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Preface to the English language issue

Young researchers are happy to go abroad for
exchange of experiences, learning or even working.
This absolutely bring advantages since already in the
Middle Ages past-masters sent journeymen for six
months or even one year to travel around. In the past
ten years we were seeing a revival of this tradition,
even its reinforcement. However, the receiving
businesses are far from being so open than
workshops were 400 — 500 years ago. They are not
ready to reveal professional secrets since there is
world-wide business competition. This means that
exchange of experiences is possible only on a
reciprocity basis. That is why when a young profes-
sional can present itself with substantial development
results behind him doors open up to him and he can
participate at professional conferences. However
presentation requires not only words but also
publications in a language that is understood in the
receiving country. Fortunately in the area of telecom-
munications and IT English is the conventional
standard language of international exchange of
experiences.

That is why we publish in our English language
issue the most valuable professional results of the last
half year, i.e. the highest standard articles published in
Hiradastechnika. In the latest English language issues
we could fully implement this principle. However the
last period encourages us to publish the works of
some foreign authors too. Of course, this will not be to
the detriment of our successful authors, but we wish
to present in the English language issue the current
problems of our days.

More than one vyear ago the issue of next
generation networks (NGN) came to the focus. It is
natural that a new generation always arises, but it is
not usual that these issues are so much published
before the new technology and the new series of
equipment are developed. The recession in 2001
made introduction of a new generation even more
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timely. We are beginning to see the outlines of the
changes going to happen in the next few years. All of
the different trends emphasize that only such
investments can bring profit and payback which can
offer broadband both to homes and offices. Both areas
are interested in teleworking and shared working, and
in homes substantial profit can be generated with
entertainment and video. Offices with multiple
workstations, primary financial institutions and
authorities, are expected to pay more for shared
availability of data and information.

In the second half of 2001 various conferences
addressed this issue so we decided to publish two
determinant forward-looking presentations in the
original language. In particular we paid attention to and
selected from those which have not been published in
articles, but the proceedings included only the
projected slides.

The second block addresses the creation of IP
networks and their expected development trends. This
includes articles from two Hungarian and one foreign
authors. Their objective was to create a network that is
easy to design with the new methods and satisfies the
quality requirements. This is a possible trend with
which the upturn of telecommunications and IT may
be promoted. Finally we included some theoretical
considerations in the third group which may be still not
be directly applicable, but their results are expected to
have an impact on mobile and broadband transmission.

Of course, we do not want our readers to believe
that they are reading the publications of a reliable
oracle. The very risky task of making prophecies
cannot be committed by a journal. However we can
certainly publish opinions that do not contain future
dates and quantities. While in a high-standard
professional article engineers do not like generalities
and are happy to characterize everything with metrics,
the views of experienced professionals can be useful
for learning trends.
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Mobile Networking in the 215t Century

JOSEF F. HUBER

Siemens AG Vice Chairman
UMTS Forum

Over the last twenty years, the telecommunication’s focus changed considerably: from traditional wireline telephony oriented services and
infrastructures to data, from homogeneous to heterogeneous networks, from non-intelligent devices to smart handhelds, PDAs and Mobil
Computers. Internet with its world-wide web, GSM and all mobile wireless communications in the local areas contributed to the dramatic
changes in this field. The forecasts of both sectors’ markets were underestimated every year. "
The Universal Mobile Telecommunication System (UMTS) has been conceived as as concept to carry the personal communication user into
the information society of the new century. Its upcoming information society is characterised by multimedia processing and delivery of
information, video and voice, fax, and data. The provision of such broadband multimedia applications in a global mobile radio network is
understood as the main objective UMTS a 379 generation system.

1. Introduction

For the last 15 to 20 years, the mobile market was
always underestimated. The forecast figures were
moved up every year and ended up every year as
being too low. A similar situation appeared with the
Internet. It succeeded beyond the expectations of its
designers. In very few years from now, the Internet
will run out off its present address capacity based
upon the protocol version IPv4. Nowadays, the mobile
handhelds achieve the Internet capability even under
restricted functionality; it should come with no
surprise to learn that the number of mobile devices
with Internet capability will outnumber the Internet
capable Personal Computers. All available predictions
signalise such scenarios, see Fig. 1.
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Figure 1. Mobile Terminals become Internet enabled
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The diagram (Fig. 1) indicates that the Internet will
reach a huge mass-market size very soon and this will
become the base for the new businesses with new
services on the mobile side.

Both mobile and Internet penetrations are now on
the exponential portion of the logistic demand curve
illustrated in Figure 2. But this does not necessarily

Penetration of Services
100%
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Fixed Telephony
Radio

Television

.| Mobile Telephony

| The Internet

1900 1920 1940 1960 1980 2000

Source: US Bureau of Census, 1996

Figure 2:  World-wide Penetration of Services
mean that the “mobile Internet”, a frequently used
description of 3G services, will automatically experience
the same exponential growth rate. Nevertheless, most
forecasts of 3G subscribers and revenues simply
assume a dramatic uptake of mobile Internet services.
This is more a statement of faith than a reflection of
reality. 3G service revenues will only materialise if 3G
networks deliver compelling services that satisfy
subscriber needs. Adding mobility to the Internet is a
necessary but not a sufficient condition for success.
Not everybody agrees with this proposition. There is
a belief within the industry that the introduction of the
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Mobile Internet will accelerate the already rapid
growth of both Mobile and Internet services.

The Internet was in existence for about three decades
before it entered the current phase of mass-market
acceptance. The trigger was the introduction of
interfaces such as Mosaic and the World Wide Web that
transformed the Internet into a userfriendly
environment. The PC was merely a cheap alternative to
mini-computers until the introduction of mass-market
applications such as spreadsheets and word processing.
Mobile services were a limited alternative to fixed
telecommunication services until national coverage
could be guaranteed, and has only become a true mass-
market commodity with the introduction of global
roaming and prepaid services. In this decade, however,
mobile systems will merge with the Internet by taking
up IP protocols into the radio and switching part.

The success of the Mobile Internet will not just
come from the mere combination of two existing
successful phenomena — mobility and the web. The
real success of the Mobile Internet will result from the
creation of new service capabilities that genuinely fulfil
a market need. Creating and meeting market demand
requires economies of scale to be present. The ability
to benefit from economies of scale is one of the
strongest market drivers for mobile Internet services.

2. A “New Focus” in the Mobile Business

The Internet is transitioning from inexpensive medium
for advertising, marketing, and customer support to a
common platform for transactions and business
applications. At the same time, technological and
commercial developments are melting together
information, communications, commerce and enterta-
inment into one large, consolidated industry. Part of the
reason for this evolution is because more consumers
are accessing the Internet using multiple devices and
over multiple communications networks. They are also
changing their behaviour and consum-ption patterns.

The wireless access to the Internet is going to bring
new customers with new requirements and will
therefore change the development of the Internet for
several reasons:

e Wireless allows service providers and Internet
businesses to increase their mobile culture and total
service consumption;

e The mobility and immediacy offered by wireless
allows Internet content delivery and commerce to
be non-location-specific;

e The person-specific nature of wireless allows
companies to develop customer profiles that enable
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Figure 3:  Traditional and lifestyle segmentation
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them to narrowcast and distribute better value-
added information to customers, and lastly

e |ocation-based facilities and services provide
another tier of customer knowledge that allows
Internet businesses to deliver “context” specific
services that also improve customer value.

Many services, although they may start with 2G will
become more affordable using 3G. Services, which
already exist, will be greatly improved with interactivity
and mobile multimedia with customer segmentation
based on lifestyle management.

While work-oriented applications are believed to
drive the 3G market in Europe and in the US, in Japan
the high value placed on increasingly more
sophisticated consumer-oriented equipment could
have a substantial impact. The demand for increased
personal productivity is also of importance.

Mobile commerce is not explained as a service in
itself. It covers too many services like m-broking, m-
shopping, m-auctioning, m-banking, m-cash etc.
Typical services are described in the UMTS Forum
Market Study [1].

Converging the Telecom and Internet Model

The convergence of mobile networks with the Internet
leads to a new model for business considerations, for
operators and manufacturers, for standardisation and
development. New elements will be involved
impacting each other. In addition, the delivery of
multimedia services involves a number of new players
and activities. For example, the market analysis from
Analysys/Intercai [2] highlights the Multimedia Service
Provider (MSP) as a new key player in the multimedia
value chain. MSPs purchase multimedia information
(content) from third party suppliers such as TV
programme providers and publishers. Then they
format the content to what they believe is appropriate
for their customers ('filtering”) and store it on a
multimedia server or cache server.

Figure 4 indicates the changes in the business
values of the single elements as meanwhile seen from
a number of studies and market forecasts. It gives a
clear signal to the mobile industry of the need to
change their positioning with regard to applications,
services, and content when planning their future
strategic orientation. It includes the possible roles as
VAS Providers, Service Providers (ISPs, ASPs and
Portal Operators) and Content Providers [3].

In the light of the new business chain, the issue is
to consider whether to simply provide a wireless
Internet Protocol (IP) pipe to a service offering hosted
elsewhere on the Internet, e. g. at a Portal like Yahoo,
AOL, T-Online, Excite or Infoseek, or to go for a
harmonised end-to-end solution where the UMTS
Operator is involved in the applications level. The
wireless IP pipe business using tunnelling will tend
towards a commodity bit-shifting operation, where

LVI. VOLUME 2001/12
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Figure 4:  UMTS: Value Chain, Size of Business Changing

cost, coverage and data rate are the only competitive
dimensions. Alternatively, by developing and pre-
selecting useful Internet-based mobility services with
competitive tariffs, the UMTS Operator will become a
competent player in this field.

At issue is the location of the subscriber profile
records, which reflect the personalised service
choices of the end-user: message filtering options,
choice of mobile information and type of mobile
device, correlated with name, billing address, mobile
phone number and e-mail address. This store of data,
three to five years from now, will permit additional
returns through selectively targeted mobile e-
commerce and advertising. UMTS Operators have
three distinct separate or combined possibilities:

Firstly, they charge the subscriber on a time
dependent call basis. This makes it possible to get a
revenue stream via a small additional charge for
mobhile Internet services and means a business return
is possible well before mobile commerce and
advertising become feasible. Added to traffic revenue,
the Operator is in a commanding position to capture or
selectively share this revenue with value chain
partners on its own terms.

Secondly, the Operator provides IP-packet transport
(e. g. GPRS-based); all necessary to integrate Internet
services with IN, voice, data and fax services and
allowing volume based charging in addition to time.

Thirdly, in future, the Operator will know the
subscriber's location using emerging cellular positioning
technologies. Positioning adds end-user value through
information customisation, e. g. details of the nearest
restaurant or automatic conversion of e-mail to speech
for a driver of a moving car. In future, location
information will enormously increase the revenues
combining it with content. This will allow applications
related charging.

Wireless Internet will become one of the media
channels for content providers, and wireless network
Operators will join. The WAP-Portal offerings of GSM
Operators and i-Mode offerings of NTT DoCoMo are
examples of a new strategy. The mobile Portals are
unigue because they are a solution in which Operators
and service providers can manage content and
integrate with communication and transactions.
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The Internet Service Provider (ISP) Function

The simple definition of the ISP is definitely providing
access to the Internet. The level of service, the set of
functions supporting the end-user from the ISP varies.
The client-server model leads to the ‘user@host”
account (Point of Presence PoP) which means that the
ISP has to care about the user's addresses and
applications-related protocols. The ISP can start from
tunnelling services up to mail or HTTP hosting services
etc. In all cases of accessing Internet via tunnelling or
HTTP, E-mail, FTP or TELNET the ISP has the
responsibility for the end-user's account. As a
consequence the "All-IP" UMTS network, which will be
specified in the worldwide 3@ Generation Partnership
Project (3GPP) as the so-called ‘Release 5', takes the
UMTS Operator into an ISP position. It is combined
with extended functionality dealing with the roaming
user: "Mobile ISP". The additional complexity comes
from inter-Operator roaming.

Portal and Content

Providing the Portal does not simply creating the
content. Content feeds are likely to come from existing
content providers or other Portals, but with subscriber
data being captured by the Operator. It naturally follows
that the first applications should focus on building the
subscriber base and increasing airtime, namely
messaging applications. Next should come applications
which drive subscriber profile data capture, such as
personalised subscription-based content push and
wireless personal information synchronisation. Only
after building the profile database can mobile e-
commerce and advertising be successful.

For Operators with strong brands and a desire to
reduce churn and increase their share of the customer

value chain are offering their own Mobile Internet
services to users on a mobile Portal platform
integrated with billing, customer care and positioning
systems. This is known as the 'Mobile Portal’
approach, which exists already in a number of GSM
networks [1].

3. Convergence of Standards
Extending the Scope of Standardisation

Global standardisation is of fundamental importance
for mobile cellular systems and essential for
worldwide roaming. This is a key issue for IMT-
2000/UMTS. The framework standards for wireline
and wireless access, for national and international
telecoms infrastructures have been developed and
agreed on the ITU level (the Framework Standards)
and on the regional/national level (the Specifications).

With second-generation cellular networks, wireless
access has already introduced a new set of standards
and protocols that add a layer of complexity to
application solutions that are not necessarily compatible
with the Internet world. This has been seen with the
introduction of Voice/Video over IP, WAP, i-mode and
similar IP services to mobile networks. In addition, for
data processing, data communications, TV and
Multimedia ISO, |IEC and ITC standards were developed
and continue to be valid for all kinds of data and
multimedia applications and services.

The following diagrams show the main difference in
standardisation between point-to-point traditional
services (e.g. voice) and content-based services in the
context of the Extended Vision. Fig. 6 shows the
standards associated with the UMTS environment
linked with the ITU-based fixed network environment.
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Figure 5: Positioning UMTS - the new Value Chain for Content-based Services
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Figure 6: UMTS Standardisation Scenario in the Framework of
IMT-2000

A series of network services are specified entirely in
the ITU framework including service interworking,
addressing, signalling and QoS standards. The typical
configuration is the physical and logical connection
from terminal to terminal or person to person. Voice is
the dominating service, but data services are set up in
the same way in these connection-oriented services.
Billing of these services is generally based on the
duration of a call.

For UMTS these standards have to be
supplemented for those services that will also be
offered on the wireline network, such as bitrate
harmonisation, circuit switched service interworking,
etc. As an example, UMTS provides 384kb/s and
2Mb/s connections, whereas the fixed ISDN network
only offers 64kb/s, 128kb/s in a limited way. Also, the
harmonisation of terminal interworking characteristics
between wireless and wireline terminals may be a
standardisation issue for services such as video
telephony, VoIP, fax and other telematic services. QoS,
security and billing issues also have an impact on
standardisation.

Fig. 7 shows the scenario for multimedia services in
the scope of the Extended Vision: UMTS is linked with
the Internet, the portal and content provisioning. The
typical configuration, physically, is from terminal to
computer or client to server. This is a "many to one"
relationship, because there may be many physical
terminals logically connected to one computer. Bitrate
conversion is a must. "Connectionless Services" exist
on a "user at host" basis. As UMTS will combine the
ITU-related standards with the IETF, W3C etc.-related
ones, it will be faced with a number of new
interworking issues. These relate to quality, security,
mobility management, billing, etc. A main issue is the
interworking on the protocol layers where "Out-of-
band" and 'In-band" control functions have to be
aligned. The standardisation also has to specify
impacts regarding addressing (ITU, IP), which is quite
different in IPv4 and IPv6. The Internet transition from
IPv4 to IPv6 is not only impacting the Internet itself,
but also UMTS. Thus, this topic will play a significant

Figure 7. UMTS Standardisation Scenario UMTS/IMT-2000 with Internet

role in the future standardisation within 3GPP. The
harmonisation of the UMTS standards between
Engineering Task Force (IETF)/3GPP and the Internet
impacts the Mobile Multimedia Portal platform as a
workable solution in an international mobile
environment, especially for the roaming user.

Push E-Mail is another issue. Standards have to be
specified based upon the existing IETF SMTP and
Instant Message Service (IMS) protocol standard.
Standardisation issues need to be discussed in the
relevant bodies to guarantee end-user transparency
and compatibility.

Mobility

Mobility, in all its many forms, is becoming the
watchword of our society. Everything moves faster
and faster. IP seems to be the end to end protocol of
the future delivery of most services since it will exist in
the wireline and wireless world, in office extension
environments and in home networks.

The interest in mobile IP as a potential mobility
solution for cellular networks leads to a requirement to
extend the existing protocol of telecommunication
networks. As a network-layer protocol, mobile IP is
completely independent of the media over which it
runs, i.e. it is independent of technology. This is in
keeping with the design philosophy behind the
Internet Protocol itself, which was designed to be
independent of the underlying characteristics of the
links over which it runs.

Mobile IPv6 as standardised by the IETF benefits
from the integration of ongoing development of the
Internet and cellular standards. It allows the user to
keep their home address while roaming because they
are always "ON".

IPv6 mobility determined by and optimised for
mobile terminals will be one of the major features in
cellular networks. It offers "Built-in" IPSec that provides
all management applications security, it supports
cellular and non-cellular access, and its flexibility
allows sharing of resources to support a diversity of

LVI. VOLUME 2001/12



HIRADASTECHNIKA

both wireline and wireless technologies. It has no
impact on location registers since the information
required to route packets is managed independently
from the information used to locate and authenticate a
UMTS user.

Each mobile terminal is always identified by its
home address, regardless of its current point of
attachment to the Internet. While situated away from
its home, a mobile terminal is also associated with a
care-of address, which provides information about the
mobile node's current location. [IPv6 packets
addressed to a mobile terminal's home address are
transparently routed to its care-of address. The
protocol enables IPv6 terminals to cache the binding of
a mobile terminal's home address with its care-of
address, and to send any packets destined for the
mobile terminal directly to it at this care-of address.
The first option in providing mobility functionality over
heterogeneous networks is an interworking solution.
Within the UMTS system, classical MAP-based
mobility functions are exploited, while on the IP side,
mobile IP can be used. In this situation a complete
interworking function has to be developed to allow the
user overall mobility across both the mobile and the IP
environment with 3GPP Release 5, the mobile IP will
be used also in the radio access network.

Figure 8 illustrates a transparent IP mobility solution
both within the UMTS system and in the I[P
environment, and will be implemented after the
unique IETF/3GPP mobility support solution becomes
available. In this case a transparent end-to-end mobility
protocol is provided through the exploitation of
integrated IP functions, i.e. mobile IP for the discrete
macro-mobility, within and between Core Networks,
and cellular IP for the continuous micro-mobility within
the Access Network.

Security

Rapid advances in communication technology have
accentuated the need for security in the Internet. The
I[P Security Protocol Working Group (IPSec) has
developed mechanisms to protect client protocols of
[P. A security protocol in the network layer is
developed to provide cryptographic security services

that will flexibly support combinations of authentication,
integrity, access control, and confidentiality.

The protocol consists of three core components.
The IP Authentication Header (AH) verifies the identity
of a packet's sender and the authenticity of the
packet's contents. The IP Encapsulating Security
Payload (ESP) encrypts a packet before transmitting it,
and may also encapsulate the original IP packet. It is
independent of the cryptographic algorithm. The
Internet Key Exchange (IKE) governs the transfer of
security keys between senders and receivers. The
preliminary goals of IPSec are to pursue host-to-host
security, followed by subnet-to-subnet and host-to-
subnet topologies. AH and ESP can be used with
various authentication and encryption schemes, some
of which are mandatory.

With the improved Wireless Access Protocol
Release  WAP2.0, UMTS services will be using
XHTML-based Webaccess. With the improved WAP,
the Transport Layer Security (TLS) Protocol will be
linked with the Internet Security Layer (SSL), in order
to guarantee end-to-end security. The linkage between
TLS and SSL takes place at the WAP Gateway (see
Fig. 8b) Protocol and cryptographic techniques have
also been developed to support the key management
requirements of the network layer security. The
Internet Key Management Protocol (IKMP) will be
specified as an application layer protocol that is
independent of the lower layer security protocol.

IPSec gateways work only in tunnel mode, which
means no part of the original packet is vulnerable to
interception.

Some of the key IPSec features are:

e Signalling: authentication,
protection

e User traffic: integrity, authentication, confidentiality

e Visited network resources and traffic: access
control, confidentiality

e No Foreign Agents

e |PSec protocols are integrated into IPv6 devices as
standard

e Home Address Option eliminates network-ingress

filter problems

Route-optimisation functionality is integral

integrity, anti-replay

End-to-End
I[P Mobility

 System

End-to-End
Applicsation Security

UMTS IP
Security Security
SSL

Figure 8a.  Transparent |IP Mobility

Figure 8b.  Security Relationships
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Similar to the mobility problem of providing
complete and reliable end-to-end functionality across
heterogeneous networks, security will follow the
same approach.

Security relationships in a heterogeneous network
environment can be very complicated, requiring both
an interworked and a transparent end-to-end solution.
In fact, dedicated mutual authentication and
encryption facilities are used to check and secure the
transmission segments in each specific environment,
i. €. both the UMTS system and the IP segment. End-
to-end transparent solutions are required to secure the
application layer, via mechanisms such as digital
signatures plus non-repudiation techniques. Non-
repudiation can be achieved by generating a signature
and combining it with some form of user
authentication data (such as a PIN). When the user
commits to a transaction, the signature will ensure
that they cannot deny later that it took place. Of
course, this kind of functionality is fundamental in any
kind of mobile-commerce transaction.

To guarantee the overall required level of security,
global co-ordination is necessary between the solutions
adopted at the transport layer and the solutions
adopted at other layers such as the applications layer.

The UMTS SIM Card (USIV)

The key element of the subscription to a UMTS service
is the USIM. In addition to the well-known functions of
the GSM SIM card, the USIM adds UMTS-related
extensions and provides compatibility for UMTS-GSM
roaming. The issue of electronic money, used for m-
commerce, becomes more valuable in contrast to debit
cards today. Considering Internet-based services
means that the USIM card needs additional functions,
which deal with ‘In-band" control mechanism,
identification, security and applications. Other future
items will be secure and personal interconnectability
with other end-user devices that could be linked with
the UMTS terminal, e.g. via Bluetooth.

