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Abstract

In this paper, confidence intervals for neutrosophic statistical populations were driven in many cases. Firstly,
confidence intervals for one neutrosophic normal population parameters were driven including population’s mean
which was driven under the assumption that variance is known, then it was driven under the assumption that variance
is unknown and estimated based on the sample. Confidence interval for the neutrosophic variance was also driven
based on sample’s estimates. Secondly, confidence intervals for two neutrosophic normal populations were driven
including confidence intervals for means differences when variance are known or unknown, also confidence intervals
for variances ratio for two populations were driven. All theorems and calculations were done using the AH-Isometry.
Suitable numerical examples were presented and solved successfully.

Keywords: AH-lsometry; Neutrosophic Statistics; Neutrosophic Probability; Confidence Intervals; Estimation
Theory; Statistical Inference.

1. Introduction

Neutrosophic real set generated by R U {I} where I? =1,0-1 = 0 is a new set of numbers presented by Florentin
Smarandache as a generalization of the set of reals, also it can be considered as a generalization of the complex set of
numbers when it is generated by C U {I}. Elements of neutrosophic set have the form {a + bI ,I?> = I} where a, b are
real or complex numbers. [1]

M. Abobala and A. Hatip proved that R(I) = R U {I} has an isometric image in R X R and defined an isometry called
AH-1sometry which transfers problems from R(I) to R X R, and hence it is an isometry, then it has an inverse T~!
transfers back the problems from R x R to R(I), So, mathematical problems and mathematical structures can be built
and solved with robust mathematical steps and with no mathematical lags. [2]

Neutrosophic geometry has been defined and built well in [2], many concepts have been presented using AH-lIsometry
including concepts of neutrosophic circles, neutrosophic lines, etc.

In the last few years, neutrosophic theory became very important and applicable in many fields of science including
artificial intelligence, numbers theory, game theory, engineering, medicine, abstract algebra, etc.[3-20]
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In neutrosophic probability field of studies, many research papers have been done and published including
distributions theory, statistics, hypothesis testing, statistical inference, queueing theory, etc., all these studies were
done by assuming that data or parameters of the probability distributions are neutrosophic number built on one of two
forms, first one is neutrosophic interval numbers and second one is single valued neutrosophic numbers [10,21-30,37].
Rare studies have been done assuming that these parameters are of the form N = a + bI ;12 = I which is the classical
set of neutrosophic numbers.[36]

In this paper we will provide abstract forms of neutrosophic confidence intervals using an algebraic approach in many
cases of neutrosophic statistical populations including one population and two populations assuming that these
populations follow neutrosophic normal distribution with classical neutrosophic parameters (not interval neutrosophic
numbers or single valued neutrosophic numbers). We will provide many solved examples.

2. Preliminaries

Definition 2.1 [26,31,32]

Let U be a universe and A be a subset of U, we call {x, p14(x), §,(x),v4(x) ,x € U} asingle valued neutrosophic
number where u,(x) € [0,1] is membership degree, §,(x) € [0,1]is indeterminacy degree and v4(x) € [0,1] is
non-membership degree and:

0<pu(x)+6,0x)+v,(x) <3

Definition 2.2 [33]

Neutrosophic classical numbers are numbers have the form N = a + bl where I represents indeterminacy and it is
often an interval like I € [0,0.01] or a set like I € {0.1,0.2}

Definition 2.3 [1]

Neutrosophic literal numbers are numbers have the form N = a + bI where I is an algebraic element satisfies I = I
and we call R(I) = {a + bl ; a,b € R, I? = I} the neutrosophic field of reals.

Definition 2.4 [2]

Let R(J) ={a+ bl;a,b € R,I? =1} be the neutrosophic field of reals. The one-dimensional isometry (AH-
Isometry) is defined as follows:

T:R(I) >R xR
T(a+bl) = (a,a+Db)
Remark:
T is an algebraic isomorphism between two rings and it has the following properties:
1) T is bijective.
2) T preserves addition and multiplication, i.e.:
T[(a+ b))+ (c+dD)] =T(a+ bl) +T(c+dIl)
T[(a+bD) - (c+dD)]=T(a+ bl -T(c+dl
3) T is invertible by:
T~L:RxR - R()
T Y (a,b)=a+ (b—a)l
4) T preserves distances, i.e.:

T(||4B|) = ||T(AB)|
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Definition 2.5 [38]

Let f:R(I) > R(I);f = f(X) and X = x + yI € R(I) the f is called a neutrosophic real function with one
neutrosophic variable.

