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ABSTRACT 

The promotion work “Development of Models of the Dataware  
of Decision Support Systems at the Railway” by Vasilijs Demidovs 
to obtain the scientific degree “Doctor of Science in Engineering 
in Telematics and Logistics” has been worked out. Scientific supervisor  
of the work is Dr.habil.sc.ing., professor Eugene Kopytov. 

The promotion work presents the results of investigating the problems  
of improving the Decision Support Systems at railway transport  
in the sphere of databases, which results have been gained by the author  
in the period from 2001 to 2005. There have been considered the features 
of the building of Information-Analytical Systems on the Latvian Railway 
and have been defined the problems occurring in the process of running 
and designing of the systems. A comparative analysis of time history 
of cargo and passenger transportation in different types of transport has 
been done. The main tasks of Decision Support Systems’ developing 
to decision-making on the Latvian Railway have been set. 

The models of the Latvian Railway transport network topology 
and of the passenger transportation processes have been offered. There 
have been developed models and methods of data presenting 
and transformation in Information-Analytical Systems in the railway, 
including virtual probabilistic models of data in the promotion work,  
as well as a method of Temporal Environment and Conceptual Model 
of the forecasting the railway transportation have been worked out. There 
have been investigated special characteristics of realizing temporal 
principles in the frame of a relational model and suggested a model 
of objects’ multiversion with an abstract identifier in the work. 
The methodology of building and improving the Information-Analytical 
Systems on the railway by using the newest technologies in the sphere 
of databases that are based on the principles of Data Warehouses, Data 
Marts, Temporal Data Bases and Virtual Data Models have been 
considered. The principles of using a temporal environment for simplifying 
the work of analysts with temporal data and for transparent access 
to the temporal framework in the data warehouse have been worked out. 

The examples of application of research results in solving the practical 
tasks including the analysis of the Latvian Railway losses from the sizes  
of the currency corridor, analysis and predicting passenger flows 
on the local railway lines, building of railway stations classificatory 
and others have been given. The results of implementation of the research 
have been reflected in the Information-Analytical Systems of the Latvian 
Railway. 
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1. ACTUALITY OF THE PROBLEM 

Modern railway has some specific peculiarities, which affect greatly 
the efficiency of the decisions to be made. 

Errors in planning of transportation processes result in a feasible 
decrease of the efficiency of the enterprise activity and of the clients’ 
service quality. Therefore, searching optimal decisions for the forthcoming 
periods of functioning is quite a complicated job, the received result 
depending greatly on the completeness and trustworthiness of the required 
source data provided by different Information Systems. 

At present the State Joint-Stock Company “Latvijas Dzelzceļš” (LDz) 
is working out and deploying Information Systems responsible for different 
spheres of its business. The data generated by these systems enable  
to evaluate the efficiency of the performance and exercise prospective 
planning. To resolve these tasks each system has developed individually 
specialized local programming complexes meeting the requirements  
of managers at different levels. But many of the programs have been 
developed on the basis of outdated technologies, they are difficult  
to support and therefore can work only with small volumes of data. 

Effective complex planning of the whole enterprise activity is hampered 
due to the following problems: 

• Non-homogeneity of the employed information support; 
• Huge data volumes; 
• Complicacy of simultaneous application of the same data  

of Information Systems for resolving the tasks of decision-making; 
• Incompleteness and errors in source data decrease of the information 

reliability. 
The above statements speak in favour of the actuality of the research 

aimed at improving Dataware of Decision Support Systems at railway, 
and it has become the basic problem to be investigated in the presented 
research work. 

2. READINESS OF THE THEME 

The Development of the Dataware for Decision Support Systems 
(DSS) on transport is a complex engineering-economic problem, therefore, 
many experts are involved. 

Generally, this problem includes the following trends: 
• Creation of the integrated Information System that provides 

completeness and reliability of the data stored; 
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• Working out the system for automation of transportation’s processes 
forecast;  

• Creation of the Information-Analytical System (IAS) that provides 
development of optimal decisions on the management of transportation 
processes. 

These three trends ensure creating of the information space that enables 
to consolidate past, present and future, used by the people, who make decisions.  

As the analysis carried out by the author has shown, the research 
in the field of forecasting transportation has been mostly developed. 
The effective employment of mathematical methods of forecasting became 
possible with the birth of computing techniques and establishing 
of Automatic Control System in transport, which allows to store various 
statistical data. Thus, the methods of factor and correlation analyses gave 
a really new effect when using the computer. By 1971 feasible effects 
in this sphere had been achieved by the following scientists: B. Kozin, 
G. Vunderlih, N. Nechajev, I. Sheele, L. Klanchick and H. Gauglic. 
Interesting results in the sphere of development of forecasting models 
of passenger and cargo transportation have been reflected in the works 
by the following authors: A. Andronov, T. Shmarova, М. Bogomolov, 
Ju. Kozlov, P. Kozlov, A. Misharin, A. Pugacheva, N. Melentjeva, M. Malova, 
O. Jakovleva, A. Kuznetsov, O. Yevseev, А. Abramov, E. Tishkin, 
G. Kuprijanova and etc. Their works are devoted to the questions of transport 
processes and objects of the railway transport network modelling. 
However, in the current ten years there appeared serious problems with 
obtaining scientifically-proved forecasts in LDZ.  

This is explained by the fact that the collection and accumulation 
of statistics in new conditions has become complicated with the division 
of transport system of Latvia with the centralized management 
on the competing companies that does not give an opportunity to obtain 
the integrated data on all types of transport. It leads to the necessity 
to search the new approaches and ways of decision of the given problems. 

Much research in the building of Information-Analytical Systems 
has been devoted to the solution of the first and second trends of these 
tasks. The works by A. Kurgashov, E. Timohin, P. Kozlov, L. Maksimenko, 
F. Hilkevich, J. Elizareva, A. Rubinova, J. Grishenkoff, A. Misharina, 
K. Sentsovoj and etc. consider the questions of IAS building as information 
basis of decisions support in management tasks in the railway transport. 
However, the above-mentioned authors in their works solve the local 
problems and do not reflect the latest achievements in the field of building 
of IAS that use the newest database technologies. 
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In particular during of building of Decision Support System in railway 
transportation the results of research received in the following areas 
are quite perspective: 

• Data transformation in Information-Analytical Systems, results 
are presented in the works by D. Calkins, B. Fogarty, S. Schaffer, 
M. Gonzales, T. Krpata, E. Lin, M. Gladkov, S. Shibanov, L. Moss, 
J. Grishenkoff, etc.; 

• The data mining and creating of Decision Support Systems – 
discussed in the works by D. Gibson, C. White, L. Corr, R. Kimball, 
D. Dubois, S. Chaudhuri, U. Dayal, V. Ganti, K. Parsaye, K. Burov, 
G. Adomavicius, A. Tuzhilin, L. Shchavelyov, S. Korovkin, V. Staryh, 
I. Levenets, I. Romanov, E. Sloter, etc.; 

• Development of Data Warehouse theory and data modelling 
for them, as the bases of modern Decision Support Systems – 
discussed in the works by W. Inmon, R. Kimball, E. Sperley, 
L. Greenfield, P. Ponnian, N. Dubova, A. Stulov, R. Jindal, A. Acharya, 
M. Ross, etc. 

As a whole the analysis of works in the considered area has shown, 
the complete and ready integrated solutions for creation DSS in the Latvian 
Railway do not exist. Therefore for the further improvement of the methodical 
basis of the systems development in LDz it is necessary to lead a complex 
of the research that would be directed on the perfection of structure 
and functioning processes of common Dataware railway system, using 
achievements in the field of modern database technologies that before 
in similar systems were not applied. 

3. AIM AND TASKS OF THE RESEARCH 

The aim of the doctoral research is to increase the efficiency  
of the Decision Support Systems at railway by means of improving  
the structure and the process of the Dataware System functioning. 

According to the given aim, the author undertakes to resolve  
the following main tasks: 

1. Analyzing the Information Systems working at railway as well as 
the particulars of their application in Decision Support Systems 
and defining the problems to be resolved. 