Quality of Serve (QoS)

Guaranteed QoS is a standard item in today's telecom
business, whereas the Internet only offers QoS on a
best effort basis to the end-user. This is a concern, as
it will be virtually impossible for the user to distinguish
any observed delays as being due to the Internet, as
opposed to the air interface.

On the other hand, in order for to be able to ensure
QoS for the user, it will most likely that voice services
will be circuit-switched for a longer period of time then
expected. Although it is already decided, to apply the
Session Initiation Protocol (SIP) for Voice over IP
applications in UMTS Release 5, the standardisation
on this topic is not entirely finalised.

The Portal Operator will have to be able to adjust to
the varying (on demand) data rates requested by the
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user, depending on the application. Thus the Portal
Operator needs to know the requested QoS, as well
as the minimum acceptable QoS, to allocate the
necessary resources. Portal Operators and dynamic
Content Providers have the ability to deliver,
intelligently, relevant information to users based on a
series of characteristics and capabilities. Quality of
Service (QoS) as requested by the user and as
delivered by the Network Operator is one of those
parameters on which this intelligence can operate.

4. UMTS - the 3G Multimedia Concept

UMTS = the Universal Mobile Telecommunication
System is not a technology. It is a concept
encompassing  existing upgraded technologies
combined with new technologies. This relates to the
addition of wideband CDMA and TD-CDMA. On the
core network side, it relates to CPRS, to the ISP and
Portal function, where the additional features for
mobility and personalisation will be added, but also
other components will be affected, e.g. for providing
security, address translation between the ITU E.164
scheme and the Internet addressing scheme.

The network roadmap of UMTS is shown in Fig. 9:
starting with the first Release, called R99, UMTS will
re-use core network elements from GSM, especially
for the Mobility Management (Home Location
Register, Visitor Location Register), for the Circuit
switched transport (Mobile Service Switching Centres
3G-MSC), for the packet switched transport (GPRS
Service Switching Node SGSN), for the Authentication
(AC), Gateway elements like the G-MSC or the G GSN
take over the interoperation tasks on the border to
other network infrastructures. The Signalling Control
Point (SCP) takes care of real-time billing, number
translation and value-added services via Intelligent
Network Support. For packet switched transport, the
GPRS tunnelling protocol (GTP) is used to transport IP
packets between terminal and ISP.

Subsequent UMTS Standard Releases will integrate
stepwise functions related to IP protocols, Release 5
will introduce the IP Multimedia Services (IMS) based
on IPv6 and the IP based UTRA and Core network.
Location-based services will already be possible based
on Release 99 as the standardisation provides position
information of the user's location based on Cell
Identification. The accuracy of the position information
will improve with the ongoing standards developments.

On the Portal side, existing standards from IETF
(Internet Engineering Task Force) and ISO will be used
for the implementation of personalised Portals
comprising also position information in order to offer
location-based services like restaurant finder etc.

In Fig. 10 it is shown, that two radio parts are
connected to the core network: the GSM part with the
Base Transceiver Station (BTS) and Base Station
Controller (BSC) and the UMTS part, called Universal
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Figure 10. Evolving Proven 2G Network Infrastructure

Terrestrial Radio Access Network (UTRAN). This radio
part is dealing with two operational modes, FDD
(Frequency Division Duplex) and TDD (Time Division
Duplex) in order to enable the network operator for the
use of paired and unpaired frequency bands. The
respective radio transceiver equipments are located in
the Node B, the Radio Network Controller (RNC) has
the task to control several Node Bs and to
concentrate/distribute the information flows.

The evolution from 2G/GSM to UMTS meanwhile also
includes the TDMA standard from the Universal Wireless
Cellular Consortium (UWCC), an independent organisation
of 1IS136/IS41 industries (manufacturers and operators).
This consortium participates as Market Representation
Partner in the 3GPP global standardisation of UMTS.
Other Market Representation Partners are: the UMTS
Forum, the IPv6 Forum, the Global Mobile Supplier
Association GSA and the GSM Association GSMA etc.

As more markets introduce 3G networks, led by
Europe, we will begin to see more differentiation in
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style and design. Even in Europe, broad implemen-
tation of mobile Internet browsing is not expected
before 2002 with the launching of 3G networks
combined with the availability of browser enhanced
3G terminals. '

But the move into 3G will happen quickly. The
current average global replacement rate is close to
50%; meaning phones are replaced once every two
years. We don't see the replacement average
increasing much, except perhaps on a regional basis.
But it is possible that the majority of users worldwide
will be using 3G terminals by 2006 or 2007, making
way for the fast adoption of 3G applications [1].

The idea of a mobile phone or PDA today may
radically change in just a few years. With numerous
committees and standards boards focusing on the
mobile and wireless space, and with the conjunction
of computing and communications, we are seeing a
rapid change in the way terminals are designed and
used. :

LVI. VOLUME 2001/12



5. Spectrum Situation for Mobile Services
in the 21st Century

The discussion on spectrum for mobile communi-

cation systems goes back for a number of years. The

World Administrative Radio Conference WARC-92

already identified a total of 230 MHz of spectrum in the

2 GHz bands for 3G services on a global basis. These

230 MHz are split into 170 MHz for global terrestrial

use and 60 MHz shared with satellite services.

As shown in Fig. 11 the main regions in the world
didn’t converge fully in the direction of the WARC-92
agreement.

e CEPT in Europe has designated most of the
spectrum for UMTS, the European solution for IMT
2000; 155 MHz of spectrum will be designated to
terrestrial services with an additional 60 MHz set
aside for UMTS satellite services. The remaining 15
MHz of the total 230 MHz identified by WARC-92 is
made available to DECT within Europe and is
therefore not available for UMTS applications at the
present time.

® The Japanese Frequency Administration is going to
designate the WARC-92 spectrum for third
generation systems in the same way as the
Europeans with the difference, that the frequency
band 1895 MHz to 1915 MHz is made available to
PHS services.

® In North America a different scenario developed:
the introduction of PCS services and the auctioning
led to a split into licenses of 2 x 15 MHz and 2 x 5
MHz up to 1980 MHz. Questions appear, how such
services can be implemented and how they could
be harmonised with IMT 2000 services in Europe
and in Japan and in the rest of the world.

® The remaining regions in the world continue with
the WARC-92 decision. There are no indications in a

Mobile Networking in the 215t Century

different direction, which means that the ITU
objective, to come to a worldwide harmonised IMT
2000 spectrum allocation, is still valid for the most
parts in the world.

Estimations on Total Spectrum Demand

The investigations made up to now on mobile
spectrum demand led to an estimate for the total
bandwidth needed in the years of 2005 and 2010. The
investigations are based on market forecasts, traffic
assumptions and population density in various
scenarios [5].

The total spectrum demand figures include all
services as presently covered by second generation
systems (mainly voice) and future multimedia services.
The total spectrum demand for terrestrial and satellite
systems in the three regions of the worked is shown in
Fig. 14. The spectrum demand per operator varies
dependent on its market share. In order to give some
guidelines to regulators on how much spectrum will be
needed per UMTS Operator in the initial phase, the
UMTS Forum released its Report No. 5 [8].

Already in the early discussions about 3™ generation
mobile services, it was recognised that the considera-
tions for UMTS spectrum in the regions may differ
considerably. To enable the administrations a stepwise
and more flexible spectrum designation for UMTS, the
following concept was developed: Every country
needs start-up spectrum for 3G, the minimum
bandwidth per operator is 2 x 15 MHz paired and
5 MHz impaired. For full exploitation of the market
later on additional spectrum will be needed. The start-
up spectrum is called Core Band; the additional
spectrum is called Extension Band. This concept gives
guidance to the industry for harmonised development
of products and services.
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e . N T |
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Figure 11. IMT-2000/UMTS Frequency Spectrum After WRC-2000
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The Core Band is derived from the IMT 2000 Band.
As the UMTS is understood as an IMT 2000 service,
the UMTS Forum recommended, to start defining a
Core Band within the ITU, which will be available in
parts or in total in most parts of the world. The size of
the Core Band is for terrestrial use differing from
country to country for satellite use it remains more or
less the same.

The Core Band should be designated as a first
priority for full mobility applications only.

The Extension Band should be a harmonised band
throughout a region and - if possible - beyond. The size
in the 2500 MHz range is up to 190 MHz.

For the efficient use of spectrum, different
operation modes were standardised for UMTS based
on wideband CDMA (WCDMA): Time Division Duplex
(TDD) technologies and Frequency Division Duplex
(FDD) systems:

WCDMA is a direct sequence cdma scheme using a
single carrier with a bandwidth of 5 MHz. With this
radio scheme, users’ information bits are spread over
an artificially broadened bandwidth. This is done by
multiplying the information bits with a pseudorandom
bit stream, which is several times as fast. The bits in
the pseudorandom bit stream are referred to as chips,
the stream is known as spreading factor (typical values
are 4 — 16). On the receiving side are the correlation
receivers. They store exact copies of all the spreading
codes. The received data stream is multiplied with
these codes, and the information is selected with the
same codes used for transmission. The decoded user
signal gets increased by the spreading factor; it is
called processing gain. Low user bit rates get a lot of
processing gain with high spreading ratios, while high
user bit rates get less processing gain because of their
lower spreading ratios. The spreading and de-
spreading allows all the radio base stations in a
network to use the same frequency carrier (re-use 1).
Strict power control is required for the terminals, so
that signals from all terminals arrive at the base station
with the same strength.

6. Final Remarks

Although 3G progressed strongly in development and
standardisation, there are still many activities
necessary to get to the mobile Internet market. The
global scenario looks promising: in Japan, In Europe a
number of Trial Networks started already in the year
2001 and continued and to public service. The
technology and market learning curves are on their
way and improving every day. The pressure is high,
because many operators paid high license fees and
want a return of their capital expenditures. Thus, we
can be optimistic, that the future of Mobile Internet
will come enabling us to communicate ,Anywhere,
Anytime and instantly!”
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A Vision for an IP Future

ALISTAIR McBAIN®
Marconi plc, UK

The paper outlines a vision of the New Public Network that is based on a QoS enabled IP infrastructure. A pilot network provides the proof
that this vision is moving towards reality. Such a network will deliver tangible benefits to both end users and network operators.

1. The New Public Network

Today we enjoy a great variety of telecommunications
services, not just traditional voice calls, but also
television and other video applications as well as
access to the ubiquitous Internet. As each of these
services has been introduced it has often been
supported by a new dedicated network infrastructure,
leading to a set of networks being built with a number
of 'layers', one for each of the services that are
offered. Each service layer then contains a dedicated
user data plane, most services also require their own
control and management planes.

The benefit of this approach is that each of the
service dedicated networks can be optimised to
deliver the performance that each type of service
requires, but this comes at the cost of inefficiencies in
total bandwidth utilisation, maintenance, and overall
network operations. In particular, there are significant
costs involved in managing a proliferation of such
multiple networks.

This model is also constrained by the emergence of
ever more new services and applications, many of
which are impossible to predict. Ten years ago, for
example, few people would have anticipated the
phenomenal impact that the Internet has had on
telecommunications. As an alternative to adding ever
more network layers, there is clearly a desire to base
services on a common platform that is as future proof
as possible.

Technology advances are now making such
convergence possible, providing the capability to
consolidate these multiple overlay networks into a
single converged network that delivers multiple

services, including legacy services such as voice in
addition to new multimedia based services. Gateways
will then deployed to map the legacy services onto the
converged network. Another driver towards this
network consolidation is that the boundaries that
separate service specific networks are blurring.
Examples include telephony service which can now be
delivered over ATM or IP and video content that is
provided as an IP stream (Figure 1).

Many large, incumbent Network Operators are
already starting to migrate towards this type of
converged network, for example by combining Frame
Relay and ATM services over a common core. New
Network Operators are often now building a
converged network from the outset, thus providing
the flexibility and cost advantages that are key to their
competitive position against the incumbent operators.

These considerations lead to a network approach
that is becoming referred to as the 'New Public
Network' (NPN). The New Public Network can be
defined as a single converged network that will
support current and future services with 'Service
Provider' quality. The economies of scale and the
elimination of duplicate resources within the NPN will
drive down bandwidth costs, while the simplicity of
managing a converged network compared to multiple
discrete networks will dramatically reduce operations
costs.

Which user data plane protocol should be used for
the NPN? With the veritable explosion of the Internet,
there can now be no doubt that the Internet Protocol
(IP) has become well established within the data
communications world. In particular, IP delivered
across Ethernet now provides a ubiquitous user

The paper has been presented the ITU Telecom Africa Forum 2001
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interface. The influence of IP continues to spread, for
example, we are now starting to see the emergence
of voice services being carried over IP networks as
Voice over IP (VolIP). IP has therefore emerged as the
unifying protocol that will support the new generation
of multimedia services. Furthermore, the PCs that we
already use to access the Internet are fast evolving to
become a de facto multimedia terminal device. As a
result its therefore now generally accepted that the
data fabric of the NGN should be IP based. However,
there is a caveat to this conclusion, as will be discussed
in the following sections it will be necessary to
underpin the IP protocol with a connection orientated
layer, such as MPLS, in order to provide the Quality of
Service levels that the NGN services demand.

Current networks also contain multiple control
planes, for example narrowband call control coupled
with the ITU Signalling System No. 7 is dedicated to
controlling voice and other 64kbit/s circuit switched
calls. The converged control plane of the New Public
Network, on the other hand, will feature full support
for multimedia services and will require the use of IP
based signalling protocols such as H.323 and the
Session Initiation Protocol (SIP).

If we are to have an IP based network core for the
NPN, then there is merit in using the well established
Ethernet interface to provide user access. Some
extensions will be required to the basic Ethernet
standard, for example Quality of Service (QoS)
parameters will need to be supported. Another addition
that is required will be the inclusion of a power feed
across the interface, to allow the network to line power
|P telephones that provide lifeline telephony.

This leads to a vision for the NPN where all services,
including telephony, are hosted on an IP based
converged network which is accessed via a standard
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Ethernet interface. In many ways, this will be the
realisation of the 'ISDN dream' where networks offer
a single user interface which can be used to access all
services types which are carried by a common net-
work.

There are, however, a number of technical issues
that will need to be addressed in order to turn this
vision into reality. For example, it will be important to
ensure that the necessary Quality of Service
requirements are met within an IP based multiservice
environment. The need to add QoS to IP has lead to
the development of Multi Protocol Label Switching
(MPLS) which is discussed later. MPLS provides one
way to successfully address these concerns by adding
traffic engineering to the IP routing protocols.

This remainder of this paper outlines some of these
technical challenges that are to be faced in realising
this vision of an IP based NPN. An early implemen-
tation of such a network (in Dubai) is described along
with an overview of the resulting benefits that can be
gained by both end users and network providers.

2. Public Network Performance

It is very important that the approach that is adopted
for an IP based 'network of the future' is of 'carrier
class' and is able to support public network services.
While there are many 'enterprise class' multimedia
based solutions available today they generally do not
scale to provide the throughput or provide the
availability and other features that are required for a
revenue earning public network.

The support of public network performance places a
number of requirements on a network, the main ones
being highlighted below.
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* |P based with QoS. As stated above, while the new
network will be IP based, this must be IP with QoS
guarantees. This important requirement is considered
further below.

e Support for a new range of applications. There are
already many different services which are offered
by today's networks. This number will continue to
grow as new services are introduced. Many of
these new services are likely to be multimedia in
nature. While it is obviously impossible to predict
the characteristics of new services, which are
sometimes referred to as 'As Yet Unknown
Services' (AYUS), their support is nonetheless a
requirement for the new network!

e High availability. In order to carry 'lifeline telephony’
the network will need to achieve at least 99.999%
(five nines) availability. This requires that there are
no single points of failure within the network. In
order to achieve this the equipment deployed
should support features such as hot swappable
hardware and on-line software upgrades.

e Scaleable. The design of the network must be
economic at both small and large configurations as
well as supporting in-service growth. High traffic
levels should be handled without degrading service

e Based on global standards. It is obviously desirable
to have a standards based approach to the NPN.
While recognising that the ITU, through its series of
Recommendations, defines the current telecommu-
nications infrastructure it is important to also
acknowledge the role of other bodies such as the
Internet Engineering Task Force (IETF) in shaping
the Internet together with the applications which
run over |P based networks.

3. Ensuring Quality of Service

One key requirement for the New Public Network is
the ability to support voice and other real time services
with an acceptable quality. The exact definition of what
is 'acceptable’ may be an issue for debate, but it is
generally agreed that performance levels should
remain at least similar to those of traditional voice
networks. It should be possible to define 'Service
Level Agreements' (SLAs), which will form a contract
between a Network Operator and the end user,
guaranteeing a certain QoS level.

This leads to the concept of Quality of Service
(QoS). QoS can be considered to be a collection of
parameters that characterise a connection as being fit
for use. From an end user point of view the principal
factors which affect the perceived QoS include:

e Delay

The delay across a network is obviously a critical

issue for real time services such as voice. It is true

that transporting voice over any packet network will
introduce a packetisation delay into the connection.

However, there is a degree of phobia here which
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dates back to the times when echo cancellation was
expensive to implement. When it is considered that
the delays within GSM networks require the use of
echo control on every connection it can be
appreciated that this is no longer either a significant
cost or a source of user concern. In reality, studies
show that, with echo cancellation, a round trip delay
in the order of 300 ms can be tolerated.
e Delay variation or jitter
Delay variation is a concern both for voice and other
real time services as well as for 'near real time'
services such as video on demand, where the
absolute delay is not important, but play back
buffers could empty if the delay variation exceeds
certain limits.
e FError rate (packet loss)

Packet loss affects many services, and it is of
particular concern for video services. The coding
techniques deployed mean that individual packet
loss effects may last for many video frames over
several seconds. For example, a packet loss rate as
low as 3% may translate into a video frame error
rate of 30%.

Unfortunately, the standard IP protocol as deployed
in the Internet has a very poor reputation with regard
to the provision of QoS. It was originally designed to
support military and research applications, but is now
being deployed on a scale that was never envisaged.
It was also only intended to support 'best efforts'
traffic and provides no QoS capability. The perfor-
mance of the public Internet only serves to reinforce
this view. As a result it is not possible to guarantee the
delivery of real time services such as voice over a
conventional IP network in the presence of other data
traffic. 'Add-ons' to the basic IP protocol such as
IntServ (based on the Resource Reservation Protocol,
RSVP) and DiffServ (which makes use of the Type Of
Service (TOS) field within the IP header) have only
gone some way to addressing this problem. However,
the 'Big Internet' still operates, in the main, with no
QoS and so cannot be used to carry NGN services.

The Asynchronous Transfer Mode (ATM), on the
other hand, does provide the hard bandwidth guaran-
tees that many services require, as well as other traffic
management and traffic engineering capabilities that
help connectionless IP networks scale. As a result,
many parts of the 'Big Internet' now run over ATM
backbones which allows Network Operators to provide
control over how the bandwidth is used and provide
mixed services over the links that it uses.

In recent years there have been a number of
initiatives which seek to more closely couple the
benefits of IP with the connection orientated capabi-
lities of ATM in order to provide a QoS enabled IP
backbones with improved packet forwarding
performance. The proprietary nature of most of these
initiatives have not led to their wide adoption, but this
situation changed in the spring of 1997 when the IETF
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started work on Multi Protocol Label Switching
(MPLS), developing an open set of IP based protocols.
The essence of MPLS is the generation of a short
fixed-length ‘label’ that acts as a shorthand repre-
sentation of an IP packet's header. MPLS enabled
switch/routers within an MPLS network then perform
table lookups based on these simple labels to
determine where data should be forwarded.
The label summarises essential information about
routing an IP packet, for example:
¢ Next destination
Precedence
Virtual Private Network membership
Quality of Service (QoS) information, i.e. from RSVP
The route for the packet, as chosen by the Traffic
Engineering (TE) algorithms that run within the
network.

The emergence of MPLS has given rise to the
concept of a 'switch router', a term which acknow-
ledges that such devices provide packet routing based
on a connection orientated switch fabric. There are
two broad categories of MPLS switch router. At the
edge of the network, we require high performance
packet classifiers that can apply (and remove) the
MPLS labels, these are referred to as MPLS edge label
switch routers, or more simply as Label Edge Routers
(LERs). Complete analysis of the Layer 3 header is
performed only once at the LER. The LER then applies
a fixed length MPLS label to the IP packet that is
determined by the Layer 3 headers.

Inside a MPLS network core high bandwidth Label
Switch Routers (LSRs) are deployed to process the
labelled packets At each LSR within the network, only
the label from the incoming packet needs to be
examined in order to send the packet on its way
across the network. Forwarding decisions are made
simply by a single table lookup from the fixed-length
label. The relative simple functionality of an LSR allows
it to process packets quickly, ensuring a high
throughput within the network core. At the other end
of the network, a LER swaps the label out for the
appropriate Layer 3 header data linked to that label.

Label switching thus integrates switching and
routing functions, combining the reachability infor-
mation provided by the router function, plus the traffic
engineering benefits achieved by the optimising
capabilities of switches. This illustrates another of the
key concepts in MPLS. Conventional IP routers are
based on the exchange of network reachability
information. They contain routing tables which are
looked up using the IP header from a packet to decide
how to forward that packet. These tables are built by
IP routing protocols (e.g. OSPF or BGP-4) which carry
IP reachability information in the form of IP addresses.
In practice, forwarding (IP header lookup) and control
planes (generation of the routing tables) are tightly
coupled. The route to the final destination is chosen at
each router and may change dynamically.
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Since MPLS forwarding is based on labels it is
possible to cleanly separate the (label based)
forwarding plane from the routing protocol control
plane. By separating the two, each can be modified
independently. With such a separation, there is no
longer a need to change the forwarding mechanisms,
for example, to introduce a new routing strategy into
the network.