3. Results and Discussion

In this section we will prove some formulas of neutrosophic confidence intervals for one neutrosophic normal
distribution’s parameters the for two neutrosophic normal distribution’s parameters. We will depend on definition 2.3
of neutrosophic numbers which differs from previous studies which were depending on definitions 2.1 and 2.2 of
neutrosophic numbers.[27,34-35]
3.1 Neutrosophic Confidence Intervals for One Population
Theorem 3.1
Let Xy1, Xn2 --» Xy b€ @ neutrosophic sample where Xy; = X; +Y;I are random variables driven from the
neutrosophic normal distribution N (uy, 53) where o is known, then:

uy €|X+Y1-2,_ (:;"_ [U\’;iy 5"_ )X+Y1+Z <\/_+[a\,;+_y 311)]

Proof:
Using the one-dimensional AH-Isometry:

— _ _ _ _ 0_2 0_2
TIXN] =TIX +YI] = (XX +Y) "’(N (lip?x).[v(lh + Uz, 3;:—31))

T [XNG—N;:N] _r [omz)—(ulwzz)l _ Ry tity) _ <i§1 , (z+?)a;<+uyl+uz>> ~(NOD,NOD)

(ox+lox+y—ox]D) (0x.9x+y)

Vn 7n Vrvn) vn Vn
(p{—zl_g<x;,i‘1<Zl_g}=1—a,p{—zl < WM atin) 7 }=1—a>
ﬁ 2 2 \/H
-7 o 2} =1- x+y . o ty)
(p{%-2, _\/_<u1<X+Z_E\/_} 1-ap{(X+7)-Z Zﬁ<u1+u2<zl_5+zl_gﬁ}
1—a)
(ul.u1+uz)€([)?—21 \/_X+Z \/_] [(X+Y) Z,_ \’;iy X+ +2Z, a ;%y])
Now taking the inverse isometry T~1:
X-Z7Z a2 X+7Z o= X+Y "*y X+ +2, a™2| - |X -2, aZ X+
mElX -z o m Rz e [0 Doz % e 2 %] (R 2

WJ]

4 Y2 o-x O-x+y Ox Ox 0x+y Ox
,uE[X+YI— ( >X+YI+Z ( +[ I)]
" Vo' Ivn Vn N I
Example 3.1:
Let—2—-8I,—-2+4I1,—7—-31,—-10,—2 — 41,9 — 91,2 + 81,—5 + 1,41,—9 — 101 be a neutrosophic random
sample drawn from N (uy, o) where @ = 0.05and oy = 1+ 1/ andn =10, Z, « = Z, 005 = Zyg75 = 1.96.
2 2

Using theorem 3.1 we get:
0. 0. (o} Oy 0. 0.
Ly € [X+YI Z,_ (’“ ["” = )X+YI+Z (\F+["” = )]

Vo Ly Vi n
MNE[—2.6—1.71—1.96<\/—_+\/—_1) 26—17I+196<\/%_0+\/%_0 )]

Uy € [-3.22 — 2.321,—1.98 — 1.08]
Theorem 3.2
Let Xy1,Xn2, -, Xy D€ @ neutrosophic sample where Xy; = X; +Y;I are random variables driven from the
neutrosophic normal distribution N (uy, 6) where o2 is unknown, then:
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M [X+Y1—t a(n— 1)( [S’”y 5 )X+Yl+t a(n—1)(5"+[5"+y S 1)]
N N N 2 Nl BV
Proof:
_ 2. [c2
LetZy = - N and yy = (= 12)51" - 1)2(5"2[5"” S"]I), then taking the AH-lsometry yields to:
\/ﬁ oN U'x+[0'x+y—0'x]
Xn— X+YD—(uq+puzD) X X+7)—( +uz) X- X+7)—(uq+p2)
T[ NU_N“N] =T | e l G < ot b2 )~(N(0,1).N(0,1))
n L Vn N
Vi (Vi)

_ 2 _ 2 2 o2 1 2 ¢2 2
T[(n 12)51\1] _ T[(n D(SE+[S5+y Sx]l)] _ <(n 1,n 1)(sx,sx+y)) <(n 12)Sx‘(n 1)5x+y> ()( (n— 1) X (n— 1))

2 2 2 2 .2
o3 o3+|0Zsy-oi (02.024y) 0%
XX+Y)—(p1,p1+02) —
Xn-kN N (0%.02,,) Xy XEN-(g+ug)
xX9x+y Tx Ox+y
ZN (Vnm) _ Vn Vn

