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Abstract

When the data is vague or indeterminate, estimators proposed under classical
statistics fail. Neutrosophic Statistics becomes the only alter- native because it deals
with indeterminacy. In this article, we have proposed different transformed
neutrosophic ratio estimators to estimate the unknown population mean of
neutrosophic data. The Mean squared errors (MSE) up to the first order of
approximation, of all the proposed neutrosophic estimators, have been derived. The
MSEs of proposed modified neutrosophic ratio estimators are compared with the
existing neutrosophic ratio estimators through a theoretical and a simulation study on
daily stock prices of Samsung Electronics Co.,Ltd. and Tesla Inc. respectively. The
proposed neutrosophic estimators give minimum MSE.

Keywords: Neutrosophic Statistics, Classical Statistics, Simulation, Stockprice,
Indeterminacy intervals

1 Introduction

Classical statistics and its methods deal with randomness but there are cases where the data
at hand is indeterminate or vague or ambiguous or imprecise rather than random. In such
situations estimation using classical statistical methods does not yield promising results.
Fuzzy logic[1, 2] is one solution to tackle such a problem but still, it ignores indeterminacy.

In such cases, neutrosophic methods are much more reliable. They deal with both
randomness and more importantly with indeterminacy. Neutrosophic statistics refers to a
set of data such that the data or a part of it is indeterminate and methods to analyze such a
data[3].

Neutrosophic statistics is an extension of classical statistics[4] and when the
indeterminacy is zero, neutrosophic statistics coincides with classical statistics[3]. Estimation
through neutrosophic methods is not a new field yet still unexplored. Some neutrosophic
ratio-type estimators has been proposed[4]. In this article first we have provided the
terminologies of neutrosophic statics[2] and some related neutrosophic ratio-type
estimators[3]. Further, we dealt with the problem of estimating the unknown neutrosophic
population mean (daily stock prices of Samsung Electronics Co.,Ltd.[5] and Tesla motors[6])
by proposing three neutrosophic transformed ratio estimators[4]. Their expressions of MSE
up to the first order of approximations has been derived and presented. Their MSE has been
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compared with similar existing few neutrosophic ratio-type estimators through a
theoretical study[5.1] and a simulation study[5.2.1] on daily stock prices of Samsung
ElectronicsCo.,Ltd.[5] and Tesla Inc.[6] respectively. A discussion on the results of the study
is presented[6]. Finally, concluding remarks and potential research area has been
provided[7].

2 Terminology

A simple random neutrosophic sample of size n from a classical or neutrosophic population
is a sample of n individuals such that at least one of them has some indeterminacy|[3].
As presented in [4], a neutrosophic observation is of the form

Z,=Z; +Z, Iy, Wwherely€ [I;,I;]

Now consider a simple random neutrosophic sample of size ny € [n;,ny] drawn from a
finite population of size N and yy(i) € [y, vyy] and xy(i) are ("€ [xL,xUA
neutrosophic sample observation. Here the population mean of neutrosophic survey an
auxiliary variable are X;,Y;]and Xy € [X,, Xy] respectively.

Determinate Neutrosophic
Classical Neutrosophic

W Statistics

Fig. 1 Flow diagram describing the application of Classical Statistics and Neutrosophic Statistics

Cyn € [CyNL'CyNU] and Cyy € [Cyxn,, Cxny] are population coefficient of variation of
neutrosophic survey and auxiliary variables respectively.In addition, py,ny € [nyNL:nyNU] ,

B1(xn) € [B1(xn,), Bi(xny)] and B (xy) € [B2 (xn,), B2(xn )] are the correlation coefficient
between the neutrosophic survey and auxiliary variables, coefficient of skewness and coefficientof
kurtosis of the neutrosophic auxiliary variable respectively.

