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Introduction

In companies which utilize modern technologies
databases of manufactured production and technological
processes are constantly maintained and complemented.
Data is often read and input automatically. By using
computer networks and database control and analysis
systems, information can be transmitted in real-time and
can be used in decision making processes at each
intermediate or final stage of manufacture. Thus there is a
possibility to use information not only from the current but
also from the previous stages of manufacture. That can
increase the quality of information systems (IS) [1-4].

Modern IS control system involves control of raw
materials, components, transitional control of elements or
nodes, technological process and final product. In this way
IS control system plays an important role by influencing
cost and the final result.

Continuous inter-operational quality control is
commonly applied in manufacture process of IS products.
Selective control peculiarities of such IS are analyzed in
publications [1-6] on the grounds of color picture tube
manufacture specifics. In this paper we will describe the
performance of multistage continuous inter-operational
control with the help of stochastic models, when IS
classification errors of the first and second kind are
present. Main attention is paid to the transformation of
production defectivity level probability distributions,
which in turn allows to estimate the efficiency of inter-
operational control in the way of modeling, and to select

the required number of control stages and their
characteristics [5—11].
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Fig. 1. Multi-parameter IS double level control and its

probabilities characteristics
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Analyzing double-level control schematics shown in
fig. 1, when IS is described as I-dimensional parameter
vector [1 —4], i=1-/.

Here ;,0;,7; — defective IS probabilities by i-th
parameter before first level K, before and after second
level K,. These are accidental values with densities
filw;),gi(0:),h(z;)  and  distribution  functions
Fi(w;),Gi(6,),H,(z;). Respectively @, 8,7 — analogical
characteristics for product by all controlled £ parameters.

For further analysis good IS probabilities by i-th
parameter are needed: & =1-w;, 7, =1-6;,, {;=1-17; —
accidental values with densities:

¢i(§i)=ﬁ(l_§i)7 Q’i(ni)zgi(l_ni)’

1
¢i(é/i):1_hi(1_é/i)' M

And distribution functions
éi(gi)zl_Fi(l—sgi)’ (Di(ni)zl_Gi(l_Ui)’ )

®;(¢;)=1-H,(1-¢;).
é(=1-w,n=1-0,=1-17 —
are good IS probabilities by all £ parameters.

Analyzing situations, when all accidental values 6;,
also accidental values 7, densities g;(6;),¢;(n;) are
known and written in beta law:
o; ~Be(a,-,bl-),77,- ~Be(b,-,a,-) , here a;, b, — beta law
forms parameters [1 — 4]. Then 7; is directly transformed
(T), o w; — reverse transformed (A) accidental value 8,

Accidental values:

with transformation parameter ﬁ, :

Bi

B = , o+ fi <1y
l_al’

(€)

where a;=const, f;=const — first and second kind errors
probabilities [1] by i-th parameter, i =1—/¢.

Densities hl-(z'l») ir f; (a),) by analogy with [1] models
are:
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where B; = Bla;,b;)= (ai )F(b ) — beta function; I'(z) —
(a; +5;)
gamma function; ¥; ZILZI_'&’ vi=l—a;-p;,
-q;
Ci :771/5)1 E%‘/ﬂi ) F(l):0!21~
Accidental values 6;, 7; densities and main

numerical characteristics are shown in [1-2]. Distribution
function G; (49,~) in common case is calculated by [6-9],

for a; , b; are whole numbers, we get G;(6;) and H,(z;)

0; _1b1-—1 ) gty
Gi(6;)= [2:(6,)d6, =B ¥ C;‘,]4_l -1y +—. )
0 j=0 " ait+J
1 b, J a+j-1
HI(TI) lja Cb/ 1( 1) ) Cf+/1
i j=0 i k=0
a;+ j—k—1 o+l
. (~1) . (1+¢1,) | ©)
a,+b,—k-1 (1+cz, )™

when k=a;+b, -1, then in the sum | setting in member

k
J
Ca"er"_1 l)b 1+cz’)
a;j+j-1 c! b;—j+l1
1
m . n!
where C,;’ — combinations from n by m : ———-.
m!(n - m)!

Accidental values 7;, ®; averages Uz, Mo, and
2

dispersions 0'72', o, ~ calculating in initial moment
EwF,Etk, k=1,2 help [7 - 10]
1
Bt = [[e(0)) g (010
’ (7
szk :I[ i(gi)]kgi(e )dﬁ
0
:Eigi g;
We get, that 7;(0; )= —-—, w;(6;
cge a Tz(z) 1-7,6, wl(l) ﬂ(l+0i9)
[1] and
/ur, :ET[’
u, =Eaw,
2 . ) ®)
o, =VT, =Er; —(Er,.) S
O'i =vw, = Ea)[2 —(Ea),.)z.

