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THE ASSURANCE NETWORKS APPLICATION FOR RISK MODELIN G
OF ENTERPRISES’ INNOVATION ACTIVITY

Abstract. An example of modeling risk-contributing factordieh introduce uncertainties into the
innovative activity of enterprise has been discds3éne simulation method has been developed on the
base of the classical theory of probability (probimkic inference). In order to estimate the
interdependent risk-contributing factors we usdmapdy connected tree-like network of assurance whic
allows modeling uncertain situations taking intocaant the stochastic relations which arise among
situations. The obtained results of estimationhef metwork increasing vertices lead to a conclusian
high probability of the satisfactory condition bftinnovative product orders portfolio.
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h bl inference, Bayesian inference, probability treesd a
The problem statement others are widely used by now.

High technology industries include traditionally =~ These methods have both advantages and
those that provide a new quality of productsdisadvantages. Thus, for example, the probabitips
development of production technologies, transfoimmat used commonly in studies are also applied for mogel
of the means of production, new forms of organarati the uncertain situations of small dimensionalityt bu
and management that increase ultimately thehile these methods utilizing the relations between
competitiveness of products, enterprises and tag steévents are not taken into account. These are kores
[2]. The high cost and the potential commercialieabf that may be present in the set of risk-contributing
scientific research results force us to pay atentiot factors of innovation activity. This problem can be
only to the choices of research priorities and ways solved through the application of assurance netsvork
implement them but also to the research an@atare the power tool for modeling the initiacartain
development process which begins from the stage 8ffuations in many applications [1].
idea generatlo_n_and ends with the stage of m_arket Analysis of the recent researches and
support of the finished product and its demand nki ..

This process is accompanied by the various types publications

of uncertainties that may cause risk situationsiéng The theoretical ground of assurances networks (the
possible losses. Therefore, risk management can Bgernative names are the Bayesian network, a tausa
considered as a comprehensive approach, one of fgwork, a probabilistic network) are discussedain
possible high technology enterprise’s managemeftimper of works and the most important ones aré,[1,
systems. 4, 5, 6]. The problems of the probabilistic inferenn

The traditional mathematical tool which isthe assurance network are established as a defirfi
designed for risk modeling, evaluation and foréoast propabilities of the events that interest us usaig
is the classical probability theory. information stored in the network.

However, as the complexity of practical tasks A number of probabilistic inference methods are
which include a great number of casual events Wit§eveloped and the most important technique is the
various relationships between these events isasang, massage-passing method proposed by J. Pearl [H. Wi
within the framework of probability theory, the mi@ this method all problems of the probabilistic imfiece
called as a probabilistic inference is emergedorethe  can be divided into two types: calculation of piior
base of all original information the probabilitied conditional probabilites of events in all network

events or combinations of such events that inteusst vertices; calculation of posterior probabilities afi or
are determined. The analytical methods for proistail

6 © Igor Kovalenko, & Liubava Chernova



VYnpaeninua npoexmamu

certain network vertices provided that there isseaant

(events) in a certain vertex (s) of the networkbbth (mevents)
cases, the essence of the algorithm lies in caloala
and passing special assessments through the network T(A) I4(A)
However, it should be noted that the method used
for calculating simply-connected assurance networks
which is its limitation. As to the multi-connected
A(B),x(B) (n events)

assurance networks application this method carsbd u
with the prior transformation into a simply-conrestt
network in the certain cases.

/c(B)

\ 7p(B)
AN

The aim of the article

The aim of the article is to construct and tq
calculate a simple, tree-like network assuranceckwhi
can be applied for modeling and probabilistic eatiom
of the interdependent risk-contributing factorsiag in
the process of new product creating and it entetiiieg
market.

