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Abstract

Calibration approach is most important in survey sampling. Calibration estimation improves the precision of the estimates of population
parameters by using auxiliary information. We proposed two new calibration estimators for estimating the population mean in stratified random
sampling with a set of new calibration constraints. The proposed estimator has been compared with Tracy et al. (2003) estimator with the help of
simulation study. The resultant new estimators are more efficient than Tracy et al. (2003) estimator in stratified random sampling.
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1. INTRODUCTION

Calibration is commonly used in survey sampling to include auxiliary information to increase the precision of the estimators of
population parameter, Deville and Sarndal (1992) first proposed calibration estimators in survey sample and calibration estimator
has been studied by many survey statisticians. A few key references are Kim et al. (2007), Singh and Arnab (2011), Koyuncu and
Kadilar (2013), Mouhamed et al. (2015), Koyuncu and Kadilar (2016), Clement and Enang (2017), Nidhi ez al. (2017), Neha Garg
& Meenakshi Pachori (2020 etc., have contributed in the direction of developing some calibrated estimators for different
population parameters using different calibration constraints under various sampling schemes. Thus the term calibration estimation
as introduced by Deville and Sarndal (1992) is a procedure of minimizing a distance function subject to calibration constraints. In
this paper, two new calibration estimators for population mean under stratified random sampling is suggested using new
calibration constraints, which includes mean and coefficient of variation, coefficient of variation and correlation coefficient. The
use of these constraints makes the estimator more efficient. In Section 3, the proposed estimators has been determined using
calibration approach. Section 4 .Simulation study has been carried out (using R software) in Section 5 to check the performance of
the proposed estimators with the other existing estimators.

2. Procedure, notations, and definitions

Consider a finite population U of size N with unit labels 1,2 .....N. let y; i = 1,2.... N be the study variable and x;, i = 1,2 ... N
be the auxiliary variable linearly related to y. The population total of the auxiliary variable X = Y,;cy x; is assumed to be known.
The objective is to estimate the population total for the study variable Y = }};cy y;-

A sample S is drawn such that s = {1,2, ....n} c U using a probability sampling design P.

The first and second order inclusion probability i.e., m; = P.(i € s) and m;;: the second order inclusion probabilityi.e.,m;; =
P.(i,j € s).

To estimate the population total ¢, = i, y; Deville (1988) used calibration technique on known population totals to modify the

basic sampling design weights, d; = 1/m; defined as the inverse of the inclusion probability for unit i. The weights d; = 1/m;
appear in Horvitz-Thompson estimator.

Then,

1:’HT = Dies Vi /T
Yur = Yies dii 2.1

The calibration estimator of t,, is defined as

1’}c = Zies Wiy
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Where the weight w; is chosen as possible is an average sense for given metric to the d; based on a distance function given that the
calibration equation is

YiesWix; = X.

(wi=d;)?

diq;
suitable chosen positive scale factor which decide the form of estimator. Using the method of Lagrange’s multiplier, the
calibration weight is obtained as

The distance measure most commonly chosen is the Chi square distance function given as D = Y;¢ , Where q;, ies are

w; =d; + (Adix;qi/ Ties diqi XF) (X = Lies dix;) (2.2)

The resulting estimator of Y using calibration weights was obtained as the generalized regression estimator of Y by Deville and
Sarndal (1992) as

ijREG f Dies di}f\i + ﬁDS(X — XHT)
Yyr + ﬁDs(X - XHT) (2.3)

Where fps = Yies diX; qi/ Sies diq; x? is a weighted estimator of the multiple regression coefficients.
Variance of Y;pze for a large sample size provided by Deville and Sarndal (1992) is

V(Yerec) = lZZi#]’EU Dy mij(diE; — djEj)2

T j—T;j . 2Xiq
Where Dij LAY Y E =y, — Bxi and B = Yieu YViXiqi
Ty

2
Yiev qiX;

A consistent and approximate unbiased estimator of variance is given as

~ 1 2
V(YGREG) = EZ Dixjev Dij (Wiei - Wjei) 24
where e; = y; — Bpsx;

The calibration estimator under the stratified random sampling for population mean Y defined by Tracy et al. (2003) is given as
Vse(t) = Xiie1 Q7 (2.5)
Where the weight €, are chosen such that the chi square distance function

L (@=wy)? (2.6)
Li-1 WhQp

Where Q, denotes suitable weight to different forms of estimator
Subject to the following calibration constraints
Y1 %y = Tt WX, 2.7)

Yhie1 Qusite = iz WiSi 2.8)

= 1 -1 . . . .

