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Abstract

A family of lifetime distributions of Moore and Bilikam[33] is considered, which covers many probabitidetsmas
specific cases. Discussing importagliability measures aviz. R(t)= P(X t) and P=P(X Y). Furthermore, the uniformly
minimum variance unbiased estimators (UMVUES) and maximum likelihood estimators (MLES) are used to derive the |
estimatorsof the parameter based on Type 2 and Type 1 censoring schemé@itimgsthe exact confidence interval for
MLE & UMVUE for —R(t) & P under type 2ensoring scheme. Also the asymptotic confidence interval for the paramete
—and{ under Type Zensoring scheme have been constructed. The variance expressionMalE&MLE under both
Type2 censoring and Typeénsoring scheme are derivétipothised tegtrocedures for different parametric functions are
developed. Lastly, the simulation study of two reliability procedures and real life data is done
Keyword Family of lifetime distributionsestimationmethod, censoring techniques, hypothised t&#MVUE and MLE
Mathematics Subject Classificatiolg 1T p:82N01, 62N02, 62N03, 62N05

1 Introduction

The process of failure free operation with uncertaninty untill it reachs time t is known as reliablity function R(t). R(t)=P(X t),
where, X is a random variable which is considered as lifetime of an item. P=P(X Y), is the stress-strength reliability,
which is stated as the random strength X subject to random stress Y in term of reliability. As far as for both the relaibility,
dozens of work has been made in point estimation under complete sample and censored samples. For reviewing the literature
on can refer to Pugh[37], Basu[6], Bartholomew[4-5], Tong[42-43], Johnson[23], Kelley, Kelley and Schucany[25], Sathe
and Shah[40], Chao[9], Constantine, Karson and Tse[21], Awad and Gharraf[2], Tyagi and Bhattacharya[44], Chaturvedi
and Rani[13-14], Chaturvedi and Surinder[17], Chaturvedi and Tomar[18-19], Chaturvedi and Singh[15-16], Chaturvedi and
Pathak[10-11-12] and other.

The purpose work are present in many-fold and the probabilistic model of Moore and Bilikam[33] is considered which covers
various specific distributions. We develop point estimation procedures under type Il and type | censoring scheme.
Hypotheised test procedures are also proposed. Considereing the point estimation, UMVUE and MLE are derived. A new
formulation has been introduced to obtaining power, relaiblity and stress-strength reliablity. For a specified point the
probability density function are obtained by derivate the reliability functions. For same and different families of ditributions,
derive the stress-strength reliability estimator are obtained. Considering the UMVUES and MLES to obtain the variance
expression

under type 2 & type 1 censoring scheme and also construct exact & asymptotic confidence interval for UMVUE & MLE
under type Il censoring scheme.

In Section 2, we defined the family of lifetime distributions which covers many probabilistic models. In Section 3 and 4, we
provide the position estimators under type 2 and type 1 censoring scheme also derive the variance. Again in section 3, exact
confidence interval and asymptotic confidence interval is obtained. In Section 5, we develop hypothesis testing procedures. In
Section 6 simulation result are made and in section 7 real data study is done. In the last, conclusion is given in section 8.

2 Preliminaries, Notations and Definitions
Moore and Bilikam[33] introduced the following family of lifetime distribution:Let the random variable X follows the
distribution having the p.d.f

Q- -QodQ ®Qwl — R T e m (1)
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where "Qw is real-valued-differentiable-strictly increasing function of x such that "Qaw 1™ & "Q @ is derivate of "Qw.
T is known and —is unknown. Some of the most important and specific probabilitic models for equation(1) is defind as,
(1) For g(x)=x and T p, we get Exponential distribution [Johnson and Kotz [24]].

(2) For g(x)=(x-a) and { p, we get the linear Exponential distribution [Mahmoud and Al-Nagar[32]].

(3) Forg(x)=w o - ; _ tmhw Tandf p, we get the two parameter Exponential distribution [Ahsanullah[1]].

(4) For g(x)=x and T ¢, we get Rayleigh distribution.

(5) For g(x)=x, we get Weibull distribution,

6) Forgx)=w Qwo’',] m’' 1w Ttmand] p,we obtained modified Weibull distribution [Lai et all[28]].
(7)Forgx)= p p_ T o Ttandf p, it gives the generalized power Weibull distribution [Nikulin and
Haghighi[34]].

(8) Forg(x)=tr £ fQ w MO mandt p, it leads us to Burr distribution [Burr[7], Burr and Cislak[8]].

Q) ForgX)= ¢ 0 — ; ® ' Tand] p, we get Burr distribution with scale parameter * [Tadikamalla[41]].
(10) For g(x)=&t ¢ XQandt  p, it gives Pareto distribution.

1) Forgx)=w & -0€¢€-Q ;' 1 _ Tmandf p,itgivesgeneralized Pareto distribution [Ljubo[30]].

(12) Forgx)=a ¢ Q@ - ;_ mandf  p,thenitis becomes Lomax distribution [Lomax [31]].

(13) For g(x)=— Q Pl m & Tmandf p we get the Gompertz distribution [Khan and Zia[26]].

(14) Forg(x)= Q p; & mandf p, this gives Chen distribution [Chen[20]].
Reliability function R(t) at a specified mission time t and Stress-Strength Reliability P are define as

YO R O

L7l Qo

Yo Q8 (2

0 0O @
” QR0 QQw

v —38 (3)

3 Type Il Censoring Scheme for Point Estimators

Recording the r item after termiation of test when n items are introduced for preforming the test. Let us denote by et
W W 8B ® e 1 i &, bethe lifetime of Ist r failures. Obviously, (n-r) items survived until & . Before
proving main theorem in this section, we first state lemma.

