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Introduction. The problem of mathematical modeling in innovative technologies is the
lack of a developed general model of innovation processes. The existing approaches al-
low simulating innovations from any one part: political, economic (in various aspects)
or describe the general structure of innovative activity. For example, innovations can be
estimated such indicator as sales volume of an innovative product. However, it does not
mean that there are no other indicators or they are not important.

Materials and Methods. The models by L. Leydesdorf and S. Kauffman, including NK
model originally used for the analysis of development of biological populations, were
chosen for research of the model choice problems of the innovative integrated structure
between university, the enterprise and research laboratory.

Results. Modeling the innovative integrated structure between participants of process is
carried out based on expert assessment of the innovative landscape for a case of the maxi-
mum interdependence.

Conclusions. A brief description of modeling methods in innovative technologies is pre-
sented in this article. The general description of the problem sphere is given. The current
state of researches of this problem is specified. The imitation of innovative networks de-
velopment options based on the NK model at the independent strategy of participants is
constructed. The case of the maximum complexity of network when all participants of an
innovation are interconnected and also local and global optimum in a landscape of projects
payback is considered.

Keywords: imitation model, network structure, innovative landscape, NK, innovative in-
tegrated structure
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Bseoenue. TIpobnema MaTeMaTHIeCKOr0 MOJIEITHPOBAHIS B MHHOBATHKE COCTOUT B TOM, UTO
o011 MOzIeTI HHHOBALIMOHHBIX ITPOLIECCOB IO HACTOSIIIIETO BPEMEHHU He pa3paboTaHo, a cy-
MIECTBYIOINIHE MOAXOABI TTO3BOILTIOT CMOJIETMPOBATh NHHOBALMN C KaKOH-TMOO0 OfHOM CTO-
POHBI: TTOJUTHYECKOM, SKOHOMUYECKOH (B Pa3IMYHBIX ACHEKTax) WM ONHCHIBAIOT OOLIyIO
CTPYKTypy MHHOBAIIMOHHOM JAeaTeNnbHOCTH. Hanprmep, HHHOBAIIME MOXHO OLICHHBATH C T10-
MOIIBIO TAKOTO MOKa3aTelsl, Kak 00beM IPOAaK MHHOBALIMOHHOTO MPOJYKTa, OHAKO 3TO HE
03HAYaeT, 4TO JPYTHX HHIUKATOPOB HE CYIIECTBYET WII OHM MEHEE 3HAYHMBL.

Mamepuanst u memoOwi. s uccneoBanus1 podieM BbIOOpa MOJIENM HHHOBALIMOHHOW MH-
TErPUPOBAHHON CTPYKTYPBI MEXITY YHUBEPCHUTETOM, IPEMIPUATHEM U HAYIHOH 1abopaTopu-
eit Obun BeIOpanb! Moneru J1. Jleiinecnopda u C. Kaydhmana, a taxxe moznens NK, nepsona-
YabHO MCIIONB30BAHHAS [T aHAIIM3A Pa3BUTHS OMOIOTHIECKUX TOITYIISALIH.

Pesynomamut ucciedosanus. B crarbe IpruBeeHbI pe3ysbTaThl MOEINPOBAHUS HHHOBAIIHOH-
HOM MHTErPUPOBAHHOM CTPYKTYpPbI MEXIY y4aCTHHKaMM Ipouecca. Ha ocHoBaHuM sKkcniepT-
HOM OIIGHKY COCTaBJICH HHHOBALMOHHBIH JTaHAadT 115 CITydast UX MaKCHMAaJIbHON B3aHMO-
3aBUCHUMOCTH.

Obcysrcoenue u 3axkaiouenus. B crarbe NPeCTaBIeHO KPaTKOe OMUCAHUE METOIOB MOZIEIIMPO-
BaHMS B MHHOBATHKE; JaHO OOIee OMMCaHHEe MPOOIEeMHON CQEepbl; U3NOKEHO COBPEMEHHOE
COCTOSIHHE MICCIIEIOBAaHUI TaHHOM IpoOieMbl. [TocTpoeHa MUTALMs BAPHAHTOB Pa3BUTHSI MH-
HOBALIMOHHBIX ceTel Ha ocHoBe Mozenu NK npy HE3aBUCUMBIX CTpaTerusax y4acTHUKOB. Pac-
CMOTpEH Ciy4aii MAaKCUMAJIBHOH CIIOKHOCTH CETH, KOIJIA BCE YYAaCTHUKY WHHOBALMK B3aUMOC-
BSI3aHBL, & TAKKE JIOKAJIbHBIE 1 ITI00AIBHBIC ONITUMYMBI B JIaHAIA(Te OKyITaeMOCTH IIPOEKTOB.

