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ON COMPUTATIONS OF RELIABILITIES 

INTERDEPENDENCIES FOR OPTIMAL HYPOTHESIS 

TESTING OF DISTRIBUTIONS FOR STOCHASTICALLY 

DEPENDENT OBJECTS 

A. O. YESAYAN 

 

It is considered problem of hypotheses optiaml testing for a 
model consisting of two stochastically dependent objects. It is 

supposed that 1L  probability distributions are known for the first 

object and the second object dependent on the first can be 

distributed according to one of 21 LL   given conditional 

distributions. In particular case optimal interdependencies 
(reliability-reliability functions) of pairs of the error probability 
exponents (reliabilities) are calculated and graphically presented. 

Keywords: Hypothesis testing; Reliabilities. 
 
1. Problem Statement and Preliminary Results. 
 

Let 1X  and 2X  be random variables taking values in the 

finite set X . Let )(XP  be the space of all possible probability 

distributions (PD) on X . The object characterized by 1X  can have 

one of given 1L  PDs and 2X  can have one of 21 LL   conditional 

PDs },),/({= 2112

/2
/

2 1
1

XxxxxGG
l

lll   2211 ,1=,,1= LlLl . 

Let )),),...(,(),,((=),( 212

2

1

2

2

1

1

121 NN xxxxxxxx  be a sequence of 

results of N  independent observations of the vector ),( 21 XX . The 

test, which we denote by N , is a procedure of making decision 

on the base of these N  observations of both objects. For this 

model the vector ),( 21 XX  can have one of 21 LL   probability 
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distributions },),,({= 2121

2
,

12
,

1
XxxxxGG llll  , 2211 ,1=,,1= LlLl , 

where )/()(=),( 12

1
/

2

1

1

21

2
,

1
xxGxGxxG lllll . 

The notations and results for the first and the second objects 
can be found in the corresponding articles [3]-[7]. Here we use 
only the notations and formulation of theorem for two 
stochastically dependent objects [6], which will be useful for 
interpretation of graphical presentations. We study the probability 

)(
2
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|
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N

mmll   of the erroneous acceptance by the sequence of 

tests   of the pair of PDs ),(
1

/
21

lll GG  provided that the pair 

),(
1

/
21

mmm GG  is true, where ),(=),( 2121 llmm  , 

22,211,1 ,1=,,1= LlmLlm . The probability to reject a true pair of 

PDs ),(
1

/
21

mmm GG , is defined as follows 

, | , , | ,
1 2 1 2 1 2 1 2

( , )=( , )1 2 1 2

( ) = ( ), , = 1,2, = 1,2.N N N N

m m m m l l m m i i

l l m m
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

 
  

The reliabilities of the sequence of tests   are the following 

, | , , | ,1 2 1 2 1 2 1 2

1
( ) = log ( ), , = 1, 2, = 1, 2.lim

N N

l l m m l l m m i i
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From last definitions it follows that 
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The matrix 1,2}=1,2,=,),({=)(
2

,
1

|
2

,
1

ilmEE iimmll   is 

called the reliability matrix of the sequence of tests  . )(F is 

corresponding lower estimate matrix of )(E . 

In general case let us define the following subsets of )(XP  

for given strictly positive elements 
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Assume also 
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Theorem [8]: If all distributions 
1mG , 11 1,= Lm , are 

different, that is 0>)||(
11

ml GGD , 11 = ml  , 111 1,=, Lml , and all 

conditional distributions 
1

/
2

llG , 22 1,= Ll , are also different for all 

,1,= 11 Ll  in the sense that 0>)|||(
1

/
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the following statements are valid. 

When given elements 
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11,= 22 Ll , meet the following conditions 

 

),||(min<<0 1
1

12,=1
2

1,|
2

,
1

GGDE l
Ll

llL     )(2.a   

),|||(infmin<<0
1

1/
1

/
2

12
2,=

2

,1
1

|
2

,
1

QGGDF mll

l
RQLl

lLl


    )(2.b   

 

)],||(min,min[min<<0
11

1
1,

1
=

1

*

2
,

1
|

2
,

11
1

1,=
1

2
,

1
|

2
,

1
ml

Lml
lmll

ml
lllL GGDEE



,12,= 11 Ll    )(2.c   

 

)],|||(infmin,min[min<<0
1

/
21

/
2

12
1,

2
=

2

*

2
,

1
|

2
,

11
2

1,=
2

2
,

1
|

2
,

1
QGGDFF mmll

l
RQLml

mlll
ml

llLl


,12,= 22 Ll         )(2.d   

then there exists a LAO  test sequence * , the lower 

estimate matrix of which 

)}({=)( *

2
,

1
|
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,

1

*  mmllFF  is defined in (1)  and all elements 

of it are positive. 
When even one of the inequalities (2)  is violated, then at 

least one element of the lower estimate matrix )( *F  is equal to 

0 . 