Where X, = — Z?”l xp; and X,=— ZT[_" x;; are the h"stratum sample and population means of the auxiliary variable, respectively.
2 1

N xh — Nj—

Stratum Sample variance,

Z WhiQ Six Z W,(X, — %) — Z W, Q1S Z W, (SE — th)/z WiQ Six Z W,Q, %, Z(Wh QuSin)? ]
2
Z W,Qn %, Z Wi (St = i) = Z W,QySh % Z W, (X, — xh)/z WiQn S Z W;,Q, %% — (i Wth&?x) ]
h=1

Thus, the estimator given by Tracy ef al. (2003) is

N” X, — X;)? denotes the 4" stratum population variance, s2,, = —— ™ (x,; — %,)> denotes the 4%
hi h pop xh = 1 Zui=1\Xni h
-

Q, =W, + W,Q,%,

+ W, Q157

A O EDY A (}7h + Baery Ky — %) + Pory (S — Sifx))
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Where
Biry = WiQukiFu[Zhes WiQ S ey Wi (X — %) — Xy WiQiZu Sty Yoy Wi(SPe — Si)/ T Wi Qi i ey Wi Q1 %2 —
Xl WiQusin)?]

Bary= WiQusidnl X1 Wi, fh2_215=1 W, (SFe = Sine) —
Y WiQusi iy Xy Wi(Xy — %)/ 2o WiQp Si* i WiQ1, %2 — (Bhiey Wi Q5500 ? 1

3. Proposed Calibration estimators in stratified sampling

Suppose we have population N units that is first sub divided in to L homogeneous sub group called strata. Such that the A" stratum
Consist of N, units 4 = 1,2...L and Yk_, N, N. Suppose further that an, be the size of the sample for h™" stratum such that

YL . m, =n. Let y and x be the study and auxiliary variables taking values y,; and x,;, respectively for i unit (i = 1,2, ....,N)
and W, = % is the known proportion population units falling in the h*" stratum.The unbiased estimator of population mean Y is
given by

Vst = Zie1 Widh, 3.1)

Where y, = %Z?ﬁl Vi denotes the W™ stratum sample mean. Under SRSWOR sampling, the variance of the estimator y, is give
h

by

n

_ —f;
VOst) = g5 Zher wa? (5952 (3.2)

Where S2,,, = ﬁzyz”l (v — ¥,)? denotes the 4™ stratum population variance, 7;,=N—1h Y Y denotes the h" stratum population

mean and f;, = n,/N,,

Casel: Let X;;, i =1,2....,N,; h=1,2..... L. denote the value of the it" unit of the auxiliary variable in the A" stratum about
which information may be known at the stratum level consider a new alternative (calibration) estimator for stratified sampling of
the form

Yse(n) = Xy Qi (3.3)
Where the weight Q;, are chosen such that the chi square distance function

L (Q=wy)? 3.4
L= WQ),

Where Q;, denotes suitable weight to different forms of estimator

Subject to the following calibration constraints

i1 %, = Xiio WiX,, (3.5)
Zi:l thlgx = Ei:l WhCth (3'6)

= 1 51 . . .
Where X, = n_hZ:;hl xp; and Xh:N—hZ?zhl x,; are the hstratum sample and population means of the auxiliary variable,

respectively. SZ, = ﬁ}:?’z”l(xhi — X,)? denotes the 4™ stratum population variance, s, = #Z?ﬁl(xhi —%,)? denotes the

2
th . s
h*" stratum sample variance, cZ, = =2, C%,, =

s2,
Xz’ X

th be the coefficient of variation of h™ stratum.

