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A BAYESIAN APPROACH TO THE
OPTIMAL WARRANTY LENGTH FOR
PARETO DISTRIBUTED PRODUCT WITH
THE GENERAL PROGRESSIVE TYPE-II
CENSORING SCHEME

Abstract: The object of the study is to determine the optimal
warranty length under free replacement warranty (FRW), pro
rata warranty (PRW) and combined warranty policies and the
most beneficial warranty scheme to the producer for the
product having Pareto life time distribution. A Bayesian
approach is used to determine the optimal warranty length
based on the general progressive type-11 censored data. The
optimal warranty is obtained by maximizing the expected
utility of the product. A numerical data is presented to
exemplify the theory. A simul tion study is carried out to check
the effect of the hyper pdrameters on the optimal warranty
length and the optimal of expected utility. From our study
we observed that t
followed by PRV@ then by FRW for any choice of the
parameters. l;lg?g we suggest the producer to adg’p\‘% e
combined pQIicy"for such a product.

Keywords: Posterior distribution, warranty policy, economic
benefit function, warranty cost function, dissatisfaction cost
funciion, general progressive type-11 censorin\g scheme

producer should produce the products having
good quality and competitive price to fulfill
customers expectations. Determination of the

The manufacturers may attract consumers to
purchase their products by providing
reasonable warranties on the products with
the major goal of increasing profits. To
increase the profit the important factors are
sale volume and the selling price. Sale
volume of the product depends not only on
the lower price of the product but also depend
on the on the quality, reliability and warranty
length of the product. A good quality product
requires some more cost, which increases the
selling price of the product (Scitovszky,
1945). To reduce the selling price producer
may produce the product in a very large
guantity. To compete with standard product
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appropriate selling price of the product is also
an issue for the producer. Jeyakumar and
Jevakumar and Robert (2010) considered
joint determination of warranty length as well
as production quantity under free renewal
policy. Quality of the product can be judged
by its types warranty and warranty length.
Warranty is a contract between the
manufacturer and a customer that gives
assurance to the customer about the quality of
the product. Through warranties, customers
are provided guarantees for completely free
replacement of the product or partial
replacement, even in terms of money for a
period of y{pg following the purchase of
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<> product. Thus, a proper warra

ays an
important role in increasing sales as well as
profit from the products. Such type of work
has been done by many authors like Blischke
and Murthy (1993), Singpurwalla and Wilson
(1998). If the manufacturers wish to give
compensation to the buyer when failure
occurs, the warranty length and the reliability
of the product play a significant role on
determining the cost of the product. Optimal
warranty length in case of the product
possessing Rayleigh distributed life time is
considered by Wu and Huang (2010). As the
Rayleigh distribution has an increasing
failure rate over a time, such a study will not
be useful for the product having constant or
decreasing failure rate. Wu et al. (2006?) have
considered normal distribution as a product
life time model which is suitable only for the

the final termination @e test. There are
some censoring schemes which allow such
type of withdrawal, like progressive type-I,
progressive type-Il, general progressive type-
I1, progressive first failure or multiply type-
Il censoring schemes. Nadi and Gildeh
(2016) considered progressive first-failure
censoring scheme to estimate the life time
performance index for two-parameter
exponentially distributed life time product. In
this paper we use general progressive type-II
censoring in which some failure units are
withdrawn from the test.

The aim of this paper is to determine optimal
warranty length for the product having Pareto
distribution. The information of product
reliability is obtained through a general
progressive type-1l censored life test. The
utility function and information are used to

product having increaSing failure rate. Life determine «the warranty length  under N
time.ofthe progjuc,t" _ foII_owvarious types Bayesia "‘si} up. The concept of utility \Y
of life time ?ﬁ;ﬁ)«mons like Exponential,  fynctj {\’6 determine optimal warranty,w\\""
Power functieh_Kumaraswamy distributions. D -%s considered by Wu and Hua "’:}
Patel an (2017) have considered a 0) is used. In section 2 the Iikel@‘
Bayesiag(approach to optimal warranty “ﬁﬁﬁction for the Pareto distribution‘s
length™jor a Kumaraswamy life t|_r?/< “Sconstructed based on the general progréssive
ght yted product with general progressive type-1l censored sample. U anKgamma
R soring scheme. In this paper Weg?%/e conjugate prior distribution fqﬁs parameter
{considered power function life t”_“egm' Or  of the life time distribution,’ the posterior
<> the product having decreasing fa{:!{, ate. distribution is  obt '@LA posterior
The knowledge of product reliability is must predictive distribution 18”derived using the

for a manufacturer to design a cost-effective
warranty. Such a knowledge about the
reliability of the product can be acquired by
conducting life testing experiment. Since the
life testing experiments are destructive, which
increases the expenses of a producer. To save
time and cost censored experiments are
conducted. Usually two basic types of
censoring schemes are used in life testing
experiments. Type-lI censoring and Type-II
censoring are the most commonly used
censoring schemes. Such censoring schemes
have been studied by number of authors
including Lawless (1982), Gouno et al.
(2004), Balakrishnan et al. (2007). There is no
facility to withdraw some units, which may be
useful for any other purpose, from the
survival units during& experiment before

posterior distribution. Section 3 gives the
warranty policies. A combined warranty
policy based on FRW (Free replacement
warranty) and PRW (Pro-rata warranty) are
described. Cost functions under the above
warranty policies are mentioned. Section 4
provides utility function which is constructed
using economic benefit function, warranty
cost function and dissatisfaction cost as
described by Wu and Huang (2010). Section
5 covers the maximization of expected utility
function and optimal warranty. Section 6
provides a numerical example. The sensitivity
analysis is also carried out in Section 7 to
study the effect of the prior parameters. Some
conclusions are drawn in Section 8.
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Q 2. Life time model and poéi}?ﬁ;r

distribution

The Pareto distribution has its own
importance in the life testing experiments.
This distribution has been considered by
many authors like Aggarwala & Childs
(1999), Hossain and Zimmer (2000),
Mahmmad et al. (2013), Podder et al. (2004),
Shah and Patel (2007) as a life time model.

