
 15 

International Journal                 Volume 8, Number 2, December 2019 

Information Technology Applications (ITA) 

 

 

ICT/CI ASSISTED COMPLEX ECONOMIC NETWORK 

IN VIRTUAL REALITY 
 

A Contribution to Emerging Theory 

of Virtual Complex Networks - Part I 
 

Ladislav Andrášik 
 

Abstract: 

 
In the contemporary mainstream economics there is a persisting reckoning on mathematical apparatus 
of Newtonian Mechanics or in better case on the first (of Clausius) Thermodynamics. However the 
economy in objective reality isn´t existing as a mechanical system but as such they are living in the form 
of complexly evolving social organism creating a complex network. De facto it is a spontaneous product 
of great population of Homo sapiens in a very long historical evolution. Problems and difficulties for 

economics scholar are consist in fact that such entities in objective reality are not directly observable 
and the less they are such ones as a wholeness effectively controlled from separate sole centre. 
Fortunately the progress in ICT and mainly in computational intelligence (CI) is bringing new 
possibilities for insight if not directly into objective economies thereabout at least into virtual ones. For 
such purposes we are constructed within relatively simple software called STELLA the primordial 
virtual economy which allows for the user directly in computer to observe the behaviour in it. Fever 
explanatory however is only a slide showing of snapshots passed from STELLA. For that reasons we 
must to expend the exposition by voluminous verbal commentaries. On the other hand we must 

emphasize that “reading” of snapshots from computer simulation is new very efficient modus of mining 
knowledge from complex economic process. In the Part II of this essay (in the next issue of ITA journal) 
we are bringing results of simulations and deep commentary to behaviour in virtual economy. 
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Introduction 

 

The theory and application of advanced field of complex networks is promising approach, 

with devices and tools for building mental models on complex worlds and further resume applications 

in those bases certain virtual world in computers with suitable software. Our motives in this essay 

are to use these new possibilities for better understanding the behaviour of complex socio-economic 
organisms at least in using metaphors with virtual economies created in software environment of 

STELLA. Actually this is need because in the contemporary mainstream economics there is a 

persisting reckoning on mathematical apparatus of Newtonian Mechanics  
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or in better case on first (of Clausius) Thermodynamics. However the economies in objective reality 

do not exist as a mechanical system but they are living as complexly evolving social organism in the 

form of complex network. Unfortunately for economics scholar such entities in objective reality are 

not directly observable and the less they are such ones as a wholeness effectively controlled from 

separate sole centre. In this introduction we begin with concise explanation on complex network 

approach to economies. 

 

 

1  Types of Complex Networks 
 

From the point of view of purposes of this essay it is interesting to show certain types of 

complex networks. One of them is a Scale-free network. It is, as it is written in expertly sources a 

such network whose degree distribution follows a Power Law, at least asymptotically. 

 

Fig.1. The different terminology between Graph and Network theories. 

 

 
Fig.2. The insight of three Barabási-Albert models of scale-free networks. 

 

That is, the fraction P(k) of nodes in the network having k connections to other nodes goes for 

large values of k as ( ) ~P k k −

where  is a parameter whose value is typically in the range 

2    3   (wherein the second moment of  k −

is infinite but the first moment is finite), 

although occasionally it may lie outside these bounds. We are bringing typical examples of  Scale-

free network, which is descending from A-L. Barabási, 2. The snapshot of (Fig.2) displays three 
graphs of his and Albert model.  
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Each has 20 nodes and a parameter of attachment m as specified. The colour of each node is 

depending upon its degree (the same scale for each graph). The second type of complex network 

which is interested for us is so called Small-world network. It is a type of mathematical graph/network 

in which most nodes are not neighbours of one another, but the neighbours of any given node are 

likely to be neighbours of each other and most nodes can be reached from every other node by a 

small number of hops or steps. We are bringing very simple example of such graph/network, (Fig.3). 

 

 

Fig.3. The type of network called Small world – three distinct graphs. 

 

In the (Fig.3) there are three models: (a) A ring network in which each node is connected to 

the same number l=3 nearest neighbours on each side1. (b) A Watts–Strogatz network 24 is created 

by removing each edge with uniform, independent probability p and rewiring it to yield an edge 

between a pair of nodes that are chosen uniformly at random. (c) The Newman–Watts 17 variant 

of a Watts–Strogatz network, in which one adds "shortcut" edges between pairs of nodes in the same 

way as in a WS network but without removing edges from the underlying lattice. This figure was 

appeared in Newman work, 7, (2003). In this essay we are using terminology due to software 

STELLA because it is very suitable for creating economic networks. In (Fig.4) we are showing a 

simple but abstract networks created by using STELLA building blocks.  

 

Fig.4. The snapshot of two different simple network scheme created in STELLA.  

