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CART – CREATIVE APPLICATION TO REMEDY TRAFFIC 
 

R. KASPRZYK, K. SZKÓŁKA, T. POŁAWSKI, M. PYŻARNOWSKI, P. GIĘTKOWSKI 

rkasprzyk@wat.edu.pl 

 

Institute of Computer and Information Systems 

Faculty of Cybernetics, Military University of Technology 

Kaliskiego Str. 2, 00-908 Warsaw 

 
CART is a simulation software assisting decision-making process, aiming at enhancing the throughput of 

transport infrastructure and “fluidity” of vehicle traffic in urban agglomerations. Thanks to innovative solutions 

combining state-of-the-art software technologies with achievements in graph and network theories, the system 

is capable of improving present traffic conditions. The system is designated both for organisations responsible 

for management of urban traffic and for road users. The first group is able, in a conscious and effective way 

assess usability of the solution (layout of traffic lights, construction of gas stations/parking lots, 

modifying/extending the network of roads) to the town, by analysing results of simulations of modified road 

infrastructure. The second group, thanks to using the intelligent traffic management assistance system, will be 

able to drive throughout the town in a more fluid way. 

 
Keywords: complex networks, centrality measures, roads infrastructure, optimization, simulation. 
 

1. Introduction 
 

The problem of traffic jams affects all cities 

around the globe. Increasing number of cars 

especially in vast agglomerations has a negative 

impact on city traffic. The road infrastructure  

in most cities is becoming insufficient and 

inefficient. That’s the basis of traffic jams which 

are the reason for consuming larger portions of 

resources like time, gasoline, money and even 

sometimes human lives. 

We often face a problem when roads are 

being closed or there was an accident so the road 

is blocked. Instantly traffic jam arises. 

Authorities are obliged to make a detour.  

The arrangement of the detour should be 

minimized so the drivers won’t really feel there 

was a change. The goal is to create a detour 

without delay. 

Major problem in big cities are bus lanes. 

Passengers state that there should be more of 

them so the buses would be privileged. Research 

showed that the idea is good but not always and 

not everywhere. 

Businesses claim for the best places for 

their facilities. For a new business and existing 

ones, which want to branch out, is important to 

find appropriate place to build new petrol 

station, another mall or start with other facility. 

Pollution and noise control concerns every 

city. The parties are obligated to minimize those 

factors. The question is how to build road 

infrastructure that will bring the lowest noise and 

pollution levels both for human and animals. 

Last but not least, once drivers are already 

in traffic jams, they want to know which road to 

take, to avoid standing in them. 

Mentioned objectives can be achieved and 

problems solved using Complex Networks 

theory together with the computer simulation. In 

particular, the proposed solution – CART 

(Creative Application to Remedy Traffics) – uses 

model of Complex Networks (e.g. Small World 

and Scale Free networks) and so called 

centrality measures (e.g. degree centrality, 

betweenness centrality, radius centrality, 

closeness centrality, eigenvector centrality). 

Thanks to the computer simulation which 

utilizes statistical data it becomes feasible to 

optimize the topology of the road infrastructure. 

In consequence, CART is capable of improving 

present traffic conditions as well as help 

business to make right decisions concerning the 

best places for different kind of facilities. This is 

unique feature among existing traffic 

management systems. 

 

2. Definitions and notations 
 

Let’s define the network as follows [2], [6]: 

{1,..., } {1,..., }
( ) ( )

( ) ( ) ( ), ( ) ,{ ( , )} ,{ ( , )}i i NF j j NH
v V t e E t

Net t G t V t E t f v t h e t 
 

 

where:  
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( ) ( ), ( )G t V t E t  – simple dynamic graph 

(the dynamic means that ( )V t  and ( )E t  can 

change over time); 

( ), ( )V t E t – sets of graph’s vertices and edges,

  ( ) , ' : , ' ( )E t v v v v V t  ; : ( )i if V t Val  

– the i-th function describe on the graph’s 

vertices, 1,..,i NF , ( NF  – number of 

vertex’s functions), 
iVal  – is a set of 

if  values;  

: ( )j jh E t Val  – the j-th function describe on 

the graph’s edges, 1,..,j NH , NH( – number 

of edge’s functions), jVal  – is a set of jh  

values.  

We assume that values of function’s ( )if   

and ( )jh   can also change over time. 

Simple dynamic graphs are very often 

represented by a matrix ( )A t  called adjacency 

matrix, which is a |V(t)|×|V(t)| symmetric 

matrix. The element ( )ija t  of adjacency matrix 

equals 1 if there is an edge between vertices  

i  and j , and 0 otherwise.  

The first-neighbourhood of a vertex iv  

denote as 1( )i t  is defined as set of vertices 

immediately connected with iv , i.e.: 

  1( ) ( ) : , ( )i j i jt v V t v v E t     

The degree ( )ik t of a vertex iv  is the 

number of vertices in the first-neighbourhood of 

a vertex iv , i.e.: 

1( ) ( )i ik t t   

The path starting in vertex v0 and ending in 

vertex vl is a sequence of 
0 1, ,..., lv v v where 

 1, ( )    1,...,i iv v E t i l    . The length of a path 

is defined as the number of links in it.  

The shortest path length starting in vertex iv  and 

ending in vertex jv  is denoted as ( )ijd t . 

Now we can define diameter D  as  

the longest of the shortest paths i.e.: 

 
, ( )

( ) max ( )
i j

ij
v v V t

D t d t



 

Let’s denote the number of existing edges 

between the first-neighbourhood of a vertex iv  

as ( )iN t , i.e.: 

   1( ) , : , ( ) , ( )i l k l k i l kN t v v v v t v v E t     

Now, we can define a very important 

concept, so called the local clustering coefficient 

iC  for a vertex 
iv , which is given by  

the proportion of ( )iN t  divided by the number 

of edges that could possible exist between first-

neighbourhood of a vertex 
iv  (every neighbour 

of 
iv  is connected to every other neighbour of 

iv ). Formally: 

2 ( )
, ( ) 1

( ) ( ( ) 1)( )

0 , ( ) 1

i
i

i ii

i

N t
k t

k t k tC t

k t




  
 

 

The clustering coefficient C  for the whole 

network is define as the average of 
iC  overall 

iv V i.e.: 

( )

1
( ) ( )

| ( ) |
i

i

v V t

C t C t
V t 

   

 

The degree distribution  ,P k t  of  

a network is defined as the fraction of nodes 

in the network with degree k . Formally: 

 
( )

,
( )

kV t
P k t

V t
  

where: ( )kV t  is the number of nodes with 

degree k ; ( )V t  is the total number of nodes. 

 

3. Models of Complex Networks 
 

Intuitively, communication in the network is 

very efficient when each node is connected to 

each other. On the other hand, it causes  

that a large number of that connections is 

required what is often forbidden (variety of 

reasons may be raised) or simply too expensive. 

All in all, in this particular case there are two 

different and contradictory criteria –  

an efficiency and a cost.  

Most of the real-world networks, so called 

Complex Networks [7], [8] despite they are very 

rare (have small number of connections), are 

found to have: small average path length, 

relatively small diameter, high clustering 

coefficient, and degree distributions  

that approximately follow a power law, i.e. 

 , ~P k t k 
, where   is a constant. These 

features whose origin are nowadays discovered 

indeed affect communication characteristic 

within networks.  

It is worth to mention that algorithms, 

which generate Complex Networks, are used in 

CART (on various level: city, state, country) to 
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propose the right topology of road infrastructure, 

in order to: 

 Maximize the efficiency of communication 

between the network nodes (cities, 

intersections); 

 Minimize the number of necessary 

connections (roads) between the nodes; 

 Additionally these algorithms maximize the 

resistance of the network to changing 

environment conditions (accident, closed 

road); 

One of the most popular Complex Networks 

model is Small World [9]. This model is a result 

of simple observation that real networks have 

topology somewhere between regular and 

random one (Figure 1). The parameter p is used 

to introduce randomness (edge “rewiring”) in 

initially regular graph. Small World network is  

a type of network in which despite the fact that 

most nodes are not neighbors of one another  

(the graph is rare) and clustering coefficient is 

high, the average path length is low.  

 

 
 

Fig. 1. The idea of Small World network models 

 
The Scale Free network [1] is yet another 

model of Complex Networks as a result of two 

main assumptions: constant growth and 

preferential attachment. It explains why  

the distribution of nodes degree is describe by  

a power law.  

The process of network generation is quite 

simple. The network grows gradually, and when 

a new node is added, it creates links (edges) to 

the existing nodes with probability proportional 

to their connectivity. In consequence nodes with 

very high degree appears (so called hubs or 

super-spreaders), which are very important for 

communication in networks (Figure 2). 

 
 

Fig. 2. The idea of Scale Free network model 

 

4. Measures of nodes importance  
 
The most fundamental and frequently used 

measures of network structure are centrality 

measures [3]. The central vertices in networks 

are of particular interest because they might play 

the key role within network (in particular road 

infrastructure). Centrality measures addresses 

the question of “What is the most important or 

central node in a given network?”. Of course no 

single measure is suited for all applications. 

They are based on different formulas and should 

be used depending on a given context. 

 

Degree centrality 
The degree centrality (Figure 3) is the simplest 

and most intuitive centrality measure. It gives 

the highest rank to the node that has the highest 

degree (the largest neighbourhood). 

 

 
 

Fig. 3. The importance of nodes according to  

the degree centrality 

 

 
( )

( )
| ( ) | 1

i
i

k t
dc t

V t



 

 

 

Betweenness/Load Centrality 
The betweenness centrality, sometimes called 

the load centrality (Figure 4), is defined as the 

percent of shortest paths connecting any two 

vertices that pass through the considered vertex. 

If  tp kil ,,  is the set of all shortest paths between 
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vertices lv  and kv  passing through vertex iv  

and  tp kl ,  is the set of all shortest paths 

between vertices 
lv  and 

kv  then: 

 

 
 

Fig. 4. The importance of nodes according to  

the betweenness/load centrality 

 

, ,

,

( )

( )
( )

( ( ) 2)(| ( ) | 1)

l i k

l k l k

i

p t

p t
bc t

V t V t




 


 

 
Degree and betweenness centrality measures 

assess the load of individual nodes. Thus, 

outcome of applied measure on given nodes 

indicates where to build e.g. ring roads, detours, 

or petrol stations. 

 

Radius centrality 
The radius centrality (Figure 5) chooses the 

vertex with the smallest value of the longest of 

the shortest path starting in each vertex. So if we 

need to find the most influential node for the 

most remote nodes it is quite natural and easy to 

use this measure: 
 

 
 

Fig. 5. The importance of nodes according to  

the radius centrality 

 

( )

1
( )

max ( )
j

i

ij
v V t

rc t
d t



  

 
It indicates where is the best location for 

emergency services like fire brigade, police, or 

ambulance service.  

 

 

 

 

Closeness centrality 
According to the closeness centrality (Figure 6) 

a given node is the more central, the closer it is 

to other nodes of a given network. 

 

 

 
 

Fig. 6. The importance of nodes according to 

the closeness centrality 

 
This measure lets us indicate which of any two 

nodes requires fewer steps to “communicate” 

with another node: 

( )

| ( ) | 1
( )

( )
j

i

ij

v V t

V t
cc t

d t






 

 
Thus, values on network nodes indicate where to 

build e.g. shipping centres, facilities or 

supermarkets.  

 

Eigenvector Centrality 
The eigenvector centrality (Figure 7) 

acknowledges that not all connections are equal. 

 

 
 

Fig. 7. The importance of nodes according to  

the eigenvector centrality 

 
If we denote the centrality of vertex    by     

then we initiate this effect by making     

proportional to the centralities of   ’s first 

neighbours: 
( )

1

1
( ) ( ) ( )

V t

i ij j

j

ec t a t ec t
 

   

 
Eigenvector centrality measure assess the road 

hierarchy. Thus, values on nodes indicate where 

to build a new road for local residents directly to 

a highway. 
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5. The CART System 
 

CART stands for Creative Application to 

Remedy Traffic. The system can be classified as 

a DSS (Decision Support System). It was 

designed and developed by students of Military 

University of Technology in Warsaw during 

Imagine Cup 2011 [10]. The motivation for 

building CART was one of Millennium Goals 

defined by United Nations – “Ensure 

environmental sustainability” [11].  

CART takes advantages of experiences 

acquired thanks to CARE and CARE2 systems 

[4], [5] which were developed during Imagine 

Cup 2009 and 2010 competitions. The system 

was awarded and got to the TOP 10 innovative 

projects in Polish Imagine Cup finals. 

CART has been developed especially for 

government and authorities who make decisions 

about road infrastructure in agglomerations.  

Businesses can also benefit from using it by 

pointing the best place suitable e.g. for patrol 

stations or supermarkets. The third target group 

of users are drivers, who can apply it to plan a 

trip using statistical traffic data or to get 

information about detours in real time while 

being in a car.  

The main reason for making this software is 

to improve road infrastructure which will reduce 

time spent in traffic jams. It transforms into 

lower costs for drivers (in particular lower costs 

of petrol and reducing the opportunity cost of 

time spent in a jam). One of the biggest 

advantages is protection of the environment. If 

we reduce traffic jams, there should be less 

smog. That’s why overall health of the society in 

cities should be better. 

 

6. CART Functionalities 
 
The main screen of CART which shows list of 

functionalities is depicted in Figure 8. 

 

 
 

Fig. 8. CART functionalities 

Road balancing 

The objectives which concern unloading traffic 

jams can be achieved by implementing changes 

in the road infrastructure. CART can help 

decision makers to optimize topology of the 

roads to get a greater road capacity  

(see Figure 9). This is achieved by utilizing 

Complex Network theory, in particular centrality 

measures and computer simulation. CART 

generates hints where and how a change should 

be done. This can result in changing existing 

roads, adding new, changing directions of a lane 

or even closing or making a road one-way only.  