The probability density function of Pareto
distribution is given by
f(x|6)=0x 01 )

Its cumulative distribution function is given
by

F(x]0)=1-x

Xx=16>0 @)
Hence the failure

. @of the distribution
becomes (;\

A\
h(x)=9¢§\1,9>0 3)
It is ver5Q>ﬁ mon that the lifetimes of some

For example, in type-1l censori

test uaﬁ§ ay not be able to be recorded
test ceases after a predetermined nu

‘gfailures in order to save time o
Q». Moreover, some test units may h
removed at different stages in the ‘study for
various reasons this would Iéad to a
progressive censoring. Progressive Type-II
censoring is an important method of obtaining
data in lifetime studies. Live units removed

early can be readily used in other tests,
thereby saving costs to the experimenter. In

L@, x) = r'(nr)'[ I1 nJ]

x216>0

-0

1.
be

Using probability density function and
cumulative distribution function from (1) and
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Statistical inference essive censoring
has received the attention of many authors.
Articles by Cohen (1963), Mann (1971), and
Viveros et al. (1994), Wu et al. (2006°) Gajjar
and Patel (2008), Patel and Patel (2007), are
of some early works on estimation under
progressive censoring. Blakrishnan and
Sandhu (1996) considered the general
progressive censoring scheme to obtain best
linear unbiased and maximum likelihood
estimator of the parameter of exponential
distribution. /in this paper we have used such
a censoring scheme to determine posterior
predictive density function based on Bayesian
setup.

Suppose n units were placed on a life test and
first r failure times VYi,....,Y: are not
observed. At failure time Y1, R+ units are
removed randomly form the survival units on
the test, at ﬁuure time Yrs2, Re2 Units are
removed@omly form the survival units on
the d so on. Finally, experiment is
nated at the m'" failure at failure time
remaining Rn, survivals. Therefore
<Y are the lifetimes of the com Q%
“observed units to fail and there areq; units on
test at (i+1)" fallure where <<
nj =n-i-— Qt ,m-1.
j= r+1 Q

R yerrees R .

Here r+1"r+2 Mare  fixed

numbers predetermined by the experimenter.
The general form of the likelihood function

based on the above described general
progressive type-l1 censoring is given by:

&

O

%*;

i=r+1 ©)
(2) we have the likelihood function as
m —6R m —0-1
I % ! I 6x|
i=r+1 i §+1 (6)
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C=—F—7—7-——+— n-
Mn—r)j=r J

()
To obtain posterior distribution of parameter 6, here we use the gamma conjugate prior for 0 as
given by
7r(9)— 0"‘1 <’ 0>0,v>06>0
)
Here the posterior distribution of the parameter 8 can be obtained as
M-I V-1 Sy (T 0(jlogxy 41+ Arm +6)
- J—O
L(8,x) = (6 =
(0] %) = _L0:970) r h(j)
[L©.x) =(6)do Mm-r+v) ¥ — T
? j=0(ilog Xy 41+ Am +9) )

where

m
Arm = Y logx. (R +1§
Qé i=r+1
Qgﬁ)\ h (i) = (- 1)_J %gf)\),l ....... ’ @‘
From,@nd (2.9) the posterior predictive d@&é(on can be obtained using the resuu}s@

Q’\ f(t]x) {?{tw)ﬂ(mx)de Q&

(11)
an: Q?N Q}?‘
0 £ hl?) (m-r+v) 0
f(th): J=0 (jIOng+1+Arm +5+|Ogt)m_r+v+1
r 1
t > (i)
j=0 (jlogxy 41+ Arm +8 +logt)M =TI +V 12

Hence the posterior predictive cumulative distribution function can be obtained as

> m(j) (m-r+v)
= Ohl( (ilog Xr+l+Arm+5+Iogt)m_r+V+1dt
w
1
Fw|x)=[ft]x)dt 1 chl(\
1 i=0 (jlog X 41+ A+ )M+

which can be further simplified by taking y=Int

N =
6 \E@Q” D. T. Patel, %@atel ‘\X@
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dy
(J logXr41+Arm+J+ y)m—r+v+1

F(V\IIX)= OrJ_O 1
i
20"V ilogxg 11 + Arm + ST TH
r |=(ilogxp 41+ Arm +8+Inw) M+r=Vv
z (] ; —Mm-+r—v
j=0 ~ " |+(jlogxr 1+ Arm +9)
> h(j) L
1)
1=0 (ilogxp 41+ Arm+5)"—"*V (13)
Now consider the integration
u
I11= [tf(t|o)dt
il
(Mm—r+v)
> hy (J)
ug J— /(jlong+1+Arm +5+|0g£)m_r+v+1
= jt dt
BN o
0 (Jlogxr+1+A \Mm_”"

\53“

(m— r+V)I > (i)

Q& - lh j=0 (j |04§r+1+ Arm +8+logt)"™ r+v-+1 Q&
r
> ()5
Q‘?N j=0ktL 09Xr41+ Arm +SM-T+v ?»
_ (m-r+v)lg
S 1
1) -
j=0 " (jlogxpy1+ Arm+o)MTHY ”
where:
ur 1
lo=] > h(j) dt (15)

3. Warranty Policy

Here we have considered a combination of the
two commonly used warranty policies
namely free replacement warranty and pro
rata warranty. Under FRW policy, if a product
fails during the warranty period, the product
is replaced by anott@roduct of the same

\O

Q*
&
PR
(/&

D. T. Patel, %@atel
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kind free of charge.

Under PRW policy the manufacturer gives
compensation to the buyer on the basis of the
failure time during the warranty policy, which
may be a linear function of the remaining time
of the warranty period.
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policies
is called combined FRW/PRW policy.