In common case, when a;>0, ;>0 applying Taylor
series:
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a;+r

d9 By 7T

s=0 r01+b+r

9

- By 7:6;
FINC T Gt
=B") sy, ! 10
; l:!ai+bi+r (19)
Ifa; , b; are whole numbers >1, we get
-1 p.—1
B b i ; 1 1
be =2 g | ol
¢ =0 i—1 Nial"'./ ﬁi
a,+j—1 1 ]
- , (11)
~k
k=0 (a,-+]—k)}/i
2 B! J J 1
Err = - - +1
7= £ [t i
ai+j
| L
Bil k= la;+j -k

Reversed A transformation models immediately got
from T transformation models, to direct T transformation

expressions instead of parameter f; we set-in reversed

value 1/ ﬁN’l (analogically instead of —%; we set-in ¢; or

H (.1/ )

lnl/ﬂN’i.

vice-versa):
0.8 )=h0.1/3). Flo.5)
Ew.4) =E(.1/3). mj

Then if a;, b; are whole numbers >1, we get (when
k=1;2):

(13)

-1b-1
B ZCJ
7/1 j

aj+j
i 4

- )’j[—(_l)aiirj lnl‘%+
c :

(14)

1k
(a; +]'—k+1)czk_1

}. (15)

k=1
Double-parameter IS (£ =2), i=1;2

Analogically with [1-4] models we get:

~bi b
BB,y
BB,

X

d(¢ )—1—“01(?1)6151 f¢2(§2)d§2 =1-
¢l
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dgyd¢,, (16)

yols}
oy dd(¢) _t1 ( jd
#¢) T gafﬂl(ﬁ){/’z 2 ¢1=
A0S S O ) ) e
BBy (1-m4)" (g - ag )2t

If py=p=1 (7, =7, =0), ie. both parameters K,
level (T transformation) not measured, we get { =7 and

B(¢)=(n), ¢(¢)=oln).

Let IS describe as: a; =b; =1,
oln)

gi(‘gi)zﬁl’i( i)zl’

—Inz , then we get:

: 1 BBt
ol )=1-—7=c——| - )——=2—x
©) 1—71724{ -7ad
Xln(l—%g)g—fzé“)}

Pipg

(18)

=AW -70)

#e)= BiprC

BB {H 3717724
(1-772¢ ) e

111 1}

(19)
71§ 72( ,31 yip)

! {T_ Bhli-7)
1-an(-7) 1-4B0-17)
ln 1+ )1 +c27)}

H(r)z

o (20)

(1+cl‘r)(l+czr) ~
1-7

)= BB 1+ 7175(1- )
! [1—771772(1—T)]{ -n7a(l- )

1 1 11 }
Bitnt B+t /31 /32

e2y)

(L+ali+eé)
(1+CIX1+02)§

): 1 {H—clczéln
BiBo(1- i) [1-rcaé
1 1

- 1+¢¢& _1+02§

+ A +/72} (22)

X

e 1 1+¢e,(1-0)
f( ) ﬁlﬁz[l—clcz(l_a’)]z L_Clcz(l_w)

xln(l_%w)(l_%a))— 'EL _ Ej +E]+l§2 . (23)
(1_(0) -y 1-y0
where h(0)= £(0)=0, A(1)=f(1)=oo.
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=1/2, o7 =1/12, we get 11 = m, =

2 2
H = Hy s

2 2
—Ulﬂz +O'2,Lll +010; =07 (2#1 +O'1) 7/144

When z; = g
=1/4,

0_2

:1—ﬁ:3/4 and when of =07,

In partial case, when ,82 =1 (unmeasured second IS
parameter), we get

ne 1

~( 1-
o &~ | = In— — L;
(D(Cf‘ﬂz:l) p { ! B¢ 1—y1§J+ (24)

.. _ 1 l+ed 1 )
¢(§ﬁz-lj_ﬁ](ln(l+cl)§ 1_61§J+1,

where 1+ ¢; El/ﬁl .
It is obvious, that analogical expressions are when

/71 =1 (unmeasureable first parameter).
In partial case, when /?2 =1, we get: 1,=m) =6,
and /'11'2 :Il'la)z :/'125 /l'_lz'z :ﬁa)z :/'_IZ’ O-TZ

hy(r2)=fo(@2)=22(02): 2(n2)=52(&) = 02(2).
Take that IS is characterized with parameters: a;=1,
b,=2, b,=1; 6,~Be(1,2), 6,~Be(1,1), 6~Be(2,1), then