 
1 This network resembles a one-dimensional lattice with periodic boundary conditions. 



      Ladislav Andrášik 

18 

  

 

 

In recent thirty years there is a rising set of studies of networks from an economics perspective 

(Kirman (1997), Ioannidis (1997, 2002, 2004), Tesfatsion (1997), Weisbuch and Kirman and 

Herreiner (2000), Kranton and Minehart (2001), Corominas-Bosch 6, (2005), Wang and Watts 14, 

(2002)) and others. Actually recent surveillances are shoving that there are several attitudes to focus 

attentions on complications with economies in objective reality from different side than in the 

mainstream economics namely from the side of theory of graphs and networks ones. The first 

approach to capture the global properties of such systems as complex network is to model them as 

graphs whose nodes represent the dynamical units, and whose links stand for the interactions between 

them. 

The author O. Gomes in his essay on Complex Networks in Macroeconomics [9] published in 
2014 is informing on using this new approach in different branches of contemporary science and he 

puts main focus on economics. He shows that even on first sight the socio-economic entities are 

looking like a Complex Networks. He has written that socio-economic phenomena might be 

approached, in many different contexts, through the construction of networks that highlight the local 

interaction among heterogeneous agents. We must to add onto this assertion that every agent is 

authentic and inherently heterogeneous so in his roles, functions and activities too. Real-world 

networks concerning human relations in the society or in the economy involve a large number of 

nodes, and large numbers and qualitative varieties of links connecting them and an evolving structure 

where both nodes and links may be generated or may disappear at each time period. He emphasizes 

that the economies are behaving as a Scale-Free Complex Network2. A market for a given good, the 

financial system or the world economy, all display characteristics that allow to classify them as the 
complex network structures and, more specifically, as having property of Scale-Free Networks. 

In other important example A. Kirman discusses resourceful problems, which are from the 

subject of our virtual economy, certain economic models in which agents interact directly with each 

other rather than through the price system as in the standard general equilibrium model. Actually in 

his chapter Economies with Interacting Agents [10] among others as contributor to the book The 

Economics of Networks [4] He is suggested that the relationship between micro and macro behaviour 

is very different from that in the standard model and that the aggregate phenomena and process too 

that can arise are rich. The models considered by A. Kirman include ones with global interaction in 

which all agents can interact with each other which is by our opinion an overambitious strong 

assumption and the one in which agents can only interact with their immediate neighbours which is 

more realistic approach. The author is considering both static and dynamic models and the latter 
includes the class of evolutionary economic models. In the last part of his chapter A. Kirman is 

discussing models in which communication networks evolve. Among others we are known that A. 

Kirman together with Oddou and Weber (1986) applied stochastic graphs to simple decentralized 

pure-exchange economies. The Kirman´s contribution into introductory theory and methodology of 

complex networking economies is very significant and useful. 

Other interesting for our investigation is a chapter in cited book: Spatial Interactions in 

Dynamic Decentralized Economies: a Review, due to the author G. Fagiolo [4], pp.53-91. He 

describes in his chapter dynamic models of decentralized economies with imagination that agents in 

economies are spatially distributed and interact directly and locally. He put more exactly that this 

means: (a) agents are located in a space as some graph or integer lattice that is seen in our essay 

perspective as a network; (b) the current choice of each agent is influenced by past choices of their 

neighbour.  

 
2 In recent literature the Scale-free Networks are described as a connected graph or network with the 

property that the number of links originating from a given node exhibit a power law distribution. A 

scale-free network can be constructed by progressively adding nodes to an existing network and 

introducing links to existing nodes with preferential attachment so that the probability of linking to 

a given node i is proportional to the number of existing links ki that node has. 
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In this way we are obtaining belief that this approach is very congenial with economic 

evolution in objective reality and it is also a good inspiration for our work. We are owing oneself in 

this contexts to vigorously emphasize that it is a cardinal difference between if in one hand it is an 

economics of such sectors of economies as the networks are: networks of oil and other products 

pipelines, electrical networks, etc., that is sectorial economics, and the other side it is a general 

economics of fullness economy as a complex network. 

Authors Newman, M. E. J., Watts, D. J. and Strogatz, S. H., describe in theirs essay with name 
Random graph models of social networks [12] some new exactly solvable models of the structure of 

social networks, based on random graphs with arbitrary degree distributions. They give models both 

for simple unipartite networks, such as acquaintance networks, and bipartite networks, such as 

affiliation networks. Authors compare the predictions of their models to data for a number of real-

world social networks and find that in some cases, the models are in remarkable agreement with the 

data, whereas in others the agreement is poorer, perhaps indicating the presence of additional social 

structure in the network that is not captured by the random graph. Their works are also very 

inspirational in our endeavour to constructing virtual laboratories in STELLA in the form of complex 

networks. 