Here we assume FRW during the period

[O’Wl), and PRW during the period

< ..
[Wl’ Wz), where Wi =Wz are positive values.

The reimbursing cost function of an item with
time length t for combined FRW/PRW policy
is given by

S, 0<t<wy

Cwlt)=1<s Wz_t], <t<w
w)={s 22| st

O, t>W2 (16)
In case of FRW policy (wi=w) the
reimbursing cost function reduces to,

S, 0<t<
S P,

Cotew (17)
and under PRW licy (wi=0) the

reimbursing cost an ion reduces to
"NM

S , 0<t<w
Cwl(t)= W ] 2

\ t>wy
Q&

The economic benefit function is proposed as

[

B(Wl,Wz) =AM (Ll-e

(20)

where A is the profit per product obtained by

manufacturer and M is the potential humber

of products to be sold with this warranty

policy. The parameter A, can be derived by

solving the equation (21), which is the

parameter to control the speed of increment in
benefit.

5
B(Otw) _1-e \ 2
Bltw,tw)  1_e=A2tw

(21)

S
Ko

X,
558 Q&

N\
(/&

U (t, W, Wo) = B(w, Wp) «@,M,Wz)— D(t, Wy, wy)

2
D.T. Pat%&/%atel
A

?,

where S is the selling e of the product

which is cost to the buyer.

This cost function is also called the
manufacturer loss associated with setting up a
warranty.

4. Utility Function

In the combined FRW/PRW policy, the
warranty length, say w; and w, are
determined for a product. To determine the
values of w,; and w, one has to consider a
function of warranty policy that measures the
monetary utility when the product fails at
time t.

Here we consider the utility function, used by
Wu and Huang (2010) based on the economic

benefit function B(WL:W2) the  warranty

aionw(t'wl'WZ) and the
D(t, wy, w2)

cost

dissat's@ cost function
de&?}s (19).

<<&

The ratio shows the p@entage of benefit

remains when the manufacturer changes the
warranty from FRW to PRW. The warranty

W (t, wg, w2)

cost function is an item

Cw® times the expected number of items
that fail under the warranty period. The
expected number of failures can be
determined using the method given by Wu
and Huang (2010) based on the posterior
predictive cumulative distribution function
under the approach of trinomial distribution.

Thus, the warranty cost function can be
obtained as (22).
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where I, p)(t) is an indicator function
which assumes the value one whena <t<b,
and zero otherwise.

The dissatisfaction cost is the manufacturer’s
indirect cost, when the product fails during
the warranty period, or fails during time just

D(t,wg, wo) =Dy (t,wy) + D2 (t,wg, wo) + D3(t, wo)

In case of FRW policy, when product fails in

the time period [0.w1) , the dissatisfaction

cost is a proportion A@ <A <D of the sales
price S, multiplied by the expected number of
failures. i.e.

t M F t
Dy(tw) =M FlwipdSta Ifo,m)®
The second co pei'\ tis for the product fails
during the interval " W.). Here it is
assumed satlsfactlon cost of an item
linear, eases with time with maximum
nd minimum S2:0<a2 < <1
nce,

4
Vst )M [F(W2IX) F ) QE?“
Q {Sm (S0 - Sap)( }'[wlv@ o

And the third component P3(t:W2) s for
the product fails after the expiration of
warranty, but the customer may still be
unsatisfied with the product unless its lifetime
exceeds a specified value

L,L>W2_ Here D3(t,w2)

decreases

E(U(T.wl,wz»:z{sml,wg—w(t,wl,vvz)—

After some mathematical manipulation we
get the expected utility function as

|1=°§B<M,WZ>f<t|xm
N\
7" \(:s\
‘o)
(é%
N\
A

W ¢, 02) = M G S 0 00+ M F 020~ g IS

A

RESAEARCH

W2t

)| W (t)
[wivivo) 2

after warranty, such cost function is used by
Djamaludin et al. (1996).

Under the combined FRW/PRW policy we
have used the dissatisfaction cost function
considered by Wu and Huang (2010) as (23).

(23)

linearly with time t, reaching to zero when
lifetime is L and given by

Da(t, w2) =M [F(Ljx)— F(wa|x)}x
S () g, L))

(26)
The value of\\nay be considered as the mean

or mec i r percentile of the posterior {:}
predi dlstrlbutlon given in (12). N

gg%ptlmal Warranty

The optimal warranty (wr™,
which maximize the expect
utility function EU with e
posterior predictive dis

That is

EUT, w,wp)) = ZU (t,wy, wo) f (t|x)dt

@7)
Using the equation (19) and (12) in the above

equation (27), we get the expression for the
expected utility function as (28).

Dt wq, wo )} (t] x)dt

(28)

EUTw,wp))=l1-12-13 (29)
where

_vma-e 202 ) (30)
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0I2 jW (t,wq, o ) £ (t|x)dit
Using this formula we have

Iy {S[F(WlIX)]

S [F(wa|x)- Fwylx)][12.1 - 12. 2]} (31)

2
—(j10gXy 41+ Arm + & + Inwy )~ ’“”‘V}

J|09Xr+1+Arm+5) m+r-=v

r . 1
> ()~ -
=0 (jlogxy 41+ Am+s)M—r+V

I M=
o
=
_L
+

é hl(ﬂ{ (jlogxr 41+ Arm + 8 +Inwy )~ m+r—v}

+(jlogxy 41+ +85+1In m+r-v
(jlogxr +1 Arm1 w )~ l151—125]

b (j)

£: m-—r+v
§o "(i109%r 1+ Arm + &) YX 1 32 x\
O \C’ %
where C)
& ((/Q* 1= F Q%% (et &\{O
< [WW %" e S
e
hﬁfﬁngmwmw +inwg
+(i10gxp 41+ Arm + 8+ Inwg M1