2. Designing of objects and processes models, that describe  
the system of railway transportation on Decision Support Systems. 

3. Development of models and methods of data presenting 
and transformation in Information-Analytical Systems on the railway. 

 9



4. Working out the methodology of building and developing 
Information Systems in the railway transport taking into account 
its special characteristics.  

5. Deciding practical tasks, which provide effective employment  
of the stored data in carrying out complex research of the railway 
transportation system and in working out managing decisions  
for further stages of its functioning. 

4. METHODOLOGY AND METHODS OF THE RESEARCH 

The dissertation research is based on: 
1. The results of processing the statistical reports about the activity  

of railway transporters provided by the Joint-Stock Company 
“Pasažieru vilciens”; 

2. Statistical data received by the author by means of processing  
the transactional data about the passengers transported by railway; 

3. The results of modelling the processes at railway transport; 
4. The results of the scientific research performed by Transport 

and Telecommunication Institute and LDz, in which the author 
has taken his personal part; 

5. The author’s experience is gained from the participation  
in international projects being an expert in information technologies 
in the sphere of databases and Web; 

6. The results of expertise of transport information systems carried out 
by the author on the railways of Austria, Check Republic, Germany, 
Poland and Slovenia; 

7. The materials of scientific conferences in which the author 
had participated; 

8. Technical documentation, scientific-technical literature and periodic 
releases dedicated to the problems dealt with by the author  
of the dissertation. 

The methods of research are based on modern theory of system 
analysis, decision-making theory, theory of sets and theory of probability 
and mathematical statistics. 

5. SCIENTIFIC INNOVATION 
The given work presents a new approach to developing Decision 

Support Systems at railway transport making use of modern databases 
technologies. 
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In the process of the research there have been received the following 
major results: 

1. The original models of describing objects and processes for solving 
specific tasks occurring in the process of making decisions  
in railway transport have been worked out. 

2. There have been suggested original models and methods  
of presenting and transforming data in the considered Information-
Analytical Systems. 

3. The method of hierarchically related views, which allows to get  
a universal mechanism of managing the processes of data 
transformation and provides a high level of the data trustworthiness 
received of the data processing results is suggested and tested. 

4. There has been offered the method of building the virtual models, 
which application together with clear system formalization allows  
to increase the level of the system’s accessibility, reduce the time  
of the data analysis and of the new reports development as well as  
to provide a guaranteed reliability of the received results in the work. 

5. The Conceptual Model of Active Prediction System at railway has 
been developed. 

6. There has been worked out the methodology of building 
and developing Information-Analytical Systems on railway 
with the help of modern achievements in the sphere of databases, 
which is based on the principles of data warehouse, data marts, 
temporal databases, virtual models in the presented work. 

6. PRACTICAL VALUE AND REALIZATION 

The undertaken research gave possibility to improve the existing 
and speed up new analytical and transactional Information Systems 
in the Latvian Railway in the Relational Database Management System 
IBM DB2 UDB. 

The models and methods developed by the author have been used 
in a number of projects creating the following Information Systems: 

1. System of Analysing and Releasing Statistical Reports on Passenger 
Transport «APFIS»; 

2. Interactive Train Timetable System «SAR» 
(http://www.ldz.lv/en/sarakstsi.htm); 

3. IAS of Information Control System of Freight Traffic «KRAIS-2». 
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The results of the research have been used by the author when working 
in expert groups and commissions dealing with the following questions:  

1. Development of the project of classifying and protecting 
the information resources of the Latvian Railway; 

2. Leaflets of the Organization for Cooperation of Railways (OSJD) 
О+Р 940 [22] and О+Р-905/4 [23]; 

3. Working out the following conceptions: 

- Conception of State Joint-Stock Company “Latvijas Dzelzceļš” 
Information Systems Progress [24]; 

- Conception of State Joint-Stock Company “Latvijas Dzelzceļš” 
Information System of Passengers Conveyance PASS [25]; 

- State Joint-Stock Company “Latvijas Dzelzceļš” Transportation 
Information System KRAIS: Conception of Systems Progress 
from 2003 to 2007. 

The results of the research are widely used in educational process 
of Transport and Telecommunication Institute as sections of the course 
“Modern Database Technologies” for Master program in Computer 
Science. 

7. PRACTICAL APPROBATION OF THE WORK 

The main results of the research have been presented at 15 scientific 
conferences held in Belgium, Latvia, Lithuania and Russia, such as: 

1. The International Conferences TransBaltica 2001. Riga, Latvia, 
June 7-8, 2001. 

2. The Research and Academic Conference "Research and Technology – 
Step into the Future". Transport and Telecommunication Institute, 
Riga, Latvia, May 15-17, 2002. 

3. The International Conferences TransBaltica 2002. Riga, Latvia, 
June 12-14, 2002. 

4. 43rd International Scientific Conference of Riga Technical 
University. Riga, Latvia, October 10-14, 2002. 

5. The International Conferences “Reliability and Statistics  
in Transportation and Communication” RelStat '02. Riga, Latvia, 
October 17-18, 2002. 

6. The International Scientific and Technical Conference. MSTUCA, 
Moscow, Russia, April 17-18, 2003. 
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7. The International Conference on Modelling and Simulation 
of Business Systems MOSIBUS 2003. Vilnius, Lithuania,  
May 13-14, 2003. 

8. Sixth International Conference on Computing Anticipatory 
Systems CASYS '03. Liège, Belgium, August 11-16, 2003. 

9. The International Conferences “Reliability and Statistics 
in Transportation and Communication” RelStat '03. Riga, Latvia, 
October 16-17, 2003. 

10. The International Conference on Harbour, Maritime & Multimodal 
Logistics Modelling and Simulation HMS 2003. Riga, Latvia, 
September 18-20, 2003. 

11. Sixth International Baltic Conference on Databases and Information 
Systems DB&IS 2004. Riga, Latvia, June 6-9, 2004. 

12. The International Conferences “Reliability and Statistics 
in Transportation and Communication” RelStat '04. Riga, Latvia, 
October 14-15, 2004. 

13. Seventh International Conference on Computing Anticipatory 
Systems CASYS '05. Liège, Belgium, August 08-13, 2005. 

14. The International Conferences “Reliability and Statistics 
in Transportation and Communication” RelStat '05. Riga, Latvia, 
October 13-14, 2005. 

15. Second International Scientific - Practical Conference “Research, 
Development and Application of High Technologies in Industry” 
HTFI '06. St.Petersburg, Russia, February 07-09, 2006. 

Works of the author in the field of Decision Support Systems have been 
noted by the following awards: 

1. The Best Paper Award for the Symposium Social and Economic 
Systems, Model, Simulation, Agents, Decision Support to the 
contribution “Principles of Creating Data Warehouses in Decision 
Support Systems of Railway Transport”. Sixth International 
Conference on Computing Anticipatory Systems CASYS '03. 
Liège, Belgium, August 11-16, 2003. 

2. 2003 “Karlis Irbis” Doctor's Degree Research Award of Latvian 
Academy of Sciences, State Joint-Stock Company “Latvijas Gaisa 
Satiksme” and Latvian Fund of Education for a series of the works 
on the subject “Decision Support System improvement”. 
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8. PUBLICATIONS 

The dissertation is submitted by a set of the published scientific works  
[1-21]. Total number of the publications makes 21, including 11 papers 
and 10 report theses. They cover the issues of Information-Analytical 
Systems development and problems of Dataware for forecasting tasks 
solution and searching optimal management decisions for successful 
activity increasing of transport enterprises. Special attention is given 
to the methods of processing huge volumes of data having temporal 
characteristics and to the development of virtual forecasting models. 

Also with the author’s participation there have been issued 2 regulating 
documents of the Organization for Cooperation of Railways [22, 23] and  
2 conceptions of developing Information Systems on LDz [24, 25]. 

9. STRUCTURE OF THE THESIS 

The thesis includes four chapters. Bibliography contains 115 sources. 
The thesis includes 59 figures, 42 formulas, 12 listings and 1 table  
to simplify the conception of the research. The thesis contains 147 pages. 

