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The XX International Conference ”Complex Systems: Control and Modeling Problems”
(CSCMP’2018), was held on September 3-6, 2018 in Samara (Russia) by the National Committee of 
Automatic Control of Russia, Institute for Control of Complex Systems of Russian Academy of 
Sciences (ICCS RAS) with the participation of the Volga Region University of Telecommunications 
and Informatics and SEC “Smart Solutions” (Samara, Russia).

The Conference was funded by Russian Foundation for Basic Research
acco 18-08-20068

The conference reports were presented on the following sections:

Control and Optimization Methods in Complex Technical Systems;
Management Processes in the Society;
Intellectual Technologies in Complex Systems;
Measuring, Control and Diagnostics in Extreme Conditions;
Biocybernetics and Bioinformatics;
Problem of the elaboration and implementation of complex informational and cyber systems;
Digital agriculture and agrocybernetics.

The scientists from universities and research institutes of Azerbaijan, Germany, Latvia and Israel
participated at the conference. The Russian participants represented the Russian Academy of 
Sciences, research institutes, universities, research and development centers, enterprises and 
governmental authorities.
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2 Person in Society

When all that person H needs for a single self-sufficient life after having left parental home be-
comes “accessible” from exploitation of resources in eco-sphere E(H) by his or her own body-system 
B(H) abilities, to re-start or seek re-access to social life may not be a priority, even less a vital neces-
sity. So, what may then be a motivation - for example, to either refound one's “own society” as a pio-
neer-entrepreneur emigrating to new territories (as animals of some species do), or to enter an estab-
lished society as a work immigrant - even though? 

The base motivation will rest in person H's bio-sphere B(H) and driving forces that are operative 
therein by its design motifs, i.e. life preservation in physical entirety, and also, effective reproduction 
which — beyond mating — implies to provide offspring with food, shelter and instructions for their 
own adult-life fitness. 

From this view point, social life is sought for an increased efficiency that applies both in exploi-
tation of environmental resources to satisfy life-necessaries, and in protection from environmental 
threats to life or property as come e.g. with natural disasters and hostile wildlife. However, these ben-
efits are not obtained for free: in social life, person H also incurs extra risks of loss and deprivation 
of goods, food, shelter and privileges beyond his or her control, just due to activities of H's socio-
sphere S(H) co-inhabitants who may act more like “co-animals” in wildlife or aggressive “cage-
mates”. 

H's ever-present fear or fundamental anxiety about loss of (access to) base resources-for-life –
taken here as an interpretation of “life necessities”, is simply a consequence of bio-sphere B(H)'s vital 
driving force, preservation of bio-sphere entirety, and can then be seen as a matching genetic dis-
position – more or less pronounced in different human-body systems B(H°), H° S(H), and more or 
less cultivated according to ambitions and aspirations of each – to an expressive vitality that marks 
the differences between personality characteristics of the one and personality characteristics of the 
others.

Such persisting fear or anxiety drives H to pursue securement of his or her socio-sphere S(H)
privileges and access to eco-sphere E(H) resources for self and dependent family according to oppor-
tunity and accessibility, in essentially three rather different ways. One is by amassing consumable 
goods or tradable equivalents, creating excess stocks or store in a wide sense, such that some loss 
does not cause vital harm, by far – the 'very-capitalist option', say, exotic in its extreme forms of gi-
ga-fortunes, but by far not rare in milder extent of real fortunes at mega scale or less; another is by 
force, physical or other often law or rule breaking action, to keep intruders, aggressors and other 
trouble-makers away – the 'violent, so-called “robust” option', say, with its potential to entail legal 
prosecution, detainment for 'social correction', or at least 'acceptance problems' or ethical ban in so-
cial re-integration towards a decent life; when both of these are not a realistic option, H may have to 
take the common 'dependents' option, say, of law-abiding behavior, socially compliant independent 
occupation or dependent work as employee, put money back for savings or into insurances, and seek 
and maintain integration into a supportive network of social groups. When all defenses fail and vital 
loss is imminent or has occurred, one will have to cope with the consequences, either by re-storation 
of a status quo ante from peculiar compensation or from one's own ability, or by re-installation into 
previous privileges after a re-habilitation, as applicable, or to suffer in disappointment and hope for 
the better.

To summarize the above, in due pursuit of benefits from social life, of protection against losses 
or restoration if loss was suffered, person H must then plan his or her moves, execute the plan, check 
on its outcome, and adapt according to any goal-outcome mismatch - within socio-sphere S(H), and 
any activity in such pursuit expresses as bio-sphere B(H) operations, is perceived as H's behavior, 
and then interpreted in H's socio-sphere S(H) as H's operational intention. The procedural means 
available for operations in S(H) are learning and trading in resource acquisition and mating in repro-
duction.
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within the range of their properties; functional components 
within each of these three wirk-components are clearly rel-
evant for next-level interactions [4-6] but can be disregard-
ed for the present level of functional granularity.

The axiomatic wirkgefuege in [3] is a synthetic effec-
tuation structure; it involves a generic twin-circuit for sup-
ply and demand with buffer, and first-order kinetics of 
charge transfers. In built-up of a synthetic functionally hi-
erarchical structure, a generic twin-circuit is imputed for 
each functional component and a parallel connection of 
imputed twin-circuits on a common scale created a func-
tional aggregate which – at its scale – takes the role of a 
functional unit that acts as a logical unit of again the gener-
ic twin-circuit form; effectively, several lower-scale logical 
units are combined into an upper-scale logical unit.

The generic twin-circuit: It consists of a source, ubiquitous throughout wirkgefuege, with po-
tential difference (voltage) U0 , and for every single logical unit of the structure, of a supply-part 
condenser of capacity C for buffer storage of supply charge Qs(t) by time t, a resistor with resistance 
Rs(t), the supply-part resistor, for passage control of supply current (amperage) Is(t) to the supply-
part condenser, and of another condenser, the demand-part condenser for charge consumption, con-
ceived as a mirror of the supply-part condenser, with current voltage Uc(t) generated by its current 
charge Qc(t) as source for the demand part, and also another resistor, the demand-part resistor, with 
resistance Rd(t) for passage control of demand current (amperage) Id(t) to an end consumer with de-
mand wattage Pe(t), cf. Def. 2 in [3]. The generic twin-circuit is depicted in Fig. 2. 