Thus the calibration estimation problem reduce to an optimization problem where

(Q—wp)?

wig,  2h (hi=1 X5 = Lies WiX) — 225 (Bfi=y Qucity — it WiCi)

¢ = Z;;:l

Where A, and 4, are the Lagrange’s multipliers Differentiate above equation w.r.to Q; and equating to zero for obtaining the value
of Qh

Q, = W, + W,Q,(M1 %, + Aycfy) (3.7
From equation (3.5)

Zi=1iW, + W30, (Aa%, + 0i)} 5y = Eiioy WiK),
i MWLQ1 B + Xy A WiQuct Xy, = Yoy Wiy, — Xy Wi, (3.8)
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From equation (3.6)

Zi:l{Wh + Wth(Alfh + AZCl%x)}Cl%x = ZZ:l WhChzx
Zi:l A4 WthCfxfh + Zi:l 1, W,Q, C;:}x = lef;:1 thhzx - lef;:1 thi%x (3.9)

On solving equations (3.8) and (3.9) we get

M= i WiQy e X WX — %) — Xhicy WiQuct Xy Wi(CRe — i)}/ Zhics WiQ), G X WiQi %2 —
Xl WiQuci)?

o= B WaQueh T, Yoy Wi (X — %) + Yoy WiQi, %,° Yoy Wi (CE — i)/ Xiea WiQs i Tiicy Wi Q, %% —
Xl WiQuci)?

On substuting 1, 4, in equation (3.7) we get

L L L L L L L 2
Z W@, Chx4z Wy (X, — %) — Z WthCfo Wh(Cth - Cfx)/z W, Qp Chy* Z W@, fhz - (Z WthQ?x)
h=1 h=1 h=1 h=1 h=1 h=1

=1
L L L L L L L 2
Z W,Q, %,° Z W, (Ch = cin) — Z W,Q5C7t % Z W, (X), — fh)/z W, Q) ¢t Z W,Q, %,” — (Z WthQ?x)
=1 =1 = =1 = =1 =

On substuting the Q;, in (3.3) we get

Q, =W, + W,Q,%,

+ W, Qi

Foe () = Zhy Wi(5i + Bi(Ky = %) + Bo(CE — )

Where
B = L L L L L L L 2
W, QuXn ¥ Z W, Q) cpc* Z W, (X, — %) — z W, Q4T Z W, (Ch — Chzx)/z W, Q, cpc* Z W,Q, %> — (z WthChzx>
=1 =1 =1 =1 =1 =1 =1
B = W,QuCi T [Z;i:l W, Q) %2 Xjiey Wi (Che — /) —

Y1 Wi Qucte Xy Xiea Wi (X), — %3)/ Xz WiQp o™ i WiQy %3 — (Bficy WiQucin)? 1

Case2: The calibration estimator under the stratified random sampling for population mean defined by Tracy et al. (2003) is given
as

Vst (cv) = X1 Q7 (3.10)

Where Q, is the weight minimize the distance measure In this study we consider following distance function
Where the weight Q;, are chosen such that the chi square distance function

L (Q=wy)? (3.11)
Zi=1 WiQp
Where @, denotes suitable weight to different forms of estimator

Subject to the following calibration constraints

Yhe1QnCpy = Yoy Wi Crx (3.12)
Yhe1 Qnpiy = Xhos Wh Phy (3.13)

1

— Z?zhl(xhi — X,)? be the sample variance of y and x respectively in ht"
e

Z?’:’H(xhi - Xh)zt Syxh =

2 _ np = \2 2 ——1
Where s%,, = Yit1Vni — ¥r)? and s%, = np-1

1
Np-1

stratum  corresponding to the population variancesS?,;, = ﬁzyz"l(yhi —Y)%nd S%,, =

1
Np—1

_ _ . S N . .
Zévzhl(xhi — X)) (yn; — Y,,) Covariance between y and x then pp, = th/Syh «Sxn > Prx = th/Syh + Syp, is the correlation

. S . i
coefficient of ht" stratum and ¢y, = s"?h ,Cen = %’1 be the coefficient of variation of h*" stratum.
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Thus the calibration estimation problem reduce to an optimization problem where

