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Ahstract

T the peocedure of collecting cype 11 cengared] daca the test Ve is an apen-ended random v
e Hinces, o o sitiations, it may be very Hime consuuing io pesforta an experiment sooueatialy
trr cnllect typae 11 censored data, Thierefore, we eelop procedure based o & independenn s
In shis papet, teo mentioued sarnpling scheanes are eutnpared in e fenen of Fisher inforutation in
s classes of distributions,
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1 Introduction and Preliminaries

Suppose that X, X, b o random sarnple from i Biipalation with eomtionis oumulative diseribation
fnetion (edf) Fle, @) and probability density funetion [pdly Fir, . Let frole, ) b pelf of the rih order
statistic, Xem. In Type 11 censored data, 7 units are on fesst and tie exporiment leyminoos when the
rth cutcame i obeerved, where 1< p< s fixed. See Lawless [1] for more methors of lifetime data.
Park [2], showed tht Fisher informasion contained in Type 1T censored data in a single sample of Size
with ¢ outcomes k3 as follows
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Asymptotic Fisher information in Type 11 emaored <data has heen investigated by Chernifl et al.
[3 engd Aheng and Gastwicth [4]. Takahashi and Sugiure 5] avudied he tate of convergence of Fiufr
information for Type T1 censored data, The asymprotics of maximnm likelihood and related estimatars
hazed on Type T censored dats has been studied by Bhattacharyya [Gl

In the procedure of collecting Lype 11 consored data the test time is an opren-ended random yariahle.
Hemes, Tn some sibnationg, it may be very fime consuming ti perform an expErimnent sequentially o collect
type 11 cenpared data. Therefore, we develop proceduee hased on & independent, anmples, Consider Lhe
situation in which we are reliability testing n {non repalrable) units taken randomly from a population
at ke periods of time, which wecall it s multi sample scheme, In this paper, we compart Type I censored
data in A single sample and multi sample scheme in the sense of Fisher informarion abeut the unkaowm
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parameter of population, 1o the single sample, et e anits are put on test angd experiment is Geeminated
when the reh outeomie is observed, We call this design as plan A, henee weset JUE =1 cwlB) Inthe
multi sample acheme, suppose k independent samples of sizes 1, such thar ‘ZL] 1y =, are conaideres]
and in the ith sample, vy outesmes ar observed. for which % v, = (1 €7 < k). We call the lates
design an plan B. Rasokhab ef gl [7] comparsd two sampling schemes 4 and B for extracting record
disa with regard to Pisher information. Also, Amadi and Razmkhah [5] showed that the nonparametric
ennifilence inforvals for quanties and quantiie intervals from inveraely sampled record beeaking data in
“plan B have more confidance cnefficlent than plan A

Lon Xy {1 <i<8);1 <5 < ny, be kb iid random samples with costinuous cdf &, Aleo, Denota the
fiest 7y order snatistics obtained from the dh sample by X, = CXpom i = o X h (1 < 1< &) such that
E.‘:Lﬂi = i sl E:;l ri=r. Nobte thal the joint pf of these variables is ns fillows

T

’
Fixrso w8y = [] Az, 3]
i=1

whiere 2y = (140, o o By, ) 8 chevalue of Xy, (1 € § < k), Therafare, Amsint of Fidise information
containel in plan B i3

*
7l = 3 Ix,(0)
=1
. s
= nfyxil) - E{TH e i f Al H:'Jr?..u.. [ty @ahu, f‘1:|
=1 v

whiere gl @) 4 defined i (2], According to the Fags. (17 and {47, the following theoremn dedues,
Theerom 1. I gl B, where &s defined in (21, be a constand function in .u.', then
(&) = 148).
Th following Jemmas hebp 45 o simplify the reeulte i the nied socticns,
Lomma 1. Drder requinrity conditions, Eg 020 ean be rourite as follows
st =~ [ (gioa L) - o i

o Awehis paper, we consider some elasses of disueibutions and compare two sampling schemes 4 amad B
.-m-_aa;_iecking type 1T censored dita with regacd to Fisher information. In section 2, we sty proportional

_h;;ﬂ;_lﬂ'nm madel, Proportional reversed hazard rate model is considered in Section 5 Logation, scale
il shape family of distribations are also investigated in Sections 4, 5 and 6, respietively.

2 Proportional hazard rate model
BB s, 1 << eand 1 < § < iy} e il Findin vaciabibs with cdf
: Fleity =11 —gz)e, (6}

] e an abeclurely continuous distrilution function. In the literature, the shove maodel (4 well-
a8 proportional hazard rate wodel (PHRRM), see for example (1], Some lifesime distributions obey
moiel such as exponential, Weiboll and Burr XTT di#tributions.