The first chapter shows the results of the researching problems, which 
occur in the process of running and designing Information-Analytical 
Systems on the Latvian Railway. The author has carried out the analysis 
of the actual sphere, has studied publications and experience of building 
and introducing IAS on railways of Latvia and other countries and has also 
shown the actuality of carrying out research aimed at their improvement 
on the Latvian Railway. A comparative analysis of cargo and passenger 
transportation in different types of transport has been done. There have 
been set the main tasks of developing a support system for making 
decisions on the Latvian Railway including development of an integrated 
information system providing completeness and trustworthiness of the analyzed 
data, development of the system of forecasting transportation processes, 
working out the analytical system for working out reasonable decisions 
in managing the transportation process. There has been done the analysis  
of research made in the given directions for different types of transport. 

The second chapter considers mathematical description of models  
of the Latvian Railway transport network topology and of the passenger 
transportation process. The formalization of the tasks of active forecasting 
with account of random factors and of the managing decisions optimization 
has been carried out. The author has suggested a Conceptual Model  
of Active Prediction System an approach of building a set of alternative 
Virtual Data Models. A practical application of the suggested models  
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in the task of analyzing relative losses of LDz in the currency corridor 
has been shown. 

The third chapter presents the research of the problem of building  
the dataware of Decision Support System. There has been carried out  
the analysis of the factors affecting the trustworthiness of data in Information-
Analytical Systems in transport. The author has suggested a method  
of hierarchically related views to provide the trustworthiness of data.  
The method is based on decomposition of information queries. There have 
been considered the questions of data verification and productivity 
management and suggested a conceptual model of the data transformation 
process on the basis of virtual data models. Special characteristics  
of realizing temporal principles in the frame of a relational model have 
been investigated and a model of objects’ multi-variation with an abstract 
identifier has been suggested. The principles of using a temporal, variable 
environment media for simplifying the work of analysts with temporal data 
and for transparent access to the temporal framework in the data warehouse 
have been worked out. 

The fourth chapter describes practical application of the suggested 
methods and approaches in Information Systems on the Latvian Railway 
by the example of system of analyzing and releasing statistical reports 
on passenger transport system. There has been shown realization of virtual 
data models and of a mathematical model of data transformation by means 
of Structured Query Language. There has been also described the general 
model of the System of Analyzing and Releasing Statistical Reports  
on Passenger Transport «APFIS». Examples of Referenced Data System 
(RDS) and the Train Timetable System «SAR» show realization  
of temporal models and of the temporal superstructure for working  
with historical data.  

10. DESCRIPTION OF THE MAIN RESULTS OF THE RESEARCH 

10.1. General Provisions 
In order to improve the management process of passenger 

transportation within the framework of the Latvian Railway and to develop 
optimal control actions it is necessary to develop an integrated Dataware 
System on the basis of which the DSS is created. As a result of the research 
a set of the models has been developed (see Figure 1). These models have 
been taken as a basis for Dataware of DSS. Depending on a class of solved 
problems these models can be divided into three levels: 
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1. External Level – models of the railway network topology 
(p. 10.3.1), model of rules and restrictions (p. 10.3.2), model  
of the passenger transportation process (p. 10.3.3). 

2. Conceptual Level of data presentation – temporal (p.10.7) and virtual 
models (p. 10.8). 

3. Function Level – models for forecasting indicators (p. 10.4) and 
model of optimization of the managing decisions on the railway 
transport (p. 10.5). 

The given models and examples of their practical use are considered 
below. 

10.2. Models of the Transport Network of the Latvian Railway  
The railway is a complicated system with all the aggregation 

of its processes and events, and creation of the system of decision-making 
support is therefore not a trivial task. The Latvian Railway has a complex 
scheme of the railway network with a great number of alternative ways 
between two stations. To analyze passenger flows on LDz there has been 
developed a model of splitting the railway into lines in conformity  
with the statistic account requirements СО-25 [7] (see Figure 2). Some lines 
are partially overlapped as it can be seen in the figure. 

 
Figure 2. Model of lines СО-25 
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For a deeper analysis each line is divided into sectors (see Figure 3), 
which in their turn consist of sets of stations [7]. Division into sectors 
is performed in accordance with the following rules: 

− each sector belongs to one line only; 
− sectors of one line are not overlapped; 
− two adjacent sectors belonging to one line have one and the same 

station; 
− combination of all the sectors of one line gives the line itself. 

 
Figure 3. Model of sectors СО-25 

These models of lines and sectors are not constant and change  
with time. Some adjacent sectors can be combined into one sector or one 
sector can be divided into some separate ones. There can appear absolutely 
new models of lines and sectors. Several models can exist simultaneously 
at one time. For example, along with the СО-25 model there a model 
developed by the author on the basis of the principle of the sectors 
belonging to the territories of self-governments, the so-called regional 
model of the Latvian Railway (see Figure 4) exists. This model reflects 
administrative division of Latvia into regions and allows to study  
the population demand for passenger transportation dependently  
on the social-economic indicators of the region development. 
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Thus, the system should be able to support several models  
of the railway network and to transform effectively the existing models  
as well as create new ones. 

In calculating passenger flows it necessary to define exactly the route 
of each trip and to project it on the corresponding lines and sectors.  
But in source data coming from different systems the information is not 
always sufficient and sometimes it is not trustworthy. Therefore the risk 
of error in the further reports appears. The task is also complicated 
by the fact that the model СО-25 is characterized by the lines and sectors 
overlapping and suggests some uncertainties, which must be processed 
by the system. 

 

Figure 4. Regional model of LDz transport network topology 

To eliminate such uncertainties in the system there should be described 
a number of rules and restrictions, which should be taken into account  
in calculations. Having in mind the inconstant character of these rules 
and restrictions, we should separate them from the models of the railway 
network and from the mathematical model of the report and be interpreted 
as impacts managing the system [5]. 

Thus, to develop Decision Support System of passenger transportation 
and to provide trustworthiness of the generated reports it is necessary  
to formalize the following models of objects and processes: 
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- models of the railway network topology; 
- model of rules and restrictions; 
- model of the passenger transportation process; 
- model of making reports; 
- models for forecasting indicators; 
- model of the managing decision optimization. 

10.3. Formalization Models of Objects and Processes 
on the Latvian Railway  

10.3.1. Mathematical Description of the Topology Model of Railway 
Network  

To formalize tasks setting and models description we’ll introduce  
a group of sets characterizing railway objects and the system as a whole:
•  is a set of all LDz stations, where k – power of set S; { ksssS ...,,, 21= }

}•  is a set of pairs of stations between which a trip can 

be made, where 

{ epppP ...,,, 21=

{ } { }{ }jikjiSssssp jiji ≠∈∈=∀ ;...,,2,1,;,, and  
e – power of set P; 
•  is set of lines where q – power of set L and { qlllL ...,,, 21= }

{ }{ } { } { }{ }diSsdsdsdsl l
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where is the distance from the beginning of the line to the station ; )(l
id is

• { }{ }qmmiLllllR im
l ≤≤∈∈= 2;...,,2,1;...,,, 21  is a set of all 

possible routes between two lines, where m  – power of set lR ; if 2=m , 
the lines are adjacent; 
•  is a set of sectors, where z – power of set U  

and 

{ zuuuU ...,,, 21= }
{ }jiSssssu u

j
u

i
u

j
u

i ≠∈=∀ ;,, )()()()( , which means that both stations  

of sector must belong to one line:  and lss u
j

u
i ∈)()( , Ll∈ ; 

•  is a set of managing impacts (rules and restrictions 

put on the models of lines and sectors in calculating railway processes), 
where 

{ δcccC ...,,, 21= }

δ  – power of set C; 
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• { }lelll pppP ...,,, 21=  is a set of pairs of stations with additional attributes, 
between which a trip can be made with attaching these stations to the lines, 
where e – power of set Pl and  – distance between stations and , 
and 

ijd is js

{ } { }{ }qhgLlljikjiSssdllssp hgjiijhgji
l ...,,2,1,;,;;...,,2,1,;,,,,, ∈∈≠∈∈=∀ . 