The MPLS protocol is applicable to networks using
any Layer 2 switching protocol, but it has particular
advantages when operated over ATM networks.
MPLS can integrate IP routing with ATM switching in
order to offer scalable IP-over-ATM networks.

MPLS certainly has a lot of promise, and will be one
of the key enabling technologies for the New Public
Network, but ATM will still be used for the next several
years to provide hard bandwidth guarantees. However,
it is important to remember that IP is not MPLS, rather
MPLS allows connection oriented capabilities to be
added to IP.

While MPLS will provide a solution to the provision
of QoS within the network core, there remains the
problem of transporting QoS enabled traffic within the
access component of the network. As discussed
elsewhere, the ubiquitous Ethernet interface may be
regarded as the user interface for the NPN. Here too,
recent developments have seen the addition of QoS
support with the extension of Ethernet to include the
traffic priority mechanism that is embodied within the
|IEEE 802.1D (formally the 802.1p) standard

4. The IP Vision

Based on the above discussion it is possible to define
a vision of the future IP based New Public Network.
Such a network will exhibit a number of attributes,
which are summarised below.

Single multi service network. The New Public
Network will be based on a single infrastructure that
will support all services, including voice, video and
data. The network should also support the next
generation of multimedia services that will become
increasingly important in the future.

QoS enabled. As stated above QoS is essential in
order to provide support for real time services such as
voice over an IP network. MPLS has emerged as the
best contender to provide QoS within the network core.

Common wuser interface. All services must be
accessible via a standard user-network interface. This
will require that telephones, Set Top Boxes and PCs all
support a standard IP based interface. The obvious
candidate is T00BASE-T 100 Mbit/s Ethernet accessed
via a RJ45 connector.

Cost effective. Lastly, the solution will need to be
prove to be economic compared to the alternative of a
number of service dedicated networks. Besides the
initial costs it is necessary to consider the total cost of
ownership of the solution. The potential for a NPN to
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support new services as they are developed will
provide further cost savings.

It could be argued that equipment costs, in
particular for the Customer Premise Equipment (CPE),
will be significant for an all IP solution. For example, an
Ethernet based IP telephone is likely to cost more than
a simple analogue instrument. While this may be true
in the short term, it is expected that the economics of
scale will largely remove this issue since the additional
complexity lies largely in silicon components. It is
anticipated that any residual cost penalties will be
more than balanced by the savings to be achieved
from an integrated network. Furthermore, the use of
IP telephones opens up possibilities of delivering
different services such as videophone, e-mail pick up,
web browsing etc from a phone connection and also in
delivering phone service in turn to other devices such
as PCs and PDAs.

5. The Vision in Reality - Dubai Marina

Given the investments that exist in the current
generation of networks, it will obviously be some time
before this goal of a ubiquitous IP based network that
is described above becomes commonplace. However,
we are already starting to witness some steps in this
direction with the establishment of some new 'green
field" networks that are being built around the
principles that are outlined within this paper.

One example of such a network is now under
construction at Dubai Marina. Dubai Marina is currently
being built on the shores of the Arabian Gulf as a 'city of
the future'. It will include homes for some 160,000
people in a range of luxury villas and apartment buildings
along with commercial, educational and healthcare
facilities. Marconi has been tasked with ensuring that a
state of the art communications infrastructure is
incorporated into the new city from the outset.

Dubai Marina will be a city that employs sophisti-
cated technology to manage and control the environ-
ment and the services that its people will enjoy. Dubai
Marina will be a complete city, which will offer virtually
all services and activities electronically, built around the
principles of e-commerce, e-leisure, e-healthcare,
e-business, e-government and e-education. It will be
an intelligent city.

The plans for this new development envisage the
creation of a powerful economy that is fuelled by
technology. Technology will be used in order to
reinforce and nurture a sense of community. The
lifestyle that this enables will attract entrepreneurs and
innovators from the world of business, commerce,
finance, technology, science, education, healthcare,
tourism and the arts. They will be the people who
know how to use technology and information to build a
vibrant and progressive society.

Security will be a key benefit of the communications
network: technology will evolve to include advanced
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personal identification, voice recognition and surveillance
technologies, people will be secure in the knowledge
that their home, business, individual and family
security needs are looked after. A fully integrated
network also means the city will have information at
its fingertips to respond quickly to events, co-
ordinating emergency services, such as fire, ambu-
lance and police services.

In Dubai Marina, business will be able to take
advantage of the electronic marketplace, bringing
customers and suppliers together in smart databases
and virtual environments, with ID verification,
encryption and online translation. Requirements such
as billing, taxation and electronic funds transfer will be
made easier, as will be automatic production of
accounts and auditing. Electronic currency will be
used for purchases, including those made at both 'real’
and 'virtual' shops as well as airline reservations and
sports facilities.

The services that will be supported include
telephony, high-speed Internet access, Video-on-
Demand, real-time television from around the world,
and video-telephony. Applications will include an
extensive library of VoD programmes, video-telephony
between properties, portals to home shopping,
concierge, information and security systems.

In keeping with the vision of a city of the future, the
entire telecommunications infrastructure for this new
development will be IP based, delivering voice,
television and Internet over a common 100 Mbit/s
Ethernet interface fed directly into each home or
business location. IP telephones, Set Top Boxes and
PCs will directly connect into a switched Ethernet
network that is provided within each house and office.
QoS enabled switch routers will be deployed within
the network to form a highly resilient core which
connect in turn to the different content servers and to
gateways which link into legacy networks.

Dubai network architecture

At a high level the Dubai Marina architecture consists
of three components, CPE, core network and content
servers and gateways (Figure 2).

Customer Premise Equipment (CPE)

In line with the NPN vision, the access network within
customer premises (i.e. residential homes and
businesses) is based on Ethernet. A fibre based 100
Mbit/s Ethernet link is used to connect each customer
premise to the network. This access fibre is
terminated at the core of the CPE network on a small
Ethernet switch that is located within each individual
home or business office. 100 Mbit/s Ethernet
connections then lead from the switch to RJ45
sockets that are located throughout the house or
office which provide the end user interface. QoS is
maintained within the CPE network by the support of
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four service levels within the switch. The Ethernet
switch has some additional features to those that are
found on traditional enterprise devices. It incorporates
a standby battery and- the user ports provide line
powering to allow lifeline telephony functions to be
provided using an IP telephone independently from
any local power. Environmental issues are also
addressed, for example the Ethernet switch must be
able to operate within the temperature range that is
experienced in Dubai.

A range of Ethernet based terminal equipment can
be used. Most PCs can be directly connected using
internal Ethernet interfaces, while several vendors
now supply Ethernet based IP telephones. Ethernet
equipped Set Top Boxes are also available to provide
broadcast TV and Video on Demand services.

Core Network

The network core is initially being built around a QoS
enabled IP network which routes traffic to and from
servers and gateways. Four QoS types are used to
support different services. As the core network grows,
it can evolve to become MPLS based. Load balancing is
used to share traffic between all the available servers.
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Security is a major concern with an IP based
network. In order to protect the data and the servers
from unauthorised access several layers of firewalls
are deployed. These include stateful filtering and
intrusion detection firewalls along with packet filters in
the load balancers. Denial of Service attacks are
intercepted by the load balancing switches, thus
adding additional protection to the network. A further
firewall located within the Management Network
secures the access to internal and future management
systems (e.g. billing, etc).

VoIP telephony is supported by a series of call
servers within the network core. These servers support
H.323 and Media Gateway Control Protocol (MGCP)
signalling, they provide standard call control facilities
together with a range of advanced features such as call
forwarding. Integrated PC support enables additional
features including unified messaging. Gateways from
the core network are provided to the PSTN to support
voice interworking via standard TDM interfaces.

Broadcast television channels are routed through an
[P gateway which packetises the content. IP
multicasting is deployed to allow multiple customers
to receive broadcast channels as required. Arrays of
dedicated servers provide Video on Demand content.
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A Vision for an IP Future

Standard Internet based services are supported by
the infrastructure including:
e E-mail - SMTP, IMAP, POP and Webmail with virus
filtering of incoming e-mails.
e \Web browsing — with web caching.
e \Web serving.
¢ Virtual Private Networks (VPNs).

6. Conclusion

This paper has outlined a vision of the New Public
Network that is based on a QoS enabled IP infrastruc-
ture. The Dubai Marina network provides the proof
that this vision is moving towards reality. Such a
network will deliver tangible benefits to both End
Users and Network Operators. The key advantages of
this approach can be summarised as follows.

End User benefits

Multimedia service support. True multimedia appli-
cations such as video conferencing are easily suppor-
ted alongside legacy services, together with the ability
to have mixed media calls. For example, a call may
start as a conventional voice connection and then
convert 'mid call' into a voice/video call.

Common user interface. The provision of all
services via a single standard interface type provides
great flexibility in terminal deployment. Telephones,
set top boxes or PCs can be connected to any
available Ethernet socket located within the home or
office.
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High speed access. The provision of 100 Mbit/s into
every home and office provides support for true
broadband services. If there are no priority services
(e.g. telephony) being used at a given time then all of
the bandwidth is potentially available for data
applications such as file down loads. Home based
workers will experience the same data performance
as enjoyed by their office based colleagues.

Single point of contact for all services. Having a 'one-
stop-shop' for all his communications requirements will
make it easy for an end user to add or drop services, as
well as providing a single bill.

Network Provider benefits

Removal of uncertainty. The deployment of a common
network greatly reduces the need to forecast
individual service growth in an uncertain world. The
need to plan ahead in order to ensure adequate
network infrastructure for each specific service has
been eliminated.

Reduced costs. There are many savings that can be
made, both in capital expenditure and in operational
costs, following the deployment of a shared network
infrastructure. These include savings in switching and
transport costs, as well as in operational costs in areas
such as training and spares holding.

New service support. New services, which rep-
resent new sources of revenue, can be readily
deployed on the existing network infrastructure.
Besides reducing time to market, this allows a Network
Operator to offer a differentiated service within a
competitive market.
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Design and Implementation of Traffic
Management Functionality for RSVP*
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Given today's need for transmitting multimedia data over the Internet, large efforts have been made to define and deploy various prioritized
service extensions (QoS: Quality of Service) for the well-known Internet Protocol suite, retaining the existing functionality. One way to
accomplish this daunting task is the so-called Integrated Services (IntServ) architecture.

IntServ implies, that some signaling protocols are invoked to establish, manage and tear down resource allocations along the data forwarding
path according to the session’s QoS requirements. Such a signaling protocol needs uniform access to the platform dependent lower level
QoS forwarding architecture. This calls for a generic Traffic Management (TM) functionality to support QoS over heterogeneous media.

This paper describes the design and implementation of a Linux based TM module and presents a series of measurements to demonstrate

the QoS that can be delivered to privileged sessions even in a congested network scenario.

1. Introduction

The Internet Community realized that the traditional,
well-known Internet Protocol (IP) infrastructure is no
longer capable of providing sufficient services
considering the emerging need for multimedia
communication. IP has proven to be very effective as
long as no privileged service classes are assumed, but
it is completely inadequate for the introduction of QoS.
Since IP is, by nature, connectionless, it is really
difficult to bind network resources permanently to a
particular QoS session. One way to overcome this
problem is to establish a connection-oriented infra-
structure over the connectionless, best-effort [P
architecture. Currently, huge research efforts are taken
to fulfill this requirement.

The term “QoS IP network” refers herein to a
network, that supports both best effort packets and
packets with QoS guarantees. The way in which
network resources are split between the two classes
is irrelevant, except of the assumption that each QoS
capable router in the network is able to (1) dedicate
some of its resources to satisfy the requirements of
QoS packets, and (2) may identify resources that
remain available to new QoS flows (e.g.: for admission
control purposes).

One vision of the QoS Internet is the "Integrated
Services Internet" (IntServ) model: unique QoS flows
are handled separately. This implies gaining fine
control over QoS guarantees to be delivered for

individual IP flows [1]. Nevertheless, it is clear, that the
cost of sophisticated resource allocations is the
increased amount of state information at routers,
which is unfortunately against scalability.

In order to establish signaling connection before
data communication takes place, a higher level
signaling layer is introduced. The basic component
of the signaling architecture is a resource
reservation mechanism that creates the data path
for a flow and allocates the required resources at
routers along the path. Resource reservation
involves the definition of the so-called session and
facilitates the offering of network resources to
packets associated with particular sessions. During
communication setup applications that are running
at Internet hosts notify the network on the
characteristics of their traffic instances, and the
network attempts to bind the required amount of
resources to the sessions.

Nowadays prevailing reservation setup protocol is
RSVP (Resource reSerVation Protocol, [2]). RSVP
establishes simplex communication channels in two
basic steps. First, the sender emits a reservation setup
(PATH) message specifying its traffic characteristics
and the receiver's address. Selecting an optimal path
for the PATH message is of crucial importance as this
is the way a data forwarding path is assigned for the
session’s traffic. If a receiver decides to accept the
connection, resources are allocated backwardly along
the forward path.
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Obviously, RSVP needs to communicate with the
low level QoS forwarding architecture (e.g.: buffer and
packet filter management, packet schedulers, etc.) in
order to manipulate resources of the underlying
network device.

The IntServ model implies that data forwarding
paths for individual IP flows can be selected one at a
time. This facilitates both the unique treatment of QoS
flows from the routing perspective, and - from the
traffic engineering standpoint - the introduction of
some sophisticated policies to control network load
with rather fine granularity [3]. Therefore, it seems
plausible to invoke a special IntServ routing protocol,
that can compute routes for IP flows one at a time
combining the flow’s individual resource requirements
and the actual network load state.

A good example of how to extend a conventional
intra-domain, link-state, best effort routing protocol
with QoS capabilities is the QoSPF routing protocol
(QoS extensions to Open Shortest Path First, [4]).
Based on the link state information and the actual
resource availability in the network, QoSPF computes
widest-shortest candidate paths and maintains a QoS
routing table (separated from the best effort one). By
receiving a new RSVP PATH message routers query
the QoS routing module by passing the destination
address and the desired QoS of the flow in question.
QoS routing picks a route from a pre-computed or on-
demand calculated routing table that it deems to be an
optimal one according to the session's traffic
characteristics and the actual network load.

Several research results [5] have pointed out the
potential of QoS routing for improving network
utilization and the service level provided to requests
with QoS guarantees. The improvement in the service
received by users is the increased likelihood of finding
a path that meets the requested QoS parameters.

Conversely, the improvement to the network
operator is the increased resource efficiency in terms
of the number of accommodated QoS flows or simply
the higher throughput/goodput. Although the extra-
complexity of QoS sensitive routing must not be
neglected, a number of previous works presented
evidence that the increased protocol and computa-
tional overhead of QoS routing is rather tolerable even
in large networks.

RSVP and QoSPF often need to consult the low
level forwarding architecture. The low level forwarding
architecture is in charge of maintaining the traffic
buffers, packet filters and forwarding tables.
Henceforward we shall refer to this functionality as the
QoS forwarding engine and we shall assume, that it is
implemented at the operating system'’s kernel level,
therefore it is supposed to be platform dependent. We
think, that a separate Traffic Management (TM)
functionality is desirable that interfaces between the
QoS forwarding engine and the signaling layer and
facilitates for RSVP and QoS routing to access the
platform dependent QoS forwarding engine through a
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well defined uniform interface (APl: Application
Programming Interface). Nevertheless, currently there
is no appropriate standard to define this API.

The rest of this paper is structured as follows. In
Section 2 we identify the main purposes and attributes
of the TM functionality and locate it in the IntServ
signaling architecture. In Section 3 we describe a
specific design and implementation of the TM module
for the Linux operating system according to Section 2.
Finally we present some measurement results in
Section 4 and conclude our work in Section 5.

2. Traffic Management in the IntServ
Signaling Architecture

The introduction and deployment of QoS over the
Internet architecture is a somewhat complicated
challenge. QoS support in IP implies overall QoS
support in each network layer in the protocol stack.
Sophisticated  scheduling algorithms should be
implemented at the data link level to deliver effective
QoS for prioritized flows. At the IP layer, appropriate
distinction has to be made between QoS and non-QoS
packets. At higher levels, signaling protocols are needed
to signal QoS among applications. Furthermore, we
need real-time transport protocols to reliably carry
privileged traffic.

Originally, IP was invented to co-operate with any
optional lower layer mechanism, in case the link layer
provides a well-defined set of functions. This means
that IP can operate over various types of link layer
infrastructure, which may (or may not) implement QoS
support in different ways. Nevertheless, resource
reservation depends on a common access interface to
the QoS forwarding engine, therefore RSVP defines a
set of routines (an API) for interfacing to a “kernel”
traffic control mechanism. This is called LLDAL (link-
layer-dependent adaptation layer). It supports QoS
over passive media such as leased lines or nowadays
shared LAN media. When RSVP establishes resource
reservation it has to instruct the QoS forwarding
engine to (1) allocate the necessary data buffers, (2)
add appropriate packet filters and (3) install the QoS
route in the forwarding database in order to assure
route pinning. Upon local resource availability changes
QoS routing needs to be informed to facilitate the
synchronization of routing knowledge among routers.
This calls for the maintenance of per interface
resource availability information.

The module implementing LLDAL functionality is
herein referred to as the so-called Traffic Management
(TM) module. Obviously, the actual implementation of
the QoS forwarding engine may differ depending on the
underlying device, which may be a commercial router
architecture, or an operating system in our case. The TM
resides between the signaling layer and the kernel and
can be thought of as being a uniform interface to the low
level QoS forwarding mechanisms (see Figure 1).
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Figure 1.  The IntServ signaling architecture

3. Linux Traffic Management

Linux is an open source operating system that comes
equipped with full-scale and flexible kernel level traffic
control functionality. The Linux traffic control infra-
structure consists of a kernel level forwarding mecha-
nism, which takes place in the IP protocol stack, and
user level agents that communicate with the kernel via
dedicated NETLINK sockets [7]. Also, there are
sophisticated open source applications to manage the
QoS forwarding engine [9].

Kernel Space TM modul

The kernel level QoS forwarding engine consists of a
Classifier and a Scheduler module. The Classifier
fiters an incoming packet and directs it to the
appropriate Scheduler module, which actually inserts it
into the outgoing packet stream according to its
privileges.

The Classifier examines packet attributes, such as
source/destination IP address and port numbers in
order to associate a data packet with a QoS flow. If a
packet does not belong to any local reservation, it
receives the convenient best effort service level. In
contrary, if the packet matches any QoS filters, it
enters the QoS forwarding engine. The next hop
address and the outgoing interface is set to perform
route pinning, i.e., to force the packet to the path
determined by QoS routing for the corresponding
reservation (note, that this QoS route may differ from
the best effort paths stored in the kernel routing table).
Next hop assignment is performed by using separate
Linux routing tables and routing rules.

Packet schedulers maintain the packet queues and
schedule packets according to the flow's QoS
parameters and the link sharing principles.

Note, that the official Linux kernel release does not
implement all the above functionality to perform QoS
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packet forwarding, and we needed to add some extra
features to perform efficient route pinning.

User Space Traffic Management Module

The user level tool that handles the kernel level
forwarding engine is the so-called Traffic Management
entity.

TM serves various purposes. The main goal of TM is
interpreting requests generated at the signaling level
and transforming them into a format that is specific to
the QoS forwarding engine. The TM'’s other respon-
sibility is to provide local resource availability infor-
mation for the QoS routing module. TM also maintains
a repository of existing local reservations.

The TM module has three interfaces, one to RSVP,
one to the QoS Routing module and a third one to the
kernel. All interfaces are implemented using local
datagram sockets that utilize the same support layer.
This layer performs a simple encapsulation on the data
that go through the interface.

The TM — RSVP interface facilitates bi-directional
synchronous communication. We used the RSVP code
from ISI [8] that already includes interfaces to a
hypothetical kernel resident module that performs
traffic management. This module implements the
functions for adding and deleting reservations and
managing filters. This implementation is replated with
calls to the interface to the TM process thus
placement of the traffic management functionality is
transparent to the rest of the RSVP code. After a
request is sent to TM encapsulated in uniform data
objects, the interface waits for a response for a
reconfigured amount of time and return with an
appropriate error if no response is received within the
timeout period.

This interface contains the following entry points
that through RSVP calls access the local traffic control:

e TC_Advertise(): to update the RSVP ADSPEC object
carried by PATH messages to reflect local resource
availability,

e TC_AddFlowspec!(),

TC_DelFlowspec),
TC_ModFlowspec(): to add, delete and modify
reservations, respectively,

e TC_AddFilter(), TC_DelFilter(): to manipulate packet
filters.

The last two API calls are also responsible for
setting the appropriate next hop IP address for the
given flow.

The TM side of the interface carries RSVP's
requests into effect and, in addition, updates the per-
interface information it maintains with the current
levels of reservation.

The interface between TM and QoS routing is
asynchronous and uni-directional since TM only needs
to notify QoS routing of changes in availabile resource
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at local interfaces. Upon the asynchronous notification
is caught by the QoS routing module it makes a
decision according to a local update triggering policy
whether to send an update to other QoS capable
routers.

The third interface is a platform dependent access
layer to the QoS forwarding engine implemented by a
datagram based NETLINK socket. TM interprets the
messages received from RSVP, performs parameter
mapping and sends the appropriate messages down
to the kernel. The kernel reports the results of the
operation and TM forwards this information to RSVP.

A good example of the TM in action is resource de-
allocation. Upon RSVP receives a RESV-TEAR that
refers to a previously established reservation it calls
the TC_DelFlowspec() function to free resources. The
arguments of the function (interface index, reservation
handler) are encapsulated and sent to TM. TM looks
up the local reservation registry and commands the
kernel to free resources associated with the
reservation identifier and informs RSVP on the results.
As the amount of available bandwidth has just
changed at a local interface, the TM sends a
notification to the QoS routing module. QoS routing
then makes a decision, whether to generate a new
Link State Advertisement to inform adjacent routers
on the change of resource availability. This call also
involves the TC_DelFilter() function call to delete the
session’s filters and next hop settings.