(Qp=Wp)?
¢’ = Zlﬁ=1M - 211(2%:1 thhx - Z%z=1 WhChx) - 2/12 (Zh:l thizzx - Z%z=1 Whplzlx)

WhQn

where A, and A, are the Lagrange’s multipliers Differentiate above equation w.r.to };, and equating to zero for obtaining the value
of Q h

Qp = Wi + W,Qn(AiChx + A207x) (3.14)
From equation (3.12)

Yhe1iWh + WhQu (A Chy + A207)} Chx = Bhoy Wi Ciy
The1 MWihQp cny® + Xhoq A2 WhQnpinXn = By WiChyx — Xhos Whihx (3.15)

From equation (3.13)

Skt iWh + WhQn(Aschy + 2208307 = Xkt WaPhx
Yhor A WiQnpixChx + Lo 22WhQn pr* = Xhoy WaPhx — Xhe1 Wiphs (3.16)

On solving equations (3.15) and (3.16) we get

M= {Z’fz:1 Wy, Qx phx4 Z’fz:1 Wi (Chx — Chx) — Zlf1=1 Wthplex 2%1:1 Wh(pﬁx - Pizlx)}/zlﬁﬂ Wy, Qx phx4 Zlf1=1 Wy, Qr Chxz -
(Z'fl=1 Wthp,%x)Z

Ao Tkt WhQnpiy cnx Zhes Wi (Crx — Ch) + et Wi Qn Chs® Thoa W (Phx — P2 /{Z ket WiQn P Thoy Wh (Chx — Chx) — 2F
= (Che1 WhQnpie)?

On substuting 44, 4, in equation (3.14) we get

L L L L L L L 2
Z W, Qn Prs* Z Wi (Crx — Chx) — Z Wi Qnpix Z Wh(plzlx - szlx)/z Wi, Qp, prx* Z W;,Qn Chy — (Z WthPﬁx)
h=1 h=1 h=1 h=1 h=1 h=1

h=1

L L L L L L L 2
+ Wi, Qnchy Z Wi, QnChy Z Wh(P;Z;x — Phx) — Z Wi QnPiixCrx Z Wi (Chyx — Chx)/z Wi Qn Pt Z Wi, Qp Chy — (Z WthPix)
h=1 h=1 h=1 h=1 h=1 h=1

h=1

Qp = Wi + WyQneny

On substuting the Q,, in (3.10) we get

}_}st(cv) = Zh:l Wh ()_}h + ﬁl(chx - Chx) + ﬁz(Pﬁx - pizlx))
Where

By L L L L L L ‘
= WpQnChxdn Z WhQn Phx Z Wh((Chy — cnx)) — Z WhQnChxPix Z ACT pizzx)/z WhQp prx* Z WhQp Cnx® — (
h=1 h=1 h=1 h=1 h=1 h=1 i

I

Br= WipQnpixIn[Xhe1s WaQn Cix o1 Wi (Phx — Phx) —
he1 WnQnCiyXn Xy Wn (Chx = Chx)/ Zhe1 WnQn Prix i1 WnQnChy — Choy WaQnpie)? |

Since the ratio O, /W, = lin probability, as the sample size in each stratum tends to infinity, the proposed estimator f the
population mean is consistent.

4. Simulation Study

To study the performance of the proposed estimator we use the following data set

Source of Data

Population, is taken from the census of India 2011(Uttar Pradesh , Series 10, Part 12B and District census hand book, AGRA).

Population: 1 The considered data relates to total area of 45 villages of Khandauli block at Agra districts (U.P). We consider the
numbers of agricultural laborers in villages as study variable y and the total area of villages as auxiliary variable x
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We divided the whole population of 45 villages is divided in to 5 strata according to the area. Accordingly we have:

Strata Area in Hectare

1 (1-4400) (21 Villages)

2 (4400-8400) (10 Villages)
3 (8400-12400) (6 Villages)
4 (12400-16500) (5Villages)
5 (16500-20900) (3Villages)

Table 1. Parametric values of the population (1)

Population Stratum 1 | Stratum 2 Stratum 3 | Stratum4 | Stratum 5
N = 45 N, =21 N, =10 N; =6 N, =5 N: =3
n=23 n, =10 n, =5 n, =3 n, = n,=2

