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IT has a number of solutions that increase proditigtiwhile lowering costs
allowing to improve the effectiveness of businddsing these solutions we can
create new operational and commercial processelding the relations with the
environment adapting those processes to the nekedsistomers. Use of these
solutions is a prerequisite for the digital tramsfation, which allows to obtain
advantage over "old style" companies. The aim & #tudy is to present the
necessary conditions and the concept of IT devedmprior Polish railways, which
will effectively take advantage of digital transfeation for operators and
infrastructure managers. This concept takes into@at the needs and possibilities
of public entities operating in Poland. Author geithout the need for changes in the
field of information technology and organizationraflway companies.
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1. Introduction

IT is an essential element of every company. Italityu (functionality,
availability, security) and total cost of ownersKipCO) can significantly influence
the value of business and its competitive advantagike digital transformation IT
significantly changes its position. IT is no longeicost center, but becomes the
main tool of core business. Companies like Amagaoggle, Apple and Facebook
which intensively use information technology hawngd a dominant position in



the global economy. Their activities include théesand delivery of consumer
goods and services (including payments), tourisstelheducation, organization of
travel, entertainment and other. In their caseamedealing with a holistic shaping
of operational and trade processes and relatiotis th¢ environment, taking into
account all the possibilities of digital technoleg)i[3]. Usage of all IT capabilities
Is particularly important for companies with a netlwstructure (like infrastructure
management companies, carriers and other entesmidbe railway market).

The aim of this work is to propose the concept ©fdevelopment in the
railway, in the light of current trends in IT, neways of delivering services
designed to meet the challenges faced by IT compatiat support the
infrastructure management companies and operakbes.implementation of this
concept would help to achieve the stage of Indusyin railway.

The second chapter presents the main IT challengdifferent business areas
which are infrastructure management, freight args@ager service. Also the main
features of the new systems which should be clerraed are presented. The third
chapter presents chosen directions of IT technesygivhich enable the correct
implementation of these requirements and featulresconclusion, the author
presents the proposed implementation process of pireviously described
challenges.

The most important systems implemented in the egileompanies in the first
decade of the twenty-first century are describefbjnin large part these were the
results of the project Operation and Managemenbrin&tion System (OMIS)
launched in the 90s. In [5] are described the nmpbrtant systems implemented
at the beginning of the second decade of the twinstycentury in the largest
companies and the inconsistency between IT opestiand unjustified
differentiation technologies, solutions and servm®viders. This diversity is
visible in the individual companies, which introéadlcdifferent technical solutions,
which required different competencies from IT st®KP Informatyka’s actions to
eliminate certain IT services for these companiesces 2013 were
incomprehensible. They caused reduction of competand reduced the quality of
service and caused customer problems. Systemdaatle of tickets is particularly
critical, because there is still no unified ticketi system for different carriers
taking into account the different tariffs and prdmns. The lack of such a system
discourages people who consequently decide to ase transport. Worrying is
also planned for mid-2017 resignation of the ITvess for PKP Cargo, and
reducing the scope of services for PKP PLK. Casri@nd infrastructure
management companies can independently carry autler IT services (including
using the latest technologies and models of serd@@ery), but it will not be
economically justified because of the small voluaieservices. Enterprise-level
selection of the provider also may not provide gkeurity required of the whole
services for the group of companies.
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Table 1 presents the data of PKP Informatyka arndo®aft.pl for the year
2015 [1]. Petrosoft.pl, is a company that supptdsos Kolej and a few small
carriers. The company recently completed an intiaggesystem for the logistics
freight.

Table 1.Business results of selected IT companies in 2015

Revenues from| Revenue |Revenues from sales of IT Financial

Position IT growth  [services and products 2015  result Errgzlr?ty-
Company [K PLN] [%] (%] [KPLN]
20152014 201§ 2014 2015/ 2014ServicesSoftwargHardwarg 2015 2014 2015
PKP
Informatyka 96/ 73 83974 111771 -25 98,0 1,0 1,0 -5639 -6946 331
Petrosoft.pl | 203 222 17513 11983 +46| 28,9 16,8 54,7 1517 1026 59

PKP Informatyka lost market position, by more thaventy places and
reduced revenues by 25%. The low share of salesaodware and software
indicates a shortage of competence, as sales @nadd products requires an
appropriate  manufacturer certificates. The higlrshof services shows the
reduction of activity to maintain their own systearsd software. In the case of
transfer of the services to the PKP Cargo compBRP Informatyka's situation
will be worse. Petrosoft.pl shows a dynamic incee@6%), of which a large part
in the sales of hardware and software. This requi@mpetence, and shows that
even on the freight market is possible dynamic ginov? IT services and the rise in
the ranking.