#(¢)= 2,51215277253 {2+Zlfzfln( 71?)(1 725)
(1-772¢) [1-172¢ BiB¢
+i{l—é}+;+ NIN l:;—l_%%;}_
AU B) B g B (-7¢)
1 } (25)
1-72¢ )"
o(1)=h(0)=0 . (26)
#0)=1(1)= 5,1+ 3). 27)
In this case: s =1/3, up =1/2, ﬁ1:2/3 i =1/2,
E=1/3, u=2/3, of =1/18, o3 =1/12, o> =1/18.
Partial cases(ﬂ2=1 or ,6'1=1).
1 B
SN P — 28
A1) n{ (1—7@21 -
. ~ -7 1 1 1
~ =207 | 2In—< - F———1. (29
q{gﬂlj ﬁz“( TR 1-nd B ZJ )
Transformed densities approximations
It is obvious, if values a;, b; grows, gb(é’ ) 17

expression after integrating becomes more and more
complicated, so it becomes disadvantageous for modeling,
also integrating process becomes more complicated. In that
case, for density g(6) [1-4] and for densities 4(7) and f{w)
we apply approximations.

In density g(6) regard there are three cases:

1. Known exact density g(8) model (not beta density).



Applying A(7) approximation to density /4s(7):

glo(z)]

hs(¢) = 0'(c)e[o(<)] = Srer? (30)
where 6(r - o0k)-= 66(1) = !
h 0( ) ﬂ(l+cr)’ or ﬁ(l+cr)2 '

2. One-parameter IS (¢ =1) either fixed 6; value we
have

Bi  _ niti

i5i

Bi= =const . 3D

3. Double-parameter IS resultant normalized error
probability E (direct transformation parameter for all IS)

depends on parameters ,[71, ﬁz, 6,6,.
Applying [7-10] models and get

Feit == l-700-7.0)-u)-

- B (6)# const; (32)
where 1-« =(l—al)(l—0!2); ﬂ=%; p=ppy — IS
acceptance as good probability,
pl‘:l—al_7/1'01':(1_051))((1—771'0,'), izl, 2 — IS

acceptance as good by i-th parameter probability.
To limited 8 values £=0 and 6=1 we get

p0)=

Then parameter ,5

SB+B)BO-FR. oY

1s accidental value with its

average value E,E :

_ [ F(o)g(o)o:

0

(34

where ,E (9) — by (20).
To (30) model we set-in fixed parameter ,5 value,
which is equal to (34)

,ur(ﬁ):Ez', G?(E)ZVT. (35)
Then ﬁ is (35) or (36) equations solution
312053 50 g0 - G6)
ol1-76 s=0 0 °
= no(n) % 7
FITdn=F % w0 ol =r, . G7)
ol—rn s=0 0

Analogically for A transformation we apply density
Alw) approximation with density fz(w):

_F-glol)].

: 38
(1-70) 9
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where 0(w)=

Parameter E is (25) equation solution.
For A transformation we get:

Pa= =101~ 7200) €)= Flo). (59)
Realizations

When =0 and o=1, (a)) gets same values as (32).
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Fig. 2. Functions s, (E ) and /L, (5)

Typical functions ,u,(ﬁ) and ,uw(ﬁ) dependencies
curves are shown in fig. 2, if ¢, f; values are fixed.
Numerical IS realizations are shown in fig. 3 — 6.
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Fig. 3. Densities, £=0; 1 var.: a;=b;=1, i=1,2; B =1/4, Br=1/3;
T,----- approximated density



h(7) g(6) systems defect levels probabilities modeling, because it
1 simplifies further modeling procedure.

2. Obtained expressions lets modeling of wanted
situations in between operational-control schematics

~ visually by defect level densities transformations (on
computer display), giving densities parameters in
desirable schematic place and choosing real separate
parameters classification probabilities in addition with
controlled parameters nomenclature.

3. Exact multiparameter expressions of IS defect levels
expressions are very complicated because of
multinomial integration procedure. Offered modeling
variants should serve as useful instrument for control
system design.
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Fig. 4. Densities, £=2; 2 var.: a;=1, b;=2, b,=1; $;=0,1, f,=1;  References
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This publication is about continuous between-operational control main probabilities characteristics modeling techniques for
multilevel IS, when separate independent parameters defect level probabilities distributions are set (known) in chosen control schematics
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place. Denied IS streams go back to production process for regeneration and classification rules, in different control levels, are similar
when IS classification first and second type errors are not denied by different parameters (good is denied or bad is accepted as good).
Made IS defect level probability density direct and reverse transformations models by separate parameter levels densities
transformations. Offered to use approximated models instead of exact whole IS defect level probabilities density transformed models
because of complicated process of integration and models get more simple expressions. IlL. 6, bibl. 11 (in English; abstracts in English,
Russian and Lithuanian).

