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Abstract

The Neyman-Pearson principle for a model consisting of two independent objects
is considered. It is supposed that two probability distributions are known and each
object follows one of them independently. Two approaches of Neyman-Pearson test-
ing are considered for this model. The aim is to compare error probabilities to the
corresponding two cases.
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1 . In t r o d u c t io n

In t h is p a p e r we d is c u s s N e ym a n -P e a r s o n h yp o t h e s e s t e s t in g p r o b le m fo r a m o d e l c o n s is t in g
o f t wo in d e p e n d e n t o b je c t s . Th is m o d e l wa s p r o p o s e d b y A h ls we d e a n d H a r o u t u n ia n [1 ].
Th e c h a r a c t e r is t ic s o f t h e o b je c t s a r e X1 a n d X2 in d e p e n d e n t r a n d o m va r ia b le s ( R V s ) t a kin g
va lu e s in t h e s a m e ¯ n it e s e t X . S o , t h a t c o n s id e r e d m o d e l is d e s c r ib e d b y t h e r a n d o m ve c t o r
( X1; X2 ) , wh ic h a s s u m e s va lu e s ( x1; x2 ) 2 X £ X .

Th e N e ym a n -P e a r s o n le m m a is t h e fo u n d a t io n o f t h e m a t h e m a t ic a l t h e o r y o f s t a t is t ic a l
h yp o t h e s is t e s t in g . Th is p r in c ip le p la ys a c e n t r a l r o le in t h e t h e o r y a n d p r a c t ic e o f s t a t is t ic s .
Th e r e e xis t m a n y wo r ks wh e r e t h e N e ym a n -P e a r s o n le m m a is e xp o u n d e d fo r t h e c a s e o f t wo
h yp o t h e s e s [2 ]{ [1 0 ]. Th is p r in c ip le t o t h e c a s e o f m u lt ip le h yp o t h e s e s is s o lve d in [1 1 , 1 2 ].

2 . P r o b le m S t a t e m e n t a n d R e s u lt Fo r m u la t io n

L e t X1 a n d X2 b e in d e p e n d e n t r a n d o m va r ia b le s t a kin g va lu e s in t h e s a m e ¯ n it e s e t X ,
e a c h o f t h e m wit h o n e o f t wo h yp o t h e t ic a l p r o b a b ilit y d is t r ib u t io n s Gm = fGm ( x ) ; x 2 X ,
m = 1 ; 2 .

L e t ( x1;x2 ) = ( ( x1
1; x

2
1 ) ; :::; ( x

1
n; x

2
n ) ; :::; ( x

1
N ; x2

N ) ) , xi
n 2 X , i = 1 ; 2 , n = 1 ; N , b e a

s e qu e n c e o f r e s u lt s o f N in d e p e n d e n t o b s e r va t io n s o f t h e ve c t o r ( X1; X2 ) . It is n e c e s s a r y t o
d e ¯ n e u n kn o wn P D s o f t h e o b je c t s o n t h e b a s e o f t h e o b s e r ve d d a t a .

Th e d e c is io n fo r e a c h o b je c t m u s t b e m a d e fr o m t h e s a m e s e t o f h yp o t h e s e s : Hm : G =
Gm, m = 1 ; 2 . Th e r e a r e fo u r h yp o t h e t ic a l p r o b a b ilit y d is t r ib u t io n s fo r r a n d o m ve c t o r
( X1; X2 ) :
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G1 ± G1 ( x1; x2 ) = fG1 ( x1 ) _G1 ( x2 ) ; ( x1; x2 ) 2 X £ X g,
G1 ± G2 ( x

1; x2 ) = fG1 ( x
1 ) _G2 ( x

2 ) ; ( x1; x2 ) 2 X £ X g,
G2 ± G1 ( x1; x2 ) = fG2 ( x1 ) _G1 ( x2 ) ; ( x1; x2 ) 2 X £ X g
a n d
G2 ± G2 ( x

1; x2 ) = fG2 ( x
1 ) _G1 ( x

2 ) ; ( x1; x2 ) 2 X £ X g.
W e c a ll t h e p r o c e d u r e o f m a kin g d e c is io n o n t h e b a s e o f N o b s e r va t io n s t h e t e s t . It c a n

b e d e ¯ n e d b y d ivis io n o f t h e s a m p le s p a c e X N £ X N o n 4 d is jo in t s u b s e t s BN
i;j, i; j = 1 ; 2 .