Figure 2: The generic twin-circuit (from [3])

The quadruple [U0 , (Rs(t))t>0 , C , (Qs(t))t ] of supply-part components then determines first-
order linear dynamics of charging the supply-part condenser, and implied intensity of charging,

s(t) =  Qs'(t)  [ U0 C - Qs(t) ]-1

takes the form
s(t) =  [ Rs(t) C ]-1 ;

similarly, the quadruple [ (Qc(t))t   , C , (Rd(t))t>0 , (Pe(t))t>0 ] of demand-part components determines 
first-order quadratic dynamics of discharging from demand-part condenser and charge transfer to the 
end-consumer to satisfy a power demand Pe(t); implied intensity of discharging from the condenser, 

c(t) =  - Qc'(t)  [Qc(t) ]-1

takes the form
c(t) =  [ Rc(t) C ]-1 ,

Fig. 1 – Illustration of emergence of
behavior as human-body operations from 

function level-one
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with total resistance  Rc(t) = Rd(t) + Re(t) ; note that end-consumer's resistance is introduced by its 
power demand Pe(t) . It can be shown to carry over to work involved in respective charge transfers, 

s(t s
w(t c(t c

w(t).
The serial arrangement of the two resistors in the demand-part implies additivity of respective 

reciprocals of intensities at the demand-part current control resistor and the end-consumer,
c
-1(t d

-1(t e
-1(t),

each taken with respect to residual amount of discharge from the condensor at the respective location,  
Qd(t) and Qe(t) with Qc(t) = Qd(t) + Qe(t).

It is then of interest to understand how holistic energy-demand of an effectuation structure – the 
whole - in pursuit of selected puprposes can be satisfied from partial energy-demands of next-level 
functionally interacting partial structures. In fact, the question is about effectuation dynamics of a 
functional aggregate generated in up-scaling from effectuation dynamics of the aggregate's functional 
components.

Function level zero (FL0) – “the Whole”: A generic twin-circuit is assumed for the whole. 
End-consumer power demand (Pe(t))t>0 at whole-body function-level gives then the coupling between 
supply of consumable power from within whole-body system and person's holistic energy demand in 
pursuit of his or her ambitions in body-system outside-world of person's social context, symbolically,

e
w(t)dt must  match  w,i(t)dt

for any t-prevalent pursuit of purpose i . In case of mismatch, pursuit cannot be optimally supported 
by person's body system.

Function level-one (FL1) – “Canonical wirk-components” of the Whole: Separate copies of 
the generic twin-circuit, one for each of the three components of vital (engine) functions {V |Z}, 
physical (wheel-tyres) productivity functions {P |Z}, and operational (piloting) functions {O |Z}, are 
connected in parallel, as shown in Fig. 3.

Figure 3 – Schematic triple-circuit in parallel connection of three replicates of the generic twin-circuit 
of Fig. 2 at Function Level FL1 (bottom) and figurative up-scaling to single twin-circuit at Function

Level FL0 (top) (adopted from [3])

Details of the upscaling from function-level one (FL1) to whole body function-level zero (FL0) 
are given in [3]; for the present exposition it suffices to explain the whole-body end-consumer energy 
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Nevertheless, the presented concepts permit an interesting turn of perspective: model person's 
behavior in society from the viewpoint of physiological wirkgefuege. Which function levels and 
which of their functional components are involved when one lifts an arm for waving good-bye? What 
can already be said about a person's interaction with society, his or her behavior then, when one does 
not go deeper than function level FL1? A few very simple examples are shown in Tab. 1: Only 'on' 
and 'off' are used to indicate 'functionally active' and 'functionally inactive / disabled', respectively.

This can already be interesting when starting at function-level one: which ambitions can be pur-
sued — other than to raise an arm for waiving a hand — in terms of interaction of wirk-components 
for emergent properties? With extended specification of function levels and detail within the func-
tional hierarchy, more interesting operational activity can obviously be addressed. See the monograph 
by Karl Theodor Kalveram [8] for a different and deep treatise of the topic.

Tab.1 – Behavior matrix from function-level FL1 three cannonical wirk-components in 'on' or 'off'

{V |Z} {P |Z} {O |Z} Behavior

On Off Off Coma

On Off On Physically completely dependent; e.g. late 
stage multiple sclerosis

On On Off Unable to make operational decisions, acts 
by reflexes only; e.g. head trauma  

Off Off Off Dead

So, the objectives listed in the Introduction must be seen as a guidance into further elaboration, 
but the repertoire of mathematical tools has been exposed and the way to go been shown.
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Abstract
The fourth industrial revolution named Industry 4.0, combines physical and virtual worlds. The 
man with his intellect, creativity and will lies beyond this ideology. The new paradigm of Society
5.0 involves the penetration of Artificial Intelligence in man’s common life, their “cooperation” 
with the aim of enhancing the man capacity and the return of the man at the “Centre of the Uni-
verse”. The paper outlines modern technologies – from internet-of-things (IoT) up to emergent 
intelligence and evergetics, the convergence of which, according to authors mind, will provide 
the transformation to digital Society 5.0.
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Abstract
The article shows that solving the task of developing a technological innovation ecosystem re-
quires attracting not only managers and specialists in engineering development, but also philoso-
phers, sociologists, historians. The purpose of the article is to show the transformation of the 
technical and economic balance of society, inevitable in the conditions of explosive technologi-
cal growth, to isolate and analyze the basic stages of this transformation, their philosophical 
foundations and main features. The purpose of the article is to show the transformation of the 
technical and economic balance of society, inevitable in the conditions of explosive technologi-
cal growth, to isolate and analyze the basic stages of this transformation, their philosophical 
foundations and main features. The question of the development of a technological innovation 
ecosystem in the general philosophical manner is formulated as a problem of constructing ontol-
ogies that entail significant technological, economic and social transformations.  The trial solu-
tion of the problem is formulated in the form of a scheme of eight stages of development - from 
the model "Funnel" to the model "Grail" - and is a deductive construction, open to verification 
and falsification procedures. Verification and approbation of the solution formulated in the arti-
cle of the problem of the development of the technical and economic balance require the partici-
pation of a wide range of specialists in the socio-humanitarian, technical and natural-science 
field.
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Abstract
This article emphasizes the most crucial problem of the shift to the sixth technological stage. The 
self investigation of the real society structure including individuals-Want, subjects-Can and per-
sons-Must must be started within the new integral science – cybernetic epistemology.
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Abstract
The article deals with the issues of human modification and integration in the technogenic world. 
We have identified the problem fields, technologies and areas of modification of the mental and 
cognitive spheres of man. The influence of technologies on the degree of integration of the user 
and man-made environment is shown. We consider the subject and conceptual areas of synthetic 
psychology, studying the processes of technomodification of the human psyche.
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.
NBICS (N-nano, 

B-bio, I-info, C-cogito, S-social)-

[3].

