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Abstract 

In this Paper, a new four-parameter distribution motivated mainly by dealing with series-parallel system is 
introduced. Moments, conditional moments and moment generating function of the new distribution including are 
presented. Estimation of its parameters is studied. characterization of the new model is introduced. 
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1. Introduction  

The quality of the procedures used in a statistical analysis depends heavily on the assumed probability model 
or distributions. In view of it, extensive exertion has been used in the improvement of huge classes of 
standard likelihood circulations alongside applicable measurable procedures. Sankaran (1970) introduced the 
discrete Poisson Lindley distribution by compounding Poission and Lindley distributions. Ghitany et al. 
(2008) investigated the properties of the zero-truncated Poisson-Lindley distribution. Bakouch et al. (2012) 
extended. Lindley distribution by exponentiation. Zakerzadeh and Dolati (2010) introduced and analyzed a 
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three-parameter generalization of the Lindley distribution, which was used by Mahmoudi and Zakerzadeh 
(2010) to derive an extended version of the compound Poisson distribution. Shanker et al. (2013) introduced a 
two-parameter Lindley distribution in which the one-parameter is a particular case, for modeling waiting and 
survival time data. Ghitany et al. (2013) introduced a two-parameter power Lindley distribution (PL) and 
discussed its properties. Nadarajah et al. (2011) proposed a generalized Lindley distribution (GL) and 
provided a comprehensive account of its mathematical properties. 

Nadarajah et al. (2013) introduced a two-parameter distribution which represent a general model by taking the 
probability density function and the cumulative distribution function of failure times to be given by 𝑓(𝑥) and 
𝐹(𝑥), respectively. Its cdf is given by  
 

𝐺(𝑥) =
𝑒𝑒𝑒(−𝜆 + 𝜆𝜆(𝑥)) − 𝑒−𝜆

1 − 𝑒−𝜆 − 𝛿 + 𝛿𝛿𝛿𝛿(−𝜆 + 𝜆𝜆(𝑥)), 
(1) 

for 𝑥 > 0, 𝜆 > 0 𝑎𝑎𝑎 0 < 𝛿 < 1. The corresponding probability density function is, 
 

𝑔(𝑥) =
𝜆(1 − 𝛿)(1 − 𝑒−𝜆)𝑓(𝑥)𝑒𝑒𝑒(−𝜆 + 𝜆𝜆(𝑥))

{1− 𝑒−𝜆 − 𝛿 + 𝜋𝜋𝜋𝜋(−𝜆 + 𝜆𝜆(𝑥))}2  
(2) 

Ghitany et al. (2013) introduced a new extension of the Lindley distribution called power Lindley distribution 

by its probability density function pdf 

 
𝑓(𝑥) =

𝜃2 𝛽𝑥𝛽−1

𝜃 + 1 �1 + 𝑥𝛽�𝑒−𝜃𝑥𝛽 ,𝑥 > 0,𝜃,𝛽 > 0. 
(3) 

The corresponding cumulative distribution function (cdf) is: 

 
𝐹(𝑥) = 1 −

𝜃 + 1 + 𝜃𝑥𝛽

𝜃 + 1
𝑒−𝜃𝑥𝛽 ,𝑥 > 0,𝜃,𝛽 > 0. 

(4) 

The rest of the article is organized as follows. In Section 2, introduces the proposed new model according to 
geometric Poisson G-family. In Section 3, The Expansion for the pdf and the cdf Functions is derived. 
Moments, conditional moments and moment generating function of the new distribution including are 
presented in Section 4. In Section 5, we introduce Characterizations of the new model. In Section 6, we 
introduce the method of likelihood estimation as point estimation Finally, we fit the distribution to real data 
set to examine it.  

2. Geometric Power Lindley Poisson Distribution 

Using f(x) and F(x) as given in (3) and (4) in (1), we obtain 

 
 

𝐺(𝑥) =
𝑒𝑒𝑒 �−𝜆 �𝜃 + 1 + 𝜃𝑥𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝛽� − 𝑒−𝜆

1 − 𝑒−𝜆 − 𝛿 �1 − 𝑒𝑒𝑒 �−𝜆 �𝜃 + 1 + 𝜃𝑥𝛽
1 + 𝜃 � 𝑒−𝜃𝑥𝛽��

, 

 

(5) 

for 𝑥 > 0,𝜃 > 0,𝜆,𝛽 > 0 𝑎𝑎𝑎 0 < 𝛿 < 1. The corresponding probability density function is, 
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𝑔(𝑥) =

𝜆𝜃2(1 − 𝛿)𝛽𝑥𝛽−1(1− 𝑒−𝜆)(1 + 𝑥𝛽)

(1 + 𝜃) �1− 𝑒−𝜆 − 𝛿 �1 − 𝑒𝑒𝑒 �−𝜆 �𝜃 + 1 + 𝜃𝑥𝛽
1 + 𝜃 � 𝑒−𝜃𝑥𝛽���

2, 
 

 
× 𝑒𝑒𝑒 �−𝜃𝑥𝛽 − 𝜆 �

𝜃 + 1 + 𝜃𝑥𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝛽� 
(6) 

for 𝑥 > 0,𝜃 > 0,𝜆,𝛽 > 0 𝑎𝑎𝑎 0 < 𝛿 < 1. We shall refer to the distribution given by (5) and (6) as the 

geometric power Lindley Poisson (GPLP). The parameters, λ, β and 𝛿, control the shape. The parameter, θ, 

controls the scale. The failure rate function associated with (6) is given by 

 
ℎ(𝑥) =

𝜆𝜃2(1− 𝛿)𝛽𝑥𝛽−1(1− 𝑒−𝜆)(1 + 𝑥𝛽)

(1 + 𝜃) �1 − 𝑒−𝜆 − 𝛿 �1 − 𝑒𝑒𝑒 �−𝜆 + 𝜆 �𝜃 + 1 + 𝜃𝑥𝛽
1 + 𝜃 � 𝑒−𝜃𝑥𝛽���

 
 

 

×
𝑒𝑒𝑒 �−𝜃𝑥𝛽 − 𝜆 + 𝜆 �𝜃 + 1 + 𝜃𝑥𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝛽�

�1 − 𝑒𝑒𝑒�−𝜆 �𝜃 + 1 + 𝜃𝑥𝛽
1 + 𝜃 � 𝑒−𝜃𝑥𝛽��

. 