The rest of the work identified key challenges aamttions needed to
implement the digital transition or transformatiaf existing IT support for
transport processes in the active development aradipnal processes and
commercial relations with the environment that Vllfill all the needs of the
business while maintaining security policies wittmimal costs [3].

2. Current IT Challenges in Polish Railway Companie

In [6] and [5] the author presents an assessmenil odystems for the
management of the most important railway compaafts the first decade of the
twenty-first century. In this article the authofears to the systems of enterprise
management seen as a whole in terms of operatsorthlcommercial processes.
The author does not deal with IT solutions closelgociated with the rolling stock,
telecommunications, motion control, presentation pEssenger information.
Management systems must work with these systemsngador them as
information source and recipient. This cooperasbould be carried out by using
the appropriate Application Programming InterfadePl) or Service Oriented
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Architecture (SOA). In the following sections, tlauthor presents the most
important features and functions of new managersgatems in the individual
business areas.

2.1. Infrastructure and infrastructure management

2.1.1. Creating and managing timetables. The systast include:

- preparing data for the creation of the timetaleluding the calculation of
traction for all sections of the line, any diffetararriers trains with the possibility
of determining driving times, enabling the reali@atof the necessary operational
activities and minimizing energy consumption faction

- service orders for access to infrastructurer{tpaiths),

- creation and modification of the timetables basadthe current needs, paths
procurement in accordance with the capabilitieshef carriers, planning costs of
access to infrastructure

- timetable presentation for infrastructure managstiaff, systems operators, RTO
and for the systems of carriers and their customers

- presentation of data on infrastructure, timetsialed services, taking into account
the spatial location of infrastructure, trains aaifl vehicles and points of service,

- sharing of data applications to customers andgragers taking into account the
required access restrictions for the respective graeips,

- record the current operational work and the spaitiesentation of the current
traffic situation.

2.1.2. The investment project management at ajlestadefining the needs of
the feasibility studies, preparation of documentatind tender procedures, support
of project implementation to the as-built documéata and the acceptance of
infrastructure changes made as a result of projggdementation.

2.1.3. Geographic Information System (GIS), inahgdiinfrastructure and
rolling stock information support and which is acessary element of the two
systems listed above. GIS offer information abbet $patial position with respect
to the linear structure of the railway lines (LiReference System, LRS) for the
purposes of infrastructure manager and acceséileghe carriers and their
customers in read only mode.

PKP PLK systems SKRJ and SILK may constitute thesbfor the creation,
development and modernization in terms of 2.1.1 24, while support for the
implementation of investment processes at the $argailway infrastructure
manager in Poland is insufficient. Microsoft EPMtwa layer of data storage MS
SQL Server and reporting based on SAP Businessc@bjl platform, ETL
(extract-transform-load) process built using SAPteD&ervices Module were
implemented. The functionality of the system doesinclude the necessary set of
management information so that it does not compligis all of the assumptions
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and requires expansion and modernization includimgroved information
exchange with the business environment.

The positive is that the majority of IT systemsHKP PLK is based on the
Intel x86, Microsoft Windows and MS SQL Server. Paystem SILK in the field
of GIS technology uses Oracle Database with Sp@jmion. This allows the use
of converged infrastructure, used as a standaifteilCC service delivery model.

2.2. Freight

2.2.1. Core business management information systeering the topics:

- commercial support for customers, and shipmeoffer§, contracts acquisition,
calculation of receivables, settlements with custian foreign infrastructure
managers and carriers),

- operational support and tracking of the impleraganh of the services with events
registration,

- delivery tracking and information sharing with @oyees, companies
cooperating in the implementation of transport,t@oeers using of individual

channels of private information for individual digs.