Knrwoueswvle cnosa: nMuTalioHHasi MOJIETIb, CETEBasl CTPYKTypa, MHHOBALIMOHHBIN JTaHA-
miadt, NK, HHHOBaIlMOHHASI HHTETPAIMOHHAS CTPYKTypa

Jna yumupoeanusn: IlepciekTBHas MOJENIb MHHOBAIIMOHHOH CTPYKTYpBHI, OXBaThbIBa-
folIell YHUBEPCHUTET, UCCIEI0BATEeIbCKUIN LIEHTp U npennpusitue / A. A. Xapus [u np.] /
Bectnuk Mopposckoro ynusepcurera. 2018. T. 28, Ne 3. C. 333-343. DOI: https://doi.org/
10.15507/0236-2910.028.201803.333-343

Introduction

Objectively tendencies of economic
development in many countries cause de-
velopment of integration between educa-
tion, science and industry, including use
of work management organization meth-
ods in the scientific organizations specific
to corporate sector of economy. In many
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countries universities started radical trans-
formations, seeking to adapt to the new
calls arising in the conditions of the world-
wide competition.

Developed countries move in the
direction of the innovative integrated
structures creation, often with active par-
ticipation of the state. For effective man-

I/IquopMamuKa, BbIUUCTIUMENIbHAA MEXHUKA U ynpaeleHue



Vol. 28, no. 3. 2018

MORDOVIA UNIVERSITY BULLETIN

agement any control system has to possess
object management model. The modeling
purpose of this work consists in the avail-
ability to build forecasts using available
data of subjects of the innovative system
(universities, research facilities and the
enterprises) activity to understand pos-
sible consequences of innovative system
internal dynamics. The current article dif-
fers in principle from the other articles
of the same topic by applying L. Leides-
dorff’s and S. Kauffman’s models, includ-
ing NK model which is originally used for
the analysis of development of biological
populations, to the research of the innova-
tive integrated structure choice problems
model between university, enterprise and
research facility.

It is possible to use L. Leidesdorff
and S. Kauffman’s models which repro-
duce behavior of the network introducing
new technologies and gaining additional
income both from production and from
expansion of a network as an example.
Such models are called imitating as they
allow to reproduce possible behavior of
system under certain conditions. They are
created on the basis of the assumption and
subsequently generated data which can be
analyzed on purpose as “indirect” proof of
the put-forward prerequisites.

In L. Leidesdorff’s model the mar-
ket of two competing technologies (in-
novations) is imitated, and there’re three
sources of variations: innovation, market,
state. The network structure gives the
chance of the company to get advantage
of a complementarity. It is expressed that
system effectiveness rises with growth of
consumers number.

The model includes two technologies
and two subjects using these technolo-
gies. The choice of technology by sub-
jects is defined by their compliance to
the purposes of subjects, and also network
effect which depends on number of the
subjects who chose a certain technology.
Thus, at a network expansion, some tech-
nologies are forced out, thereby reducing
a variety of future development. Return

to balanced position is possible only if
technology market is big enough. Con-
tinuous formation of exclusive technolo-
gies for each market slows down devel-
opment of innovative system in general
because prevalence in the market of one
technology: first, inefficiently; secondly,
corresponds to a local optimum; thirdly,
reduces probability of a radical innovation
that slows down rates of technological de-
velopment; and, fourthly, demands active
state intervention.

Other model applicable for object re-
search, were created in 1993 for biological
processes studying and received the name
“NK model”. The NK model — the math-
ematical model described by its main in-
ventor Stewart Kauffman as “reliably ad-
justed” adapted landscape. The adjusted
durability allows change in the full size
of a landscape and the number of its lo-
cal “hills and valleys” through modifica-
tions of his two N and K parameters. The
NK model has found application in a big
variety of areas, including a theoretical re-
search of evolutionary biology, immunol-
ogy, optimization, technological evolution
and complex systems. The model has been
also accepted in the organizational theory
where it is used to describe a way which
the organization can look for a suitable
landscape, operating the various features.
For example, hills and valleys of the orga-
nization represent profit (or its changes),
and the movement on a landscape requires
organizational solutions (such as addition
of production lines or change of organi-
zational structure) which tend to interact
with each other and the profit of influence
in the difficult way.