CRISPR-CAS9, TALEN

-
GNR – G-genetics, N- nanotechnology, R-robotics; GRIN – G-genetic, R-robotic, I-

information, N-nano processes; GRAIN – G-genetics, R-robotics, AL- artificial Intelligence, N-
nanotechnology, BANG – B-bits, A-atoms, N- neurons, G-genes.
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Abstract
The article shows the complexity of the task declared by President V.V.Putin in March 2018 on
the special meeting on the microelectronics problems and plans. The complexity of the task 
needs the complexity of decisions. This is the main content of the article.
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Abstract 

 

Introduction 

The design of induction hardening systems involves defining both the electrical regime and ge-
ometry of the induction coil. This implies a considerable number of degrees of freedom, which must 
be set in order to reach a given goal. In the last decades, the use of numerical simulations has been a 
key element in designing induction systems. Especially in the case of complex geometry work-pieces, 
using only one numerical model for establishing the whole degrees of freedom set can be extremely 
time consuming. In order to overcome this issue, the full problem may be divided into simpler ones 
[1-2].  

Optimization plays a key role in designing induction heating systems [3]. Some optimization 
models dealing with induction hardening by means of numerical simulation [4] or experiments [5-9] 
can be found in the literature. Naar et al. [4] optimized frequency and current density to achieve a 
temperature rise in a fixed time. Qin et al. [5] presented a response surface method (RSM) for study-
ing und optimizing the effect of five process parameters (feed velocity, input power, gap, curvature 
and flow rate) on temperature, microstructure, microhardness, and phase transformation geometry in 
a spot continual induction hardening process. Kayacan et al. [9] applied a fuzzy approach to study the 
influence of coil air-gap, material diameter, cooling time, power, and frequency on the hardening 
depth and heating time.   

In this paper, we intend to present a multi-stages approach for fully optimizing a surface harden-
ing induction system. Starting from a complex geometry work-piece, we determinate the heating 
time, frequency, and current that optimally provide the desired hardening depth. The first part of the 
article describes the attempt to optimize the electrical regime by coupling a one-dimensional model 
with a multi-objective optimization algorithm. The second part investigates the use of a single-
objective approach for optimizing, separately, frequency and heating time.  
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also with medium hardening depths (3 mm), as long as the heating time is relatively short (shorter 
than 16 s in our case study). With bigger depths (5 mm or more) the phase change simulation is a 
requirement for getting reliable results.
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Abstract 
A method for solving the problem of determining the aircraft aerodynamic characteristics based 
on flight data is presented. The application of the fuzzy clustering method to such a set of data 
makes it possible to describe the aerodynamic characteristics of an aircraft in the form of a black 
box model. The inputs of the "black box" are telemetry data, such as accelerations, angular ve-
locities, thrust, dynamic pressure, etc.; outputs are the nondimensional aerodynamic coefficients 
of forces and moments. In conclusion, the results of fuzzy processing of flight and model data are 
presented  .
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Abstract
The approaches of system analysis and control of complex systems (Anticipatory Failure Deter-
mination (AFD-1, ADF-2), Root Cause Analysis) with reference to defect management of data 
processing systems are described. The system-forming factors corresponding to different stages 
of the life cycle of data processing systems are considered, sources of defects at various stages of 
the life cycle are described. The classification of defects from the point of view of their attribu-
tion to the external (defects of co-evolution) or internal (structural defects) environments of data 
processing systems is considered.
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Abstract
A method of parametric optimization for solution of the inverse boundary heat conduction prob-
lem under incomplete information with respect to input data is proposed. The method is based on 
a methodology of optimal control theory for objects with distributed parameters. The problem 
has been formulated as problem of minimization of temperature discrepancy in a uniform metric 
under interval uncertainty of perturbations when the set of control actions is limited to the class 
of  piecewise parabolic functions. On the basis of parametrization of control actions, the problem 
is reduced to an unsmooth problem of mathematical programming that has been formulated for 
the whole set of temperature discrepancies for all possible values of uncertain factors of noise.
To solve the formulated problem, the authors used an alternance method that provides a compu-
tation of the optimum values of the sought parameters, which ensure the minimal error of ap-
proximation for the whole set of possible temperature realizations. This algorithm implies the 
guaranteed quality approach under conditions of interval uncertainty. The results obtained in 
numerical experiments with basic model disturbances are analyzed.
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Abstract. The possibility of approximating two-parametric distributions of positively defined 
random variables by the Hs-hyper exponential distribution of a special kind is shown. Calcula-
tions of this approximation efficiency estimate for different sets of parameters and examples of 
approximation applications are given.
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3 M/G/1/0

M/G/1/0
.

- Hs-
[7]

– 1 -
– -

-
Hs.

–
p0, p1, p2 -

T1

- Hs, p*
0, p*

1, p*
2, T*

1.
– M/G/1/0

Hs- E( ) = 0,5 V( ) {1,2; 1,6; 2,0; 2,8; 3,6; 4,4; 5,2; 6,0}

V( ) p0 p*
0 p1 p*

1 p2 p*
2 T1 T*

1

1,2 0,56244 0,56180 0,24309 0,24345 0,19447 0,19476 0,43220 0,43333
1,6 0,56728 0,56521 0,24040 0,24155 0,19232 0,19324 0,42378 0,42737
2,0 0,57089 0,56733 0,23840 0,24037 0,19072 0,19230 0,41759 0,42369
2,8 0,57577 0,56959 0,23568 0,23912 0,18855 0,19130 0,40936 0,41981
3,6 0,57890 0,57065 0,23395 0,23853 0,18716 0,19082 0,40412 0,41799
4,4 0,58108 0,57123 0,23273 0,23821 0,18619 0,19057 0,40052 0,41701
5,2 0,58269 0,57157 0,23184 0,23802 0,18547 0,19041 0,39787 0,41643
6,0 0,58394 0,57179 0,23114 0,23790 0,18492 0,19032 0,39583 0,41605

T1

V( ) = 6 – 2%.