% (- 1)5N (n-1)(5%5%4y) -0z |03y
\ (”9251092c+y) / \ o% ‘79Zc+y /
(n 1) (n-1,n-1) n-1 n-1

X Uy (X + Y) - (.ul + /’tZ) ~ (t(n — 1) t(n - 1))

S Sx+y
Vn Vn
So:
p {— =1 < T <ty an - 1)} =1-a,p]—t, a(n—1) < ELED < o(n—1)f =
* 2 2 - 2
1—-«a
(P{F-t, cn-DE<m <X+t an-DE =1-ap{X+D—t, aln = DZ2 <y +p1, <
p 1_E N Hq 1_E P 1_E N 5% 23
E+7)+t, e 1)5"+Y}_ 1-a)
(i + 1) € ([K =t _atn 1) 3% e, =D E[E+7) — 1y« - DZE X+ V) +
a(n - 1) 5x+y )
Now taking the inverse isometry T~1:
iy € [’? —t (- Dj—%.)ﬂ t, e 1)—] [[(X V) —t, a(n—1) S"” ,(X+7)+
t_g(n—1)5’”y] [X—t )5" X+t a(n—l)—ﬂ][
,uNE[X—t u(n—l) ( - a(n—1)[5"+y )1X+t a(n1—1)j—%+(7+
Sx
- [E2- DI]
i.e.
v 2 o « _ Sx. Sx+y _ Sx 4 e a _ Sx. Sx+y _ Sx
Uy € [X+Y1 t,_e(n 1)(ﬁ+[ﬁ x I),X+Y1+t1_5(n 1)(ﬁ+[ﬁ = 1)]
Remark:

If n > 30 can be used Z, _a instead of t,_a(n — 1)
2 2

Example 3.2:
Let 4 — 21,—2,1 + 11,—1 + 21,3 + 3I be a neutrosophic random sample drawn from N(uy,c3) where a =

0.05

2

tl_%(n - 1) =t _O ( 1) - to 975(4) - 2 776
Using theorem 3.2:
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uNe[)?H"l—t a(n 1)( [S"” ) X+7VI+t_aln 1)( [S“y S"] )]
1-3 \/_ \/_ \/_ 2 \/_ \/_ \/_
e[1+081 2776(2'55 286 2.55 1) 1+081+2776(2'55+ 286 255]1)]
Hw o N Y A WS IV
iy € [-2.17 — 0.421,4.17 + 1.18]]

Theorem 3.3

Let Xy1, Xn2 -, Xy b @ neutrosophic sample where Xy; = X; +Y;I are random variables driven from the
neutrosophic normal distribution N (uy, 53) where o is known, then:

(n—l

a(n

2

oy €
Proof:
(n—l)sfv] _ o | D(EH SRy -SED [ _ (=1m-1(E, Sx+y) ((n—l)s (n- 1)sx+y) _ _
T[ ¥ =T o,%+[0x+y—0x]1 B ot ' (X (=1 ‘o 1))

( {xa(n—1)<(n 1)5" a(n—l)}—l—ap{xa(n—1)<m< (n—1)}=1—a)
Ox+y
(n-1)s% 2 _ (=17 _ (n-1)%4y M-Sy _ o
(p {xi_a(n—n <o < xé(n—l)} =1 [ a<n n < Trvy < xXm-1 | l-a
2 2

(n ~1)S2 (n- 1)52‘ l(n 1)S2,, (n—1)SZ,,

1y (52 + ISy = $21D). = 2( (52 [SZ:y = 52 1)‘

O'x o'x+y

(0f,0%1y) €

a(n—l) xa(n—l) a(n—1) xa(n—l)
Now taking the inverse isometry T~ 1.

2 (n—1S; (n—1)S? (n—1DSZy (n—1DSE, (n—1Ss; (n—1)S7

ONn

X a(n—1) xa(n—1) X a(n—1)" xa(n—1) X a(n—1)"xa(n—1)
1-3 2 1-3 b 1= Fi

2| DS [(-DSE, (-DSE ) m-DSE ((-DSL, (i -DSE
YTl -1) \ X1 Xa-1) xen-1) | xan-1 xaln-1)
2 2 2 2 2 2

s | = DSE (= D(SEy =SP) (= DSE (= D)(Shy — 57)

o Xf_%(n -1 Xf_g(n -1 'xé(n -1) xé(n -1)
0'2 € (n—(SZ + [52 ]1) (52 + [52 2]1)1
N a(n -1) x+y ’ 2( x+y ~