Lemma3.l Let'Y=B Q ® + & 1 'Q w .The"Y -complete and sufficientY’Oprobability density
function is define as

"Q"Yh— ———HhY & (4)

Proof. From the p.d.f given in equation p , the jointp.d.fof em @ @ a8 ® cis

Qo o BB NMh— §A- B QwQ Qo — 8 (5)
Integrating out o fro  fe®3  form equation v over the region @ @ 888 & |, the joint p.d.f of
T W 838 w comesouttobe

Qo ho BB Nh— ¢¢ p8BE 1 p - B NQOQ ©

Qon — 8 (6)

It follows form equation p and F N fractorization theorem [see Rohatgi[38]] that “Y is sufficient for the family of
distributions. Let us make the transformation Y "Q . It can be verified that U follows exponential distribution with
mean life — Let the transformation e ¢ Q p Y Y  HQ plfesichis considered and ¢ are
independent and identically distributed random variable each with exponential distribution. Since B &  "Y. Result of
equation (4) holds by using the reproductive property of gamma distribution [see Johnson and Kotz[24]]. From ¢, Y is
sufficient for equation p . "Y’Odistribution T to exponential family of distributions, as well as complete[see Rohatgi[38]].
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3.1 Uniformly minimum variance unbiased estimators

Theorem 3.2 Forq'  oof , the UMVUE of— is
r

. r Y h 'l. n m )
I [dMi 0 Qi Q
Proof. From 1 ,
O — - Y Q a
r - Fi h
and equation X follows from Lehmann-Scheffe theorem [see Rohatgi[38]].
Theorem 3.3 The UMVUE of R(t) attime tis
s [6mi 0 Qi Q
Proof. Suppose the random variable is defined as _
o Ph@ o ©)
T 16Mi Qi Q

Unbiasedness can easly be checked for the defined function in equation (9) for reliability R(t). equation (9) follows after
applying Rao-Blackwell theorem,
Y 0o Owry

0® ory
0

8 (10)

It follows from equation(2.1) that @ has beta-1 kind distribution with the parameter ph  p 8Using Basu’s
theorem[see Rohatgi and Saleh[39]], from equation(3.7), we have

Yoo — U Q) (11)

and the theorem holds. .
Corollary 3.4 The UMVUE of Qi) h— at aparticular point X is

"Q o Fie 0 Y 12
T [6RI 0 QI Q
Proof. Suppose the integral . "QGI h— w.r.t. °Y i.e.
Y 0 . Qal h—Qm
or
—Y 0 Qo) h—
and hence corollary holds after follows the theorem o0& 8

Let the two independent r.v.’s X and Y follows the classes of distributions 'Q af] h— & "Q «I] h— respectively and
also suppose “n items on X and m items on Y are put on a life test” & the execution for X and Y are r & s, where

Qa — —QoQ wQ o T
and
Q) h— —000Q wQ o 18
Y B "Q w ¢ 1 Q0 w
and

Y B Q w a i wsa

Theorem 3.5 The UMVUE of P is given by
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i op, p & p —— Qf
I'p, . . .

. I\PQ Y Q Y 13
Bl PP @ p — Qf

QY QY
Proof. From corollary o8 that the UMVUESs of "Q af] h— and "Q «¥} h— at particular point x and y,

Qo Fe P hQ o 7Y (14)
mh I6mMi v Qi Q
0 o Fe p— hQ o 7Y (15)
mh [dmi 0 Qi Q
Considered the similar argument that are used in proving theorem o®, UMVUE of P is given by
0 . 7 Q0 o 0 @ A— QuQ®
Y N b~ =Y & Q0
applying theorem o& and (p v gives that
o % p
p —— Qw (16)
i p. P
p —— Qb (17)

where M= & "QEQ Y FiQ Y .

Taking into consideration the two cases, putting =z and hence theorem holds.

Corollary 3.6 When [ I,

vi pB i ¢, P — 0 Q ph N
(4 Q
i} vy
v I'p
, B \ i _ T / Y
|’|’I P L P P 0 Qph pnN
vy Y
Proof. Using theorem o® and applying the condition "Y' "Y, we have,
6 i p. pa p -G Q&
i pB i Cq P~ . 6p 0 Qo
and the first assertion foIIovys.
Furthermore, when Y  “Yh
0 i pB 1 pyg P — . 0p 6 QO

and the second assertion follows.

Theorem 3.7 The Variance ofY 0 is givenis
WOIY 0 — Qonp — © —

®w Qwpr— © —
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e A -
B w B X
% Qwnh o —
B wB Qi pL,) 0A—
Qwr—— (18)
where & p ci g and 0O ® _ —Qow
Proof. Here,
Wiy o oY o oY o 8
From equation T ,
oY 6 —Qon— — T——
Qwun —— Q6 (19)
—Qof — — '@ ¢ (20)
where
(ORI Qon — Q6
B & " Qo — Q6
B & “— Q6B & ."p 6 Qanp—
Q (21)
and @ p i c.,QS
Using the following result (Erdelyi[22]) that
o o ,"—Qo
and _
o Q6 B < K ~QoH 0 Gih (22)
we have,
co s , A — o
Qwn —— Qo6 B X Qwnir—
- 0 —
Q mipresi o8 (23)
Furthermore,
"—Qop —— Q6 Qor— " -Qan —— Q6
—Qon — .7 —0Qa
—Qwn — 0 —nh (24)
Qo — Q6 —38 (25)
Also,
" p 0 Qo —— Qo6 B Qi opy
76 Qo —— Q6 (26)
weEQ
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B NON| pl,) 0A —— 8 (27)
Substituting equation ¢ ¢ch¢ oh¢ Tt and ¢ T in o® wandthenin ¢ T the theorem follows.
3.2 When g is known, Maximum likelihood estimators
5 OE R § O A Og ,ithk MLE of —under Type 2 censoring is
— —8 (28)
From equation ¢ W and one - one property of MLEs, following theorem give the MLE of R(t).
Theorem 3.8

Yo Q8 (29)

Corollary 3.9 The MLE of "Qafl h— at a particular point X is
Q) h— — R wQoF—— 8 (30)
Proof. Considering the fact that given below
—'Y 0 Qo) h—
the thorem follows and on using this we get similar result as given in corollary o&.
Theorem 3.10 The MLE of P is given is

0 _° Qo —"Q —— Q Qa (31)
Lemma 3.11 The MLEof P when X and Y belongs taveafamilies of distribution i.g¢. | T is given by
0 —— 8 (32)
Theorem 3.12 The variance ofY 0 isdefine as
D WiIY O ;00— U ¢ ——
B 0 ¢ —— (33)

where 0 8 is the modified I:%essel function of the kind- Il with order r.
Proof. Applying equation T h ¢ and theoremo® ¢we get

oY o QR —— —— Qaf — QY
r—>v°°o'o QO O — Qo (34)
Applying the result of @ 0 | € & that
@ Qon do- Qe g - 0 cUddh
it is to be noted that 0 8 U 8 for d TipRIBRB” “0 phi & pkE 1 p” and @ ——. After
simplification from equation o& p, weget
oY o — 0 ¢ — 8 (35)

A
Similarly, we can develop the expression of second order moment given as under

oY o . —— 0 ¢ —— 8 (36)

The theorem follows by combing equation o& ¢ and o® o.