[4]

, 
Hs
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Abstract
The work is devoted to the construction of stereotypes (patterns), for controlling the movement 
of a walking machine in an anisotropic medium, while observing the stability conditions of the 
body and mobility of the limbs. The typification of the displacement surface is performed taking 
into account the design features of the machine. Sets of patterns for the organization of 
movement of a six-legged walking machine on relatively flat surfaces, along a rough surface, for 
overcoming certain types of obstacles are presented.
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Abstract
Crowd control in multi-robot systems has become an important area of research for collective ro-
botics, inspired by biological systems. Developments of swarm intelligence are promising for 
various industrial, commercial and military solutions. Computer simulations are successfully 
used to demonstrate new implementations of control for the large robot swarm.
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Abstract
The article examines methodology of optimal allocation of labor recourses in integration projects
of IT company. The developed system of queuing for modeling of business process. The task for 
the assignment problem was set up and solved. Information about Agent Based Model for busi-
ness process of business process of the integration department.
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Abstract
This article analyzes the tools and methods used in the analysis of emotions for the purpose of 
managing society. The influence of emotions on the management of people and business, as well 
as the development of the processes of emotion analysis over time. The role of social networks in 
managing societies and the methods they use. In this paper, we study the most common methods, 
their influence and give recommendations for improving the process of analyzing emotions for 
the management of society.
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Abstract
The article speaks about investigation devoted to the cognitive application of models possibilities 
in the forecasting competences demands. The usage of which is caused by the fact that they al-
low to consider a large number of diverse qualitative and quantitative factors: data on the de-
manded and predicted new professions, the results of expert polls, data on the perspective scien-
tific directions given about subject and number of scientific publications, etc., and also a succes-
sive ligature between competences, the their formation reflecting stages. Main research objec-
tives: the choice of the factors influencing on the competences demand, the type of cognitive 
model choice, a research on using possibilities of professional application standards. Using cog-
nitive model of the program training in the higher education institution, the using possibilities of 
the received estimates in the "future" competences value in the updating programs process is also 
used. The received results are applied in the updating program of bachelors training.
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Abstract
It is shown that the patterns of departure of the subject from the "ideal" of rational choice to the 
subjectively rational are connected with the peculiarities of identifying and understanding exter-
nal conditions and the properties of their interests (external and internal factors, respectively). 
External factors associated with the commitments taken by the agent. Internal factors reflect the
interests of the subject, induced his needs and ethical system to which he adheres. It is proved 
that the choice of subject is based on perceptions of the situation purposeful state that reflect var-
ious aspects of understanding the subject of purposeful state situation and form an information 
structure diagrams as the set of possible presentations; the evaluation of satisfaction with the cur-
rent situation purposeful state of the subject changes the structure of interests of the subject, and 
he can choose it. It is shown that an agent when making decisions uses three sets of alternatives: 
control, structural, and identification. This suggests the existence of three virtual parties involved 
in the selection of appropriate alternatives.
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Abstract
The paper deals with the problem of coordination of investments in information security (IS) in 
state bodies. The state information security management system in the public sector is presented 
in the form of a two-level hierarchical system. At the top level of the two-tier IS management 
system is the Coordinator, and at a low level, individual IS management subsystems. The coordi-
nator assumes the coordination of the activities of the elements of the lower level, including the 
allocation of the overall information security budget between them. It is assumed that each ele-
ment of the lower level has a certain independence in the organization of its activities, but they 
are interrelated, and the level of information security in one system affects the level of infor-
mation security in other systems that have links to this system. It is also assumed that the level of 
information security in one system depends in part on the level of the allocated investment, but it 
is also necessary to take into account the levels of information security in "neighboring" systems. 
The task of the Coordinator is to allocate investments among the lower-level systems in order to 
achieve socially optimal investments of the IS, which is formulated as a game-theoretic problem.
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Abstract
This article describes dependence of offences related with money and property of the co-owners 
of apartments from the level of complexity of administration system of the common property of 
the house management. The report is devoted to the analysis of common property management 
and the method of its improvement with the help of intersubjective management.
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Abstract
Development of the intersubjective management theory and its practical applications identified 
necessity of clear understanding what meaning heterogeneous actors enclose in the notion of a 
problem situation, because their attempts to solve the problem situation may fail if heterogeneous 
participants intend different sense in the same situation. They would not be allowed  to come to a 
single decision suitable to everyone. Therefore, the purpose of this article is to study how the 
problem situation in the process of its cognition is transformed into a problem endowed with a 
single meaning by heterogeneous actors.

-
- -

-



280

-

-
- -

-

12, 14].

1

-

-



281

–

2 –



282

-

-

-
1) -

2)

3)

1)
2)
3)

-

-

  



283

–

2 –

-

- -

-



284

[1] // -71.
[2] Vittikh V.A. Evolution of Ideas on Management Processes in the Society: from Cybernetics to Evergetics. 

//  Group Decision and Negotiation, volume 24, issue 5, September 2015. - . 825 - 832.
[3] Vittikh V.A.Evergetics: Science of Intersubjective Management Processes in Everyday Life.  //  

International Journal Management Concepts and Philosophy, 2016, vol.9, No.2. - .63-72.
[4] .

- -21 . 
[5] Vittikh V.A. Introduction to the theory of intersubjective management. // Group Decision and Negotiation, 

2015, Issue 1, Vol. 24. - P. 67-95.
[6]

- .
16-31.

[7] . //
EKONOMICKÉ TRENDY, 2017, No3. - -42. 

[8] .
XVIII

– – 62.
[9]

Problems of modern education: materials of the VIII international scientific conference (September
10–11, 2017), Prague: V decko vydavatelské centrum «Sociosféra-CZ», 2017. – p. 16-17. 

