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Abstract—A short outline of the modified probabilistic methods of zero-defects checking is given and the
applicability of these methods for nonhomogeneous sampling is substantiated. The main task of this paper
is to substantiate the proposed modification of the zero-defect checking for obviously heterogeneous
sampling. The proposed modification of the classical zero-defects methods allows: essentially decrease
required volumes of testing; reduce testing terms in comparison with repeated fulfillments of the classical
zero-defects method of tests; visibly declined testing costs. The proposed modifications of the classical
zero-defects methods are fitted to work for all cases of essentially inhomogeneous samples. Given
substantiation of the proposed method may be essentially used also for the modification of Bernoulli
binomial testing scheme to reconcile it with the real situation in the accepting sampling. Our methods as
a classical ones are based on application of Bernoulli's binominal testing scheme.

Index Terms—Probabilistic methods; nonhomogeneous sampling; zero-defects methods; testing scheme;
ergodic systems; inferential statistic; Bernoulli binomial testing scheme.

I. INTRODUCTION & PROBLEM STATEMENT

It is customary to describe various aspects of
checking procedures and connected problems in
terms of inferential statistic. More and yet more of
interest and activity in statistics today, particularly
as it relates of scientific activity and
experimentation, concerns inferences rather than just
description. The engineer who accumulates data on a
sample of computer system will ultimately wish to
draw conclusions about all such systems. The
medical team that develops a new vaccine for
disease treatment in a particular population is
interested in what would happen if the vaccine
where administrated to all people in the population.
The marketing expert may test a product in a few
“representative”  areas; from the resulting
information he will draw conclusions about what
would happen if the product were made available to
all potential purchases. The main focus of this paper
is on presenting and illustrating methods of
inferential statistics that are useful in accepting
sampling and in similar areas [1]. The classical
probabilistic method of the zero-defects checking [2]
envisages a verification of a special hypothesis on
the probability of successful working, p, which
satisfies inequality P>PF, (P.— some minimum

value) with an admissible low risk Py under results
of a string of Ny, successful successive testing:

Bo :PTNO: (1)

It should be admitted is it a value of a defect
failure error ¢ = 1 — p is implied to be study for each
taken separately testing. In this sense the samples
should be homogeneous and identical with each
other for all testing conditions. The same demand,
g = const. is envisaged in the classical methods of
accepting sampling, which are based on application
of Bernoulli's binominal testing scheme (BTS). In
the frame of this approach the adoption of their
bodies hypothesis P > P, is possible with risk f only

with presence of no more than k failures in a testing
for the length of N, > N, [2]-[6]. However, the
postulate ¢ = const. which possibly holds in some
trivial cases but is evidently inapplicable to the
complicated technical and ergodic systems including
a man. Really, it is not possible to assume g = const.
under an automatic airplane landing at different
atmospheric conditions. Also it is not possible at the
time of complicated medical operation, success of
which depends on many factors including health
conditions, patient age and so on. So, there is a
problem of using off the classical probabilistic
methods at the presents of nonhomogeneous
samplings which correspond to different working
and testing conditions. For example, under frequent
using of zero-defects methods (separately for every
different condition) it is necessary:
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— define and settle number of n groups of
different possible homogeneous or inhomogeneous
testing conditions;

— define or settle a frequency of occurrence S;,
i = l...n of these conditions (or, which is the same,
apriori probabilities);

— select required value of P;r (aposteriori
probabilities);

— settles the admissible risks of erroneous
assumption for hypothesis P;> P; r;

— realize carrying out of tests with the total

volume N;=>" N,, where particular volumes

may be defined from relation B, = ( piqr)N""' [3]-[6];

— substantiate the assumption of the decision
P> Pr as well as the value of risk By, which is
adapted for this hypothesis.

This is readily be observed this way is not
available. The sufficient reasons for these are
inappropriate volumes of testing, their costs and
needed terms to carry out of the tests. So, the main
task of this paper is to substantiate the proposed
modification of the zero-defect checking for
obviously heterogeneous sampling. This modification
is probably only partial solution of the problem. To
solve the problem some particular methods of
inferential statistics [1] — [5], including the result of
papers [6], [7] where used.

II. THE BASIC POINTS OF THE PROPOSED
MODIFICATIONS

— The postulate ¢ = const. which is customary to
describe various aspects of checking procedures
(especially in the acceptance sampling) is not used
to completely or partially. In the last case it is
possible to assume constant for every different value
of ¢;, for example, for » homogeneous or
quasihomogenous groups of the working or testing
conditions.

— The notion of the total success probability Pr
is used.

— The notion of the total success probability in
all Ny tests Prs.

— Heterogeneous proportional samples are used,

n
in this case the total volume N, = ZNO where

i=l1

is so called

N

(13

Ny, =S§,N,, and S, occurrence”
(frequency of occurrence). The situation when n =
No, i.e. S; =N, is possible. Also possible is the case

of the ‘weighted’ samples, when, e.g., occurrence of
the complicated testing conditions, S, is equal to a
occurrence of S; of the normal ones.

— Setting of the required areas of q,.,F, is

not obligatory.