Th e s e t BN
i;j c o n s is t s o f a ll ve c t o r s ( x1;x2 ) fo r wh ic h t h e h yp o t h e s is Gi ± Gj is a d o p t e d .

L e t ®l1;l2jm1;m2 = Gm1 ±GN
m2

( BN
l1;l2

) b e t h e p r o b a b ilit y o f t h e e r r o n e o u s a c c e p t a n c e Gl1 ±Gl2

b y t h e t e s t p r o vid e d t h a t Gm1 ± Gm2 is t r u e , wh e r e ( l1; l2 ) 6= ( m1; m2 ) , li;mi = 1 ; 2 , i = 1 ; 2 .
Th e p r o b a b ilit y t o r e je c t a t r u e d is t r ib u t io n Gm1 ± Gm2 is a s fo llo ws :

®m1;m2jm1;m2
=

X

(l1;l2)6=(m1;m2)

®l1;l2jm1;m2
:

Th e m a t r ix o f e r r o r p r o b a b ilit ie s is a s fo llo ws :

0
BBB@

®1;1j1;1 ®1;2j1;1 ®2;1j1;1 ®2;2j1;1

®1;1j1;2 ®1;2j1;2 ®2;1j1;2 ®2;2j1;2

®1;1j2;1 ®1;2j2;1 ®2;1j2;1 ®2;2j2;1

®1;1j2;2 ®1;2j2;2 ®2;1j2;2 ®2;2j2;2

1
CCCA

N o w we will c o n s id e r N e ym a n -P e a r s o n t e s t in g fo r t h is m o d e l wit h t wo a p p r o a c h e s : a )
d ir e c t m e t h o d a n d b ) r e n u m b e r in g m e t h o d o f h yp o t h e s e s p a ir s .

Ou r a im is t o c o m p a r e t h e c o r r e s p o n d in g e r r o r p r o b a b ilit ie s o f t h o s e t wo a p p r o a c h e s .
L e t u s d e s c r ib e t h o s e c a s e s .
a ) D ir e c t a p p r o a c h
L e t ®I

1j1 a n d ®I
1j1 b e e r r o r p r o b a b ilit ie s o f t h e ¯ r s t a n d t h e s e c o n d o b je c t s , r e s p e c t ive ly.

A c c o r d in g t o fu n d a m e n t a l N e ym a n -P e a r s o n le m m a , we c a n c h o o s e T I a n d T II p o s it ive n u m -
b e r s a n d we c a n d ivid e t h e s a m p le s p a c e s o f t h e ¯ r s t a n d t h e s e c o n d o b je c t s a s fo llo ws :

1 ) Fo r t h e ¯ r s t o b je c t :

AI
1 =

(
x1 :

GN
1 ( x1 )

GN
2 ( x1 )

> T I

)
; 1 ¡ GN

1 ( AI
1 ) = ®I

1j1;

a n d

AI
2 = X N=AI

1:

2 ) Fo r t h e s e c o n d o b je c t :

AII
1 =

(
x2 :

GN
1 ( x2 )

GN
2 ( x2 )

> T II

)
; 1 ¡ GN

1 ( AII
1 ) = ®II

1j1;

a n d

AII
2 = X N=AII

1 :

Fin a lly, t h e N e ym a n -P e a r s o n d ivis io n o f t h e s a m p le s p a c e X N £ X N is t h e fo llo win g :

A1;1 = AI
1 £AII

1 ; A1;2 = AI
1 £AII

2 ; A2;1 = AI
2 £AII

1 ; A2;2 = AI
2 £AII

2 :
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A c c o r d in g t o t h e d e ¯ n it io n o f e r r o r p r o b a b ilit ie s a n d in d e p e n d e n t s o f o b je c t s we c a n s e e
t h a t t h e e r r o r p r o b a b ilit ie s o f t h is t e s t a r e fo r m u la t e d a s fo llo ws :