[10] Vittikh V.A. Heterogeneous Actor and Everyday Life as Key Concepts of Evergetics. // Group Decision 
and Negotiation, November 2015, volume 24, issue 6. – p. 949-956.

[11]
XII

(16- ). – 2014. - -6270.
[12]

XI
– - 05-410.

[13]
- - -

[14] . - -19.
[15] . -

– –
[16] Briskin A., Erickson S., Ott J., Callanan T. The Power of Collective Wisdom and the Trap of Collective 

Folly (Large Print 16pt). - Oakland, California: Berrett-Koehler Publishers, 2014. - 264 p.
[17]

-
[18] Frankl V.E. Man's Search for Meaning: an Introduction to Logotherapy. - New York: Perseus Book 

Publishing,  2000.



285

1 2

1

E-mail: mcap@mail.ru
./ : +7 (846) 333-27-70

2

443086
E-mail: en_kirillova@mail.ru

./ : +7 (846) 267-46-21

,
Data Envelopment Analysis

Abstract
Multi-criterial evaluation method was established during the implementation of the research pro-
ject «Systemic ranking of innovative projects of the Samara region ecosystem» the possibility of 
constructive joint use of expert models - the method of analyzing the hierarchies by Thomas 
Saati and of the formal one - Data Envelopment Analysis.
We consider the application method of these different in substance and methodology evaluation 
approaches for the synthesis of criteria of innovative projects system effectiveness evaluation and 
multi-criterial evaluation.
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Abstract
Complex methods for conceptual modeling of the main components of intelligent decision sup-
port systems such as: models and methods for the integration and analysis of data and applica-
tions, a complex of distributed databases and data and knowledge warehouses, the development 
of user interfaces and organization of distributed computing as part of an intelligent information-
al and analytical platform are proposed in the article. The detailed substantiation of application of 
a new intellectual informational technology and its methods for informational modeling of func-
tioning of complex objects in various subject areas for state and industrial purposes is given.
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Abstract
The problem of complex automation of collecting, integrating, processing and analysis of differ-
ent information about processes in distributed complex objects at all stages of its life cycle is 
considered in the article. The analysis has shown that existing approaches, methods and technol-
ogies of integration and analysis of data and applications, distributed databases and data and 
knowledge warehouses, the development of user interfaces and the organization of distributed 
computing do not fully meet the modern requirements of organizations and enterprises in the task 
of introducing advanced information technologies with the purpose of increasing the efficiency 
of their functioning and the quality of manufactured products. Also, conclusions of the problem 
are given, which allow to talk about the need of the development of new approaches, methods 
and technologies for the automated development of intelligent decision support systems for man-
aging complex objects at all stages of its life cycle.
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Abstract
In the projects of development and restoration of industrial enterprises, a special place today is 
occupied by investments in production assets. The main goal of investment is the replacement of 
worn out machinery and equipment. The process of making managerial decisions must take into 
account the incomplete and inaccurate information about the internal and external environment 
of the project. Therefore, a tool is needed that integrates the methods of managing production as-
sets, project management and intellectual support for decision-making by project managers.
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Abstract
In this article the most known existing methods for expert evaluations processing were analyzed. 
On their basis, the intelligent algorithm for calculating a generalized ranking using methods of 
fuzzy logic has been provided. Based on the proposed algorithm, a client-server mobile applica-
tion to automate the process of collecting and processing expert estimates was designed and de-
veloped
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Abstract
GRID-systems are one of the perspective directions of development of the distributed infor-
mation-communication systems intended for the solution of a wide class of tasks within creation 
of artificial intelligence. This paper describes an approach to the construction of a reliability 
model of basic topological structures based on parallel-sequential schemes of reliability analysis. 
Approaches to the solution of the direct problem are proposed: quantitative assessment of relia-
bility of components of basic topological structures, on the basis of data on reliability of compo-
nents and the content of the concept of "system failure". The inverse problem of reliability is also 
considered: the definition of requirements for statistical characteristics of reliability of elements
at interval estimates of requirements to reliability of typical structural components of GRID-
systems.

GRID-
-

-
-

-

-

-

-



333

1

1)
-

-

- -
- -

-
– -

-

= (1 (1 ) )

= (1 (1 ) )

=
2)

-



334

– -

-

=
=
=

3)
-

– -

-

=
=
=

2

-

-



335



336

. 2 –

–

-



337

,
–

-08-
-

[1]
– –

[2] – –
[3] – -
[4] –
[5] -
[6] -

– –
[7]

- , 2009, 11, 193–212
[8] - - –

[9] –
[10] D. Needham and S. Jones, A Software Fault Tree Metric, Proceedings of the International Conference on 

Software Maintenance (ICSM 2006), Philadelphia, PA, 25-27 Sept 2006. pp. 401-410.