2.2.2 The comprehensive fleet management includiogrds of rail vehicles
(locomotives and wagons) and the operational manageof the rolling stock and
operating activities, meeting the requirements RT@rms of information.

Freight existing systems support operational ansingercial processes, but not
shape them comprehensively, to take advantage lofthal possibilities of
information technology and to build relationshipshvthe environment.

2.3. Passenger transportation

In terms of passenger traffic the most importamtlenges facing IT are:

2.3.1 Information system for clients including cdeip information about
connections, tariffs, current promotions and theent situation in the delivery of
services. It is advisable to link the system witle systems of other carriers to
obtain information about connections with otherlpuénd private transport.

2.3.2 Selling tickets and presale system for aifiees between any stations,
regardless of the route and the number of tranafedscarriers, whose services will
benefit passengers with the lowest price, takirig account all promotions and
discounts and using any form of payment. It shdagda subsystem of system
(2.3.1), since the decision to purchase is theltreguinformation. Due to the
importance and complexity of the task it is presdrds a separate challenge. The
operator of the system must be independent fromoénlye carriers so that funds
ran down regularly and quickly to all carriers papating on the system. The
system should be available to passengers in thélanadrsion and in full version
for cashiers and conductors. Carriers must be edltpat all of their services are
available through the common system independeftiyp other sales channels.
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2.3.3 Booking ticket system for all sections whieris necessary or possible.
The system should be a subsystem of the previoas lbrcan be provided by
another operator. The volume of trains with resiomeof seats in Poland is limited
and can be cost-effective use of outsourcing, e system must support the
reservations in all international connections.

In passenger transportation are required comple®ly IT solutions covering
the entire market for passenger transport not thrdyrailway.

2.4. The challenges for all IT systems of railwaynpanies

All areas of activity require systems of new getiera giving a new quality
by building relationships with the environment, imess process automation and
the use of all innovative technologies. These syst@ot only have to collect
information about resources, procurement, planosdites and schedules as well
as process and transmit this information to usets@her systems, but also use
optimization methods for planning service deliveith minimal total cost of their
implementation. Optimizing the use of all the rases (personnel, rolling stock,
infrastructure, and energy) is necessary due taahgetition from other modes of
transport. It is necessary to use solutions fromnee: math, graph theory and
networks, management science, operations resegstihmization theory, artificial
intelligence, and economics. Previous solutionsstss processes, but did not
optimize and shape them. They were not innovathaugh to give a competitive
advantage.

New systems need to retrieve information from theirenment (customers,
contractors, offices and software) and to implenggntesses in an automated and
optimized way. The above-described approach tadheof IT in business is the
essence of new solutions.

Other demands, which the author proposes to pegtath to:

2.4.1. Insufficient system integration and autopraton of data recognition
and processing. Independent and manual enteredalaté events into multiple
systems introduce additional costs and potentiater

2.4.2. Existing systems support various infrastrietfacilities, trains or
vehicles which are incompatible with the naturebo§iness and services that are
network. Necessary is the perception of eventspmndesses as occurring in the
network structure. Taking into account topologyat&al location and changes in
time and space is essential.

2.4.3. Process optimization in terms of qualitysefvices and costs. Most
systems used to record events and control the atoegs of the process only
marginally supports the planning and decision-mgki€ost optimization is
necessary due to the intermodal competition boththenfreight and passenger
market. Necessary is intensive cooperation withwoeld of science and using
more innovative solutions.
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2.4.4. 1t is necessary to integrate systems duihd@onature of the railway
network and sharing infrastructure for various epens. The cooperation of these
entities must be done by systems allowing for tise of win-win solutions
(strategy win-win).

2.4.5. Systems should be created, operated andfietb@iccording to the
results of customers’ needs analysis (Big Data) inanner adapted to their current
preferences.

3. Current IT Trends as a Solution for Challenges

Virtualization and dissemination of broadband In&traccess are the main
techniques of Cloud Computing (CC), the fastestwming IT service delivery
model. Services in the cloud are not only constdidavirtualized, automated,
remote accessed via the Internet, but also seledeand automatically ordered,
implemented, measured and accounted for. Cloud gtngpis: the availability of
on-demand, self-service as a result of process naiion services and
infrastructure management, access to servicedgilmternet, the pool of resources
available for different services, flexibility andutamatic measurement of the
number and volume of services, "pay per use" fees.