Example 3.3:
Let4 — 2I,—2,1 + 11, —1 + 21,3 + 31 be a neutrosophic random sample drawn from N (uy, o7) where a =
0.05, 1 a(n—1) = xf_%(s —1) = x8975(4) = 11.1433 and y&(n — 1) = x50s(5 — 1) = x30,5(4) = 0.4844
2 2 2 2
Using theorem 3.3:

2 (n-1) 2 2 2 2 52
ok € Xii_g D (S2+[s&, - ]1), > ( (5 +[S2,, — SZ|N)!
o2 € G-1 (6.5 + [8.18 — 6.5]), (5 )(65+ [8.18 — 6.5]1)1
N"=111.1433

0.4844
o € [2.33 + 0.601,53.67 + 13.87I]
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4, Neutrosophic Confidence Intervals for Two Populations
Theorem 4.1:

Let X;1n, X128, -, X1y b€ @ neutrosophic sample driven from X,y ~ N(uqy, 02y) and Xaqn, Xoons s Xonn 0€
another sample driven from X,y ~ N(uy, 02y) Where X,y = X1 + i1, Xon = Xo + VoI, pyy = pag + Uiol, oy =
Ha1 + pa2l, 0fy = 0';?1 + [0-931+y1 - 0'9?1]1' Oy = 0y, + [C"x1+y1 - le]l: Oiy = 0;?2 + [0';?2+y2 - U;?z]l: Oy = Ox, t
[0x,+y, — 0x, ]I then the confidence interval of u,y — p,y Will be:

Uiy — Han € [(XI X))+ _72)1_21_%<\/%+0i22+ [\/@4'@_\/&"'@]1):0?1 -

nz ny nz ni nz

_ _ _ 2 2 2 2 2 2
X2)+(Y1—Y2)1+Zl_g<\/%+”ﬂ+[\/M+M—\/ﬁ+ﬁ]1)]
2

1 nz ni nz ni nz

Proof:

_ _ o o2 o2
T[Xin] =T[X, + 1] = (X1, X, + 1) ~ (N (Hll’i)N (ﬂu + 12, x1+y1>>

Vny Vny
Tfu] = TR, + Tyl = Ry By + 7 ~ (N (g0, Z2) N [ty + g, 2222
2N 2 2 2042 2 sz\/n—z y V| Ha1 T Uzos N
Xiy — iy Xy = (X + 1) — (g + pgp)
r 0-1—N - le ’ O.X1+3/1 ~(N(0’1)’ N(O’l))
Xon — Han Xy — 1 (Ko +V5) — (a1 + 1)
r O-Z—N - sz ’ O.Xz+3/2 ~(N(0'1)’N(0’1))

T[Xuv _XZN] = T[(Xl + 1711) - (Xz + 1721)] = T[Xl + 1711] - T[Xz + 721] = (X1:X1 + 71) - (Xz:)?z + Yz)

_ - — — — — o2 o2 o2
= (Xi X, (X, + 1) — (X, + Yz))"' (N (.“11 - Hzpn_ll + f):N ((Hn + p12) — (21 + Ugz), X:yl +
U’%Z"'YZ
nz

Xy — X2) — (U1 — p21) (()?1 +Y) -, + 72)) - ((Hn + p12) — (upy + .Uzz)) ~(N(0 1, N0 1))

2 2 2 2
% | %% Txatys | Txptys
ng, N, ny Ny

%, — %)) — (g —
L] p —Zl_£<( 1 2) — (p1y l121)<Zl_g —1—a
2 2

2 2
Oy | %,
ny n;

_ of 0%, _ of 0%
p (X1_X2)_Zl_% n_1+n_2<(#11_.“21)<(X1_X2)+Zl_% n_1+n_2 =l-a
o of O% _
(1~ ) E|(Xy = X)) —Z, a [ —+—=, X — X)) +Z, a |[—
2 n1 nz 2
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< ((X1 +7) -, + 172)) - ((Hn + py2) — (py + .“22)) <

R:|p _Zl—% Zl—% =1l—-a

O+ Ty
1tY1 + X21+Y2
ny n;

v v v V4 0-9?1*'3’1 0-9?24'3’2
P&+ 1) - (X, +Y,) - Zl_% n + n < (M1 + p12) — (a1 + p22)
1 2
<X+ -X+)+Z o |[—F+—Fr=1-a
2 n n,