III. THE SUBSTANTIATION OF THE PROPOSED
MODIFICATION

The total success probability Py of an ahead
operation is equal to [1] — [4]

PB=>SP, )
i=1

with S; is the apriori occurrence of i-conditions; P,

is the aposteriori (conditional) required probabilities
of success; n is the number of groups of different
testing conditions, where every group has its special

value of P, = const.
At a pinch it is assumed

B =N P, 3)

i=l1

i.e. every ith condition is assumed to be equally
likely and sample consist of a solitary test for every
ith conditions.

It is easy to see that (3) is arithmetic mean (AM)
and (2) is average weighted arithmetic value
(AWA).

Let us consider now expression P, ¢ of the total

success probability in all NV tests. As is readily be
observed, that expression f3,, (1), gives value

P, s =B, in the case of homogeneous sample, when
for success of every testing is needed probability
P =P, =const.

Singling out of n layers in an inhomogeneous
sample yields

n n No
Ps=B =112 =(HBS'J G
i=1 i=1

As is easy to see that the parentheses in (4) contain
the average weighted geometrical mean (AWGM) of
P,. Therefore, the expression (4) can be rewritten:

B, =(AWGM )™,

In the case, when n=N,,S,=N,', and (4) takes
the form

B =B, =[ﬁ<P,->J : )
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where the parenthesis’s contain the geometrical
mean (GM) of P, and in this case (5) may be
rewritten as:

PT,S = Bz = (GM)NO b

It is not possible to realize a single-valued choice
of the required values for P, even in the simplest
case. For example, if n = 2, §) = S, = 0.5, then the
infinite number of pairs (P, P>) correspond to every
value of P,. On the other hand it is known that

(GM) < (AM) and (AWGM) < (AWAM), (6)

Using the relations (3) — (6) let us set someone
value for P,, may be according to an agreement
with purveyors (manufacturers) and consumers.
Then, don't pick up — it is the main point of the
proposed method — let us compare possible values of
P, (4) with the expression B, =(F,)". The last
expression gives the probability values of the total
success of /N, testing under the homogeneous
condition, which are characterized by constant
success probability in every testing, and more of
this, which is equal to the value P, inhomogeneous
sample. And in such a way we'll always should be

have P, ¢ < P and also will be heaven

B <By. (7

Naturally, positive results of testing (absence of
failures), which are obtained at the using of
weighted sample should be even so more true with
respect to the situations when the present
complicated situations are less complicated in
comparison with ones of the discussed methods. So,
the essence of the proposed modifications of the
zero-defects method infers:

The choice of the inquired value of P, the
complete (total) probability of success and the
admissible value of risk B, <p, of an acceptance of
hypothesis P, > P, ,.; the total volume of testing is
defined according to formula (1).

The number n of different homogeneous or

quasihomogeneous  conditions of testing is

appointed.

The value of S; occurrences of homogeneous or
quasihomogeneous conditions is appointed for
example, S, =0.25, when i=1,_4.

The volume of testing’s for every of the
conditions is appointed as Ny; = S:No.

If number # is comparable with N, then n = N,
S, =N,'S;= Ny are chosen.

All testing’s N0=ZNOJ. are successively

i=1
carried out (in any succession), or all N, solitary
testing are performed at the proper conditions.
All defects and failures are absent in all
appointed test, when hypothesis P, >PF, ;. is

accepted with risk B, <B,.

All defects and failures were found at the time of
testing, then it is necessary either reject the accepted
hypothesis or continue testing according to BTS. But
proceeding with BTS also needs modifications, at
least, for instance similar to those, which earlier
described. At a pinch it is possible also a lowering of
the P, — level and, accordingly, an increase of the

risk B .
IV. CONCLUSIONS

1) The proposed modifications of the classical
zero-defects methods are fitted to work for all cases
of essentially inhomogeneous samples.

2) The proposed modification of the classical
zero-defects methods allow:

— essentially decrease required volumes of
testing;

— reduce testing terms in comparison with
repeated fulfillments of the classical zero-defects
method of test;

— visibly declined testing costs.

3) Obtained results may be used in the accepting
sampling of complicated technical and ergodic
systems as well as in the estimation of
correspondence with prescribed requirements for
specialist in different areas including science,
industry, engineering, finance, medicine, aviation
and armament.

4) Given substantiation of the proposed method
may be essentially used also for the modification of
Bernoulli binomial testing scheme to reconcile it
with the real situation in the accepting sampling.
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0. 0. Kpacnoycosa, 0. A. Onanaciok, B. 1. JImutpenxo. MiMoBipHicHi MeTonn 6e31e)eKTHOT0 KOHTPOIIO y pasi
3aCTOCYBAHHS HEOHOPiIHOI BUOIpKH

