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1. Introduction

Nowadays the complexity of systems, structures, and processes in different branches is
growing up. The intense of rapidly growing complexity has led to the making investigations
on understandings of what it is really means system to be complex. We want to understand
complexity with an aim to reduce this complexity. It is well-known that the more complex
system is the easier way is to destroy it [1]. To understand what can be done on reducing
complexity one has to be able to measure it. Measuring is essential to engineering. If you
cannot measure something, you have not engineered it.

The study of complex systems (originally called Complex Adaptive Systems) as a distinct
and recognizable discipline has been ongoing for more than three decades [2]. During this
time many viewpoints and opinions have been proposed. There are also different ways how
complexity is being defined but there are no many valuable approaches how the complexity
can be measured. Examples of complex systems include biological systems, ecological
systems, societies, as well as the systems that humans create and use. From the viewpoint of
engineering science the system complexity can be measured depending on how collective
properties arise from the properties of parts [3]. More generally, it refers to how behavior at a
larger scale of the system arises from the detailed structure, behavior and relationships on a
finer scale, where cause and effect relationships for the system as a whole are often not
obvious.

The author explores how the structural modeling approach can be applied for the
measuring the properties of a system structure and detecting the overall complexity of the
system. In common this approach defines the measure as the set of all of the specific and
instant relations among the parts, objects of a system. In the work there is discussed about the
common researches on systems evaluation and the efficiency of applications of structural
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modeling technique, where issues about various systems quality characteristics are stressed
on. There is also discussed about the theoretical aspects of structural modeling qualitative and
quantitative analysis. Particular interest is devoted to the structural complexity measure which
is one of the quantitative characteristics. This measure can serve as a good indicator which
could show the common correlation of results. Also the scale of conceptualization is assumed
as to be very important. The process of analysis is based on direct and indirect connectivity of
the system's objects.

2. Complex systems engineering

Complex systems engineering” contains three terms [4]:
e Complexity
e Systems
e Engineering
Fundamentally, we’re talking about an engineering activity centered on complex systems. But
each of these concepts must be correctly defined and understood. In literature [5] complex
system engineering is recognized as a second branch of general system engineering:
General systems engineering:
* system => solution to the problem
¢ life cycles => realizations of solutions to problems (as systems)
* melding of multiplicities => realizations of solutions to non-trivial problems

Traditional systems engineering Complex systems engineering

The differences between Traditional System Engineering and Complex System Engineering
can be understood as differences in the way that a system is (or should be) conceptualized; as
differences in the life cycles that account for their realization; and as differences in the
multiplicities that must be melded, and how the melding is accomplished. Traditional systems
engineering 1is appropriate for managing the decision making processes of individual
autonomous agents in complex systems. Complex systems engineering must be added when
multiple autonomous agents must a part of any solution and/or when multiscale analysis
becomes essential to a sufficiently complete characterization of an evolving problem and its
solution [4].

2.1. Complexity evaluation

Complex systems evolve and so measuring the evolution of complex systems is essential to
complex system engineering. Different methods, approaches and techniques are considered
for managing this not a simple task of systems complexity evaluation.

There are many definitions one can find to define a concept of a system and a complex
system and most of the relevant literature is a discussion about systems with little attention
given to defining the term. A complex system can be characterized as one whose development
and maintenance is complex, one whose behavior is complex, or usually both [6]. A system is
a construct or collection of different elements that together produce results not obtainable by
the elements alone [7]. The Encyclopedia Britannica defines a system as a regularly
interacting or interdependent group of items forming a unified whole. The IEEE defines a
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system as a collection of interacting components organized to accomplish a specific function
or set of functions within a specific environment. Bar-Yam [8] suggests that complexity is
strongly related to the number of possible states of a collection, or its complete description.

In [9] there is discussed also about different viewpoints concerning to the statement of can
the system be classified as complex or not. The approaches to understanding the complex
systems states (among other opinions), that the world can be seen as objects having attributes
and that what we can physically see and measure is what is truly real. Also in [9] is mentioned
well-known Kolmogorow complexity and approach which proposes that system’s complexity
can be measured depending on time the (minimal) amount of time it takes to create the
system. Another viewpoint is describing the system using rules as a notational system. There
can be made gross general categories by the number of rules required to describe them. For
example, to describe very large and complex systems one needs more than 1 million rules.