2 I oan PRAM, where i introdieed by AB). both sompling schemes A and B prowde some
mation ahout the soknewre parameter 8,

3 gy to investigale that for an PHRM, wo have
y _ e (9) e
olw.8) = [l

Bl 1o thie fess. desivative: of (). Herice: by Theorem 1, the sesnlt ollows: =
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3 Proportional reversed hazard rate model
Lot Xig's (1 < €< kand 1 <4 <n;) be fid randomn variables with cif
Flz: 07 = g« )jo, (7

where &{x) 15 an absolurely contimions dstribution function. In the lterature, the above model is
wiell konown as proportional reverssd hazard rate madel (PRARM), A ot of lifesime distribotions ohiy
this madeal such ae power distribution, exponentiated Weibull, exponentiated exponential, expanettiated
Przeto and exponentiated Gamma Fanily of distributions.,

Heevafter, for more simplicity, we consider a sample of size nk in plan A with r& cutcomes, Moreover,
we asEuine that in plan B, oy = noand v =r, {1 £ < &) Thorefore, we hawe

.I'H[l'-l_': .I"I'[-';: = ki —1r) [ - e &) -: Fricnplie @) = Foolae, & ) o, (8]
-0

Theorem 3. Twa sotipling sehemes A avid B o collecting Type IT censored data sn an PRERM ann e
wimpared i the sense of Fisher informotion aleut the unknoim parameter 8 s follows

o : CEAEN T J : ;
o8 = 1) = akin — r-|(t_ o {Eln,r) = E(nk, k1) ]
where
T R e -7 =23 (—1)"
£ Fl = T " { ]
£l r) r[r-:] > ( ; )lll:r Fig 130 11}
FProof, By (5}, in an PREREM, we have
& i 5 s ; = hiE
glie; 8) = === log S8 log (1=t B AT (TN LA R i T
ol B = = g Jog 81} oo tog (1-[Glu) 'I-.i'll‘.-']l:l —1G(w [' HEG w1 [ loglttim)] "}
{11}
Therefors
i im0 FH] ORI L ] 4 FAE
J‘_mg;l_.-a-_rJlJ,.:,L:lr'.H:'rﬂ.'l: = e Log i@} 4 I_J.I:"",I'I'"’-"':"i.r'l a[\l_g_HT,] E(m, ).

where £(n, ¢} 15 defined in {140 and
foy m=p=1 ;
e . i - |"'1|—1-— 1 (=11
"-'-"."'-?'_. =y :I-ll : R TR i £
Lol L L FEDF+iFT)

Matice that for all noand » [r =), we have

A=r—1 F S} - 3

br O e Fl [ I m— =12
5 |(T i ‘i' e j A Y i . i - L1
o L I n=1)

s T

By some algebraic caleulations; it-can be deduced that, for all 5 asnd r [n > r), s, ) = 1. Vasing {8)|
) V) g1

\
the ersult follows, (|

To compare twa sampling schemes & and B in the senae of Fiuler information in an PREIBEM, some
murnerical results of
£ lnrk) = 2k(n — {0, ) — Enk, Tk},

where £(n, r] is defined in (10), are presented i Tabla 1 for some chotoes of e, and &,
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fablel: Malues of €7 [mor, k] for gome choices of o, v and &
L U ¢ Eingnk)
TR Y 0227
] 2 . -[.703
26 10 3 J6HT.I06
4 : ThiG 420
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It iz abserved from Table 1 chat for different sample sizes and che number of outeomes, eicher sampliog
scheme A or B provide more Fishet formation about the unknown parameter in an PRHRM.

4 Location family

In this section, a general formola ia presented o compare two sampling schemes A and B in a location
famnily

Loemma 2. Led Xy, -0+ X, e a pondomn sample from o popalation unth edf iz 61 = Fn = @), where
Fy dose not depend on @, Then

TP = TR = kln — rifif(nk,rk) = din ),

dln.rl = :l[ ){IL (—h:,;, = I‘J]\ILF-“I:J‘:_'- ',r'"[..-:][}:iu::r::""'rL".
r % /

A==l
3 --r—] (=1} , 3
b [ (-— Tt fial r'I) Jotw i Fula)]™ }
0

e
Example 1. Lei X~ L e mndom sample froan an extreme wolue distribubion with cdf

Lo =i

Flz: ) =" — G R,

]

i) — Ay = kin — ¢) (S ik, 2By — By in,eT},

e 5
; Lo fn qp = = (=11
iy =1-2(7) 2 (7] Vv

To compare two sampling schemes A and B in the sense of Fisher information in an extreme value
digreibation (123, some mumerical resulis of

B (m, k) = kino— {0 (nk, ekl — iy {n, r)]

are presented in Table 2,

5 Scale family

In this section, & scale family s considered and a general formuls s presented in order to compars twao
sampling schemes A and B,

Leruma 3. Lab Xi,-- X, be a randome sample from o population with odf Fix; 8 = Fpidrc), where By
dose not depend on &, Then

TR = YB)) = kin = r){C(nk, vh) = {(n, )},
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wihare

U el ! . ;
gy = 142 (”J { ] x ({— Ir?_!';j'igl:ll"_:\ll [Fatfa)l - I,l-ul'.-':'I[.I"h':'J"l e
" == rj:r.{ )l - |