K+ 1) = (R + ) — 2, a |[Z100 4 2092 (4 7)) — (R, + 7)) +
2 1 2

((.“11 = tz1), (g + H12) — (pp + .“22)) € (L,R)
tin — Moy €L+ [R—L]I

T o_ %) — Ii %y V7 — Thrtyr | Thptys _ |9Ry | %, 7o
(Xl XZ) Zl_% n + ny + (Yl YZ) Zl_% n + ny ny + ny I! (Xl

7 9% | Ok v TRity1 | Txa+ys _ 0% | 0%
X3) tZ,¢ /nl +ot ¥ -1) tZ, 2 T sk

- o o, | Ok Oxytys | Orgt o, | 0% -
— oy E|XK-X)+ T -V)I-Z e [ B ot i) I B N O PR '¢
Hin — Han (X1 )+ M 2) 1_% \/n \/ n , n Xy 2)

_ o2 o2 o2 o2 o2 o2
+ (B -V +Z, a \/i+ﬁ+ \/—"1”1+—"2+”— gy )
2

(11 + t12) — (p1 + pp2) €

2 2

a. g

X1+ X2+

Zl_Z 1ty1 2tYy2
2 nq ny

Miny — Uan €

ny n, ny n;

Example 4.1:
Xin = %1+ 1], Xon = %2 + ¥,
Xin:3.75 4+ 1.251,2.75 + 0.251,2.5 + 1.51,2.25 + 1.751,2.15 + 0.85/,3.15 — 1.651,3 — 0.51,3.7 — 1.71,3.75
—0.751,3 + 11
X,5:3.5-0.51,3.5+0.51,2.75 + 1.251,3.75 - 0.751,2.5 — 0.51,2.75 + 1.251,3.75 + 0.25/,3.5 — 0.5/
ofy=1+2=>0% =1,0¢,, =3
09y =15+ 251 =07 =15 ,07 4, =4
Solve:
Using theorem 4.1:

- E_()? —X)+ T, -V)I-Z, a i+"iz+ @4_@_ i+il X, —
Han — Uan 1 2 1 2 1-2 ™ - " s " s »\Aq
7 v o_ 9%, | Ok Oi+y1 | Txatys _ 0%, | %
X))+ (Y, —Y)I +Z1—% (\[_YM -l‘—n2 + Ty -|-—n2 ™ -I-—n2 I
1 1.5 3 4 1 1.5

(0.2—0.125)I+1.96< i+1—'5+[\/i+f— i+1—'5]1>]
10 8 10 8 10 8

L1y — Hay € [~1.30 — 0.631,0.80 + 0.78I]
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Theorem 4.2:

Let X;1n, X128, - » X1y b€ @ neutrosophic sample driven from X,y ~ N(uqy, 02y) and Xaqn, Xoons s Xonn 0€
another sample driven from X,y ~ N(uy, 02y) Where X,y = X1 + i1, Xon = Xo + VoI, pyy = pag + Uiol, oy =
a1 + Uy, 1 and with unknown variances, then the confidence interval of u,y — p,y Will be:

If n;,n, < 30:

tiy — Moy € |(Xy = Xp) + (Y, = 1)1

11 o
—t(ny + 1y —2) <n_1 + n—z) (Spasns & [Soxssyiasrs = Sprum] 1) Ko = K2) + (o = B)I

1 1
+ t(Tl1 +ny — 2) (n_l + n_z) (prl,xz + [pr1+y1,x2+y2 - prl,xz] 1)

If ny,n, = 30:
- - o St | Sk Stitys | Syt St Sk -
— oy €Ky - X))+ -V —2Z e ol I e e VO ¢
Hin — Han Xy )+ 0 2) 1_% \/n1 , n 1, n Xy 2)
2 2 2 2 2 2
T T -7 | [P | [Pan Sewe 55 Sa),
v 2\ Jn  n, n, n, n, n,
Proof:
If ny,n, <30:
— 2 _ 2
T[S;N] =T (nl 1)SX1N + (nZ 1)Sx2N
n1 + le - 2

—T ((n1—1)(s,%1+[5§1+y1—5§1]1)+(n2—1)(5,%2+[s,%2+y2—s,%z]l)) _ ((nl-l)s,%l+(n2-1)s,%2 (n1—1)s§1+yl+(n2—1)s§2+y2)
- ni+ny—2 - ny+ny—2 ’ nq+ny—2
g2 = (n1-1)8},+(n,-1)53, + (M1-1)SF 4y, +(2-1)SF, 4y, (1=-1)SF, +(n2-1)S%, I

pN ™ ny+ny—2 ni+ny—2 nyi+ny—2
— ¢2 2 2
- prl,xz + [pr1+y1,x2+y2 - prl,xZ] I
S (n1-1)$Z, +(nz-1)S%, + (n1=18Z, 4y, +(n2-1S%, 1y, _ (n1-1)$Z, +(np—1)S%, I