Irrespective of the definition or proposed approaches to be used two main aspects can be
marked out:

1) components, elements, objects etc. the system under investigation consists of;

2) existing relations among these components, elements, objects etc.

Proceeding and examining a system’s components and their interrelations one will be able to
formulate a description of the system as a whole. An analysis of the interactions at the
component level that yields a simple explanation of the apparent complexity of phenomena
observed at the system level [2]. The intense interest arising in the study of complex systems
has led to the necessity for developing of effective mathematical methods to make structural
analysis of systems and measures of their complexity. The mathematical techniques of the
complex system approach are include nonlinear dynamics, especially differential equations,
difference equations and cellular automata, game theory, Markov processes, genetic
algorithms, graph theory and time series analysis [9]. There is still no compact mathematical
equation that would characterize the behavior of the system as a whole as a function of its
components. Building a mathematical model of system is a very important precondition on
the way of systems measuring.

Structural modeling approach can be an effective mathematical approach to complete this
task while the reasoning here is based on a model of morphological structure which is
transformed to graph where nodes depict objects within a system and links describe relations
between objects. This approach lets us to develop a mathematical description of any (as
technical as also non-technical) system in conditions of incomplete information [9].

3. Structural modeling approach

The goal of structural modeling methodology is to provide the framework for systematic,
domain model based knowledge acquisition, representation and processing based on a set of
related structural models. The focus of this approach is on different systems with physically
heterogeneous elements, which interrelation ensures different kind of flows existing in the
system (like information, physical, descriptive, etc. flows). Four aspects are taken into
consideration: systems structure, behavior and functions, and causal knowledge, that is, a
specification of a modified behavior caused by structural changes in the system under
consideration [10]. The important advantages of structural models are their ability to capture
both shallow knowledge (expert's experience) as well as deep knowledge (understanding of
cause-consequence relationships between input and output variables of the components), and
to support inference of new knowledge [11].
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According to [12] structural modeling refers to those modeling activities in which the
intention of the modeler is to embody the geometric rather than the algebraic, and of
describing form rather than calculating or measuring quantitative output. A key aspect of
structural modeling versus modeling without the adjective structural is one of emphasis;
emphasis on qualitative structural (geometric, topological etc.) aspects rather than on exact
numerical or statistical properties of the systems being modeled.

As it was already told any system consists of elements and relationships between these
elements. The model of morphological structure that essentially represents connectivity
information about a system is used to support the structural reasoning. Structural reasoning is
based on the analysis of direct and indirect connectivity of the system's objects using graph
theory methods. Direct connectivity is described by structural equations. A general form of a
structural equation is as follows [11]:

flow (IN) + ... + flown(IN) = flow;(OUT) + ... + flow,,(OUT).

Hence, each structural equation represents knowledge about relationships between input
and output flows of the corresponding object.

3.1. Complexity components in structural modeling

In order to methodically analyze anything, basic concepts are needed to explicitly and
consistently center what are considered to be the pivotal aspects of the analysis. Measuring
complexity of the structure (and thereby of the system) consists of two main components:
1. Qualitative analysis of the structure: here the evaluation of the structural importance is
used to appreciate the quality of the structure in the sense of its potential reliability.
The process of qualitative analysis is depicted below (see Figure 1).
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Figure 1. The process of the qualitative analysis

The logical base for reasoning is as follows: the structure would be more reliable if the
ranks of objects would differ less among themselves because there would not be
functionally overloaded components.

2. Quantitative analysis of the structure: this component consists of many quantitative
characteristics like diameter, radius, structural complexity, structural compactness etc.
which are considerable only when we are comparing several structures.