Working in the cloud model is not only proceedindine with the prevailing
trend but an economic necessity [2]. IT departmestsenterprises are at
a crossroad. One path leads to agile cloud sokiama mobile applications, which
are the driving force of innovation, development anst reduction, the second is a
dead end because of the lack of ability to compRtgl transport competes in
already worse conditions due to the relatively hsgbt of infrastructure. Incurring
losses due to non-optimal organization of busiress$ IT unjustified costs will
worsen conditions of competition.

An important step to implementing modern data aegitecloud computing is
the Software Defined Infrastructure (SDI) includiBgftware Defined Storage and
Software Defined Network. Key features of such dagater include intelligent,
self-service, self-conscious, self-optimizing istjacaling up, self-repairing itself.

We have SDI in the cloud model Data Center, antheruser side computer
workstations or mobile devices connected over bgattband Internet to the
services. Mobile Internet enables complete mobitiontinuous use of the services
and the constant availability of the mobile persanmMobile network services
enable availability of services in the cloud fromyaocation available on the
network regardless of processing location. Thisaisther crucial trend-
"mobility”. Mobility is particularly important foithe railway industry because of
the nature of the business, which concerns theeeatea covered by the service
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and is based on the movement of people, goods aadsrof transport. The use of
mobile devices, is a way to streamline and optirbizginess.

Extremely important is to use the possibilitiessgétems referred to as Big
Data. Big Data techniques allow to obtain informatabout the various areas of
activity, entities and events from different sowresing different data structures or
containing unstructured data from different periofisime. These techniques are
necessary to analyze: customer needs, individugkat® the results of business
activities of all market players and trends of afesion interesting markets.

Another trend is the Internet of Things (IoT). Cartgys connected to the
Internet manage the objects in which they are liestaand collect and transmit
data to other systems or devices. Application if ttend is an opportunity to build
intelligent rolling stock, Intelligent Transport &gms (ITS) and to support staff of
railway companies in the most diverse activitied. is a field of the development
of numerous innovations. Without innovation in waly companies it will be
impossible to achieve performance improvementsraaihtain market share. 10T
helps and it is the perfect support for the recogmiof data. IoT is a chance to
receive data fresher, more accurate and with fewers.

Another element is the integration of systems aatd donsistent with Service
Oriented Architecture (SOA). Enterprises use d#férsystems to support their
business. There is the problem of data integrat@mganization requires multiple
systems able to cooperate with each other becdugse rteed from each other
different information. These expectations meetEnéerprise Service Bus (ESB).
Systems on railway, created from approx. 10 yeaes&SB solutions of different
vendors. Older systems after modernization invgjuime creation of the API can
also use this type of solution. Implementationhs# thosen solution is needed to
standardize communications between applicationpliggtions do not have to be
connected directly, because ESB is the medium.apipdication does not need to
be integrated with all other applications. Applioatis integrated with the bus in
order to exchange data with other applications.s€hsolutions allow to create a
system compatible with the concept of SOA. Modifima, extension, or appending
successive elements of the system require less dimde effort because it only
require to integrate new applications with ESB kas®m any data exchange
protocol. Systems and external applications can ks integrated through the
ESB. ESB is also a way to integrate data betwestess stationary and mobile.

IT operations of polish railway companies are rahg in the right direction.
For all cases of new IT solutions described intfig share of PKP Informatyka as
a service provider decreased. There is thereformnsolidation of services from a
single provider, the lack of standardization andsohidation of services within the
PKP Group. PKP Group companies do not have a ggnifimpact on the service
providers due to dispersal of orders. Even if theye together, they use different
technologies impossible to integrate into a singfeastructure [5]. The high level
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of requirements of the industry reliability, setyrior of the IT service providers
would be met easier and cheaper by concentratingeatervices in one or several
suppliers. Also the formal and legal requiremenitsservices can be easier to
provide and control in subsidiary company.