It considers uncertainty of system
subjects actions along with distinction of
regularities of their development and the
purposes and represents a heuristic meth-
od of interrelations studying in innovative
systems. The model received the most ob-
vious application for search of economic
network optimum structure consisting of
three independent participants: producer,
consumer and state.

Computer science, computer engineering and management
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Literature Review

Scientific and educational-methodical
literature, articles in the Russian and for-
eign periodicals concerning a problem of
mathematical modeling in innovatics have
been used in this article.

The works by H. Etzkowitz!, E. Wein-
berger [1], L. Leydesdorf [2, 3, 4],
S. Kauffman*? [1] became the main
sources opening theoretical bases of in-
novative processes mathematical model-
ing. In these articles the methodology,
the principles and approaches to imitating
model creation which reproduces behavior
of network after introduction of new tech-
nologies are considered in the detail; the
heuristic method of interrelations studying
in innovative systems which has found the
application in search of economic network
optimum structure is presented.

In works of K. Frenken [5], I. K. Mu-
sayelyan [6-7], G. V. Serebryakova [6],
A. A. Kharin* [8], S. N. Grigorev [9],
Yu. Ya. Eleneva [9,10,11], V. N. An-
dreyev® [11] the basic concepts, the prin-
ciples, approaches to innovatics, subjects
of innovative system, the prospect of de-
velopment and integration of innovative
mechanisms in various fields of activ-
ity are considered. Besides, in works by
A. A. Kharin and O. S. Kharina® [8] do-
mestic experience of mathematical model
development in imitating modeling of in-
novative processes between institutions of
education and representatives of a busi-
ness environment is presented. In the
considered works it is proved that despite
existence of innovations imitating mod-
eling techniques in a narrow segment of

activity, there is now no general approach
to creation of innovative processes model
which would allow to predict scenarios of
the innovative integrated structure of edu-
cation, science and business development.

Materials and Methods

Let’s construct a threefold spiral of
communications. Let the innovative net-
work consist of a combination of binary
variables:

— producers (enterprises) X = (0, 1):
differ through designated technology
which is by 0 and 1: for example, tradi-
tional and innovative;

— universities ¥ = (0, 1): for example,
technical and classical;

—research laboratories (RL) Z= (0, 1):
for example, defensive or civil.

As a result possible combinations of
three variables make 8 = 2* combinations
which in this system of designations form
space of variables: 000, 001, 010, 011,
100, 101, 110, 111.

Let’s consider development option
when each subject acts irrespective of the
others, and the number of communica-
tions is equal to 0. In fig. 1 and in table 1
“landscape” for all options — combina-
tions of the producer, university and re-
search laboratory — is illustrated.

According to table 1 it is visible that
communications between participants
of process are weak. When communica-
tions between participants do not exist,
the optimal variant of communications
corresponds to that option in which the
maximum values of innovations emer-
gence frequencies for all participants are
combined.

I Etzkowitz H. The triple helix: university-industry-government innovation in action. London:

Routledge; 2008. 180 p.

2 Kauffman S. A. The evolution of economic webs. In: Anderson P. W., Arrow K. J., Pines D., editors.
The economy as an evolving complex system. Addison-Wesley; 1988. P. 125-146.

3 Kauffman S. A. The origins of order: Self-organization and selection in evolution. New York,

Oxford; 1993. 734 p.

4Kharin A. A., Kharina O. S., Yeleneva J. Y., Andreev V. N. Innovative infrastructure as basic element of
national innovative system // 2" International Conference on Business, Economics and Management (BEM

2017).2017; 7:3-7.
> Tbid.
¢ Tbid.

336

I/IquopMamuKa, BbIUUCTIUMENIbHAA MEXHUKA U ynpaeleHue


http://www.sister.nu/pdf/wp_11.pdf
https://static1.squarespace.com/static/5657eb54e4b022a250fc2de4/t/566fa2ac40667ad8b9b6127c/1450156716552/1993_Kauffman_The%2BOrigins%2Bof%2BOrder.pdf

Vol. 28, no. 3. 2018

MORDOVIA UNIVERSITY BULLETIN

010 (0,63) 110 (0,8)
011 (0,53) :ﬁ
111(0,7)
000 (0,53)
< 100 (0,7)
001 (0,43) 101 (0,6)

Fig. 1. Innovative “landscape” for independent strategies of network participants