Figure 1 — Diagram of receipting and transferring
A- and 7z estimates for a random intermediate vertex

According to the works [1, 6]i-estimates are
The main material statement given as follows: ifAeV is the initial or intermediate
vertices which reflecmm — events and is the direct

The network assurance is represented as a direcg‘?ﬁcessor ofA vertex. which has-events. than for
acyclic graph of the form d&= (V,E,P) whereV is the ' '

vertex setE is the arc set is the set of probabilistic n

estimate which characterizes the chances of alorét ds(a)) = Zp(bi /@) - A(b)),

events which will occur. Each vertex displays also —~

information on unconditional and conditionalwhere p(b;/a;) is a conditional probability ob; event

probabilities of occurrence relating to the vertgye implementation under condition that event will be
can obtain the probabilistic estimation using eitheqgjizeq.

statistical (if we have the necessary data) or expe
evaluation methods. Every event of any initial and >L(bj):{
intermediate vertices obtains thieestimate from each
vertex-successor of the considered vertex. The
estimgte is trar_lsferred frpm the each event oirthlial_ or terminal vertex of the network, which reflecte t-
and intermediate vertlces to every vertex-dlrecévems andA vertex is a direct predecessor of tBe
successor of. the considered vertex. If gach veofex vertex, which reflects m events than 1o i < n:
network obtains all necessaky and 72 - estimates than m
specific values for every event in the vertex are (b)) = Zp(bj /a) - mp(ay),
estimated, these specific values are caledand T+ i=1
values. Thus, each arc associates with hetand =  wherep(b;/a;) is the conditional probability af event
estimates an#l- andte values. under condition that evebf has happened.

Summary conditional probability of occurrence in nB(a-)z{ 1,if the event a; has happened;
the vertex is calculated ovir andTe values depending 7710, if any other event a, has happened '

1,if the event b; has happened,;
0,if any other event b, has happened ’
(le1,..,n; L#)).
T value is determined as follows:Bfis an intermediate

on all conditioning events occurring in other vess. (lel,..,n; L#)).
Described technique used for production intermediat ~ Taking into account the obtained. and
vertex is represented in figure 1 [6]. 7T — estimates and values, we can get the summary

In order to calculate necessaryandTe values in conditional probabilitiesP' in the vertices of network
the intermediate vertex, the vert@& should take the Wwhere the events have happened. For example, & the
evaluation vectorr(A) of Teestimates from the vertex €vent has happened in the vert@xof network, than
A, its direct predecessor, and vectdgB) andi,(B)  Plaj = @ * A(a;) * m(a;), wherea is a normalization
of ;L—Destimates from their direct successors, verti€es constant used when the summary of the calcula(t,gg
andD.

) ) o is not equal to 1. More detailed information on the
Analyzing fig. 1 we have concluded that any initoal

i < : ) . assurance networks is carried out in the work$].1,
|qtermed|ate vertices Faké-estlmate fr.om aII.thelr Let consider an example of the construction and
direct successors. Any intermediate or final veditake calculation of the assurance network for the

T estimates from their direct predecessorg ohapiiistic estimation of the innovative product
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portfolio taking into account specific risk-contuitng
factors and their interrelationship (see fig. 2gré] the
chances for any events occurring which relate hea
factor are previously given at the level of qudiia
reasoning which then transformed into the numerical
values of the assurance in these chances throwjh th
probability estimating.

Figure 2 Assurance network of the task on innovative
product status portfolio

A — competitive intensitya; — high intensitya, — low

intensity); B — investments in R&D, technologiesda
equipmentlf; — they are puty, — they are not put);

C —existence of market outlet; (- it exists,c, —it does
not exist); D — paying capacity of the customéy €

high capacityd, — low capacity); E — innovative level

of the productsg; — high levelg, — low level); F — sales
volume of the main producf,(— high level,f, — low
level); G — status of product portfoliog,( — it is
satisfactoryg, — it is not satisfactory).

To solve this task we use the algorithm of the
technique of probability propagation along the dimp
connected tree-like network of assurance which was

discussed in the work [1].