3.3 Exact Confidence Interval Under type 2 censoring scheme

Construction of two sided confidence interval for MLE and UMVUE of —R(t) and P under type 2 censoring scheme is
considered in this part. First, we construct the two-sided confidence interval problem for MLE of —- using the pivotal
quantity ¢—Y. By defining ... as the value of ... such that

%)

O.. .. _“H..Q. |h (37)

where 1) ... is the probability distribution function of ... distribution with 2r degree of freedom.
Knowing the fact that, (—Y D ... 8
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0 . p - - p |
0. p - — - p |
0 —. p - = —.. - p |8 (38)
Using equation o x one can find ... p - and ... — with2rdf Therefore, p mm | P confidence interval
for MLE of —is
—. p -h-.. -28 (39)
Also we construct the confidence interval for MLE of R(t). From reliability definition, we know that, "Y 0} is an
increasing function —and Y 0 QwnR —— .Hence, p mp | P confidence interval for MLE of 'Y 0 is defined
as
Qon —— on — 8
In order to construct the problem of two-sided confidence interval for UMVUE of —-the unbiased estimator of —for
UMVUE is given as — ——. Proceeding in similar way as above, p t @ | P confidence interval for UMVUE of —is
of the form
. p -h—.. -8
According to theorem o& , we have
Y 6 p — h
p — 8 (40)
Thus, p mp@ | P confidence interval for UMVUE of 'Y O is as under
p —— hp —— 8
Now we will next derive confidence interval for UMVUE and MLE for P.
Since — —and — —, and also 0 — t 0 ——. From two random quantities which are
independent and we have, —: D'O ; ascaled F distribution, Following that 0 ——, by simple transformation

— h
techniques one can obtain the confidence interval for MLE of P as

LOp p - ™Of ©Of - p |
0 0f p - — Of - p |
5 —— p — p I8

Therefore, p Tt@ | P confidence interval of P for MLE is as under
R~ hooo—

p h—— p

Now we have considered UMVUE for constructing the problem of confidence interval for P,
we know that

i p., P P — p a Q& Y Y8
Also,
—DO;
0 Op p - — Of - p |
or
0 —O0f p -4 —& —Op —-& p |
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or

Thus, p Tt | P confidence interval of P for UMVUE is as under
i p. p @ p p —Op p -a h

8
i p., P @ p p —Ox -a
We can get the result when “Y Y in similar manner.
3.4 Asymptotic confidence intervals
Likelihood function of family of the distribution in equation o® is given by
a® atAll atli at B afQn w B a&Q o — (41)
Estimating the parameter —and I taking first and second order partial derivation of equation o& T, we have
— —1i ¢— (42)
— — -B Q o 0w — Q ®» 0w (43)
Thus we can obtain an estimate of the information matrix given as
where — — andf T are the MLEs estimates of the parameter and & — and @ are elements of 'O —H .The
approximate p | p 1 Tt éonfidence intervals for the parameters —and 1 is, therefore, givenas, — — [ _ ® —
and [ respectively, where [ _ is the upper — percentile of standard distribution.
4 Typel Censorlng Scheme for Point Estimators
Letem @ (A 838 @ c bethe failure time of n items under test from equation (p). The test start at time &
11 and the system runs untill e @ ¢ when the Ist failure occurs. The unsuccessful item is replaced by a latest one and
the system runs till the 2nd failure occurs at time e @ ¢ and so on. The experiment is completed at time 0 . Before
proving the main theorem of this section, we first state lemma. 5
Lemma4.11f 0 0 be the number of failures during the intervaiho , then
00 6 1D Qwn X (44)
Proof. Let us make the transformation
@ Mo h QO Mo BEw Qo o 8 (45)
The P.d.f. of @ s
Q0 -Qwn — 8
Moreover ¢ ho FBdw are iid random variable. Usmg the monotonically property of 'Q .
00 o 190 0 & o] 0 & 0
0 QO Q 0
0 Q& Q 0 (46)
0w w 88w QO
0 w 88w Mo 8 (47)

Using the reproductive property of exponential distribution (see Johnson and Kotz[24]), 'Y -B & follows gamma
distribution with p.d.f.

Q6 F—(’) Qnp n (48)
Using the result of Patel, Kapadia, and Owen[36] and equation T T we achieve that
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660 19 — Q606 — . ° Q6 Qo
Qwn -Q o B — B — (49)
Qwn -"Q o % (50)
and the lemma follows.
4.1 Uniformly minimum variance unbiased estimators
Theorem 4.2 For ¢ to be a positive integer, the UMVUE-ef is given by
A, - \ S ;
. vAs—Qo hi n m (51)

Th I6mi 0 Qi Q
Proof. From lemma 18 and F-N factorization theorem { Q'QMH "@'Q that r is sufficient for estimating — r is
complete and it is distributed to the familt of exponential i Q QWD Q" 8The theorem now follows from the result that
the gth factorial moment of distribution of r is given by

Oii p&8I n p E— Qo0 (52)

Theorem 4.3 The UMVUE ofY 0 is define as
——— h™Qo &£Qo

Yo P (53)
mh Iomi 0 ®i Q
Proof. Find a function 0i suchthat O0i =Y o0,s0 01 isthe UMVUEoOf'Y O,
B® O —x Qwn Qown —
or
B® O —— Q O &£€Q o0 — Qo (54)
Equation v T is satisfied if we choose Chossing the given as
01 p —— (55)
the equation (54) is satisfied and the theorem holds.
Corollary 4.4 The UMVUE of Qad) h— at aparticular point X is
"Q aff) h— p h"Qw €QO0 (56)

Th I6Mi 0 Qi Q
Proof. Corollary (4.4) holds by adopting the similar argument using proving the corollary (3.4). 5 5
Let X and Y be two independent r.v’s following the classes of distribution "‘Q (] h— and "Q ] h—

respectively.

Qal — —0nQ wQ Mo i h— 1 (57)
and

Nl — —00Q «Q o mi h— 18 (58)
Let nitems on X and mitems on Y are puton a life test. Let 0 and 0 be the termination numbers for X and Y are r and s,
respectively,

mh IdmMi 0 "Qi Q
mh T6mi 0 Qi Q
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Theorem 4.5 The UMVUE of0 is given by

-

1P
>

("4

|’J v p G p ’Qm
5 |‘rQ €EQ o Q aQ o h (61)
W.op & p Q)
'y ) . ‘ .
yQ aQ o Q €Q 0o
Proof. Using S|m|Iarargumentswh|ch are use in theorem o® we get,
0 .7 " Q) h—Q d h— QuQ® (62)
7Y d) A~ =Y ] b~ Q@ (63)
Using 'Y 0 and "Q «I] h— , we get
6 .7 p p —— Q4§
N w0 4GQ 6 Qo6 £Q0o
P — 2 oop
MNMwQd
N O GQ o0 AR o &Q o
ﬁ 4
p — Qw
Q wp — Qda
M w0 4GQ 6 AR o6 £Qo
By putting & ———, the theorem holds.
Corollary 4.6 Substituted 0 and] i T i.e. Xand Y belong to same family of distributions,
) i B p‘l,,Q—é"Qpﬁ'ﬁ a ¢
0 3 A (64)
i B pi pg— 6 Qph phe¢ a
Proof. From Theorem 1® when & &,
0 i, p -G p & Q&
iB Pig—. @p & Q4
and Ist statement follows. Again from Theorem T& when ¢ &
0 i, p —& p & Qo
i —. p 6 p =0 Qo6
i B Pl Py~ . 0 p o0 Qua
and the 2nd statement follows.
Next proving variance expression for 'Y 0 as under
Theorem 4.7 The variance ofY 0 is given by
WAIY o Qwn C Qwn —— 8 (65)

Proof.From equation 1§ ,

OYod B —p — E—006 QoAE— Q0

QaRp —— E— Q0
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Qwne— "Q o (66)
The theorem follows from T& o and the factthat 'Y O is an unbiased estimator of 'Y O .