P u c. 1. UaHOBannOHHBIH «iaHaad™» Ijsi HE3aBUCUMBIX CTPATEruil yYaCTHUKOB CETH

Tablel
Tabnumal

Imitation of innovative networks options development on the basis of the NK model
at independent strategies of participants

Hmuranus Pa3BUTHHA BAPDUAHTOB HHHOBAIIHOHHBIX ceTell HAa OCHOBE MOJe/ TN NK
NMPA HE3ABUCUMBIX CTPaTerusx y4YaCTHUKOB

Fi;il%u:;?gngf Frequency of Frequency of Frequency of innovations,
Network | at enterprise innovations innovations at average on line (the
symbol / T 7}p / at university research laboratory characteristic of “compliance”
CyeTeBoﬁ Yacrira y—f,/Yacrora z~f,/ Yactora of a network) — f, _/ Yacrora
cnvBon | mHHOBAIA Ha HMHHOBaIMH HMHHOBalMH WHHOBAaLUH, CPEHSASA IO
e LIEMTHH B YHUBEPCHUTETE | B HCCIIEIOBATEIbCKON CTpOKe (XapaKTepHCTHKA
P Hx E r y—/, naboparopui z — f, «COOTBETCTBUS) CeTh) —f,
000 0,2 0,6 0,8 0,53
001 0,2 0,6 0,5 0,43
010 0,2 0,9 0,8 0,63
011 0,2 0,9 0,5 0,53
100 0,7 0,6 0,8 0,70
101 0,7 0,6 0,5 0,60
110 0,7 0,9 0,8 0,80
111 0,7 0,9 0,5 0,70

According to table 1 it is obvious that
the maximum value of compliance is the
only one and it is provided with a combi-
nation 110 with value equal 0,8. It allows
to assume that any other option can be
improved by replacement of one partici-
pant because two of three participants of
a network can agree and replace technol-
ogy, a market segment or the country of

residence. This property of a network can
be considered due to the need of continu-
ous search of the best options of the or-
ganization of innovative process. It is vis-
ible from graphic display of an innovative
landscape in fig. 2.

The maximum complexity of a net-
work arises when all participants of an
innovation are interconnected. In this

Computer science, computer engineering and management
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010 (0,7)

110 (0.61)

011 (0.53) —4

000 (0,47)

111 (0.43)

D 100 (0,83)

001 (0.5)

101 (0,4)

Fig. 2. Local and global optimum in an innovative landscape

P u c. 2.JlokanbHBIH 1 TIT00ANBHBIN ONITUMYM B MHHOBALIMOHHOM JaHAmadTe

case compliance between participants is
defined for each combination separately
because efficiency of actions of one par-
ticipant depends on what partners he will
choose. The conditional example of such
network is given in table 2.

Change of complexity of a network
led to efficiency change. It is expressed
that quality of work of any participant of
an innovation becomes dependent on with

what partners this work is performed.
It should be noted that such represen-
tation, certainly, more corresponds to
modern realities. In this case “partial dis-
crepancy” of one transaction participant
can be compensated with interest of high
compliance level of two others. Therefore
in innovative activity representation there
is a possibility of several optimum as it is
shown in fig. 2.

Table2
Tabnuma?2

Landscape at the maximum dependence of strategy of participants
JlanamadT npu MaKCMMAJILHOI 3aBHCHMOCTH CTPATerHH Y4aCTHHKOB

Frequency of | Frequency of Frequency of Frequency of innovations,
Network innovations at | innovations at innovations at average on line (the
svmbol / enterprise university research laboratory | characteristic of “compliance”
CyeTeBoﬁ x—f,/Yacrora | y *Jj "/ YacroTta z—f./ Yacrora of a network) — f, . / Yacrorta
CHMBOJT MHHOBAIUI Ha HHHOBAIIAHA MHHOBALIHH WHHOBAIHH, CPEJHSIS 110
NPEANPUATHH | B YHUBEPCHUTETE | B HCCIIEOBATENIBCKON CTPOKE (XapaKTepUCTHKA
x—f. y—1, naboparopun z — f, «COOTBETCTBHSD) CETH) — f, e
000 0,6 0,3 0,5 0,47
001 0,1 0,5 0,9 0,50
010 0,7 0,9 0,5 0,70
011 0,3 0,5 0,8 0,53
100 0,9 0,9 0,7 0,83
101 0,7 0,2 0,3 0,40
110 0,6 0,7 0,6 0,63
111 0,4 0,8 0,1 0,43
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Results

According to the above-mentioned
theoretical approaches confirmed with the
corresponding imitating models, the main
factors are ensuring the maximum variety
and effective selection. We will review an
example: two enterprises (X, X)) at the
moment have a production base for com-
mercialization of two similar technologies
which are developed at two universities
(Y, Y,) and researched at two scientific
laboratories (Z,, Z)). At the same time it is
necessary to consider the following facts.