— e 00 £ e P R 3 ol .
= l [\:": : )Iﬁ_‘/lr .'I'-‘l(“_?|-'.-|'.I_f,,l:.l':);l_,F||'_|‘_I_!-.;||::|'_:""‘r{r}_

i=0
Example 2. Let Xy, Xy be o rondom sample from an extrene valne distribation with wuff
Fimf =™, _—mcpeo 13
Then Fylx) = expl~e™) and filr) = ¢ * oxpf{—e—%) Therefore, by Lemmin J we howe
B < P = kin— o0k, 46— & ln, 7L

LT

o i
Gl ry = |+1'[\ 1{ / log w[bog{ — log r_l]°5| — g+l {1 —py o e
L] I
R e R ! P LA
- Z [ TR logeilogi— loge;te" e §.
i P41 dy : [

Toi ¢impare twa sainpling schemes A and B in the smee of Fisher mfcrmation in an ectess salig
distributicn (13], some nimerical resules of

GrineTik) = kir = ) G ink; rk) = & i)

are presentad in Tahle 2.

6 Shape family

In ehis seckbon, two sempling schimes A and B are compared on the lasis of & shape fmily with repared
to Fisher information,

Lemma 4, Let X, Ko bew random someple of o popalufion with elf FLed) = Fui#®y where By
dage wot depend an @, Then

FER 1) — FAE] = ki — ) Ak, nkd — B, Y],

wfeere
Gy A : :
drrl=1 :l'( J p R ) — ﬁzl_u.rl:n_ []4]
whare
) o o i ek F T, T F
difm, rl = wlag™ =i w ] loag Foleh [Fale)]™ ™ fulz)[Fyle) ™" de 113])
[ o %ok = i 1
frerti

1 R i o8 e
? o= =1 : = 5 o ; i » o s
Ayinie) = Zli ey I'+ ; :I [ v x Jop? z{tI log fole) = Zas Iu,.e;_,".-.-[;nj) Folz)[Falz)] " de (1)
exlie qiipr=iy ape :
= Z - L A f /- Flop*x ( _I
T (i o ] g =5 i

i e g ; ; a 5
= log (=) + = Bk Lo ful ]} Falz) (1 [faiz)]"™ ""') de.  L1T)
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Example 8, fer X5,-.. - An e g mandom safrgile from e Wedbul! distebution st odf

Elapd) sl —g=="  insg

Then
FEB) < 1O = kin =) [Balnk, ri) daln, rl},
s
almry = 14 ,.-("') {.'1-” — i _ ] 2:! 3 'r; I;I_
LTt N e ; lIi"I”rl. e |

wriid 7 i Baler osnabnd

Prouf, Nove that Fyiz) =1 — g2 and fole) =.e~%. Therrfoga.

il i
t'.i'-,‘-’ log Bofe) = .-.j_i-_'*'— In‘ll, .|":||...'.| =]
A
i
s |t s —
- lesg fafon 1
From Eq, (13), we have
-ﬂ'f??.-"': = j .r||l..u.',."l'{|| Tl b TN =relie gy
[l
%:‘ |(|-_ I ¢ 1] " . v a—lm=r4itlin g r
= B ; ) [=1) silog e ke, {13
i Ji

Also, by Eq. {171,

F=1 - 3
. r— ] (=L} s i TR
T Z (1 E ) h_'__r-l J J{ _._|:|“||, .c;I(r- x LI' — ._.|)”:I_. -:’“.”

=0 -

i
Jlr e o de = —
]

/ peT o s die =1 —
[

[sing the identitiog

e 1

}r e NWlog 21t dy = % — p L T.r
Ji fi

and substituting (18) and (19} in (14), the result fllows. ]

L order to esmpare two sarnpling scheres A and B o the sense of Fisher information in a Weibull
thistribution, some numerical resln of

84y k) = ki — ) ([, k) — ds{n, i}

are presented in Table 2.
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Example 4. Let X),-- X, be a random sumiple frosn o Buve XIT distribition with edf
Efmdy=1={15% 281,
Then
L7 (8) = T8)) = kin — v H{Aalnk, vk} = diin, 7)),
where

al,#) = o IR g SRR
&l = 14 1'(1_){ '[ T log™ xdx
o = 1) i T 1 ;
r 2 i = | Vs 3 : = | st Bl R .
1 ( H Ju.— 1'+.5._’£ {1-z]* log 'ﬁ(l R T -"")'I'IJJ'

1=

T compare twi sampling schemes A and B in the sense of Ficher itfarmation in a Bus XIT diste]
Lo, B numerical results of

n'.'lbl:.'r, okl = kin—r) {dyfnk, rki — A i)}
are presented in Table 2,

Table2: Valuwes of o (n.r, k), 7[5, okl 4% (v k) and (0, r, k) for samen chioices of ¢ and k

n rk nekl Sk Floork r. k)
0 4 2 e DoEs 0,180 a3
L 0,702 f.543 0L 454
#0100 T -pidE NEH] 0z
0 &5 4 SPET] 077 B3
& 4 3 0,547 .00 9,457
R S | R, [ ] 1,522 L0.853

B0 2 T5ELAG 40400 AT ATE BiT0455
10 4 5 TABGA29 A0S0 -LI90.800  -3164.E62
82 10 THRSZAE 4045031 1100130 -2163.388
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