Let assume that any source of information can be

used as the base for expert estimation of uncamditi
and conditional probabilities of occurrence in thié
vertices of assurance network. Numerical valueuchs
probabilities is listed below.
Unconditional probabilities for bothA and B
vertices are as follows:
A:p(a;) = 0.55; p(a,) = 0.45 (1)
B:p(b;) = 0.4; p(b,) = 0.6
Unconditional probabilities for bottC and D
vertices are as follows:
C:p(c,) = 0.65; p(c,) =0.35 B
D:p(d,) = 0.3; p(d,) = 0.7
For E, F and G vertices the conditional
probabilities with regard to the written unconditid
probabilities in vertice#\, B, C, Dhave the following
values:

p(el/al, bl) = 0.85; p(ez/al, bl) =0.15

E:p(el/al, bz) = 0.35; p(ez/al, bz) = 0.65 (3)
€ €z
ap ) — 0.95; ( ) — 0.05
p(az ! p a,, by

p(el/az, bz) = 0.4‘5; p(ez/az, bz) = 0.55
p(fi/c1,d1) = 0.90; p(fz/c1,dy) = 0.10

F:p(fi/c1,dy) = 0.30; p(f/c1,dy) =070  (4)
p(fi/c2 dy) = 0.25; p(f;/cz,dy) = 0.75
p(fi/cz dy) = 0.15; p(f>/c, d;) = 0.85
p(g1/e1, f1) = 0.90; p(g,/es, f1) = 0.10

G:p(g1/ew f2) = 0.65; p(g./e1, f2) =0.35 (5)

p(g1/¢c2 f1) = 0.45; p(gz/ez,dy) = 0.55
p(g1/ez f2) = 0.15; p(g2/ez, f>) = 0.85

In accordance with the algorithm [4] for the ranges
of all A-values,\- estimates andr-estimates the unit
values are set as equal to 1:

A(4) = (1;1); A(B) = (1; 1); A(C) = (1;1);
AE) = (1;1); A(F) = (1;1); A(G) = (1;1);
A6 (E) = (1, 1); Ac(F) = (1;1); A4x(4) = (1; 1);
Ae(B) = (1;1); 4(C) = (1, 1); 4x(D) = (1; 1);
np(A) = (L 1); mp(B) = (L;1); mp(C) = (1; 1);
(D) = (1; 1); mg(E) = (1; 1); mg(F) = (1; 1.

Since, theA, B, C, D vertices are the initial ones,
than 1= values are equal to the prior unconditional
probability and they are established for theseicest

n(a,) = 0.55; n(a,) = 0.45;w(b;) = 0.4;
n(b,) = 0.6; m(c;,) = 0.65; w(cy) = 0.35;
n(d,) = 0.3; n(d,) = 0.7.

E and F vertices are the direct successor of the
initial vertices, so we have as follows:
ng(a;) = p(a;)/Ag(ay) = 0.55; mg(ay) =
p(az)/Ag(ay) = 0.45;
mg(by) = p(b1)/Ag(by) = 0.4; mg(b,) =
p(by)/Ag(by) = 0.6;
nr(c) = p(c1)/Ap(cy) = 0.65;
mr(cy) = p(c2)/Ar(cz) = 0.35;
mr(dy) = p(dy)/Ar(dy) = 0.3; p(d,) =

(6)

()

(8)

p(d2)/Ap(d;) = 0.7
Let calculate the vectors of the full conditional
probabilitiesP'(E) andP'(F) of the occurrences in the
and F vertices taking into account all previous
information. The calculation for theE vertex is
performed as follows:
n(e;) = p(er/aiby) * mg(ay) * mp(by) +
p(es/aiby) x mg(ay) * mg(by) + p(ey/azby) *
ng(az) * mg(by) + p(er/azby) * mp(ay) * me(b,) =
0.85 * 0.55 * 0.4 4+ 0.35 * 0.55 * 0.6 + 0.45 * 0.4 *
0.95 + 0.45 * 0.45 * 0.6 = 0.443.
n(e;) = p(ez/aby) * mg(ay) * mp(hy) +
p(ez/aiby) * mg(a,) = mg(hy) + p(ey/azb,) *
ng(a;) * mg(by) + p(ex/azby) * mp(ay) * mg(hy) =
0.15 * 0.55 * 0.4 + 0.65 * 0.55 * 0.6 + 0.05 * 0.45 *
0.4 + 0.55 * 0.45 * 0.6 = 0.405.
P'(e;) = A(ey) *mw(ey) =x* 1 % 0.443 = 0.443 «;
P'(e,) =xx* A(e,) * m(e,) =+ 1 % 0.405 = 0.405 ;
Wherecx is a normalization constant.
We finally obtain:
P'(e;) = 0.522 P'(e,) = 0.478 (9)
The calculations for the vertdx is performed as
follows:
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n(f) = p(fi/c1dy) * mp(cy) * mp(dy) + p(fi/c1ds) *
p(c1) * wp(dy) + p(fi/c2dy) * mp(cy) * mp(dy) +
p(fi/cdy) * mp(cy) * mr(d,) = 0.90 * 0.65 * 0.3 +
0.3 % 0.65 0.7 4+ 0.25 * 0.35 * 0.3 4+ 0.15 * 0.35 *
0.7 = 0.375;