1. The X enterprise has higher level
of productlon capacities, than the X, en-
terprise.

2. The X, enterprise has proved in
the market and has more extensive client
base, than the X enterprise.

3. The Y, umver51ty has a large num-
ber of hlghly qualified specialists, for in-
volvement in the project, at the same size
of financing of the project, as higher edu-
cation institution of ¥ .

4. The Y, un1vers1ty has more success
in R&D, than Y university, and possesses
a quantity of own production equipment.

5. By results of research the product
of scientific laboratory Z has potential
to borrow narrower segment of the mar-
ket, than technology of scientific labora-
tory Z , however at the predicted price of
a product Z, exceeds planned by 10 %.

6. Research and development shows
the technology of scientific laboratory Z,
costs cheaper, but according to forecasts
will occupy more market share (for 0,08 %)
then product of scientific laboratory Z

We will consider as evaluation criteria
an indicator of payback of the project in
N years. In the view of above-mentioned
conditions by an expert assessment we
will make an innovative landscape at the
maximum dependence of participants (ta-
ble 3 and fig. 3).

Analyzing all options of participants
interaction we come to a conclusion that
the projects realized in combinations
of XY Z and X Y Z however for each
subject the best scenario may be defined
separately from interests of other parties.
If we take into account additional criteria
of subjects activity during cooperation the
picture may significantly change.

Table3
Tabnuma3l

Landscape of projects paybacks at the maximum dependence of participants strategy
JlanamagT oKynaeMocTH NPOeKTOB PH MAKCUMAJILHOMH 3aBUCMMOCTH CTPATeruu Y4aCTHUKOB

Payback of the Payback of the Payback of the
S otin N 2 tin N oot in NV f Payback of the
Network | Projectin Nyears | project in N years | project in N years for project, average on
for enterprise for university research laboratory P
symbol / ) /0 /0 line, in N years —
Cerepoii |~ — /. / Oxynae- v —f,/ Oxynae- z —f. / Oxynaemocthb £ 7 Cpemmsin oxyma-
MOCTb TIPOEKTa 32 | MOCTh IIPOEKTa 3a | Tpoekrta 3a N jer misi | 7oz
CHMBOT |~ 3 N N . €MOCTb IIPOEKTA 33
JIeT JUIs TIpet JIeT Ui YHH HCCIIE/I0BATEIIbCKOM Naer—f
HPHUATHS X — f, BEpCUTETA ) — ]Z i naboparopuu z — f, vz
000 0,70 0,60 0,71 0,67
001 0,80 0,74 0,80 0,78
010 0,65 0,72 0,70 0,69
011 0,70 0,70 0,73 0,71
100 0,55 0,60 0,65 0,60
101 0,67 0,70 0,73 0,70
110 0,75 0,77 0,70 0,74
111 0,78 0,72 0,81 0,77
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010

110 (0,74)

011(0.71) __,

000 (0,67)

T~ 111 (0.77)

A

“«— 100 (0,6)

101 (0,7)

F i g. 3. Local and global optimum in a landscape of projects payback

P u c. 3. JlokaabHbI{ ¥ I00ANBHBINH ONTHMYM B JaHmadTe OKYIaeMOCTH NPOEKTOB

Conclusions

The NK model which is originally
used for the analysis of biological popula-
tions development is called so on number
of the interacting elements (N) and com-
plexity (K) which is understood as number
of the elements in a network influencing
each participant, i.e. coherence of elements
of a spiral. Number of agents in model of
a threefold spiral, by definition, in system
from three subjects equally we rub. Pro-
ducers are classified by the used technol-

ogy, universities — in the main directions
of educational activity, research laborato-
ries — in the main directions of conducting
scientific researches. Each combination of
the producer (i. e. technologies, the cor-
responding innovation), university and
research laboratory forms a network or
a spiral. The market (consumer) provides
the choice of the most successful combina-
tions, and success of an innovative network
is defined by the frequency of creation of
product innovations.
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