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Abstract.   With the availability of record data, this work 

examines the issue of estimating the scale parameter of an 

exponential distribution after a preliminary test. We find the 

crucial values and the best significance levels according to the 

minimax regret criteria. A numerical example is provided to 

demonstrate this estimate. 
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1. Introduction 

The exponential distribution is one of the most commonly used models in 

life testing and reliability studies. The probability density function of 

exponential distribution is given by 

1 1 
f (x) = 

θ 
exp{− 

θ 
(x − η)},  x > η, θ > 0,   −∞ < η < ∞, 

and cumulative distribution function is 
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1 
F (x) = 1 − exp{− 

θ 
(x − η)},  x > η. 

In some applications, the experimenter possesses some knowledge about 

the parameter θ. This knowledge may be obtained from past experiences, 

or from the acquaintance with similar situations. Thus, one is in position 

to give an educated guess or prior estimate θ0. This prior information may 

be incorporated in the estimation process using a preliminary test 

estimator. 

In this paper, we present a preliminary test estimator for the scale pa- 

rameter of exponential distribution based on record values. The optimum 

level of statistical significance for the usual preliminary test estimator 

is obtained by using the minimax regret criterion [5]. The preliminary test 

estimator always depend on the significance level of the prelimi- nary 

test. The methods to seek the optimal level of significance for the 

preliminary test have been investigated by [7,8,9]. Baklizi in [2] found the 

preliminary test estimator for the scale parameter of exponential 

distribution based on censored data, also in [3] Baklizi studied the pre- 

liminary test estimator of this parameter based on record values without 

any optimizations. 

Record values are important in many real life application involving data 

relating to methodology, sport, economics and life testing. Let X1, X2,        

be a sequence of independent and identically distributed ran- 

dom variables having the same distribution as the (population) random 

variable X. An observation Xj will be called an upper record value if 

exceeds in value all of the preceding observations, i.e., if Xj > Xi, for 

every i  < j. The sequence of record times Tn,n ≥ 1 is defined as fol- 

lows: T1=1 with probability  1  and,  for  n  ≥ 2,  Tn = min{j  :  Xj > XTn−1  

. A sequence of upper record values is defined by XU (n)  = XTn , n = 1, 
2 , . . .  . For details on record values and other interesting topics 
related to records see [1]. This paper is organized as follows, in Section 2. 

we drive the preliminary test estimation and define the minimax regret 

criterion, the optimal level of α is computed numerically in Section 3. A 

numerical example is given in this Section. 
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∞ 

θ 

θ 
2 n 

ˆ 
θ0 

θ, otherwise. 

1 

 

2. Preliminary Test Estimation 

Suppose that we observe n upper record values XU (1), XU (2),. .... , XU (n) 

from the exponential model. The likelihood function is 

L(θ|x) = θ−n exp(−
xn − η 

), η < x < x  < · · ·  < x . (1) 

We observe that T =  (XU (1), XU (n))  is  a  joint  sufficient  statistic  for 

(η, θ). The maximum likelihood estimations of θ and η are 

θ̂  =  
n 

(XU (n)  − XU (1)) and η̂  = XU (1). 

The joint pdf of (XU (1), XU (n)) is 

θ−n            fXU 

(1),XU (n) 
(x, y) = 

Γ(n − 1)
(y−x) 

n−2 exp(− 
x − η 

), η < x < y < . 
θ 

Lemma 2.1. Let XU (1), XU ( 2 ) , . . . ,  XU (n) be record data from the expo- 

nential distribution then W = 2 (XU (n) − XU (1)) has a chi-square distri- 
bution with 2n − 2 degrees of freedom. 

Proof. The proof is straight forward.   Q 

Consider XU (1), XU ( 2 ) , . . . ,  XU (n) be record data from the exponential 

distribution. Assume that θ0 is a prior guess of θ. For testing H0 : θ = θ0 
against H1 : θ /= θ0, the likelihood ratio test statistic is 

   θ  −n exp(−
xU (n)−xU (1) ) 

(    ) 0 λ(x) = = 

θ0 . 

L(θ̂) θ̂−n exp(−
xU (n)−xU (1) ) 

 

So  the  acceptance  region  at  level  α  is  C1 <  2(XU (n) − XU (1))/θ0   < C2, 
where C1 = χ2

α/2,2n−2 and C2 = χ2
1−α/2,2n−2. A preliminary test 

estimator  θ̃  of  θ  may  be  obtained  as  follows: 

= 

   
θ0,   C1 <  2 (XU (n) − XU (1)) < C2 

θ̂  

1 

θ̃  

L θ0 
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