What’s more, decision makers using computer 

simulation can see and understand how the 

change will affect whole infrastructure e.g. of  

a city or a particular area. The simulation engine 

is able to use historical data about traffic or even 

generate traffic with different distributions. All 

in all, thanks to CART, it is possible to compare 

road infrastructure efficiency before and after 

almost any kind of changes. The process of 

generating proposals for changes and simulation 

running can be or even should be repeated as 

many time as decision makers wish.  

 

 
 

Fig. 9. Road overload simulation 

Works designer 

This module is dedicated strictly for authorities 

who are responsible for designing, building 

roads and making detours. Whether there is  

a flood (reverberating on roads), surface repair 

(which makes impossible to drive through) or 

mass party (procession on the road), we are 

facing a situation with a closed (blocked) road. 

Thanks to this editor (see Figure 10), authorities 

can make changes to the infrastructure – in  

a manner which is commensurate to the 

situation. Then by taking advantage of the 

centrality measures, CART can compute by 

which points the detour should be conducted.  

Of course users may change to the proposal and 

simulate traffic. In this case they can see how  
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the changes made to the infrastructure have 

influence to traffic in wider sense.  
 

 
 

Fig. 10. Road infrastructure optimization 

 
ReBUS 
The next module is responsible for analysis of 

bus lanes within an agglomeration. As traffic 

jam gets heavier authorities tend to close 

particular lanes for cars and mark them as BUS 

lanes. Although the intentions are good, this 

approach not always works. In special cases 

such method can paralyze the city. CART can 

simulate and visualize it and in consequence 

helps decision makers to make the right 

decisions.  

Best places “4” 

The authorities and businesses would use this 

module to discover where to put a Park and Ride 

facilities, build a patrol station, a shopping 

centre or even emergency services. The outcome 

can tell where would be the best place for these.  

ECO Control 

This module is environment-oriented. Thanks to 

advanced simulation and the urban terrain maps 

we can plan road infrastructure that will bring 

the lowest noise and pollution levels both 

humans and animals. The efforts of this 

simulation can convert into planning trees or 

building soundproofing walls near the most 

exhausting fumes zones (see Figure 11 and 12). 
 

 
 

Fig. 11. Environment and noise control 

A to B timing 

Thanks to this module we can tell you how much 

time will you spend in a car during a trip from 

place A to place B during different times of  

the day, with given simulation parameters.  

On the one hand, simulation takes under 

consideration parameters like time of the day, 

holidays and facilities (around the trip path and 

their load probability) and even current traffic 

data from cars with installed GPS device.  

On  

the other hand, statistical parameters are also 

taken under consideration. So the simulation 

gives great amount of probability how long  

the trip can last. 

 

 
 

Fig. 12. Environment and noise control  

simulation – reports 
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Smart NAVI 

Smart NAVI is nothing like standard 

navigations. Thanks to it we can represent 

current road traffic state and lead a driver 

through the best road with minimum traffic. 

 

7. CART Architecture  

and Technologies 
 

CART is based on the client-server architecture. 

Within the server side there is SOA (Service 

Oriented Architecture) [12] applied. 

Furthermore the architecture is based on cloud 

computing paradigm – Windows AZURE [13]. 

This architecture is depicted in Figure 13. 

The client side is divided into two separate 

user interfaces. The main interface is web based, 

and it’s responsible for interaction with a user 

and displaying results of executed services.  

The other – dedicated for mobile devices – 

interface is a lightweight GUI designed to 

consume only few resources. Its main aim is to 

display smartGPS path and send data about 

current traffic (based on global positioning 

system coordinates and velocity). 

Server side is divided in three logical 

layers: services, integration and database.  

The first one consists of dedicated services, 

which are the backbone of the application and 

constitute the main business logic.  

The integration layer is the mediator between the 

services within, as well as the ‘outside world’ 

via WCF (Windows Communication 

Foundation) [14] and Azure Queues. In this 

layer the SUMO (Simulation of Urban MObility) 

[15] component resides. It is the heart of  

the system. This component is responsible for all 

the simulation in CART. Last but not least there 

is the database layer which consists of AZURE: 

SQL and Blobs. It is responsible for data storage 

and retrieval. Thanks to cloud computing  

the architecture is reliable, efficient and able to 

scale out (horizontally). Additionally  

the security is ensured by Azure storage 

redundancy.  

 
 

Fig. 13. CART architecture 

 

8. Summary  
 

CART is intended for the organizations (like 

authorities) responsible for the planning of road 

infrastructure and traffic management, as well as 

businesses and ordinary people. The first group 

of users will be able to assess the suitability of  

a proposed modification of road infrastructure 

(e.g. traffic light arrangement, detours, location 

of patrol stations, parking lots, Park & Ride). 

CART can have enormous effect in struggle with 

smog and noise factors. The second group of 

users can take advantage of CART in planning 

best locations for their businesses (e.g. patrol 

stations, car wash, supermarkets). The third 

group of users, drivers and people who want to 

plan their trip can use the A to B timing and 

Smart Navi to estimate their trip destination 

time. 

The CART software has enormous practical 

potential in big agglomerations, in particular 

Warsaw. CART will help to optimize road 

infrastructure and in consequence unload  

the traffic jams and congestions as well as it will 

improve environmental conditions in cities 

around the globe.  
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CART – CREATIVE APPLICATION TO REMEDY TRAFFIC 
 

R. KASPRZYK, K. SZKÓŁKA, T. POPŁAWSKI, M. PYŻANOWSKI, P. GIĘTKOWSKI 

 
CART to symulacyjny system wspomagania podejmowania decyzji, którego celem jest poprawa przepustowości 

infrastruktury transportowej i ,,płynności” ruchu pojazdów w aglomeracjach miejskich. Dzięki innowacyjnym 

rozwiązaniom łączącym nowoczesne technologie informatyczne oraz osiągnięcia z dziedziny teorii grafów  

i sieci, system jest w stanie przyczynić się do poprawy obecnych warunków na drogach. System przeznaczony 

jest zarówno dla organizacji odpowiadających za zarządzanie ruchem w mieście, jak i dla użytkowników dróg. 

Pierwsza grupa poprzez analizę wyników symulacji zmodyfikowanej infrastruktury dróg może w sposób 

świadomy i efektywny ocenić przydatność rozwiązania dla miasta (rozmieszczenie sygnalizacji świetlnej, 

budowa stacji benzynowych/parkingów, modyfikacja/rozbudowa samej sieci połączeń drogowych). Druga grupa 

dzięki wykorzystaniu inteligentnego systemu wspomagania organizacji ruchu będzie mogła płynniej 

przemieszczać się po mieście. 

 

Słowa kluczowe: sieci złożone, miary centralności, infrastruktura drogowa, optymalizacja, symulacja. 
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COPE – Common Operational Picture Environment 
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Institute of Computer and Information Systems 
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The paper focuses on the attempt to improve the process of reporting and localizing incidents, made within 

project COPE (Common Operational Picture Environment). The system which is an approach to satisfy a still 

increasing demand for safety, will have a beneficial influence on the emergency units management.  

All gathered data about the reported incidents will build an incremental information delivery model that can be 

useful for creating hazard maps notifying potential users about possible dangers in particular areas.  

 
Keywords: Emergency Response Systems, Common Operational Picture, safety-oriented society (SOS). 
 

1. Introduction  
 

Every day societies have to deal with various 

threats. These may either have an environmental 

background like floods, earthquakes etc. but may 

result from some criminal activities as well.  

To minimize any potential loses in both cases, 

victims always count on quick help from 

specialized services. With no doubt, their tasks 

are not only very difficult and demanding, but 

also require responsibility and a good 

preparation. Therefore, while undertaking  

a rescue mission it is always necessary for unit 

leaders to divide their tasks between their 

members effectively. Then, in addition to a rapid 

response and an effective unit coordination, an 

appropriate resource allocation may prove to be 

crucial (ASAPx2 – As Soon As Possible  

Achieve Situational Awareness Predominance). 

Unfortunately, despite many intensive efforts, 

which included a variety of scenario practices, 

this is often troublesome during the action.  

It is also worth noting that regardless of the 

huge technological leap in the last decade, 

planning and direct performance of the unit 

actions often seem to be inefficient. Research 

shows that the currently used Emergency 

Response Systems developed to report threats 

are highly ineffective [1]. As military experience 

shows information superiority and appropriate 

technical support are the key factors which allow 

to carry out successful actions much easier, and 

above all, safer. For this reason it is advisable to 

develop new approaches that would enhance the 

effectiveness of these activities owing to the 

latest technological trends.  

The main goal of the paper is to propose  

a solution showing a possible way of reporting 

incidents and supporting the process of their 

handling with a use of ordinary smart phones, 

called COPE. 

 

2. The COPE project 
 

COPE (Common Operational Picture 

Environment) is the system awarded in several 

international competitions. This included third 

place winner award in Windows Phone 

Challenge category during Imagine Cup 2013 

World Finals, organized by Microsoft and silver 

medal in the “World Exhibition on Inventions, 

Research and New Technologies” in Brussels. 

Moreover, COPE system was also appreciated 

by Polish Minister of Education in 2013. COPE 

takes advantages of experiences acquired thanks 

to GUARDIAN system [2] which was developed 

during Imagine Cup 2012. 

GUARDIAN was a new type of Emergency 

Response System. It had been developed for 

rapid response to the occurrence of any kinds of 

threats. Using a mobile technology, including 

GPS and smart phones, GUARDIAN allows to 

instantly call for help in just a few seconds. With 

use of GUARDIAN installed on the phone it is 

possible to quickly notify the nearby emergency 

services with just one click about the danger. 

Therefore, it provides an effective solution, 

where protecting the health and life of a human 

is important. All in all GUARDIAN is dedicated 

to ordinary people and used “to silently call” 

when you are in danger. 
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Whereas COPE is a system addressed to 

both specialized services, as well as ordinary 

users. In the first case, well processed and 

maintained data enables to manage units work 

involved in any kind of action. It supports 

commanding process and improves operation 

performance that can be achieved with 

information superiority and the use of modern 

equipment and technology. Its purpose is to 

support users – both those in the field as well as 

those working in the command center – so that 

they can perform their tasks more efficiently. 

This could be achieved by creating a Common 

Operational Picture (COP) to improve situational 

awareness essential for appropriate decision-

making by an individual, a unit, eventually up to 

a crisis management center for a dedicated area.  

Although most functions of the system are 

only available for dedicated end users, there is 

also its limited version for everyone. This gives 

a broad view of the situation in the 

neighbourhood on a map, warning about any 

kind of incidents. At the same time, the user can 

immediately report the encountered event.  

This proves that COPE may seems to be an 

innovative approach because at the moment 

there are few alternative systems gathering 

information about the incidents by sending quick 

information that is next automatically saved in 

the database and displayed on another user’s 

map. Existing solutions used by public services 

focus primarily on available resources, logistics 

and coordination of their tasks that follow 

reported incident. However, COPE approach to 

the problem can be regarded as more 

comprehensive. First of all, it allows to report 

the incident immediately. Then it also supports 

people who want to avoid those incidents by 

giving a brief view of area on a map.  

That informs the user about any possible danger. 

In addition, these users, who are directly 

involved in the incident can receive for instance 

some instructions indicating how to behave or 

what to do in that situation. COPE may certainly 

cooperate with existing systems, thus  

the synergy of their use will bring many benefits 

to each end-user [1], [2]. 

In order to conduct the project with success, 

the key was to find such technical approaches 

that would make the system work quickly and 

intuitively for most smart phone owners.  

The anticipated performance of COPE system 

can be regarded as effective because, with 

relatively small expenses, it may bring rational 

benefits resulting from increased safety and 

situational awareness of the specialized services. 

 

3. COPE’s architecture and used 

technologies 
 

COPE is a modular system that works in an  

n-tier architecture which provides a high level of 

scalability and extensibility of the system.  

It consists of three major components, which 

offer different functions, depending on its 

dedicated end-users:  

 COPE client – running on Windows Phone 

7 & 8 devices, adjusted to individuals or 

units directly performing the action.  

It provides a preview of units on the map 

and access to operational data supported by 

augmented reality module [3], [4]. 

 COPE server – a web-based application, 

designed for command centers enabling to 

manage data and units involved in  

the action with the use of advanced graph 

algorithms.  

 COPE civil – dedicated for civilian mobile 

devices, providing quick notification 

services about the incidents and advising in 

critical situations with AR. 
 

 
 

Fig. 1. Architecture overview 

 

 Client tier – to enable the user to interact 

with software (via mobile application) 

 Presentation tier – designed to generate  

a user-friendly GUI 

 Logic tier – responsible for data 

processing; contains implementation of map 

algorithms  

 Integration tier – tasked to separate data 

processing from data storage 

 Resource tier – to collect and store data. 

The whole system configuration, disk space and 

a database is managed on Windows AZURE 

platform. Figure 2 presents an overall packet-

based structure of COPE system, indicating its 

layer division. 
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Fig. 2. Packet-based structure of layers 

 

 

4. Threats’ maps 
 

The architecture described in the previous 

chapter proves that the system enables rapid data 

collection including incidents localization. 

Equally, a time-saving one-button event 

notification may bring huge benefits in decision 

making and from operational point of view  

the probability of success may increase.  

Collected data is then permanently stored. 

So that, it is worth mentioning that users are  

a key element of the system. The more active 

users are signed up, the more incidents can be 

reported.  

This way COPE boosts a great chance to gather 

more data to be analyzed. Using gathered data, 

the system will be able to create Threats’ maps, 

which will show the most dangerous areas, 

sorted by the type of a threat. Of course,  

the amount of data will grow over time.  