P. Kanasnioc, JI. Jiigykac. BeposiTHOCTHBIE MO/IeJIH KOHTPOJISA KayeCcTBa MHOroNapaMeTpHYecKUX H3/1eJHii / DIeKTPOHUKa U
sjekTpoTrexnuka. — Kaynac: Texnonorus, 2009. — Ne 4(92). — C. 13-18.

IIpennoxxeHna MeToAMKA MOJIEIMPOBAHHUS OCHOBHBIX BEPOSTHOCTHBIX XapaKTEPUCTHK CUCTEMBI CIUIOIIHOTO KOHTPOJIS
MEXaTPOHHbIX W3/IeNHi, KOTrJa 3aJaHbl (M3BECTHBI) BEPOSTHOCTHBIE PACIPEEICHUS YPOBHEH Ne()EKTHOCTH OT/EIbHBIX HE3aBUCHMBIX
MapaMeTpoB B KaXJIOH Touke cxeMbl KOHTposs. IloToku 3abpakoBaHHBIX WM3JEIMH BO3BPAIIAIOTCA B MPOIECC MPOU3BOACTBA IS
pereHepanuy, a MpaBHia KIACCH(PUKAINKM H3ICTHH Ha OTACNBHBIX CTYNEHSIX KOHTPOJS — OJMHAKOBBI IIPH HAIWYIHHU CYIIECTBEHHBIX
omnbOK KIacCU(PHUKALUK IO OTACIBHBIM apamMeTpaM (IUIOXHe H3Ieus OpaKyroTcs, a AeeKTHbIe NPU3HAIOTCS TOAHBIMA). [lomydeHbt
MOZEeNN NpsIMOH M 00paTHOM TpaHC(OPMAIMK IUIOTHOCTEH BEPOSTHOCTEH ypOBHS Ie(EKTHOCTH BCEro M3/EIHs Ha OCHOBE Mojeneit
TpaHc(hOpMany INIOTHOCTEH BEpOSITHOCTEH ypOBHS Ne(heKTHOCTH IO OTAEIbHBIM IapameTpaM. IIpeyioxkeHo B3aMeH TOYHBIX MoJereit
TpaHCc(HOPMHUPOBAHHBIX IIOTHOCTEIH BEPOSTHOCTEH YpPOBHS JE(EKTHOCTH MHOTOIAPAMETPUUECKOT0 HM3CIHs MPUMEHSTh JOCTaTOUYHO
TOYHBIE ANNPOKCHMHPOBAHHBIE MOJEIH, JUI1 CO3JIaHUS KOTOPBIX HE HY)KHA CJIOXKHAs MPOLEAypa MHTEIPHPOBAHUS, a CAMH MOJAEIU
npHoOpeTaloT ropaszao Oosiee NMpocThle M yAOOHBIE BbIpaeHMs. lIpencTaBieHbl pacu€THbIE MOJEIM OCHOBHBIX BEPOSTHOCTHBIX
YHCIIOBBIX XapaKTEPUCTUK (MATEMaTHYECKOTO OXMAAHMS M AUCIEPCHHU), KOTJA 3HAYEHHs OTAEIBbHBIX MApaMeTPOB OMHUCHIBAIOTCS OeTa
pacmpenenenuem. Ui. 6, 6ubi. 11 (Ha aHTIHICKOM S3bIKE; pedepaThl Ha aHTTHICKOM, PyCCKOM U JIATOBCKOM S3.).

R. Kalnius, D. Eidukas. Tikimybiniai daugiaparametriy gaminiy kokybés kontrolés modeliai // Elektronika ir elektrotechnika. —
Kaunas: Technologija, 2009. — Nr. 4(92). — P. 13-18.

Pateikta metodika daugiaparametriy IS iStisinés tarpoperacinés kontrolés pagrindinéms tikimybinéms charakteristikoms
modeliuoti, kai atskiry nepriklausomy parametry defektingumo lygiu tikimybiy skirstiniai yra pateikti (Zinomi) pasirinktoje kontrolés
schemos vietoje. ISbrokuoty IS srautai grazinami | gamybos procesa regeneruoti, o klasifikavimo taisyklés atskirose kontrolés pakopose
analogiSkos, esant nepaneigtinoms IS klasifikavimo pirmos ir antros rasies klaidoms pagal atskirus parametrus (geras brokuojamas arba
blogas pripazistamas geru). Pagal atskiry parametry defektingumo lygiy tankiy transformacijas sudaryti IS defektingumo lygio
tikimybiy tankio tiesioginés ir atvirkstinés transformacijy modeliai. Pasitlyta vietoj tiksliy visos IS defektingumo lygio tikimybiy tankio
transformuoty modeliy taikyti aproksimuotus modelius, kuriems sudaryti nereikia sudétingy integravimo procediiry, o patys modeliai
igauna gerokai paprastesng israiska. Il. 6, bibl. 11 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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