4.2 When is known, Maximum likelihood estimator
Under the sampling scheme of Bartholomew[5],it follows from equation T T as below

— -Qo6 8 (67)

From ¢ x and one-one property of the MLEs, the MLE of 'Y 0 in the form of theorem is as under.
Theorem 4.8 The MLE of'Y 0 is as under

YO Qwn——38 (68)
Corollary 4.9 The MLE of' Qafl h— at aparticular point x is
"Qaf h— —'—'Qd)r‘] —_— (69)

Proof. we using the fact that
Yo | ""Qd Qo
or
—'Y o Qo) h—
and corollary 180 follows.
Theorem 4.10 The MLE of the P under type | censoring is given by

0 _° Qon QONa08 (70)
Proof. ) o § §
0 . . Q) h—Qd h— Quow
TY ok~ =Y ) i~ 08
Using'Y 0, @é 1 & & adjpditing & ——— and theorem holds.

Corollary 4.11 Substitutingd 0 andf i T i.e. Xand Y belong to same family of distributions,
0 —38 (71)
Theorem 4.12 The variance of MLEY 0 is given by

0OIY O QafF—— Qaf¢—— p
QOlH—— Qo ——  p (72)

Proof. Using equation T& and t& v and the theorem follows.

4.3 Asymptotic confidence intervals
From 0 Q& atwd the likelihoodfunction is define as

atglvi 0 1T ag 10 1T a&Q o adA —— (73)

Estimating the parameter —and T taking first and second order partial derivation of T& 711 we have
— - (74)
—_— - 0 £€Qo Q0 (75)

Thus we can obtain an estimate of the information matrix given as

oX i
where — —andf { are the MLEs estimates of the parameter and o — and w1 are elements of 'O —& .The
approximate p | p T 1t éonfidenceintervals for the parameters —& T s, therefore, givenas, — — [ _ @ — and
1 [ of respectively, where [ _ isthe upper — percentile of standard distribution.
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5 Hypotheses testing for different procedures
In life testing experiments, the hypothesis is defined as ‘'O¢— — against ‘'Og¢— —. It follows from equation o& that
the likelihood function observing —is as under

0 €& p8BE I p - b Qw0 w

Qwn — 8 (76)
Under O,

O0b® ¢¢ p8BE I p — B MoQ o

(€]

Qon — P -4 — (77)
and

O0b® ¢¢ p8BE I p — B MoQ o

(€]

Qoni P ¢ — 138 (78)
The likelihood ratio is defined as

O
_0 ° .
= )
(€]
_0 — Qwn — i (79)

From equation (79) Ist term is increasing monotonically and the 2nd term is decreasing monotonically in “Y. Using the truth
that — D ... , the critical regionisas T Y 0Q ° @ Y o, where 'Q and 'Q are obtained such that O ...

—& — .. | . Thus, @ —... p - and Q —... = . Similarly, it can be shown that under type |
censoring Bartholomew[5] sampling scheme, the UMPCR for hypothesized testis Od— — vs 'O¢g— — isas under

i QeI iITQRDOE QI &£ 8
Now we assume to test hypothesisas O ¢— — Vs 'O¢— —. It follows from equation ¢ that, for — —

_0 — Qwn — — Y8 (80)
As in equation (80), _ 0 is monotonic likelihood in "Y, the UMPCR for testing "O against 'O is define as
i QU RE € w _ ~
ph Y Q'

- @ o FEEEw T 16mi 09l Q

(81)

where @ ' —... p | ' ' isobtained such that

o
[
v ... — |

1

Similarly, under type | censoring Bartholomew[5] sampling scheme, the UMPCR for hypothesized test is Od— — Vs

‘Od— — isasunder 5 <
phi Q'

_ - = m IdMi 0Qi Q (82)
where ¢Q ¢ isobtainedsuchthat 0i Q' 7.
Next test the hypothesis as 0 ¢— — against 0 d— — under type 2 censoring and 0 —— when I T . For
1 —— 'Od— 1 — against Og— | —. For generic constant —, the likelihood of sampled observation ¢ and 0 is
0 —h-o06 00— Qo — — 8 (83)
Under "Oh
— 3 — and — =_—8Thus,
odph-ovo6 — (84)
)

Also for whole parametric space ®= —h— T—h— 11,
OPp—h-o9o6 — 38 (85)
0
From uv& and uv® T the likelihood ratio criterion is
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S —hoo H—8

(86)

On using the fact that
—D—"0j
The critical region is as under
— 0z - 0
"Q and "Q are obtained such that
Of z —

8h (87)

0 — O

where,
0

—0f p — ad@' '—0f —8

6 Simulation results

This section, conduct the Monte Carlo simulation study reliability and stress strength reliability using UMVUE and MLES.
Here, the inverse transformation method of simulation is used to compare the performance of two estimators under type 2 and
type 1 censoring scheme and also their variances. It is shown how simulation can be helpful and illuminating way to approach
problems in reliability and stress strength reliability using UMVUE and MLES. Here, the inverse transformation method of
Monte Carlo simulation is used to compare the performance of two reliability estimators under type 2 and type 1 censoring
scheme. We investigate the performance of the power under type 2 censoring scheme. Generating p 1t 1T Eample of size v Tt
from the inverse transformation method with — 1,1.5,2.5 ¢ and f|  ¢lo. The study is carried out for different values
ofi pfgmndovu

Table 1: Performance of the Power estimates under type Il

10 20 35
_B P[—] _ y h _ _ _

1.0076 1.1083 0.9981 1.0480 1.0001 1.0287

2[1] 9.3871 0.5349 9.2132 0.225 9.1122 0.1200

(0.995, (1.094, (0.989, (1.039, (0.993, (1.022,

1 1.020) 1.122) 1.007) 1.057) 1.007) 1.035)
0.9901 1.307 1.0076 1.1638 0.992 1.0787