W2 W1 r 1
= (J'ngr+1+Arm +o-r+y

|| ™M=

(33)

t_Wl]f(ux)dt

W2
! J [T (tx)dt
=( 1 ] (Mm—r+v)li2
i) !
/. _
=0~ (ilogxr 41+ Arm+ 8"

(34)

\O‘\ \Ot\ \Q‘\
60 Qg:) D. T. Patel &Zel Q,?)
N4 ) N4
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1
l12= I Z h(j) ——d
w =0 (jlogxy1+ Arm + &+ logtfM TV -

Sqq[F (wy[x)]% —S [F(wa|x)- F(wy[x)][13.1 Is.z]—}

Sa[F(Lx)-Fwax)|[13.3 - 13.4] (36)

W
I31= V\{z qyf(th)dt =q; [F(W2|X)— F(W1|X)]
1
m+r—v) 1]
m+r—V}

,;

—(ilogxr 11+ Arm+5+Inwa )~
+(J|09Xr+1+ Arm +5+Inw1)

=
\

r
JE h(j) jlong+1+Arr\@m r+v - \Qé
' )

C:)\ I
I32= || 292 f t{x)dt Q‘”
& o % y &

@Q we can get Q& Q&

g
&

%%nwwwﬂxwwxn} 0@
(3)

i (Mm-r+v)i12

o

JEOhl(J)(J'|09Xr+1+A:m+5)m_r+v

|32-V%12 c\‘,&l L hl(j>{—(J'long+1+Arm+5+|nW2):r;":rr:\:’}

w120 (Jlong+1+Arm+15+lnm)

thl( (ilogxy 11+ Am+of" =1 *V @)
1 39
133 = 2 [FILI)-Flw2 )]
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L |J=0

X~
.%—@gxr+1+ Arm+8+InL)”

+(jlogxrq1 + Arm + 6 +Inwp

m+r—v

|

)—m+r—v

L-wy

;
> h(j)
j=0

and again using (14) we have

1
13.4 “Tow,

(jlogXys1+Am+3

n-r+v
(40)

Iftf (t|x)dt
w2

(M=r+v)lg|

1

(L-wp) 3 j)
j=0

where,

M=

).
(ilogxr 41+ Arm +5)

m-r+v
(41)

1 t (42)

L
[ 2 h(i)

l21=17]
;W2J 0

where '12anco_|}*aire same as defined the

integral in
(36) in (28) we will get an

Using gs(ﬁ/k:
expressian for expected utility function.

* *
us' the optimal warranty (W1 W2 Qis

‘:«?Jiven by the solution to the optimizal 'oﬁ?*

problem.

Q

(W, wy*) =arg max E(U (T, Wy, Wp)

wlswzeR+
Where R* denotes the set of positive real
numbers.

This is difficult to solve analytically but
computer program can also be prepared to
solve it.

6. Numerical example

To illustrate the theoretical results we

consider the following example:

Let us assume the selling price of the product
whose production cost is Rs. 175, fixed by the

Ny

o

x4

562

<N

A A

(jlogxy 41 + Arm + 5+ logt)T

R 3 . . R .
\‘“from consumer dissatisfaction for time

D.T. Patel, QPatel
A

—r+v+1d

man Ngn}r is S=Rs. 250 so that the profit,»\{‘

pe ct becomesA, = Rs.75. We further, ")
gﬁe that the

ufacturer fixed the proportions oix%{s
riod
[0,w, )as ¢, =02 and for{m period

[w,,w,) asq, = 0.1. Su%l?t at the life
0

time of the produ lows Pareto
distribution given in (1)}

The life times of such 15 products, generated
by taking 8 =2 are given below:

1.019332,1.140674,1.165424,1.183377,1.21
2933,1.325606,1.423381,1.426641,1.52754,
1.552468,1.69869,1.831647,2.121587,2.387
227, 2.640563

From the above data we construct the general
progressive type-l1l censored data with
standard notations: i = i-th failure observed, x;
= i-th failure observed time, R; = number of
withdrawals at i-th failureobserved, presented
in Table 1. Here we have n=15,m=9,r=3.

D
Cb\o

&
A

»

§\
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i 123 4 5 6 7 8 9
xi |- |- |- [ 1183377 | 1423381 | 1552466 | 1.69869 | 1.831647 | 2.38722
R |- |- |- 2 2 0 0 1 1

Manufacturers also assume that the consumer
satisfies the product if its life time is at least
L which is the median of the posterior
predictive distribution. The standard warranty
under the FRW policy is set as 10" percentile
of the posterior predictive distribution which

is

denoted by t,,.

Suppose

that

the

manufacturer wishes to set the percentage of
benefit remains to be 0.8 (80%) under
combined policy, then

Table 2. Values o?@, W1", W2" and MU under fixed v.

putting this value in the equation (21) we get
the value ofA4,. The values of L and t,, are
shown in Table 2 to Table 6 for different
values of § and v.

Based on the above assumptions the optimal
warranty length and maximum value of
expected utility function(MU) under FRW,
PRW and MIX(combined) policies are
calculated and the results are shown in the
Table 2 to Table 6.