 

(7) 

Also, the reversed failure rate function 

ℎ𝑟(𝑥) =
𝜆𝜃2(1 − 𝛿)(1 − 𝑒−𝜆)(1 + 𝑥)𝑒𝑒𝑒 �−𝜃𝜃 − 𝜆 �𝜃 + 1 + 𝜃𝜃

1 + 𝜃 � 𝑒−𝜃𝜃�

(1 + 𝜃) �𝑒𝑒𝑒 �−𝜆 �𝜃 + 1 + 𝜃𝜃
1 + 𝜃 � 𝑒−𝜃𝜃� − 𝑒−𝜆� {1 − 𝑒−𝜆 − 𝛿[1 − 𝑒𝑒𝑒(−𝜆𝑒−(𝛽𝛽)𝛼)]}

. 

Figure 1 (a) and (b) provide some plots of the GPLP density curves for different values of the parameters 

𝜆,𝜃,𝛽 and 𝛿. 

 
(a) 

 
(b) 

Fig. 1.  Plots of the GPLP density function for some parameter values.(a) For 𝜆=0.9, 𝜃=2, 𝛽=1 and 𝛿 =0.1 (blue line), 𝜆=2, 𝜃=1 , 
𝛽=0.7 and 𝛿 =0.2 (red line), 𝜆=18, 𝜃=1 , 𝛽=0.8 and 𝛿 =0.9 (orange line) 𝜆=0.5, 𝜃=1 , 𝛽=0.8 and 𝛿 =0.1 (green line), 𝜆=0.5, 𝜃=1 , 
𝛽=1.2 and 𝛿 =0.5 (green yellow line), 𝜆=4, 𝜃=2 , 𝛽=0.8 and 𝛿 =0.5 (hot pink line) (b)  For 𝜆=30, 𝜃=1, 𝛽=1 and 𝛿 =0.2 (blue 
line), 𝜆=4, 𝜃=1 , 𝛽=0.7 and 𝛿 =0.3 (red line), 𝜆=10, 𝜃=1 , 𝛽=0.7 and 𝛿 =0.3 (orange line) 𝜆=8, 𝜃=1 , 𝛽=0.8 and 𝛿 =0.9 (green 
line), 𝜆=1.4, 𝜃=1 , 𝛽=1.2 and 𝛿 =0.2 (green yellow line), 𝜆=10, 𝜃=2 , 𝛽=0.8 and 𝛿 =0.5 (hot pink line). 

Published by Atlantis Press
Copyright: the authors

315



M. M. Mansour et al.  
 

3. Expansion for the pdf and the cdf functions 

In this section we give another expression for the pdf and the cdf functions using the Maclaurin and Binomial 
expansions for simplifying the pdf and the cdf forms. 

3.1. Expansion for the pdf function 

 
We can rewrite (6) as, 

𝑔(𝑥) =
𝜆𝜃2(1−𝛿)𝛽𝑥𝛽−1(1−𝑒−𝜆)(1+𝑥𝛽)𝑒𝑒𝑒�−𝜃𝑥𝛽−𝜆�𝜃+1+𝜃𝑥

𝛽
1+𝜃 �𝑒−𝜃𝑥

𝛽
�

(1+𝜃)(1−𝑒−𝜆−𝛿)2

⎣
⎢
⎢
⎡
1+

𝜋𝑒𝑒𝑒�−𝜆�𝜃+1+𝜃𝑥
𝛽

1+𝜃 �𝑒−𝜃𝑥𝛽�

1−𝑒−𝜆−𝛿
⎦
⎥
⎥
⎤
2 . 

 

(8) 

We have 

 
(1 − 𝑧)−𝑏 = ��−𝑏𝑖 � (−𝑧)𝑖

∞

𝑖=0

,     |𝑧| < 1, 

and 

(9) 

 𝑒−𝑥 = �
(−𝑥)𝑖

𝑖!

∞

𝑖=0

, (10) 

Using (9), we can write (8) as 

 
𝑔(𝑥) =

𝜆𝜃2(1 − 𝛿)𝛽𝑥𝛽−1(1− 𝑒−𝜆)(1 + 𝑥𝛽)𝑒𝑒𝑒�−𝜃𝑥𝛽�
(1 + 𝜃)(1 − 𝑒−𝜆 − 𝛿)2 × 

 

 
          ��−2

𝑘 �
 ∞

𝑘=0

�
𝛿

1 − 𝑒−𝜆 − 𝛿
�
𝑘

 𝑒𝑒𝑒 �−𝜆(𝑘 + 1)�
𝜃 + 1 + 𝜃𝑥𝛽

1 + 𝜃 �𝑒−𝜃𝑥𝛽�. 
(11) 

Applying (10) to (11) for the term  𝑒𝑒𝑒 �−𝜆(𝑘 + 1) �𝜃+1+𝜃𝑥
𝛽

1+𝜃
� 𝑒−𝜃𝑥𝛽�, (11) can be written as: 

 
𝑔(𝑥) =

𝜆𝜃2(1 − 𝛿)𝛽𝑥𝛽−1(1− 𝑒−𝜆)(1 + 𝑥𝛽)𝑒𝑒𝑒�−𝜃𝑥𝛽�
(1 + 𝜃)(1 − 𝑒−𝜆 − 𝛿)2 × 

 

 
� �−2

𝑘 �
(−1)𝑗

𝑗!