PN ny+ny—2 ny+ny—2 ni+ny—2
= prl,xz + [pr1+y1,x2+y2 - prl,xz] 1

T (Xuv - XZN) — (M1n — H2n) T ((X1 + 1711) - (Xz + 721)) - ((Hn + pa2) — (pg + #221))

Spn ,/ (nll + niz) (prl,xz + [pr1+y1,x2+y2 - prl,xz] I ) (nil + niz)

| Ri=X)—(ua1—p21) (X147 —(X2+72))— (11 +012)— (21 +122)) ~(t(n +n,—2)tn +n _2))
- ] 1 1 ) 1 1

s (=+2) s (1)
Px1.x2|\nq ny Px1+y1.X2+Y2+\nq ny

L: P —t(n1+n2—2)<w<t(n1+nz—2) =1—-a«a

Spxy A (n%*’%)
1

—_ —_— 1 —_ —_
L: P{(X1 -X)—tng +n, — 2)51,,351'352 (— + n—z) <Uip— U < X1 — X)) +t(ng +ny, —

ni

1 1

Z)pri.xz (Z + "1_2)} =1—-a«a

— — 1 1 = = 1 1
M11 — H21 € [(X1 X)) —tlhy +ny — Z)pr1.xz ’(n_1 + n_z>' X1 — X)) +t(ny +ny — Z)prwz ’(n_1 + n_z)]
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((X14+7) - (X2472))— ((11+112)— (21 +122))

R:P{—t(n, +n, —2) < — <ty +n, —2)p=1—-a«a
Spx1+y1.22+72 (n_1+ﬁ)
1

1
Py +y1xatys (n_l + 71_2) < (a1 + pa2) = (pa1 + pa2) <

R:P {(()?1 +7) - X+ 1) —tn, +n, —2)S

= 5 s o 1,01
(B +7) = o+ )+t +my = 2)s,, (24 —)} —1-a

ni nz

(u11 + pa2) — (g + po2) € [((Xl +7) -, + 172)) -ty +ny — Z)SPX1+J'1Xz+yz }( ) ((X1 +

% X Y. ’ 1 1
Yl) B (XZ + YZ)) + t(n1 t n = Z)pr1+J’1.x2+y2 (71_1 + n_z)]

((Hn = tz1), (g + H12) — (upp + #22)) € (L,R)
tin — Moy €L+ [R—L]I
Miny — U2y E [(Xl - X)) -ty +ny — Z)Sl’n.xz (_ + n_z) (X1 = X)) +t(ny +ny —

ny

1

Z)prl'xz (n% + n_lz)] * [[((Xl * 71) - (XZ + YZ)) —t(ng + 1y — Z)SPX1+3/1JC2+J’2 (n_1 + niz) ’ ((Xl + }71) -

= 5 101 - 11 =
Ko+ 0)) + el +ny = 2)S, /(n—1 + n—z)] - [(X1 —X,) — tlny +ny = 2)S,, (n—1 + n_z) (%, —
X)) +t(ny+ny —2)S,, /(nil + n—t)” I
1

X —X,) —t(ny +ny — Z)prl_,cz (_

ny

Miny — Han €

+i) + ((71 - Yz) - t(nl + n1 -
nz

— — 1 1 — —
2) ( nz) (SpX1+Y1.x2+YZ - pr1.x2)> (X = X2) + t(ny +my — Z)prsz (n_1 + n_z) + <(Y1 )+

t(ny +ny —2) ( 7112) (pr1+LV1.X2+YZ - SZ’X11X2)>I
1

Pan — Han € [(X1 X))+ -Vl —t(ng +ny —2) ( _) (S?’xl.xz + [prl+y1.xz+yz -

n

val,xz] 1), (& = %) + (= )l + t(ny + 1y — 2) ( niz) (prl_xz + [Spmhmyz - prl,xz] 1)]

Now let’s prove the second case where ny,n, = 30 letting by definition and using AH-Isometry properties:
5121\1 = S:?l + [531+y1 531]1
SZZN = 59%2 + [59?2*'3/2 S’?Z]I