A variety of its dedicated analyses may indicate 

any crucial changes for instance in the process of 

planning or human resource management.  

In the long run this knowledge will enable 

decision makers to assess the efficiency and 

accuracy of procedures and services’ 

performance. 

 

 

 

 
 

Fig. 3. Map of incidents 
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5. Graphical user interface 
 

Both mobile and web applications have an 

intuitive and simple interface. Most functions 

implemented in COPE system do not require any 

advanced technical skills. Navigation bars in 

mobile devices allow comfortably to switch 

between the application modules.  

When the user decides to report danger,  

a list of pre-defined incidents is shown. These, 

together with all active users are displayed on an 

interactive map background as clickable 

pushpins. 

 
 

 
 

Fig. 4. GUI overview : a – route planner; b – event 

notification; c – augmented reality module 

 

As for the web application, it gives a broad 

view of the situation on the map component.  

It includes a set of panels for users management 

that enable to establish connection and exchange 

data with any of them.  

 

6. COPE functionality “in a pill” 
 

Any kind of action that is undertaken by 

specialized services has to follow some fixed 

procedures. COPE system offers functions  

that may facilitate and accelerate that process.  

One function that mobile applications  

offer allows one-button event notification.  

This significantly reduces time to report  

the incident. After its initialization an application 

gathers: personal data of the user that is pre-

configured, for example: blood type, medical 

history and many more. 
 

 
 

Fig. 5. Use Case diagram 

 

Then it gets data from the phone built-in 

GPS and a type of the alarm (selected from  

an intuitive list of images) which are then 

immediately sent to the database. In the next 

step, mobile application user may send 

additional data linked to the particular alert. 

System allows to view all users and 

reported incidents on a Bing map component  

as well as with the use of Augmented Reality 

feature. In AR module, by focusing a phone 

camera on a particular object, its location  

and info are displayed [5]. Details of each map 

object are taken from SQL AZURE database. 

This is continuously updated and gives  

the most current information which improves 

synchronization of users’ performance.  

It includes:  

 GPS info 

 text messages 

 images 

 notifications. 

There were also external libraries from 

Hawaii Project used that enable speech 

recognition, which accelerates the process of 

messaging. [6] Furthermore, the map component 

offers built-in algorithms to indicate optimal 

routes between given points on a map.  

A web application that plays the role of  

a command center provides the view of  

the whole situation on a map including 

information about events, marked areas and 

users within teams – their skills, position and 

status. These factors have continuous influence 

on situational awareness.  

 

a b 

c 
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7. Development opportunities 
 

At present, the COPE project is in the final stage 

of prototype development, however, today’s 

capabilities of smart phones and web 

applications prove that it can be widely 

extended.  

As far as the augmented reality is 

concerned, objects displayed within this 

environment will have to be re-designed to 

match current visual standards. Equally, AR 

objects categorization would both make them 

clearer and simplify their searching and filtering. 

Following the newest technology achievements, 

smart phone modules could be extended to work 

with augmented reality glasses and the user 

interface could be extended to be controlled by 

voice. 

It is also planned to enhance routing 

functions that would indicate the path between 

given points, that would avoid places where any 

kind of incidents were reported. 

As the alerts reported with COPE may be 

followed by health hazard, it would be beneficial 

for the user to enable to include some of their 

medical information. In circumstances, where 

several people are involved, this would be read 

with an adjusted NFC module or from a database 

to accelerate or improve first aid. 

 

8. Summary 
 

With no doubt it is not possible to eliminate 

dangers that we face, however, system that was 

described in the article is an attempt to make  

the process of reporting incidents and their 

localizing more efficient. 

One of the main advantages of the mobile 

application is that an incident reporting function 

works immediately. While reporting the user 

does not have to give any personal info which is 

given during registration process or details about 

location which are obtained from GPS. 

It is also worth noting that the system, which 

provides a layered architecture, is flexible and its 

functionalities can be easily updated and 

customized for the needs of the particular  

end-user.  

All in all, we are certainly sure that COPE 

system may not only increase the security of the 

specialized service users but also security of any 

of us. Since the launch of COPE system it will 

be gradually creating an incident map that may 

be used for further incident analysis and wise 

investment of money for security.  

Data gathered from a mobile device may 

become a sufficient tool that will help us to 

prevent or cope with dangers we can face every 

day. 
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COPE – Common Operational Picture Environment 

 
R. KASPRZYK, M. CIEŚLEWICZ, K. KRAJEWSKI, M. PERKA, A. STACHURSKI 

 
Artykuł ma na celu przedstawienie możliwości wykorzystania systemu COPE w procesie zgłaszania incydentów 

oraz optymalizacji działania służb ratunkowych. COPE jest odpowiedzią na zwiększającą się potrzebę poprawy 

poziomu bezpieczeństwa publicznego. Koncepcja systemu polega na wytworzeniu wspólnego obrazu 

operacyjnego i wykorzystaniu go na potrzeby zwiększenia świadomości sytuacyjnej w procesie podejmowania 

decyzji. Dodatkowo informacje o zaistniałych incydentach gromadzone są w bazie wiedzy celem budowy map 

zagrożeń oraz oceny efektywności służb i istniejących procedur. 

 
Słowa kluczowe: Systemy Reagowania Kryzysowego, Wspólny Obraz Operacyjny, społeczeństwo zorien-

towane na bezpieczeństwo. 
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The paper presents specifics and assumptions included in games theory. Author made first attempt to create 

stock exchange model based on games theory, specific games with continuum of players. The article is the 

result of efforts to create an adequate mathematic model in order to investigate the specificity of the decision-

making behavior of so-called individual stock market investors.   

 
Keywords: Stock market, behavior models, individual investors, game theory, games with continuum of players. 
 

1. Introduction 
 

Stock market has been created during  

the process of building our civilization. Starting 

from exchanging one good to another 

characterized by huge or total lack of formality 

ending with enormous financial institutions  

that help in contacts between several investors. 

Developing different types of stock markets 

and at the same time increasing capital flows 

caused huge interest in those markets in group of 

corporate investors versus individuals. 

It is important to remember that huge 

contribution of individual investors, as a group 

does not let ignore them in testing mechanisms 

that have influence on the stock market. Those 

mechanisms are under many modeling trials, 

which may help to better understand stock 

market and more successfully predict its future 

form that can lead to maximizing profits. 

In my previous work [1] I have described 

few different approaches to modeling behaviors, 

especially highlighting stock investors. The next 

step is trying to build a model of mass investors’ 

behavior based on chosen technique. In [1]  

I have chosen game theory with continuum of 

players. Such model is going to be built in  

this publication. 

Game theory is derived from applied 

mathematics and mathematical economic. It is 

used in many fields, such as operation research, 

IT, economy, politics and others with 

possibilities of separation of conflict situation in 

several aspects [2], [4], [5]. 

General game idea is the same as the one 

we use in everyday life in parlour games. 

Starting from one point, player continues with 

sequence of moves by choosing them from set of 

available or random (e.g. roll the dice) 

possibilities. Each move is based on the 

knowledge that player has and uses in an optimal 

for him way in exact moment. Information  

that he has in one moment can be complete  

or not, depending on character of the game.  

At the end of the game a payoff (e.g. money 

prize) occurs. Its size depends on process of  

the game. 

Moving to more formal definition, we can 

say that game is a set of situations in which users 

(players), according to information they have, 

make decisions that lead to maximizing  

the payoff which is influenced by the decisions 

made by other players as well. 

As I mentioned before, the payoff’s form is 

optional (contains not only money), it reflects 

the preferences of players. 

It is worth to say about making decision 

(strategy  this term is used in game theory). 

Basically we are used to situation where player 

decides about his move max few moves ahead or 

usually in the moment when he has to make that 

decision. This is confirmed in practice. In many 

games like chess or bridge the amount of 

possible moves is so huge that there is no 

possibility to plan reactions for all of them.  

In theory we can admit that before starting game, 

every player decides what to do in each 

situation. Player’s strategy is a full description of 

all his proceedings (with all information) [4]. 

Player tries to find a strategy  

that maximizes his/her payoff  dominant 

strategy. If for any strategy, we can find a better 

one, then we call it a dominant strategy [5]. 

Dominant strategy is the best possible 

reaction for any strategy used by the oponent. 
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Every player uses possible strategies to 

maximize value of the payoff function, which is 

described as expected value of the payoff 

function. 

Every limited no cooperative n-people 

game (this type is described in my work) has at 

least one system of mixed strategy in 

equilibrium. Mixed strategies determine 

probability of choosing a primary strategy for 

next stage of the game. 

Equilibrium stage described by such 

strategy system is stabile because all of the 

players do not want to get rid of their strategies, 

regardless of competitor’s action. If one of the 

player would get rid of his strategy, rational 

decisions made by other players would lead to 

equilibrium stage in the game. 

In games with non-zero sum (e.g. stock 

market) equilibrium strategies not always exist. 

This problem is solved by using Nash 

equilibrium concept. 

There are amounts of each player payoffs, 

where    is a first player’s payoff,     second 

player’s, etc. until    as   player’s payoff with 

the choice of set of strategies   and    is a set of 

strategies used by players where strategies are in 

Nash equilibrium concept: 

 

                            , 

                            , (1) 

… 

                            . 
 

Nash equilibrium concept is a set of several 

players' strategies that are the best possible 

answers to each other. Players’ strategies are in 

Nash equilibrium if they maximize player’s 

payoff in exact choice of other players. 

 

2. Games with continuum of players 
 

Attempt to use n-people game theory to 

economic analysis shows that games with small 

number of players do not deal with modeling 

free-market situations. For those matters  

the most suitable are games that can show “no 

significance” of individual player which means 

that his decisions' influence on aggregated 

values (supply, demand) and their functions 

(asset price and trading volume) is not relevant. 

Buy or sell order made by individual 

investor practically does not have influence on 

asset’s price and this is clear for the investors. 

However, taking for consideration large number 

of players, such decision starts to be influential. 

Even if that influence is really small, it forms 

information since it stays in players’ awareness 

and in the same time influences on their 

decision. 

In games with continuum of players, 

players are represented by points of segment 

      with certain probability measure  

Lebesgue measure in most cases. Another 

approach are “huge mixed games” where next to 

continuum of “small” players, there is also  

a group of “huge” players. 

Such games can move from model with 

finite number of players where huge amount of 

players can be aggregated for example as clients 

of brokerage firm to real players. Continuum of 

users has been introduced for more exact 

competitive markets’ (where individual user 

does not have any influence on price level but 

prices are based on users’ decisions) research. 

Let's think about one situation: does 

individual investor, while making buy or sale 

order, consider how it affects the asset’s price? 

The answer is negative. Although, does he make 

a mistake? Of course not. On the other hand 

assets' process is determined by the set of such 

individual decisions. It only shows that choice of 

games with continuum of players is more 

accurate. 

Using games with continuum of players 

requires a little bit different approach to few 

issues. Game with continuum of players is  

 -algebra of   interval subset       with actual 

function   defined on   under following 

conditions: 

           (2) 

                             (3) 

Elements   are the coalition and segment’s 

points       are players. Let’s define imputation 

 , as any measure (calculable additive set 

function), that: 

                 .                   (4) 

Relation of domination will also change. If 

we want imputation σ to dominates over 

imputation τ, there has to be an inequality  

           , where      . We cannot say 

that           , for all      , because set   is 

uncountable and   contains all one-point sets. 

On the other hand, it is not enough to assume 

that          . In compromise solution 

inequality            is applicable for all sets  

     : 

                                    (5) 

We do not know enough about stabile sets in 

games with continuum of players. Guillerme 

Carmona in his work [21] has proved (based on 

Nash equilibrium) that equations that are 
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suitable for games with finite (countable) 

number of players can be moved into games 

with continuum of players assuming certain 

approximations. 

 

3. Stock market as a game 
 

Class of games that are applicable to modeling 

multiple process of decision making in many 

time periods are known as dynamic games. They 

require from player's strategy to define what 

decision player makes in every moment. We can 

consider two ways: discreet (set          )  

multistage games  or constant (interval      )  

differential games. Mixed situations also happen. 

In dynamic games strategies are described 

as time functions or functions of current state of 

system, where state in one moment is a result of 

previous decisions made by players. 

Payoff in dynamic game is a sum (integral 

if time is constant) of discounted at the 

beginning of game payoffs received in its next 

stages plus final payoff which depends on state 

of the system when the game is finished. 

To define game we need to define players, 

information, possible decisions and payoff 

functions. 

Players are all the investors, both: playing 

(holding shares) and potential (having some 

amount of money they want to invest). 

Players execute orders for buy or sale of 

assets. Assets include bearer shares. 

Players know mechanisms of assets’ 

pricing, commissions table and their wallets’ 

condition. Additionally they have access to 

information about previous assets price as well 

as analysis published in the internet, magazines, 

journals, radio, TV and other media. Individual 

players use just a part of information because 

they are not able to fully analyze all the assets by 

themselves. This is a game with incomplete 

information and distorted information. Different 

techniques result in different forms and scope of 

information (depending on chosen technique, 

another information matters for player). This is  

a game where player's information has different 

forms. 

We can assume that each player optimizes 

his payoff basing on current information, 

forecasts, actual prices in the future and decision 

made in the future. 

As a model for shaping prices, we will use  

a GPW (Warsaw Stock Exchange) model. 

 

 

 

 

4. Simplified model of stock exchange 
 

Let the game   be determined by set of players, 

set of strategies and payoffs function. 

Players create unit line interval 

        with Lebesgue measure  . We 

distinguish   types of players who we can group 

into separable line intervals   . 