 
2. Example 

In the case of 2,2 21  LL let us consider the set of two 

elements {0,1}=X  and the following probability distributions 

given on X : }76.0,24.0{},165.0,835.0{ 21  GG  











49.051.0

61.039.0
1/1G , 










55.045.0

73.027.0
2/1G , 











41.059.0

79.021.0
1/2G , 










61.039.0

68.032.0
2/2G  
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In Fig.1 the results of calculations of functions )( 1,1|2,12,1|1,1 EE  

are presented. 

We have .1.24)||( 12 GGD  We see that when first 

inequality of theorem is violated then 0=2,1|1,1E . All calculations 

are made using package Mathematica. 
 

 
Fig. 
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². ú. ºê²Ú²Ü 
êîàÊ²êîÆÎàðºÜ Î²ÊÚ²È ú´ÚºÎîÜºðÆ 

ÜÎ²îØ²Ø´ ì²ðÎ²ÌÜºðÆ úäîÆØ²È Âºêî²ìàðØ²Ü 
¸ºäøàôØ Ðàôê²ÈÆàôÂÚàôÜÜºðÆ 

öàÊÎ²Êì²ÌàôÂÚàôÜÜºðÆ Ð²Þì²ðÎØ²Ü Ø²êÆÜ 
 

²Ù÷á÷áõÙ 
 

¸Çï³ñÏí»É ¿ »ñÏáõ ëïáË³ëïÇÏáñ»Ý Ï³ËÛ³É ûμÛ»Ïï-
Ý»ñÇó μ³ÕÏ³ó³Í Ù³ëÝ³ÏÇ Ùá¹»ÉÇ ¹»åù: ºÝÃ³¹ñíáõÙ ¿, áñ 
³é³çÇÝ ûμÛ»ÏïÁ Ï³ñáÕ ¿ μ³ßËí³Í ÉÇÝ»É ïñí³Í Ñ³í³Ý³-
Ï³Ý³ÛÇÝ μ³ßËáõÙÝ»ñÇó Ù»Ïáí, ÇëÏ »ñÏñáñ¹Á ³é³çÇÝÇó 
Ï³ËÛ³É, ïñí³Í å³ÛÙ³Ý³Ï³Ý Ñ³í³Ý³Ï³Ý³ÛÇÝ μ³ßËáõÙ-



 
 

16 

Ý»ñÇó Ù»Ïáí: êË³ÉÇ Ñ³í³Ý³Ï³ÝáõÃÛáõÝÝ»ñÇ óáõóÇãÝ»ñÇ 
(Ñáõë³ÉÇáõÃÛáõÝÝ»ñÇ) ûåïÇÙ³É ÷áËÏ³Ëí³ÍáõÃÛáõÝÝ»ñÁ 
Ñ³ßí³ñÏí»É ¨ Ý»ñÏ³Û³óí»É »Ý ·ñ³ýÇÏáñ»Ý: 

²é³Ýóù³ÛÇÝ μ³é»ñ: ì³ñÏ³ÍÝ»ñÇ ëïáõ·áõÙ, Ñáõë³-
ÉÇáõÃÛáõÝ: 
 

А. О. ЕСАЯН 

О ВЫЧИСЛЕНИИ ЗАВИСИМОСТЕЙ МЕЖДУ 

НАДЕЖНОСТЯМИ ПРИ ОПТИМАЛЬНОМ 

ТЕСТИРОВАНИИ РАСПРЕДЕЛЕНИЙ ПАРЫ 

СТОХАСТИЧЕСКИ ЗАВИCИМЫХ ОБЪЕКТОВ 

 

Резюме 
 
Рассматривается пример задачи оптимального 

тестирования модели, состоящей из двух стохастически 
зависимых объектов. Предполагаетеся, что первый объект 
может быть распределен согласно одному из заданных 
распределений, а второй, зависящий от первого, согласно 
одному из заданных условных распределений. Оптимал 
взаимозависимости пар экспонент вероятностей ошибок 
(надежностей) вычеслены и представлены графиками. 
Ключевые слова: Проверка гипотез, надежность. 