6 and different values of v.

s v [raiy” |t t Wiz | w MU CN
{rrW e 51300025
5®RDRW 1.724 1085 G 1.2549 5580536 (/]
AT [mix ¢ Y1032 | 10807 6654556
K R FRW N | 1029 - 51.7353"
W |0 [ PRW 149 ‘°\1§2 - 11741 588600
QQ" MIX AQ“ 102 10519 ~|¥66.60742
FRW vV 1.02 - M 51.93064
5 (15 | PRW 1.369 1.049 - 11305 55.8753
MIX 1015 10386 66.79666
FRW 1015 - 52.0027
20 | PRW 1.296 1.04 - 11036 55.86541
MIX 1011 1.0296 66.875817
FRW 1012 - 52.2044
25 | PRW 1247 1.034 : 10855 55.8547
MIX 101 10253 66.925033
AN NN
N N Ny
O O O
2 2 >
& & &
X N 3
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Q Table 3. Values of L, t,, , W1", \@A\S\n‘c; MU under fixed value of § and d@ent values of v.
) v Policy L tw Wy" W2" MU
FRW 1.094 - 50.96900
5 PRW 2222 1.127 - 1.4124 56.76578
MIX 1.058 1.1445 66.34413
FRW 1.054 - 51.31276
10 PRW 1.794 1.092 - 1.2795 56.989761
MIX 1.036 1.0902 66.51141
FRW 1.037 - 51.57196
10 15 PRW 1.586 1.072 - 1.2086 55.541074
MIX 1.025 1.064 66.63287
FRW 1.037 - 51.57196
20 PRW 1.463 1.059 - 1.2086 54.541074
MIX 1.019 1.0492 66.63287
FRW 1.021 |- 51.91555
25 | PRWGS [ 1383 | 105 - Nasss 53.05522 Q\
. | . O
L Mix) 1 g\S} 1.0396 66.79258 AN

4 Q_:/
Table 4 ges of L, t,, , Wi", W>" and MU und i%d value of & and different values on./
\ \ \

8 v | Ppolicy L e | wr wy' MU o 9
Q A FRW g S 1.159 - 50.762035
?”« 5 PRW 2.864 g?r. 7 - 1.5867 7680951
Q" MIX AQ‘ 1.001 12273 6622812
<} FRW v 1.089 - M 5100722
10 | PRW 2.16 1123 - 1.3956 57.691911
MIX 1.055 1.1373 66.364997
FRW 1.059 - 51.27107
15 |15 |PRW 1.836 1.096 - 1.294 57.700561
MIX 1.038 1.0956 66.492475
FRW 1.042 - 51.48029
20 | PRW 1.651 1.079 - 1.2319 57.788618
MIX 1.028 1.0719 66.592281
FRW 1.033 - 51.645853
25 | PRW 1533 1.067 - 1.1903 57.81576
MIX 1.022 1.0573 66.6682
N > N
O O O
2) 2) 2)
564 Q/Q“ D. T. Patel, %Q‘ﬁatel Q/Q"

N\ N\
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Values of L, t,, , W1, \@and MU under fixed value of § and d@ent values of v.

Table 6: g es
\

of L, ¢, , W:i", W;" and MU und@ ed value of § and different values

§ v Policy L tw W1* W, MU

FRW 1245 |- 50.72018

5 | PRW 3691|1215 |- 1.7749 58.3387
MIX 113 1.3298 66.181699
FRW 1133 |- 51.703609

10 | PRW 2601|1154 |- 15208 58.35777
MIX 1078 | 11047 66.27077

FRW 1086 | - 51.04614

20 |15 | PRW 2125|112 - 1.3858 58.63134
MIX 1053 | 11328 66.38564

FRW 1061 |- 51.23527

20 | PRW 1864 | 1009 |- 1.3036 58.73138
MIX 1039 | 1.0089 66.47521

FRW _ 1047 |- 51.41336
25 | PRWE™S | 1699 | 1.084 \*%2486 58.789772
= 1 031\‘\) 1.0785 66.56057

) ",

8 v | Policy L tw ¢ < Wy wy' MU \"}*
Q > FRW % N s |- 50. 8@32
‘Q”« 5 PRW 4757 §?n 62 - 1.9744 6:32603
Q" MIX /\Q‘ 1.174 1.4519 6619458
<> FRW vV 1.188 - [ 50.870394
10 | PRW 3132 1.187 - 1.6543 56.998832
MIX 1.105 1.2633 66.204936
FRW 1.119 - 50.87041
25 |15 | PRW 2.461 1.145 - 1.4836 57.162748
MIX 1.071 11771 66.29345
FRW 1.084 - 51.047785
20 | PRW 2103 1.119 - 1.3796 57.58422
MIX 1.052 1.1303 66.38628
FRW 1.063 - 51.241199
25 | PRW 1.883 11 ) 1.3102 57.593349
MIX 1.041 1.1024 66.48072
AN AN
AN AN
O O
2) 2)
& &
. ~

A
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In this section we have carried out a
simulation study considering the two values
of the parameter of the Pareto life time model
as® =2 and 12 and keep other necessary
values same as defined in the numerical
example. Also simulation is done 1000 times
and the average values of warranty length and
maximum value of expected utility function
are calculated along with their standard errors

>

in case of all the thiee)policies. All the
calculations are done by preparing a computer
program in ‘Visual Basic’ language. The
results are shown in the Table 7 to Table 16.

Table 7 to Table 11 contain optimum
warranty length and expected utility function
with their standard errors for =2, n=20 and
different values of prior parameter 6 and v
under FRW, PRW and combined policy and
the Table 12 to Table 16 are for 6= 12.

Table 7. Values of W1, W>", MU, Std W1", Std W," and Std MU under the fixed value of § and

different values of v.