n(f2) = p(fa/crdy) * e (cy) * mp(dy) + p(fa/c1dy) *
mp(cy) * Tp(dy) + p(f2/c2dy) * e (cy) * mp(dy) +
p(fz/c,dy) * mp(cy) * mp(d,) = 0.1 % 0.65 * 0.3 +
0.7 *0.65 * 0.7 + 0.75 * 0.35 * 0.3 + 0.85 * 0.35 *
0.7 = 0.554.

P'(f,) =ocx A(f,) * (f,) =ocx 1% 0.375 = 0.375 ot;
P'(f,) =ocx A(f,) * (f,) =ocx 1 % 0.405 = 0.554 o;

obtain:

P'(f,) = 403; P'(f,) = 0597, (10)

Probability propagation and calculations are

performed in the direction of vertex G. So, lettenthe
following conditions:
mg(er) = P'(e)/A;(e) = 0.522/1 = 0.522;
g (e;) = P'(e;)/Ag(e;) = 0.478/1 = 0.478;
s (f1) = P'(f1)/2¢(f1) = 0.403/1 = 0.403;
s (f1) = P'(f2)/2A¢(f2) = 0.597/1 = 0.597;
We then have for the vertex G:
n(g1) = p(g1/e1f1) * mg(e)) *ma(f1) + p(gi/e.fz) *
ng(er) *ms(f2) + p(g1/exf1) * mg(ex) * my(f1) +
p(gi/exfz) *mg(ey) * e (f;) = 0.9 % 0.522 * 0.403 +
0.65 * 0.522 * 0.597 + 0.45 = 0.478 * 0.403 + 0.15 =
0.478 % 0.597 = 0.520;
1(g2) = p(gz2/e1f1) * mg(er) * w6 (f1) + p(gz/e1f2) *
g (e1) * g (f2) + p(g2/e2f1) * e (ez) * e (f1) +

p(ga/e2/f2) * s (e) * e (f2) = 0.1+ 0.522 % 0.403 +
0.35 * 0.522 * 0.597 + 0.55 * 0.478 * 0.403 + 0.85 *

0.478 x 0.597 = 0.480.

(11)

vertex B will have the same values but new value
taken from the verteA will be obtained.
We have for the verte as follows:

n(e;) = p(er/aiby) * mg(ay) * mp(by) +
p(ei/aiby) x mg(ay) * mg(b,y) + p(ey/azby) *
mp(a;) * mg(by) + per/azby) x me(az)
mg(b,) = 0.85%1% 0.4+ 0.35*1*0.6+
0.95%0*0.4+ 0.45*0 0.6 = 0.55;

n(ez) = p(ez/arby) * mp(ay) * mg(by) +
p(ez/aiby) x mg(ay) * mg(by) + p(ez/azby) *
mp(az) * mp(by) + p(e2/azb,) * me(ay) =
mg(by) = 0.15% 1% 0.4+ 0.65* 1 0.6 +

(14)

After use of the normalization constant, we finally0 05 %0 % 0.4+ 0.55 %0 % 0.6 = 0.45:

P'(ey) = P'(e;/ay) = 0.55;
P'(e;) = P'(ez/a,) = 0.45;
ng(e) = p'(e/a.)/As(e;) = 0.55/1 = 0.55;
ng(e;) = p'(ex/a1)/2(e;) = 0.45/1 = 0.45;

In the network arm(, D) — F — G there are not
any changes in view of occurrence of the eventinso
this arm the previously obtained calculated priori
probabilities are used.