3[1] 10.0684 | 1.8522 9.4679 0.7116 9.3134 0.3202

(0.97, (1.281, (0.994, (1.148, (0.982, (1.068,

1.010) 1.333) 1.022) 1.18) 1.002) 1.09)

2.2237 2.4461 2.2573 2.3701 2.2499 2.3142

2[2.25] 5.2592 2.5844 4.1083 1.1954 3.6551 0.6306

(2.195, (2.415, (2.237, (2.349, (2.235, (2.299,

2.252) 2.477) 2.278) 2.391) 2.265) 2.33)

15 3.3694 4.4477 3.3869 3.9119 3.3721 3.6667
3[3.375] | 13.0035 | 23.1151 | 6.0188 7.816 3.5047 3.7627

(3.300, (4.356, (3.34, (3.858, (3.338, (3.629,

3.439) 4.54) 3.433) 3.966) 3.407) 3.704)

6.272 6.8992 6.2434 6.5556 6.2599 6.4388

2[6.25] | 215957 | 20.3062 | 13.0659 | 8.9497 9.6676 4.8604

2.5 (6.193, (6.812, (6.188, (6.497, (6.218, (6.396,
6.351) 6.987) 6.299) 6.614) 6.302) 6.482)
155173 | 20.4829 | 15.6706 | 18.0995 | 156461 | 17.0127
3[15.625] | 392.7883 | 376.8654 | 255.3622 | 165.0861 | 202.7628 | 81.2973
(15.201, | (20.066, | (15.457, | (17.852, | (15.485, | (16.838,
15.833) 20.9) 15.885) | 18.347) | 15.807) | 17.187)

In the above table 1, we workout that true estimate in square braces [], average estimate — and —, mean square error and
confidence interval in ()braces for umvue and mle. we have summarized the result for the table 1, the average estimates is
nearly close to true estimate, both estimators are efficient, the mean square error(mse) is decreasing when we increase the
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value of r and confidence interval lies with the interval. To the evaluate the performance of the R(t) in type-2 censoring

scheme, it require to generate p 1T 1T Hample of size v Tifrom the inverse transformation method with —
study is carried out for different values of i

p ft fo vand O

T8 8 e ma ip.

Table 2: Performance of the R(t) estimates under type Il when — p& and | p
10 20 35
08 Y 0 Y 0 Y o Y o Y o Y o Y o
0.20 0.8749 0.8632 0.8754 0.8698 0.8750 0.8718
0.0017 0.0021 7e-04 8e-04 4e-04 4e-04
0.8752 (0.874, (0.862, (0.875, (0.869, (0.875, (0.871,
0.876) 0.864) 0.876) 0.87) 0.876) 0.872)
0.40 0.7671 0.7486 0.766 0.757 0.7659 0.7608
0.7659 0.0047 0.0054 0.0022 0.0024 0.0012 0.0013
(0.766, (0.747, (0.765, (0.756, (0.765, (0.76,
0.768) 0.75) 0.767) 0.758) 0.767) 0.761)
0.60 0.669 0.6472 0.6715 0.6607 0.6701 0.6639
0.6703 0.0081 0.0089 0.0037 0.0039 0.0022 0.0022
(0.667, (0.645, (0.67, (0.66, (0.669, (0.663,
0.671) 0.649) 0.673) 0.662) 0.671) 0.665)
0.80 0.5863 0.5636 0.5862 0.5747 0.5871 0.5805
0.5866 0.0109 0.0113 0.0051 0.0053 0.0029 0.0029
(0.584, (0.562, (0.585, (0.573, (0.586, (0.579,
0.588) 0.566) 0.588) 0.576) 0.588) 0.582)
1 0.5123 0.4903 0.5133 0.5021 0.5135 0.507
0.5134 0.0127 0.0126 0.0061 0.0062 0.0035 0.0035
(0.51, (0.488, (0.512, (0.501, (0.512, (0.506,
0.515) 0.492) 0.515) 0.504) 0.515) 0.508)

pd, 1

p. The

The results follows for the above table 2, the true estimate in second column, the average estimate — and — comes closer
to the true estimate, so both the estimators are equally efficient, mean square error is decreasing when we simultaneously
increase the values of r and time(t) and confidence interval of the average estimate in () braces lies within the interval for
umvue and mle. The results are summarized in the table as under. Evaluate the performance of the 0 & ¢ under type 2
censoring scheme. we generate p 1T 1T mample of size u Tfrom the inverse transformation method with —

— plpdR®d, ¢ & vy p®. The study is carried out for different valuesof i p ft fo v
Table 3: Performance ofthe 0 & & estimates under type |1
i {9 10 20 35
—h— 8 0 0 0 0 0 0 0
[0.5,1] 0.3325 0.3397 0.3332 0.3368 0.3339 0.336
0.0105 0.0098 0.0051 0.0049 0.0029 0.0028
0.3333 (0.33, (0.338, (0.332, (0.335, (0.333, (0.335,
0.334) 0.342) 0.335) 0.338) 0.335) 0.337)
[1,1.5] 0.3998 0.4044 0.3987 0.4011 0.4002 0.4016
0.4 0.0122 0.0112 0.0058 0.0056 0.0033 0.0032
(0.398, (0.402, (0.397, 04, (0.399, 0.4,
0.402) 0.407) 0.4) 0.403) 0.401) 0.403)
[1.5,2.5] 0.3761 0.3816 0.375 0.3779 0.3751 0.3768
0.375 0.0118 0.0109 0.0056 0.0054 0.0032 0.0031
(0.374, (0.38, (0.374, (0.376, (0.374, (0.376,
0.378) 0.384) 0.376) 0.379) 0.376) 0.378)

T®ppd,

Results for strength reliability in table 3, we workout that true estimate given in column second, average estimate — and —
comes closer when compute the true estimate which means two estimators are equally efficient, mean square error decreasing
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for differentvalues of r & s when it increases and confidence interval for the estimates in ()braces lies with in the interval for
umvue and mle. Evaluating the R(t) to see the performance under type-1 censoring scheme, for it generate p 11 1T Bample of
size v mifrom the inverse transformation method with — p®, | p. Here 0 is fixed which is a termination time, r is
number of failure before time o . The study is carried out for different values of 6 T& 18 g &) 1p and O £

T fre ip.