Among others we want to focuses attention of readers to Agent-based computational 

economics (ACE) which is important further way, in the study of economies different from 
neoclassical approach. This approach is very congenial with our approach in this essay. ACE branch 

of economics is using agent-based modelling and simulation, in which an agent based model, is a 

one that comprising autonomous agents placed in an interactive social environment or network of 

socio-economic interaction among its nodes. Simulating these and similar models using appropriate 

software in common computers is very useful and most practical way to understand evolution of 

economies by visualizing the process running in virtual environment, see for example [13] or [15]. 

In these contexts worth mentioning the impact of theory and functional computational neural 

networks on reasoning in economics in direction to go to complex networks including such ones as 

Multilayer Perceptron Neural Networks and/or Auto-associative Neural Networks, [13]. In 

contemporary era the crucial role of development of socio-economic complex networks are playing 

the entirety of the Networks based on advanced ICT, and mainly the Internet among them, (Fig.5). 
 

 

Fig.5. The schema of complex development influenced by ICT networks. 
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The construction of this schema was inspired by Shirin Madon, LSE Research Online London) 

The authors of Job Information Networks, Neighbourhood Effects, and Inequality 7 are focused 

their attention on the fact that considerable interest has emerged recently in the economic literature 

about social interactions and the ways in which social norms and structures are the conditions of 

individual behaviour. They emphasized that treatment of labour-market transactions being very 

different from trading in goods reflects the importance of Idiosyncrasies due to social effects, 

outcomes within social groups. One of typical example of where such idiosyncrasies play a 

prominent role is job-market search. Their research has already used network analysis to elucidate 
the origins of previous unexplained similarities in outcomes by qualitative differences such as race, 

ethnicity, and gender. Furthermore, they identify the source of some neighbourhood correlations in 

labour-market outcomes.  

 

 
Fig.6. The snapshot of Households scheme created in STELLA. 
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At the same time they note that, there are a number of promising areas where research is 

needed. In particular, the importance of employer characteristics and the role of the internet in 

altering the role of informal contacts in the future are topics that deserve special attention3. 

Among others scholars Margarida Corominas-Bosch with two co-workers 6 is considered a 

bargaining in a bipartite network of buyers and sellers, who can only trade with the limited number 

of people with whom they are connected. Such networks could arise due to proximity issues or 

restricted communication flows, as with information transmission of job openings, business 

opportunities, and transactions not easily regulated by external authorities. They are beginning with 
two separate simple networks, which are then joined by an additional link. Participants appear to 

quickly grasp important characteristics of the networks.  

The results diverge sharply depending on how this connection is made, typically conforming 

to the theoretical directional predictions. Payoffs can be systematically affected even for agents who 

are not connected by the new link. They find evidence of a form of social learning - the shares 

(publicly) allocated to others in the past affect what one is willing to accept. They are performing an 

experimental test of a graph-theoretic model that allows them to decompose any two-sided network 

into simple networks of three types, with unique predictions about equilibrium prices for the 

networks in their works. These (noted above) contributions to subjects in question are from our view 

the most important and obvious applications of networks to approach in virtual economic models in 

economics where so many markets are not centralized, but rather consisting of a complex structure 

of bilateral trades and relationships. 
However our approaches to build economies as complex network economies in virtual 

environment are differing from those they are cited in earlier passage in a good deal richer tools of 

STELLA building boxes and much brighter in discriminating qualitative and quantitative variability 

among nodes/stocks and interaction/flows of some created graphs. The snapshot of (Fig.6) is showing 

the Households part of Economic Network entirety created in STELLA environment. The vertices, 

converters and edges are coloured for better distinguishing the one sector from the others ones. For 

Households are chosen green colour. The primeval vertex of Households is a Container called 

RoomHsupplyL, which is supply of disposable Labour Forces L for all sectors of virtual economy; it 

departures as flows of performance the Live Works via four pipelines called TransferLforH, 

TransferLforP1, TransferLforP2 and TransferLforP3. The intimately need for household is the 

supply of consumer goods and services called RoomCGforH for feeding the persons of Population 
living in Households. Some part of all Population is a supply charge of all L. The filling of 

RoomCGforH is coming as flow thru pipeline called TransferCGforH, blue colour, which however 

isn´t shown as full in the snapshot of (Fig.6) (it is set to the snapshot of (Fig.7)). More details of links 

and values flowing among blocks of sectors are shown in (Tab.1a) and (Tab.1b). 

There are certain differences between sector S1 and of households H (and sectors S2 and S3 

too), because of different character of theirs supplied and demanded products. The product of S1 is 

investment goods, which is traded per years whereas with labour forces L and Kcirc and CG are 

traded per month. These time instance discrepancies are doing in network entirety some 

perturbations, which are introduced into flows fluctuations in one year frequencies. In Part 2 of this 

essay (next issue of this journal) we will bring snapshots with detail graphs of such saw tooth 

waveform. 
  

