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Abstract: The concepts of dynamic characteristics of the innovation process are introduced.
The structural and parametric identification of the basic models of the dynamic characteristics
of the innovation process is carried out, allowing to solve the tasks of forecasting and managing
the efficiency of innovative technologies. Using the example of statistics of information queries
of the phrase “Big Data” in the Google search engine, the results of calculations of the dynamic

characteristics of the innovation process are shown.
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1. Introduction

The wide introduction of innovative technologies into the production practice
transforms the problem of analyzing their dynamics into the category of primary
ones. One of the large-scale examples is the Big Data meta-technology [1, 2, 3, 4,
5,6, 7,8, 9], whose progress predetermines the country’s sustainable innovative
development.

Big Data meta-technology, like most social and technological processes, de-
velops over time and has a finite life cycle. Unfortunately, in the question what
to consider as the basic dynamic characteristics of such processes, there is no
complete clarity or clear engineering algorithms for their quantitative evalua-
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tion. An attempt is made to remove the existing gap, at least partially.

2. Solution of the Problem
2.1. Process and its Dynamic Characteristics

First of all, it is necessary to clarify what is generally meant by “sustainable
innovative development”, which economists talk so much about. From the
engineering point of view, as our analysis [10] has shown, sustainable innovation
development is the increase in efficiency due to the growth of the efficiency by
innovation, i.e. by increasing the level of creativity of developers.

Further, proceeding to a general analysis, it is necessary to formalize the
very concept of “process”. We consider the normalized (by the value of the
function and the argument) monotonic processes in which, as the argument x
grows from 0 to 1, the value of the function y also increases from 0 to 1. Usually,
if @) is an increasing parameter (when ) grows with the growth of ), for the
normalization of y and x, we use the interpolation formula (1):

° = Q B Qmin
Qmax - Qmin’

Where Q, Qmin, @maz are the current, minimum and maximum value of the
parameter, respectively. Otherwise:

(1)

u = Qmax - Q
Qmax - Qmin
Thus, the normalization of the function y, depending on the nature of the
parameter, takes the form:

(2)

A— Amin Amax —A

y=———0o0r, Yy=——"—"— 3
Amax - Amin Amax - Amin ( )
and for the argument x, the normalization is expressed as:
o= B — Bmin or. T — Bmasx - B (4)
Bmax - Bmin ' Bmax - Bmin

Consider the dynamics of information requests in the area of Big Data, tak-
ing into account that, firstly, it is actually a quantitative indicator of the evo-
lution of meta-technology, and, secondly, it is clearly monitored by the Google
search system [11].
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The obvious goal of Big Data technology is to deliver a positive effect to the
user during the life cycle. If we approach the question from the standpoint of
the theory of utility, then as a function, it is expedient to choose a normalized
general utility TU (5):

P T 2
max min

y =
and as an argument — the normalized benefit @) or the product (6):

T = Q B Qmin
Qmax - Qmin .

An important characteristic of the process is the rate of increase in the normal-
ized utility MU = dy/dx , which has the meaning of a normalized boundary
utility.

Strictly speaking, all the characteristics of the process (z,y and dy/dz )
change during the life cycle T', i.e. depend on the normalized time ¢, = t/T" ,
therefore the essence of the problem does not change if we consider it an argu-
ment.

(6)

In dynamic analysis, as the function , the selected normalized technological
indicator is considered, and the argument is © = t,. Thus, the function y(t,) is
the analyzed dynamic characteristic of the process. An important issue is the
nomenclature of basic characteristics.

As the basic dynamic characteristics by default, we have chosen:

— rate of change in the utility of the process V,(t,) = dP(t,)/dt, ;

ty
— utility of the process P(t,) = [ Vj(ty) - dty;
0
— life force of the process A(t,) = P(ty) - Vp(ty);

ty
— life force reserve of the process ZA(t,) = [ A(ty) - dt,.
0

2.2. The Mechanism of Process Characteristics Formation

Let us consider the mechanism of formation of the dynamic characteristics of
the process (Fig. 1).

2.2.1. Rate of Change in the Utility of the Process (V},)

The catalyst of the process is the dynamics of the rate of change in utility. It
is postulated that the rate of increase in utility decreases with the increase in
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Figure 1: Functional diagram of the process

utility P(t,) in accordance with the differential equation (7):

dvp _
dt,

—m -V, (7)

where m is the coefficient, generally depending on external conditions.

Separating the variables and integrating the right and left sides, we obtain
Vp

ty
J dvﬁ-dt:—m-fdtv;
Vp max b 0
In(V,) —In(V, max) = —m - t,,
l.e.