We define    as a time of starting the game, 

and by   its over. By     we define time of 

starting the game by player type n and by   , 

end of his game assuming that 

       i     . Let’s assume discrete set of 

time           . 
Existing     are the types of assets where 

  can be defined as a sum of    . Symbol   
defines number of companies issuing shares, by 

  number of companies issuing bonds, and 

additional asset means cash that stayed in 

player’s wallet. Players’ wallets will be 

described by vectors     – dimensional, 

specified by conditions: having   following 

shares/bonds and money. Each share contains 

information about the way of quotation: 

continuing or single-price. 

Set  , as a discreet subset of real positive 

numbers will be defining share prices and 

because number of shares is 1, all share prices 

will be define as   . Set  , as a discreet subset of 

real numbers will be defining bond’s value (all 

bonds’ values are in set   ), and set   defines 

their percentage (percentage set of all bonds – 

  ). We expect the share price fluctuation limit 

per unit of time. Taken from GPW (Warsaw 

Stock Exchange) can have percentage value of 

10% per share defines by   and 3 percentage 

points per bond defines by  . It means that if the 

share price in time t equals p then in time 

     it has to contain in               
Analogously bonds’ percentage in time     

has to contain in              . 
Shares course in GPW (Warsaw Stock 

Exchange) is defined of accuracy depending on 

the course value: 

 1 grosz for course < 50 PLN, 

 5 groszy for course ≥ 50 PLN and < 100 

PLN, 

 10 groszy for course ≥ 100PLN and < 500 

PLN, 

 50 groszy for course ≥ 500 PLN. 

Bonds’ percentage is defined in accuracy to 0,01 

percentage point (      ). Let’s assume that 

bond’s value is given in accuracy to 1 grosz 

(      ). 
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To make it easier we can assume that all shares’ 

courses are given in accuracy to 1 grosz 

(       ): 

         
 

 
                      (6) 

It is similar with percentage and value of bonds: 

         
 

 
                       (7) 

         
 

 
                       (8) 

Let’s assume that player has some amount 

of money that he can spend during stock 

operations. It is defined by function      , 
which quantity is amount of money that can be 

spend on the stock in time   by type n player. 

For every share and bond, investor can 

make buy or sale orders. Player's decisions are 

made by sale orders           and buy orders 

         . Parameters p and q define price 

limit (for minimal sale and maximal buy) and 

number of shares or bonds that are the goal of 

the order. From every order a constant 

commission   is charged. Set of all player’s 

decision can be defined as follows: 

   
                         

            
  ,    (9)        

The set of type n players’ decision is  

a subset of  , defined as   . 

We should also consider the restriction of 

the set   , concerning player’s wallet, defined 

as  , when       contains elements satisfying 

following conditions: 

                  ,          (10) 

It secures situation in which player’s money 

have to be enough for making a buy order not 

basing on potential sale order (we do not know if 

they happen and by which price). 

 

5. Pricing mechanisms 
 

According to GPW (Warsaw Stock Exchange) 

regulations [22] and detailed trading rules [23], 

financial instruments pricing mechanisms are 

designated based on following guidelines: 

 Maximizing the volume of trading 

 Minimizing the difference between the 

number of financial instruments in sales and 

purchase orders possible to realize after  

a specific course 

 Minimizing the difference between 

determined course and reference course. 

In such case where the highest price limit of 

a buy order is lower then the lowest price limit 

of a sale order or when there are only buy or sale 

orders or when there are no orders, open course 

is a first transaction’s course made during one 

session in continuous trading system and closing 

course is a last transaction's course. If, during 

one session, there has not been any transaction, 

opening and closing courses are not presented. 

Total supply is described by following 

formula: 

   
 

 

   

    
 

 

   

       
         

(11) 

where:   
  is a minimal price for i assets of s sale 

order or   bonds of   sale order and       is  

a transaction's price in   time. 

Demand: 

   
  

       
  

          
 
        (12) 

where:   
 

 is a maximal price for   assets of   

buy order or   bonds of   buy order and       is 

a transaction's price in   time. 

Below is a formula for maximizing trading 

volume (sum of supply and demand): 

   
 

 

   

    
 

 

   

    
 

 

   

    
 

 

   

       
 

         
 
      

(13) 

 

6. Attempt to define player’s strategy 
 

Set of information available for type n player is 

define as   . Players of different types have 

utility functions that are specified on possible 

wallet values. Type   player has utility function 

specified on sets of held information  , wallet   

and strategy set  : 

  
            ,              (14) 

In every time   with held information  , 
wallet   and strategy set   players maximize 

value of expected utility function which can be 

described as follows: 

  
               ,              (15) 

It is also important that form of real 

expected utility function can be different 

depending on what form takes appropriate set of 

information  . 
Important issue, considering modeling  

the choice of strategy made by players, is using 

methods of share values analyzes  the way to 

get information. There are few methods, below 

there is a short description of most important 

ones: 

 Technical analysis 

 Econometric models 

 Fundamental analysis 
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 Wallet analysis 

 Behavioral analysis 

 No model. 

Technical analysis is used with short-term 

investment decision making. It is based on two 

assumptions. Firstly share price reflects all  

the factors influencing on it. All that needs to be 

done is to analyze prices that are results of those 

factors, not the reasons. Secondly there are 

several patterns of behavior on the market which 

can be identified by technical analysis tools and 

which are repeated in few time periods. 

Technical analysis is based on models called 

technical formations which can forecast future 

share behavior only from charts. Formations 

have tendency to repeat. There are three types of 

trends and connected to them types of decisions: 

growth trend  investor buys, downward trend  

investor sells, horizontal trend  investors waits 

with the decision. Second tool used in  

technical analysis are technical indicators  

that synthetically characterizes share market. 

Another method are econometric models 

that analyze share courses based on their 

dependence on different factors, for example 

macroeconomic variable but also factors  

that seem no relevant to financial market like 

weather. 

Fundamental analysis on the other hand is 

based on general attractiveness assessment of 

chosen shares. This assessment is created in few 

stages. Macroeconomic analysis lets determine 

attractiveness of chosen financial market. Sector 

analysis describes investment attractiveness of 

companies from chosen sector. Situational 

analysis concentrates on company’s evaluation 

without, so far, financial data but including such 

information as: management board quality, 

strategy, position against the competition, 

products specificity. Financial analysis 

concentrates on company’s financial condition. 

After those four stages, there is a time for actual 

valuation of company’s shares. At this stage 

there are few possible approaches: accounting, 

liquidation, option, multiplier and income. 

Wallet analysis and also CAPM (Capital 

Asset Pricing Model)  the most popular model 

is based on searching “effective wallets” that are 

results of multi-objective optimization from two 

points of view: maximizing expected wallet 

value and minimizing standard variance.  

By using wallet analysis it is possible to count 

the basic ownerships of cumulative distribution 

of stock prices. By using CAPM it is possible to 

count the factors that are marginal contribution 

of shares in the risk of the wallet. On the basis of 

these data, you can count the value of expected 

return. 

Behavioral analysis focuses on the market 

as such, and not on the actions and concentrates 

on deviations from rationality of investors. There 

are periods when investors based their actions on 

rational grounds, suddenly begin to behave 

differently. Then act like the rest of the investors 

(herd behavior), mainly for two reasons:  

the market euphoria and panic. 

Investors who do not benefit from any share 

price model should also be considered. 

Sometimes, based on the general 

recommendations of the investors, sometimes 

they rely on blind luck. Such situations are rare, 

but, paradoxically, can sometimes provide  

a reasonable rate of return on investment.  

An example might be a fictitious stock fund 

published in the Wall Street Journal, where 

companies were selected completely randomly, 

and the result was not significantly different 

from the result of professional brokers and 

investment advisors. 

As can be seen, depending on the type of 

user, information is of a different form. For 

fundamental players it is equal to vector of 

fundamental values, for wallet players is  

the average of the last quotation, for technical 

players it is the vector of information about 

expected price, for econometric players is  

a sequence of vectors forecasts. 

Each player, while making decision based 

on given information, calculates a minimal price 

of selling share or bond and maximum price of 

buying share or bond. In one word – player 

chooses strategy. 

 

7. Summary 
 

Presented initial game model describing stock 

market and to be precise  behavior of individual 

mass investors is a basis for further work. 

The next step will be working on a method 

of choosing appropriate strategy by players of all 

types, depending on preferred data analyzing 

methods. This decision may be based on one or 

more analyzing methods. Additionally, 

depending on player’s characteristic, players can 

make different decisions (more or less risky). 

They can also play for a short or long time 

period and also on “ups” and “downs”. Player’s 

decision model (choosing strategy) has to 

contain the element of influencing other players 

(not individual) on one player’s decisions. 

As you can see, there are many decision 

making criteria and appropriate modeling 

decision making process should be the next step 
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in creating stock market model [3]. This model 

will be detailed and modified depending on 

knowledge we have on market mechanisms and 

financial psychology knowledge. 

It seems natural to use multi-criteria 

methods to present strategy chosen by a player 

based on the factors that have influence  

on it [2], [3]. 

Separate issue is describing a practical way 

of using mathematical model during next 

research. Possible direction is to create a right 

game model (especially games with continuum 

of players) and to recommend a stage of 

equilibrium or to use other model [1] to analyze 

the stock market. 
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Giełda jako gra z continuum graczy 
 

P. MICHAŁOWSKI 

 
W artykule przedstawiono możliwość wykorzystania teorii gier z continuum graczy w modelowaniu zachowań 

graczy na giełdzie. Dokonano pierwszej próby opracowania modelu giełdy w oparciu o teorie gier z continuum 

graczy. Artykuł jest wynikiem prac nad opracowaniem matematycznego modelu pozwalającego badać 

specyfikę zachowań decyzyjnych tzw. giełdowych inwestorów masowych. 

 
Słowa kluczowe: giełda, modele zachowań, inwestorzy masowi, teoria gier, gry z continuum graczy. 
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The research described in the article refers to the study of data from the domain of medicine. The diagnostic 

test results are recorded in different ways. They may take the form of tables, graphs or images. Regardless of 

the original data format, it is possible to draw up their verbal description, which focuses on the description  

of the observed symptoms. Such descriptions make up the text corpora concerning individual diagnostic 

technologies. Knowledge on disease entities is stored in a similar manner. It has the form of text corpora, 

which contain descriptions of symptoms specific to individual diseases. By using natural language processing 

tools semantic models can be automatically extracted from the texts to describe particular diagnostic 

technologies and diseases. One of the obstacles is the fact that medical knowledge can be written in a natural 

language in many ways. The application of the semantic format allows the elimination of record ambiguities. 

Ultimately, we get a unified model of medical knowledge, both from the results of diagnostic technologies 

describing the state of the patient and knowledge of disease entities. This gives the possibility of merging data 

from different sources (heterogeneous data) to a homogeneous form. The article presents a method of 

generating a semantic model of medical knowledge, using lexical analysis of text corpora. 

 
Keywords: semantic network, ontology, natural language processing. 

 

1. Introduction 
 

Rapid growth in the amount of information and 

the inefficiency of the methods for their 

processing have given rise to work on methods 

based on formal knowledge representation – 

ontology and the semantic networks. Due to  

the large number of concepts and relationships 

between them, the automatic construction of  

a semantic model [2], [10] is often used.  

The primary resource used by such methods is 

the text corpus. Methods of natural language 

processing [5], [1], [3], [4] developed for text 

corpora in English cannot be directly translated 

into the inflected language with free-word order  

in a sentence, such as Polish. Work on  

the construction of a semantic network for  

the Polish language [6], [9] contributed to  

the development of automated methods for 

detection of lexical semantic relations. 

In many fields (e.g., military, economic, 

medical) the data do not have a single form: 

table, picture, graph, etc. Each of them requires 

the use of dedicated processing and analysis. 

Since a few years semantic networks are used as 

a tool for homogeneous recording of 

heterogeneous data [8]. This approach reveals 

new possibilities for data processing – the usage 

of the same methods of analysis of images, texts, 

tables, etc. The formatting of recorded data 

allows to decrease their size (e.g., image data), 

which affects the speed of data transmission over 

the network. 

Medical data are a good example of  

the diversity of data recording. Building  

a semantic model described in the article is part 

of a wider research aimed at creating a data 

fusion from different resources (heterogeneous 

data) to a homogeneous form. A given symptom 

can have a variety of forms (the phrase in the 

text, a table element, a part of an image, a point 

on a graph), which is a problem for the further 

processing of such information. Therefore there 

is a need to record the symptoms in a single 

form, which gives the possibility to use the same 

methods and mathematical tools to assist in  

the process of diagnosing. The basis for building 

a semantic model of symptoms are descriptions 

of results of diagnostic technologies (DT) and 

descriptions of diseases that make up the text 

corpus. The paper will present the method of 

generating a semantic model based on the text 

corpus. This technique will be used to build an 

ontology of individual diagnostic technologies 

and the of disease entities (DE), in order to 

create structure the diagnostic knowledge. 

The structure of the article is as follows. 

The diversity of medical data collection  
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and a proposal of a homogeneous form of their 

writing is shown in Section 2. The next section, 

Section 3, provides a brief introduction to  

the formal ontology and semantic network 

model. Afterwards, in Section 4 the process of 

phrase detection denoting symptoms and 

characteristics specifying them is discussed in 

detail. Section 5 summarizes the results obtained 

in Section 4. A general description of the process 

of building an ontology is presented in Section 6. 

 

2. Heterogeneous Data 

Representation 

 

The description of the patient’s health status and 

the description of a disease entity consists of 

descriptions of symptoms detected using 

different technologies. Below is a set of example 

diagnostic technologies used in disease 

diagnostics: 

 Physical examination 

 Patient questioning 

 Skin tests 

 Arterial blood gas 

 X-ray imaging  

 Scintigraphy 

 Ultrasonography 

 Spirometry  

 Bronchoscopy  

 Laboratory testing, etc. 