Table 4: Performance of the R(t) estimates under type | when — p& and T p
op 0.60 0.80 1
o Y O Y O Y O Y O Y O Y O Y O
0.20 0.8818 0.8821 0.8836 0.8839 0.8854 0.8856
6e-04 6e-04 5e-04 5e-04 4e-04 4e-04
0.8752 (0.881, (0.882, (0.883, (0.883, (0.885, (0.885,
0.882) 0.883) 0.884) 0.884) 0.886) 0.886)
0.40 0.7782 0.7795 0.7806 0.7816 0.7845 0.7853
0.7659 0.0019 0.0019 0.0015 0.0015 0.0014 0.0014
(0.777, (0.779, (0.78, (0.781, (0.784, (0.785,
0.779) 0.78) 0.781) 0.782) 0.785) 0.786)
0.60 0.6858 0.6884 0.691 0.6929 0.6941 0.6956
0.6703 0.0035 0.0036 0.0028 0.0029 0.0024 0.0025
(0.685, (0.687, (0.69, (0.692, (0.693, (0.695,
0.687) 0.69) 0.692) 0.694) 0.695) 0.696)
0.80 0.604 0.608 0.6104 0.6134 0.6149 0.6173
0.5866 0.0048 0.0049 0.0039 0.0040 0.0034 0.0035
(0.603, (0.607, (0.6009, (0.612, (0.614, (0.616,
0.605) 0.609) 0.612) 0.615) 0.616) 0.618)
1 0.5343 0.5399 0.5391 0.5432 0.5429 0.5462
0.5134 | 0.0060 0.0062 0.0048 0.0050 0.0041 0.0042
(0.533, (0.538, (0.538, (0.542, (0.542, (0.545,
0.536) 0.541) 0.54) 0.544) 0.544) 0.547)

In the table 4, We workout the performance of the average estimate of — and — with the true estimate given in the column
2 it is closely related so both the methods are equally efficient, mean square error is decreasing when we increase the time (t
and 0 ) and confidence interval for estimates in ()braces are lies within interval for umvue and mle. Now we estimate the

strength probability 0 & & for different values of —
o

i p® and when (&

a) ¢

VT

pBIplt, 0 ¢ 0 ¢ £ T R 1p and |

Table 5: Performance ofthe 0 & ¢ estimates under type | when & &

o1 01 o 0.60 0.80 1

—h— 0 0 0 0 0 0 0
[1,1.5] 0.412 0.4171 0.4177 0.4212 0.4255 0.4283
0.0075 0.0077 0.0046 0.0048 0.0035 0.0037
0.4 (0.4103, | (0.4154, | (0.4164, | (0.4199, | (0.4245, | (0.4272,

0.4137) 0.4188) 0.4189) 0.4225) 0.4266) 0.4294)
[1.5,1] 0.5853 0.5903 0.5777 0.5813 0.5713 0.5741
0.6 0.0083 0.0082 0.0053 0.0052 0.0041 0.0040
(0.5835, | (0.5886, | (0.5763, | (0.5799, | (0.5702, | (0.573,

0.587) | 0.5921) 0.5791) 0.5826) 0.5725) | 0.5752)
[2.5,2] 0.5519 0.5611 0.549 0.5551 0.5457 0.5503
0.5556 | 0.0167 0.0167 0.0101 0.0101 0.0069 0.0068
(0.5494, | (0.5586, | (0.547, (0.5531, | (0.5441, | (0.5486,

0.5545) 0.5637) 0.5509) 0.5571) 0.5473) 0.5519)
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In table 5, that the average estimates of strength reliability are closely related to true estimate which is given in column second
which means both the estimators are equally efficient, mean square error (mse) is decreasing when O

confidence coefficient of the average estimate is lies within the interval for umvue and mle when (¢
performance of estimates of strengthreliability for differentvalues —

0 s increasing,

andf T p® andwhen(d &)¢&¢ ovi 1
Table 6: Performance ofthe 0 & (& estimates under type | when & £
01 Ol o 0.60 0.80 1
—h— 8 0 0 0 0 0 0 0
[1,1.5] 0.4127 0.4108 0.4212 0.4199 0.4262 0.4252
0.0068 0.0067 0.0045 0.0044 0.0033 0.0033
0.4 (0.4111, (0.4092, (0.42, (0.4187, (0.4252, (0.4242,
0.4143) 0.4124) 0.4225) 0.4212) 0.4272) 0.4262)
[1.5,1] 0.5867 0.5848 0.5804 0.5791 0.5732 0.5721
0.6 0.0065 0.0066 0.0041 0.0042 0.0032 0.0033
(0.5851, (0.5832, (0.5793, (0.5779, (0.5722, (0.5712,
0.5882) 0.5863) 0.5816) 0.5803) 0.5742) 0.5731)
[2.5,2] 0.5536 0.5501 0.5505 0.5482 0.5468 0.5451
0.5556 0.0131 0.0132 0.0079 0.0079 0.0055 0.0055
(0.5513, (0.5479, (0.5488, (0.5465, (0.5453, (0.5436,
0.5558) 0.5524) 0.5522) 0.55) 0.5482) 0.5465)

@ ). Again we see the

pdIplT, 0 ¢ 0 ¢ ¢ Tep iy p

In table 6, we have seen that the average estimates of strength reliability are closely related to true estimate which is given in
column second which mean both the estimators are equally efficient, mean square error (mse) is decreasingwhen 6 0 is
increasing, confidence coefficient of the average estimate is lies within the interval for umvue and mle when (&  €). In the
table 7 we compare the performance of two variances of reliability i.e. @ @i and @w @i under type-2 censoring
scheme for different values of r & t. Again, we conduct similar comparison to compare two variances of reliability for seeing
the performance i.e. W @i— and @ Wk under type | censorlng scheme for different values of n,t and to in Table 8. In

both the cases we have seen that when

decrease, both are equally efficient.

i and &M € increase, the variances under both type of censoring scheme

Table 7: Performance of the variance estimates under type Il when — p® and] 1@

i |5 10 15 20 25 30

0

0| WO |OO | OO | OO | OO | OO | O[O | OO | OO | OO | OO

8

1 |00.027 | 0.0239 | 0.0127 | 0.0121 | 0.0082 | 0.0080 | 0.0061 | 0.0060 | 0.0048 | 0.0047 | 0.0040 | 0.0039
56 4 6 4 7 5 2 1 5 9 2 8

2 | 0.0297 | 0.0234 | 0.0142 | 0.0127 | 0.0093 | 0.0087 | 0.0069 | 0.0065 | 0.0055 | 0.0053 | 0.0045 | 0.0044
3 3 0 4 1 0 3 9 1 0 8 3

3 10.0282 | 0.0212 | 0.0136 | 0.0119 | 0.0090 | 0.0082 | 0.0067 | 0.0062 | 0.0053 | 0.0050 | 0.0044 | 0.0042
2 0 8 0 3 4 3 9 7 9 7 7