∞

𝑘,𝑗=0

�
𝛿

1− 𝑒−𝜆 − 𝛿
�
𝑘

 𝜆𝑗(𝑘 + 1)𝑗 �1 +
𝜃𝑥𝛽

1 + 𝜃�
𝑗

𝑒−𝜃𝜃𝑥𝛽 . 
 

(12) 

Applying (9) to 12) for the term �1 + 𝜃𝑥𝛽

1+𝜃
�
𝑗
, (12) can be written as: 
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𝑔(𝑥) =

𝜆𝜃2(1− 𝛿)(1 − 𝑒−𝜆)𝛽
(1 + 𝜃)(1− 𝑒−𝜆 − 𝛿)2 � ��𝑗𝑖�

𝑗

𝑖=0

�−2
𝑘 �

(−1)𝑗𝜃𝑖

𝑗! (1 + 𝜃)𝑖

∞

𝑘,𝑗=0

× 
 

 
�

𝜋
1 − 𝑒−𝜆 − 𝜋

�
𝑘

 𝜆𝑗(𝑘 + 1)𝑗(1 + 𝑥𝛽)𝑥𝑖𝑖𝑥𝛽−1𝑒−(𝑗+1)𝜃𝑥𝛽 . 
(13) 

The pdf of GPLP distribution can then be represented as: 

 
𝑔(𝑥) = � �𝐴𝑘:𝑖

𝑗

𝑖=0

∞

𝑘,𝑗=0

(1 + 𝑥𝛽)𝑥𝛽(𝑖+1)−1𝑒−(𝑗+1)𝜃𝑥𝛽 , 
 

(14) 

Where 𝐴𝑘:𝑖 is a constant term given by: 

 
𝐴𝑘:𝑖 = �−2

𝑘 ��𝑗𝑖�
𝜃2+𝑖(1 − 𝛿)(1 − 𝑒−𝜆)(−1)𝑗𝛿𝑘  𝜆𝑗+1(𝑘 + 1)𝑗𝛽

(1 + 𝜃)𝑖+1(1− 𝑒−𝜆 − 𝛿)𝑘+2 𝑗!
. 

 

3.2. Expansion for the cdf function 

 
We can rewrite (5) as, 

 

𝐺(𝑥) =
𝑒𝑒𝑒 �−𝜆 �𝜃 + 1 + 𝜃𝑥𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝛽� − 𝑒−𝜆

(1 − 𝑒−𝜆 − 𝛿) �1 +
𝜋𝜋𝜋𝜋 �−𝜆 �𝜃 + 1 + 𝜃𝑥𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝛽�

1 − 𝑒−𝜆 − 𝛿 �

 

And applying the expansion in (9), the cdf function of the GPLP distribution can be written as: 

𝐺(𝑥) = ��−1
𝑘 �

𝜋𝑘 �𝑒𝑒𝑒 �−(𝑘 + 1)𝜆 �𝜃 + 1 + 𝜃𝑥𝛽
1 + 𝜃 � 𝑒−𝜃𝑥𝛽� − 𝑒𝑒𝑒 �−𝜆 − 𝑘𝑘 �𝜃 + 1 + 𝜃𝑥𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝛽��

(1 − 𝑒−𝜆 − 𝛿)𝑘+1
.

∞

𝑘=0

 

4. Statistical Properties 

 

In this section, moments, conditional moments, Moment Generating Function of the GPLP distribution. 

4.1. Moments 

 
The rthnon-central moments or (moments about the origin) of the GPLP under using equation (6) is given by: 
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𝜇𝑟 = 𝐸(𝑋𝑟) = � 𝑋𝑟𝑔(𝑥)d𝑥,
∞

𝟎

 

𝜇𝑟 = � 𝑥𝑟 � � �𝐴𝑘:𝑖

𝑗

𝑖=0

∞

𝑘,𝑗=0

(1 + 𝑥𝛽)𝑥𝛽(𝑖+1)−1𝑒−(𝑗+1)𝜃𝑥𝛽�d𝑥
∞

𝟎

, 

Then  

𝜇𝑟 = � �𝐴𝑘:𝑖

𝑗

𝑖=0

∞

𝑘,𝑗=0

�
Γ(𝑖 + 𝑟

𝛽 + 1)

𝛽 [(𝑗 + 1)𝜃](𝑖+𝑟𝛽+1)
� �1 +

𝑖 + 𝑟
𝛽 + 1

(𝑗 + 1)𝜃 �
,   

𝐸(𝑋|𝑋 ≤ 𝑥) =
1

𝛽 𝐺(𝑥) � �𝐴𝑘:𝑖

𝑗

𝑖=0

∞

𝑘,𝑗=0

�
Γ(𝑗+1)𝜃𝑥𝛽
𝑐 (𝑖 + 𝑟

𝛽 + 1)

[(𝑗 + 1)𝜃](𝑖+𝑟𝛽+1)
+
𝛤(𝑗+1)𝜃𝑥𝛽
𝑐 (𝑖 + 𝑟

𝛽 + 2)

[(𝑗 + 1)𝜃](𝑖+𝑟𝛽+2)
�, 

𝐸(𝑋|𝑋 ≥ 𝑥) = 1
𝛽[1−𝐺(𝑥)]

∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 �

Γ
(𝑗+1)𝜃𝑥𝛽
𝑐 (𝑖+𝑟

𝛽+1)

[(𝑗+1)𝜃]
(𝑖+𝑟𝛽+1)

+
𝛤

(𝑗+1)𝜃𝑥𝛽
𝑐 (𝑖+𝑟

𝛽+2)

[(𝑗+1)𝜃]
(𝑖+𝑟𝛽+2)

�, 

where 𝛤𝛼(𝑛) = ∫ 𝑥𝑛−1𝛼
0 𝑒−𝑥𝑑𝑑 and  Γ𝛼𝑐(𝑛) = ∫ 𝑥𝑛−1∞

𝛼 𝑒−𝑥𝑑𝑑. 