HaBeneHno koporkuii ormuc MoAM(IKOBaHMX HMOBIPHICHMX METOIIB NMEpPEBIpKU HYNIHOBHX Ie(pEKTiB Ta 0OIPYHTOBAHO
NPUIATHICTh 3aCTOCYBaHHS IIMX METOMAIB Uil HEOAHOpiAHOI BHOipkM. OCHOBHHM 3aBJaHHSAM JaHOi POOOTH €
0OIpYHTYBaHHS 3alIPOIOHOBAHOI MOMU(IKAIll MepeBipku Ne(EKTIB 3 IBHO HEOMHOPIIHOK BHOIPKOIO. 3amponoHOBaHa
Moau(iKalis KIaCHYHMX METOJIB HYJIbOBUX JE(EKTIB J03BOJSIE ICTOTHO 3MEHIIUTH HEOOXiIHI 00CSATU TECTyBaHHS;
CKOPOTHTH TEPMIHM BUIPOOYBaHb IMOPIBHSIHHO 3 MOBTOPHUMH TECTYBaHHSIMH KIACHYHOI'O MeToay Oe3nedexkTHoro
KOHTpOJIIO; IIOMITHO 3HHM3WIKMCS BHUTpPAaTH Ha TECTYBaHHS. 3amlponoHOBaHi MoAM(iKalil KJIACHYHUX METOMIB
0e31eheKTHOr0 KOHTPOJIO MpPUAATHI Al poOOTH y BCIX BHIIAJKaX CYTTEBO HEOJHOPIAHUX 3pasKiB. BpaxoByrouu
OOIpYHTYBaHHS 3alIPOIIOHOBAHOIO0 METOIY, MOYHA, MO CYTi, BAKOPUCTATH TAKOX MOMU(IKAIIIO CXeMH O1HOMHATBHUX
BunpoOyBanb bepHymi, 00 y3roauTH ii 3 peasbHOI0 CHTYalli€ro B MpuiiMarodiil BUOipi. Po3risHyri Merony, sk i
KJIacH4Hi, 0a3yr0ThCS Ha 3aCTOCYBaHHI CXeMU OiHOMIalIbHOTO TecTyBaHHsS bepHyiui.

KarwudoBi cioBa: HMOBIpHICHI MeToqu; HEOJHOpiAHA BUOIpKa; METONM HYIHOBHX Je(EKTiB; CXeMa TECTyBaHHSI,
€proguyHi cucTeMu; iHpEepEeHTHA CTATUCTHKA; OiHOMianbHa cxeMa bepHyrmi.
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O. 10. KpacHoycoBa, 0. A. Onanaciwok, b. U. /Imurpenxo. BepossTHocTHBIe MeTobI Oe31e¢)eKTHOr0 KOHTPOJIS
TPH UCTIOJIL30BAHUY HEOTHOPOIHOI BHIGOPKHU

[IpuBeneHo kpaTkoe onucaHue MOAM(MUIMPOBAHHBIX BEPOSTHOCTHBIX METONOB MPOBEPKH HYJIEBHIX Ne(PEKTOB M
00OCHOBAHHO IPUTOMHOCTD MPUMEHEHHS STHX METO/OB JJsI HEOAHOPOAHOH BHIOOpPKH. OCHOBHOH 3amaueil TaHHON
paboTHI sBJIsIETCSE 00OCHOBAaHHUE MPEATI0KEHHON MOAN(pUKAIINY POBEPKH 1e(PEKTOB C SIBHO HEOJHOPOTHON BHIOOPKOM.
[pennoxennass MoauduUKalMs KIACCHUYECKHMX METOJOB HYJEBBIX J1e(PEKTOB IO3BOJNSET CYIIECTBEHHO YMEHBIIUTh
HEoOX0AUMBbIE 00BEMBI TECTHPOBAHHMS; COKPATHTh CPOKM HCHBITAHUM MO CPAaBHEHHIO C MOBTOPHBIMH HCIIBITAHUSMHU
KJIACCUYECKOro MeToja 0e3Ae(eKTHOr0 KOHTPOJISL; 3aMETHO CHM3WINCH PAacXoAbl Ha TecTupoBaHue. IIpeioxeHHbIe
MOJIU(UKAIMK KIACCHYECKHX METON0B Oe31e(eKTHOrO KOHTPOJIS TPUIOAHBI JJIsi paboOThl BO BCEX CIy4asx
CYIIECTBEHHO HEOJHOPOAHBIX 00pa3LoB. YuuThIBas OOOCHOBAHHE IPEMATOKEHHOTO METOAA, MOXKHO, IO CYTH,
UCIIOIb30BaTh TAaKXKe MOJU(UKAINIO CXeMbl OMHOMUAILHUX UCIIBITAHUH BepHyIun, 4ToOBI COryIacoBaTh ee ¢ peabHON
cUTyalyeld B MpHHUMAaIoUIed BBHIOOpKe. PaccMOTpeHBl MeTOoAbl, Kak M KJIACCHYECKHe, OCHOBAHHBIE Ha NMPUMEHEHUHU
cXxeMbl OMHOMHUAIILHOT'O TECTUPOBaHUs bepHyt.

KnaroueBble cjioBa: BepOSTHOCTHBIE METOJBI; HEOJHOPOAHAs BHIOOPKA; METOABI HYJEBBIX JAe(EKTOB; CXeMa
TECTUPOBAHMS; PTOANYECKON CUCTEMBI; MH(pEPEHTHAas CTAaTUCTUKA; OMHOMHUaJbHas cxeMa bepHymn.
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