10.3.2. Mathematical Description of Rules and Restrictions 

The above definitions of sets mathematically define fully  
the notions of the transport network and make the basis for describing rules 
and restrictions as it is shown below:  
rule 1: if the following condition ∅=∩ ji lr  is performed, the route ri 
and the line lj do not cross; 
rule 2: if the following condition jji llr =∩  is performed, the line lj 
is completely included into the route ri; 
rule 3: if the following condition iji rlr =∩  is performed, the route ri 
is within one line lj; 
rule 4: if )()()( ijijjiji rlrllrlr ≠∩∧≠∩∧∅≠∩ , the line lj is partially 
included into the route ri; 
rule 5: if , where gji sll =∩ Ssg ∈ , the lines li and lj are crossed; 

rule 6: if { }jisssll ji ≠≥=∩ ;2...,,, 21 ϕϕ , the lines li and lj are 

partially overlapped, where ϕ  – the number of common stations of these 
routes; 
rule 7: if , where gji suu =∩ Ssg ∈ , the sectors ui and uj are adjacent. 

Thus, we have a certain set of rules and restrictions with the help  
of which we can effectively get the required information. They can be used 
as the basis for describing the process of data transformation in the data 
warehouse as well as for building data marts and for getting effective 
selections for particular tasks of decision-making [7]. 
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10.3.3. Mathematical Description of the Process of Passenger 
Transportation 

To build a model of passenger transportation process on LDz we need 
to describe quantitative indicators of passenger transportation in a certain 
period of time. First of all we define the following sets:  

•  is a set defining the railway fare, where { ωbbbB ...,,, 21= } ω  – power  

of set B and { }ωυξπ ,1,,, ==∀ idb iiii , where iπ  – railway fare  

for the distance of route , train type id iξ  and ticket type iυ ; 

•  is a set of ticket types (children’s singles, grown up’s 
singles, children’s seasons, grown up’s seasons etc.), where 

{ ϑυυυ ...,,, 21=V }
ϑ  – power 

of set V. 
With using the input sets a complete description of one transaction –  

a registered fact of selling a ticket to one passenger or to a group  
of passengers – is given by a tuple-structured data: 

 { }iiiiiii
p
i

n
i

o
ii tdsssr ,,,,,,,,, ςτυξπ= , (1) 

where  – station of departure;  – station of destination; 

 – station of change; 

Sso
i ∈ Ssn

i ∈

Ss p
i ∈ iπ  – trip fare;  – trip distance; id iξ  – trip 

type; iυ  – ticket type; iτ  – trip type (single 1=iτ , return 2=iτ );  

iς  – the number of passengers in a group ticket sold in the frame of one 
transaction;  – date and time of the trip (departure). it

Uncertainty in defining a route is formulated in the following  
way: if rule 6 is true there are two ways of moving from one line  
to another and therefore there are two distances between two stations 

, where 

 is the route with a by-station, Riga for example, and  – without 
any by-station. In the considered example the distance of the trip fixed in 
tuple is defined by the following way: 
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where ),,,( iiiidf ςυξπ  is a certain function defining the distance of the trip 
according with the given fare (cost) and with the account of attributes iξ , 

iυ  and iς . 
And the station of change is defined according to the following rule: 
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The above taking into account we can transform  into : ir
)1(

ir

 { }iiiiiii
p
i

n
i

o
ii tdsssr ,,,,,,,,, )1()1()1( ςτυξπ= . (4) 

In a general case the transaction tuple can be stated as follows: 

  (5) 
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According to the values iυ , iτ  and iς  each tuple characterizing one 
transaction is divided into several tuples characterizing single trips  
in the frame of this transaction according to the following rule: 

 
( )
∑
=

=
iiicountf

j
iji r

ςτυ ,,

1

)2(Ψ , (6) 

where ),,( iiicountf ςτυ  is the function of calculating the number of trips. 
Since set  describes single trips in the frame of i-th transaction  

the number of single trips of 
iΨ

υ  type on a train of type ξ  between stations 
 and  within the considered model in the period of time T=os ns [ ]21,TT  can 

be presented as follows: 

 , (7) ∑
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where m is the number of transactions in the period of time Т; 
)(⋅Θi  – indicator function of the following form: 

  (8) [ ]
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It is necessary to note that in the elements of set  there are  

no attributes 
iΨ

iπ , iτ  and iς  of tuple  since they describe the properties 
of the whole tuple but not those of single trips into which the tuple is now 
divided. 

)2(
ir

Thus the indicator  allows to describe completely and to study 

the process of passenger transportation on the Latvian Railway. With its 
help we can define any quantitative indicators characterizing  
the transportation process in any period of time. The expression (7) fully 
meets the requirements of the standard statistic report FD-2. Let’s consider 
two examples of mathematical description of statistical reports. 

T
ss noQ ,,

,
υξ

Example 1. The number of passengers transported from station  
on a train type 

os
ξ  in a period of time T= [ ]21,TT  is calculated in conformity 

with the following expression: 
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Example 2. The number of passengers having arrived to the station  
on a train type 

ns
ξ  in a period of time T= [ ]21,TT  is calculated in conformity 

with the following expression: 
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Similarly the indicators that are used in the present statistical and 
financial reports of the Latvian Railway are described. 

The developed models allow to describe all processes on railway 
transport. They let to manage and optimize the processes, forecast events 
and parameters, to do the decision-making. 
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10.4. Working out the Conceptual Model of a Prediction System  
Forecasting plays an important role in the tasks of managing 

and planning transportation flows on transport and is the main part of DSS. 
Prediction in the railway transportation, which is a rather complicated 
system, is constructed on the experience gained by the system  
for the prolonged period, at the same time very large volumes  
of the accumulated historical data are used. In many cases we assume  
that behaviour of the data in the past will be a good guide to its behaviour 
in future. When solving the problem of prediction usually a standard 
admission is entered: if in the past the system reacted in a certain way 
on the similar events, then, with higher level of probability it is possible  
to suppose that it will react in the same way in future as well. We are 
considering two possible models of system status prediction using formal 
and conceptual approach. 

Let vector ( ) ( ) ( ) ( ){ }tytytytY m...,,, 21=  characterizes the status  

of system at the moment of time t, where ( )ty j  is the system’s indicator 

with number mj ,1=  observed at the moment of time t.  
For predictions about the future behaviours of the indicators we shall 

use information about their deviations in the past. Let any prehistory  
of a system is known, i.e. vectors ( ) ( ) ( )ntYtYtY ...,,, 21  are given, where 

 are moments of time in the past. Let’s consider that  

is an initial moment of system observation, is a current moment of time, 
and .  

nttt ...,,, 21 1t

nt

nttt <<< ...21

In the simple case with the aim of forecasting we shall apply formal 
extrapolation method of vector ( )tY  for the future moment of time , 
where . In accordance to the given method system status forecast 

 is defined as 

et

ne tt >

( )etY *

 ( ) ( )[ ] ,,1,* nitYFtY ie ==  (11) 

where F is a certain functional being a system model per se. 
Conceptual Model of Prediction System shown in Figure 5 describes 

the forecasting process on the basis of formal approach. 
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It is possible to get more efficient results for the aims of management 
using an active prediction method, where possible control impacts  
on the system during the period of forecasting are taken  
into consideration ( )etC . In this case, the prediction model of the system 
status could be written in the following form: 

 ( ) ( ) ( )[ ]eie tCnitYFtY ;,1,1
* == , (12) 

where F1 is a certain functional; ( ) ( ) ( ) ( ){ }eqeee tctctctC ...,,, 21=  is vector of 

control impacts on the system ( )ei tc  in the period of time  
from  to . nt et

 

Figure 5. Conceptual Model of Passive Prediction System  

10.5. Working out the Model of Optimization of the Managing 
Decisions on Railway Transport 

The problem of active prediction of optimal control decisions  
for the future period can be formulated mathematically as follows:  

From a set of possible strategies CΣ – set of vectors of control impacts  
on the system in the period of time from moment  to moment   
– to choose vector 

nt et
( ) Σ∈CtC eopt , where given integral criterion of system 

efficiency E[Y(t)] has its extreme value, i.e. 
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 ( )[ ] ( ) ( )[ ]{ } extr
CtC

eoptie
eopt

tCnitYFEtYE
Σ∈

→==
)(

1
* ;,1, , (13) 

where E is a certain functional, characterizing the efficiency of system 
operation; extr is the minimum or maximum.  