4. Measurements

Our measurements aim to facilitate the comparison of
the services a QoS flow can obtain in a small network
topology.

In our first measurement scenario we investigated
the behavior of flows requiring QoS in a congested
best-effort network. This scenario is believed to
represent the “ancient” Internet, where no prioritized
treatment could be offered for real time traffic. In the
second scenario signaling functionality is present
(RSVP). In this case, RSVP invokes a Shortest Path
Routing protocol (actually OSPF), thus every flow use
the shortest path. Here, only the first reservation can
be successfully accommodated in the system by
utilizing the majority of the available capacity, and the
remaining two flows used the remaining resources. In
the third scenario we used RSVP and QoSPF to
demonstrate the efficiency of a special QoS Routing
protocol that can select an alternative path in the
network (even a longer one), if it has enough free
capacity to admit a flow.

We chose a network topology depicted in Figure 2.
We injected three QoS traffic instances:

e 6Mbit/s CBR traffic in 0-40s time interval

e 7Mbit/s CBR traffic in 5-45s time interval
e 8Mbit/s CBR traffic, 10-50s
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Bandwidth at network links is set in a way assuring
the admission of one, and only one traffic instance to
the three feasible paths. Traffic travels from the
Terminal1 to Terminal2.

Shortest path

Router 4

Figure 2. Network topology

Every machine in this scenario is fast enough to handle
the 21Mbit/s overall load. They are PC-s with Intel
400MHz Celeron processors, network links are
10Mbit/s Ethernet LANs.

Scenario 1: Best-effort Service

In the first scenario we tried to forward each traffic
instance over the best-effort infrastructure without
differentiating among sessions. The best-effort routing
protocol picked the same shortest path for all the
traffic regardless of their nature. Figure 3, and 4 depict
the throughput and the delay for every flow
experienced at Terminal2.

Please note, that delay diagrams are only
informational, and only their relative position should be
considered, due to the limited precision of the
Network Time Protocol (NTP) that was used to
synchronize clocks at traffic endpoints.

One may realize that neither flow received the
desired QoS service permanently, because of the
heavy congestion on the link between Router? and
Router2. Each traffic instance experienced about 0.07
sec mean delay, (0.068s, 0.077s, 0.071s, respectively).
The first flow suffered about 37% USP packet loss
while the second about 54%, and third about 51%.
These measurements underline the experience that
the service level provided by best effort service class
may degrade seriously in case of congestion. This
service level degradation is not tolerable when
considering real time multimedia communication.

Scenario 2: RSVP invoking SPF Routing
In this scenario only one flow succeeds to obtain QoS

reservation, the one that is started in second. RSVP's
admission control to avoid congestion on the critical
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shortest path from Router1 to Router4 rejects the third
flow. Figure 5 and 6 show the measurement results.

Data2, the traffic instance that invokes RSVP to
obtain QoS enters in the 5" second of the
measurement. It immediately receives its allocated
bandwidth share, and makes best effort Data? to fall
back to about 2 Mbps. Even this service level is further
lowered by the third traffic instance entering at the
10t second.

The flow, which received QoS (Data2) suffers 0.37%
USP packet loss, while the best effort flows see 70%
and 73% losses respectively. The mean delay of Data2
is 0.02 sec, best effort packets are delayed by approx.
0.25 sec, because these packets can only be served
after QoS packets were inserted on the wire.

Figure 8. Delay [s] diagram in the RSVP — QoS routing configuration

Conclusions are that RSVP can guarantee QoS
service for flows that require it and get admitted,
however, without appropriate routing support, it may
be rather ineffective.

Scenario 3: RSVP co-operating with QoSPF

In this scenario all reservation requests obtain the
desired QoS. QoSPF routes each flow along a
separate path owing to the sophisticated routing
decisions made. The second and third flows utilize the
alternative longer paths (via Router2 and Router3) that
have enough free capacity to accommodate them.

25

LVI. VOLUME 2001/12



HIRADASTECHNIKA

The diagrams show that each flow was served in a
manner as to minimize packet loss (under 0.1% in
each case) and assure bandwidth requirements.

Delay is maintained at the minimum level (under
0.01 sec each), which is about the lower limit of NTP's
precision in our network.

These results show that applying both RSVP and
QoSPF in the same time may improve the service level
obtained by QoS sessions considerably, and the Traffic
Management functionality, described in this paper
works seamlessly even in heavily congested network
scenarios.

5 Conclusions

This paper aimed to identify the most important
building blocks of the Integrated Services architecture
and describe the role that these components play in
delivering prioritized services for QoS sessions over
the IP infrastructure. Also we pointed out the need for
a Traffic Management component that provides
uniform access to low level QoS mechanisms for the
signaling layer protocols. We described a Linux based
TM module that we implemented from scratch. Finally
we presented measurements to demonstrate the
benefits of the IntServ model that are relevant for
future users and network operators.
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vThis paper proposes a management component framework to support the rapid and flexible construction of an e-Commerce management

infrastructure. This management solution is based on a holistic management approach supporting seamless integration of network and

application management services (i.e. vertical), as well as integrating management across distinct functional areas (i.e. horizontal). e.g. IP

virtual private network provisioning, QoS and accounting/billing functional areas. The target audience of this Framework is broad, covering

service providers, management system integrators, and independent software vendors and standardising bodies. This Framework is being

evaluated through a focus on the management of business-to-business services over QoS enabled IP networks.

Introduction

The management of telecommunications services and
networks has undergone a major paradigm shift over
the last number of years. The liberalisation of the
telecommunications marketplace has increased the
level of competition at all levers of the service value
chain; from network connectivity services through to
the delivery of more advanced multimedia services.

The second major challenge has been the growth in
importance of IP based services and associated
emergence of e-commerce/e-business services. The
collective global e-Commerce activity is estimated to
exceed $6 trillion dollars in 2004. With the increased
fragmentation of the telecommunications marketplace
resulting in multiple service providers and connectivity
providers the emphasis has shifted to an emphasis of
managing network and services QoS in line with
customer service expectations. However, a key
element in successful delivery of customer services is
the improved integration and management of the
service value chains (i.e. management of business-2-
customer (B2C) and business-2-business (B2B)
chains). Current e-Business managed solutions, where
available, tend to concentrate on only single aspects of
the e-Business integration e.g. outsourced accounting
management or virtual private network (VPN) services.
Such e-Business services would support integrated
management solutions (e.g. QoS, accounting, service
level agreement, negotiation and management, virtual
private network mgt etc), across the B2C and B2B
value chain.

This paper proposes a management component
framework to support the rapid and flexible construction
of an e-Commerce management infrastructure. This
management solution is based on a holistic
management approach supporting seamless integration

of network and application management services (i.e.
vertical), as well as integrating management across
distinct functional areas (i.e. horizontal). e.g. IP virtual
private network provisioning, QoS and accounting/billing
functional areas.

The target audience of this Framework is broad,
covering service providers, management system
integrators, and independent software vendors and
standardising bodies. This Framework is being evaluated
through a focus on the management of business-to-
business services over QoS enabled IP networks.

Open Development framework

Overall, the FORM project is focussed on addressing the
interdependencies between the System Development
value chain and the Service Provision value chain. A key
goal is to develop an architectural framework which can
enable each player to develop management systems
according to their own service management needs but
in a way that is of common benefit.

The System Development chain must address the
challenges of integrating separately sourced software
to satisfy rapidly changing management system
requirements. The software industry is moving
towards the (re)use of component-oriented off-the-
shelf software and model-driven approaches the
software lifecycle. Applying this to the market for
communication management software requires new
architectural and modelling principles to be shared
between Standards Bodies, Independent Software
Vendors, System Integrators and System Customers
(i.e. the Service Providers). In an open service market
the Service Provision chain must support the need for
different services provider to collaborate through
seamless service management in a rapidly changing
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Figure 1.

technological and service market environment.
Enterprises require the ability to dynamically create,
reconfigure and dissolve business collaborations. The
FORM project explores this requirement through
developing and implementing scenarios around the
concept of Inter-Enterprise Service (IES) Provider
environments. The |ES scenarios examined investi-
gate how an IES Provider may manage the dynamic
relationships and the quality of service of electronic
business interactions between groups of enterprises,
the Application Service Providers (ASPs) they use and
the Internet Service Providers (ISPs) providing
communications infrastructure

Figure 1 depicts the overall stakeholder model for
the Open Development Framework. The System
Development chain represents the more generic set
of stakeholders that drive the core set of generic
architectural concepts in the Framework. It is intended
that the architectural aspects of the Framework could
be applied to any Service Provision chain where
component-oriented management systems were
required. The Service Provision chain represents the
more specific IES related stakeholders used to
exercise the Framework in FORM.

The Open Development Framework[D5] is therefore
intended to provide guidance to these industry
stakeholders in developing and applying software
components and systems for the communications
management sector and addressing these challenges.
As depicted in Figure 2 the Framework is structured
into four portions: Logical Architecture, Technology
Architecture, a Development Methodology and a Set of
Reusable Elements. The Framework is intended to be
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Stakeholder Model for FORM Open Development Framework

generic and extensible. In FORM, the generic part of

the Framework is extended with others the concerns

of the IES Management domain. However it is
expected that other users of the Framework will
extend the generic part to other domains, e.g. optical
network management or mobile service management,
and possibly reuse some of the IES Management
specific part also.

The concerns addressed by the four portions of the

Framework are:

e [ogical Architecture: The Logical Architecture
described the structural concepts of the Framework in
a manner independent of any implementation
technology. The core structural concept is the
software Building Blocks (BB), which implements a
number of Contracts via which inter-BBs interactions
occur. Systems are described in terms of Business
Processes and Business Roles. Reference Points (RP)
exist between Business Roles and are decomposed
in RP Segments. RP Segments are realised through
Contract implementations. To promote reuse of
Contract Specifications they are described in a
technology neutral format. This involves specifying
the information passed via a Contract through
reference to an External Information Model.

e Development Methodology: The Development
Methodology provides the processes and notations
needed to develop Building Blocks and assemble
systems that conform to the Framework. The
primary modelling notation used is UML, though the
potential of XML for Contract specification is also
being examined. The methodology integrated a
number of existing modelling techniques such as
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use case modelling, business process modelling
and analysis modelling plus the variety of other
modelling approaches supported by UML. The
Rational Unified Process is used as a partial
template to integrate these techniques.

Technology Architecture: The Technology Architec-
ture addresses how the concepts expressed in the
Logical Architecture can be implemented using a
range of technologies. For each technology a single
mapping between the meta-model for technology
neutral Contract specification to the native meta-
model of the technology is sought. Adoption to allow
interoperability between Contracts implemented in
different technologies is also addressed.

Reusable Elements: This portion of the Framework is
the repository for reusable products that result when
the Framework is applied to a particular application
domain, e.g. the IES Management domain addressed
in FORM. The principle types of reusable entities are:
Business Role definitions; Reference Point Segment
specifications and their grouping into Reference
Points; Contract specifications and their grouping into
BB Specifications and BB implementations. Other
types of reusable elements, such as policy and
business process definitions are also being inves-
tigated.

Specification of Reusable components

The concept of software reusability is not new within
the software industry. Centre to the emergence of

object orientation software has been the potential for
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economies through object reuse and inheritance. The
availability of “off-the-self” software solutions is rapidly
becoming a reality in today’s IT industry. However, in
today's telecommunications industry the availability re-
usable software a component for application develop-
ment is still an aspiration rather than a reality. In
addressing the issue of reusable elements the FORM
project has looked to a number of initiative in the
TMForum workplan for guidance.

TM Forum Generic Requirements for
Telecommunications Management Building Blocks

The most comprehensive definition of management-
related building blocks currently available is being
worked on in the TM Forum's Application Component
Team (ACT)[G909]. This is based on the requirements
established by Telcordia (formerly Bellcore) in their
extensive OSCA/INA analysis. This has already seen
some application in the use of INA principles in the
work of TINA-C [Mulder]. The ACT however, has,
further refined and condensed the OSCA/INA work in
[gh909]. The concept of building blocks used here has
been adopted for the framework. The ACT work forms
the basis of the next generation OSS initiative
currently being conducted in the TMF.

The ACT work identifies a “building block” as a
deployable unit of interoperating software. In line with
contemporary software architectures, building blocks
are described as being in one of three computing tiers:
e Enterprise Information Tier (EIT): This tier is concerned

with the storage and maintenance of enterprise data,

i.e., data used by multiple business processes.
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® Process Automation Tier (PAT): This tier is concerned
with business operations and management.

e Human Interaction Tier (HIT): This tier is concerned
with issues related to human/computer interaction
Building blocks are an abstract concept used in the

analysis and design of systems. Their actual
implementation as software, involves the mapping of
building blocks to technology specific concepts such
as component assemblies from the OMG's CORBA
component model, or jar files from Sun Microsystem's
enterprise java beans.

The interfaces of a Building Block are termed
contracts, and a building block may have multiple
contracts. Contracts may be designed to conform to
specifications  of reference point segments.
Management system interfaces may also be defined
in terms of aggregation of contract specifications

TM Forum’s NGOSS

The TM Forum’s NGOSS initiative[G910] builds upon
the GB909 requirements described above and aims to
produce architecture for component-based manage-
ment systems, an aim very similar to that of the FORM
Framework. As a result FORM has been closely tracking
and contributing to this initiative. NGOSS is work in
progress and at the time of writing there is no
architecture document in the public domain. However,
FORM has included several concepts from NGOSS into
its Framework, namely:

e The explicit specification of information passed via
Contracts in an external information model, termed
a Shared Information Model in NGOSS.

e The specification of Contracts (and External
Information Models) in a technology neutral manner,
with mappings being developed to specific interface
technologies.

FORM differs from the NGOSS approach as
follows:

e The Contract in FORM is not specified as unit of
business process as in NGOSS, and may contain
several separate operations that may be invoked
from process enactment engines, other Building
Block or legacy system.

e The FORM Framework does not address the
specification of abstract Framework Services of
which Building Block implementation make use, as
addressed in NGOSS.

Building Blocks General Principles

The FORM project has chose the concept of Building
Blocks as defined by TMForum as a starting point for
the definition of reusable elements. It has chosen to
develop three trial systems addressing Fulfilment,
Assurance and Accounting in line with the TMForum
Business Process Model. The objective is to apply the
principles for Building Block and Contracts definitions
to try to identify components of reuse.

30

The FORM definition of building blocks is structured
around the following architectural principles:

e Management Systems are constructed partially or
fully from Building Blocks (BB).

¢ Building Blocks are pieces of software.

e Building Blocks are atomic units of Deployment
(one can be replaced in a running system without
requiring other BBs to be replaced).

e Building Blocks are atomic units of system manage-
ment.

e Building Blocks support multiple interfaces types
and multiple instances of those types. These
interfaces are termed Contracts.

e The Logical Architecture does not prescribe the
technology used to implement Building Blocks or
their Contracts.

e A BB software release implements Contracts in a
technology specific form, terms a Technology Specific
Contract Specification (TSCS). Explicitly declared
transforms are required to map a TNCS to a TSCS.

e A Contract can support multiple business transac-
tion operations.

¢ Building Blocks can be grouped into Building Block
Groups. This is the typical unit of purchase from a
Software Vendor (though sale of individual BBs is
possible as a group of size one).

e Building Block Groups must be released with
documentation giving the accompanying business
context, use cases, analysis model, TNCS and an
External Information Model related to the BB and
TSCS designs in that Group.

e Building Blocks possess behaviour linking interac-
tions over different contracts. BB design may allow
its behaviour to be modified at deployment or
runtime. Where this feature is offered it should use
a common, policy-based mechanism.

e Reference Points identify boundaries over which
interactions occur between two Business Roles
identified for a Business Domain (e.g. IES). Reference
Points can be mapped to one or more Contract
Specifications

FORM Guideline for Developing FORM
Building Blocks

The design methodology has been identified as one of
the 4 subcomponents of the FORM Framework. This
methodology tackles the challenge of providing a
component-oriented approach to the design of
business process driven management systems for
B2B and B2C. The FORM methodology proposes a
business process driven approach to the construction
of management systems solutions based on re-usable
Building Blocks. FORM is developing a methodology
consisting of two integrated development guidelines:
e To provide methodological guidelines for design of
re-usable management components (termed
BUILDING BLOCKS)
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e To provide methodological guidelines for construction
of B2B and B2C management solutions that
implement management business processes using
FORM Building Blocks.

The Guideline not only provides advice as to how to
model Building Blocks, but also prescribes how such
Building Blocks should be represented so as to ensure
that the Building Blocks would be easily reusable by
other actors (i.e. actors not involved in the develop-
ment of the Building Block).

More specifically, the objectives of the guideline are to:
e Provide guidance as to Development activities in

developing Building Blocks

e |dentify artifacts’ as to what notations to be used

e |dentify artifacts to be developed

e Direct tasks/workflows of Building Block Develop-
ment effort

e Prescribe combination of artifacts to characterise/
communicate usage of Building Block (i.e. re-use)

The approach taken in developing the guideline was
to re-use current best practice in software Develop-
ment and to customise/add features/artifacts where
required. Therefore FORM did not develop its own
development methodology from scratch, but rather to
chose from the most widely accepted methodologies
and then augment one as to suit its needs. Several
candidate software development processes were
reviewed and Rational’s Unified Process was chosen.
Several reasons underpinned this choice:

1. RUP is widely adopted in the OO software
development community

2. RUP employs UML which is the modelling notation
adopted widely in industry and standardisation fora

3. RUP is a ‘development process framework’ and
thus is intended to be customised for the develop-
ment of different specialised artifact

4. RUP claims to support component oriented as well
as OO software development.

5. RUP Tool support was available to FORM Partners

Thus the FORM Building Block Guideline is a
customisation of known industrial software methodo-
logies and best practices based on experiences in
previous research projects and academic work. The
FORM Building Block Development Guidelines
focuses on the Development of Building Block rather
than the mapping of such building blocks into specific
technologies or computing platforms.

Rational Unified (Development) Process (RUP)

The Rational Unified Process (RUP) is a software
engineering process developed and marketed as a
product by Rational Software. RUP is a specialisation
of the Unified Software Development Process (USDP).

Reusable Building Blocks for Telecommunications Communication Integration

It is delivered online using Web based technology and
it consists of more than 1000 hyperlinked pages of
text and graphics. It provides a proven disciplined
(industrial) process to assigning tasks and respon-
sibilities within a development organisation. RUP aims
to capture many of the best practices in software
development and then attempts to present them in a
tailorable form that is suitable for a wide range of
projects.

This section briefly identifies the important aspects
of RUP which are utilized to describe the FORM
Building Block Guidelines. RUP depicts software
development in two dimensions, Phases (Inception,
Elaboration, Construction Transition) and Work-
flows/Development activities (Business Modelling,
Requirement Management, Analysis & Development,
Test, Deployment?). Each Phase can have several
iterations and involve some or all development
activities. The RUP Phases and activities are depicted
in Figure 3.

A development process usually describes who is
doing what, how and when. The RUP uses four
primary modelling representation elements:

e \Workers: who

e Activities: how

e Artifacts: what
e Workflows: when

Building Block Design Guideline

The Building Block Development Guideline custo-
mised and extended several aspects of RUP. These
extensions were necessary because of the unique
domain of FORM, the research project nature of the
development work, as well as it guidelines need to
explicitly support the Development of management
Building Blocks.

The customisations of RUP included:

Development Phases & lterations,

Models to be developed,

Artifacts to be developed,

RUP documentation Templates.

Also several aspects were added to RUP, namely

. An explicit architectural (structural) diagram,
called the FORM reference architecture (termed
the Business Role Architecture), which indicated
reference points (boundaries) between manage-
ment/administrative roles. This architectural
diagram attempts to reconcile the FORM Building
Blocks with a logical architecture of the FORM
framework.

II. The explicit modelling of Building Blocks. This was
considered fundamental to the FORM Framework
and did not have a direct equivalent in RUP.

1 An artifact is a piece of information that is created, changed and used by actors when performing development activities. An artifact can

be a model, a model element or a document.

2 RUP also defines activities for change/configuration management, Project Management and Environment.
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Figure 3.  Rational Unified Process

The actors in the development of the FORM

Building Blocks are

[. Domain Analyst (principally involved in Business
Modelling and Requirements Management)

Il. System Architect (principally involved in Reference
Architecture development)

[II.Building Block Developer (principally involved in
analysis & Development activities and Building
Block development).

FORM Developmént Phases & Iterations

FORM customised the RUP phases (Inception,
Elaboration, Construction, Transition) to reflect both
the goals of the (FORM) research project and the
timescale of development available to the project.
Only three of the phases of RUP were considered
appropriate for the FORM project, namely Inception,
Elaboration, and Construction. The following Figure 4
illustrates the FORM project lifecycle model.

It is important to notice that the effort distribution is
rather different when compared with the unmodified
RUP lifecycle model. This is natural when considering
the activities of a research project like FORM which
are centred on investigative and analytic activities.

FORM Inception Phase
The Inception Phase of the FORM development effort
focused on establishing the boundaries of the

Framework and creating a ‘vision” document, which
outlined the scope of the project. An initial reference
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architecture was devised for the Framework. Also
developed were the business model(s) for the
Framework and the initial Use Cases for the functional
areas being investigated by the project (namely
Fulfilment, Accounting, Billing). During this phase,
terminology and the selection of relevant stan-
dards/models were identified e.g. IPDR for Accoun-
ting, DMTF CIM and IEFT QoS information models for
Assurance.

An important aspect of this phase was the initial
identification of potential Building Blocks. The method
by which the Building Blocks were identified and
refined is presented in the next section (concerning
Development activities).