The MSE of a neutrosophic estimator is of the form, MSE(y,) € [MSE,, MSEy]

The error terms in neutrosophic statistics are:

éyN =y {N}— 171v
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-2 _ 2
N—n_
52 _ 2,2
exNn = Nn XnCin
_ N—n_ _
exneyn = WXNYN,nyNCxNCyN

Where

e_yN € [e_yNL:e_yNU]

exn € [€xny €xnyl

52 52 52
eyN € [eyNL:eyNU]

ey € [e_fNL: é)%NU]

3 Some related neutrosophic estimators

Tahir et al.[4] proposed ratio-type estimators given by

Ve =% Xn (1)
— _ = XnB2(xN)+Cyy
Yusr = INZ 5 GN)+Cay (2)

where y, € D_]NL'yNU] anyg € [yRL'yRU]' Yusr € [Yusry, Yusry]- Their expressions of MSE

are

_ N-
MSE(Fg) =~ Y [Cin + Ciy = 2CxnCynpayn), (3)
and

= _N-n o[-2 XnBa(xN) 2 Xy Ba(xN)
MSE(YUsr) - Nn YN [CyN + (}?NBZ (XN)+ CxN) CXN 2 ()?NBZ(XN)+ CxN ) CxNCprxyN], (4)

where C2y € [Cyn® Cyn? |, C2y € [Cen? CanZ] and pryw € [xy Ny, Py Nyl
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4 Proposed neutrosophic transformed ratioestimator

Motivated by [7] and [8] we propose the following neutrosophic transformed ratio estimators
= XNCXN-I_[))Z(XN) (5)

Yusn = IN INCxN+B2(xN)

where yy € [J_’NL 'YNU]

_ — XnB,(en)+B (xn)
vty = YN 58, G +B, Ge) (6)

and where yyr, € [}_/YTlL;J_’Yle] and

_ = XnB2(xn)+B1(xn)
IYT1 = YN B Gen) +Br i)’ 7

where yyr, € [}_,YTlL‘ YYT1U]' In order to derive the MSE of yy;5,,, we rewrite (5) using error terms,

XnCxn + B2 (xn)
+ &) Cxv + B2(xXn)

}_’USn = (?N + éN) [ (XN

_ — _ < B2 (xn) & B2Gen) \ 7t
Yusn = (W +en)( 1 + Jusn = YN+eN)(1+%)(1+i—(_§+ %) (8)
Taking 1 +B_LXN) as A;, we get
XCxn
. &, -1
Jusn = (WN + &M *‘(i—(—N + 7\1) (9)
N

Expanding (9), we get

- — (VY 1= 1 _ & é>2(N)
Yusn = (I +exm) 2y (;\1 N + TR (10)

On further simplification we get

— S YnexN ?NézN — €xNEyN
= Y —_——_—— — X —_——_— 11
Yusn =Y —3o0 TR TON T X0, (11)

Simplifying (11), subtracting Yy from both sides, squaring and taking expectation, we get

—_ 2 —_
= _N-ngo 2 XNCxN 2 XNCxN
MSE@usn) = Nn Y ( Cyn + (XNCXN +Bz(XN)}) Gan — 2 (X\NCXN +Bz(XN)) Cav Cprxyn> (12)

where MSE(Vysn) € [MSE(Yuysn ), MSE(Fusny)]-

In order to derive the MSE of yyr,, we rewrite (6) using error terms,

XBo(xn)+B1 (xn)
(XN+8xn)B2 (xN) +B1 (xN)’

yyr, = W +&n) [
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B1(xn) )(HEX_N + Bl(xN))‘l

Yyry = (Yn +€n) (1 + XB2(xn) XN XB2 (xn)

(13)

. B1(xn)
Taking 1 + RBaCid) as 4,, we get

S Vv = exN -1
Vyr; = (In + 82z (% + 7\2)