338

1,a,b, 2, a, c

a

443086
267-46-47 267-46-46

b

-41- -09-42
c

-39- -27-70
1jean-x@mail.ru, 2borgest@yandex.ru

Abstract
This clause establishes some recommendations for the modernization and improvement of the 
process of interaction between departments at the modern aircraft manufacturer.
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Abstract
At present, neural computing technologies are used quite actively. This article describes an 
example of using the technology of neural computing in order to determine the professional 
orientation of applicants. The solution is based on time-tested methods of designing and training 
neural networks.
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Abstract
The article is a result of the investigation of features of medical parameters and methods of their 
formation. The method of their influence on diseases diagnosis is offered.
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Abstract
The article deals with the problem of energy efficient management of microclimate of buildings.
To solve this problem, it is proposed to use the multi-agent approach.  The system uses agents of 
various types: local HVAC agents, zonal HVAC agents using predictive models, coordinating
agents, human agents. The model of multi-agent control system for building comfort and energy
management was implemented in the AnyLogic system. Numerical experiments have shown the
admissibility of the multi-agent approach for energy-efficient management of the microclimate
of buildings.
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Abstract
In this paper we introduce the use of ontology for scheduling, which provides the opportunity to 
create ontological model of the enterprise, develop generic multi-agent scheduler and customize 
matching requirements for each operation in business or technological processes, for example, 
for applications in manufacturing, project management, supply chains, etc. The example of 
applications for supply chain of insurance company is presented.
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Abstract
It is proposed  to use ant algorithms together with the object-oriented simulation models. To 
optimize the functioning of the automated technological complex machining together with a 
modified ant algorithm it is designed object model, which allows to calculate the fitness function 
and evaluate potential solutions. The transition and calculation of  the concentration for synthetic 
pheromone rules are determined for supposed ant algorithms. Multi object  optimization with 
adaptive weights is proposed, where in the solution process the weights of the objective function 
are corrected. Experimental studies of two- and three-object  optimization on the example of the 
production schedule have been carried out on an example of the automated technological 
complex of machining.
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Abstract
The statement of the problem of data integration of corporate information system is considered in 
the article. The practical implementation of the task of data integration by the example of Trans-
portation Management System and Human Resource Management is presented. Fragments of lo-
cal ontologies of TMS and HRM, also global ontology   are presented by authors.
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Abstract
The overview of structural and functional scheme of the system for measuring of radial and axial 
displacements with self-compensation of temperature influence on eddy-current single-coil sen-
sor is given. The brief description of hardware and software tools of the system is given too.
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Abstract
The description of measuring circuit with self-compensation of temperature influence on single-
coil eddy-current sensor is given. This circuit is a part of the system for measuring of radial
clearances in compressor of gas-turbine engine. The paper presents the results of the investiga-
tion of the measuring circuit, namely, the sets of circuit functions of conversion where the initial
data are the set of sensor functions of conversion that were obtained by the way of integration of 
results of simulation of electromagnetic interaction between the sensor and the blade with results 
of experimental researches of temperature influence on the sensor.
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Abstract
The theory of converters of speed - contactless direct-current tachometers - is presented in the 
form of a scalar product of the signals of the synchronous tachogenerators format obtained by 
differentiating the signals of the raster sine-cosine converter and collinear to them of the signals 
received from signals from the same converter. The commonality of the principles of construc-
tion of  converters of movings  and direct-current tachometers on synchronous tachogenerators is 
revealed, since the principle of action of both is based on the solution of the goniometric phase 
shifter equation with the help of continuous or discrete scanning. The technique of the analysis 
and synthesis of analogue and digital-to-analogue structures of tachometrs is resulted.
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Abstract
The problem of statistical identification of the pulse transient function of a linear dynamic system 
is considered. The solution of this problem is based on the use of binary sign analog-stochastic 
quantization for digital representation of the input and output signals of the system. The transi-
tion to the processing of binary sign signals allowed the integration operation to be calculated 
analytically. The main result is the development of a digital recurrent algorithm for calculating 
the estimates of the pulse transient function. This algorithm does not require a preliminary evalu-
ation of correlation functions. The results of experimental studies are presented.
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Introduction

The digitization of industrial processes, e.g. in the context of Industry 4.0, makes new design 
processes possible. The automation of the product development process promises a considerable in-
crease in efficiency. Especially designs and decisions of the very early concept phase have a very 
large influence on the later life cycle costs of the product [1]. The development of modern and more 
competitive products requires to go even closer to the limits of what is physically feasible in order, 
for example, to squeeze the last bit of weight advantage or efficiency out of a product or system. 
Modern products are integrating typically multiple physical domains (mechanics, thermodynamic, 
electronics, logistics, …) as well as a lot of system levels consisting of sub-systems or parts that mu-
tually build on each other. The combination of both, multiple domains together with a number of sys-
tem entities results in a high level of design and process complexity that has to be handled. Digitized 
design processes can be used to cope with this complexity and to find more optimal product designs 
in even earlier project phases. This digitization mainly comprises the computer-aided synthesis of 
designs (CAD) including the automated generation of functional validation calculations and simula-
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tions (structural mechanics, fluid mechanics, controls...). In fact, a virtual product design shall be
automatically generated and optimized based on given product requirements to optimally meet the 
performance targets. In this paper graph-based design languages are presented as a method to imple-
ment such digital and re-executable representations of (conceptual) design actions. At first, the meth-
od of graph-based design languages itself is explained. The method is proven for more than fifteen 
years and has been mainly developed in the Similarity Mechanics Group of the Institute for Statics 
and Dynamics (ISD), which moved now to the Institute of Aircraft Design (IFB) at the University of 
Stuttgart. Second, scientific applications are shown as well as an early industrial stage application. 
Finally, a collection of design principles to handle the complexity in product design is presented that 
have been identified in the scientific work with design languages over the past years.

1 Method

The method of graph-based design languages [2] is a further evolution step of generative, computer-
based synthesis methods [3]. These synthesis methods can be divided in to string-based, shape-based and 
graph-based representations. From the viewpoint of the authors graph-based design languages belong to 
the most generic and abstract means of knowledge representation across different domains due to its graph 
representation. Alternative computer-based synthesis methods such as shape grammars [3] define a rule set 
on elementary shapes (vocabulary) which is recursively called in a production system to generate more 
complex shapes. Graph-based design languages expand this concept by generalizing the vocabulary to 
conceptual objects together with an adaptive procedural rule sequence.

Philosophical Motivation Rudolph gives a philosophical motivation for the design language 
concept in [4]. First it is observed that during the product design process different areas of concept, 
each with different levels of knowledge, are traversed. It is distinguished between the first area called 
‘believe’ which covers uncertain design targets as simplicity, aesthetics or adequacy. The second 
concept is ‘ability’ which covers more concrete but still not exact formulated design aspects as De-
sign for Manufacturing, Design for Assembly, Design for Recycling. The third concept covers exact 
aspects and is called ‘knowledge’. It contains physical formulas and other reproducible, mathemati-
cally formalizable and provable laws and know-how. All three aspects have to be represented by one 
unified description to come to a proper formalization of the design process. Rudolph proposes a lan-
guage-based representation that is closely related to natural languages which are a convenient candi-
date as they are able to cover all three conceptual areas presented above.