Y =173.508 | ¥;=112.09 | ¥,=175.9 ¥;=149.83 | ¥,=232.2 | ¥;=545

X = 46337 | X,=196.4 | X,=413.411 | X;=672.33 | X,=844.26 | Xs=1445.97

Population:2 For this we considered the 2011census data which is relates to the total number of agricultural laborers, total area
total population, and total numbers of cultivators of 55 villages of Etmadpur block of Agra districts (U.P). We take the numbers of
Agricultural laborers in villages as y, the total area of villages as x,, the total population of villages as x,, and the total numbers of
Cultivators as x5,

The whole population of 55 villages stratified in to 5 strata according to the Area. So the strata become as under

Strata Area in Hectare

1 (1-3647) (31 Villages)

2 (3647-7222) (11 Villages)
3 (7222-9973) (5 Villages)

4 (9973-12307) (3Villages)
5 (12307-18173) (5Villages)

Table 2. Parametric values of the population (2)

Population Stratum 1 Stratum 2 | Stratum 3 | Stratum4 | Stratum 5
N =55 N; =31 N, =11 N3 =5 N, =3 N5 =5
n=31 ny =15 n, =5 n, =3 n, =2 n,=3

Y =1474 | ¥,=7238 | ¥,=158.81 | ¥;=1944 | ¥,=250.6 | Vs=478.2

X =33043 | X;=117.67 | X,=324.96 | X;=550.23 | X,=777.97 | X:=1173.2

We calculated empirical mean square error and relative efficiency using following formulas
The MSE of Tracy et.al (2003) estimator

— 1 _ = _ —_12
MSEys(t) = - 32 [22:1 Wy (Yh + Bary K — %) + Bary (Six — Sﬁx)) - Y]
Similarly the empirical mean squared error of the proposed estimators is given by

MSEys(n) = %2?21[22;1 Wy (Fn + Br(Xn — %) + Bo(CE, — c2)) — 17]2
MSEFq(cv) = =352 (253 Wa (T + s (Cux — cne) + B2(PFx — pBx)) — 7]

The percent R.E of the proposed estimators with respect Tracy (2003) estimator to is given by

RE(n) = w x 100
MSEys¢(n)
_ MSEys(t)
RE(cv) = MSErer(cn) 100

The MSE and RE for population 1,2

Population Estimator MSE RE
1 Tracy(t) 51.192 100

Proposed(n) 36.734 141.34

Proposed(cv) 39.59 131.14
2 Tracy(t) 53.34 100

Proposed(n) 34.308 155.47

Proposed(cv) 45.57 117.05
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Conclusion

The new calibration estimators proposed in this paper to estimate the population mean in case of stratified random sampling,
utilizing mean and coefficient of variation, coefficient of variation and correlation coefficient of auxiliary variable in calibration
constraint are found to be more efficient than Tracy et al. (2003) estimators. A simulation study has been carried using R Software
to compare the efficiency of the proposed estimators with the existing estimator through which it is observed that the proposed
estimators are having less MSE and so more efficient for stratified random sampling.
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Appendix
R Calculations

install.packages("xlsx")

library(xIxs)

library(readxl)

N1<-31;N2<-11;N3<-5;N4<-3;N5<-5

N<-55

nl<-15;n2<-5;n3<-3;n4<-2;n5<-3

n<-28

Q<-1;WI<-N1/N;W2<-N2/N;W3<-N3/N;W4<-N4/N;W5<-N5/N
data<-read_excel("C:/Users/dell pc/Desktop/Book2.x1sx")

head(data)

datal<-as.data.frame(data)
Book2<-data.frame(datal,g=c(rep(1,31),rep(2,11),rep(3,5),rep(4,3),rep(5,5)))

dim(datal)

head(Book2)

X<-split(Book2,Book2$g)

y<-lapply(seq_along(X), function(x)as.data.frame(X[[x]])[,1:2])

Al<-y[[1]]

A2<-y[[2]]

A3<-y[[3]]

Ad<-y[[4]]