4 10.0258 | 0.0188 | 0.0126 | 0.0107 | 0.0083 | 0.0075 | 0.0062 | 0.0057 | 0.0049 | 0.0046 | 0.0041 | 0.0039
2 9 2 6 5 1 4 7 8 8 5 3

5 10.0232 | 0.0167 | 0.0114 | 0.0096 | 0.0075 | 0.0067 | 0.0056 | 0.0052 | 0.0045 | 0.0042 | 0.0037 | 0.0035
9 9 3 3 8 6 7 0 3 3 7 6

6 | 0.0208 | 0.0149 | 0.0102 | 0.0086 | 0.0068 | 0.0060 | 0.0051 | 0.0046 | 0.0040 | 0.0037 | 0.0034 | 0.0032
9 6 7 0 2 5 1 6 8 9 0 0

7 10.0187 | 0.0133 | 0.0092 | 0.0076 | 0.0061 | 0.0054 | 0.0045 | 0.0041 | 0.0036 | 0.0034 | 0.0030 | 0.0028
1 7 0 8 1 0 8 7 6 0 5 6

8 |0.0167 | 0.0120 | 0.0082 | 0.0068 | 0.0054 | 0.0048 | 0.0041 | 0.0037 | 0.0032 | 0.0030 | 0.0027 | 0.0025
7 0 4 8 7 3 0 3 8 4 3 6

9 | 0.0150 | 0.0108 | 0.0073 | 0.0061 | 0.0049 | 0.0043 | 0.0036 | 0.0033 | 0.0029 | 0.0027 | 0.0024 | 0.0022
4 2 8 7 0 3 7 4 3 2 4 9

1 |0.0135 | 0.0097 | 0.0066 | 0.0055 | 0.0043 | 0.0038 | 0.0032 | 0.0029 | 0.0026 | 0.0024 | 0.0021 | 0.0020

0|1 9 1 4 9 9 9 9 3 4 9 5
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Table 8: Performance of the variance estimates under type | when — p® andf @

i |5 10 15 20 25 30

o)

T |15 2.5 3.5 4.5 55 6.5

0

0| OO | OO [V | OO | OO | OO | OO | OO | O[O | WD | OO

8

1 |0.0303 | 0.0283 | 0.0113 | 0.0110 | 0.0063 | 0.0062 | 0.0041 | 0.0041 | 0.0030 | 0.0030 | 0.0023 | 0.0023
2 8 5 9 4 6 7 4 1 0 1 0

2 |0.0369 |0.0352 | 0.0133 | 0.0132 | 0.0073 | 0.0073 | 0.0048 | 0.0048 | 0.0034 | 0.0034 | 0.0026 | 0.0026
1 0 5 1 8 5 4 3 9 8 7 6

3 10.0376 | 0.0376 | 0.0133 | 0.0134 | 0.0073 | 0.0073 | 0.0047 | 0.0048 | 0.0034 | 0.0034 | 0.0026 | 0.0026
2 2 9 8 4 8 9 2 5 6 3 4

4 10.0379 | 0.0383 | 0.0127 | 0.0131 | 0.0069 | 0.0070 | 0.0045 | 0.0045 | 0.0032 | 0.0032 | 0.0024 | 0.0024
2 4 6 1 3 6 1 7 3 7 7 9

5 |0.0366 |0.0382 | 0.0119 | 0.0124 | 0.0064 | 0.0066 | 0.0041 | 0.0042 | 0.0029 | 0.0030 | 0.0022 | 0.0022
9 8 0 8 0 0 5 4 7 2 6 9

6 |0.0351 |0.0378 | 0.0109 | 0.0117 | 0.0058 | 0.0061 | 0.0037 | 0.0039 | 0.0026 | 0.0027 | 0.0020 | 0.0020
7 4 8 7 5 2 7 0 9 6 5 9

7 10.0335 |0.0372 | 0.0100 | 0.0110 | 0.0053 | 0.0056 | 0.0034 | 0.0035 | 0.0024 | 0.0025 | 0.0018 | 0.0018
6 2 8 4 1 4 2 6 3 1 5 9

8 |0.0319 | 0.0365 | 0.0092 | 0.0103 | 0.0048 | 0.0051 | 0.0030 | 0.0032 | 0.0021 | 0.0022 | 0.0016 | 0.0017
8 1 4 4 2 9 8 5 9 8 6 1

9 |0.0304 | 0.0357 | 0.0084 | 0.0096 | 0.0043 | 0.0047 | 0.0027 | 0.0029 | 0.0019 | 0.0020 | 0.0014 | 0.0015
8 6 5 8 7 7 8 6 7 7 9 5

1 |0.0290 | 0.0350 | 0.0077 |0.0090 | 0.0039 | 0.0043 | 0.0025 | 0.0027 | 0.0017 | 0.0018 | 0.0013 | 0.0014

0 |7 1 4 6 6 9 1 0 8 8 4 0

For conforming the tests with authentication as extracting in section 5, the testing of null hypothesis 'Od— p® against
"'Od— pd under Type Il censoring, we generate a sample size 50 from inverse transformation technique with — p® and
f p is given as
Sample 1
0.0125 0.0245 0.0791 0.0890 0.0985 0.1419 0.2305 0.2361 0.2821 0.3066 0.3191 0.3204 0.3755 0.3761 0.3834 0.3892
0.4327 0.4880 0.6094 0.7209 0.7621 0.7868 0.7872 0.9234 1.0397 1.0547 1.1167 1.1978 1.2044 1.2104 1.3511 1.3628
1.3754 1.4796 1.5141 1.5554 1.6643 1.8141 1.8207 1.9472 2.2306 2.5127 2.6054 2.7410 2.8988 3.0866 3.4995 3.5249
4.6631 6.0554.
For r=35, the value of Sr=45.79257. Using ... table, at 5 % significance level, the valuesof Q@ o @ xand Q@ x & ¢
we do not reject null hypothesis, since the value of Sr lies between 'Q and Q. Considering the null hypothesis which is to be
testedis Od— p® Vs Od— p®, suppose r= =35, the value of the test statistic, Sr comes out to be 45.79257. Applying the
. testat 5 % significance level, the value of "0 £38.797, null hypothesis is accept. Next we test the hypothesis as "O ¢f)