Depending on the particular DT, the results 

vary in form. They can be stored in table form 

(spirometry, complete blood count), in a graph 

(spirometry), an image (X-ray), a verbal 

description (physical examination), etc. Imaging 

DT often have an additional form of result – 

a short description made by a specialist. Along 

with graphs the most important parameters of  

the chart can be provided (in the form of a table).  

In summary, the DT results, because of the form 

of recording, can be divided into three forms: 

table, verbal description, digital image file 

or analogue images. 

As part of a given DT several 

measurements/observations of parameters of  

a patient are recorded. The existence of disease 

symptoms can be ascertained, but also many 

additional facts about the patient can be 

recorded. Examples include: affiliation to 

a profession (e.g. farmer, miner), habits (e.g. 

smoking), the existence of certain diseases in the 

patient’s family (inherited diseases), age, etc. 

This information will be recorded and processed 

by our system in an identical manner as  

the symptoms. Thus, there was a need for 

grouping all types of information to assist in 

diagnosing a disease. This will be done by 

introducing a separate semantic class, which 

subclasses will be representing information of 

interest to us. We called this class a medical 

attribute (MA). Figure 1 shows an example of  

a hierarchy of classes derived from the medical 

attribute class. 

  

Medical Attribute

Symptom Disease entity

Secretion MinerFarmerSwelling AsthmaSmoking

Habit Occupation

has_subclass has_subclass

has_subclass has_subclass has_subclass has_subclass

 
 

Fig. 1. An example of a hierarchy of classes derived 

from the medical attribute superior class 

 

 

MA can be linked to a number of additional 

parameters that are features that characterize the 

given attribute. The features include: 

 adjective characterizing an attribute 

(e.g., wydzielina (eng. discharge): gęsta  

(eng. dense), zalegająca (eng. residing), 

obfita (eng. abundant), etc.); 

 place of occurrence (e.g., obrzęk (eng. 

swelling): błony śluzowej nosa (eng. nasal 

mucosa), powiek (eng. of eyelids), błony 

śluzowej gardła (eng. throat mucous 

membrane)); 

 time of occurrence or intensification  

(e.g., kaszel występujący okresowo lub 

codziennie, w nocy, między 4−5 rano (eng. 

cough that occurs periodically or every day, 

at night, between 4−5 am)); 

 substance evoking a symptom (e.g., sierść 

zwierząt (eng. animal fur), kurz (eng. dust), 

pyłki roślin (eng. pollen), antygeny (eng. 

antigens)); 

 situation, in which there is a symptom  

(e.g., stres (eng. stress), zmęczenie (eng. 

fatigue), wysiłek fizyczny (eng. physical 

exercise)). 

For each of these features, you can create  

a separate semantic class, which will be 

a subclass of the general class named Feature,  

Figure 2.  
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Feature

Place Adjective

Skin NormalDaytimeNighttimeLarynx HighHuge

AmountTime

has_subclass has_subclass

has_subclass has_subclass has_subclass has_subclass

  
 

Fig. 2. Hierarchy branch representing the features 

characterizing the medical attribute 

 

The structure of the hierarchy created in the 

system therefore has two main branches: 

medical attributes and features. All other classes 

are subclasses of either one of these two. 

Features and medical attributes will be 

linked by horizontal relations. The general 

characteristics of MA represents a fragment of 

the ontology, in which the central node is  

a specific attribute. This node will be linked to 

respective feature nodes characterizing the 

attribute. The relations between the nodes will 

depend on the particular type of the MA and the 

feature (Figure 3). Both the MA and their 

features are identified in the text using natural 

language processing methods. 

Sympton

Time

Place

Amount

Substance

Situation

Adjective
appears in time

occurs in place

appears in amount 

is caused by

appears in a situation

is characterized with

 
 

Fig. 3. Exemplary links between symptoms  

and features that characterize it 

 

 

3. Formal Ontology and Semantic 

Network Model 
 

Ontology 

Ontology is a hierarchically and orderly 

structured set of terms used to describe the given 

field: 

LRCO ,, . (1) 

C is the set of all concepts used in the built 

model. Element R of ontology O is the set of 

relations between concepts:  

 CCR  : . (2) 

The set of relations are further divided into sets 

of structural relations and hierarchical relations. 

The set L is called a lexicon and it is 

defined as follows:  

RC LLL  , (3) 

where:  

CL  – set of words, which are the names of 

concepts, hereinafter called lexicon of terms; 

RL  – set of words, which are the names of the 

relations, hereinafter called the relation lexicon. 

 

Semantic Network 

The established ontology definition results in the 

following formal definition of the semantic 

network: 

O

R

O

C

O IISN , , (4) 

where:  
O

CI   set of instances of all concepts defined  

in ontology O; 
O

RI  set of instances of all relations between 

concepts defined in ontology O. 

If cInst is a set of instances of a concept c, 

then 

c
Cc

O

C InstI


  . (5) 

The set 
O

RI  can be written as follows:  




 InstI
R

O

R  . (6) 

The set Inst  is called a set of the instances 

of the   relation. 
 

4. Process of Creating a Semantic 

Description of Symptoms 
 

Descriptions of diagnostic results are written  

in a natural language. Hence the method of 

determining phrases describing the symptoms 

and their features is based on natural language 

processing techniques. Figure 4 is presents in 

detail the process of building the semantic 

symptom description from a single sentence. The 

result is a single branch of the semantic network, 

which is a model that describes the symptom or 

symptoms of a disease. Based on the semantic 

network, an ontology denoted as OOS will be 

built. 
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Description

Morpho-syntactic 

analysis 

of sentence

Annotated words 

of sentence

Mapping of 

words

Noun phrases
Discovering 

relations

Morphological 

analyzer
Linguistic 

rules
Domain 

dictionary

Repository 

of sentence 

schemas

Semantic 

lexicon

Dictionary of 

adjectives

Semantic 

description 

of symptom

 
 

Fig. 4. The process of creating a semantic description 

of a symptom 

 

Before starting the process of creating  

a semantic description it is necessary to create 

the appropriate dictionaries (domain dictionary, 

dictionary of adjectives, semantic lexicon) and 

lexical resources (sentence patterns). 

 

Domain Dictionary and Dictionary of 

Adjectives 

Domain dictionary includes nouns and noun 

phrases specific for the considered area of 

knowledge, in this case – of medicine.  

The dictionary is built using the medical texts 

corpus (DT results descriptions, DE descriptions, 

medical literature, etc.) and general text corpora. 

Adjectives dictionary contains adjectives 

characteristic for the given field. Assuming  

the previously defined symbols, the domain 

dictionary and the adjectives dictionary make up 

the lexicon 
MCL  of the medicine ontology OM. 

 

Dictionary of Synonyms 

Many of the gathered words in the domain 

dictionary and in the adjectives dictionary have 

similar meaning. This means that there is  

a synonymic relation between them. After 

identifying such words or phrases, synsets are 

created, i.e. sets of phrases with the same or 

similar meaning. The created synsets define 

semantic classes which are ontology nodes. Each 

synset represents a certain concept. The concept 

(the name of the synset) should be the phrase 

with the highest frequency of occurrence. 

The dictionary of synonyms is the set of 

concepts CM of the ontology OM. In the 

hierarchy of semantic classes presented in Figs. 

1 and 2 the nodes from the lowest level contain 

concepts from the dictionary of synonyms. 

 

Semantic Lexicon 

The semantic lexicon associates concepts 

defined in the dictionary of synonyms ( MCc ) 

through a combination of a hierarchical relations  

with respective classes from the higher ontology 

levels. As stated in Section 2 there are the 

following classes representing the groups of 

concepts: [symptom], [disease entity], [time], 

[occupation], etc. These classes create higher 

levels of the hierarchy of classes (Figures 1 

and 2). 

 

Morpho-Syntactic Analysis of Sentences 

During the process of creating the semantic 

descriptions, the descriptions for only one DT or 

DE are taken into account. Each description 

consists of a set of sentences. Detection of  

a symptom and all its features takes place within 

the context of a single sentence. The process of 

morpho-syntactic analysis of a sentences is done 

using a morphological analyzer and linguistic 

rules. The result of the process are annotated 

sentences – each word has a morpho-syntactic 

tag assigned to it. 

The process of the analysis consists of  

the following stages (Figure 5): 

 Tokenization 

The sentence is subject to tokenization, which is 

division into tokens: words, numbers, 

punctuation marks. 

Dividing text 

into sentences

Linking the 

preposition

Tokenization 

of sentence

Identification of 

morphological 

analysis

Linguistic 

rules

Disambiguation 

of adjectives

Annotated words 

of sentence

Morphological 

analyzer

 
 

Fig. 5. Process of the morpho-syntactic  

analysis of a sentence 

 

 Identification of morphological analysis 

For each word a sequence inflective analyses is 

generated by the morphological analyzer.  

All possible analyses are generated. 

 Linking the preposition 

The relation of the preposition with the noun is 

expressed with the aid of the noun endings 

characteristic for the case permissible in this 

link. This information allows for a partial 

disambiguation of some nouns, pronouns, 

adjectives and numerals occurring in tandem 

with a preposition. 

 Linguistic rule noun + noun in genitive 

In this part of the process words interpreted as 

nouns are analyzed. The goal is disambiguation 

of the case. The study shows that when there are 

two nouns next to each other in a sentence, e.g. 

błona śluzowa oskrzeli (eng. bronchial mucosa), 

światło oskrzela (eng. bronchial internal 
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diameter), świąd skóry (eng. itch of skin), etc., 

then the second word is usually in the genitive 

case. This property will be used for this noun 

during the stage of elimination of the 

grammatical analyses that contain the case other 

than the genitive.  

 Disambiguation of adjectives 

The dependence between a noun and  

an adjective defining it is the formal expression 

in the form of grammatical endings specific for 

the common case for both words and for the 

common number. This feature allows for 

searching of pairs of a noun and the 

corresponding adjective in terms of case and  

the number. 

Additionally during the whole process of 

the morpho-syntactic analysis we are collecting 

knowledge about the subject and predicate or 

subjects and predicates in case of complex 

sentences. A description of this process does not 

belong, however, to the scope of the article. 

During the morpho-syntactic analysis 

instances of the following relations can be 

detected: 

is_characterized_with, place_of_occurence  

ROS,  

where ROS – a set of relations between the 

concepts of ontology OOS. 

An instance of a relation occurs between 

two instances of concepts. Not all of the 

analyzed words of the sentences are instances of 

concepts COS of the defined ontology OOS. Some 

of them are not covered in the domain 

dictionary, other part are components of noun 

phrases. Before the words irrelevant from the 

symptoms description perspective are 

eliminated, and before the noun phrases  

are detected, let us assume that the words in 

sentences are instances of concepts from a set Cx 

from some ontology Ox. 

We can infer occurrence of any specific 

semantic relation between words only on the 

basis of morpho-syntactic tags assigned to the 

words, because at this stage of analysis we do 

not have any semantic information. Only the 

morpho-syntactic information is available. 

For the relation is_characterized_with the 

arguments are the words from the found noun-

adjective phrases: 

 
   
   ,

,

:,

adjectiveja

nounia

IIjiInst x

x

x

x

O

C

O

Cwithzedcharacteriis







 (7) 

where AIa OS

OS

O

C : , A – set of morpho- 

-syntactic tags. The relation between words from 

noun-noun in genitive exists, but at this stage it 

cannot be determined what kind of relation it is 

and what is its direction. The instance of the  

relationship will be written afterwards as: 

instance_relation(i, j), (8) 

where: instance_relation Inst , i, j  OS

OS

O

CI .  

If the relation argument is unknown, then ‘?’ is 

written. When a relation exists, but its type is 

unknown, then ‘?relation’ is written.  

Lack of information about the direction of the 

relation, i.e. what is its left and right argument, it 

is written accordingly ‘?left_arg’, ‘?right_arg.’ 

Affiliation to a semantic class is written as  

a hierarchical type relation has_instance: 

has_instance(semantic_class, i), (9) 

where: semantic_class  COS, i  OS

OS

O

CI . 

Adjectives are assigned a semantic class 

[adjective]. 

Morpho-syntactic relations between words 

identified in the analysis can be represented by  

a graph. Instances of concepts will placed in the 

nodes, the arrows will represent instances of the 

relations. Nouns will be placed in the rectangular 

nodes, while adjectives will be in the oval nodes. 

Discovered semantic relations will be 

represented with arrows. Relations, which have 

to be found will be represented by dashed 

arrows. 

Example 1. Let us analyse a sample sentence 

Oskrzela płuc są prawidłowe z nasilonym 

odczynem zapalnym szczególnie po stronie 

lewej. (eng. Bronchi are correct with severe 

inflammatory reaction especially on the left 

side). The graphs obtained for the above 

sentence are presented in Figure 6. 

oskrzela
(eng.bronchi)

prawidłowe
(eng. correct),

[adjective]

płuc
(eng.of lungs), genitive

z odczynem 
(eng. with reaction)

zapalnym
(eng. Inflammatory), 

[adjective]

po stronie,
(eng.on the side), 

locative

lewej
(eng. left), [adjective]

nasilonym
(eng. severe),

[adjective]

is characterized with

is characterized with

is characterized with

is characterized with

 
 

Fig. 6. Morpho-syntactic links between words in the 

sentence from Example 1  

 

Mapping Words 

The annotation process of single words was 

described in the previous chapter. Some words, 

when located directly next to each other, form 

compounds possessing a new meaning as  
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a whole. This meaning is not resultant of  

the meanings of the components. Thus moving 

to the semantic level requires detecting noun 

phrases. As the name suggests, a noun is  

the central element of phrase. The process of 

mapping words into phrases is done in several 

steps using the domain dictionary. For each noun 

in a sentence: 

 

   nouniaIi M

M

O

C  :  (10) 

The following steps are carried out: 

1. Creation of the noun phrases where  

the phrase contains one or more words, on 

the basis of morphological annotation: 

– firstly, for the noun i we are searching 

related words, not only directly, but also 

indirectly. Let set Zi contain words linked 

to the noun i: 



      ,,,...,,,

:

1

,,...,1,

jrirjir

jiIjjiZ

k

BnnkIBr

O

Ci

OSO

OSRk

M

M








 (11)  

where: B – set of rules from the analysed 

sentence;  

– on the basis of the set of words Zi a set of 

K candidate phrases are generated.  