A5<-y[[5]]
X1<-mean(A1$X);X2<-mean(A2$X);X3<-mean(A3$X);X4<-mean(A4$X);X5<-mean(A5$X)
S1X<-sd(A1$X);S2X<-sd(A2$X);S3X<-sd(A3$X);S4X<-sd(A4$X);S5X<-sd(A5$X)
yl<-mean(A1$Y);y2<-mean(A2$Y);y3<-mean(A38Y);y4<-mean(A4$Y);yS<-mean(AS5$Y)
S1y<-sd(A18Y);S2y<-sd(A28Y);S3y<-sd(A38$Y);S4y<-sd(A4$Y);S5y<-sd(A53Y)
Mys<-W1*yl+W2*y2+W3*y3+W4*y4+W5*y5
S1XY<-cov(AI$X,A1$Y);S2XY<-cov(A2$X,A28Y);S3XY<-cov(A3$X,A38Y);S4XY<-cov(A4$X,A48Y);S5XY<-
cov(AS$X,A58Y)
rl<-cor(A1$X,A18Y);r2<-cor(A2$X,A28Y);r3<-cor(A3$X,A38Y);rd4<-cor(A4$X,A48Y);r5<-cor(AS$X,A58Y)
ybart<-NA;MSEt<-NA;ybartcv<-NA;MSEcv<-NA;ybartn<-NA;MSEn<-NA

for(i in 1:50){
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sam<-sample(1:31,15,replace=F)

saml<-sample(1:11,5,replace=F)

sam2<-sample(1:5,3,replace=F)

sam3<-sample(1:3,2,replace=F)

sam4<-sample(1:5,3,replace=F)
sam]1<-sample(A1$X,15);sam12<-sample(A2$X,5);sam13<-sample(A3$X,3);sam14<-sample(A4$X,2);sam15<-
sample(A5$X,3)

x11<-mean(sam11);x12<-mean(sam12);x13<-mean(sam13);x14<-mean(sam14);x15<-mean(sam15)
x11s<-sd(saml1);x12s<-sd(sam12);x13s<-sd(sam13);x14s<-sd(sam14);x15<-sd(sam15)
sam21<-sample(A18Y,15);sam22<-sample(A2$Y,5);sam23<-sample(A3$Y,3);sam24<-sample(A4$Y,2);sam25<-
sample(A5$Y,3)

yl1<-mean(sam21);y12<-mean(sam22);y13<-mean(sam23);y14<-mean(sam24);y15<-mean(sam25)
rl1<-cor(saml1,sam21);r12<-cor(saml2,sam22);r13<-cor(saml3,sam23);r14<-cor(sam14,sam24);r15<-cor(sam15,sam25)
QI<-Q*W1*x11s"M+Q*W2*x12s"4+Q*W3*x13s"4+Q*W4*x14s"4+Q*W5*x15s"4

Q2<-Q*W1*yl1 1*x11+Q*W2*y12*x12+Q*W3*y13*x13+Q*W4*y14*x14+Q*W5*y15*x15
Q3<-Q*W1*x11sM2*x11+Q*W2*x128"2*x12+Q*W3*x13s"2*x13+Q*W4*x14s"2*x 14+Q*W5*x155"2*x15
Q4<-Q*W1*x11s™2*y 1 1+Q*W2*x128"2*y12+Q*W3*x13s"2*y13+Q*W4*x14s"2*y14+Q*W5*x155"2*y15
Q5<-Q*W1*x11M2+Q*W2*x 12"2+Q*W3*x13/2+Q*W4*x 14" 2+Q*W5*x 1572
Q6<-Q*W1*x11s™2+Q*W2*x12s"2*+Q*W3*x13s"2+Q*W4*x14s"2+Q*W5*x 155”2
b1nk[i]<-Q1*Q2-Q3*Q2/Q1*Q5-Q6"2

b2nk[i]<-Q5*Q4-Q3*Q4/Q1*Q5-Q6"2

ybartnk[i]<-W1*y11+W2*y124+W3*y13+W4*y14+W5*y 1 5+b Ink[i]¥* (W1 #(X1-x11)+H(W2*(X2-x12)) HW3*(X3-
x13))HW4*(X4-x14))HW5*(X5-x15)))+b2nk[i]* W1 *(S1X"2-x115"2) +W2*(S2X"2-x128"2)+W3*(S3X"2-
x138"2)+W4*(S4X"2-x148"2)+W5*(S5X"2-x155"2)