O V:'Od) O where 0 1@ X uWe generate a sample of size m=40 as
Sample 2
0.0178 0.2952 0.3318 0.3375 0.4044 0.4292 0.4959 0.5818 0.5955 0.6866 0.6984 0.7011 0.7346 0.9295 1.0169 1.0288
1.4375 1.4580 1.4705 1.4903 1.5577 1.6558 1.7013 1.8192 2.2640 2.3962 2.5672 2.8361 3.1123 3.1726 3.9632 4.7545
5.8217 6.1865 6.3063 7.0246 7.6990 8.8544 10.4425 13.3008.
Here,— p®&, — p,T = =1.Puts=30, then the value of Y @ @ Tt otleen the ratio Y T'Y  1& ¢ wl\dsing the
F-table, the value of 'Q ' 1@® o tagd Q ' '8 w YAt 5 % significance level, null hypothesis is accept. For testing,
null hypothesis 'Od— p® against Od— p& under Type | censoring. We have considered n=50 as
Sample 3

0.0543, 0.0644, 0.0673, 0.0765, 0.0814, 0.1942, 0.2005, 0.2380, 0.2530, 0.2881, 0.3062, 0.3410, 0.3654, 0.4094,
0.4384, 0.4520, 0.4544, 0.4554, 0.6416, 0.6895, 0.7375, 0.8202, 0.8610, 1.0595, 1.1306, 1.1718, 1.2793, 1.4223, 1.6081,
1.6444, 1.7963, 1.8922, 1.9634, 2.0082, 2.0596, 2.1200, 2.1829, 2.1879, 2.3579, 2.3674, 2.5065, 2.6202, 2.8833, 3.1969,
3.2821, 3.3161, 3.8519, 3.9688, 6.0168, 7.7712.

Using the factthat 1 D O & "Qi i—&—& , using Poisson table at 5 % significance level, we obtain "Q=20 and '(9=48. Hence
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"O isaccept at 5 % significance level, as r=24 when t=0.20.

7 Real Data Analysis

In Present section, we analyze the two real data sets for explanatory purposes. Badar and Priest [4] considered this data which
is given below, that represents the strength measured in GPA for single carbon fibers, and infused 1000-carbon fiber tows.
Single fiber were tested under tension at gauge lengths of 20mm (Data Set 1) and 10mm (Data Set 2). After that many authors
considered these data sets in their study as refereed by Ragab and Kundu [40], Kundu and Gupta [29], Asgharzadeh et al. [2],
Shoaee & Khorram [44] and more. For analyzing the data we subtract 0.85 from both the data sets. We have examined the
fitness of two parameter weibull distribution for two data sets, separately. The two real data sets with size € @ wand &

@ qespectively given below.

Real Data Set 1 (gauge length 20mm)
1.312,1.314,1.479,1.552,1.700,1.803,1.861,1.865,1.944,1.958,1.966,1.997,2.006,2.021,2.027,2.055,2.063,
2.098,2.140,2.179,2.224,2.240,2.253,2.270,2.272,2.274,2.301,2.301,2.359,2.382,2.382,2.426,2.434,2.435,
2.478,2.490,2.511,2.514,2.535,2.554,2.566,2.570,2.586,2.629,2.633,2.642,2.648,2.684,2.697,2.726,2.770,
2.773,2.800,2.809,2.818,2.821,2.848,2.880,2.954,3.012,3.067,3.084,3.090,3.096,3.128,3.233,3.433,3.585, 3.585.

Real Data Set 2 (gauge length 10mm)
1.901,2.132,2.203,2.228,2.257,2.350,2.361,2.396,2.397,2.445,2.454,2.474,2.518,2.522,2.525,2.532,2.575,
2.614,2.616,2.618,2.624,2.659,2.675,2.738,2.740,2.856,2.917,2.928,2.937,2.937,2.977,2.996,3.030,3.125,
3.139,3.145,3.220,3.223,3.235,3.243,3.264,3.272,3.294,3.332,3.346,3.377,3.408,3.435,3.493,3.501,3.537,
3.554,3.562,3.628,3.852,3.871,3.886,3.971,4.024,4.027,4.225,4.395,5.020.

Our computed KS test and p-values for both the data sets as D = 0.044341 & D =0.080178 and p-value = 0.9992 & p-value =
0.8127. We come to the conclusion that two data set follows weibull distribution, also as shown in figures 6 and 7 graphically.
Table 9 and 10 shows the results of two real data sets for UMVUE and MLE under type Il & type | censoring scheme. This
infers that both the Monte Carlo simulations and data analysis are performing well for UMVUE & MLE under type Il & type
| censoring scheme.

Table 9: Real Data analysis under type lwheni ocvandi o1
Y 0O 0
UMVUE MLE UMVUE MLE
YO Y 6 |[MSE |'Y & |MSE 0 0 MSE 0 MSE
0.8752 0.9662 | 0.0083 | 0.9653 | 0.0081 | 0.6 0.5832 | 3e-04 | 0.5825 | 3e-04
Table 10: Real Data analysis under type lwheni ocwvandi ot
Y O 0
UMVUE MLE UMVUE MLE
YO 'Y d |MSE | 'Y 6 |MSE 0 0 MSE 0 MSE
0.8752 0.9695 | 0.9695 | 0.9696 | 0.0089 | 0.7143 0.7670 | 0.0028 | 0.7667 | 0.0027

8 Conclusion

As the value of r is increasing the mean square error of power estimator, reliability function & strength reliability 0 & &
are decreasing under type-2 and type-1 censoring scheme as shown in table 1 to 6. Table 1 shows that the performance of
MLE is improved than UMV UE for power estimate under type-2 censoring scheme. Also as depicted in table 2 the efficiency
of both UMVUE and MLE are equal. In case of strength reliability the performance MLE is improved than UMVUE under
type Il censoring scheme as shown in table 3. The performance of UMVUE is improved than MLE for reliability function
under type | censoring scheme as given in table 4. For € & case in strength reliability under type-1 censoring scheme
MLE is efficiently preforming as compared to UMVUE (table 5) similarly for case & & two estimator are equally
efficient (table 6). Results for variance are given in table 7 and 8 shows that when we increase the value of (r, t) and (t,to), both
the estimators preform well.
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Figure 2:The cdf's of F(x)

JETIREC06056 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 493


http://www.jetir.org/

© 2018 JETIR December 2018, Volume 5, Issue 12 www.jetir.org (ISSN-2349-5162)

1.0

pdf

UMVUE of fr=35
UMVUE of fr=20
UMVUE of fr=10

N

UMVUE of pdf f
04

o ]
o
o _| :
o
T T T T T T T
0.0 05 1.0 15 20 25 30
X-axis
Figure 3:The UMVUE of pdf of f under different value of r
Q]
2 B— pdf
B— MLE of f for r=35
g B— MLE of fforr=20
E— MLE of fforr=10
w 9o |
‘*O— o
o
= ‘of- -
N
o
o |
o
| | | | | | |
0.0 05 1.0 15 20 25 3.0
X-axis
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Figure 6:Data Set 1 (gauge length 20mm)
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