The key outcomes for this phase were:

¢ Vision Documents indicating the scope, context and
objectives FORM Development Framework

e Business models, actors and identification of func-
tional domains (areas) of the Framework

e |nitial (logical) Reference Architecture with reference
points and domain boundaries

e Requirements capture & management

e Use Cases for three functional domains (F-A-B)

e Plan of how development work will proceed

FORM Elaboration Phase
The Elaboration Phase focused on the revision and
refinement of the FORM Vision document(s) In this

phase the FORM reference architecture was solidified,
with testing of proposed computing and testbed
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Horvéth Gyula:
Visszaesés — marketing — tulélés az |P-alapu tavkozlésben

2001/6 -

Dr. Lajtha Gyorgy — Dr. Zombory LdszIo:
E havi szamunk

MUHOLDAS MODSZEREK

Takédcs Bence:
Mdholdas helymeghatérozés a korlatozott hozzaférés (SA)
felfiggesztése utan

Farkasvélgyi Andrea:
Multimédia-szolgéaltatasok geostacionarius mdholdakon
keresztul

Dénes Tamaés:
ECHELON az e-tarsadalom informaciépajzsa?

MOBILRENDSZEREK
Kontra Gergely — Sugar Robert — Szabd Szildrd — Tubdk Péter —
Dr. Imre Sandor:

Mobil 4gensek alkalmazasa a halézatmenedzselési célokra

Schulcz Robert — Szabd Sandor — Dr. Imre Sandor:
Handover-tdmogaté eljarasok vizsgalata mobil ATM-hél6zatokban

Dr. Sdrkdny Tamds:
BLUETOOTH, vezeték nélkiili atvitel mobilkészilékek kozott

Fizixa

Kuczmann Miklds — Ivanyi Miklosné:
A ferroméagneses anyagok viselkedését leiré skalér Preisach-
hiszterézismodell identifikacidja genetikus algoritmussal

Dr. Jeszenszky Sandor:
Villdmregisztralas radidhulldmokkal

JOG, GAZDASAG, TORTENELEM
Bégel Gyorgy:
Infokommunikécios ipar: Helyzet van!

Karvalics Z. LdszIo:
Az INFONIA Alapitvany programjanak vézlata

Désa Gyorgy:
75 éves a magyar radié misorszoérésa
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Dr. Lajtha Gyorgy:
E havi szamunk

TAVKOZLES-POLITIKA
Straub Elek:
Konvergencia és liberalizacié

Takdcs Gyorgy:
A hirkozlési torvényrél mérndkszemmel

Szathmadry Csaba:
Tavkozl8 berendezések piaci forgalménak liberalizaldsa
az Eurépai Uniéban
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Zenisek Andrea:

E-vilagi torekvéseink, avagy a Magyar Posta Rt. szerepkeresése

és lehetéségei az informécids tarsadalomban

DIGITALIS TECHNIKA
Dr. Dénes Jézsef:
Gondolatok a rejtjelezés megfejthetéségérdl

Maliosz Markosz — Sebék Marton — Nagy Margit —
Dardczy Szabolcs:
Dekompozicié — az atjaroék Uj generéciodja

KORNYEZETUNK
Térdesik LaszIo:
Személyes hélézatok — testre szabott alkalmazédsok

Horvath Gyula:
Uzemanyagcelldk: el6térbe kerllhet a tavkozlés

Dr. Bognar Zoltan:
A tavkozl6 berendezések, létesitmények és a kornyezet
kapcsolataval foglalkozé MSZ 17200-8 szabvéanyrol

Dr. Tattay Levente:
Amit a szabad felhasznélasrél tudni kell

TAVKOZLESTORTENET
Urbdn Gydngyi:
Tisztelgés Claude Elwood Shannon matematikus emléke el6tt

Tihanyi Kélmén szabadalma a vilagorokség része

Dr. Haldsz Edit:
EMERGE - Egy eurdpai unids projekt a hazai kutatas
és fejlesztés kiterjesztésére

~2001/8

Géher Karoly:
Emlékezés Simonyi Kérolyra

Dr. Lajtha Gydrgy:
E havi szamunk

MosIL
Kubinszky Ferenc:
Kishatotavolsagu, vezetéknélkili ad hoc hélézati technoldgiak

Rozsahegyi Csaba:
Intelligens halézat mobilkornyezetben

|P-TECHNIKAK
Dénes Tamas: )

SZTEGONOGRAFIA - rejtett informéciok rejtjelzés nélkul
Pintér Eva:

Tovébb higul a VolP-piac kinélati oldala

Dr. Mojzes Imre — Farkas B. Zoltan:
Informécios tarsadalom szilicium nélkdl?

Forgécs J. Péter:
A hirkozlési torvény hatdsa a szolgéltatoi miszaki
nyilvéntartdsokra

KABELTELEViZIO
Fdldes Gabor:
A kébelteleviziézas szabalyozdsanak kérdései

Stefler Sandor:
Hogyan tovabb, set-top-boxok?

Dr. Nagy Lajos:
Az URSI a Hiradastechnika c. szakfolyéirat tdmogatéja

KONYVET AJANLUNK
Dr. Bird Viktor:
Disztribuciok villamosmérnoki szamitdsokban
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Dr. Mojzes Imre:
Biological and Health Effects from Exposure to Power-line
Frequency Electromagnetic Fields — Confirmation of Absence
of Any Effects at Environmental Field Strengths

TORTENELEM
Sipos LészIo:
Kvalifikalt személyzet — a minéségligy oktatasa

Dr. Mojzes Imre:
Akinek a szilicium-egykristalyt kdszénhetjiik: Jan Czochralski
(1885-1953) .

Ddsa Gyorgy:
75 éves a magyar radié mUsorszéréasa (a harmadik 25 év)
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Dr. Lajtha Gyorgy:
El6szé

ELMELETI HATTER

Takdcs Bence:
Globdlis pozicionalé rendszer a szelektiv elérhetéség (SA)
kikapcsolasa utan

Kuczmann Miklds — Ivanyi Amalia:
A klasszikus skalér Preisach hiszterézis-modell paraméter-
azonositadsédnak genetikus algoritmusai

Dr. Dénes Jozsef:
Gondolatok a kédfeltorés lehetéségeirdl

Modnika Molndrova:
A biztonséaggal kapcsolatos kritikus eljarasok fuzzy figyelése

Rastislav Lukac:
A vektoros LUM FTC simit6 algoritmus gyors konvergencigja.

MOBIL RENDSZEREK

Dr. Imre Séndor — Szalay Maté:
Gy(r( hierarchia — Alternativ, megbizhaté topolégia IP
mikromobilitdsu héalézatok szamara

Kontra Gergely — Mihalyi Antal — Szabd Szildrd — Tubak Péter —
Dr. Imre Sandor — Sugdr Rdbert:
Mobil tigynokok alkalmazésa a halézatmenedzselésben

FORGALOMIRANYITAS

Lakatos Zsolt — Jakab Tivadar:
Védelem vagy helyreéllitas: generikus tanulmany a vonali
koltségek és kapcsolastechnikai koltségek stratégiai dontésekre
gyakorolt hataséardl

Albrecht Séndor:
Borsztmodusu, szintetikus apertirdju radar (SAR) jelek feldolgozasa
momentan Fourier-transzformacié alkalmazasaval
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Dr. Lajtha Gydrgy:
E havi szamunk

UTVONALVALASZTAS

Végsé Csaba - Dr. Levendovszky Janos — Rétvari Gabor:
Statisztikus egyenl6tlenségek elméletén alapuld
QoS-utvonalkeresés hianyos linkinformécié esetén

Takdcs Attila — Lukovszki Csaba — Szabd Rdbert:
Egyszer( forgalomszabalyozasi médszer hangforgalom atvitelére
IP-BSS hélézatokban

MosiL

Dr. Imre Séndor — Szalay Mate:
Gydr(hierarchia — megbizhaté IP-mikromobiltési halézati
topoldgial




HIRADASTECHNIKA

Foldi Andrés — Cseh Sandor:
Meddig terhelheté egy torony? Esettanulmany: egy
magyarorszagi TV-torony torténete

ELMELETI EREDMENYEK

Albrecht Sandor:
Borsztmodusu, szintetikus aperturaju radar (SAR) jelek feldolgozésa
momentan Fourier-transzformacié alkalmazéséaval

Vesztergombi Gydrgy — Dr. Levendovszky Jénos — Elek Zsombor:
Ujszer(i szdmitési eljarasok a megbizhatésagi analizisben

Horvéth Gyula:
Nanocsovektél a nanomérnokokig

INFORMACIOS TARSADALOM
Pati Brigitta:
Kis lépésekkel az infotadrsadalom felé

TORTENELEM
Dénes Tamas:
A rejtjelzé racsok sziiletése Girolamo Cardano

Fekete Szilveszterné:
Arckép a kozelmultbél: Kozma Lészlo

Jatek
2001/11

Dr. Lajtha Gyorgy:
E havi szamunk

MINOSEG
Dr. Balogh Albert:
A hat szigma maédszer hattere

Schuszter Miklés — Jen Gabor — Dr. Mojzes Imre —
Dobos Lé&szIo:
Elektronmikroszképos képek, mint fraktalfliggvények analizise

Dreilinger Timea — Mahr Tamas — Pop Octavian —

Szabo Rdbert:
DiffServ-halézatokban elhelyezkedé Bandwidth Broker teljesit-
meényelemzése

MosIL
Babits LdszIé — Daru Ambrus — Faragé Tamas — Bito Janos —
Frigyes Istvan:
Orszagos mérérendszer a mikrohulldmd hélézattervezéshez
és lizemeltetéshez: a milliprop program

Csdszdr Andrds — Lukovszki Csaba — Szabo Rdbert:
A CBQ alkalmazasa differencialt szolgaltatdsokhoz harmadik
generéaciés mobil rendszerekben

Dr. Sarkdny Tamdas:
Vallalati telefonszamléak csokkentése Bluetooth-atvitellel

Dr. Sarkany Tamas:
Feltdmad az iridium?

TAVKOZLES-POLITIKA

Szathmary Csaba:
Tavkozl6 berendezések piaci forgalménak liberalizélasa
Magyarorszagon

Sajo Andrea:
Tudasmenedzsment — dlom vagy realitas?

Dr. Lajtha Gyorgy:
Konferenciabeszamoldk

Koszd Karoly:
Adatraktar-kezelés, izleti intelligencia az SQL Server 2000-rel

TORTENELEM
Nagy Beatrix Havaska:
Grof Klebelsberg Kund

Horvéth Gyula:
Emlékezés Lajk6é Sandorra

Jatek
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Dr. Lajtha Gyorgy:
El6sz6

MoBIL JOVO
Josef F. Huber:
Mobil networking a XXI. szadzadban

Alistair McBain:
Az Internet Protokoll jovéképe

IP HALOZATOK KIALAKITASA

Széndsi Tamds — Rétvari Gabor:
A forgalom menedzsment funkcionalitas tervezése
és megvalositdsa RSVP-hez

Dr Willie Donnelly:
Ujrahasznosithaté épitéblokkok a tavkozlési kommunikacié
integrélasahoz

ELMELETI EREDMENYEK
Kuczmann Miklds — Ivdnyi Amélia:
Neuro-hél6zat alapu skalér és izotrop vektor hiszterézis operétor

Peter Radoczi — Rastislav Lukac:
Mozgéas becslés impulzus zaj éltal zavart kornyezetekben

D. D. Luong - J. Biro:
Torlédas mérés: Altalanositas, elemzés és alkalmazas

Marec Béla Steffens:
Er6forras-kihelyezés Lengyelorszadgban — esetleiras

Content of the year 2001.
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Lajtha Gydrgy Dr.:
This month'’s issue

APPLICATION OF FIBRE OPTICS TECHNOLOGY

Dr. Tibor Cinkler — Mre Levente Flildp:
Wavelength management in wavelength division multiplexing
(WDM) networks

Mr. Séndor Récz — Mr. Miklés Telek — Mr. Gabor Fodor:
Call level performance analysis of third generation mobile
backbone networks ;

Mr. Istvan Tétényi:
Results achived so far in the frame of the National Information
Infrastructure Developmen (NIIF) Program. Prt 1.

DIGITAL BROADCASTING

Mr. Gyérgy Agoston:
Dilemmans concerning the introduction of digital television in
Hungary

Mr. Jozsef Zigo:
Digital terrestrial broadcasting, the presentation of DVB-T
system

Mr. Séndor Stefler:
Cable television as a multiservice multimedia platform

MOBILE COMMUNICATIONS
Mr. Andrés Foldesi — Mr. Gyérgy Homolya — Mr. Janos Horvéth Cz.
- Dr. Séndor Imre:

Introduction to the world of mobile ad hoc routing protocols
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Mr. Daniel Németh — Mr. LaszIo Haldsz — Dr. Sandor Imre:
Macromobility support in IPv4 and IPv6 protocols

Ms. Gabriella Liptay:
Mobile Internet novelties

Ms. Orsolya Takacs — Mrs. Varkonyiné Annamadria Koczy:
Sort calculation tools in anytime systems

Mr. Gyula Horvath:
Fuel cells are gaining ground

~ 2001/3

Dr. Gydrgy Lajtha:
About this issue

DIGITAL BROADCASTING

Janos Levendovszky — Viktor Urbin — Zsombor Elek:
New nonparametric detectin methods in modern
telecommunications

Dr. LaszIo Falus:
DRM, the Digital Worldwide Radio

Gabor Heckenast:
And what about studios?

OPTICAL TELECOMMUNICATIONS

Attila Bardcsi — Pal'Madk — LaszIo Jakab — Peter Richter:
Acousto-optical implementation of crossbar switch and optical
matrix processor

Tamdas Béhm — Tamds Zombori:
Testing different IP/AWDM implementations

TECHNOLOGY

Matée Szarvas — Tibor Fegyc — Péter Mihajlik — Péter Tatai:
Achievements in computerized voice recognition of Hungarian
speech, based on thesaurus and idiomatic expressions

Charles Garam:
Simplified calculation of electromagnetic coils applicable even
for being programmed

LAW AND ECONOMY
Olivér Imolay — Emilia Nyevrikel:
Interpretation and application purposes of capital costs

Dr. Levente Tattay:
Copyright and Internet

Gyula Horvath:
Favourable advertising — by mobile phones

RECOMMENDED BOOKS
Dr. Gyorgy Lajtha:
ELEKTRO 2001

1 2001/4

Dr. Lajtha Gyorgy:
First English language issue July

BROADCASTING

Jénos Levendovszky — Viktor Urbin — Zsombor Elek:
Nonparametric Bayesian Estimation by Feedfoward Neural
Networks

Gyorgy Agoston:
Why and How of the Digital Television in Hungary

S. Tran Minh - J. Benois-Pineau - K. Fazekas:
MPEG4-like codec scheme for advanced multimedia
communications

SPREECHRESEARCH

Géza Németh — Csaba Zainko — LdszIo Fekete:
Statistical analyses used for e-mail reader development and
enhancement
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Matée Szarvas — Tibor Fegyd — Péter Mihajlik — Péter Tatai:
Developments in Hungarian grand dictionary and attached word
based, computer aided speech recognition

NETWORKS

P.Mihajlik = M. Guttermuth - K. Seres — P. Tatai:
Stereo Echolocation and Audio Techniques to Aid Blind People's
Mobility

Kamil Vrba — Marién Képesi:
Public application of speaker verification algorithm using both
dynamic and static parameters

Emil Mérei: ;
Evolution of network management technologies

Andréds Fdldesi — Gydrgy Homolya — Janos Horvéth Cz. —
Dr. Séndor Imre:
Introduction to the world of mobile ad hoc routing protocols

TECHNOLOGY

Charles Garam:
Simplified design of electromagnetic coils suitable for
programming

2001/5

Dr. Gydrgy Lajtha:
This month’s edition

PHoTONICS
Norbert Krod:
Photonics-based integration?

Tamas Zombori — Taméds Béhm:
Current situation of optical switching

MosILE
Péter Barta — Gabor Farkas — Csaba Kujbus — Dr. Séandor Imre:
Ensuring service quality in ad hoc networks

Istvdn Frigyes:
Some development trends in mobile telecommunications — use
of optical methods

LdszIo Farkas — Dr. Edit Haldsz:
European Union position on third generation mobile systems

TECHNIQUES
Baldzs Benkovics — Péter Labody:
Performance testing of the RSVP Proxy in mobile networks

Mcdnika Molndr — Dr. Gydrgy Spalek:
Fuzzy control of security exposure processes

BOOK RECOMMENDATION CONFERENCES

Aniké Mészdros:
Hungary is first in region in number of information society
projects

Kldra Vicsi:
Human and mechanical language, speech and hearing

. Dr. Gyérgy Lajtha:

IEEE conference in Budapest

Gyula Horvath:
Fallback - marketing - survival in IP-based telecommunications

2001/6

Dr. Gyorgy Lajtha — Dr. Laszld Zombory:
This month's issue

SATELLITE METHODS

Bence Takdcs:
Satellite-based positioning after the suspension of restricted
access (SA)




HIRADASTECHNIKA

Andrea Farkasvélgyi:
Multimedia services provided via geostationary satellites

Tamds Dénes:
ECHELON - the information shield of the e-society?

MOBILE SYSTEMS
Gergely Kontra — Robert Sugér — Szildrd Szabd — Péter Tubdk —
Dr. Séndor Imre:

Mobile agents used for network management

Robert Schulcz — Sandor Szabd — Dr. Sandor Imre:
Handover support procedures tested in mobile ATM networks

Dr. Tamds Sérkany:
BLUETOOTH wireless communication between mobile sets

PHysIcs

Miklés Kuczmann — Mrs. M. Ivanyi:
Genetic algorhytm used for identifying the scalar Preisach
hysteresis model describing the behaviour of ferro-magnetic
materials

Dr. Séndor Jeszenszky:
Lightning registered through radio waves

LAW, ECONOMY, HISTORY
Gydrgy Bégel:
Info-communication industry: The time has come!

Ldszlo Z. Karvalics:
Draft program of the INFONIA Foundation

Gydrgy Désa:
Hungarian Radio broadcasting started 75 years ago (the second
25 years)

Dr. Gyorgy Lajtha:
This month'’s issue

TELECOMMUNICATIONS POLICY
Elek Straub:
Convergence and liberalization

Gyérgy Takéacs: -
The Act on Communications — from an engineer’s point of view

Csaba Szathmary:
Liberalizing the market turnover of telecommunications
equipment in the European Union

Andrea Zenisek:
Our e-world aspirations, or Hungarian Post Rt. looking for its role
and opportunities in the information society

DIGITAL TECHNOLOGY

Dr. Jozsef Dénes:
Some thoughts on the decryption possibilities of encrypted
messages

Markosz Maliosz — Marton Sebék — Margit Nagy —
Szabolcs Dardczy:
Decomposition — a new generation of gateways

OUR ENVIRONMENT
Ldszlo Tordesik:
Personal networks — customized applications

Gyula Horvéth:
Fuel cells: telecommunications may step in the foreground

Dr. Zoltan Bognar:
On Standard MSZ 17200-8 addressing the interdependencies
of telecommunications equipment, facilities and the
environment

Dr. Levente Tattay:
What you ought to know about free use

Vi

HISTORY OF TELECOMMUNICATIONS

Gydngyi Urban:
Tribute to the memory of the mathematician Claude Elwood
Shannon

Kalman Tihanyi's patent application was nominated as part
of World Heritage

Dr. Edit Haldsz:
EMERGE - An EU project facilitating the expansion of domestic
research and development

Kéroly Géher:
In memoriam Kéaroly Simonyi

Dr. Gydrgy Lajtha:
This month’ issue

MogiLE
Ferenc Kubinszky:
Low-range, wireless ad hoc network technologies

Csaba Rdzsahegyi:
Intelligent network in a mobile environment

IP TECHNOLOGIES
Tamds Dénes:
STEGONOGRAPHY - hidden information without encryption

Eva Pintér:
The buyer's side of VoIP market: an increasing dilution

Dr. Imre Mojzes — Zoltén B. Farkas:
Information society without silicon?

Péter J. Forgécs:
Act on Communications: its impacts on the carriers’ technical
inventories

CABLE TV
Gabor Féldes:
Regulatory issues of cable television

Sandor Stefler:
The future of set-top-boxes

Dr. Lajos Nagy:
The periodical “Hiradastechnika” [Telecommunication] promoted
by URSI

RECOMMENDED BOOKS
Dr. Viktor Birc:
Distributions in Electrical Engineering Calculations

Dr. Imre Mojzes:
Biological and Health Effects from Exposure to Power-line
Frequency Electro-magnetic Fields — Confirmation of Absence
of Any Effects at Environmental Field Strengths

HisToRY
LdszI6 Sipos:
Qualified staff — quality management training

Dr. Imre Mojzes:
Who gave us the silicon crystal: Jan Czochralski (1885-1953)

Gyorgy Ddsa:
75 years of Hungarian radio broadcasting
(the third 25 years)
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Dr. Gydrgy Lajtha:
Preface
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THEORETICAL BACKGROUNDS

Bence Takdcs:
Global Positioning System after turn off Selective Availability
(SA)

Miklés Kuczmann — Amdlia Ivanyi:
Genetic Algorithms for Parameter Identification of the Classical
Scalar Preisach Hysteresis Model

Dr. Jozsef Dénes:
Thoughts on feasibility of code-breaking

MGdnika Molndrova:
Fuzzy monitoring of the safety-related critical processes

Rastislav Lukdac:
Fast convergence to root signals provided by vector LUM FTC
smoother

MOBILE SYSTEMS

Dr. Sdndor Imre — Mété Szalay:
Hierarchy of Rings — An Alternative Reliable Topology for IP
Micro Mobility Networks

Gergely Kontra — Antal Mihalyi — Szildrd Szabd — Péter Tubak —
Dr. Séndor Imre — Rébert Sugar:
Adaptation of mobile agents in network management

TRAFFIC ROUTING
Zsolt Lakatos — Tivadar Jakab:
Protection or restoration: a generic study on the impact
of line costs and switching costs on the strategic decisions

Séndor Albrecht:
Application of momentary Fourier transform to burst-mode SAR
processing

2001/10

Dr. Gyorgy Lajtha:
Issue in this month

SELECTION OF ROUTE

Csaba Végsé — Dr. Janos Levendovszky — Gabor Rétvari:
QoS-route search in case of defective link information based on
the theory of statistical inequalities

Attila Takdcs — Csaba Lukovszki — Robert Szabd:
Simple traffic management method for transmission of voice
traffic in IP-BSS networks

MoBILE
Dr. Sandor Imre — Maté Szalay:
Ring hierarchy — reliable IP-micromobility network topology

Andrds Féldi — Sdndor Cseh:
To what extent a tower can be loaded? Case study. The history
of a television tower in Hungary.