6| v Policy Wi* W2" MU Stdw1* StdW>" Std MU
FRW | 12082 |- 50.896268 | 0.08067 | - 0.08704
5 |PRW |- 17578 | 57.42056 |- 0.16433 | 0.69682
MIX 400945 | 12388 | 6626433 | 03401 | 0.08759 | 0.07806
FRW | 1.1234 | - 50.900154 < }.003196 | - 0.13927
10 E 150852 | 57.447528) - 0.10935 | 0.55773
/PN [ 10571 | 11420 | 66.3009%4 | 00198 | 004915 | 0.11284,
~\ VrRwW [ 11032 |- 50944721 | 0.00733 | - 0.50111Y
{\15 PRW |- 137501, ”\57.556511 | - 0.07988 /045169
N MIX 10392 | 1.0987. | 66.5105 0.01329 | 0.03255._ ¥ 0.11668
FRW 11 - | 50956233 |0 - (.5 | 103887
20 |PRW |- 129504 | 57.708103 | - 006398 | 0.3752
MIX 10294 | 10745 | 66.6075 0.00937 | 0.02323 | 0.11094
FRW | 11 - 50.976124 | 0 - 1.64837
25 | PRW |- 124111 | 57.747196 | - 0.05014 | 0.32034
MIX 10231 | 1.059 66.68464 0.00715 | 0.01759 | 0.10328
AN AN
AN AN
O O
S 2
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\
“3

A

&



\g

Table 8. Values of W1*, W2*, I@g d W1* Std W2* and Std MU und@e fixed value of &

international Journal

&

for

Cuality H

N

QUALITY

and different values of v.

(

RESAEARCH

Qa#ues of W1, W,", MU, Std W,", Std \@nd Std MU under the fixed value of

Table
dlf@r‘m

&

6 v | Policy Wy" W2" MU Stdw1” StdwWz" Std MU
FRW | 1.3056 | - 50.79160 | 010454 | - 0.17366
5 |PRW |- 195614 | 5823363 | - 017323 | 064203
MIX | 11337 | 13425 | 6621463 | 003928 |0.10621 | 0.02421
FRW | 1.1645 |- 50.80184 | 005013 | - 0.08198
10 [PRW |- 164149 | 5891863 | - 0.11588 | 053688
MIX | 10805 |12016 | 6628942 | 00235 | 005918 | 0.07448
FRW | 11145 |- 50.88684 | 002175 | - 0.10227
0 115 [prw |- 147348 | 5895057 | - 00847 | 0.44607
MIX | 10547 |11368 | 6639713 | 001553 | 0.03845 | 0.09167
FRW | 1.1015 |- 50.89226 | 0.00418 | - 0.32332
20 |PRW |- 137106 | 5897071 | - 0.06568 | 0.37446
MIX | 10405 |11018 | 6649518 | 001115 | 002708 | 0.09434
FRW [N\t : 50.00206 | 0.\, | - 0.6591 N
25 | PRW Y- 130287 | 589961 [T\ 0.05307 | 0.32171 {"§
h@gw 10316 | 1.0801 | 665780 ;\‘().’00839 002054 | 0.09127 g‘:}\
b

alues of v. 1
(/5\ Policy |wr  [wy (,'\Mu staws” | stawy t\oNvlu
‘;gm FRW | 1.4288 A‘%:?“‘\ 50.08147 | 0.12795 | - A?m 31025
QQ" 5 |PRW |- S5 | 570631 | - 0.18086™ | 058591
MIX 11779 |NV4656 | 6622633 | 0.04346 | 0.12397 | 0.04228
FRW | 1.2244 | - 50.75749 | 0.06338 0.05318
10 | PRW |- 178127 | 5854572 | - 0.12146 | 051002
MIX 11071 | 1.2703 | 6622879 | 0.02652 | 0.06923 | 0.03882
FRW | 1.1424 |- 50.83473 | 0.03518 | - 0.0882
15 |15 | PRW | - 157623 | 5861791 | - 0.08906 | 0.43241
MIX 10727 | 11815 | 6631057 | 001758 | 0.04429 | 0.0672
FRW | 11092 | - 50.92093 | 0.01531 | - 0.08312
20 | PRW |- 145103 | 5897843 | - 0.069 0.37278
MIX 10533 | 1.1332 | 6640187 | 001257 |0.0311 | 0.07729
FRW | 1.1008 | - 50.93843 | 0.0024 | - 0.22862
25 | PRW |- 136773 | 58.99363 | - 0.05577 | 0.31848
MIX 10413 | 11039 | 6648502 | 0.00952 | 0.0233 | 0.07888
-\ AN
\N \N .
XS XS e
& & &
Q.Q/ N\ S\
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Table 10. Values of Wy, W', fU) » Wy, Std W, and Std MU undék tie fixed value of §
and different values of v.

& <«

s | v [Policy [wi wW" MU StdW:* | Stdw," | Std MU
FRW | 15764 | - 50.46131 | 0.15039 | - 0.43086
5 |[PRW |- 23801 | 59.12756 | - 0.18743 | 0.52632
MIX 12259 | 16071 | 66.28577 | 0.04629 | 0.14061 | 0.07783
FRW | 1.2087 |- 50.81843 | 0.07584 | - 0.11528
10 |PRW |- 1.92715 | 5013768 | - 01263 | 0.47799
MIX 11368 | 1.3495 | 66.20509 | 0.02934 | 0.07916 | 0.01188
FRW | 1.1845 |- 51.76130 | 0.04449 | - 0.0486
20 115 [pRW |- 16836 | 591835 | - 0.09294 | 0.41472
MIX 10926 | 12324 | 66.25028 | 0.01971 | 0.05047 | 0.04428
FRW | 11291 | - 51.86136 | 0.02661 | - 0.08593
20 |PRW |- 153474 | 5941127 | - 007212 | 0.36209
MIX 1.0677 | 1.169 66.3271 | 0.01405 | 0.03528 | 0.0601
FRW 11061 |- 51.93533 | 008132 | - 0.0704 \
25 | PRW/NB- 143551 | 59.80447 [P\ | 005824 | 0.31493 {'}Y
o7 10524 | 1131 66.40592~ 100108 | 0.02648 | 0.06668 |/~ N\~
v Q" ?;
Table @g:es of W1", W", MU, Std W¢", St{@z and Std MU under the fixed valug&‘
anfj(d ent values of v. , N 7© ~3
(5N v [Policy [wr  [w [WMU Stdw:” | staw,* ] Std MU
‘;gm\ FRW | 17477 |- A‘;?«\ 50.96146 | 0.17091 | - Ai?l‘o.szosz
Q“ 5 |PRW |- 5 | 5720088 |- 019366~ | 0.47313
<> MIX 1.2766 662 | 66.38128 | 0.04818 16593 | 0.10332
FRW | 1.3859 |- 50.97337 | 0.08852 | - 0.19118
10 | PRW | - 207829 | 57.686805 | - 0.13051 | 0.44795
MIX 11697 | 1.44 66.2144 0.03150 | 0.08894 | 0.02539
FRW | 12359 |- 51749645 | 005172 | - 0.04074
2 115 [pRW |- 179528 | 57.71085 | - 0.09634 | 0.40015
MIX 1115 | 12903 | 6621462 |002158 | 0.05677 | 0.02251
FRW | 1161 |- 5178152 | 0.03365 | - 0.05852
20 | PRW | - 162166 | 57.84023 | - 0.07488 | 0.35456
MIX 10839 | 1.2007 | 6627042 | 0.01548 | 0.03947 | 0.04396
FRW | 11207 |- 51.8916 0.0209 - 0.07557
25 [ PRW |- 150593 | 57.27001 | - 0.06053 | 0.31095
MIX 10647 | 11612 | 66.3401 0.01184 | 0.02914 | 0.05447
-\ AN
N N >
O e