MSEt[i]<-(ybartnk[i]-Mys)"2

Q7<-Q*W1*r11"M4+Q*W2*r1274+Q*W3*r137M4+Q*W4*r14°4+Q*W5*r15™4
Q8<-Q*W1*cvl1*yl1+Q*W2*cv12*y12+Q*W3*cv13*y13+Q*W4a*cv14*y14+Q*WS5*cv15*y15
Q9<-Q*W1*r1172*cv1 1+Q*W2*r12"2*cv12+Q*W3*r13/2*cv13+Q*W4*r14/2*cv14+Q*W5*r1 5°2*cv 15
Q10<-Q*W1*r1 1"2*y1 1+Q*W2*r12/2*y12+Q*W3*r13/2*y13+Q*W4*r14/2*y14+Q*W5*r15/2*y15
Q11<-Q*W1*cv1172+Q*W2*cv12/2+Q*W3*cv13/2+Q*W4*cv14°2+Q*W5*cv 1572

QI2<-Q*W1*r1 1"2+Q*W2*r12/2+Q*W3*r13/"2+Q*W4*r14"2+Q*W5*r1 52
b1[i]<-Q7*Q8-Q9*Q8/Q11*Q7-Q12/2

b2[i]<-Q11*Q10-Q10*Q9/Q11*Q7-Q12"2

ybartev[i]<-W1*yl 1+W2*y12+W3*y13+W4*y14+W5*y15+b1[i]¥*(W1*(Cx1-cv11)+W2*(Cx2-cv12)+W3*(Cx3-
cv13)+W4*(Cx4-cv14)+W5*(Cx5-cv15))+b2[i] ¥ (W1 H(r1/2-r1 1" 2)+W2*(r2/2-r12/2)+W3*(r3/2-r13/2)+ W4*(1r4"2-
r14"2)+W5*(r5°2-r15"2))

MSEcv[i]<-(ybartcv[i]-Mys)"2

Q13<-Q*WT1*cv1 1M+Q*W2*cv12/M+Q*W3*cv13/4+Q*W4*cv14™M+Q*W5*cv1 574
Q14<-Q*W1*y11*x11+Q*W2*y12*x12+Q*W3*y13*x13+Q*W4*y14*x14+Q*W5*y15*x15
Q15<-Q*W1*cv1172*x1 1+Q*W2*cv12/2*x12+Q*W3*cv13/2*x13+Q*W4*cv14/2*x14+Q*W5*cv15/2*x15
Q16<-Q*W1*cv11™2*yl1 1+Q*W2*cv12/2*y12+Q*W3*cv13/2*y13+Q*W4*cv14/2*y 14+Q*W5*cv15/2*y 15
Q17<-Q*W1*x11°2+Q*W2*x12"2+Q*W3*x13"2+Q*W4*x14"2+Q*W5*x 152
Q18<-Q*W1*cv11"2+Q*W2*cv12/2*¥+Q*W3*cv13/2+Q*W4*cv14°2+Q*W5*cv1572
bin[i]<-Q13*Q14-Q15*Q14/Q13*Q17-Q18"2

b2n[i]<-Q17*Q16-Q15*Q16/Q13*Q17-Q18"2

ybartn[i]<-W1*yl1 1+W2*y12+W3*y13+W4*y14+W5*y15+bIn[i]*(W1*(X1-x11)HW2*(X2-x12))HW3*(X3-x13))+H(W4*(X4-
x14))+H(W5*(X5-x15)))+b2n[i[*W1*(S1X"2-x11s"2) +W2*(S2X"2-x128"2)+W3*(S3X"2-x135"2)+W4*(S4X"2-
x14s"2)+W5*(S5X"2-x155"2)

MSEn[i]<-(ybartn[i]-Mys)"2

}

Pre<-MSEt[i]/ MSEn [i]*100
Pre<-MSEt[i}/ MSEcv [i]*100

Hokskkkkok