THEORETIC ACHIEVEMENTS

Séndor Albrecht:
Processing of burst mode synthetic aperture radar (SAR) signals
by application of momentary Fourier transformation-

Gyorgy Vesztergombi — Dr. Jdnos Levendovszky — Zsombor Elek:
New calculation procedures in the reliability analysis

Gyula Horvath:
From nano-tubes to nano-engineers

INFORMATION SOCIETY
Brigitta Pati:
Liitte steps towards the information society

HisToRY
Tamés Dénes:
Birth of the cypher grids Girolamo Cardano
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Szilveszterné Fekete:
Portrait from the recent past: Laszlé Kozma

Game

2001/11

Dr. Gyorgy Lajtha:
This month's issue

QuALITY
Dr. Albert Balogh:
Background of the six-sigma method

Miklos Schuszter — Gabor Jen — Dr. Imre Mojzes — LdszIé Dobos:
Electromicroscopic images analyzed as fractal functions

Timea Dreilinger — Tamas Mahr — Octavian Pop — Rdbert Szabd:
Performance analysis of a Bandwidth Broker located in DiffServ
networks

MosILE
LdszIé Babits — Ambrus Daru — Tamds Faragé — Janos Bit6 —
Istvan Frigyes:
Nation-wide test system facilitation the design and operation
of microwave networks: the Milliprop Program

Andréds Csdszdr — Csaba Lukovszki — Robert Szabd:
CBQ used for differentiated services in third generation mobile
systems

Dr. Tamés Sarkany: -
Company phone bills decreased through Bluetooth transmission

Dr. Tamés Sarkany:
Resurrection of the iridium?

TELECOMMUNICATIONS POLICY

Csaba Szathmadry:
Liberalized marketing of telecommunications equipment in
Hungary

Andrea Sajo:
Knowledge management — dream or reality?

Dr. Gydrgy Lajtha:
Reports on conferencies

Kéroly Koszo:
Data store management, business intelligence with
SQL Server 2000

HisTORY
Havaska Beatrix Nagy:
Count Kuné Klebelsberg

Gyula Horvath:
In memory of Sandor Lajké

Game

- 2001/12

Dr. Gyorgy Lajtha:
Preface

MOBILE FUTURE
Josef F. Huber:
Mobile Networking in the 24st Century

Alistair McBain:
A Vision for an IP Future

|P NETWORK DEVELOPMENT

Tamdas Szénasi — Gabor Rétvari:
Design and Implementation of Traffic Management Functionality
for RSVP

Dr Willie Donnelly:
Reusable Building Blocks for Telecommunications
Communication Integration .

VI




HIRADASTECHNIKA

THEORETICAL RESULTS

Miklés Kuczmann — Amdlia Ivanyi:
Neural Network Based Scalar and Isotropic Vector Hysteresis
Operator

Peter Radoczi — Rastislav Lukdc:
Motion estimation in environments corrupted by impulse noise

D. D. Luong, J. Bir6:
Congestion Measure: Generalization, Analysis and Application

Marec Béla Steffens:
Outsourcing in Poland — a Case Report

Szerzok szerinti cikklista

A

Albrecht Séndor:
Borsztmaddusu, szintetikus apertaraju radar
(SAR) jelek feldolgozdsa momentén

Fourier-transzformacié alkalmazéasaval 2001/10
Araté Istvan:
Alkalmazasi szoftverek biztonséagi elirasa 2001/1

Agoston Gyérgy:
A digitélis televizié bevezetésének dilemmaéi Magyarorszagon
2001/2

B

Babits LdszIo — Daru Ambrus — Faragd Tamds — Bitd Janos
— Frigyes Istvan:
Orszagos mérdérendszer a mikrohulldamu hélézat-

tervezéshez és lzemeltetéshez: a milliprop program 2001/11
Dr. Balogh Albert:

A hat szigma mddszer héattere 2001/11
Bardcsi Attila — Maék Pal — Jakab LdszIo — Richter Péter:

Crossbar kapcsolo6 és optikai matrixprocesszor

akusztooptikai megvaldsitéasa 2001/3

&

Garam, Charles:
Elektroméagnesek tekercseinek programozésra is

alkalmas egyszer(sitett szamitasa 2001/3
Dr. Cinkler Tibor — Flilop Levente:

Hulldmhossziranyitds hulldmhossznyalabolt
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Reusable Building Blocks for Telecommunications Communication Integration

Process Workflows
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lterations
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Iteration(s) | #1 #2

Iter. |

Figure 4.  Customised RUP Phases

infrastructures. Also during this phase, the use cases
to be supported by the Building Blocks were identified
and refined. The concept of Building Block was further
refined and a Building Block template specified. This
template defined the essential UML models used to
characterise/describe the building blocks.

The main results of the elaboration phase are:

e To provide stable system architecture model
e To provide initial Development models for Building
Blocks in the FORM Framework

FORM Construction Phase

The construction phase is focused on prototyping the
essential aspects of FORM Building Blocks and
infrastructure. This culminated in the FORM 1st Trial.
Only a limited set of Building Blocks were developed
in this phase. In a typical product development project
this phase would have many iterations. However,
because FORM is a research project and the
construction of the Building Blocks at this stage in the
project were intended to investigate new techno-
logies and approaches to development, this phase
as only iterated once. The milestone at the end of
this phase in FORM was the 1st Trial and its
evaluation.

The main results of the Construction Phase (15t
iteration) are:

e Development of test prototypes to" evaluate and
validate aspects of the FORM architecture
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* Prototyping (partial functionality) of several Building
Blocks within functional domains of FORM

Transition Phase

The Transition phase was not considered by the
project as this phase is focused on the transition of
robust, almost complete prototypes into fully deployed
products. Such a phase is outside the scope of EU
research project. Also, FORM was deliberately
investigating and researching the most risk centred
aspects of the Framework, rather than trying to
implement a fully functional or complete Framework.

Iterating the FORM Phases

FORM intends to'iterate the three phases during the
development effort for its next trial phase which has
now commenced. The importance of the second
iteration of the phases is that it allows a deeper
investigation of the application areas within which the
Building Blocks are being developed. Also, the
Building Block concepts and architecture will be
extended and refined.

Conclusion

FORM is developing an Open Development

~Framework to guide the developers of component-

based management systems. This Framework is
based on experienced garnered from previous EU
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projects and standardisation work on component-
oriented or management-related architectures.

This Framework tackles the challenge of providing a
component-oriented approach to the design of
business process driven management systems for
B2B and B2C based on the concept of Building Blocks.
The Guideline provides a template and design
activities for specifying Building Blocks and their
associated models. Initial evaluation of the FORM
guidelines by the trial system implementers has been
positive. Most developers indicate a high satisfaction
level with the concept of Building Block and found it
useful in assisting the design of re-usable software.
Also, most respondents found little difficulty in
generating the specification of such Building Blocks
based on the Guideline Activities and artifacts. The
overall FORM framework and the guidelines will
continue to be evaluated and refined through the
FORM trail systems.
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Neural Network Based Scalar and Isotropic
Vector Hysteresis Operator

MIKLOS KuCzMANN, AMALIA [VANYI

Department of Electromagnetic Theory, Budapest University of Technology and Economics

The classical Preisach model is one of the most generally applied simulation techniques to simulate the behaviour of magnetic materials, to
describe hysteresis phenomena. According to the theory of Weiss, the classical Preisach model assumes that the ferromagnetic materials
consist of many elementary interacting domains, and each of them can be represented by a rectangular elementary hysteresis loop. The
fundamental concepts of the Preisach model is that different domains have some distribution, which can be described by a distribution
function, also called Preisach kernel. Feedforward type artificial neural networks are able to approximate any kind of nonlinear, continuous
functions represented by its discrete set of measurements. It is based on the so-called Kolmogorov-Arnold theorem. A neural network (NN)
based scalar hysteresis model has been constructed on the function approximation ability of NNs and if-then type rules about hysteresis
phenomena. Vectorial generalization to describe isotropic magnetic materials in two and three dimensions with an original identification
method has been introduced in this paper. Results are illustrated in figures.

Keywords: hysteresis characteristics, Everett surface, vector hysteresis, feedforward type neural networks, backpropagation training
method.

Introduction heuristic  if-then type knowledge-base about the
hysteresis phenomena.

Simulation of hysteresis characteristics of magnetic The classical scalar Preisach model has been used

materials has to be included in electromagnetic field
simulation software tools to predict the behavior of
different type of magnetic equipments. Hysteresis
characteristics of magnetic materials can be described
by a nonlinear, multivalued relation -between the
magnetic field intensity H(t) and the magnetization
M(t). That is called the hysteresis operator. Many
hypotheses have been developed since the last period
of magnetic research, as the classical Preisach model
[1, 2, 3, 11], the Jiles-Atherton model [1], the Stoner-
Wohlfarth model [5] and some approach based on NNs
[7,8,9I

A hysteresis operator with continuous output built
on the function approximation ability of feedforward
type NNs and its vectorial generalization for isotropic
magnetic materials in two and three dimensions have
been introduced in this paper [12-20]. The applicability
of the method is illustrated in figures.

Construction of the NN model of hysteresis is based
on the first order reversal curves. A method for the
formulation of the Everett surface from symmetric
minor loops also has been introduced.

The scalar hysteresis operator
The developed NN model of scalar hysteresis charac-

teristics consists of a system of two feedforward-type
NNs with bipolar sigmoid transfer functions and a

HIRADASTECHNIKA / LVI. VOLUME 2001/12

to generate different types of training data sets. The
virgin curve and a set of the first order reversal
branches are available. It has been found that, it is
enough to use only the descending (or ascending)
branches (Fig.1.), because of the symmetry of
hysteresis characteristics. In practice, these data sets
can be replaced by measurements [12-20].

1

05

05

Figure 1. A set of the descending branches
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Hysteresis characteristics is a multivalued function,
it means difficulties when using feedforward-type
NNs. If a new dimension is introduced to the measu-
red and normalized transisition curves, multivalued
function results a single-valued surface. The
downgrade part of hysteresis characteristics can be
described at a turning point H;,*’ with a negative real
parameter £“, determined as

&ldex(')= - (] 35 Ht(;c.u'))/z (1 )

The effect of this preprocessing technique can be
seen in Fig.2 for descending curves. After preproces-
sing, function approximation is worked out by
feedforward NNs trained by the Levenberg-Marquardt
backpropagation method [10]. The anhysteretic curve
with 41 training points can be approximated by a NN
with 8 neurons in one hidden layer, and the
preprocessed first order reversal branches (about 500-
600 data pairs) are approached by a NN with 7, 11 and
6 processing elements in 3 hidden layers. Training of
NNs takes about twenty minutes (MSE = 5.10°) on a
Celeron 566MHz computer (192Mbyte RAM), using
the Neural Network Toolbox of MATLAB.

Figure 2.  Descending revarsal curves after preprocessing

Applying NNs, relationship between magnetization
M and magnetic field intensity H can be performed in
analytical formula, M = ¢{H}.

Memory mechanism of magnetic materials is
realized by an additional algorithm based on heuristics.
It is the knowledge-base for the properties of
hysteresis phenomena. Magnetization at a simulation
step responsed by the NN is constructed on the actual
value of the magnetic field intensity, the appropriate
value of parameter £ and a set of turning points. The
operation of the model is built on a set of turning
points in the ascending and descending branches,
stored in the memory, which is a matrix with the
division [H,,M,,&]". Turning points can be detected by
-the evaluation of a sequence of {H,_|,H,}, generated
by a tapped delay line (TDL). After detecting a turning
point H,,= H,_, and storing it in the memory, the aim is
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to select an appropriate transition curve for the
detected turning point.

Conditions are collected in the selection rules, to
choose the suitable NN. After detecting a turning
point, generally denoted by Hgpgr= H,,, the algorithm
for first order minor loops can be summarized follows.
If MATRIX“ (MATRIX“?) has more columns and
magnetic field intensity is increasing (decreasing) at
the k" simulation step, the actual minor loop must be
closed at the last stored value of Hgox = Hp™! (Hgoar =
H;”) which can be found in the last column of
MATRIX““ (MATRIX“?). Denote this column of the
appropriate MATRIX with C. The value of normalized
magnetization M, responsed by the neural model at
Hgoa, Must be equal to Mg (H,)in the C" column. It
is the condition for closing the minor loops, can be
satisfied by the correction n = n(H). After closing a
minor loop, the appropriate columns must be erased.

The block representation of the model can be seen
in Fig.3.

Neural Networks
Virgin Curve, First-order Reversal
Branches

A
Selection Rule

H, H, g Knowledge base about M
k | hysteresis phenomena. Correction k
' TDL »  Rules, £ Parameter, n
H. el Network Selection.

MATRIX

Block representation o the scalar neural network model

Figure 3.
of hysteresis phenomena

The experimented NN model of hysteresis can be
used as a continuous scalar model to simulate the

" behavior of magnetic materials. Two kind of hysteresis

characteristics predicted by the developed model have
been compared with the results of the Preisach model
as plotted in Fig.4.

Accommodation property also can’ be simulated,
when H, = H,+ oM,_, is applied as input of the model,
where o is the moving parameter [1,11]. An
illustration, generated by the NN model can be seen in
Fig.b, where o= 0.001.

In electromagnetic field calculation software it is
favorable to use the Newton-Raphson iteration
technique. It requires the value of differential
susceptibility, x4 = dM/dH, which can be performed in
analytical form by the chain rule when applying NNs,
dM/dH = do{H}dH

Everett surface from minor loops
The Everett surface can be calculated from

measured symmetric minor loops as well. Knowing the
Everett surface, magnetization can be formulated as

LVI. VOLUME 2001/12
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+ Scalar Preisach Model
Neural Network Model
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Figure 4.  Comparison between neural scolar model and the classical Preisach model

0
H/H

S

Figure 5. lllustration for accommodation

M) = —F(ao’ [30)"' 2i (F(Mk vmk—l)_
_F(Mk’mk ))’ (2)

where F(a,B) is the Everett surface, oy =1, B, =-1, and
M}, {mdi_,, are the increasing and decreasing
sequences of the applied magnetic field intensity [11].

Values in the Everett table, according to o= 1 can be
calculated as the well known relation

F(a.B) =%(Ma—Ma,¢), (3)

where M, is a reversal magnetization point in the
major hysteresis loop according to the magnetic field
intensity o, and M,z is a magnetization value in a
reversal curve starting from the reversal point (o,M,).
lllustration for the calculation of Everett surface can be
seen in Fig.6.

LVI. VOLUME 2001/12

Figure 6.  Calculation of the Everett surface

Starting from demagnetized state, increasing the
magnetic field intensity while oo = Mg (K = N-1,...,N/2,
where N is the size of the Everett table), (2) can be
reformulated as

M(r)= ‘F(ao’ ﬁo) +2§'1(F(Mk’mk—1) -

_F(Mk’mk)) +2(F (Mg, my )~
-F(M 10’"1()) (4)

According to the definition of the Everett surface,
F(Mg,mg) =0, if, o = Mg, so F(Mg,mg_,) can be calcu-
lated. Otherwise F(Mg,myg) is the only unknown in (4).

In Fig.7 an example for symmetric minor loops and
the corresponding descending branches (points)
calculated from the identified Everett surface with
comparison with known reversal curves (dashed
lines).
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Figure 7.
Isotropic vector hysteresis operator

The vector NN model of magnetic hysteresis is
constructed as a superposition of scalar NN models in
given directions e, [1, 6, 11]. Magnetization can be
expressed in two dimensions as

n/2

M@= [e, DLH, Jdo,

—-n/2 (B)

where M, = ¢{H,} is the magnetization in the direction
ey Hy = |Hlcos(d,—¢) and 9y is the direction of
magnetic field intensity H. NNs ¢{H,} depend on the
polar angle ¢ if the magnetic material presents
anisotropy, otherwise it is independent on it. Firstly,
isotropic case has been analyzed. In computer
realization it is useful to discretize the interval [r/2,7/2]
as ¢, = -n/2,+(-Dn/n, i = 1,..,n, (Fig.8) and n is the
number of directions.

vl

Figure 8. Definition of directions in two dimensions
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Symmetric minor loops and the corresponding reversal curves

In three dimensions a similar expression can be
obtained,
n/2n

MO= | [eq, @1Hy Jd0 do.

-n/2 0 (5))
where
Hf},(p=[a1 a, a}]{)yq)[l_l.\' Hy Hz]T’ (7)

and the directions are given as a = a,e, + aye, + azes, lal = 1.

After measuring the Everett surface in the x
direction, the following expression can be obtained
between the scalar Everett surface F(o,f) and the
vector Everett function E(a.,B):

n
F(cx,|3)EZcoscpl-E(acoscpi,Bcoscpi). @)
i=1
In isotropic case the vector Everett surface is
unique for all directions. Expression (8) can be solved
numerically, the algorithms is given as follows.
Expression (8) can be rewritten in the form,

11]
F(ock,[s,)’:' Zcoscpi[ E(cxk cosQ; , B, coscpi])+

i=1
+ ZCOS%, E(ak cosg; , By coscp,-w),

=1 ' ©)
where o, = 2(—(N+1)/2)/N, B; = 2((N+1)/2-D)/N, k1l =
1,...,N+1 and the size of Everett table is (N+1)X(N+1).
Expression (9) contains n; known and n, unknown

points in the Everett surface. If B;=0, [ = 1,...,N+1 and
assuming linear interpolation in the surface E(a.,p),

F(cxk,O) = icoscp,-l(E(qj_l,0)+(E(cxj,0)—

i=1
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- E(aj—l’o))@k COSQ; ~% 4 )/ (aj_aj—l))

T E(ak—l»o) ((1 + bk) S akC2)+ E(ak’o) (akCZ_bkCI)’

Zcoscp,, = Seosly,

i,=1

(10)

where ¢ =

and a;, = oy/(oy—04_1), by = oy 1/(oy—0y_;). From (10),
value of E(oy,0) can be expressed. A similar relation
can be obtained, when oy = ;.

If B0, a similar mathematical formulation can be
obtained. Firstly, let us assume that, (oycos¢; .Bcoso; )
blcos is bounded by known points A(x,y;,z;), B(x2,y2,z2)
and C(x3,y3,23) in the vector Everett surface. The value
of Everett surface in this coordinate can be expressed
assuming linear interpolation in the given triangle.
Unknown values can be expressed after some poor
mathematical formulations.

Neural Network Based Scalar and Isotropic Vector Hysteresis Operator

It is enough to calculate the half of the Everett
surface because of symmetry.

First order reversal curves of vector NN model can
be calculated from the identified vector Everett
surface.

Let us assume that, measured hysteresis curve and
the corresponding Everett surface is given in the x
direction as plotted in Fig.9.

Simulation results for reversal curves obtained from
the identified Everett surface in two dimensions (20
directions) and three dimensions (18 directions) can be
seen in Fig.10 and Fig.11. Directions of the three
dimensional model are generated by an icosahedron
(Fig.12).

In electromagnetic field analysis software it is
useful to apply the Newton method to solve the
nonlinear partial differential equations. It requires the
Jacobian matrix of the disretized form of (5) in two
dimensions,

ll,'

\:
\
o, g5 “‘\\\

/ 'l
1+ - III'/I I/,' \‘\\\\
] ll/ 0K
0.75 Illlll ' ““‘“ “

»
.
'.

//
5;’,’,;,, ,:00" “\\\\“““e\

‘}‘\\“ 13N
“. s

Figure 9.

Hysteresis curve and the Everett surface mearured in the x direction

Figure 10. Indentification result in two dimensions
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Figure 11. Indentification result in three dimensions
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M _nm d(D{Hqu sing, cosg,
oH 2nf5 dH, |sing, cosg, sin2g, |’

cos? @,

(11)

where d¢{H¢ }/H¢ can be calculated analytically, when
applying NNs. A similar expression can be formulated
in three dimensions,

zn: d<I>{Hﬁk q)k}

k=1 Hﬁk Py

cos2E,
cos§,; cosC
cos§,; cosy

cos§, cosy,
cosy, cosC,
cos?y

cosE; cosT
cos?¢,
cosy, cost, (12)

where &, ;, and , are the angles from the x, y and z
directions. Parameter A is depending on the number of
directions, if using icosahedron, because directions are
not uniform.

Figure 12. Definition of directions in two dimensions

Some properties of the NN vector isotropic model

Applying rotational magnetic field intensity with
different amplitude and with linearly increasing
amplitude, output of the 2D vector NN model has been
plotted in Fig.13. a, b and c. In Fig.13.c, the vector of
magnetization gradually approaches the regime of

H(O)={H,0)=H,, cosi), H,()=H,, sin(},

uniform rotation. The variation of magnetic field
intensity is as follows,

(13)

where H,, is the amplitude of magnetic field strength
and o is the angular velocity [11].

Let us suppose that the magnetic field intensity was
first increased along the y direction, and then it was
decreased to zero. This process results a remanent
magnetization in y direction. After reaching zero,
magnetic field intensity is varied along the x direction.
The orthogonal remanent component of magnetization
can be reduced as it can be seen in Fig.14 for different
remanent values. It is an anisotropy induced by the
magnetic prehistory [4,11].

