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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 L, probability distributions are known for the first

object and the second object dependent on the first can be
distributed according to one of L, xL, 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 X, and X, be random variables taking values in the
finite set X . Let P(X) be the space of all possible probability
distributions (PD) on X . The object characterized by X, can have
one of given L, PDs and X, can have one of L, x L, conditional

PDs G, , ={G, (*/x'),x',x" e X} [ =LL.,=LL,.

Let (x,x,)=((x/,x),(x},X2),...(x},x%)) be a sequence of
results of N independent observations of the vector (X, X,). The

test, which we denote by ®", is a procedure of making decision
on the base of these N observations of both objects. For this
model the vector (X,,X,) can have one of L, x L, probability
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distributions G, ., =1G, ., (x',x*),x',x* e X},1, =
where Gzl,zz (x',x*) = G,1 (x' )Glz/,1 (x*/x").

L1, =1,L,,

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

%, 1, my (®") of the erroneous acceptance by the sequence of

tests @ of the pair of PDs (G,,G ) provided that the pair

(Gm1 ,Gm2 - ) 1s true, where (m;,my)# (,1,),

m [, =1 Ll, m, [, = E The probability to reject a true pair of
PDs (G, .G, .,

N Ny _ —
aml ,mz\mI,m2 (CD ) - Z all 12|m1 my (CD ) ml ’l - 1’ 2

(ll ,12 )#(ml ) )

), is defined as follows

The reliabilities of the sequence of tests @ are the following

1 :
E,] Lyl my (CD)— hm —Nlogal] by, my (@), m;,l.=1,2,i=1,2.

N—>w

From last definitions it follows that
E'ml,n'12|ml,m2 ((D) = min EII’IZ‘ml’mz ((D),ml- ’li = 1,2, 1= 1,2

(Iy 1y Y#(my mry)

The matrix E(®)={E (®)m,,l.=12,i=12} is

11,12|m iy i 1
called the reliability matrix of the sequence of tests ®. F(®)is
corresponding lower estimate matrix of E(®D).

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

for given strictly positive elements ELr’zlllJz , EI’LZVI’ZZ’

=1L, -1, 1,=1,L,-1:
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A
R/1 =10:D(Q]| GII)SELl,lz\ll,lz}ﬂ L=1L-1,1=1L,-],

A -
R12/11 Q)= DV || Glz/l] |Q) < F}],szl,lz}a L, =1,L —1,
L,=1,L, -1,

A
RL1 =0:D|| G/1)> EL1,12\11,127 L=1L-11,=1L-1},

A
RL2/1] Q)= DV || G12/11 | Q) > F}l,L2|11,12 , =1L —1,
lL,=1,L,—1}.
Assume also
A A
Fll*,Lz\z] 1 :F}l,Lz\ll 1y E;,zz\zl 1 :EL] Lyl dy 2 L =1L -1,

L=1,L,—1, (la)
A

kS

ydylmy Ly — inf D(Q”Gml)7 m, #1, (1.b)
Q:QeRl1

A
E s\ m = lnf lnf D(V ” Gm /m |Q)5 m2 :/é 12 (IC)
17271772 QeRll V:VeRlz/ll Q) 271

A

*

m#1,i=12, (1.d)

=F +E;
11 ,12|m1 Sy m ,lz\ml My l1 ,m2|ml iy

A
* *

m ,mz\m1 My = min F;l ,12|m1 My (1 'e)
(1) #(my my)

Theorem [8]: If all distributions G,

, m=1,L, are
1

different, that is D(G,1 I Gm1)> 0, l,#m, l,m =1L, and all

conditional distributions G12 0 l,=1,L,, are also different for all

L =1L, in the sense that D(G,, |G, , 10)>0, I, #m,, then

the following statements are valid.