2 2 2 2
\/Sl_N+ SZ_N — \/&‘F%-I— \/le‘U’l Sx2+}’2 _ \/i SJ?Z I

2 2 2 2 2 2 2 2
51_N+52_N=Sﬂ+5x2 [Sx1+y1+5_x2+y2_i+sﬂ]l

n n; ny n; ny n; n n;
Then:
(X1N - XZN) — (M1n — H2n) T (()?1 + 1711) - ()?2 + }721)) - ((/111 + pa2l) — (upg + .“221))
%4_% 5_9?1_'_&_'_ 59%1"'3’1 +S£z+3’z_ 5_9?1_'_59%2 I
ny n, n, Ny n; n, n, N,
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X = X2) = (a1 = p21) ((Xl +7) - X, + 172)) - ((#11 + p12) — (U1 + .“22)) ~(N(0 1), N(0 1))

2 2 2 2
le sz SX1+3’1 SX2+3’2
ng o ny n n2

%, — %) — (g —
LHS=pl—Z a< (X, 2) = (11 — Ha1) <Z ap=1-a
2 sz sz 2

ny n;

= Sz SZ o 5;1 532
(X, = X3) = Z_z n_+_<(.u11 to1) <Xy —X3)+Z, a —+ =1—-a
1
’ Sz
(U11 = p21) € | (X, — X3) — Z, a i+£ X, - X,) +7Z,_ X2

< (()?1 +7) X, + Yz)) - ((.Un + py2) — (g + ﬂzz))

RHS=p{—Z _a <Z1_g =1l-a
2 2 2 2
Sx1+y1 Sx2+YZ
ny n;

{(X1 +) - X+ ) —Z, 4/ Freyy + == LR < (g4 pa2) = oy +122) < K+ 1) — (X, + 1) +

SZ. 4 SZ .
7 X1Y1+ X2 y2}=1—0(

1= ng nz
— _ _ — sz s2 — — _ _
(u11 + H12) — (a1 + p22) € [(X1 +Y) - X+ 1) — Zl_%qf% + %Zyz, X+ - +Y)+
52 s2
7 X1+Y1 X2+Y2
1_% ni + ny
So:

((ua1 = p21), (an + pa2) — (g1 + 122)) € (L.H.S,R.H.S)
MlN_MZNEL.H.S‘l'[RHS_LHS]I
v Vv v vV 551 Sﬁ%z SJ%1+}'1 Sﬁ%zﬂ'z 59261 59%2 v Y
Py —Hon € (X1 = X))+ (Vy —YV)I —Z, o |+ 24| [+ 22— [+ 21, X —X) +
2 n np nq np

1 ni nz

(Y_Y)I_Z a &4_&_}_ @4_@_ &4_&1
L 2 1-3 ng ny nq nz ng ny

Theorem 4.3:

Let X;1n, X125, - » X1y b€ @ neutrosophic sample driven from X,y ~ N(uyy, 02y) and Xz1n, Xoon, oo r X2y bE
another sample driven from X,y ~ N(u,y, 02y) Where X,y = X1 + YL, Xon = Xo + VoI, iy = paq + tial, oy =
U1 + o1 and with unknown variances, then:

T S3,  (Shay, SE S5, (Shay, SE

— € Fa(n Ln 1)[ < == — Z2]|,F,_a(n, —Ln, — 1) |2+ | F=2—-2)1

JIN ' 59?1 59?1"'3/1 59%1 =z ’ 57?1 57?1"'3/1 57%1
Proof:

Twﬁ]:Trm

2
Oin

- 1S? L~ DSE (n - DS ,
) N] — ((n — ) (n 0-2) y )N(X (n1 _ 1),X (n1 _ 1))

1 xX1+y1
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(n, — 1)S? (ny, —1)S2 (n, — 1)S2
T[X3y] = T[ | = 2 2 | (xR (n, — 1), X2 (n, — 1))
02N sz Ux2+y2

(nl 1)SlN /( _ 1)

Stvoz S2 0% S%., 0
T o 01? - -7 [SlzN ZZN] _ <52 Xo 59;1+y1 xZ+3’2> ~(F(n1 -1,n,—1),F(n, —1,n, — 1))
#/( -1) 2NO1N le X2+y2O%1+y1
O3y
S5%,0%
L.HS=p|Fa(n,—1,n,—1) < —F<F, a(n1—1,n2—1) =1—q

2 59?2 X1

52 0'2 Sz
L.H.S=p|StFa(n, —1,n, — 1) < 22 < Z22F, -1 -] =1-a
le 2 O'x1 le
0, [532 S2,
== Fa(n; —1,n, — 1), F a(n -1,n,—-1)
O-x1 53%1 1 2 S)%l 1 2
Sz +
R HS=p| Fa(n; —1,n,—1) _W<F e —1Ln,-1) |=1-a