4.2. The Moment Generating Function 

 
The moment generating function, 𝑀𝑥(𝑡), can be easily obtained as:  

𝑀𝑥(𝑡) = � e𝑡𝑡𝑔(𝑥)d𝑥,
∞

0

 

𝑀𝑥(𝑡) = � e𝑡𝑡 � �𝐴𝑘:𝑖

𝑗

𝑖=0

∞

𝑘,𝑗=0

(1 + 𝑥𝛽)𝑥𝛽(𝑖+1)+𝑟−1𝑒−(𝑗+1)𝜃𝑥𝛽d𝑥,
∞

𝟎

 

 

then, the moment generating function of the GPLP distribution is given by, 

 
𝑀𝑥(𝑡) = � �

𝐴𝑘:𝑖
[𝜃(𝑗 + 1) − 𝑡]𝑖+2

𝑗

𝑖=0

∞

𝑘,𝑗=0

{(𝜃(𝑗 + 1) − 𝑡)Γ(𝑖 + 1) + Γ(𝑖 + 2)}, 
 

then, the moment generating function of the GPLP distribution is given by, 
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𝑀𝑥(𝑡) = � �
𝐴𝑘:𝑖

[(𝑗 + 1)𝜃]�𝑖+
𝑟
𝛽+2�

𝑗

𝑖=0

∞

𝑘,𝑗=0

�((𝑗 + 1)𝜃 − 𝑡)Γ �𝑖 +
1
𝛽

+ 1� + Γ �𝑖 +
1
𝛽

+ 2��. 

 

5. Characterization 

To prove the main theorem, we need the following two Lemmas 

Lemma 1. 

Suppose that 𝑋 is an absolutely continuous random variable with cdf 𝐹(𝑥) with 𝐹(0) = 0 and 𝐹(𝑥) > 0 for 

all 𝑥 > 0. We assume that the pdf of 𝑋 as 𝑓(𝑥) and 𝑓′(𝑥) exists for 𝑎𝑎𝑎 𝑥 > 0., For a continuous function 

𝑔(𝑥) on 0 < 𝑥 < ∞ with finite 𝐸(𝑔(𝑥)) .if  𝐸(𝑔(𝑥)|𝑥 ≤ 𝑥) = ℎ₁(𝑥)𝑟(𝑥),where ℎ₁(𝑥) is a differential 

function in 𝑥 > 0 and 𝑟(𝑥) = 𝑓(𝑥)
𝐹(𝑥), then 𝑓(𝑥) = 𝑐 𝑒𝑒𝑒 �−∫ 𝑔(𝑢)−ℎ́(𝑢)

ℎ(𝑢)
𝑥
0 𝑑𝑑� and 𝑐 is determned by the 

condition ∫ 𝑓(𝑥)𝑑𝑑 = 1∞
0 . 

Proof. 

ℎ₁(𝑥) =
∫ 𝑔(𝑢)𝑓(𝑢)𝑑𝑑𝑥
0

𝑓(𝑥)
 

and 

�𝑔(𝑢)𝑓(𝑢)𝑑𝑑 = 𝑓(𝑥)
𝑥

0

ℎ₁(𝑥) 

Differentiating the above expression, we obtain 

−𝑔(𝑥)𝑓(𝑥)  =  𝑓(𝑥)ℎ₁′(𝑥)  + 𝑓́(𝑥)ℎ₁(𝑥) 

On simplification, we have 

𝑓́(𝑥)
𝑓(𝑥)

=
𝑔(𝑥) + ℎ1′ (𝑥)

ℎ₁(𝑥)
 

Integrating both sides of the above equation, we obtain 

𝑓(𝑥) = 𝑐 𝑒𝑒𝑒�−�
𝑔(𝑥) + ℎ1′ (𝑥)

ℎ₁(𝑥)

𝑥

0

𝑑𝑑� 

and 𝑐 is determned by the condition ∫ 𝑓(𝑥)𝑑𝑑 = 1∞
0 . 
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Lemma 2. 

Suppose that 𝑋 is an absolutely continuous random variable with cdf 𝐹(𝑥) with 𝐹(0) = 0 and 𝐹(𝑥) > 0 for 

all 𝑥 > 0. We assume that the pdf of 𝑋 as 𝑓(𝑥) and 𝑓′(𝑥) exists for all 𝑥 > 0., For  a continuous function 

𝑔(𝑥) on 0 < 𝑥 < ∞ with finite 𝐸(𝑔(𝑥)) .if  𝐸(𝑔(𝑥)|𝑥 ≥ 𝑥) = ℎ(𝑥)𝑟(𝑥),where ℎ(𝑥) is a differential function 

in 𝑥 > 0 and , 𝑟(𝑥) = 𝑓(𝑥)
1−𝐹(𝑥), then 𝑓(𝑥) = 𝑐 𝑒𝑒𝑒 �−∫ 𝑔(𝑥)−ℎ́(𝑥)

ℎ(𝑥)
𝑑𝑑� and 𝑐 is determned by the condition 

∫ 𝑓(𝑥)𝑑𝑑 = 1𝑥
0 . 

Proof. 