Expanding (14),

= T — N &N )
Yyt = (v + &) A2 (12 FPRIETYE
On further simplification we get

_ S Ynexn Ynein | - ExNEyN
= Y —_ _—X + —= X +e _——_—
YyTq N XA, X222 YN %A,

Subtracting Yy from both sides, squaring and taking expectation, we get

XnB2(xn) 2

_ __N-n 52 2 - 2 XnB2(xN)
MSE(YYTl) = W YN (CyN + (XNBZ(XN)+81(XN)) CxN -2 (m) CxNCprxyN

Where MSE(Jyr,) € [MSE(¥yr,, ), MSE(Fyr,y)]-
Similarly, in order to derive the MSE of YyT,, We re-write (7) using error terms,

XB1(xn)+B2(xn)
(Xn+&xn)B1(xN) +B2(xn)’

Yyr, = (W + &)

Bz(xN))(l B2(xN) | B2(xn) )‘1

Yyr, = (y +&n) (1 + RB1 G0 XB1(xN)  XB1(xn)

. B2(xn)
Taking 1 + B as 3, we get\\

=S vV = €xN -1

Vyr, = (YN + 823 (ﬁ + 7\3)
Expanding (19), we get

T :(? +e )}\ (i_éx_N_Féi_N
yyT, N T ENIASL TRz TRl
On further simplification we get

__ ExN€yN

_ YnEn +?Né)2(N
XnNAs

Xnhs | Ko

z'-<l

yyr, = + eyn

Subtracting Yy from both sides, squaring and taking expection, we get

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)



S _N-ng2n2 XnB1(xn) 2 2 _ XnB1(xn)
MSE(yyr,) = vn N (Gyn F (XNslcxN)wz(xN)) Gy = 2 (XNsl(xN)wz(xN)) CanCynPyn (22)

Where MSE(}“IYTZ) € [MSE(}_’YTZL)' MSE(yYTZU)]'

5 Numerical Ilustration

5.1 Theoretical study on Samsung

The rationale behind taking daily stock prices as a neutrosophic variable isthat the price
of a stock every day starts from an opening price (price at which trading starts) and at the
end of the trading day reaches a closing price (price at which trading stops for the day).
However, it always lies between a high price (the highest price of the day) and a low price
(lowest price of the day) which may or may not be the same as the opening price or closing
price. We are estimating this high price and low price interval within which theprice of the
stock lies using daily opening price as an auxiliary variable whichis not a neutrosophic
variable since its value for each day is fixed and known in advance. In this section, we are
conducting a theoretical study using daily stock prices of Samsung Electronics Co.,Ltd.[5]
from 15 September 2020 to 1 September 2021 by drawing neutrosophic simple random
sample without replacement of sample sizes 120, 125, 130, 135, 140 and 145.

Table 1_Theoretical MSE of all neutrosophic estimators for Samsung Electronics Co.,Ltd.5.1

n MSE(ugr) MSE(upp) MSE(uyrgnp) MSEuU Spry) MSElwy T 1r) MSE(uy T 10) MSE(uy Spr) MSE(m gep)  MSElwy 1oy MSE(baryy oy,

120 1144867 3478017 1145144 3478172 1144 811 3478.005 1144876 3478057  1144.826 3478017
125 1056473 3209512 1056728  3209.717 1056.421 3209471 1056.481 3209.519 1056434 3209.482
130 974878 2961632 575.1133 296182 9748298 2061593 974 BES3 2961637 9748246 2961603
135 8993272 2732112 B99.5443 2732186 B899.2828 2732286 899.3343 2732117  B99.2945 2732.086
140 8291729 2518087 B219373 2519.147 899.2828 2518954 829.1792 2518992  B29.1428 2518963
145 7638565 232056 7640412  2320.708 763.8191 232053 763.8626 2320564  763.8291 2320538