As it has been already mentioned, extrapolation ( )tY  in time shows 
how the events will develop, if all tendencies from the past are saved  
in future. But if known (accounted) or unknown (unaccounted) factor 
or group of factors will be changed, then the system will behave 
in a different way. The factor itself could be unknown to us at present, 
but we can predict the results of its impact on the observed indices. 
For example, we can not know the reasons of dollar rate change to national 
currency, but we can model extreme situations and see how the model will 
demonstrate itself, because the consequences of this secondary factor 
are possible to be detected with a certain degree of probability. Thus, some 
bifurcations of prediction peculiar to incursive (anticipatory) systems 
appear. 

With this aim we can determine vector of random factors, which 
characterize expected impacts of environment on the system in expression 
(12). As a result we can obtain the prediction model in the following form: 

 ( ) ( ) ( ) ( )[ ]eeie tZtCnitYFtY *
1

* ;;,1, == , (14) 

where  – the vector of predicted values of random factors, 
characterizing the impacts of environment on the investigated system 
in the moment of future time . 

( )etZ *

et
Now on the basis of the expression (14) we can transform the formula 

of the system effectiveness ( )[ ]etYE *  into the formula considering  
the predicted impacts of the environment: 

 ( )[ ] ( ) ( ) ( )[ ]{ } extr
CtC

eeoptie
eopt

tZtCnitYFEtYE
Σ∈

→==
)(

*
1

* ;;,1, . (15) 

Let’s note that the suggested method can be used to predict railway 
transportation depending on the change of the tariff policy as the managing 
impact on the system with the account of the influence of environment. 
The external influences considered in the forecasting process can appear,  
in the case of cargo transportation, the account of other carriers’ activities 
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within the country and in the neighbouring countries, the change  
of the dollar rate and of the transported cargoes process, etc.  

In the considered system of the railway transport the problem of the 
forecasting of industrial activity parameters is related with the presence  
of several tens of random factors that considerably influence transportation 
processes. However, when forecasting railway transportation, we can 
consider only a part of these factors (in the form of independent variables), 
setting their values in the future, for which we have to estimate how  
the transportation system will behave at various management strategies. 

Thus, the feature of the forecasting task considered is the necessity  
to consider several management strategies, which are possible to use  
in the future period for various variants of behaviour of the environment. 
As a result, we have some variants of the model, in which various 
combinations of operating and external influences on the system 
are considered. 

It’s hard to build a reliable prediction considering capabilities of any 
situation development when the number of the known factors influencing 
the system exceeds several tens, which majority is of secondary type.  
In fact, for prediction we can take into account only most possible versions 
of changes of several key factors and establish that with such most possible 
versions of the development of events the system can react in the one way, 
and in case of other preventively taken actions – in another way.  
For the solution of this problem three approaches are possible: 
1. Traditional approach – components of vector ( )etZ *  are equal to most 
probable values of the predicted factors of environment.  
2. Pessimistic approach – components of vector ( )etZ *  in model (14) 

are equal to critical values of environment factors ( )etZ * = ( )ecr tZ * . That is,  
the worst environment for the system is being modelled, for which further 
the control impacts are defined and the prediction ( )etY *  is founded.  
3. Suggested approach – development of the prediction for several possible 
versions of environment behaviour in the period of time from moment   
to moment . Let, there are k versions of possible environment 
development for the moment of time , which lead to different 
consequences in our predicted system. Let’s describe version  
of environment development j by vector as a result we will obtain  

a set of vectors 

nt

et

et

( ),*
ej tZ

( ) ( ) ( )ekee tZtZtZ **
2

*
1 ...,,, . By choosing for each vector 
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( )ej tZ *  the corresponding control strategies ( )ej tC * , with model (15) we 

can find the forecast of system status for the moment of time , defined  

by vector . Thus, for k versions of environment behaviour we obtain 

accordingly forecasts 

et
( )ej tY *

( ) ( ) ( ekee tYtYtY **
2

*
1 ...,,, ) that give opportunity 

to use the situation control in the considered system. Naturally, the given 
method makes stronger demands to the used Information Systems, because 
there is a multiversion of the stored objects. 

In general case the considered method of active prediction is described 
by conceptual model of prediction system shown in Figure 6. The given 
method allows iteratively creating new Virtual Probabilistic Data Models 
on the basis of prepared multitude of historical data. Creation of such 
models on the big multitude of data is a very expensive problem. Therefore 
Real Data Model should allow performing approximate data processing, 
i.e. exchange sample from the reference data with the sample from summary. 
Thus, it is desirable for a database management system selected for Data 
Warehouse (DW) to possess efficient aids for the work with summary 
table. 
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Figure 6. Conceptual Model of Active Prediction System 

On the basis of found patterns, dependencies and tendencies in Real 
Data Model the training of Prediction Model takes place. The gained 
experience is necessary for more precise selection of a model of data 
extraction. It is possible to construct a big multitude of virtual models, 
which can operate in parallel. Period of life of the created model is not 
limited in time, models do not influence on the real data, do not occupy 
place on the storage devices. It is possible to work in any time with them, 
and always they will take into account the freshest data. 

For each Virtual Probabilistic Data Model on the basis of model  
of referenced data system own virtual RDS model is constructed. Thus,  
a complete mutual independency of model is achieved. Basic RDS model 
has a temporal character, therefore a temporal model is encoded into 
the virtual RDS as well. 
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Prediction model allows evaluating the current state of the system, 
making prediction for future, defining necessary correcting impacts  
for Decision Model and testing them.  

The correction procedure of management is following. On the basis  
of developed recommendation the decision is made, which is evaluated 
on the developed Virtual Probabilistic Data Model, and again the prediction 
is performed taking into account the made decision. Thus, the system 
allows recognizing operational degradation recursively and in proper time 
reacts to them. In the process of the receipt of new data a virtual model 
changes its status reacting to the deviations from the predicted behaviour. 
Thus, when using self-correction mechanism the correction of the predicted 
future situation happens as well. A continual testing of the reliability  
of a prediction is taken place and in case of negative deviations new 
correction impacts are defined. 

Up to the present moment we assumed that the prediction is being 
performed for the future period, i.e. . But models (12) and (14) have 

practical application for case 
ne tt >

ne tt <  as well, i.e. the prediction is being 
performed for the past period. This allows assessing the efficiency  
of the undertaken management decisions in comparison with other 
alternative decisions. The given method helps to choose an appropriate 
strategy to avoid common mistakes in the future.  

As an illustration of the suggested approach let us consider a small 
example from the practice of the Latvian Railway – the task of losses 
analysis from the sizes of currency corridor [8]. 

Cost of services rendered to customers of the Latvian Railway 
is defined in the USA dollars. However, an actual payment of services 
is being performed in the national currency according to dollar rate 
for the moment of payment performance. With considerable instability 
of currency rate one of the partied (the Latvian Railway or customer) can 
have heavy losses. For the defence of both parties from the considerable 
change of dollar rate a currency corridor has been established, which keeps 
the registration of these changes within certain boundaries during 
the mutual payment. 

The received formula (16) allows to estimate losses (or revenues)  
the company from the establishment of a fixed currency corridor  
in the appointed period and to give the recommendation for the future. 
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where  – the sum of payments in national currency;  ( )iP ty

( )id tz  – a real dollar rate in moment ;  – is established 
in percentage from mean for the previous year (basic year) dollar rate 

it
)(q

dc

1−qz . 

Thus, with the help of modification of parameter  in formula (16), 
we can evaluate the influence of currency corridor for losses (or revenues) 
of company  in moments , for 

)(q
dc

( )[ iP tyE ] it ni ,1= . Diagrams characterizing 
relative losses of company for each 1000 Ls of payment for the last six 
years (1997-2002) for actual currency corridor  and two alternative 
versions  and  are shown in Figure 7. 