2) S
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Table 12. Values of W1", Wy, l@ g d Wy", Std W," and Std MU unde@e fixed value of §

and different values of v.

s | v |policy |wi W* MU StdWi* | StdW," | Std MU
FRW |11 - 48292679 | 0 - 0.96325
5 |PRW |- 118799 | 54.397966 | - 0.0196 | 0.13137
MIX 10196 | 1.0506 | 66.71836 0.00284 | 0.00683 | 0.04452
FRW |11 - 43935445 | 0 - 1.85842
10 |PRW |- 112884 | 54496211 | - 0.01326 | 0.09547
MIX 10127 | 1.0335 | 66.84496 0.00168 | 0.00434 | 0.03613
FRW |11 - 38.260195 | 0 - 2.85193
> |15 [PRW |- 1.09691 | 54.766834 | - 0.00984 | 0.07113
MIX 10102 | 1.0258 | 66.9181 0.0004 | 0.00199 | 0.02375
FRW |11 - 3163560 | 0O - 3.91434
20 | PRW |- 107715 | 55.826854 | - 0.00774 | 0.05596
MIX 1.01 1.0225 | 66.94067 0 0.00157 | 0.00701
FRW [\ - 24.25081 0\, - 4.99327 N
25 | PRW {"\\ 1.06385 55.91425 NS 0.00635 0.0477 (’§
M(g,.s\"“ 101 10206 | 66.9943 (N0 00008 | 0.03468 |(aN
> 4 v
Table w& ues of W1*, W2, MU, Std Wy", K@z and Std MU under the fixed valqug‘
and different values of v. “~3 LN
N\ Policy |wr  [wy 7w stw:” [ staws' |“Samu
g?’“ FRW | 1.1 - < | 46.67993 0 - £o0.09053
Q-. 5 |pPRW |- A@aﬁ 55016151 | - o&z@é 0.13607
<> MIX | 1.041 03 66.47006 0.004 0979 | 0.03249
FRW | 1.1 - 46.7765 0 - 0.35903
10 |PRW |- 1.22866 | 55.0231 - 0.01505 | 0.09677
MIX | 1.0256 | 1.0657 | 66.6318 0.00254 | 0.0058 | 0.0301
FRW | 1.1 - 47791352 | 0 - 0.66231
10 115 [PRW |- 117101 | 55.027895 | - 00111 | 0.07579
MIX | 1.0184 | 1.0476 | 66.74239 0.00162 | 0.00388 | 0.02642
FRW | 1.1 - 49157105 | 0 - 0.99702
20 | PRW | - 113551 | 55.047063 | - 0.00874 | 0.05969
MIX | 1.0141 | 1.037 66.82067 0.0013 | 0.00319 | 0.02292
FRW | 1.1 - 50.995223 | 0 - 1.35378
25 | PRW | - 111163 | 55.868342 | - 0.00716 | 0.05032
MIX | 1.0114 | 10301 | 66.87896 0.00102 | 0.00239 | 0.0205
-\ AN
N N >
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Table 14. Values of W1", Wy, l@ g d Wy", Std W," and Std MU unde@e fixed value of §
and different values of v.

5 | v [poicy |wir W, MU StWy' | Stdw.” | Std MU
FRW | 11215 |- 50.85341 | 0.00999 | - 0.03278
5 |[PRW |- 150306 | 5526216 | - 0.02495 | 0.12834
MIX | 1.0697 | 1.174 66.30151 | 0.00494 | 0.01247 | 0.02018
FRW |11 - 5092361 | 0 : 0.05776
10 |PRW |- 133988 | 5536127 | - 0.01656 | 0.1012
MIX | 1.0426 | 1.107 66.46055 | 0.00284 | 0.00717 | 0.02323
FRW |11 - 509534 | 0 : 0.18815
B s [prw |- 12531 | 5582827 | - 001219 | 007536
MIX | 1.0298 | 10754 | 6658526 | 0.00194 | 0.00476 | 0.0226
FRW |11 - 5096380 | 0 : 0.33868
20 [ PRW |- 119987 | 5648382 | - 0.00951 | 0.06821
MIX | 10225 |1.0577 | 666798 | 0.00157 | 0.00363 | 0.02044

FRW N1 - 500784 |0 N\, |- 0.50654 N

25 PRW{ ’y 116421 | 5724399 (NN 0.00775 | 0.05431 {’§

1018 | 1.0466 | 66. 75227{;,]\350118 000284 | 00185  |(N

Tableﬁg«mlues of W1*, W>", MU, Std W™, Std\«{ and Std MU under the fixed valug“g;&/

ent values of v.