Table 2__Empirical MSE of all neutrosophic estimators for Tesla Inc.5.2.1

n MSE(Ry.) MSE(iRy) MSE( Saz) MSE(DU gar) MSEG 7 in) MSE(v T (0) MSE(IU Sor)  MSE(BU goi)  MSE(Dy 75 Msam;-rjl..)
120 0.846 0.6477  0.3408 0.6617 0.8531 0.6522 0.8458 0.5498 0.8782 | 0.6585
125 07755 0.6001  0.7711 0.6128 0.8056 0.629 0.7822 0.6098 0.7859 | 0.5936
130 0.7209 0.5572  0.7166 0.5678 0.7227 0.5579 0.7207 0.5583 0.7298 | 0.5492
135 0.6576  0.5047  0.6544 0.515 0.659 0.5032 0.657 0.5059 0.665  0.5001
140 0.6067 0.4713  0.6032 0.4811 0.6074 0.4705 0.6065 0.4723 0.6239 | 0.4678
145 0.5641  0.4326  0.5608 0.4415 0.5651 0.4313 0.5637 0.4337 0.5791 | 0.4317

Table 3 Theoretical MSE of all neutrosophic estimators for Tesla Inc5.2.1

B n MSE{uRr) MSEl(spy) MSE(M Snr) MSE(NUSeur) MSE(y T 1n) MSElnyT 10) MSE(nvSer) MSElwr ge)  MSE(NY T MSE[M;-TEI..)
120 0.8347 0.6471  0.8298 0.6603 0.8357 0.5454 0.834 0.6483 0.8401 | 0.6401
125 07711 0.5978  0.7666 0.6101 0.7721 0.5963 0.7705 0.533 0.7762 | 0.5914
130 07125 0.5524  0.7084 0.5637 0.7134 0.551 0.7119 0.5534 0.7172 | 0.5464
135 0.6582 0.5103  0.6544 0.5207 0.653 0.509 0.6577 0.5113 0.6626 = 0.5048
140 0.6078 0.4712  0.6043 0.4309 0.6086 0.4716 0.6073 0.4721 0.6118 | 0.4661
145 0.5609 0.4349  0.5576 0.4437 0.5616 0.4337 0.5604 0.4357 0.5646 | 0.4301

a]

5.2 Empirical study
5.2.1 Simulation study on Tesla Inc.

In this section, a simulation study is conducted with 10,000 replication foreach sample, on
daily stock prices of Tesla Inc.[6] from 1t September 2020 to 1% September 2021. We have
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calculated the theoretical as well as empirical indeterminacy intervals of MSE for each
neutrosophic ratio type estimator for sample sizes same as in the previous section.

6

Discussion

Table-1 shows the result of theoretical study5.1 on Samsung Electronics Co.,Ltd. daily stock
price[5]. From the indeterminacy intervals, it is clear that neutrosophic estimator yyr,
performs better than the rest of the neutrosophic estimators discussed in this article as its
indeterminacy interval of MSE contains the lowest value of MSE.

Table-2 shows the results of the simulation study5.2.1 on Tesla Inc.’s daily stock
price[6]. From these indeterminacy intervals, again it is clear that neutrosophic estimator yy

Lp)

performs better than the rest of the neutrosophic estimators discussed in this article

since its indeterminacy interval of MSEcontains the lowest value of MSE.

In case of Samsung Electronics Co.,Ltd.5.1, the lower values of MSE are being obtained at

the lower ends of the indeterminacy intervals interpretating that sample values were closer
to the average lower price of the stock for eachday, resulting in lower values of MSE while
for Tesla Inc.5.2.1, all the 10,000 samples for 6 different sizes had sample values closer to
average higher prices for each day resulting in lower MSE at upper end of the indeterminacy
interval but in both cases neutrosophic transformed ratio estimator yy r2 resulted in
lowest MSE[9].

7

Conclusion

In this research article, we aim at solving the problem of estimating the unknown
neutrosophic population mean. From the study conducted on the two real neutrosophic
populations, we propose that neutrosophic transformedratio estimator yy r, should be used
for estimating the unknown neutrosophic population mean.

Estimation of neutrosophic population parameters is still unexplored, estimation of the
mean using different functions, using multi-auxiliary variables are some future areas of
research.
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