The word i occurs in each phrase, hence 

the creation of all the subsets of Zi/{i} and 

the resulting phrase is added to the word i.  

For example, if the noun i occurs in 

relation with other words, as shown in 

Fig. 6, then the following phrase-

candidates will be created for it: i, ia, ib, 

ic, iab, iac, ibc, iabc; 

i

a

b c
 

 

Fig. 7. Exemplary relations of noun i with other 

words  

– not all elements of set K can be phrases. 

We need to reject such phrase-candidates,  

in which elements are unreachable from  

the node containing noun i. For example, 

the phrases ib, ic from the previous point 

are rejected. 

2. Elimination noun phrases from set K that do 

not exist in the domain dictionary. After 

carrying out this step set K contains only 

instances of ontology concepts – OOS: 

M

M

OS

OS

O

C

O

C IIK  . (12) 

3. The longest matching phrase k is selected 

from set K.  

4. On the foundation of the k phrase, 

appropriate rules are modified in  

the database B, in order to link the words of 

the k phrase into one node. 

 

Discovering Relations 

The description of the symptom is composed of 

many elements semantically related. As 

previously indicated, these elements are not only 

adjectives characterizing it, but also elements 

that describe the location of the occurring 

symptom, time of occurrence, symptom 

triggering factors, etc. In the preceding analysis 

process morpho-syntactic relations were 

detected existing between words of sentences. 

The relations form a set of graphs. At this stage 

of analysis it is required that the semantic 

relations are detected between the graphs 

representing the elements of symptom 

description. The process will run with the use of 

sentence patterns and semantic vocabulary. 

 

Sentence Patterns 

It could be thought that there are as many 

sentences as there are combinations of words, 

which is very large. As it turns out, this is not 

true. The existence of certain rules and 

conditions during creation of word combinations 

causes that they can be expressed in the form of 

patterns [7]. The verb is the key element  

of every such pattern. Its semantic and 

grammatical properties, to a large extent, 

determine the structure of sentences, in which  

it occurs. During the process of creating a verbal 

expression the choice of words and their form 

depend on other expressions, with which they 

are associated grammatically and semantically. 

This entails that sentence patterns can be a very 

useful tool in solving such semantic problems as 

determining semantic relations, missing 

elements in a sentence or meaning of words. 

Different parts of a sentence (subject, 

object, adverbials, etc.) may occupy only the 

elements belonging to certain lexico-semantic 

classes. The mandatory and optional linkage 

must also be distinguished. Mandatory linkage 

applies to components that need to  

be associated to a given verb. Optional linkage 

relates to components, which may, but do not 

have to be used with the verb. Semantic 

characteristics of components is used only to 

determine limitations of linkability. 
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Algorithm of Fitting a Sentence to a Sentence 

Pattern 
The algorithm aims to find a pattern for a given 

sentence, generate expectations with respect to 

the missing components and determine  

the meaning of ambiguous words (in the 

semantic sense). 

Every word passes through the morpho-

syntactic analysis. Particular attention is paid to 

the verbs and nouns (noun phrases). Verbs allow 

for reaching the fitting patterns,  

and nouns help in selecting one of them. 

The first stage consists of assigning  

instances to respective semantic classes.  

The semantic dictionary is used for this purpose. 

For nouns from the noun-noun in genitive pairs 

the following is checked: if the noun in genitive 

has the class [anatomy_element], then both 

nouns are bound with the relation named 

place_of_occurence and the noun in genitive is 

written as the second argument of the relation. 

After determining the verb in the sentence, 

the patterns are selected, in which the given verb 

exists. Then a pre-selection of a pattern is made 

using the list of noun phrases. 

The second step is to resolve ambiguity.  

If the first phase ended in selecting one pattern 

from the list and all its components are present  

in the sentence, then the algorithm ends.  

The lack of certain phrases in the sentence 

required by the pattern does not mean that we 

have chosen the wrong pattern. This kind of 

a situation can occur when the required noun has 

already been mentioned in the preceding 

sentences, or will be discussed in the next 

sentences. In order to determine what noun it is, 

in the first case it is necessary to perform  

a semantic analysis of previous results, and in 

the second case it is necessary to generate  

the expected results. 

The set of verbs that may occur  

in descriptions of DE and DT is limited. For 

most of them the number of sentence patterns  

is limited to one or two. 

Some verbs can appear in many sentence 

patterns, such as the verb to be. Determining the 

case for nouns can be an insufficient criterion for 

the selection of an appropriate pattern. In this 

case, it is helpful to use the semantic dictionary. 

Linking morpho-syntactic information with 

semantic information will allow for 

disambiguation of the selection of the sentence 

pattern, and this will solve the problem of 

semantic ambiguity. 

 

 

 

Example 2 

In the following sentencje: „Oskrzela płuc są 

prawidłowe z nasilonym odczynem zapalnym 

szczególnie po stronie lewej”. (eng. Bronchi are 

normal with increased inflammatory reaction 

especially on the left side) the verb to be occurs 

as a predicate. Listed below are a few selected 

sentence patterns for the to be verb: 

1. NP – NPN+(NPMj) 

NP [anatomy_element]  

NPN [symptom] 

NPMj [property][anatomy_element] 

R: place_of_occurrence(NPN, NP) 

is_characterized_with(NP, NPMj) 

2. NP – NPN + NPD  

NP [anatomy_element] 

NPN  "location"  

NPD [symptom] 

R: place_of_occurrence(NPD, NP) 

3. NP – Adj 

NP [symptom] 

Adj  [property] 

R: is_characterized_with (NP, Adj) 

4. NP – NPN 

NP  [symptom] 

NPN  ”symptom” 

 

Explanation of the symbols: 

NP: noun phrase; 

NPD,B,C,N,Mj: letters at the bottom of noun 

phrases indicate their grammatical case\ 

(genitive [D], accusative [B], dative [C], 

instrumental [N], locative [M]); 

Adj: adjective; 

― position of the verb in the sentence 

pattern; 

+ between the components means that they 

are linked without implication of the current 

sentence pattern; 

 ( ) optionality of components or group of 

components (i.e. the possibility of omission); 

  arrow points to the semantic 

characterization; 

[ ] semantic classes are given for noun 

phrases; 

R: relation type. 

 

In the branches of discovered relations (during 

the morpho-syntactic analysis) we receive  

the following noun phrases: z odczynem 

zapalnym (eng. with inflammatory reaction), 

oskrzela (eng. bronchi), po stronie (eng. on the 

side). 
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oskrzela
(eng.bronchi), NP

[anatomy_element]

płuc       
(eng.of lungs), 

[organ]

z odczynem 

zapalnym (eng. with 

inflammatory reaction), NPN

[symptom]

place_of_occurrence

nasilonym          
(eng. severe), [adjective]

is characterized with

po stronie      
(eng. on the side), NPMj

[property]

lewej 
(eng. left), [adjective]

is characterized with

 
 

Fig. 8. Relations discovered during the morpho- 

-syntactic analysis  

 
The phrase in the instrumental case occurs  

in patterns 1 and 4, the phrase in the locative 

case – (can occur, but not necessarily) only in 

pattern 1. The subject of the sentence with the 

semantic class [anatomy_element] appears in 

pattern 1 and 3. After checking the matching of 

semantic classes pattern 1 is selected. Graphs are 

completed with new relations as presented  

in Figure 8. 

 

oskrzela (eng. bronchi), 

NP [anatomy element]

z odczynem zapalnym
(eng. with inflammatory reaction), 

NPN [symptom]

nasilonym

(eng. severe), [adjective]

is characterized with

po stronie          

(eng. on the side),     

NPMj  [property]

lewej

(eng. left), [adjective]

is characterized with

place of occurrence

is characterized with

płuc
(eng. of lungs), 

[organ]

place_of_occurrence

 
 

Fig. 9. A graph representing the semantic description 

of the sentence from example 2 

 

 

5. Semantic Network for the 

Diagnostic 
 

The product of the process of detecting phrases 

with the meaning of symptoms and features 

characterising the symptoms, the semantic 

network based on the text is created. Each of  

the sentences provides a single branch of  

the network structure. The semantic network is 

the foundation for building the ontology OOS. 

From the previously introduced formal 

specification of the semantic network, it is 

known that the network is defined by two sets. 

For the built ontology OOS it will be: 

OS

OS

OS

OS

OS O

R

O

C

O
IISN , , (13) 

where:  

OS

OS

O

CI  set of instances of ontology OOS classes; 

the set is comprised of words (phrases) 

appearing in all descriptions analyzed for a given 

DT or DE; it should be indicated that 
M

M

OS

OS

O

C

O

C II  ;
 

OS

OS

O

RI  set of instances of the relations between 

classes COS of the OOS ontology, the set contains 

all relations discovered during the analysis of 

texts referring  to a DT or DE. 

 

6. Creating Ontologies of the Medical 

Knowledge 
 

Creating ontologies is done by eliminating 

synonyms from the semantic network extracted 

from text and associating the nodes and relations 

into a single model. 

A given piece of information can be 

expressed in many ways using a combination of 

words or phrases with similar meaning.  

The elimination of synonyms phase allows for 

replacing such phrases with the names of 

concepts from the dictionary of synonyms 

(Figure 9): 

  OS

O

C

O

C CiVIIi OS

OS

OS

OS
 , , (14) 

where: OS

O

C

O

C CIV OS

OS

OS

OS
: ; 

OS

OS

O

CI – set of instances of concepts COS defined in 

the OOS ontology; 

I – set of concept instances in the analyzed 

sentence. 

Instances of 

concepts: nouns, 

noun phrases, 

adjectives

The 

elimination 

of synonyms

Concepts

Dictionary of 

synonyms

 
 

Fig. 10. The scheme of eliminating synonyms 

 

The semantic network reduced to a network of 

concepts is transformed into an ontology by 

eliminating multiple repetitions of the same 

semantic relations. 

 

7. Conclusion 
 

Automatic building of a semantic model of 

disease symptoms based on text corpora is a tool 
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for building models of a diagnostic technologies 

or a disease entities. A DT model created in  

the described way can be used for acquisition of 

the patient's diagnostic data. The model is a good 

foundation for user interface through which it is 

possible to collect and semantize the symptom 

descriptions. The DE model is being built in 

order to standardize the description of disease 

entities. By using a uniform format for both  

the DE description and the description of  

the patient health condition, it is possible to 

carry out the diagnostics using all possible data. 

Further work will be focused on improving 

results of the morpho-syntactic analysis, by 

developing a system with the ability of 

automatic identification of sentence patterns. 

Developing a method for initial selection  

of sentences with respect to information that is 

of interest to us is also desired. This would allow 

for rejection of sentences that do not contain 

information relevant from the point of view of  

the description of symptoms. 
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Automatyczna budowa semantycznego modelu objawów chorobowych  

na bazie korpusu słownego 
 

G. SZOSTEK, M. JASZUK, A. WALCZAK 

 
Opisane w artykule badania dotyczą danych z dziedziny medycyny. Wyniki badań diagnostycznych 

rejestrowane są na różne sposoby. Mogą mieć postać tabel, wykresów, obrazów. Niezależnie od oryginalnego 

formatu danych możliwe jest sporządzenie ich opisu słownego, który koncentruje się na opisie 

zaobserwowanych objawów chorobowych. Opisy takie tworzą korpusy słowne dotyczące poszczególnych 

technologii diagnostycznych. W podobny sposób zapisywana jest wiedza dotycząca jednostek chorobowych. 

Ma ona postać korpusów tekstowych, w których zawarte są opisy objawów specyficznych dla poszczególnych 

schorzeń. Posługując się narzędziami przetwarzania języka naturalnego, możliwe jest automatyczne wydobycie 

z tekstów modeli semantycznych opisujących poszczególne technologie diagnostyczne oraz choroby. Pewne 

utrudnienie stanowi fakt, że wiedza medyczna może zostać zapisana w języku naturalnym na wiele sposobów. 

Zastosowanie formatu semantycznego pozwala wyeliminować te niejednoznaczności zapisu. W konsekwencji 

dostajemy ujednolicony model wiedzy medycznej, zarówno od strony wyników technologii diagnostycznych 

opisujących stan pacjenta, jak i wiedzy dotyczącej jednostek chorobowych. Daje to możliwość dokonania fuzji 

danych pochodzących z różnych źródeł (danych heterogenicznych) do postaci homogenicznej. Artykuł 

przedstawia metodę generowania modelu semantycznego wiedzy medycznej wykorzystującą analizy 

leksykalne korpusów słownych. 

 
Słowa kluczowe: sieć semantyczna, ontologia, przetwarzanie języka naturalnego. 
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The concept of server allocation to components in SOA architecture 
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adrian.p.wozniak@gmail.com 
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Faculty of Cybernetics, Military University of Technology 

Kaliskiego Str. 2, 00-908 Warsaw 

 
This paper describes the concept of the allocation method. By using this method we can optimize allocation of 

servers to SOA components which facilitates business processes in the organization. The method is based on 

taking an acceptable solution and then simulating it iteratively. Iterative simulation is used to find better 

allocation. Simulation helps in estimating efficiency and supports algorithm used to find a better solution.  

The main aim of the method is to reduce the time needed for business process realisation. 