ℎ(𝑥) =
∫ 𝑔(𝑢)𝑓(𝑢)𝑑𝑢∞
𝑥

𝑓(𝑥)
 

and 

� 𝑔(𝑢)𝑓(𝑢)𝑑𝑑 = 𝑓(𝑥)
∞

𝑥

ℎ(𝑥) 

Differentiating the above expression, we obtain 

𝑔(𝑥)𝑓(𝑥)  =  𝑓(𝑥)ℎ′(𝑥)  + 𝑓′(𝑥)ℎ(𝑥) 

On simplification, we have 

𝑓́(𝑥)
𝑓(𝑥)

= −
𝑔(𝑥) − ℎ′(𝑥)

ℎ(𝑥)
 

Integrating both sides of the above equation, we obtain 

𝑓(𝑥) = 𝑐 𝑒𝑒𝑒�−�
𝑔(𝑢) − ℎ′(𝑢)

ℎ(𝑢)

𝑥

0

𝑑𝑑� 

and 𝑐 is determned by the condition ∫ 𝑓(𝑥)𝑑𝑑 = 1∞
0 . 

    Theorem 1. 

 Suppose that X is an absolutely continuous random variable with cdf 𝐺(𝑥) with 𝐺(0) = 0 and 𝐺(𝑥) > 0 for 

all 𝑥 > 0. We assume that the pdf of 𝑋 as 𝑔(𝑥) and 𝑔′(𝑥) exists for all 𝑥 > 0.  

We assume 𝐸(𝑋𝑟) exists for 𝑟 ≥ 1. then  𝐸(𝑋𝑟|𝑋 ≤ 𝑥) = ℎ₀(𝑥)𝜏(𝑥), where 𝜏(𝑥)  = 𝑔(𝑥)
𝐺(𝑥)

 and  
ℎ0(𝑥) = 𝐴(𝑥)

𝐵(𝑥),  
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where 𝐴(𝑥) = ∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 �

𝛤(𝑗+1)𝜃𝑥𝛽
(𝑖+𝑟

𝛽+1)

𝛽 [(𝑗+1)𝜃]
(𝑖+𝑟𝛽+1)

+
𝛤(𝑗+1)𝜃𝑥𝛽

(𝑖+𝑟
𝛽+2)

𝛽 [(𝑗+1)𝜃]
(𝑖+𝑟𝛽+2)

� 

𝐵(𝑥) = 𝑔(𝑥)and 𝐴𝑘:𝑖 is given before  

if and only if 𝑔(𝑥) = ∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 (1 + 𝑥𝛽)𝑥𝛽(𝑖+1)−1𝑒−(𝑗+1)𝜃𝑥𝛽   

    Proof. 

We have 

𝑔(𝑥)ℎ0(𝑥) = �𝑢𝑟𝑔(𝑢)𝑑𝑑
𝑥

0

 

 
= � �𝐴𝑘:𝑖

𝑗

𝑖=0

∞

𝑘,𝑗=0

�
𝛤(𝑗+1)𝜃𝑥𝛽(𝑖 + 𝑟

𝛽 + 1)

𝛽[(𝑗 + 1)𝜃](𝑖+𝑟𝛽+1)
+
𝛤(𝑗+1)𝜃𝑥𝛽(𝑖 + 𝑟

𝛽 + 2)

𝛽[(𝑗 + 1)𝜃](𝑖+𝑟𝛽+2)
� 

 = 𝐴(𝑥) 

where Γ𝛼(𝛽) = ∫ 𝑥𝛽−1𝑒−𝑥𝑑𝑑∞
𝛼  

Suppose that ℎ₀(𝑥) = 𝐴(𝑥)
𝑔(𝑥) , then 

ℎ0′ (𝑥) = 𝑥𝑟 −
𝐴(𝑥)

�𝑔(𝑥)�2
𝑔′(𝑥) 

ℎ0′ (𝑥) = 𝑥𝑟 − ℎ₀(𝑥)
∑ ∑ 𝐴𝑘:𝑖

𝑗
𝑖=0

∞
𝑘,𝑗=0 (𝑥𝛽(𝑖+1)−1𝑥𝛽(𝑖+1)−2 + �𝑥𝛽(𝑖+2)−1�𝑥𝛽(𝑖+2)−2 − (𝑗 + 1)𝜃𝜃𝑥𝛽−1)𝑒−(𝑗+1)𝜃𝑥𝛽

∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 (𝑥𝛽(𝑖+1)−1 + 𝑥𝛽(𝑖+2)−1)𝑒−(𝑗+1)𝜃𝑥𝛽

 

Thus 

𝑥𝑟 − ℎ0′ (𝑥)
ℎ₀(𝑥) =

∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 (𝑥𝛽(𝑖+1)−1𝑥𝛽(𝑖+1)−2 + �𝑥𝛽(𝑖+2)−1�𝑥𝛽(𝑖+2)−2 − (𝑗 + 1)𝜃𝜃𝑥𝛽−1)𝑒−(𝑗+1)𝜃𝑥𝛽

∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 (𝑥𝛽(𝑖+1)−1 + 𝑥𝛽(𝑖+2)−1)𝑒−(𝑗+1)𝜃𝑥𝛽

 

Integrating both sides of the above equation we obtain 

𝑔(𝑥) = 𝑐 𝑒𝑒𝑒��
∑ ∑ 𝐴𝑘:𝑖

𝑗
𝑖=0

∞
𝑘,𝑗=0 (𝑥𝛽(𝑖+1)−1𝑥𝛽(𝑖+1)−2 + �𝑥𝛽(𝑖+2)−1�𝑥𝛽(𝑖+2)−2 − (𝑗 + 1)𝜃𝜃𝑥𝛽−1)𝑒−(𝑗+1)𝜃𝑥𝛽

∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 (𝑥𝛽(𝑖+1)−1 + 𝑥𝛽(𝑖+2)−1)𝑒−(𝑗+1)𝜃𝑥𝛽

�𝑑𝑑 

            = 𝑐 ∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 �𝑥𝛽(𝑖+1)−1 + 𝑥𝛽(𝑖+2)−1�𝑒−(𝑗+1)𝜃𝑥𝛽 , where c is a constant 
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and 

1
𝑐

= � � �𝐴𝑘:𝑖

𝑗

𝑖=0

∞

𝑘,𝑗=0

�𝑥𝛽(𝑖+1)−1 + 𝑥𝛽(𝑖+2)−1�𝑒−(𝑗+1)𝜃𝑥𝛽 .
∞

0

 

Theorem 2. 

