x(h)Azozo(h)/rzcooz(h)/lgozz(h)

+(AoBruwny + BaxyA2602()) Barh)

| BoumyBaxyMao20mI¥h + Az + AiBrrny

—4[1625500(n) — 16X5200(m)Bax(ny — 4BaymyBaxny + Baseny — 4Bx(n]
[ I_;Alyh94ﬁ;i(h) - Vhezﬁ;?c(h){ll_GAzaz + A3

+AuBrumy} + Vr0Boxny + G + A1 5000 |-

+4(Az + AsBrumny)} — 4(G + A1 A3500(h))

Empirical Study
For numerical comparisons of the proposed and existing estimators, a dataset is considered. The

newly proposed estimators are compared in terms of PREs and the results are reported in Table 1.
The detail of the data set is given below.
Dataset: Source: Murthy (1967)

y: Output of the factory and X: number of workers.

N=80,  n=10, Y = 5182.64, X = 285.125, R=405, U=
153514.2, S, = 1835.659, S, = 270.4294, S, = 23.23749, S, = 256931.1,

pyx = 0.5334603 , pyr = 0.8305842 Py = 04397924, Dy =
0.4284402, pru = 09329431, pry = 0.285485, C, = 0.354194, C, =
0.948459, C, = 0.573765, C, = 1.673663, By = 2.238321, Baoy =

3.536017,  PBoiy = 1.776874,  Pyuy = 7196021,  Ayp00 = 2294326,  Aygp =
1.893889,  Ay002 = 2.836948,  Agpp0 = 1.918748, Ay, = 4.828777,

Aoozz = 2.172258,  y =0.1.

PREs = Var($2)/MSE(S?) x 100; i =y,R,Reg,RD,GK,AH,Pr.

Table 1: The PREs of estimators for different choices ofaand b

S.No a b Sz, Siu S3,
1 1 C,
212.5887 419.8847 092.6066
1 .Bz(x)
212.5869 419.8807 992.5903
.Bz(x) Cx
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212.5891 419.8858 992.6109

Cx Bz(x)
212.5867 419.8804 002.5891
1 Pyx
212.5877 419.8826 092.5981
Cx Pyx
212.5876 419.8824 092.5973
Pyx Cx
212.5895 419.8855 992.6099
ﬁz(x) pyx
212.5889 419.8852 092.6085
pyx Bz(x)
212.5883 419.8838 092.6028
1 NS2
192.4908 380.7184 861.3078
5sz
y
100.0000
Sk
104.4392
gl%eg
173.0900
Skp
188.4244

From the results contained in table 1, it is much clear that the PREs of the proposed estimators are
significantly greater than those with their competitors, which shows the appropriateness of the new
estimators.

Conclusion
On the basis of theoretical as well as numerical results, it is inferred that the suggested estimator is

more efficient as compared to the existing mean, product, classical regression, ratio,
exponential-ratio, Rao (1991), Smarandache et al. (2009), Shabbir and Gupta (2010), Grover and
Kaur (2011), Grover and Kaur (2014) and Hagq et al. (2017) estimators.
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