When given elements £, ,, , and F, , ,, L =1L -1,
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[, =1,L, -1, meet the following conditions

0< ELl,lz\l,lz < mmD(Gzl 1G)), (2.a)
L=2.L,

0< le,Lz\zl,l < min inf D(G12/1l || G1/ml |Q)a (2-b)
12=2,L2 QeRl

1

: . * .
0<E, py., <min[ min E,,, ., min_ D(G, ||G,)],
ll:l,ml—l llzmlJrl,L1

[, =2 L, -1, (2.0)
0< le Lyl < mm[zzgl,iTz—l le Lyl my ’12:% Qig’?fz‘l D (Gzz/zl I sz/m1 |0)],
l,=2,L,-1, (2.d)

then there exists a LAO test sequence @ , the lower
estimate matrix of which
F(D")={F, . (@)} is defined in (1) and all elements

l,lz\ml,m
of it are positive.
When even one of the inequalities (2) is violated, then at

least one element of the lower estimate matrix F(d") is equal to
0.

2. Example
In the case of L, =2,L, =2let us consider the set of two

elements X ={0,1} and the following probability distributions
givenon X : G, ={0.835,0.165}, G, ={0.24,0.76}

0.39 0.61 027 0.73
G1/1 = ’GI/2 = >
0.51 0.49 0.45 0.55
021 0.79 0.32 0.68
Gz/l = an/z =
0.59 041 0.39 0.61
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In Fig.1 the results of calculations of functions £, ,, (£, ;)

are presented.
We haveD(G, || G,)~124. We see that when first

inequality of theorem is violated then £, ,,, =0. All calculations

are made using package Mathematica.
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U. 0. tuusuuv
USNvuuShuN,tv GU3UL OR3EUS LG D
LUUSUUUR 4 UAGUDLELR ONShUUL 6USUJINL,UT Y
26NLNMN LNMUULRNME3NFLLE R
PNYUudUONRMo3NFLLELP LUCUULYUTL UTUDPL

Udthnthmd

Qhunwnyyty £ tpynt unnfuwunmhynptl Jujuyw opjtiyun-
Gtphg pwunugwo dwulwlh dnnbh ntyp: GGpwunpynud k, np
wnwohl opjilnip Jupnn L pwpfudwo 1hGh mpjwo hwjwlw-
JulwjhG pwpfunuiGtphg dkyny, hul tpypnpnp wnwehlhg
Jwiujwy, mpjwo yuyjiwliwjwl hwjuwliwlwlwjhl pw)funii-
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Gbphg dtyny: Upuwh hwjwlwlwlmpymbGGiph gnighsGuph
(hnuwihnmpmGGtph)  owwhdiwy thnfuwhujwonipmGGtpp
hwqunlyt b Gipyujwugyty GG gpubhynptd:

Unwlgpuwjhl pwnbp: Jwupyuwoltph unnigmd, hnwuw-
1hnipjnmG:

A. O. ECASIH
O BBIYMCJIEHUY 3ABUCUMOCTEN MEXJY
HAIEXHOCTSAMMU ITPU OIITUMAJIBHOM
TECTUPOBAHUM PACIIPEIEJIEHUM ITAPBI
CTOXACTHYECKH 3ABUCUMBbBIX OB BEKTOB

Pe3rome

PaccmaTpuBaercs npuMep 3a/1auu ONTUMAIBHOTO
TECTUPOBAHUS MOJENIA, COCTOSLIEH M3 JBYX CTOXaCTUYECKU
3aBUCUMBIX O00BEKTOB. lIpenmomnaraerecs, 4Tro MEPBBI OOBEKT
MOXKET OBITh pACHpeleNieH COTrJIaCHO OJHOMY U3 3a/JaHHBIX
pacnpenesieHnii, a BTOPOM, 3aBHUCSALIMKA OT MEPBOTO, COrJIACHO
OIHOMY U3 3a/JIaHHBIX YCJOBHBIX pacmpeaeneHuii. OnTuman
B3aMMO3aBUCUMOCTH Iap OSKCIMOHEHT BEPOSTHOCTEH OIIMOOK
(HazeKHOCTEH ) BBIYECIIEHBI U IPEJCTABICHBI TpapuKaMu.
Knwueswie cnosa: Ilposepka runotes, HaI€KHOCTD.
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