Suppose that X is an absolutely continuous random variable with cdf 𝐺(𝑥) with 𝐺(0) = 0 and 𝐺(𝑥) > 0 for 
all 𝑥 > 0. We assume that the pdf of 𝑋 as 𝑔(𝑥) and 𝑔′(𝑥) exists for all 𝑥 > 0.  

We assume 𝐸(𝑋𝑟𝑟) exists for 𝑟 ≥ 1.then  𝐸(𝑋𝑟|𝑋 ≥ 𝑥) = ℎ1(𝑥)𝜏(𝑥), where 𝜏(𝑥)  = 𝑔(𝑥)
1−𝐺(𝑥)

 and ℎ1(𝑥) =

𝐴1(𝑥)
𝐵(𝑥) , 

where 𝐴1(𝑥) = 1
𝛽[1−𝐺(𝑥)]

∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑗=0 �

𝛤
(𝑗+1)𝜃𝑥𝛽
𝑐 (𝑖+𝑟

𝛽+1)

[(𝑗+1)𝜃]
(𝑖+𝑟𝛽+1)

+
𝛤

(𝑗+1)𝜃𝑥𝛽
𝑐 (𝑖+𝑟

𝛽+2)

[(𝑗+1)𝜃]
(𝑖+𝑟𝛽+2)

� 

𝐵(𝑥) = 𝑔(𝑥) and 𝐴𝑘:𝑖 is given before  

if and only if 𝑔(𝑥) = ∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 (1 + 𝑥𝛽)𝑥𝛽(𝑖+1)−1𝑒−(𝑗+1)𝜃𝑥𝛽   

 

Proof. 

We have 

𝑔(𝑥)ℎ1(𝑥) = � 𝑢𝑟𝑔(𝑢)𝑑𝑑
∞

𝑥

 

 
=

1
𝛽[1 − 𝐺(𝑥)] � �𝐴𝑘:𝑖

𝑗

𝑖=0

∞

𝑘,𝑗=0

�
𝛤(𝑗+1)𝜃𝑥𝛽
𝑐 (𝑖 + 𝑟

𝛽 + 1)

[(𝑗 + 1)𝜃](𝑖+𝑟𝛽+1)
+
𝛤(𝑗+1)𝜃𝑥𝛽
𝑐 (𝑖 + 𝑟

𝛽 + 2)

[(𝑗 + 1)𝜃](𝑖+𝑟𝛽+2)
� 

 = 𝐴1(𝑥) 

where Γ𝛼(𝛽) = ∫ 𝑥𝛽−1𝑒−𝑥𝑑𝑑∞
𝛼  

Thus ℎ1(𝑥) = 𝐴1(𝑥)
𝑔(𝑥)   

Suppose that ℎ1(𝑥) = 𝐴1(𝑥)
𝑔(𝑥)  , then 
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ℎ1′ (𝑥) = −𝑥𝑟 +
𝐴1(𝑥) 𝑔′(𝑥)

�𝑔(𝑥)�2
 

= −𝑥𝑟 + ℎ1(𝑥)
∑ ∑ 𝐴𝑘:𝑖

𝑗
𝑖=0

∞
𝑘,𝑗=0 (𝑥𝛽(𝑖+1)−1𝑥𝛽(𝑖+1)−2 + �𝑥𝛽(𝑖+2)−1�𝑥𝛽(𝑖+2)−2 − (𝑗 + 1)𝜃𝜃𝑥𝛽−1)𝑒−(𝑗+1)𝜃𝑥𝛽

∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 (𝑥𝛽(𝑖+1)−1 + 𝑥𝛽(𝑖+2)−1)𝑒−(𝑗+1)𝜃𝑥𝛽

 

Thus 

𝑥𝑟 + ℎ1́(𝑥)
ℎ1(𝑥) =

∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 (𝑥𝛽(𝑖+1)−1𝑥𝛽(𝑖+1)−2 + �𝑥𝛽(𝑖+2)−1�𝑥𝛽(𝑖+2)−2 − (𝑗 + 1)𝜃𝜃𝑥𝛽−1)𝑒−(𝑗+1)𝜃𝑥𝛽

∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 (𝑥𝛽(𝑖+1)−1 + 𝑥𝛽(𝑖+2)−1)𝑒−(𝑗+1)𝜃𝑥𝛽

 

Integrating both sides of the above equation we obtain 

𝑔(𝑥) = 𝑐 𝑒𝑒𝑒��
∑ ∑ 𝐴𝑘:𝑖

𝑗
𝑖=0

∞
𝑘,𝑗=0 (𝑥𝛽(𝑖+1)−1𝑥𝛽(𝑖+1)−2 + �𝑥𝛽(𝑖+2)−1�𝑥𝛽(𝑖+2)−2 − (𝑗 + 1)𝜃𝜃𝑥𝛽−1)𝑒−(𝑗+1)𝜃𝑥𝛽

∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 (𝑥𝛽(𝑖+1)−1 + 𝑥𝛽(𝑖+2)−1)𝑒−(𝑗+1)𝜃𝑥𝛽