Conclusions

A NN model for magnetic hysteresis based on the
function approximation ability of NNs has been
experimented. The anhysteretic magnetization curve
and a set of the first order reversal branches must be
measured on a real magnetic material. Introducing an
additional parameter & solves a fundamental problem
of simulating hysteresis characteristics, that is the
multivalued property. The magnetization becomes a
single valued function of two variables and an if-then

i 05 0 05 1 4 7
H/H, M/M
k) X s

Figure 13. Simulated H and M loci for different conditions

40

LVI. VOLUME 2001/12




05 T
0.25 - ------ umsormmanuns frovesesseanend rommee e .
§ D
D0 I AR . S— S J
% 15 2
Figure 14. Induced anisotropy
AR
0 0y
| S -8 ~“ E(ogBy)
; > |2
o 0, (x, J’z) //{\
{ | * Al %
@ 0. u X o N l
//’ sy | )
o o o -
A Ol o
AP BS
o |
- 3
Figure 15. lllustration for the identification process

type knowledge-base can be used for .simulating
different phenomena of magnetic materials.

This method has been generalized in two and three
dimensions with an original identification process.
Vector model is based on the Mayergoyz type
technique, but the identical scalar models are
constructed on the identified scalar NN model of
hysteresis.
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Motion estimation in environments
corrupted by impulse noise

PETER RADOCZI AND RASTISLAV LUKAC

Department of Electronics and Multimedia Communications, Technical University of Kosice

In this paper, the motion estimation algorithms are studied in term of their performance in the environments corrupted by the impulse noise.

In order to achieve an unbiased view about the motion estimation performance in noisy environments, a wide range of the impulse noise

corruption from no corruption to 20% of corrupted image points was considered. Besides three well-known motion estimation algorithms

with the fast search such as three step algorithm, conjugate direction algorithm and two-dimensional logarithmic algorithm, a new method

minimising a number of searching points is provided.

1. Introduction

A boisterous development of image processing and
especially multimedia applications [1],12],[3],[4],[8]
such as Internet, CD-ROM, digital television,
videoconferencing, etc. brings a requirement for an
effective storage, processing and transmission of
digital data. In the case of image component of
multimedia data, the requirement is related to a
compression of visual information. In order to achieve
high compression rates, there is necessary to
eliminate redundant image data expressed in the form
of similar spatial and temporal frequencies.

Since a motion video or in other words an image
sequence represents a three-dimensional (3-D) image
signal [6],[10],[11] or a time sequence of two-
dimensional images, besides the spatial frequencies in
the frames, the redundant image data are related to
temporal frequencies of an image sequence, too. For
that reason in the image sequence coding, the
statistical redundancies can be categorised into the
spatial and the temporal domains.

A transform coding is one of the most general ways
to reduce the spatial redundancy, which is called an
intraframe coding, whereas the reduction of the
temporal redundancy is referred to as interframe
techniques. For the purpose of reducing temporal
redundancies, motion estimation techniques, which
estimate the displacement of objects between
successive frames, have been successfully applied. In
the image sequence coding [21,05],[71,[13],[14] the
interframe coding methods with the prediction of the
object motion are used. For simplification of
implementation, a motion compensation with a motion
estimation is generally performed by stepwise
translation of objects in the image. In the first stage of
coding, the displacement of object is estimated by

HIRADASTECHNIKA / LVI. VOLUME 2001/12

using motion estimation methods. The main methods
of motion estimation are pel recursive techniques and
block matching techniques. The first one estimate the
motion vector on pel-by-pel basis, whereas the second
one estimate the motion vector on block-by-block
basis. The result of this step is an identification of
block in the current frame with the most similarity in
the previous frame. The offset between both blocks is
the motion vector for motion compensated prediction.
Consequently, the prediction error and motion vectors
for each block has to be transmitted, where the
prediction error is coded the DCT transform (in MPEG
or H.26X standards) and transformation coefficient of
DCT are quantized and coded by VLC method.

Usually, the performance of motion estimation
algorithms is relatively comparable, mainly in the case
of the noise-free image signals. However, an original
signal is often corrupted by a noise [6],[9],[10],[11] that
can represent a danger for an accurate motion
compensation and thus, the decline of compression
rates, too. If the present noise has an impulse
character such as the impulse noise or bit errors, the
performance of motion estimation decreases rapidly.
For that reason, this paper focuses on the comparison
between full search [15] and three well-known motion
estimation algorithms based on fast search, namely a
three step algorithm [7], a conjugate direction algorithm
[13], a two-dimensional logarithmic algorithm [5] and a
new motion estimation algorithm called R algorithm in
the dependence on a wide range of the impulse noise
corruption ranged from 0% (no corruption) to 20%
corruption.

The rest of this paper is organised as follows. In the
next section, a principle of motion compensation with
motion estimation is described. Selected motion
estimation algorithms including a new method are
described in Section 3. Test sequences, mathematical
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models of the used noise corruption and the experi-
mental results including a number of figures and tables
are presented in Section 4. Finally, the achieved
results and main ideas are concluded in Section 5.

2. Block matching motion estimation

The block matching algorithm (BMA) estimates the
motion vector in a block-by-block basis. In the BMA, a
current frame is divided into blocks of size (NxN) pixels.
The block of pixels in the current frame is compared
with the corresponding blocks within a search area of
size (N+2p)x(N+2p) pixels in the previous frame, where
p is the maximum displacement allowed. The motion
vector of the current block is found. We briefly describe
the operation of the BMA between two consecutive
frames in Figure 1.

previous frame k-1
motion vector PRl e )
Tl

current frame k

search area

N

Figure 1. Principle of block matching

Let us assume x(m,n) to be location of the pixel of
the current block in the current frame, and x;_;(m+i,n+j)
to be the location of the pixel in the candidate block in
the previous frame, shifted by the i pixels and j lines
within the search area. For the best match, the motion
vector (i,j) represents the estimate of displacement in
horizontal and vertical direction, respectively. The
accuracy of motion estimation depends on the
matching criteria (cost function) applied in the search
area. The most popular ones are briefly described as
follows [15]:

e Cross-Correlation Function

In this measure, the highest NCCF(i,j) within the

search area, represents the best match.

M N
zxxk(ni,n)xk_l(m+i,n+j)

m=1n=1
M N M N
22 X (mn) Y2 (m+in+))
m=1n=1 (1)

NCCF(i,j)=
m=1n=1

e Mean square error (MSE)

Reversal, for the smallest MSE(i,j) within the search
area, (ij) represents the motion vector of the block.
MSE is simpler than NCCF in computational comp-
lexity.
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1 M N
MSE(i,j)= WZE[xk(m,n) —x, (m+in+ )
m=1 n=1 (2)

e Mean absolute difference (MAD)

In this criterion, the motion vector is determined by
the smallest MAD(i,j) for all possible displacement (i,})
within the search area. The MAD is often applied due
to its lower computational complexity.

1 M N ) ;
MAD(i,j)=m22|xk(m,n)—xk_l(m+1,n+j)|
m=1n=1 (3)

3. Block matching algorithms

In this Section, there will be used three well known fast
search-based motion estimation algorithms such as the
three step algorithm [7], the conjugate direction algorithm
[13], the two-dimensional logarithmic algorithm [5] and a
new algorithm called R algorithm as described below. Al
presented fast search algorithms eliminated the positions
in SA by principles of the quadrant monotonic function.
e Three step algorithm

In the Three step search algorithm (TSA) all eight
positions surrounding the co-ordinate with a step size
of p/2 are searched first. At each minimum position the
search step size is halved and the next eight new
positions are searched. This method searches 25
positions to locate the best match.
e (Conjugate direction algorithm

In Srinivasan and Rao's conjugate direction search
(CDS) method, at every iteration of the direction search,
two conjugate directions with a step size of one pel,
centered at the minimum position are searched.
e Two-dimensional logarithmic algorithm

To reduce the computational complexity, Jain and
Jain developed a two-dimensional logarithmic search
algorithm (TDLOG) to track the direction of minimum
mean square error distortion measure. In their
method, the distortion for five initial positions, one at
the center of the co-ordinate and four at co-ordinates
(+p/2, £p/2) of the search area, are computed first. In
the next step, three more positions with the same
step size in the direction of the previous minimum are
searched. The step size is halved and the above
procedure continues until the step size becomes 1.
Finally all nine positions are searched.
e R algorithm

In order to minimise a number of searching points
on the assumption that the displacement is minimal, a
new algorithm called R algorithm is proposed. In
introduction of the searching procedure are search
points situated into the centre of SA (Figure 2). The
distance between two pixels is 1 pixel. After the first
step there can occur following cases:
1. The point having a minimum distortion is the central

point. Then the motion vector is zero and algorithm

stops.
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Figure 2. R Algorithm

2. The point with a minimum distortion is located into
some of orthogonal directions. Then, a part of the
well-know orthogonal search algorithm is applied
into the particular orthogonal direction.

3. The point with a minimum distortion is located into
some of corners of reduced SA (-7,7). In the next
step, there are 3 search points located in the
directions to the boundary of SA, namely two points
in orthogonal and one in diagonal direction
((1,-2):(2,2);(2,-1)). After the second step, there can
occur 3 cases repeatedly:

a) If values of the distortion of 3 new search points
in the second step, they are higher as corner’s

Motion estimation in environments corrupted by impulse noise

point in the first step, then the location of the
corner’s point defines the motion vector.

b) If the point with minimum distortion is located
into the some of orthogonal directions, the
search algorithm returns to the second step.

c) If the point with minimum distortion is located
into the diagonal direction, then the search
algorithm returns to the third step.

4. Experimental results

e Test image sequences

In this paper, we use three image sequences
(Figure 3). Each sequence consists of 30 frames with a
resolution of 256x256 pixels with 8-bits/pixel gray-
scale quantization. The complexity of an image
sequence is mirrored by the amount of motion and by
a number of image details and edges. The first
sequence called Salesman (Figure 3a,b) includes a
number of details and edges. The considerable motion
of the man in a foreground increases complexity of
this sequence. The sequence Susie (Figure 3c,d) is the
most elementary, there are many monotonous fields,
the problem areas can be hair. Accordingly, the
minimal motion is observed. Small objects such as
vegetation create background of the sequence People
(Figure 3e,f). In addition, there is a large complex

Figure 3.
(b) Salesman — 25t frame
(e) People — 5t frame

(a) Salesman — 5t" frame
(d) Susie — 25t frame
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Original image sequences with various amount of the motion and signal-details (edge density) complexity

(c) Susie — 5" frame
(f) People — 25 frame
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motion caused by the motion of people and camera,
simultaneously.

¢ Noise corruption

To achieve a noise corruption, we use the impulse
noise. In general, mathematical model of the impulse
noise can be expressed as [10,11]

{'U
X..=

ij

0y

where ij characterise the sample position, o;;
sample from the original image, x;; represents the
sample from the noisy image, p is a corruption probability

and v is a noise vector of intensity random values.

with probability p
with probability 1-p (4)

. is the

:

(b) N @

5t frame of noisy image sequence Salesman
(a corruption is modeled by the impulse noise)
(@) p=0.02 (b) p=0.05 (c) p=0.10 (c) p=0.15

Figure 4.

The second model of the impulse noise corruption
can be expressed through the model of bit errors

*kmz{kz’; l_pu
M U S A (5)

where i,j characterise the sample position, m is a bit
level forced to be between 1 and B (a number of bits
per sample), p is a bit error probability and finally {k}
and {'k} characterise original and corrupted bit levels.
Note that the original sample is expressed as

0, =k, 2+ K270+ .+ 24k

(6)
whereas a sample from noisy image is defined by

¥ 31 AB-1 , *;2 ~B-2 *3B-1~  *3; B
x;; = k2" + k27 4.4 K 2+ k,.,j )
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Since, the decreased performance of the motion
estimation algorithms with the increased amount of
the noise corruption is expected, it can be very
interesting to observe the influence of the impulse
noise on the accuracy of the motion estimation and
the average required number of the search points.

* Performance of motion estimation algorithm

Presented block matching algorithms have been
tested on the above-mentioned image sequences
(Figure 3 and Figure 4). As the cost function was
chosen the MSE error criteria and the size of block
was equal to 8x8 pixels. The degree of reduction
interframe redundancy was evaluated by Peak-signal-
to-noise-ratio (PSNR).

(255

256 256

LTS

256 %256 =i jai (8)

PSNR =101log,, [dB]

where x;; are values of pixels into the current frame and
x{; are values of pixels into the previous frame after
motion compensation.

The achieved results related to PSNR are
summarised in Table 1, Table 2 and Table 3. It can be
seen that all fast motion estimation algorithms achieved
PSNR value nearly to PSNR values by the Full Search
(FS) algorithm. Mainly, by the third sequence Susie, the
difference is really near to zero. On the other side, the
higher the noise value the increased the difference.
According to PSNR parameter the best performances
achieved the TDLOG and R algorithms, respectively.

Table 1 Obtained PSNR values on sequence Salesman

PSNR NOISE PROBABILITY p
Method 0 0.02 | 0.05 | 0.10 | 0.20
CDS 34.63] 23.69| 21.02| 17.15] 14.48
TSA 33.57| 22.78| 20.38| 16.78| 14.36
TDLOG | 34.76| 24.15| 21.58| 17.60| 14.87
R 34.81| 23.84] 21.23| 17.37| 14.65
FS 35.07] 25.30{ 22.76] 18.56] 15.67

Table 2 Obtained PSNR values on sequence People

PSNR NOISE PROBABILITY p
Method 0 0.02 | 0.05 | 010 | 0.20
CDS 29.43| 22.87| 19.75| 17.15| 14.53
TSA 28.06/ 22.01] 19.10] 16.74] 14.34
TDLOG | 29.53| 23.26] 20.16] 17.58] 14.90
R 29.23| 23.38| 20.18] 17.63| 14.99
FS 29.99| 24.07] 21.06) 18.46/ 15.70

Table 3 Obtained PSNR values on sequence Susie

PSNR NOISE PROBABILITY p
Method 0 0.02 | 0.05 0.10 | 0.20
CDS 36.54] 24.68| 20.96/ 18.10] 15.26
TSA 36.17) 24.03| 20.36] 17.79] 15.05
TDLOG | 36.49| 25.16] 21.33| 18.46| 15.44
R 36.59| 24.84] 21.21| 18.33] 15.46
FS 36.63] 26.51| 22.69| 19.70| 16.51
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Now, the performance of the motion estimation
algorithms is evaluated (Table 4, Table 5 and Table 6)
through the average required number of search points
(ANSP). There are visually greater differences among
the motion estimation algorithms than it is in the case
of PSNR evaluating. The algorithms are referred to the
number of search points of FS algorithm. It can be
seen that all fast algorithms achieve the considerable
reduction of the search points in comparison with FS
algorithm. According to ANSP, the low amount of
points was achieved by CDS and R algorithms,
respectively.

Table 4 Obtained ANSP values on sequence Salesman

ANSP NOISE PROBABILITY p
Method 0 002 | 005 | 0.10 | 0.20
CDS 8.86| 9.41| 10.02] 10.27] 10.35
TSA 25.00{ 25.00, 25.00, 25.00] 25.00
TDLOG 15.58| 17.68| 19.64| 19.65| 19.71
R 8.74| 9.51| 10.44| 10.31] 10.29
FS 169.00| 169.00| 169.00| 169.00| 169.00

Table 5 Obtained ANSP values on sequence People

ANSP NOISE PROBABILITY p
Method 0 002 | 005 | 0.10 | 0.20
CDS 11.98] 11.63] 11.60| 11.35] 11.14
TSA 25.00] 25.00] 25.00, 25.00] 25.00
TDLOG 19.36] 19.90] 20.22| 20.37| 20.25
R 11.29] 11.15( 11.25] 11.12] K 1098
FS 169.00{ 169.00| 169.00| 169.00| 169.00

Table 6 Obtained ANSP values on sequence Susie

ANSP NOISE PROBABILITY p
Method 0 002 | 005 | 010 | 0.20
CDS 7.68] 9.24| 10.07| 10.50, 10.62
TSA 25.00f 25.00] 25.00, 25.00] 25.00
TDLOG 14.53| 17.85| 19.55| 20.16] 20.29
R 8.36| 9.74] 10.33] 10.69| 10.50
FS 169.00{ 169.00| 169.00| 169.00| 169.00

Generally, the motion estimation algorithm can be
evaluated by both parameters, the PSNR value and the
average required number of the search points.
According to the first parameter, the best results were
achieved by the TDLOG algorithm and the R algorithm.
If the motion estimation was evaluated through the
second parameter, the best performance was
provided by the CDS algorithm and the R algorithm.

5. Conclusion

In order to find the block with the minimum distortion,
the full search algorithm exploited the process based
on the matches of all possible displaced candidate
blocks within the search area in the previous frame.
The main disadvantage of this procedure is a very high
computational complexity.

The reason, why the fast block matching algorithms
provided lower performances than the FS procedure
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did, is that in the search area does not exist only one
global minimum, but in the search area often exist
several local minimum values of the cost function.
Currently, the location of these local minimum values
is ultimate for finding an optimal point. The correct
estimation of the motion vector can be executed by
the assumption that all pixels in block do the same
move. Reliability of the estimation displacement of the
block depends on block size and largeness of the
movement. Using less block size increases the
probability that in the SA will exist more identical
blocks.

Since the useful information is often degraded by a
noise, this paper has focused on the performance of
the fast motion estimation algorithms in environments
corrupted by the impulse noise. In general, the
performance of all motion estimation algorithms
decreases with the increased impulse noise
probability. The achieved results have shown that the
performance of a new R algorithm is comparable with
the performance of the FS algorithm and three well-
known fast motion estimation algorithms. In addition,
the proposed method has provided the smaller
average required number of the search points (ANSP)
for a wide range of the impulse noise corruption. For
that reason, the proposed method has provided the
best compromise between the PSNR and ANSP not
only for the motion estimation in the ideal noise-free
situation, however, it can be used successfully in the
noisy environments, too.
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Congestion Measure: Generalization,
Analysis and Application

D D LuoNGe J BIRO
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In end-to-end congestion control protocols, sources continuously obtain feedback from the network, detect the level of congestion along

their network path and adjust their sending rate accordingly. The level of congestion can be represented by the loss rate in TCP Tahoe/ Reno,

queuing delay in TCP Vlegas or marking probability in ECN-capable protocols. We call them the congestion measures. Our aim in this paper is

to generalize the con-gestion measures and investigate their common properties, especially the so-called , population effect”, where the

total congestion level tends to increase with the number of active connections. This better understanding of the congestion measures
promotes the use of ECN-like router mechanisms to avoid the negative impact of popula-tion effect. We also propose the use of congestion
measure in available bandwidth estimation and dynamic path selection algorithms.

Keywords: congestion measure, end-to-end congestion control protocols, available bandwidth, path selection.

I. Introduction

TCP Tahoe or TCP Reno always probes the unused
bandwidth of the network by increasing their sending
rate. When it notices packet losses via loss signal
(duplicate ACK or time-out), it decreases the sending
rate and retransmits the lost packets. The well-known
principle of TCP is the additive-increase, multiplicative-
decrease behavior. Assuming that losses are random,
by different approaches [1], [2], [3] researchers have
obtained the throughput as a function of loss rate. The
simplest form of throughput formula is the following

Throughput = MBS
RTTA[p

where MSS and RTT are the Maximum Segment Size
and the Round Trip Time, p is the loss rate and ¢ is a
constant which depends on the current TCP imple-
mentation, the ACK strategy (delayed or not) [2].

TCP Vegas adopts another mechanism to detect
congestion [6]. It estimates the amount of extra data
and controls its congestion window (cwnd) accor-
dingly. Extra data is the fraction of data in transit that
stays in the buffers of routers. The basic idea is that
the amount of extra data should not be too large or too
small. When the amount of extra data becomes larger
than a threshold, B meaning that the level of buffer
occupancy gets large and overflow may occur, TCP
Vegas decreases its cwnd linearly. When the amount of
extra data is smaller than another threshold o (o < f3),
the cwnd is increased by one per round-trip time.
Otherwise, the cwnd remains unchanged. The decision
of the window size is done once each RTT. In [5], D. D.
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Luong et al. have shown that by setting the two
thresholds o« and S close to each other, in the stable
state the throughput of TCP Vegas is inversely
proportional to the total upward queuing delay
(queuing delay experienced by the acknowledgements
is excluded).

Recently, several end-to-end congestion control
mechanisms are proposed to achieve global opti-
mization. Each end user has its own utility function.
Resources (bandwidth in this case) need to be
distributed among users in such a way to maximize
the overall objective function, which is the sum of
utilities of all active flows [9].

A window-based congestion control protocol for
global optimization is described in [14], which
estimates the end-to-end propagation delay and
queuing delay, then adjusts the window size
accordingly. The authors prove that the applied
mechanism guarantees the convergence and stability.
In the stable state, the window size and therefore, the
sending rate is a function of queuing delay. Another
congestion control protocol proposed in [15] adjusts
the transmission rate in accordance with the loss rate
or ECN marking probability. These two protocols do
not require any modifications in routers. On the
contrary, S. Low et al. found a congestion control
protocol [12], [13], which requires the co-operation of
routers. A so-called “link price” is defined at each link
to indicate the level of congestion. The sender obtains
the total price of the network path via Random
Exponential Marking mechanism (REM). Then the
transfer rate is the function of the total price.

All protocols mentioned above have an essential
common point: their sending rate is altered according
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to the level of congestion estimated via measures
generated by the routers eg. the loss rate, the ECN
marking probability, the queuing delay. We call them
the congestion measures. Our aim in this paper is to
generalize the congestion measures and investigate
their common properties, especially the so-called
"population effect”, where the total congestion level
tends to increase with the number of active connec-
tions. This better understanding of the congestion
measures promotes the use of ECN-like router
mechanisms to avoid the negative impact of popula-
tion effect.