®l1;l2jm1;m2 = GN
m1

± GN
m2

( AN
l1;l2

) =
X

x 1 2A N
l1

Gm1 ( x1 ) £
X

x2 2A N
l2

Gm2 ( x2 ) :

b ) R e n u m b e r in g a p p r o a c h
H e r e we h a ve t o r e n u m b e r t h e e a c h p a ir o f h yp o t h e s e s o n e a t a t im e a n d we h a ve t o

a p p ly N e ym a n -P e a r s o n le m m a fo r m u lt ip le h yp o t h e s e s , wh ic h is in ve s t ig a t e d in [1 2 ].
In t h a t c a s e fo r t h e g ive n p o s it ive va lu e s ®¤

1;1j1;1, ®¤
1;2j1;2 a n d ®¤

2;1j2;1 a n d c h o s e n n u m b e r s

T1, T2 a n d T3 s e t s Ai;j, i; j = 1 ; 2 , a r e t h e fo llo win g :

A1;1 =

(
( x1;x2 ) : m in
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GN
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;
GN

1 ( x2 )

GN
2 ( x2 )
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GN
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2 ( x2 )

!
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)
; 1 ¡GN

1 ±GN
1 ( A1;1 ) = ®¤

1;1j1;1;

A1;2 = A1;1

(
( x1;x2 ) : m in

Ã
GN

1 ( x1 )

GN
2 ( x2 )

;
GN

1 ( x1 ) ¢ GN
2 ( x2 )

GN
2 ( x1 ) ¢ GN

1 ( x2 )

!
> T2

)
; 1 ¡GN

1 ±GN
2 ( A1;2 ) = ®¤

1;2j1;2

A2;1 = A1;1 \A1;2

(
( x1;x2 ) :

GN
1 ( x2 )

GN
2 ( x2 )

> T3

)
; 1 ¡ GN

2 ± GN
1 ( A2;1 ) = ®¤

2;1j2;1

a n d

A¤
2;2 = A1;1 \A1;2 \A2;1:

Th e c o r r e s p o n d in g e r r o r p r o b a b ilit ie s a r e fo r m u la t e d a s a b o ve .
L e t u s a s s u m e t h a t we h a ve fo u n d t h e e r r o r p r o b a b ilit ie s b y d ir e c t a p p r o a c h . B y c o n s id e r -

in g t h e fo llo win g ®1;1j1;1, ®1;2j1;2 a n d ®2;1j2;1 e r r o r p r o b a b ilit ie s a n d a p p lyin g t h e r e n u m b e r in g
a p p r o a c h we will ¯ n d a ll t h e o t h e r e r r o r p r o b a b ilit ie s . B e c a u s e in [1 2 ] it is p r o ve d t h a t t h e s e
e r r o r p r o b a b ilit ie s a r e t h e s m a lle s t . H e n c e , we c a n in s is t t h a t t h e r e n u m b e r in g a p p r o a c h o f
N e ym a n -P e a r s o n t e s t in g is t h e b e s t m e t h o d .
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Î òåñòèðîâàíèè Íåéìàíà-Ïèðñîíà äëÿ ïàðû
íåçàâèñèìûõ îáúåêòîâ

Å. Àðóòþíÿí è Ï. Àêîïÿí

Àííîòàöèÿ

Ðàññìàòðèâàåòñÿ ïðèíöèï Íåéìàíà-Ïèðñîíà äëÿ ìîäåëè ñîñòîÿùåé èç äâóõ
íåçàâèñèìûõ îáúåêòîâ. Ïðåäïîëàãàåòñÿ, ÷òî äâà âåðîÿòíîñòíûõ ðàñïðåäåëåíèÿ
èçâåñòíû, è êàæäûé îáúåêò ñëåäóåò îäíîìó èç íèõ íåçàâèñèìî îò äðóãîãî.
Ðàññìàòðèâàåòñÿ äâà ïîäõîäà òåñòèðîâàíèÿ Íåéìàíà-Ïèðñîíà äëÿ äàííîé
ìîäåëè. Öåëü ñîñòîèò â òîì, ÷òîáû ñðàâíèòü âåðîÿòíîñòè îøèáêè â äâóõ
ñîîòâåòñòâóþùèõ ñëó÷àÿõ.