2

x2+¥2 %14y,

SZ 2 SZ
RH.S =p| 2222 Fa(n, — L, —1) < 2222 <2225 o(n, —1,m, —1) | = 1—a
x1+y; 2 Ox3+y1 Sx1+Y1 2
o? S2
> e [’ZZ—”ZFg(nl ~ L, = 1), S gy —1my = 1)
Ox1+y, SX1+3’1 2 x1+y1 2
ze 09?2"')’2
=3 € (L.H.S,R.H.S)
0x1 Ox1+y,
O'
—L e L.HS+[RHS—LHS]
oly
ﬂe ZFa(n -1) iF a(n, —1,n, — 1)] + [S"mz Fa(n, —1,n, — 1), "2+y2F a(n -
2 1 ' n, )2 1—=\""1 » 182 2 1 2 1
oin L% S¥1 2 Sk1+y1 2 Sy

2
n, — 1)] [_ZFoc(n1 -1,n, — 1),5%F1_%(n1 -1,n, — 1)” I

Sx X SX
%N € 1% Fu(n, — 1,m, — 1) + [ 292 oy — 1,m, — 1) — M(n1 —1n,— 1)] LEF, a(n = Ly

U1N X1 2 x1+y1 2

D+ [jzzﬁFl_%(n1 -1Ln, -1 - %F1_Z(n1 -1,n, - 1)”

X1+y1_
Z e | Fa(n, — 1,m, — 1) [22+ (2222 - 21| £, ey~ 1,m, - 1) b b (T 1]]
9N | 2 %1 \Sha 5% Sei4y1 S
Example 4.2:
Let:
Xin:3.75 4+ 1.251,2.75 4+ 0.251,2.5 + 1.51,2.25 + 1.751,2.15 + 0.85/,3.15 — 1.65/,3 — 0.51,3.7 — 1.71,3.75
—0.751,3+ 11
X,5:3.5—-0.51,3.5+0.51,2.75 + 1.251,3.75 — 0.751,2.5 — 0.51,2.75 + 1.251,3.75 + 0.251,3.5 — 0.5/
And let @ = 0.05

Using theorem 4.2:
t _g(nl + Tl1 - 2) = t0_975(16) = 212

1
S |s
n2>( Px1.x2 + Px1+y1.x2+y2

Hiny — Uan € [(X1 X))+ —Y)I—tn, +n, —2) (

pr1.xz] 1), (& = %) + (= I + t(ny + 1y —2) (n—1 + niz) (prl,xz + [pr“ylmyz - prl‘xz] 1)]
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Ly — Han € [(3 —3.25) + (0.2 — 0.125)] — 2.12 /(% + é) (0.56 + [0.93 — 0.56]1), (3 — 3.25) +

(0.2 — 0.125) + 2.12 /(% + %) (0.56 + [0.93 — 0.56]1)]

iy — Uan € [—0.81 — 0.31,0.31 + 0.45]]

1 1
Fa(ny —1,n, — 1) = F 9,7) = = =0.24
%( 1 2 ) 0.025( ) F0_975(7,9) 4.20

Fl_ﬂ(nl —1,n; —1) = Fy975(9,7) = 4.82
2

Using theorem 4.3:

2 2 2 2 2 2 2
02N Sx Sx +y Sx Sx Sx +y, Sy
—€ Fa(n—ln 1)[—2+< 2222 — 22 [,F, a(ny —1L,n, - D) |2+ S22 -1
JlN ' ’ ¥ 59?14'3’1 S’gl 7z ' ’ S’gl S£1+y1 531

JZZN 0.25 /055 0.25 0.25 /0.55 0.25
oo 2 (02 e (0502
o2, 036  \1.12 0.36 036 ' \1.12 036
O'
—% €[0.17 - 0.051,3.35 — 0.981]
‘711\1

6. Conclusions and future research directions

In this paper, a new approach to neutrosophic confidence intervals for neutrosophic normal populations was introduced
and many related theorems and formulas were proved successfully using algebraic properties of the one-dimensional
AH-lIsometry. Also, many solved examples were presented and done successfully. We conclude from the driven
formulas that neutrosophic confidence intervals are very complicated and differ from interval valued neutrosophic
confidence intervals. Content of this work is very helpful in defining and solving many open problems in statistical
inference theory including hypothesis testing, goodness of fit tests, etc. We aim to do lots of works in these branches
in the future.
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