)(q
dc

1dc 2dc

 
Figure 7. Losses of the company from the establishment of currency corridor  
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10.6. Investigating the Problems of Employing Data Warehouse 
in Information Systems of the Railway and the Ways 
of Their Solving 

It is suggested to build the above system Decision Support System  
on the basis of Data Warehouse where big volumes of data from different 
sources are accumulated. DW, as compared with Database of On-Line 
Transaction Processing (OLTP) systems, most completely describe  
the system functioning as a whole because they contain historically related 
data of life activity of several OLTP systems during the whole period 
of their existence as well as data from outside sources. 

Recently Decision Support Systems has stopped being the prerogative 
of the certain layer of managers and has a form of pyramidal model  
(see Figure 8), and, therefore, the increased requirements of accessibility 
and data safety and reliability are laid down to it. A physical model  
of actual situation is constructed for decision-making on the basis  
of historical data accumulated in Data Warehouses. 

This model can be also used to forecast the behaviour of the system  
in the future. For this we should incorporate into the real model those 
components, which describe new managing affects and influences  
of the outside environment, after that the received model is projected  
on the forecast period. Thus we can get a model of probable system 
behaviour in the future. 

 

Figure 8. Pyramidal Model of Decision Support System 

A special part of the forecasting task resolution is the necessity  
of considering several managing strategies, which could be used  
in the forthcoming period for different variants of the outside environment 
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behaviour. As a result several model variants are built in which different 
combinations of managing and outside influences on the system are 
considered. Application of DW technologies allows building a lot  
of System Models on the basis of a huge accumulated quantity of data. But 
the necessity of building a great number of models, in its turn, causes some 
problems connected with a sharp increase of the volumes of the data stored 
and with the time necessary for solving the forecasting task. 

High dynamics of the system leads to the fact that the processes cannot 
be formalized completely, that’s why the procedure of decisions being 
worked out is put off for a longer time. And the requirement to the system 
access comes into contradiction with the requirements to the data reliability  
as a result of the data being blocked in the process of analysis [5]. 

The degree of the forecast reliability depends on the degree of the DW 
data. The DW architecture is based on the schemes of star and snowflake 
types. These schemes are characteristic of having the table of facts in which 
all transactions and aggregate transactions are described as well  
as the tables of measurements for every entity. Here the notion  
of transaction may differ from the analogical notion in the initial data 
received from OLTP systems. One of the obligatory measurements  
of the given scheme is a measurement of time. Thus we have a temporal 
indicator in the data prepared for the analysis. Data formation in a certain 
period is made on the basis of the Referenced Data System. The RDS data 
are subject to constant changes, for example old trains are cancelled 
and new trains assigned, timetable and train traffic routes are changed. 
Preparation of the data in a long period requires consideration of all 
changes in RDS in the processed period. To create a new physical model  
of data, which is impossible with the existing data, we’ll need all the source 
data. That’s why to keep the system in DW flexible, it is necessary to store 
all the data received from the source systems and make them uniform. 
Therefore they should also consider the temporal factor reflected  
in the temporal model [2, 3]. 

So, in spite of the advantages and the necessity of using Data 
Warehouses technologies there are some problems to be solved: 

− blocking the stored data; 
− providing reliability and completeness of the data used; 
− temporal character of the data under research; 
− big size of relations; 
− long delays in processing complicated queries. 
The ways of solving the above problems are given below. 
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10.7. Creating a Temporal System as a Means of Increasing  
the Reliability and Completeness of the Data in Information 
Systems on the Latvian Railway 

The activity of the railway as well as of any other transport enterprise is 
connected with the constantly changing conditions of functioning, which 
are stipulated by the season cycles of changing the train traffic schedule, 
planned and spontaneous repair works, etc. Naturally, the effective 
decision-making in these systems should be done with the obligatory 
account of the time factor. Therefore, in Information Systems of transport 
enterprises it is necessary to ensure accumulation and storage of the objects 
change history and to provide means of access to their states at any period 
of time. 

The main concept in the temporal model is lifespan. It means  
the duration of time period associated with the existence of the object  
in a concrete state. The example of temporal relation “Train Schedule” 
constructed for different time periods is shown in Figure 9.  

 
Figure 9. The three-dimensional temporal relation 

The paper [2] presents the analysis of the peculiarities of temporal 
principles in the framework of relational model and open model  
with Abstract Object Identifier (AOID) is offered (see Figure 10), which 
provides the support of the multiversion of the object, and minimizing 
expenses for “imitation” of DELETE and UPDATE operations 
with the transition of the old version to Shadow Area. In this model 
lifespan of the object is described through lifespans of all its properties, 
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defined in different relations and having time attributes DATE_START 
(time of lifespan start) and DATE_STOP (time of termination). 

 

Figure 10. Data Model of Referenced Data System with Abstract Object Identifier 

The first parental relation describes unchangeable object identifier OID 
– one for all its versions. Properties of the object are described in separate 
dependent relations, which, as a rule, are not parental not for any relation. 
For one parental relation with AOID there can be more than one daughter 
relation describing the properties of the object. These characteristics 
can be divided according to different relations due to the frequency  
of their changing. Seldom changed properties are better to be stored 
separately from frequently changed properties. 

Such approach lightly complicates the data structure, but it makes  
the system to be open to the changes and reduces the requirements  
to the disc space for the storage of the multitude of the object versions. 

The issues of realization of systems with lifespans periods overlapping 
are analyzed in papers [3, 14]. Realization of the temporal logics using 
some elements of active databases in analytical applications and real time 
tasks has been performed on the basis of triggers and Java Stored 
Procedures. The efficiency of the suggested method of building Temporal 
Database is illustrated in a sample task with multilevel overlapping  
of objects lifespans in the database of a train timetable shown in Figure 11. 
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Figure 11. Crossing of Object Lifespans in DB of the Train Timetable System 

The peculiarity of such approach is in the fact that the state  
of the object during the changing can save its actuality, as in past, 
and in future – only for some period of time it is substituted by another 
versions. All periods of time, which are not included in the category  
of actual ones are considered to be not only old data, but also “wrong” ones 
and never existed data. At one and the same time more than one tuple 
describing different properties of one and the same object can exist. 

Let tni to be moment of observation. Train schedule starts with t1 to t6. 
Later on change of schedule is entered to time period t2 to t4, and even later  
to time period t3 to t5 one more change is entered. To the query about  
the train route at the moment tn1, the schedule t1–t6 will be obtained, 
and at the moment tn2 – schedule t3–t5, and at the moment tn3 – again 
schedule t1–t6. 

To provide results reliability working with a complicated objects time 
structure author has suggested a method of time environments [6]. The user 
placed in this Temporal Environment has his own view of all objects seen 
at the moment of time t = URTp and determined in the relation 

 by the following formula:  ( m
t AAR ...,,1
)( )

 ( ) ( ) ( )PFFF
t RRRR σσσ ><><>< ...21
)( = , (17) 

where ( )NULListRttttF eies .∨>∧≤= ; 
><  – the operation of the natural join of relations in the common attribute 
AOID. 
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And he does not have to care about the time framework in which this or 
that object is situated. 

If the user does not clearly set the , then, by default, the  
equals to the current time t

pURT pURT
c. In this case the variable always changes 

and corresponds to the special register CURRENT TIME. If the user clearly 
sets the , he gets into the “frozen” world at the given moment  
of time. All queries of the user will be transformed immediately as shown 
in Figure 12, and will be performed as if a time variable was given in every 
query for every relation. 

pURT

 

Figure 12. Execution of a query given at a moment tp

Having defined the time variable of the environment pp tURT =  where 

, the user sees the objects of the database in the state in which 

they were at the moment of time . 
32 ttt p <<

pt
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10.8. Development of Virtual Models and Decomposition 
of Information Queries 

Developing virtual models of data makes it possible to reduce the Data 
Warehouse size level since it has additional meta-data and Models 
Repository describing a multitude of virtual models base on a real model 
and vectors of managing impacts as shown in Figure 13. There is no need 
of blocking the Real Data Model data since each analyst works with its own 
set of Virtual Models. 