Detailed description of theoretical bases for acquisition of all the characteristics in both

components and the examples and conclusions of practical usage of the method are given in
several publications [9][10][11]. Author wants to stress some important issues concerning to
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complexity within structural modeling. One of the quantitative characteristics is structural
importance of the structure. It is calculated according to [13] (see Formulae 1):

| )
p=—3% % py-1 M
mym, i=lj=1"Y

where my,m, - the number of input and output nodes in the structure;
Pij - the number of different paths between the input/output node (i) to the

deadlock node (j);

It states that the system is more complex if more paths exist between the input and the output
of the system. The question arises — does the value of this characteristic correlates with the
total evaluation of complexity where measures are taken from both components of analysis?
Analysis of large scale systems/structures are of special interest here.

The second interesting question brought the process of analysis itself, not the individual
characteristics within both components: what is the best way how to make a conceptualization
of a system? This is briefly discussed in the following section.

3.2. The scale of conceptualization

As it was told in previous section the analysis has appeared the question about the
conceptualization scale of a system. A primary goal of science is to compress
phenomenological descriptions into concise abstractions and examine system’s components
and their interrelations in the hope that in doing so one will be able to formulate a simpler
description of the system as a whole [2]. One of the particular feature is various type of links
in object’s inputs and outputs, namely, during the process one kind of flow is transferred into
another kind of flow. The question here arises — can it be considered as acceptable when for
object “assignation of transport” input is “date of taking” and output is “driver arrives with
auto truck” — completely different flows. The first one can be concerned as information flow
and the second one as physical flow (see Figure 2).

Different flows Information flows Physical flows

Assignation of < Date of Assignation of i Date of Assignation of < Transport
taking taking reservation

transport transport transport

L. [, L.

Driver arrives Date of arriving Driver arrives
with autotruck with autotruck

Figure 2. Analysis of flows in objects inputs and outputs

Therefore a question arises about the decomposition of the model into sub-models, where
each sub-model contains only similar flows between objects. It means that usually a number
of different objects exist within the system and their interrelations are heterogeneous. This
could show the systems and their structure from the different viewpoints. In such a way a
scale of conceptualization could be more precisely defined.

The number of scales in which the system can be decomposed also can serve as one of the
characteristics in systems complexity evaluation.
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4. Conclusions

Different methods, approaches and techniques are considered to manage the process of
systems complexity evaluation. The use of structural modeling as an effective mathematical
approach to complete this task is described here. The main advantage of structural modeling
is that all needed data for analysis are captured in the systems structure itself, that is, no
numerical data (statistics) are needed at all. Such important issues as connectivity and
relations between system’s elements are stressed on. As a result of this article two main issues
can be noted: structural modeling as an adequate tool (among others) for complexity
measuring and the second one is necessity of rules, advices for describing systems/structures
in appropriate conceptualization scale.

This relevant structural modeling approach for obtaining conclusions about complexity of
a system seems quite interesting, effective and reliable, in spite of the fact that the results are
got in conditions of existing fuzziness and incompleteness of information.

Future work will be focused on building the form and common rules for structural
modeling as a notational system. Decomposition of different system structural models will be
made to get the feeling of effectiveness of such approach to systems complexity evaluation.
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Survilo L. Sarezgitibas mérs struktiirmodelésanas konteksta

Sistemu, struktiiru un procesu sarezgitiba dazadas nozarés aizvien pieaug. Sarezgitibas pieaugSanas atrums liek
veikt atbilstosus pétijumus par to, ko tad isti nozimé sistémai but sarezgitai. Lai veiktu jebkadas darbibas
sarezgitibas reducésanas virziend, sistéma ir jaspéj izmerit, proti, jazina kadi ir sistemu raksturojosie
raksturlielumi.

No inzZenierzinatyu viedokla sistémas sarezgitiba var tikt mérita atkariba no ta, cik lield méra kopéjas sistémas
ipasibas korele ar tas dalu ipasibam. Var ari teikt, cik stipri sistémas ipasibas mikro-méroga ietekmé sistémas
darbu makro-méroga, kur sakaribas uzreiz nav saskatamas.