�𝑑𝑑 

            = 𝑐 ∑ ∑ 𝐴𝑘:𝑖
𝑗
𝑖=0

∞
𝑘,𝑗=0 �𝑥𝛽(𝑖+1)−1 + 𝑥𝛽(𝑖+2)−1�𝑒−(𝑗+1)𝜃𝑥𝛽 , where c is a constant 

and 

1
𝑐

= � � �𝐴𝑘:𝑖

𝑗

𝑖=0

∞

𝑘,𝑗=0

�𝑥𝛽(𝑖+1)−1 + 𝑥𝛽(𝑖+2)−1�𝑒−(𝑗+1)𝜃𝑥𝛽 .
∞

0

 

 
 

6. Estimation of the Parameters  

 
In this section we introduce the method of likelihood to estimate the parameters. The maximum likelihood 

estimators (MLEs) for the parameters of the geometric power Lindley Poisson distribution GPLP(𝜆,𝜃, 𝛿,𝛽) is 

discussed in this section. Consider the random sample x1, x2, . . . , xn of size n from GPLP  (𝜆,𝜃, 𝛿,𝛽)  with 

probability density function in (6), then the likelihood function can be expressed as follows 
 

ℓ =
𝜆𝑛𝜃2𝑛(1 − 𝛿)𝑛(1 − 𝑒−𝜆)𝑛𝛽𝑛 ∏ 𝑥𝑖

𝛽−1𝑛
𝑖=1 ∏ (1 + 𝑥𝑖

𝛽)𝑛
𝑖=1 𝑒𝑒𝑒 �−𝜃∑ 𝑥𝑖

𝛽𝑛
𝑖=1 − 𝜆∑ �

𝜃 + 1 + 𝜃𝑥𝑖
𝛽

1 + 𝜃 �𝑛
𝑖=1 𝑒−𝜃𝑥𝑖�

(1 + 𝜃)𝑛 ∏ �1 − 𝑒−𝜆 − 𝛿 �1 − 𝑒𝑒𝑒�−𝜆 �
𝜃 + 1 + 𝜃𝑥𝑖

𝛽

1 + 𝜃 �𝑒−𝜃𝑥𝑖
𝛽
���𝑛

𝑖=1

2 . 

 

(15) 

Hence, the log-likelihood function, ℒ, becomes: 
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 ℒ = 𝑛 ln 𝜆 + 2𝑛 ln𝜃 + 𝑛 ln(1 − 𝛿) + 𝑛 ln(1 − 𝑒−𝜆)+ 𝑛 lnβ+∑ (𝛽 − 1)𝑙𝑙𝑥𝑖𝑛
𝑖=1   

 
−𝑛 ln(1 + 𝜃) + ��1 + 𝑥𝑖

𝛽� − 𝜃�𝑥𝑖
𝛽

𝑛

𝑖=1

− 𝜆��
𝜃 + 1 + 𝜃𝑥𝑖

𝛽

1 + 𝜃
�

𝑛

𝑖=1

𝑒−𝜃𝑥𝑖
𝛽

𝑛

𝑖=1

 
 

 
−2� ln �1 − 𝑒−𝜆 − 𝛿 �1 − 𝑒𝑒𝑒 �−𝜆 �

𝜃 + 1 + 𝜃𝑥𝑖
𝛽

1 + 𝜃
�𝑒−𝜃𝑥𝑖

𝛽
���

𝑛

𝑖=1

 
 

(16) 

Therefore, the MLEs of 𝜆,𝜃, 𝛿 and 𝛽 must satisfy the following equations: 

 𝜕ℒ
𝜕𝜕

=
𝑛
𝜆

+
𝑛

𝑒𝜆 − 1
−��

𝜃 + 1 + 𝜃𝑥𝑖
𝛽

1 + 𝜃
�𝑒−𝜃𝑥𝑖

𝛽
𝑛

𝑖=1

 
 

 

−2�
𝑒−𝜆 − 𝛿 �

𝜃 + 1 + 𝜃𝑥𝑖
𝛽

1 + 𝜃 � 𝑒𝑒𝑒 �−𝜃𝑥𝑖
𝛽 − 𝜆 �

𝜃 + 1 + 𝜃𝑥𝑖
𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝑖
𝛽
�

�1 − 𝑒−𝜆 − 𝛿 �1 − 𝑒𝑒𝑒 �−𝜆 �
𝜃 + 1 + 𝜃𝑥𝑖

𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝑖
𝛽
���

𝑛

𝑖=1

, 

 

(17) 

 𝜕ℒ
𝜕𝜕

=
2𝑛
𝜃
−

𝑛
1 + 𝜃

−�𝑥𝑖
𝛽

𝑛

𝑖=1

+
𝜆𝜆

(1 + 𝜃)2
��(2 + 𝜃)𝑥𝑖

𝛽 + (1 + 𝜃)𝑥𝑖
𝛽2�

𝑛

𝑖=1

𝑒−𝜃𝑥𝑖
𝛽

 
 

 

−�
2𝜆𝜆𝜆 𝑒𝑒𝑒 �−𝜃𝑥𝑖

𝛽 − 𝜆 �
𝜃 + 1 + 𝜃𝑥𝑖

𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝑖
𝛽
� �(2 + 𝜃)𝑥𝑖

𝛽 + (1 + 𝜃)𝑥𝑖
𝛽2�

(1 + 𝜃)2 �1 − 𝑒−𝜆 − 𝛿 �1 − 𝑒𝑒𝑒 �−𝜆 �
𝜃 + 1 + 𝜃𝑥𝑖

𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝑖
𝛽
���

,
𝑛

𝑖=1

 

 

(18) 