Qs\ Policy | Wi Wo* Q MU Stdw1* StdwW," (ét&\Mu
?g 5 | FRW 1.1956 | - A‘E?M‘ 50.71778 | 0.01334 | - A‘i?«b.lom
QQ" PRW - ,4%\@3 5514570 | - o.gz@i"” 0.12381
MIX 1.1052 2644 66.21039 | 0.0061 0.03871 | 0.00842
10 | FRW 1.1083 | - 50.91495 | 0.00625 | - 0.02883
PRW - 1.46103 | 56.03845 | - 0.01791 | 0.09574
MIX 1.0634 | 1.1582 66.33262 | 0.00364 | 0.00892 | 0.01655
15 | FRW 1.1 - 50.94441 [0 - 0.0377
PRW - 1.34199 | 56.37459 | - 0.01311 | 0.07723
MIX 1.0434 | 1.1001 66.45519 | 0.00233 | 0.00573 | 0.01804
20 | FRW 1.1 - 50.95761 | O - 0.12444
PRW - 1.26932 | 56.93165 | - 0.0102 0.06599
MIX 1.0326 | 1.0823 66.55649 | 0.00169 | 0.0042 0.0176
25 | FRW 1.1 - 50.97318 | 0 - 0.021029
PRW - 1.22081 | 57.62269 | - 0.00829 | 0.05035
MIX 1.0256 | 1.0655 66.63819 | 0.00143 | 0.00332 | 0.01675
N AN
N N >
O O O
N \ Ay
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Table 16. Values of Wy, W', fU) » Wy, Std W and Std MU unde{t}e:ﬁxed value of &
and different values of v.

8. Cg&ﬁjg;n
Ao

in both consumer and
transactions. For manufacturer it4

¢
important
ngth and

to decide the appropriate warrant

day’s competing market pro é\
rranty plays an increasingly significant
Q role rcial

appropriate warranty policy so that he may
increase the demand of his product and hence
makes more profit. We have provided an
approach to the manufacturers to determine
optimal warranty length and warranty policy
based on the life time data obtained by
conducting life testing experiment using
general progressive type-Il censoring scheme
for the product having Pareto life time
distribution. Based on the life data obtained
through such a life test a Bayesian predictive
is derived to determine the
maximum value of utility function and hence
an appropriate warranty policy is decided.

Based on the example considered and a
simulation study we observed the following

distribution

conclusions:

O

7"
v

Ny

g%aed on the output of the exa
““Jconsidered in

Section 6 for, “various

combinations of the values e prior
parameters we observed fro Table 2 to
Table6 that, for the giv t

policy gives maximu ity followed by
PRW and then by FR icy for any choice

combined

of prior parameters§ and v. We have also
examined the effect of change in the value of
one prior parameter when the value of other
parameter kept fixed. For any fixed value of
prior parameter § as v increases, maximum
utility decreases in all the three types of
policies and for keeping v fixed, as &
increases, maximum utility more or less
remains stable. Thus maximum utility has
more effect of prior parameter v compare to
the parameter &.
A simulation study carried out in Section 7
shows a very general effect of the prior
parameters on different types of warranty
policies. The results are shown in the Table 7
to Table 16. From the Table 7 to Table 16 we
observed that
maximum utility followed by PRW and then

combined policy gives

&

s | v [pPolicy |wi W, MU StdW:” | SW:" | Std MU
FRW | 13001 |- 5076500 | 0.01605 | - 0.02121
5 |PRW |- 186147 | 5679719 | - 0.02835 | 0.11479
MIX | 11467 | 1.375 66.18847 | 0.00681 | 0.01866 | 0.00163
FRW | 11572 |- 5078639 | 0.00852 | - 0.01714
10 |PRW |- 150077 | 56.80068 | - 0.01905 | 0.09378
MIX | 1088 |12198 | 66.24706 | 0.004 0.01041 | 001015
FRW | 11024 |- 5095037 | 0.00332 | - 0.0261
2 115 [PRW |- 143706 | 56.90097 | - 001395 | 0.07835
MIX | 10598 |1.1492 | 66.35207 | 0.00668 | 0.00679 | 0.01419
FRW | 11 - 5095766 | 0 - 0.02949
20 |PRW |- 134338 | 56.97975 | - 0.01082 | 0.06671
MIX | 10442 | 11108 | 66.45164 | 000209 | 0.00492 | 0.01479
FRW N1 - 5098060 |0 N\, |- 0.08617 N
25 | PRW N - 128092 |57.00520 |(T\" 0.00881 | 0.05289 {'Y
X\ | 1.0345 | 1.087 66.53715(,{"0.00157 | 0.00379 | 0.01472 ;‘,;,)\'/
b
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Q by FRW policy for any chol@of prior based on the very@neral life time
parameters. For any fixed value of prior distribution which may be useful to the
parameter § as v increases, maximum utility product having increasing, constant or
decreases in all the three types of policies and decreasing failure rate based on Weibull life
for fixed v as & increases, the value of time model. But there are many products
maximum utility fluctuates. which possess the failure rate initially
Thus for the product having decreasing decreasing, then after becomes constant for
failure rate and Pareto life time distribution certain period of time and then gradually
we suggest to utilize a mixed warranty policy increases with time. For such types of
which is a combination of PRW and PRW products thesekind of work may not be useful.
policies with any values of the prior One has to develop a very general model
parameters utilized in the model. possessing a bath tub failure rate distribution
This paper becomes useful to determine to determine optimal warranty of such types
optimal warranty of those products which of product.Very few papers are available in
have only Pareto life time distribution which the literature which might be useful to
is the limitation of the paper. Many papers determine the optimum price as well as the
are also available to determine the optimal optimal warranty of the product; one can do
warranty for the product having different life also such kind of work in this direction.
time distributions possessing  constant,
increasing or decre failure rates. The Acknowled{gwents:
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