This work shows the source of the problem and provides a short introduction about Service Oriented 

Architecture. It describes how to build components in SOA and what role they play. This paper also describes 

other methods which were used to solve the problem, in particular static and dynamic methods that allocate 

components to servers in SOA. A new method is described that also solves the problem but in a new way.  

This paper shows the algorithm of the new method as a whole and provides details about each step and basics 

of how a simulation model is constructed. 

 
Key words: SOA, optimisation of components allocation, digital simulation. 
 

1. Introduction 
 

The management of business processes in  

a company consists of, inter alia, optimisation 

i.e. increasing efficiency. The efficiency can be 

increased by reducing the time needed to 

complete business process. The time of business 

process realisation can be shortened by: 

 reorganizing processes e.g. deleting 

redundant tasks or making them to be 

realized in parallel, 

 increasing resources of organization. It is 

effective when resources are a bottleneck of 

business processes. Bottlenecks can be 

located by e.g. business process simulation,  

 shortening time needed to realize tasks in 

business process. It happens usually by 

automation, especially by computer systems 

that can do tasks instead of human. 

A method presented in the article concerns last 

two ways of optimizing business processes.  

With evolution of software engineering, 

architects of systems use abstracts on a higher 

level. At first, software was constructed by using 

function libraries. Then, there were objects and 

later, component structure of software. The next 

step of this evolution is Service Oriented 

Architecture (SOA). According to SOA, the 

system should be divided into independent 

modules. Division should be made by business 

criteria instead of technical ones. Each module’s 

job is to support business processes of 

organization. Every module has its area of 

responsibility and it provides services to other 

modules. Every service provided by the system 

has to have business meaning and, has to be  

a step in the business process. Furthermore, 

input and output parameters for services also 

have to be understandable from the business 

point of view. Purely technical parameters are 

not allowed.  

In SOA there is a direct relationship 

between steps in the business process and 

services used to realise them. In Business 

Process Model and Notation (BPMN) services 

invoked are represented as “Service task”. 

Usually before service invocation there is “User 

task” in the process which represents using 

functionality of the system by user (usually 

through GUI). After “User task” system realises 

part of the process automatically by invoking 

services in order defined in the process.  

There are two ways to compose services: 

orchestration and choreography. The first one 

uses central and universal module which directs 

all invocations of services in accordance with 

business process that is defined within that 

module. Implementation of concept of central 

module is Enterprise Service Bus (ESB) with 

Business Processes Engine. ESB is a broker 

between modules in invoking all services within 

system. Business Process Engine is a place 

where all business processes are defined and 

which is responsible for realizing business 
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processes according to that definition. It also 

monitors realization of business processes.  

The name “orchestration” comes from 

association with a conductor and an orchestra. 

The conductor is ESB with Business Process 

Engine and the orchestra are modules. On the 

other hand, there is choreography where each 

module decides which service should be invoked 

next. To make this possible business processes 

should be implemented within modules. Using 

choreography it is easier to implement software 

but modules are less reusable. ESB is also used 

within choreography for its many benefits.  

 

 
 

 

 

 

 

 

 

 

 

 

Fig. 1. Collaborations in SOA Source [16] 

 

Every module constitutes separate and 

independent software. Each one can be 

implemented in different technology and 

requires different runtime environment. It is 

important, however, that services should be 

provided according to SOA standards. So it 

should be possible for every service to be 

invoked by other modules, ESB or Business 

Process Engine. Each module plays at least one 

of three roles: Service provider, Service client or 

Service registry (Figure 1). Service providers are 

modules that realize services. Service clients are 

modules that need to invoke services to work 

properly. Service registry is a broker  

that contains information about services within 

the system. ESB is an example of such Service 

registry which is used in all service invocations 

within the system. Using ESB gives more 

control over the system and provides more 

security. Every provider must publish services 

on ESB. It is ESB that provides services to other 

modules. When a client wants to invoke service 

he sends a request to ESB which is responsible 

for handling requests and communication with  

a provider. ESB serves as: 

 Translator between modules. It is used 

when providers and clients use different 

interfaces to communicate. 

 Loadbalancer – which is used to govern 

load on servers. It gives possibility to 

connect many providers of the same service 

or even many instances of the same module. 

The fact that there are many service 

providers and that they operate on different 

servers can be hidden from the client. From 

the client’s point of view, the request is sent 

to ESB which is responsible for sending it 

to the best service provider or providers. 

 Security layer to control traffic between 

modules.  

 System monitor that gathers information 

about processes realized in the system. 

SOA allows a direct relationship between 

steps of business process and services invoked in 

the system. Without such relationship 

optimisation of allocation of servers to 

components could be done only from the point 

of view of the system (not business). For 

example, such optimisation can mean  

a reduction in: service response time, system 

average response time, probability of service 

realisation within a given time, etc. Locally 

optimal service efficiency does not mean global 

optimal work of business processes. Thanks to 

SOA optimisation can be done in a new 

dimension. In SOA, the allocation of servers to 

components can be done from the point of view 

of business processes. In SOA we can calculate 

the impact of allocation changes on business 

characteristics (not only system characteristics). 

 

2. Available solutions 
 

In the literature you can find publications 

presenting methods that optimise allocation of 

servers to software components made in SOA. 

Those methods can be divided into two groups: 

static and dynamic. 

In dynamic methods, allocation of hardware 

resources to software components is changing 

dynamically in short periods of time. Allocation 

is dependent on current load of the system.  

In dynamic methods load is defined by running 

instances of business processes and step on 

which they currently are. Using that knowledge 

about system load and about processes we can 

predict which services will be invoked within 

next time. Therefore, we can predict system 

load. Such a prognosis is the basis for 

calculating optimal allocation. In [1], example of 

such dynamic method is presented. The article 

shows an example of the dynamic method where 

summary realisation time of current running 

processes is minimised. Article [2] presents  

a method which is focused on optimisation of 

Quality of Service (QoS). In [2] optimisation of 

QoS is defined as maximisation of probability 

that complex services are realised in set time. 

SOA 

Service registry  

Service provider Service client 

Publish Find 

Bind and invoke 
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Complex service in this case consists of service 

invocations in order defined by business process, 

in fact it is a part of business process. So in this 

method we have to define time in which 

complex service should be realised. Complex 

service is considered as realised when response 

time was lower than previously set time. In both 

dynamic allocation methods many 

simplifications have been adopted. In the method 

presented in [1] such elements as load and time 

delay from changing allocation are completely 

omitted. Load generated by runtime 

environments is also omitted. In method [2] only 

delay from changing resources allocation has 

been included.  

The advantage of dynamic methods is  

the ability to react on dynamically changing 

system load. This advantage is at a cost of 

building a mechanism that monitors and 

switches resources between components. 

Another cost is a bigger load of servers because 

of sustaining that mechanism. Thanks to  

that kind of optimisation, current running 

processes should be realised faster but it will be 

less prepared for processes coming next. For 

such processes system will adopt with delay. 

Such dynamic methods are applicable in 

supporting business processes in which intensity 

of invocation starting events is changing very 

quickly and significantly.  

In SOA many different technologies can be 

used and also current solutions can be adopted. 

Therefore, dynamic methods sometimes cannot 

be used because not all technologies can support 

changing the resource allocation so quickly.  

The second category of allocation methods 

are static methods in which one optimal solution 

for the system should be found, and will not 

change with time.  Static methods often use 

mathematical models of components and 

resources. Such mathematical models are often 

build with the use of queuing networks and 

Markow chains. The example of such a method 

is [3] in which authors present a generic method 

for allocation optimisation in SOA and CORBA 

architectures. Only one parameter that is 

changed during optimisation is the number of 

virtual machines. In this method virtual servers 

are identical by definition. Moreover, we can 

multiply all modules on the unlimited number of 

virtual machines. Methods with the same basis 

of modus operandi are presented in examples [4] 

and [5]. 

Advantages of static methods in comparison 

with dynamic are the lack of additional load on 

servers and the lack of need to build additional 

mechanisms to monitor, control and change 

allocation of resources to components. By using 

estimation of process invocation intensity, 

systems with this kind of allocation methods are 

better prepared for upcoming tasks. It is because 

dynamic methods only react for currently 

running processes. Disadvantages of such 

solution are the need to predict and estimate 

intensity of business process invocations before 

deploying the system and lower effectiveness in 

environments where intensity of such 

invocations changes significantly. 

In both kinds of methods characteristics of 

system are deterministic. In reality those 

characteristics are random. In particular 

processes invocations are usually random. 

Therefore, the results of optimisation with 

presented methods might encounter problems to 

meet the standards of QoS.  

 

3. Optimisation Method of allocation 

of hardware resources to software 

components made in SOA 
 

The proposed method has some features of both 

static and dynamic methods. It also uses 

dependencies between business processes and 

invoked services that were presented earlier.  

The knowledge of business processes and 

intensity with which they are invoked lets us 

predict load on components. Using knowledge 

about dependencies between processes and 

services, and about load on components we can 

find efficient allocation, just like in static 

methods. On the other hand, some flexibility of 

dynamic methods has been achieved. Within  

the method, there are defined parameters that 

should be monitored by the system. Every 

monitored parameter has assigned threshold. 

When value of parameter exceeds the threshold 

another allocation iteration should be done, just 

like in dynamic methods. But presented method 

does not need implementation of mechanism for 

quick allocation changes because they are not so 

dynamic. Therefore, the method does not require 

changing allocation during runtime. Change of 

allocation can be done during deployment so  

the method does not generate additional load on 

the system. To evaluate allocation, simulation is 

used. Thus, the method does not impose such 

strong restrictions like static methods do. 

Moreover, using simulation allows modelling 

randomness of system characteristics, so it is 

possible to impose restrictions that are related to 

QoS (e.g. process cannot be realised for longer 

than 1 second with probability of 99,5%). 
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Proposed method consists of two parts: 

a) finding suboptimal allocation of resources to 

components, 

b) monitoring a solution to check if condition 

of simulation changed significantly (if yes, 

algorithm returns to the first step). 

The part of the method that is designated to 

optimise allocation consist of four steps: 

a) preparing one or more initial allocation of 

resources to components, 

b) simulating SOA system model to evaluate 

quality of solutions obtained so far, 

c) deciding whether continue optimisation 

process or not, 

d) improving solution. 

Steps 2 to 4 are performed iteratively until 

algorithm stops as shown in Figure 2.  

 
 

Fig. 2. Optimisation algorithm of allocation of 

resources to components 

 

Evaluation of allocation is realised with  

the use of simulation for two reasons. Firstly,  

it is because of random nature of events  

that takes place inside the model. Secondly, it is 

because of the algorithmic description of how 

model works.  If during further work we find out 

that it is possible to resign partly from 

simulation model in favour of the deterministic 

model without losing usability of the method, 

then it will be done. 

In sufficiently long term, quality of initial 

allocation does not matter. Initial allocation can 

be done by human or by system e.g. by random 

allocation. Initial parameters are presented in 

simulation model, which will be used to evaluate 

solution.  

 

 

3.1. Simulation model 
 

Simulation model consists of four layers  

that overlap. They are:  

 servers and network,  

 runtime environments,  

 components and services, 

 business processes.  

Every consecutive layer is dependent on  

the previous one (Figure 3). 

 

3.1.1. Servers and network 

 

First layer is made of hardware that is used to 

run software. It consist of servers, network 

nodes, and their capacities. In this layer we 

define: 

a) servers described with attributes: 

 processor power – the number of 

operations per second, 

 memory size – the number of megabytes 

of available memory, 

 input capacity – the capacity with which 

data can be transferred to server (mb/s), 

 output capacity – the capacity with 

which data can be transferred out of 

server (mb/s). 

b) network nodes (generally routers) with 

attributes: 

 input capacity, 

 output capacity. 

c) connections between servers and network 

nodes. Connections are presented as binary 

matrix.  

 

3.1.2. Runtime environments 

 

The second layer is created by runtime 

environments installed on servers. Those 

environments are necessary to run components 

because all components require some 

middleware to be run on (e.g. web applications 

build in java need middleware like Glassfish on 

Linux which is runtime environment). Every 

environment running on system generates 

additional load. In this layer we define: 

a) Runtime environments described with 

attributes:  

 processor load – the number of 

operations per second that are needed for 

its proper operation,  

 memory load – the number of megabytes 

of server memory needed for its proper 

operation. 

b) Allocation of runtime environments to 

servers. It is a binary matrix that shows to 

every server, which environment is installed 
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on it. This allocation is variable, which is 

very important for optimisation of allocation 

servers to components. Allocation of 

runtime environments to servers must be 

done in such a way that components 

allocated to servers can work properly. 

Therefore allocation of runtime 

environments is a consequence of the 

allocation of components to servers. 

 

3.1.3. Components and services 

 

In this layer components are defined. A list of 

provided services is assigned to each component. 

Those services are used to realise steps in 

business processes. In this layer we define 

objects: 

a) Components described with attributes:  

 processor load – the number of 

operations per second that are needed for 

components proper operation (load 

generated by invoking services is not 

included), 

 memory load – the number of megabytes 

of server memory needed for 

component’s proper operation (load 

generated by invoking services is not 

included also), 

 runtime environments – the list of 

runtime environments on which 

component can operate properly, 

 

 restrictions on the servers – the list of 

servers on which component cannot be 

installed because of organisational 

reasons. It generally concerns situations 

where organisation or division of 

organisation is responsible for realising 

some kind of operations or responsible 

for managing data contained in  

a module, so it has to have full control 

over component. 

b) Services described with attributes: 

 processor usage – the number of 

operations required to realise service, 

 memory usage – the number of 

megabytes used during realisation of 

service, 

 input data size – the number of 

megabytes that has to be transferred 

from service client to service provider to 

realise service, 

 service providers – the list of 

components that are able to provide 

service. 

c) Allocation of servers to components – it is 

decision variable which significantly 

influences realisation time of business 

processes. It also has a great impact on 

allocation of runtime environments to 

servers, which must be done in such a way 

that all components can operate on their 

assigned servers. One server can run many 

components if its resources allow it.  