 
𝜕ℒ
𝜕𝜕

=
−𝑛

(1 − 𝛿)
+ 2�

1 − 𝑒𝑒𝑒 �−𝜆 �
𝜃 + 1 + 𝜃𝑥𝑖

𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝑖
𝛽
�

1 − 𝑒−𝜆 − 𝛿 �1 − 𝑒𝑒𝑒 �−𝜆 �
𝜃 + 1 + 𝜃𝑥𝑖

𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝑖
𝛽
��

𝑛

𝑖=1

, 

 

19) 

and  

 𝜕ℒ
𝜕𝜕

 = 𝑛
𝛽

 + �𝑙𝑙𝑥𝑖

𝑛

𝑖=1

+ (1 − θ)�𝑥𝑖
𝛽 𝑙𝑙

𝑛

𝑖=1

𝑥𝑖 − �
𝜃𝑥𝑖

𝛽 − 𝜃
1 + 𝜃

   � 𝑒𝑒𝑒�−𝜃𝑥𝑖
𝛽  𝜃𝑥𝑖

𝛽   𝑙𝑙𝑥𝑖� 

 

(20) −2�
𝜋 exp �−𝜆 �

𝜃 + 1 + 𝜃𝑥𝑖
𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝑖
𝛽
� �

𝜃𝑥𝑖
𝛽 − 𝜃

1 + 𝜃    � exp�−𝜃𝑥𝑖
𝛽  𝜃𝑥𝑖

𝛽  𝑙𝑙𝑥𝑖�

�1 − 𝑒−𝜆 − 𝛿 �1 − 𝑒𝑒𝑒 �−𝜆 �
𝜃 + 1 + 𝜃𝑥𝑖

𝛽

1 + 𝜃 � 𝑒−𝜃𝑥𝑖
𝛽
���

𝑛

𝑖=1
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    The maximum likelihood estimator 𝜗̂ = �𝜆̂,𝜃�,𝛿, 𝛽̂� of 𝜗 = (𝜆,𝜃, 𝛿,𝛽) is obtained by solving the nonlinear 
system of equations (17) through (20). It is usually more convenient to use nonlinear optimization algorithms 
such as quasi-Newton algorithm to numerically maximize the log-likelihood function. 
 

References 

 
[1] M. Ahsanullh, M.E. Ghitany, and D.K. Al-Mutairi, Characterizations of Lindley distribution by truncated moments. 

Accepted for publication in Communications in Statistics-Theory and Methods (2016). 
[2] H. S. Bakouch, B. M.  Al-Zahrani, A. A. Al-Shomrani, V. A. A. Marchi and F. Louzada, An extended Lindley distribution. 

J. Korean Stat. Soc. 41(1) (2012), 75-85. 
[3] T. Bjerkedal, Acquisition of Resistance in Guinea Pies infected with Different Doses of Virulent Tubercle. (1960)  
[4] M.E. Ghitany, D. K. Al-Mutairi and S. Nadarajah, Zero-truncated Poisson-Lindley distribution and its Applications. Math. 

Comput. Simul. 79(3) (2008), 279-287. 
[5] M. E. Ghitany, D. K. Al-Mutairi, N. Balakrishnan, and L. J.  Al-Enezi, Power Lindley distribution and associated inference. 

Computational Statistics & Data Analysis, 64 (2013), 20-33.   
[6] W. Gui, S. Zhangb and X. Lu, The Lindley-Poisson distribution in lifetime analysis and its properties. HACETTEPE 

JOURNAL OF MATHEMATICS AND STATISTICS, 43(6) (2014), 1063-1077.   
[7] E. Mahmoudi, and H. Zakerzadeh, Generalized poisson–lindley distribution. Communications in Statistics—Theory and 

Methods, 39(10) (2010), 1785-1798.   
[8] M. M. Mansour and S. M. Mohamed, A New Generalized of Transmuted Lindley Distribution. Applied Mathematical 

Sciences, 9(55) (2015), 2729-2748.   
[9]  F. Merovci, Transmuted lindley distribution. International Journal of Open Problems in Computer Science & 

Mathematics, 6 (2013).   
[10]  S. Nadarajah, H. S. Bakouch, and R. Tahmasbi, A generalized Lindley distribution. Sankhya B, 73(2) (2011), 331-359.   
[11]  S. Nadarajah, V. G. Cancho, and E. M. Ortega, The geometric exponential Poisson distribution. Statistical Methods & 

Applications, 22(3) (2013), 355-380.   
[12]  A.  Renyi, On measures of entropy and information, Proceedings of the 4thBerkeley Symposium on Mathematical 

Statistics and Probability, Berkeley(CA). (University of California Press, I, 547 – 561, 1960) 
[13]  M. Sankaran, The discrete Poisson-Lindley distribution. Biometrics, (1970) pp. 145-149. 
[14] R. Shanker, S. Sharma and R. Shanker, A two-parameter Lindley distribution for modeling waiting and survival times data. 

Applied Mathematics, 4(02) (2013), 363.   
[15]  E.A.  Shannon, A Mathematical Theory of Communication, The Bell System Technical Journal, 27(10) (1948), 379 - 423. 
[16]  H. Zakerzadah and A. Dolati, Generalized Lindley distribution. J. Math. Ext. 3(2) (2010),13-25. 
[17] H. Zakerzadeh and E. Mahmoudi, A new two parameter lifetime distribution: model and properties. (arXiv preprint 

arXiv:1204.4248., 2012) 

Published by Atlantis Press
Copyright: the authors

325


	1. Introduction
	2. Geometric Power Lindley Poisson Distribution
	3. Expansion for the pdf and the cdf functions
	3.1. Expansion for the pdf function
	3.2. Expansion for the cdf function

	4. Statistical Properties
	4.1. Moments
	4.2. The Moment Generating Function

	5. Characterization
	6. Estimation of the Parameters
	References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