For the vertexG the calculations are performed as
follows:

n(g1) = p(g1/e1f1) * mg(e1) * me (f1) +
p(g1/e1f2) x mg(er) * g (f2) + p(g1/e€2f1) *
ng(ey) *my(f1) + p(g1/exf2) * mg(ez) * mg(f2) =
0.9 x 0.55 * 0.403 + 0.65 * 0.55 * 0.597 + 0.45 *
0.45 * 0.403 4+ 0.15 * 0.45 * 0.597 = 0.54;

n(g2) = p(g2/e1f1) * mg(er) * m(f1) +
p(gz/e1f2) * mg(er) * mg(f2) + p(gz/ezf1) *

g (ez) * m(f1) + p(gz/e2f2) * mg(er) * m(f2) =
0.1 % 0.55 % 0.403 4+ 0.35 = 0.55 * 0.597 + 0.55 *
0.45 * 0.403 + 0.85 * 0.45 * 0.597 = 0.46.

For the obtained values we don’t need to multiply

the expression by the normalization constant, so W8 (g,/a,) = 0.54; P'(g,/a,) = 0.46

finally have:

P'(g1) = A(gy) *m(gy) = 1*0.520 = 0.520;

P'(g,) = A(g,) *m(g,) = 1% 0.480 = 0.480; (12)

On the base of the obtained results of probability

(15)
The obtained results differ slightly from the resubf
the network calculation before occurrence of thengv
ay. It can be considered as a confirmation of th&aini
inferences.

Conclusions

propagation along the network we conclude that the

probability of the satisfactory state of portfoliof
innovative product is very higtP’'(g,) = 0.520). This
is insured by the significant probabilities of ivative
level of the productP’(e;) = 0.522) and sales volume

P'(f,) = 0.597. Such situation may arise when the new

product enters the market for the first time ever.

Let assume that tha-event has happened in the
vertex A. The event points out that the level of the

market competition is high so it is assessed that t
probabilities in the verte& shall be overestimated:

P'(a;) =1; P'(ay) = 0; Aay) =1; A(ay) =0;
T[E(al) = 1,' T[E(az) =0.
For the vertexE the estimations taken from the

(13)

In this paper we discuss the example of modeling
risk-contributing factors introducing various
uncertainties in the innovation activities of eptéses
on the base of probabilistic inference. For thisppse
we use the assurances network, this method inasintr
to, for example, the probability tree, allows to deb
complex uncertain situations with a large number of
casual events and to take into account the stdchast
relations between them. The main difficulty in
implementation of the assurances networks is aelarg
amount of calculations which increases dramatically
with the number of network vertices. However, tise u
of appropriate software products helps to eliminate
shortcomings in many instances.
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Cmamms naoiviwna 0o peokoneeii 04.07.2016

Penenzent: n-p texu. Hayk, npo¢. K.B. Komkin, Harionansuuii yniBepcuter kopabneOyayBaHHs iMeHi agMipana Makaposa,
Mpuxomnais.

KogBasenko Irop IBanoBuu

JIOKTOp TeXHIYHHUX HayK, npodecop kadeapyu NporpaMHOro 3a0e3eUeHHs] aBTOMaTHYHUX CHCTEM
Hayionanvhuil ynigepcumem xopabne6yodyeanns imeni aomipana Maxaposa, Muxonais