Saja raksta tiek atspogujots, ka strukturmodelésanas pieeja var tikt piemérota sistémas struktiiras mérisanai,
tada veida nosakot kopéjo sistémas sarezgitibu. Visparigi rundjot, ta piedava pieeju, kura tiek pétita objektu,
sistemas dalu specifisko un kopigo ipasibu attiecibu kopa. Raksta tiek diskutéts par visparzinamiem pétijumiem,
pieejam sistemu sarezgitibas noteikSand un struktirmodeléSanas lietojumu efektivitati Saja konteksta, uzsverot
sistému kvalitativo un kvantitativo raditaju nozimi, kas tiek analizéti Saja pieeja. Ipasa uzmaniba ir veltita
strukturalas sarezgitibas kvantitativajam raditajam un sistemu konceptualizacijas mérogam. Analizes procesa
pamatd ir tieSas un netiesas saistibas noteikSana starp grafa virsotném.

Survilo L. Complexity measure within a context of structural modeling

Nowadays the complexity of systems, structures, and processes in different branches is growing up. The intense
of rapidly growing complexity has led to the making investigations on understandings of what it is really means
system to be complex. To understand what really can be done on reducing complexity one has to be able to
measure it.

From the viewpoint of engineering science the system complexity can be measured depending on how collective
properties arise from the properties of parts. More generally, it refers to how behavior at a larger scale of the
system arises from the detailed structure, behavior and relations on a finer scale, where cause and effect
relations for the system as a whole are often not obvious.

This article explores how the structural modeling approach can be applied for the measuring the properties of
system structure thereby detecting the overall complexity of system. In common this approach defines the
measure as the set of all of the specific and instant relations among the objects and parts of a system. There is
discussed about the common researches on systems evaluation and the efficiency of applications of structural
modeling technique, where issues about various systems quality characteristics are stressed on. Particular
interest is devoted to the structural complexity measure which is one of the quantitative characteristics and to
the scale of conceptualization of the system. The process of analysis is mainly based on detecting of direct and
indirect connectivity between objects within a system.

Survilo L. Mepa c/10:KHOCTH B KOHTEKCTe CTPYKTOPHOT0 MOJAeINPOBAHHUSA

Cucmembi, cmpykmypbl U npoyeccobl 8 PA3IUYHbIX OMPACISAX CMAHOBAMCS 8CE crodcHee. Bvicmpoe ysenuuenue
CTIONCHOCINU 3ACMAsIiAem 0elams COOMBEMCMEYIOuUe UCCIE008AHUSA O MOM YMO HA CaMOM Oele 3Hauum Ovlimb
CNLOJICHOU CUCMEMOll, KaKue Kaiecmeda Xapaxmupuzyrom smo. Umobvl ymeHbuums CIONCHOCIb CUCHEMd
0021CHA OBl UMEPUMAL.

C mouku 3penuss UHHCEHEePHBIX HAYK CIONCHOCb MONCHO USMEPAMb 6 3a6UCUMOCINU OM MO20, KAK OM C8OUCME
OMOENbHBIX COCMABHLIX NPOU3BOOAMCA obwue ceolicmea cucmemvt 8 00nbwéM macwimabe. Hmax, xax
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noseodenue cucmemu 8 MAIeHbKOM Macumabde MeHsemcs Om C80UCME OmOeIOHbIX demanel CMpyKmypul U ux
83aUMOOMHOUEHUT 8 DONLUEM Mauicmabe, 20e HeBOOPYIHCEHHOM 2NA30M UXHEe 83AUMO3ABUCUMOCM HEGUOHA.
B smou cmamwu onucano, xax nooxoo cmpykmopHo2o MOOEIUPOBAHUS MOJCEM NOMOY USMEPSIMb CEOUCMEA
cmpykmypol.  Takum 00pasom B03MOJICHO ONpedenums OOWYI0 CIONHCHOCHMb CUCmeMbl. Imom Hnooxoo
onpedensem, 6 KaKol mepe cneyuguyeckue u NOCMOAHHbIE OMHOWIEHUS MeHcOy 00beKMamu, COCMASHbIMU
cucmembl BIUAIOM HA 0OWYIO CIOAHCHOCMB cucmembl. IIpoyecc ananusa ocHO8bI8AEMCA HA HAXOHCOSHUU NPAMOU
U KOCBEHHOU C8A3HOCU MENHCOY eNleMeHMAMU CUCTEeMbL.
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