4. Conclusion

IT systems of all companies require modernizatioth iategration to meet the
needs of business. This is an opportunity to malkedigital transition of those
companies for which it provides a chance of suilvafeer complete release of the
railway market. Needed is the modernization andgrétion systems to various
stakeholders working together in an automated wWajng for each other both
clients and the service providers. The main usedsleeneficiaries of the system
should be customers. Development and disseminafisirtualization techniques
to maintain high availability and performance alfote implement of the majority
of IT systems in a standard, uniform hardware avftivare. Advantages of the
opportunities offered by consolidation, virtualioat, and automation give
significant savings compared to legacy systems. meed for consolidation,
virtualization and unification of information syste in the companies of the PKP
group was recognized many years ago [4], but faoligwactions proceeded too
slowly. Consolidation, virtualization of systemsydaautomation of maintenance
tasks allows cloud computing, which gives furthestcsavings by automating
procedures, management systems and self-servieebifjgest railway companies
can afford implementation of private cloud. But tkealization of one cloud will be
more economical solution, which directly resultonfr The Ten Laws of
Cloudonomics [7]. Smaller companies in group shdwddefit from the services
specializing in Cloud Computing services providér. services for railway
companies should be provided by a single entitys €ntity should be dependent
on the authority responsible for the organizatidnralway transport (eg. The
Ministry of Infrastructure and Construction). Tchave economies of scale and to
maintain the quality of services and market prigethe entity should also provide
IT services to other companies. Modern informatsystems prepared for safe
sharing of resources by different entities arelab#. If community, state, industry
or interior legislation require separated infrastwe, the infrastructure for the
relevant companies would be separated within desoigta center.

PKP Group, despite the modernization of infrastiet applications and the
fact that they have a good, innovative solutiolsing in isolation, does not gain a
competitive advantage. The companies incur unredde expenses caused by the
lack of standardization, consolidation, smallergef virtualization, automation
and optimization of service and management. Gaimingompetitive advantage
requires the implementation of digital transforroatilt is necessary to establish
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a new entity, whose task would be to transformtdigbusiness by designing,
implementing and delivering new systems, which roffemplex support of the
business processes from the recognizing and asabfsicustomer needs, by
automatically placing orders, monitoring of the vésgs until the automatic
payment. Implementation of new systems using & plossibilities of digital
technology with the optimization and automation bafsiness processes would
ensure the competitiveness of railway transportis Inecessary to change the
overall relationship with the environment (customepartners) by adapting to
needs and automating, optimizing and self-service.

Creation of new entity is necessary because, dugechnological and
organizational progress, new ICT solutions musthmeaper for customers than the
previous ones, and the entity maintaining exissegvices will not be materially
interested in changing the price if it can adjusthe costs. So far, this was the
cause of maintaining the old systems in spite eféghonomic calculus. The new
entity should not take over full support of exigtisystems with the exception of
network and data center. The mission of the newpemy which should function
as a digital company, has a range of activitiekighe the following:

- ICT infrastructure: telecommunications and Inggrconnections,

- Data Center services including: cloud servidaa§, PaaS, SaaS), web hosting
and collocation,

- Design and development services - developmenewf systems according to the
rules and requirements of the digital transfornmtio

- Implementation services for its own and thirdtp@roducts.

In the next stage the range of services shouldipplemented with full support for
automated and optimized business processes. Iwthisa shared service center
(SSC) providing its customers with comprehensivesaurcing services: ICT
services in the field of general activity (finaneecounting, human resources and
payroll) and for the core business - supervisionboginess processes in the
railway.

The operation of the new entity will therefore opize service railway
companies and other entities. Such shared sergeeser would ensure the
continuity of services while maintaining performanthe required level of security
of systems and data while maintaining control otlex entity responsible for
providing the services. Such a center should alppat private operators to the
whole activity while complying with legal standardsd requirements of the
industry while keeping the competition rules. Aseault, it will be necessary to
maintain the standards, quality of services andegri which will force the new
entity to periodic modernization, the use of inrtox& solutions, the acquisition
and maintenance of competence in terms of bothastrincture and applications to
support business processes.
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Implementation of these postulates in the authop®ion will use the

possibilities of modern IT for the development loé trailways and for implement
Industry 4.0 in railway. Therefore, the aims okthiork have been achieved.
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