YepHona JIodaBa CepriiBHa

AcrmipaHT kadepy ynpasiiHHS IPOSKTaMK

Hayionanvhuil ynigepcumem xopabne6yodysanns imeni aomipana Maxaposa, Muxonais

3ACTOCYBAHHSI MEPE)K YIIEBHEHOCTEM /IS MOJEJIOBAHHS PU3UKIB
Y IHHOBAIIMHII AISIJIbHOCTI NIIMPUEMCTB

Anomauia. Pozensanymo npukiad moOeno8anHs YUHHUKIG, WO YMBOPIOIOMb PUUKU, AKI 6HOCAMb DI3HI HeGU3HAYEeHOCMI )
iHHOBAYIUHY OiANbHICMb NiONpUEMcmE Ha 0asi 00HO20 3 HANPAMIE KlacuuHoi meopii ipocioHocmi — iMogipuicHozo 6ueoody. [na
MOJNCTIUBOCIIE  3000YMMsL  IMOGIPHICHUX ~ OYIHOK — 63A€MO36'A3AHUX  PUSUKOYMBOPIOIOYUX —UUHHUKIG GUKOPUCIIAHA OOHO36'A3HA
0epesonodibHa Mepedca BnesHeHOCmell, Wo 00360JI€ MOOETIO8AMI 3 GETUKUM YUCIOM BUNAOKOBUX NOOLIl, BPAX08VIOUU CIOXACIUYH
36'A3KU CKIAOHUX HesusHaveHux cumyayitl. Ompumani pesyiomamu 3a pospaxyHkamu 30 30LIbWEHHAM YUCIa 6Y31ie Mepeixci,
003801A10Mb 3pOOUMU BUCHOBOK PO BUCOKY UIMOBIDHICIb 3A008ITbHO0 CIMAHY NOPMpENst 3aMO81eHb Ha IHHOBAYIIHY NPOOYKYIIO.

Kntouogi cnosa. puszukoymeopiooui YuHHUKU; Mepexca 6neeHenocmell; MOOCNI08ANHA PUIUKIE, IMOBIPHICHI OUiHKU,
innosayiiina npooyKkyis

Kosanenko Urops UBanoBu4

JIOKTOp TEXHHYECKHX HayK, mpodeccop Kadeapbl MPOrpaMMHOro 00eCIIeueHHUs aBTOMATHYECKUX CHCTEM
Hayuonanvnuiii ynusepcumem xopabnecmpoenus umenu aomupana Maxaposa, Huxonaes

Yepuosa JIrooaBa CepreeBHa

ActmpanT Kaephl yIpaBIeHUs IPOEKTaAMHI

Hayuonanvnuiii ynusepcumem xopabnecmpoenus umenu aomupana Maxaposa, Huxonaes

NPUMEHEHME CETEW YBEPEHHOCTEM 1151 MOJIEJUPOBAHWSA PUCKOB
B THHOBAIIMOHHOM JTEATEJILHOCTH NMPEAIPAATHAN

Annomayusa. Paccmompen — npumep  MOOenuposamus — puckooOpazyiouux — Gakmopos,  GHOCAWUX — PA3TUUHBIE
HeonpeoeneHHOCUY 8 UHHOBAYUOHHYIO 0esMeNIbHOCHb NPeONPUAMULL HA OCHO8e 0OHO20 U3 HANPABAEHUL KIACCUYeCKOl meopuu
6EPOAMHOCIU — GEPOAMHOCMHO20 6bl600d. {5l BO3MONCHOCU NOAYYEHUS BEPOAMHOCMHBIX OYEHOK B3AUMOCEA3AHHBIX
PUCKOOOPA3YIOWUX (PAKMOPO8 UCNONb308AHA OOHOCEA3HAA OPEBOSUOHAS CeMb YEEPEHHOCMEN, NO38ONAIOUAS MOOETUPOBAND C
OONBLULUM YUCTIOM CAYHATHBIX COOLIMULL, YHUMBIBAS. CMOXACMUYECKUE CE:3U CLONCHLIX Heonpedenéunvlx cumyayuil. Ilonyyennvle
pe3yabmamsl N0 pacuemam ¢ Y8eniudeHuem Hucia Y308 cemu, NO360AAI0M COenamsv 6bl800 O BbICOKOU BepOAMHOCHU
VOOBIEMBOPUMENLHOL0 COCMOAHUA NOPMPENs 3AKA306 HA UHHOBAYUOHHYIO NPOOYKYUIO.

Kniouesvie cnoea. puckoobdpasyioujue axkmopsl, cemyv yeepeHHOCHEN; MOOEAUPOGAHUE PUCKOG, GEPOAMHOCHHbIE
OUEHKU;, UHHOBAUUOHHAA NPOOYKUUS
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