Class Diagram (Vocabulary)  Instead of words in natural languages, parametrized objects that are in-
stantiated from classes form the vocabulary of graph-based design languages. The graph-based design 
languages use the Unified Modeling Language (UML) as representation and modeling language whose 
roots are in the model-based software engineering [5]. The vocabulary is modeled as class diagram as 
shown in figure 2 top. The entities and parts that take part in the product design are casted into classes and 
enriched with parameters that represent e.g. physical or cost variables. Equations and constraints can be 
additionally modeled in the classes and are processed in an integrated solution path generator [6]. The 
equation and constraint network that is built on the instantiation of the classes is automatically solved in 
the solution path generator with an integrated computer algebra system.

Rules (Grammar) The engineering entities of the class diagram are rule-based instantiated into 
objects with specific parameter values. Graphical rules with a left-hand side (LHS) and a right-hand 
side (RHS) define the instantiation as manipulation on the instance diagram. The instance diagram 
contains the so-called design graph which is the unique abstract central-model of the product design. 
The design graph of an exhaust aftertreatment system is shown in figure 2 bottom. The design in-
stances in the design graph are linked with each other according to the associations that are defined in 
the class diagram. The instance on the LHS of the graphical rule is looked-up in the design graph and 
replaced with the instance pattern on the RHS. The first rule is called ‘axiom’ and has an empty LHS 
as the design graph is empty in the beginning (figure 2 center left). In the ‘axiom’ the requirements 
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Figure 2 – Schematic graph-based grammar of an exhaust system and its main building blocks
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Figure 3 shows results of a graph-based design language that automates the layout design of an 
airplane’s air cabin [8]. Beginning with the requirements, the designer can (manually) define the seat-
ing requirements based on a number of ratios. A ratio might define how many passengers share the 
same lavatory in a certain class. Together with the air planes main dimensions and the design lan-
guage uses this as input conditions for a subsequent automated dimensioning and design of the air 
cabin (figure 3 bottom left). Beside the creation and integration of the 3D model (figure 3 top left) of 
the air cabin seating and infrastructure components (overhead bins, lavatories, kitchen,…) the sys-
tems and control units of the electrical infrastructure are automatically positioned for each seating 
arrangement (figure 3 top mid-left). Finally the electrical connections are automatically routed in the 
available and previously created 3D space according to additionally given constraints from e.g. elec-
tromagnetic compatibility.

Figure 3 – Air cabin design with automated generation of electric and climate system. Reproduced from [8]

Using the graph-based design language reduces the time needed for an air cabin layout from 
many weeks and months to a few hours. The complexity of the interaction of the coupled systems and 
components (figure 3 right) is handled through the interplay of the production system and the design 
rules together with the intelligent algorithms to solve the integration tasks of positioning and wiring 
the electrical components. Different air cabin designs can thus be automatically evaluated and opti-
mized in terms of total weight, cable length and wiring compatibility and validity [8].

Figure 4 shows the result and intermediate steps of a graph-based design language for creating a 
small satellite [7]. The design language starts from a given mission that defines payload, target orbit, 
energy and information demand of the payload as requirements. The rule set creates a complete virtu-
al mockup based on the given requirements (figure 4 top row). The design language includes the au-
tomated creation and dimensioning of the control systems as well as the thermal validation as shown 
in figure 4 bottom left. Critical figures, such as the mass, energy and momentum balance, are calcu-
lated and balanced. A mission related communication system is chosen based on the mission figures. 
All critical subsystems are selected and in the subsequent integration step spatially arranged (pack-
aged) and finally, with the previously mentioned routing algorithm, connected by wire (figure 4 bot-
tom right). The integration of the components is validated for the defined orbits in terms of thermal 
loads arising from the incoming sun light as well as heat sources from components and systems (fig-
ure 4 bottom left).

Finally, figure 5 shows results of a design language for the automated functional optimization of 
SCR (selective catalytic reaction) exhaust aftertreatment systems, that reduce the emissions of inter-
nal combustion engines [10,13]. At the beginning a combustion engine is given in terms of mass flow 
and exhaust temperature as well as emissions and emission target. An installation space is also given, 
where the exhaust aftertreatment has to fit in (blue box figure 5 top right). The catalyst is analytically 
dimensioned in the beginning. Based on this size a CAD model of the catalyst housing is created. The 
catalyst box is automatically positioned in the installation space and finally a constraint pipework, 
based on standardized pipe bends, is created to connect the exhaust system components with the en-
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gine and the environment. The final CAD model is automatically meshed and a fluid simulation is 
created to determine the emission reduction efficiency as well as the pressure loss of the system (fig-
ure 5 center bottom). A finite element simulation to evaluate the thermal expansion of the system is 
created and executed as well (figure 5 center top). The whole design language is integrated into a 
design of experiments/optimization framework to conduct a design space exploration and to deter-
mine the pareto-front as best possible trade-off between competing design targets (pressure loss and 
emission reduction efficiency). The system was proven to scale very well on high performance clus-
ters. Thousands of variants could be created and evaluated within a few weeks. Using this approach 
the physical limits of the exhaust aftertreatment architecture could be determine for the given re-
quirements which is a very useful and valuable information, especially in an early project phase.

Figure 4 – Satellite design with graph-based design languages. Reproduced from [7]

Figure 5 – Graph-based desing language for developing SCR exhaust aftertreatment systems in given installation
spaces. Reproduced from [10, 13]
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3 Design Principles

Different design strategies and mechanisms have been identified and applied in the automation
of the design processes. Some principles have been identified by working on the explicit scientific 
problem of handling the complexity of engineering design and working on an engineering design 
theory. Others just emerged in application-centered design language projects as by-product.

Top-Down and Bottom-Up The work in [14] proposes to distinguish between top-down and 
bottom-up designs. The definitions in [14] can be directly quoted: “In the bottom-up approach it is 
attempted to achieve a higher level functionality by systematically combining basic building blocks 
into assemblies.” A bottom-up design occurs especially in domains where only limited knowledge is 
available in advance. This phenomena often occurs in designs with non-linear physics, as fluid flows 
in the exhaust system example presented above, where small changes in geometry can produce signif-
icant changes in the overall physical behavior (e.g. flow separation). “In the top-down approach de-
sign synthesis ... is beginning with the requirements definition, the evolution of the design object is 
constituted out of subsequent decompositions from abstract conceptual descriptions into more de-
tailed functional representations which finally find an embodiment into material components.” The 
presented satellite example is an example for a bottom-up design where a priori knowledge is used to 
synthesize designs directly from the requirements.