In papers [5, 8, 15, 16] we have described methods of building virtual 
models in DSS, which allow to evaluate the current situation, make 
forecasts for the future and define the required correcting influences  
to compensate negative tendencies. 

 

Figure 13. Conceptual schema of Virtual Models building approach 

Realization of sophisticated algorithms of data transformation in DSS 
is connected with the problems of providing the received results reliability. 
To resolve these tasks at the stage of data transformation, it is suggested  
to use the method of hierarchically related views [4, 13] making it possible 
to get a universal mechanism of managing the data transformation 
processes and giving additional possibilities in working out and testing 
the processes. The idea of the given method is to split complicated query 
logics into separate steps – views with a possibility to test each stage.  
Thus, transforming one major view into several simple ones we get a graph 
of interrelated views shown in the right part of Figure 14. 
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Figure 14. Transformation schema of complicated view 

The articles [5, 7, 17] deal with the questions of virtual models 
application in DSS on the Latvian Railway as shown by the example  
of the Data Marts on passenger transportation (see Figure 15). 

 

Figure 15. Conceptual model of the system of the analysis of passenger streams 
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The developed conceptual system model consists of four fragments: 
• Real Data Model – cleared and consolidated data of OLTP systems; 
• Models Repository, which consists of several model domains: 

- Models of lines and sectors of the railway; 
- Models of calculating load on lines and sectors; 
- Models of making reports; 

• Repository of Control Action, Rules and Restrictions – rules 
and restrictions managing the process of calculations; 

• Data Marts Repository, which consists of two domains of data 
marts: 
- Real Data Marts, which data physically exist on hard discs; 
- Virtual Data Marts, the data are formed at the access moment. 

The suggested conceptual model using sole and independent from 
the railway network mathematical model gives opportunity to have several 
analyzed data models concurrently and to create quickly new ones. This 
approach widens the borders of the system application on other railways 
as well. And there is no need to rebuild the whole system for this, it will 
be only necessary to describe the network scheme of the corresponding 
railway and the managing impacts and to load new transactional data into 
the real data model in the Data Warehouse. 

To provide the independence of railway models from calculation 
models, these models are stored in the models repository in different 
domains. Let’s spell out these domains designation [7]. 

• Domain of Splitting Railway Models – domain of models  
of splitting the railway network into lines and sectors. The domain 
can hold different ways of splitting the Latvian Railway and even 
other railways. 

• Domain of Sections Load Models – domain of an abstract 
mathematical model of calculating load on lines and sectors realized 
on the basis of hierarchical views. 

• Domain of Reports Models – domain of mathematical models  
of making reports, which realize the logic of the data transformation 
process from Real Data Model to Virtual Data Models. 

Thus, in developing a mathematical model we can abstract  
from a particular railway model and splitting this railway into lines 
and sectors, as well as develop a universal model independent from the rules 
of distribution passenger-kilometres on disputable sectors and lines 
and from the rules of choosing an alternative route. This model specifies  
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the algorithm of calculating passenger-kilometres between two stations.  
It is divided into logic elements calculating different options of trips 
through abstract lines and sectors: 

− trip along one line; 
− trip between two adjoining lines; 
− trip between two non-adjoining lines; 
− trip along one sector within one line; 
− trip between two adjoining sectors within one line; 
− trip between two non-adjoining sectors within one line. 
Altogether theses elements make up a full set of options for calculating 

any kind of trip. 
Such division of models can, in its turn, when necessary (for example, 

for getting different types of reports) have a single model of splitting  
the railway network for different mathematical models. 

Application of virtual models together with strict system formalization 
makes it possible to reduce the time of developing new reports and to guarantee 
their reliability. 

10.9.  Virtual Models in the Forecasting Tasks of Passenger Traffic 
Comprehensive planning of transport company activity demands presence 

of set of the models that adequately describe functioning of the railway 
and application of various mathematical methods for forecasting of volumes 
of passenger traffic. As an example that shows an opportunity of the suggested 
methods, research of influence of social and economic parameters of Latvian 
regions development on demand of passenger transport service is carried 
out. The research has been operated on the basis of the regional scheme 
of the railway network topology (see Figure 3). 

To analyze and predict the demand for passenger transportation 
in the regions of Latvia it is suggested to employ the multiple linear 
regression model of the form: 

 , (18) niiii xxxy ,
*
n2,

*
21,

*
1

*
0

*   ...       ββββ ++++=

where  is the predicted value (estimate) of the dependent variable Y 

(passenger transportation volume) for the i-th observation;  – 
estimated regression coefficients (evaluations of the unknown parameters); 

*
iy

**
1

*
0 ...,,, nβββ
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niii xxx ,2,1, ...,,,  – values of independent (predictor) variables 
 (accompanying factors) for the i-th observation. nXXX ...,,, 21

In the course of the suggested research several models of a multiple 
regression, which allow evaluating the influence of the main social-
economic factors on the volumes of passenger transportation by the railway 
transport in the regions of Latvia have been received. One of the models 
built according to the statistic data for the year 2003 for cities and regions 
of Latvia (except cities Riga and Jurmala and regions of Riga and Ogre) 
is given by: 

  (19) 
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where  – predicted value of the dependent variable determining 
the number of passengers transported in i-th region during the year; 

*
iy

xi,1 – population density in i-th region; 
xi,2 – the number of enterprises per a unit of territory in i-th region; 
xi,3 – the number of enterprises per 1000 residents in i-th region; 
xi,4 – density of the unemployed population in i-th region; 
xi,5 – the number of schools per a unit of territory i-th region; 
xi,6 – the number of buses per a unit of territory in i-th region; 
xi,7 – the number of buses per 1000 residents in i-th region; 
xi,8 – the number of railway stations in i-th region. 

On the basis of the suggested models and methods which realization is 
shown in the present chapter there appears a flexible possibility of realizing 
the Conceptual Model of Active Prediction System (see Figure 6).  
The suggested approach gives a prompt possibility of a simultaneous 
employment of the developed Prediction Data Models, which are kept  
in the Domain of Prediction Models of Models Repository [18]. Figure 16 
shows the Conceptual Schema of Active Prediction for multiple linear 
regression models considered above [11]. 

But along with these any other models can be employed. On the basis 
of these models in the Domain of Prediction Models there are built Virtual 
Prediction Models and placed in the Domain of Virtual Prediction Models. 
Virtual Models are actually templates of the mathematical prediction 
models with the calculated values of evaluating unknown parameters 
and prediction variables are taken from the Data Marts Repository 
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at the time of carrying out the analysis and it allows to exercise prediction 
for other time intervals. 

 

Figure 16. Conceptual schema of Virtual Prediction Models building approach 

Employing Virtual Prediction Models makes it possible to change  
the values of the predictor variables at the time of carrying out the analysis. 
It allows to take account of any suppositions in predictions or predictions 
of change of the independent analyzed variables, thus realizing 
the prediction of the type “what will be if…” or “what would be if…” 

10.10. Using of the Research Results for Practical Problems 
Resolving 

Below we’ll consider examples of realization of models and methods 
in the System of Analyzing and Releasing Statistical Reports on Passenger 
Transport «APFIS» [1] suggested by the author. This system is capable 
of the following functions: 

− collection, decoding, debugging, consolidation, accumulation and storing 
data from different sources and of different degree of aggregation 
(see Figure 17); 

− transformation of data and building Data Marts for performing 
operational analysis in any files, at any period of time and with any 
degree of data detailing (see Figure 18); 
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− completing all necessary reporting and quick completing new forms 
of reports for any period of time beginning with the moment  
of the system start (see Figure 18); 

− detecting errors in the work of cashiers and in functioning the ticket 
boxes software; 

− investigation of breaches in tickets sale; 
− predicting passenger flows. 

 

Figure 17. Decoding, cleaning and loading of data in to DW 

The core of the system is the information Data Warehouse where all the 
data about every sale on the territory of Latvia beginning from the end 
of 1999 to the present time are kept. Also in Data Warehouse weakly 
and strongly aggregated data, the so called Data Marts are kept, which 
are relational multi-measure cubes and present source data for analysts 
and all official and working (routine) reports. 