Vo = Vp max - €xp (—m - t,). (8)

The normalized value of the speed is equal to
‘/p n(tv) = Vb/% max — €XP (_m ) tv) (9)
2.2.2. Dynamics of Changes in the Utility of the Process (P)

The nature of the change in the utility of process P(t,) is determined by its
speed V) (t,):

ty ty

P(t,) = /Vp(tv) - dt, = /Vp max * €xp (—m - t,,) - dt, =
0 0
= Prax [1 — €Xp (_m : tv)] ) (10)

where Ppax = V) max/m .
We introduce the normalized utility value (11):

Py (ty) = P(ty)/Prnax =1 —exp (—m - t,) . (11)
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2.2.3. The Life Force of the Process (A)

The question of the effectiveness level of the process is crucial. But what is
meant by this? On the one hand, it is desirable to have a high level of process
(technology) perfection, determined by the level of overall utility P(t,), and
on the other, of course, it would be appreciated to ensure high growth rates
Vp(ta) = dP(t,) /dt, -

As a criterion of the effectiveness (life force) of the process, it is suggested
to take the value

A(ty) =y -dy/dt, = P(ty) - Vp(ty) =B - [F(tv) - FQ(tv)] ) (12)

where B = Ppax * Vp max - m; F(t,) = exp(—m - t,). From an engineering
point of view, the question of the extremum of the life force A(¢,) is interesting.
Its maximum is achieved when dA/dt, = 0. Solving this equation, we take
into account the relation (12), then we obtain B - [dF'/dt, —2- F - dF'/dt, | =
B-dF/dt, -(1—-2-F)=0. When B-dF/dt, # 0, the equation is reduced to
the form 1 —2- F = 0. Its solution F' = exp(—m - t,_opt) = 0.5, which allows
estimating the time to reach the extremum ¢, _op;:

tvopt = —In(0.5)/m. (13)
The maximum value of the life force of the process in this case is
Amax(tv) =B [F(tv_opt) - F2(tv_opt)] 5 (14)

where F(ty opt) = exp (—m - ty_opt) = exp (In(0.5)) = 0.5.
Thus, Amax(ty) = B [F(tv.opt) — F2(tvopt)] = B+ (0.5 — 0.5%) = B/4 .
Introduce the normalized value of the life force of the process

Alty) F(t,) — F%(t,)

Anlt) = T Fllran) — Poltoog) [F(to) = F(t.)] . (15)

2.2.4. Life Force Reserve of the Process (ZA)

Life force reserve of the process ZA is interpreted as the accumulated sum of
life forces in the interval ¢,

ty

1 y(tw)
ZA(tv) - /A(tv) : dtv = /y : dy/dtv' dtv = / Y- dy - 2
0 0 0
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Figure 2: Normalized reserve of life forces of the process Z A, (t,)

_ P2 [1 — exp(—m i tv)]2 _ V}f max [1 - exp(—m ' tv)]2

max
2 2m?

The level of life force reserve at the end of the life cycle is

! L Ymax
2
Z Amax = /A(tv)-dtv = /y-dy/dtv- dt, = / y - dy = ynéax
0 0 0
Pl —epm)l Ve L= exp(om))
2 2m2 :

(17)

The introduction of the normalization leads to the following result (Fig. 2).

ZAn(tv) = ZA(tv)/ZAmaac = [(1 - exp(_m : tv))/(l - exp(—m))]2

(18)

The intensity of expenditure of life forces is predetermined, as we see, by
the coefficient . All the introduced dynamic characteristics of the process are

shown in Fig. 3.

2.3. Experimental Verification of the Working Hypothesis

As a proof, the results of monitoring by the Google search engine information
requests in the field of Big Data were used [11]. The equivalent of a measure
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Parameters:
m=86;

Functions: Pn(tv); Vp_n(tv); An(tv);ZA(tv)
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Figure 3: Dynamic characteristics of the process

of utility is the number of requests per month (the intensity of requests). The
normalized monitoring data and the results of their processing are shown in Fig.
4. The reference point corresponds to 01/01/2004. The rate of data registration
is 1 month. The result of the processing are two models: Y; and Y5. The first
of them corresponds to the accepted hypothesis (11), and the second - to the
maximum adequacy of the analyzed process.

Both models almost coincide in the dynamic area of the process (100 <
t < 150),but the second model has a clearly defined ”background” at 0.05.
The analysis of Fig. 4 indicates that the basic model (11) does not contra-
dict the experiment and, therefore, reasonably interprets the mechanism of the
evolutionary process.

As for the structural and parametric identification of the life-force model of
process A(t), it was realized on the basis of an analysis of the Google system
data for the USA and Russia [11] (Fig. 5)

Model Aq(t) corresponds to the USA, model As(t) — to Russia. Both mod-
els have a structure corresponding to the relation (12), but with different life
cycles. Their analysis shows that the basic model (12) is consistent with the
experimental data.

Practical interest is the trend of coefficient Kpy(t) = Aj(t)/As (t), which
characterizes the multiplicity of losses in the life force of the process in Russia
relative to the United States.
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Figure 4: Time trend of the process
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Figure 5: The life force of the process

As we can see, in this indicator, Russia should catch up with the United
States in the near future.
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Figure 6: Coefficient trend Kbd

3. Conclusions

The results obtained have a number of promising engineering applications [12].
In particular, they are proposed to be used in solving the following tasks:

— structural and parametric identification of models of social and techno-
logical processes’ effectiveness;

— forecast of the dynamics of the processes analyzed;

— development and examination of programs on increasing the effectiveness
of scientific and technological projects;

— development of algorithmic support for tools for analyzing the system
dynamics of innovation processes.
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