 

 
Fig. 3. Layers in simulation model 
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3.1.4. Business Processes 

 

Within this layer business processes are defined 

but only to a level necessary to simulate them 

and optimise allocation. Business processes 

consist of activities that can be realised by 

people or the system. Decisions within processes 

are represented only in a statistical way i.e. only 

possible transitions and their probability are 

important. Within this layer we define objects:  

a) Business Processes with attributes: 

 invoke intensity – the probability of 

invoking business process within unit  

of time, 

 tasks – the sequence of steps that show 

order of invoking services required to 

realise process. If process has gateways 

then they are described by probabilities 

of choosing each of them. 

Method does not include tasks that are realised 

outside the system. It is because within the 

system we have no influence on how long those 

tasks will be realised. The aim of the method is 

to minimise realisation time of business 

processes. If we compare two processes with the 

same time needed to realise steps outside  

the system, then the only difference will be 

within steps realised by the system. Therefore, 

we can skip steps outside the system without  

any loss in quality of allocation of servers  

to components.  

 

3.2. Evaluation and improvement of 

allocation 
 

Every optimisation algorithm requires an 

objective function. Within the proposed method 

we optimise realisation time of business process. 

By realisation time we mean time between onset 

within the system and ending realisation (which 

means that we take into account time of waiting 

for resources). If all business processes are 

equally important then we minimise total 

realisation time of all invocations of business 

processes. If some business processes are more 

important than others then we minimise 

weighted total realisation time of all invocations 

of business processes. Weights are assigned to 

all business processes and are estimated from 

e.g. value of the business process for 

organisation, then if the business process has 

two times larger weight it means that it gives 

two times larger income for organisation. 

Evaluation is done on the basis of simulation of 

model presented in chapter 3.1. 

The allocation of servers to components 

improvement is done by using genetic algorithm. 

If M is the number of servers and N is the 

number of components then: 

Matrix X such that: 

X = [xij]MxN, and 

xij = 1, in case where server number i is allocated 

to component number j, 

xij =  0  otherwise, 

is current propose of allocation. Such Matrix we 

call phenotype which will be further used in 

genetic algorithm. At the beginning of 

algorithm, many phenotypes are generated.  

Further steps are realised according to 

definition of genetic algorithm. Therefore, for 

each phenotype evaluation is associated based 

on simulation. Next step is the selection of best 

solution candidates and generating new set of 

phenotypes by using operators of crossover and 

mutation. A new set of solution candidates is 

evaluated. Crossover and mutation operators will 

be developed during further work on the method. 

To avoid the situation where generated 

allocations are unable to realise some processes, 

penalties are used. For each process invocation 

that cannot be realised during simulation,  

a penalty point is assigned and multiplied by  

the weight of business process. Best solution 

candidates are those with the lowest amount of 

penalty points. Among solutions with no penalty 

points, best phenotypes are those with the lowest 

weighted total realisation time of all invocations 

of business processes.  

 
 

Fig. 4. Genetic algorithm of resource allocation 

optimisation 
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According to approach selected to model 

SOA architecture, expected results of allocation 

should be totally different. For system modelled 

using orchestration we expect that on server with 

the highest transfer capacity, algorithm will 

allocate ESB with Business Process Engine.  

In such a case optimal structure will take shape 

of star where ESB is central element.  

If choreography is used to model system then we 

should expect distributed network structure.  

If both approaches are used, especially when 

many ESB are used then we expect mixed 

structure. 

Using simulation to evaluate solution 

allows to estimate many other characteristics of 

system. It especially includes characteristics 

related to the quality of system services such as:  

 resistance to anomalies (e.g. large amount 

of service invocations in short time), 

 probability of failure to realise service,  

 probability of realising service in a longer 

than set time. 

One of allocation restriction can be meeting 

condition of having better characteristics then 

previously set.  

 

3.3. Monitoring changes 
 

Business processes together with IT systems are 

subject to constant change. Monitoring of 

business processes and systems is included in the 

proposed method to maintain optimal allocation 

in long term. Some part of simulation model 

characteristics is changing discretely while the 

other is changing continuously. For example,  

a decision about changing business process is 

done discretely. On the other hand, there is e.g. 

intensity of business process invocation which is 

changing continuously. For both kinds of 

characteristics the threshold should be set. After 

crossing the threshold, the next step is finding 

new allocation and for this allocation setting new 

thresholds for parameters. In SOA Business 

Process Engines are used to store, run and 

manage business processes. Business Process 

Engines also has the ability to monitor business 

process characteristics such as intensity of 

process invocation.  

 

4. Conclusion 
 

Optimisation of allocation of hardware resources 

to components is rarely used in practice. There 

are at least two reasons for that. Firstly, 

optimisation of such allocation is not part of IT 

projects so it would generate unnecessary cost 

from project manager’s point of view. There is 

little awareness on both sides (business and IT) 

about optimising business processes. Secondly, 

methods that already exist differ from reality 

because of simplifications used in methods. 

Thanks to the proposed method based on 

simulation more systems can be modelled 

realistically and for those better allocation 

solutions can be proposed. However,  

the proposed method also has some limitations 

in practical application. It requires knowledge 

about not only business processes but also 

intensity of their invocation. Therefore, it is 

usable in organisation that is performing 

business process simulation or is able to do it.  

It requires to arrange more input data about 

system than other methods (it requires e.g. 

runtime environments characteristics).  It also 

does not impose so many restrictions like static 

methods. On the other hand, it is better prepared 

for upcoming business processes than dynamic 

methods. Moreover, it does not require 

additional mechanisms to switch resources 

between components.  

The choice of optimisation method always 

should be based on the level of knowledge about 

supported processes and the ability to meet  

the requirements of static methods. Limited 

knowledge about processes, or a situation where 

they are changing so fast that their invocations 

are hard to predict, would suggest using  

the dynamic method. If the system can satisfy 

the constraints of the static method then it seems 

to be best to choose the static method.  

For systems where business process invocation 

is predictable (we have estimations on 

probability distribution) and cannot meet 

restrictions of the static method (most of cases) 

than proposed method is recommended. 

 

5. Bibliography 
 

[1] Huang K.-C., Shen B.-J., Lee T.-J., Chang 

H.-Y., Tung Y.-H., Shih P.-Z., “Resource 

allocation and dynamic provisioning for 

Service-Oriented applications in cloud 

environment”, in Cloud Computing Science 

(CloudCom), IEEE 4th International 

Conference, 2012. 

[2] Wu B.Y., Chi C.-H., Chen Z., “Resource 

Allocation Based On Workflow For 

Enhancing the Performance of Composite 

Service”, IEEE International Conference on 

Services Computing, 2007. 

[3] Kryvinska N., Strauss C., Younas M., van 

Thanh D., “A Generic Approach to the 

Services Delivery in Enterprise eBusiness 

Platforms”, Advanced Information 



Adrian Woźniak, The concept of server allocation to components in SOA architecture 

 42 

Networking and Applications 

(WAINA),Workshops of International 

Conference on Advanced Information 

Networking and Applications, 2011. 

[4] Kryvinska N., Strauss C., Zinterhof P.,  

“A Method to Increase Services 

Availability on Web-based Inter-Enterprise 

Service Delivery Platforms”, International 

Conference on P2P, Parallel, Grid, Cloud 

and Internet Computing, IEE 2010. 

[5] He P., Wu K., Wen J., Xu J., “Monitoring 

Resource Allocation for Service 

Composition under Different Monitoring 

Mechanisms”, in: Proceedings of the 

International Conference on Complex, 

Intelligent and Software Intensive Systems, 

CISIS 2011. 

[6] Ion M., Pop F., Dobre C., Cristea V., 

“Dynamic Resources Allocation in Grid 

Enviroments”, in: Synasc ’09: proceedings 

of the 2009 11th international symposium 

on symbolic and numeric algorithms for 

scientific computing, Washington, DC, 

USA, 2009. 

[7] Pianegiani F., QoS based Dynamic 

Allocation in Embedded Systems:  

a Methodology and a Framework, 

Department of Information Engineering and 

Computer Science DISI, 2011. 

[8] Arsanjani A., Ghosh S., Allam A.,  

Abdollah T., Ganapathy S., Holley K., 

“SOMA: A method for developing service- 

-oriented solutions”, IBM SYSTEMS 

JOURNAL, Vol. 47, No. 3, 2008. 

 

 

 

[9] Endrei M., Angelini J., Service Oriented 

Architecture and Web Services, 

International Technical Support 

Organization, 2004. 

[10] Keen M., Acharya A., Bishop S.,  

Hopkings A., Milinski S., Nott C., 

Robinson R., Adams J., Verschueren P., 

Patterns: Implementing an SOA Using an 

Enterprise Service Bus, International 

Technical Support Organization, 2004. 

[11] L. Russell, Carter D. St. Louis, Andert Jr. 

E.P., “Resource allocation in a distributed 

computing environment”, IEEE 1998.  

[12] Serbanescu V. N., Pop F., Cristea V., 

Achim O.-M., “Web Services Allocation 

Guided by Reputation in Distributed  

SOA-based Environments”, 11th 

International Symposium on Parallel and 

Distributed Computing, IEEE 2012. 

[13] Furmento N., Mayer A., McGough S., 

Newhouse S., Field T., Darlington J., 

ICENI: Optimisation of component 

applications within a Grid environment, 

London e-Science Centre, Imperial College 

of Science, Technology and Medicine, 180 

Queen’s Gate, 2002. 

[14] AI-Rawahi N., Baghdad Y., “Approaches to 

Identify and Develop Web Services as 

Instance of SOA Architecture”, IEEE, 2005. 

[15] Górski T., ,,Symulacyjne środowisko 

badania wydajności platformy integracyjnej 

rejestrów medycznych”, Roczniki Kolegium 

Analiz Ekonomicznych, Nr 29/2013. 

[16] Specyfikacja notacji BPMN 

http://www.omg.org/spec/BPMN/2.0/ 

 

Koncepcja metody przydziału komponentów do serwerów  

w architekturze SOA 
 

A. WOŹNIAK 
 

W artykule przedstawiono koncepcję metody optymalizacji przydziału komponentów funkcjonalnych do 

zasobów sprzętowych w systemach zbudowanych w oparciu o architekturę SOA. Metoda ta bazuje na przyjęciu 

dopuszczalnego rozwiązania, a następnie na wykonywanej iteracyjnie symulacji i w oparciu o jej wyniki 

poprawiany jest przydział. Symulacja pomaga w oszacowaniu efektywności aktualnego rozwiązania i wspiera 

algorytm poprawiania rozwiązania w przygotowywaniu zmian przydziału. Podstawowym celem metody jest 

skrócenie czasu realizacji procesów biznesowych.  

W pracy przedstawiono źródło problemu oraz krótkie wprowadzenie o tym, czym jest architektura SOA. 

Opisano, czym są komponenty budowane w architekturze SOA oraz jaką pełnią rolę. Omówiono prace, jakie 

zostały zrealizowane w ramach tego zagadnienia, a w szczególności podejście statyczne i dynamiczne do 

optymalizacji przydziału komponentów w architekturze SOA. Zawarto propozycję nowej metody optymalizacji, 

która rozwiązuje zdefiniowany wcześniej problem. Opisano algorytm optymalizacji, a następnie bardziej 

szczegółowo kolejne kroki jego realizacji, pokazana też została konstrukcja modelu symulacyjnego. 

 
Słowa kluczowe: SOA, optymalizacja przydziału komponentów, symulacja komputerowa. 
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do wydania w „Biuletynie Instytutu Systemów Informatycznych” 

 
1. Nadesłany do redakcji autorski materiał naukowy, w formie pliku, musi być przygotowany 

przez autorów zgodnie z szablonem udostępnionym na stronie internetowej czasopisma. 

2. Nadesłany artykuł podlega wstępnej ocenie merytorycznej przez redaktora naczelnego 

czasopisma. W przypadku gdy artykuł nie jest zgodny z profilem czasopisma lub gdy nie 

jest przygotowany zgodnie z wymaganiami redakcji, zostaje odesłany do autora. 

3. Jeśli artykuł spełnia wstępne wymagania, redaktor naczelny po konsultacji z redaktorem 

tematycznym przekazuje artykuł do recenzenta specjalizującego się w danej dziedzinie.  

4. Lista recenzentów jest podawana do publicznej wiadomości raz w roku, w pierwotnej 

(papierowej) wersji czasopisma. 

5. Recenzenci znają tożsamość autorów, ale autorzy nie znają tożsamości recenzentów. 

Obowiązuje jednak zasada, aby między autorem a recenzentem nie było konfliktu interesów. 

6. Recenzja ma formę pisemną i jest sporządzona na specjalnie przygotowanym w tym celu 

formularzu. 

7. Uwagi recenzenta wymagające dokonania przez autora poprawek są przekazywane autorowi 

przez redakcję. 

8. Zastrzeżenia zgłoszone przez autora do recenzji są przekazywane recenzentom przez 

redakcję. 

9. Po rozpatrzeniu zastrzeżeń autora i odpowiedzi recenzenta na zgłoszone przez autora uwagi, 

redaktor naczelny podejmuje decyzję o dalszym postępowaniu. 

10. Opublikowane mogą być artykuły, które otrzymały pozytywną recenzję lub uzyskały 

akceptację redaktora naczelnego po rozpatrzeniu uwag autora do recenzji i odpowiedzi 

recenzenta na zgłoszone przez autora uwagi. 

 

 