In building the system the latest achievements in the sphere 
of databases have been taken into account. The main principles of the system 
building and functioning are based on the research suggested in the frame 
of the given dissertation. In this system the methods and models described 
by the author in the following works have been realized and tested  
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[1-21]. The developed system and its main principles of functioning allow 
in a very short time to build new forms of reports with a guaranteed 
trustworthiness. 

 

Figure 18. Data Marts building 

Example 1. Mathematical model of data transformation in the task 
of analyzing passenger flows along lines and sectors. 

The example shows a fragment of the mathematical model  
for calculating of the passenger-kilometres in a trip between two adjoining 
lines as it is shown in Figure 19 [4]. 

 

Figure 19. Trip along two adjoining lines 
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As it is shown in the figure, a passenger made a trip from the station  
of sector u2 of line L1 to the station of sector u7 line L2, i.e. he partly made 
his way along u2 and u7 sectors and totally along u3, u4, u5 and u6 sectors.  
In the top part of the figure over the distance from sector u2  
to sector u7 we have indicated distance kmi, which the passenger covered 
along the corresponding i-th sector. Each stage determines the trip length  
in each sector – kmi and each line: kmL1 = km2 + km3 + km4 and 
kmL2 = km5 + km6 + km7. Realisation of this logic using SQL language is 
given below. 

CREATE VIEW K.ST04 (l, u, st1, st2, dist, km) as WITH CT (L1, L2, ST) as  
(SELECT a.l, b.l, a.st  

FROM K.ST_CH as a, K.ST_CH as b WHERE a.st = b.st and a.l <> b.l)  
SELECT a.l, a.u, a.st1, b.st2, a.dist, a.km+b.km 

FROM K.ST03 as a, K.ST03 as b  
WHERE a.st2 = b.st1  

and a.st2 in (SELECT st FROM CT WHERE L1=a.l and L2=b.l)  
UNION 
SELECT b.l, b.u, a.st1, b.st2, b.dist, a.km+b.km 

FROM K.ST03 as a, K.ST03 as b  
WHERE a.st2 = b.st1  

and a.st2 in (SELECT st FROM CT WHERE L1=a.l and L2 = b.l) 

At first the model must find out that trip was made between adjacent 
lines, that is a.st = b.st and a.l <> b.l. Since the lines can be partly 
overlapped we use the data of table K.ST_CH to define the station at which 
the lines are joined, which table describes the rules of moving from one line 
to another. Then there goes uniting of sets of sectors { }  , , 4321

uuuU L =  and 

, in which the trip was made and to calculate passenger-
kilometres in the sectors included into lines L

{ 765  , ,
2

uuuUL = }
1 and L2 the algorithm laid in 

the view K.ST03 is used. 
Thus the view K.ST04 performs calculation of passenger-kilometres  

for an abstract trip on all abstract sectors of two adjacent abstract lines. 
Projecting this model on a particular model of the railway network 
and on the source data according to actual trips in a certain moment of time 
we’ll get the calculation of passenger-kilometres for all trips between 
adjacent lines. 

The totality of all views of a mathematical model from K.ST01 
to K.ST06 processes any option of trips by means of any model 
of the railway network [7]. 
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Example 2. Realization of virtual Data Marts.  

Relying on the method of hierarchically related views and the conceptual 
model of the data transformation model [4], described in the third chapter, 
a scheme of formation of a resulting relation has been developed, which 
is the relational hypercube for the possibility of performing a multi-measure 
analysis of data in conformity with the requirements of СО-25 report 
(see Figure 20). 

 

Figure 20. The scheme of forming of the resulting СО-25 relation  

Example 3. Temporal data model. 

The example of the temporal data model is illustrated by the database 
structure fragment of the Station Classificatory (see Figure 21) [3].  
As an optimal data model an open model with Abstract Object Identifier 
is offered [2]. 

The first parental relation KLASSIFIER.K_STATION describes the 
object “Station”. The object is characterized by the unique abstract 
identifier AOID in relation K_STATION, which is formed during the 
“birth” of the object, it stays unchangeable during all its “life” and stays in 
the system after its logical deletion. 
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Figure 21. Fragment of RDS Data Model – Station Classificatory  

Properties of the object are described in separate dependent relations, 
which, as a rule, are not parental not for any relation. For one parental 
relation with AOID there can be more than one child relation describing  
the properties of the object. These characteristics can be divided according 
to different relations due to the frequency of their changing. Seldom 
changed properties better to be stored separately from the frequently 
changed properties. 
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CONCLUSIONS 

The main results of the present research can be formulated  
in the following conclusions: 

1. The analysis of the Information Systems available in transport 
and of the peculiarities of their employment in the systems supporting 
decision-making has been made problems to be solved and have been 
revealed, including: 

• Necessity to process big volumes of data (millions of transactions 
per year); 

• Non-uniformity of the available informational support; 
• Temporal character of the analyzed data and absence  

of the mechanics for working with these data; 
• Low and uncontrolled level of the information trustworthiness. Loss 

and distortion of data, heterogeneity of data; 
• Blocking data in Information-Analytical Systems in the time  

of the analysis; 
• Long time of producing new reports.  
2. Original models of describing objects and processes for solving 

specific tasks occurring in the process of making decisions in railway 
transport have been worked out, including: 

• Models of the LDz transport network topology; 
• Model of rules and restrictions added to the models of the network 

topology; 
• Models of describing passenger transportation processes; 
• Models for predicting and managing transportation processes. 
3. The following original models and methods of presenting 

and transforming data in the considered IAS have been suggested:  
• Method of hierarchically related views; 
• Method of Temporal Environment; 
• Virtual Probabilistic Data Models; 
• Conceptual Model of Active Prediction System; 
• Temporal data models for On-Line Analytical Processing 

and On-Line Transaction Processing systems. 
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4. There has been worked out the methodology of building 
and developing Information-Analytical Systems on railway with the help 
of modern achievements in the sphere of databases, which is based 
on the principles of data warehouses, data marts, temporal databases, 
virtual models in the presented investigation. 

5. The suggested models and methods have been used in solving  
the following practical tasks (LDz as an example): 

• Complex processing of big volumes of data characterizing 
transportation processes in the railway transport network including 
sectors, lines, routes and regions; 

• Managing the processes of data transformation; 
• Realization of the principles of temporal databases in the relational 

medium Information Systems on the Latvian Railway; 
• Provision of the guaranteed trustworthiness of information in IAS 

received in the process of data transformation; identifying single 
errors in source data and explaining the cause of their appearance; 
restoring the lost or distorted data; 

• Complex analysis of a number of possible alternatives of the events 
development in the system of transportation for different variants  
of managing affects and different behaviour of the external medium 
and working out the suggestions for optimal system management  
in different situations – without reiterative increase of the disc space 
in relation to the basic variant and blocking the data warehouse  
in the time of carrying out the analysis;  

• Analysis of the railway functioning in the last periods (retrospective 
analysis) and predicting its further behaviour (for example, 
optimization of losses from determining the value of the currency 
margin in mutual settlement with railway clients, analysis  
of influence of the social-economical factors of the regions 
development on passenger transportation, etc.). 

6. The results of the research have been implemented: 
• In developing the following Information Systems for the Latvian 

Railway: System of Analyzing and Releasing Statistical Reports  
on Passenger Transport «APFIS», Train Timetable System «SAR», 
IAS of Information Control System of Freight Traffic - «KRAIS-2»; 

• In working out the following conceptions:  
- Conception of State Joint-Stock Company “Latvijas dzelzceļš” 

Information Systems Progress;  
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- Conception of State Joint-Stock Company “Latvijas dzelzceļš” 
Information System of Passengers Conveyance PASS; 

- State Joint-Stock Company “Latvijas dzelzceļš” Transportation 
Information System KRAIS: Conception of Systems Progress 
from 2003 to 2007. 

7. The results of the research are widely used in educational process  
of Transport and Telecommunication Institute as sections of the course 
“Modern Database Technologies” for Master program in Computer 
Science. 
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