 
3 For our research in economic problems of complex network and for this essay too the other two 

works of Ioannides are important 12 and 13. 
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Tab.1a. The fillings of building blocks of Household scheme – upper part. 

 

 

Tab.1b. The fillings of building blocks of Household scheme – lower part. 
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Fig.7. The snapshot of sector P1 scheme created in STELLA.  

 

 

Fig.8. The snapshot of sector P2 scheme created in STELLA.  



      Ladislav Andrášik 

24 

  

 

 

Tab.2. The fillings of building boxes of sector P1. 

 

 

In production process in the sectors there can be emerging several other perturbations. Let 

we preserve simplicity of understanding: we were chosen only one of them namely in production 

process of investment goods where we have embedded perturbation into parameter AP1, in the form 

of 1 small valueAP = + , but only in one time instance. This sole perturbation is caused increasing of 

investment goods production without change of other inputs and in container called RoomP1supply 

Kfix, begins to raise inventories of investment goods. This new situation force the CEO´s of sector 

P1 to lowering the price of investment goods called PriceKfix. The lower PriceKfix enables for sec-

tors H, P2 and P3 to buy more investment goods and by these decisions of those sectors CEO´s the 
emerging problem for P1 is excided. 

The scheme of Bank accounts network is seemingly parallel and independent from the four 

sectors of goods. However the networks are connected by several information links, which are 

carrying values of prices and goods.  The software STELLA allows this via tool called Ghost  . 

Because of emerged perturbation of values of investment goods we must introduced into model the 

so called built in regulators. 
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Tab.3. The fillings of building boxes of sector P2. 

 

Tab.4. The fillings of building blocks of the sector P3. 
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Fig.9. The snapshot of P3 scheme created in STELLA. 

 

 

Fig.10.The snapshot of Bank accounts scheme created in STELLA.  
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Tab.5. The fillings of building boxes of sector of Bank accounts. 

 

Tab.6. The fillings of building units of regulators. 
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Fig.11. The snapshot of entirety scheme of Virtual Economy created in STELLA. 

 

 

 
Fig.12. Sector of calculations from outside of model. 
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Conclusion 
 

In this essay we are trying to focus attentions on imperfections in mainstream economics by 

the use for attestation of unconformity the objective reality example of economic growth. For those 

purposes we are using construction of virtual economy in environment of software STELLA in the 

form of complex economic network. Although we have choose relatively simple models for 

construction in STELLA, the simulation runs show clearly that the emergence of complexities in 

these constructed network don´t allow to describe economic growth with simple abstract formulas as 

it is in neoclassical theory. This is because economy is not a mechanical system similar to Newtonian 

mechanics not to thermodynamics due to R. Clausius, but complex in network evolving social 

organism. We are attempting to deeper permeate to spontaneous human construction of economies 

in objective realities using metaphors of virtual economies constructed in STELLA environment. 

Our primeval endeavour was to remark on inconsistent approaches of mainstream economics 
to economies in objective realities based on immoderate simplifications, abstractions and to use not 

suitable mathematical formalism for such complex evolutionary social organism the economy 

essentially is. We are emphasizing that economies in objective reality are evolving not only as a 

whole but unforeseeable they are discretely changing theirs values and qualities of all participants in 

network. For the purpose of understanding these complexities in economies we are in traducing 

several not only verbal but first of all graphical informations. Mainly the graphical “language” is the 

newest mode of better understanding such complex phenomena as economy is. This unconventional 

approach is needed from concerned readers to have a great patience for “reading” scheme of STELLA 

networks and the snapshots from realised runs in computer. 

Among other within the contexts between network metaphor and real economies the basic 

impulse and driving engine of economic growth in present global dimension is still the natural 

seminal instinct of Homo sapiens, formalized as a difference between birth rate and dead one for 
simplicity. However in matured societies where the birth and death rates are equal to null or are a 

little lower they govern on economic growth with scientific advances and technologic progress. We 

have included into STELLA virtual economy the event of positive population growth. For that reason 

the growth of labour forces L in the model is caused by two driving forces: the first one is natural 

seminal instinct (extensity) and the second one is the growth of consumed with them goods and 

services (intensity). We have not embedded into model all three usually used neutral technological 

progresses but only one of type of Hicks (a progress which raises the marginal productivity of labour 

and capital in the same proportion that is in our model called by symbols Ai). The random change of 

the value in random time instance of Ai is the only perturbation force in our STELLA models of 

virtual economy. On the overall conclusion we are need to emphasize that models presented in this 

essay are no more than a rough metaphor of economy in objective reality but they are a little nearer 
than pure neoclassical formulas ones. 
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