Dimensionless Evaluation Rudolph identifies the evaluation of engineering objects as crucial 
challenge in the (automated) design of products [15] as the a chosen evaluation directly influences 
and determines the evolution of a product in optimization. Using the Pi-theorem with its dimension-
less figures addresses the main problems of evaluation (“How can the evaluation of parts and compo-
nents be found and represented? How are are partial results aggregated into a single evaluation? How 
are the goal criteria structured, arranged and are they complete? [15]). In this sense a complete de-
scription of a product entity in terms of design parameters and evaluation figures forms a valid evalu-
ation: “any minimal description in the sense of the Pi-theorem is an evaluation” [15].

Declarative Constraint Processing In the process of designing complex products, consisting of 
many components, systems and spanning over multiple physical domains, large equation systems 
arise from the aggregation of analytical models that are part of each subsystem and component. This 
equation system is automatically assembled in the graph-based design language and subsequent au-
tomatically processed and solved in a so-called solution path generator [16]. Using the solution path 
generator a declarative processing of the equation and constraint system is ensured and the designer is 
freed from pre-defining a solution sequence. In addition, sensitivity analysis can be automatically 
executed to determine the critical design drivers and main dependencies within a product design [6].

Self-Similar, Nested Design Patterns The production system and a generic rule sequence was 
examined and a self-similar design pattern is postulated in [17]. It is called integrated design pattern 
and explained as: “The design cycle is an iterative sequence of design synthesis, analysis and evalua-
tion. The design synthesis itself is subdivided into the definition of requirements, the decomposition, 
the formulation of functional solutions and the combinatorial exploration process.” It combines as-
pects of both, the top-down and bottom up approaches into a “real world problem” pattern. It is ob-
served that this pattern typically occurs in a hierarchical, nested manner on different granularity lev-
els.

Dimension-Based Design Sequence The paper [10] deals with the problem of splitting the de-
sign process into a sequential step-by-step process. It is shown, that in order to find a global design 
optimum a dimensioning and integration of sub-systems and components has to occur simultaneously 
in one design step. But this implies that the optimal design parameter values have to be determined at 
once, forming a very high-dimensional optimization problem which practically can’t be solved. A 
design sequence can then be deduced based on the mathematical dimension of the design parameters: 
When two systems are sequentially integrated, the (common) design parameters of the lower dimen-
sional system have to be fixed before fixing the design parameters of the higher dimensional system 
(“Begin with the system that has less degrees of freedom”).
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Design Patterns and Paradigms  In the creation of a graph-based design languages it is possible 
to adopt design patterns [18] from object-oriented software engineering [18]. The use of object-
oriented design patterns in design languages is made possible by the extension of classes by methods 
and interfaces proposed in [19]. The design patterns are solutions for recurring kind of problems in 
programming as for object creation, object composition (structural) and for object interaction (com-
munication). They are typically made of two or more classes that are associated with each other 
and/or inherit behavior from each other, together with abstract methods in the classes and a defined 
interplay and usage of these methods to solve a specific problem. The ‘Design for X’ paradigms [4], 
mentioned above in the philosophical motivation, can also be seen as a kind of design pattern. As 
these paradigms are less specific than the previously presented design patterns from object-oriented 
software engineering they are part of the ‘ability’ concept area. This paradigms help the designer to
structure the design process, at least mentally, when designing a graph-based design language. Never-
theless, it is often possible to transform the less specific paradigms in to rule-based heuristics when 
implementing a design language.

Discussion

In this paper an overview on graph-based design languages that automate recurring design tasks 
was given. The concept of graph-based design languages allows a graphical programming of design 
processes which helps to manage the complexity in product design by separating the data model from 
the operational procedural aspects in an object-oriented way. Using the object-oriented UML as mod-
eling language allows a compact representation of the product entities that avoids redundancy 
through inheritance between and decomposition into classes. Storing engineering knowledge in in-
cremental rules and adaptive rule sequences allows a hierarchical decomposition of the engineering 
process itself into smaller chunks that can be more easily captured and overviewed by the engineer 
even for complex products and systems. The presented example applications show that the method of 
graph-based design languages is able to solve real world engineering problems in a fraction of the 
time that would be necessary in manual engineering. In fact, the design time collapses to the addition 
of the (potentially concurrent) run-times of the algorithms which is close to the lower theoretical lim-
it. Futhermore, a graph-based design language, when embedded in an optimization framework, is 
often able to find more optimal engineering solutions as can be found in a conventional engineering 
process. The presented language is able to capture engineering knowledge digitally which leads to a 
highly scalable and re-executable digital blueprint of recurring design tasks. Nevertheless, a signifi-
cant upfront invest is necessary as implementing a product’s generic design process is apparently 
more expensive than creating a few product designs by hand. The wide acceptance of this kind of 
modeling method in industry is at the moment therefore still often hindered by the traditional ‘silo 
mentality’ present in today’s companies which look on the profitability of the individual business unit 
instead on the profitability of the company overall. The design principles are providing solutions to 
handle the occurring complexity in product design. They can be used on different levels and stages 
during the implementation of engineering processes. The presented principles are derived from fre-
quently occurring patterns that can be reused and applied in different contexts. Handling the com-
plexity in product design is crucial task as the complexity of the products themselves is increasing 
and even more domains and disciplines have to be considered to get a holistic evaluation, validation 
and optimization of a product’s life cycle from cradle to grave. Graph-based languages are a method 
to push the limits of the still controllable complexity in industrial engineering further away.
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Abstract
The formulation of the problem and possible technologies for early detection and prevention of 
impacts on information resources of the critical infrastructure of the Russian Federation are con-
sidered. The possible architecture of a cognitive early warning system of a computer attack is 
proposed.
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Abstract
This paper provides an overview of the system remote sensing for the implementation of preci-
sion agriculture. In this article, we demonstrate the software and hardware complex of the UAV 
group, which will solve the problems of precision farming. The use of our system can provide 
users with more decision-making information and operational convenience to achieve the entire 
system of remote management.
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Abstract
The main features of the new information system “ANT”, dedicated to the decision support in 
agriculture business, are described. The system allows to integrate heterogeneous data needed for 
farmers to improve efficiency of their business.
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