The congestion measures are to indicate the level of
congestion within the network and have been only
used in congestion control protocols. Our opinion here
is that the congestion measures can be applied in
other areas of networking. In this paper, we show how
to use congestion measures to estimate roughly the
available bandwidth for elastic applications. Moreover,
the congestion measures can be used as a link state
information in dynamic path selection algorithms.

Throughout this paper, we have to use some new
terms to describe things which proper denomination
we could not find in the literature. All new terms and
their definition are listed in the Appendix. We
apologize in advance for any confusion resulting from
our terminologies.

The rest of this paper is organized as follows.
Section Il gives the general network model and the
definition of the additive congestion measure. We
analyze some properties of the additive congestion
measures in Section Ill. We show the application of
congestion measures to the available bandwidth
estimation and the path selection in Section IV. Section
V demonstrates some simulation results. This paper is
concluded in Section VI.

Il. The model

Let's consider a network with a set of links L. Each link
[ € L has a finite capacity |, > 0. Let F denote the set
of flows which have data to transfer over the network,
each flow fe F goes through a non-empty subset of L,
called a route (or a path). We define an indicator
function

I, [e theroute of flowf

1(f,1)={

0, otherwise 1)
Let A, be the bandwidth allocation of the flow f. Any

feasible bandwidth allocations must sat-isfy the
capacity constraint

DULDN, <w, forallle L
feF (2)

Link 7 is the congested link if the aggregate source rate
is exactly equal to its capacity. That is the inequality
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symbol is replaced by the equality symbol in (2). The
congestion control mechanisms always try to use all of
the available bandwidth. Therefore, any flow must
have at least one congested link on its network path.
Note that the congested link should not be confused
with the bottleneck link of a network path, which has
smallest capacity on that path.

Denote s, be the level of congestion measure at link /.
We assume that s, is not negative. Furthermore, s, is
equal to 0 if /is not a congested link. These assumptions
are consistent with all types of congestion measure
mentioned in Section I. Let s, be the level of end-to-end
congestion measure experienced by flow f. In the rest
of this paper we call the level of congestion measure
simply the congestion level.

We assume that the end-to-end congestion control
protocol applied by the flows converges and stabilizes.
In the stable state, each flow f have the rate of A,

where R, is strictly decreasing function and have
positive values if s; is positive. Different types of R are
shown in Table I.

Definition 1: A congestion measure is additive if the
end-to-end congestion level experienced by a flow
is equal to the sum of conges-tion levels at all links
along the path of that flow.

s, = 2A(fl)s, forall fe F
leL (4)

Obviously, the queuing delay, used in TCP Vegas [5],
[6] orin J. Mo's protocol [14], is an additive congestion
measure since end-to-end queuing delay is the sum of
queuing times at relevant routers. Similarly, link's
price, used in S. H. Low's protocol, is also additive and
clearly proved in Page 2 of [13].

The loss rate, used in TCP Tahoe/Reno or in protocol
proposed by S. Kunniyur [15], is not additive. Let's
consider a flow f passing through m; links with loss
probabilities py, p,, ..., p,s ON these links, then the end-
to-end loss probability pf can be computed by

my my—=1 my

Ps =1—Ifji(1—p,~) =2p-X2nn
i=1 i=1 j=i+1
mg=2my—1 my
2 2o DB

i=1 j=iHk=j+1 (5)

With small loss probabilities py, p,, ..., Pus
my

pf :zpl (6)
i=l1

Remark 1: In case of small link loss probabilities, the
loss rate can be considered as an additive conges-
tion measure
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Protocol Rf(s) The meaning of s Remarks Ref.
TCP Reno cMSS loss rate c: constant, MSS: [1]
RTT\/? Maximum Segment Size
TCP Vegas %Y total upward queuing delay Y. constant [5]
Low's, Mo's and Kun- i link price, total upward queuing Uyis the utility function [12], [14], [16]
o ) Uf (s7) .
niyur's mechanisms delay and loss rate, re-spectively. of the flow f

Table I.

lll. Some properties of congestion control
protocols using additive congestion
measure

A. The population effect

To characterize congestion measures, we consider a
simple network with a single bottleneck link and n
different competing flows. When the system
stabilizes, the total transmission rate of all flows is
exactly equal to the capacity of the bottleneck link

o = Db =2 R,(9)
i=1 i=1

(7)

where R; is the rate function of flow i and s is the
congestion level at the bottleneck link in the stable
state. For simplicity we assume that all flows have the
same rate function R.

Wpore = NR(s) (8)

Then

o= Tl Wy
s (7‘] (©)

R is a strictly decreasing function (Section Il) and then
sois R™'. Equation (9) implies that the congestion level at
the bottleneck link increases if the number of active
flows increases. We call this the population effect. Table
Il shows the connection between the number of flows
and the congestion level in some particular cases.

The population effect shown above could cause
performance degradation if the congestion measure
used in a congestion control protocol is loss rate or
queuing delay. The high loss rate caused by a large
number of connections results in a low bandwidth
utilization. Similarly, the increase of queuing delay
yields a high end-to-end delay, which is a critical
performance factor in multimedia applications. ECN is
a realizable solution to avoid these impacts of the
population effect, since the increase of marking rate
only makes the sending rates throttle down as one
expects from a congestion control protocol, it does not
have any negative impacts on performance factors eg.
loss rate, delay.
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Transmission rate as a decreasing function of congestion level.

Rate function R Congestion level s
MSS
cMSS (& \/;
RTTAs RTT A,
¥ Y
s l“‘bott P

In networks containing more than 1 link, the change
of congestion levels is more complicated. When a new
connection is established (or an old one is terminated),
the link's congestion level does not always increase
(decrease). We llustrate this via the network
configuration in Fig. 1. Connection 0 goes through 2
bottleneck links with the same capacity, while
connections 1 and 2 go through link 1 and link 2,
respectively. The link's congestion levels in the stable
state are s; at link 1 and s, at link 2. The congestion
level s2 must increase when the new connection (con.
3) is established. We assume that the congestion
measure in this example is additive. If s, is unchanged
or increases, the transmission rate of connection 1
does not increase while the rate of connection 0
decreases. In this case, there are unused capacity of
link 1, meaning that connection 1 has no congested
link. Consequently, s; must decrease.

Individual link’s congestion level can increase or
decrease after the establishment of new connections.
But how about the total congestion level which is
equal to the sum of congestion levels of all links? In
the following, we derive an upper bound and a lower
bound of the total congestion level and show that
these bounds increase strictly with the establishment
of new connections.

Old flows
Con. 1 \ Con. 2
Link 1 I Link 2
Cono L —————— , ,
[ ;
S1 b S2 i
i i
\ Con. 3
The new flow
Figure 1. A network model with 2 bottleneck links.

Proposition 1: If all flows use the same rate function R
and the congestion measure is addi-tive, we have
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8 SR][&j
n, (10)

where n; denotes the number of the flows passing
through link /

Proof: If link /is not a congested link, the congestion
level s;is equal to 0 and the inequality described above
is obvious. Otherwise, in the case of congested link,
we have

DULDN = Y, R(s)=y,

feF FACLD=1 (11)

Since the congestion measure is additive and R is a
decreasing function

R(s;) :R[Zl(f,l')s,.]SR(S,),Vf:I(f,l)zl

l'eL (12)
From (11) and (12)
Y, RG) <nRGs)
fi (=1 (13)
Then
w,
R > —
()23 (14)
Or
5 SRA('M_[] (15)
n,

Proposition 2: If all flows use the same rate function R
and the congestion measure is addi-tive, we have

porlut

reL leL N,

(16)

Proof: From the capacity constraint (2), for any link |
we have

SN = > Res) <,

feF Fi(f,D=1 (17)
Since the congestion measure is additive
R(s)=R [Z[( 1y )s,j >R (Zs,]
l'eL (‘I 8)
From (17) and (18)
D Rsp= Y, R{ZS,] =
FIfD=1 fI(f.h=1 \l'eL
=nR ,
ki (ES’J (19)

Which means
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[,;‘SI] m

(20)
This is true for all link /, so
251 = mm—
rel by (21)
Or
22K [f,mfi]
relL > ! (22)

Remark 2: An upper bound and a lower bound of the
total congestion level can be given by

)R 20

IeL Wy ) fei leL

Conclusively, in a general network, the lower bound
and the upper bound of total congestion level
increases with the set-up of new connections. We
have the similar results when the rate functions are
different (see the Appendix). We regret that we could
not claim any more precise statement about the
evolution of the total congestion level itself. But by
simulation in Section V, we provide evidence that
suggest the strict increase of the total congestion level
when new connection are established.

B. The relation between congestion measure and
global fairness optimization

The most common rate sharing scheme for competing
flows is that the bandwidth should be shared as
equally as possible and this results in the max-min
fairness. In spite of the fact that the notion of fairness
in resource sharing usually indicates the max-min
fairness, there is no economic motivation for this
criterion.

F. Kelly [9] argues that bandwidth should rather be
shared in such a way to maximize an objective
function representing the overall utility of the flows in
the network. Each flow f with rate allocation A, has a
utility Uy (A, which is an increasing, strictly concave
and continuously differentiable function of A, [11]. The
overall utility is assumed to be additive, meaning that it
is Zrc pUs(Ay). The rate sharing scheme under this model
is the solution of the following optimization problem

P:

maximize Zg pUs(Ay)
subject to X pI(f)A; < foralll e L
over A0 for all fe F

Proposition 3: If a congestion control protocol

stabilizes and the relevant congestion signal is
additive, the rate sharing of that protocol is the
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In other words, the estimation becomes more
accurate when the networks are more heavily loaded.
As shown in Fig. 5, the relative errors get closer to the
line y =0 when the number of active flow gets larger.
The straight lines in this figure are also the linear fits
and we can see that they come closer and closer to
the the line y=0.

C. 3 Path selection

As mentioned in Subsection IlI-B, if each flow f has
a utility function U;, then the control protocol with rate
functions U7' maximizes the overall utility X, zU(A) of
all flows. In that case, the path of each flow is already
selected. If we consider the optimization on both
routing and rate distribution level, the overall utility is a
good measure to evaluate the path selection
algorithms for elastic application.

We use the utility function U(A) = 5Slog(\) for all
flows. Then the corresponding rate func-tion is

R(s)=§- Three path selection algorithms are evalu-

ated: minimum hop count, Shortest-Widest path and
Widest-Shortest path. As we can see in Fig. 6, the
Shortest-Widest path and Widest-Shortest path have
nearly equal overall utilities and both of them
outperform the min-imum hop count algorithm. In a
heavily loaded network, the Widest-Shortest path is
the best choice to achieve efficient resource utilization
(Fig. 7).

Topology (b)
3 == = Min hop count & A
600 | ~—m Shortest-Widest &
~de Widest-Shortest sl
550
z
5
T
5 500
>
o
450
400
200 250 300 350 400
Number of connections
Fig. 7.  Path selection algorithms in heavily loaded network-

Topology (b)

VI. Conclusion

This paper generalizes and investigates a common
characteristic of end-to-end congestion control
protocols: the congestion measure. We have shown
an important property of the con-gestion measure: the
population effect, where the total congestion level
tends to increase when new connections are
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established. If the congestion measure is the loss rate

or queuing delay, the population effect could lead to

the network performance degradation. This observa-
tion promotes the use of ECN-like marking mecha-
nisms.

Up to the present, the congestion measures have
been only used in congestion control proto-cols. Our
opinion is that the congestion measures, presenting
loading state of the network, can be applied in other
areas of networking. In this paper, we have proposed
two applications:

1. The available unused bandwidth is not a sufficient
information to predict the performance of elastic
applications. We have proposed the use of end-to-
end congestion level to estimate the future transfer
rate for best effort applications.

2. We have also shown that congestion measure can
be used as a cost of links in dynamic path selection.
Simulation results have confirmed that the elastic

bandwidth estimation using end-to-end con-gestion
level is fairly accurate when the network path contains
several competing flows. It has been also shown by
simulation that path selection using congestion
measure as a link's cost outperforms the static
shortest path algorithm.

Appendices
. Some Terminoligies

Congestion measure: a measure to represent the level
of congestion. Some examples of conges-tion measure
are the loss rate, ECN marking probability and the
queuing delay.

Total congestion level: is the sum of congestion levels
of all network links.

Rate function Ry is a mapping from the end-to-end
congestion level sy to the transmission rate A, of a flow f

Additive congestion measure: A congestion measure
is additive if the end-to-end congestion level
experienced by a flow is equal to the sum of
congestion level at all links along the path of that flow.
Population effect: a phenomenon where the
congestion level of links tends to increase with the
number of active connections.

Elastic available bandwidth: the expected bandwidth
available for a certain elastic application.

Il. A general upper bound and lower bound for
total congestion level

When the rate functions are different, we introduce
the following functions:

R,;(s)= 2 IFDR,(s)

feF
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Note that R,p is a strictly decreasing function
because of the same property of F;.
Proposition 4: If the congestion measure is additive,
we have

5 < R[;(M[) (27)

Proposition 5: If the congestion measure is additive,
we have

§ = maxR,

% ] na I,F(u'[) (28)
The proof of Proposition 4 and Proposition 5 is

similar to the proof of Proposition 1 and Proposition 2.

Remark 3: An upper bound and a lower bound of the
total congestion level can be given by

ek R;; (MI) - zsl' = ZRZ;(M/)

el leL

(29)

Consider a new connection f* to be established.
Denote F" be the new set of connections. Then

FelPulf)
From the definition of R, above:
RZ.FK(S) = R/,F(S) o+ [(f!:l) fo(S) R/,F(S) (30)

Since R,r. and R, are strictly decreasing functions,
then

max R () < T < TR ()

leL lel

(31)

Inequality (31) and Remark 3 imply that in case of
different rate functions the upper bound and lower
bound of the total congestion level also increase when
a new connection is set up.
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1. How it Started: Siemens and ZWUT

Siemens AG acquired the traditional Polish telecom-
munications manufacturer ZWUT S.A. in 1993 [7., 8.
The relationship had started with a joint venture called
CEWIS, founded in 1991 with 49 % Siemens shares.
Soon thereafter the Polish government decided that
the aim should no longer be to create joint ventures as
islands within the economy. As role models, the joint
ventures looked attractive, but the large state-owned
companies did not have the resources to follow the
example. So the government went for a compre-
hensive solution and decreed that only those foreign
companies could qualify as suppliers for the national
telecommuni-cations network who would take an
active part in the privatisation of the industry. That is,
the foreign company had to buy one of the local
manufacturers, to commit large investments and to
start production.

Through this process, after due diligence and public
tendering, Siemens AG" bought ZWUT in Warsaw
together with Elwro, a Wroclaw-based computer
manufacturer, since these companies were offered in
double-pack. Meanwhile Siemens has invested some
120 million USD in ZWUT who became the market
leader among telecommunications networks manufac-
turers in Poland. Elwro was sold in 2000.

Already before ZWUT was acquired by Siemens,
the company had reduced its workforce from 4,500 to
2,350. It was clear from the beginning that for
manufacturing, selling and servicing the Siemens
product, the state-of-the-art public switching system

EWSD, even fewer people would be needed. It was a
privatisation condition that no employees were to be
dismissed during the first two years after acquisition,
though rather generous premiums were offered to
those who resigned voluntarily.

Another means to reduce the headcount of the
acquired company was outsourcing. This term had just
then become fashionable in the West, starting with
Eastman Kodak in 1989 (WiRkirchen 1999a: V), but in
Eastern and Central Europe there were even more
opportunities for it. Due to the chronic shortages in a
socialist economy, companies had always striven for
autarky: every task that was performed within the own
organisation reduced the dependency on the insecure
outside world. Thus a company like ZWUT harboured
several activities that could rather easily be brought
into the form of an independent company.

In a couple of cases, ZWUT employees and junior
managers appreciated the opportunity to venture into
capitalism. ZWUT, then called ZWUT S.A. a Siemens
Company, supported them with loans and with the
sale of used equipment at favourable prices. Some of
these companies do the service for the old ZWUT-
installed base, others produce accessories like Main
Distribution Frames, racks or tools, still another one is
a master partner for Siemens business and enterprise
telecommunications solutions, etc. Even trade union
representatives turned into entrepreneurs when they,
through public offering, purchased ZWUT's recreation
facility.

In other cases, buildings and machinery were sold
and employees transferred to external companies

1 Dr Marec Béla Steffens, .arec-bela.steffens@siemens.pl. Thanks to Andreas Hoffmann, CFO then of ZWUT and now of Siemens Sp. z

o.0., for helpful comments.
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from other branches of the economy. The number of
ZWUT employees fell to below 500 in 1995. Due to
the success in business, it rose again to about 825,
with a better age and education structure than ever
before. All this went without strikes because the trade
unions realised there was no alternative.

2. Background Reasons for Outsourcing

After the achievements of a heroic start phase, ZWUT
in 2000 had, in Bertolt Brecht's words, to face the toils
of the plain before in 2001 the sectoral crisis reached
Poland. In order to bundle central functions, ZWUT
was per 1 Oct. 01 integrated with Siemens Sp. z o0.0.
(= Ltd.), the Siemens regional company in Poland.
Now the telecommunication networks business is
under one organisational roof with the other in-forma-
tion and communication activities and in fact most of
Siemens business in Poland. At his first visit to
Siemens Telefongyér, the Hungarian pendant to
ZWUT, the author was astonished to see the cleaners
wearing tags with the name of a different company
and asked why Siemens Telefongyar with its then
huge staff numbers had to hire outsiders for cleaning.
However, the cleaners were ex-Telefongyar workers
involved in an outsourcing project supported by the
management.

Outsourcing is a hot topic still, backed now by the
general fashion which made it a buzzword almost as
mighty as e-commerce. Headquarters, not content
with profit figures reported to them quarter by quarter,
also bother a lot with how the profit is generated. One
of the nicest figures, much easier to grasp than, say,
EBITDA or EVAZ? is headcount. It can easily be
compared among countries (if one neglects the little
fact that one head in Bangladesh does not cause the
same cost as in Switzerland).

But, polemics aside, outsourcing is more than just a
possibility to impress headquarters with a reduced
headcount figure. Managers (and employees) cannot
be experts on all things, and it is worthwhile to
consider which are a company’s core functions and
which are supporting only. Not an easy task to define
this. Schneider (2000: 167) recalls the case when IBM
outsourced the development of an operating system
for personal computers to a then insignificant company
called Microsoft. Plus, the term core business is too
often used as an excuse for poor business.

Nevertheless, there are functions which are
necessary but not part of the competence that gives a
company a competitive advantage on the market, and
these tasks can be transferred to an outsourcing
partner whose core competencies lie in the respective
areas. This helps the company to focus management

attention on the crucial areas and to benefit from the
partner’'s experience.

3. Outsource What and to Whom?

In the years 2000-01, ZWUT S.A. a Siemens Company,
with the personal involvement of this author in all but
one, completed 10 outsourcing projects affecting 51
employees. Almost all divisions of the company were
affected: sales and service, general administration and
information technology management. Rather simple
tasks were outsourced as well as quite complex ones.

The outsourcing partners are all kind of companies:
one is another Siemens entity, Siemens Business
Services; Sirti Poland is the subsidiary of an ltalian
company experienced in sub-contracting and project
execution. Prime Car Management (PCM, today a
subsidiary of General Motors but not at the time when
we started outsourcing) and Patron-1 are car rental
companies who took over our staff in the framework
of a car pool leasing scheme. Solid Security is what the
name suggests, so doing reception and internal mail
distribution was an extension of their scope close to
their main area of services. Simplicom on the other
hand is a company founded by two former junior
managers of ZWUT: we realised that with the cost
structure of ZWUT we could not be competitive in the
segment of telecommunications services for small
businesses and enterprises. Now there is a vehicle
with a better cost structure and flexibility, and by
outsourcing to Simplicom a couple of fixed network
installers as well we created a stable stream of
revenues most welcome in the start-up phase. Last
but not least, one outsourced employee founded a
one-man company.

In all cases we took care not to diminish our
competence-in the eye of our customers and not to
create units that could compete with us in the market.
Where the outsourcing partners were to interact with
our customers, which was the case in Simplicom’s
sales of small telecommunications systems to business
and enterprise customers, we would coordinate the
activities and accordingly withdraw our own sales staff.

It was not always easy to decide what is a core
competence. Managers who are made responsible for
their teams’ results tend to keep things and people
under their direct control. Sometimes they had to be
convinced that outsourcing would give them no worse
grip of the people doing the work — at times even a
better one because an outsourcing partner fearing to
lose the business can be a better address for
complaints than middle management within the
company. In the end we said that wherever services
are offered in the market at good quality and lower

2 EBITDA = Earnings Before Interest, Tax, Depreciation and Amortisation; EVA = Economic Value Added, that is, after-tax profit after

imputed cost of equity and actual cost of loans.
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In other words, the estimation becomes more
accurate when the networks are more heavily loaded.
As shown in Fig. 5, the relative errors get closer to the
line y =0 when the number of active flow gets larger.
The straight lines in this figure are also the linear fits
and we can see that they come closer and closer to
the the line y =0.

C. 3 Path selection

As mentioned in Subsection lI-B, if each flow f has
a utility function U;, then the control protocol with rate
functions U’;' maximizes the overall utility 2 pUs(Ay) of
all flows. In that case, the path of each flow is already
selected. If we consider the optimization on both
routing and rate distribution level, the overall utility is a
good measure to evaluate the path selection
algorithms for elastic application.

We use the utility function U(A) = Slog(A) for all
flows. Then the corresponding rate func-tion is

R(s)zg. Three path selection algorithms are evalu-

ated: minimum hop count, Shortest-Widest path and
Widest-Shortest path. As we can see in Fig. 6, the
Shortest-Widest path and Widest-Shortest path have
nearly equal overall utilities and both of them
outperform the min-imum hop count algorithm. In a
heavily loaded network, the Widest-Shortest path is
the best choice to achieve efficient resource utilization
(Fig. 7).

Topology (b)
1 === Min hop count A A
600 | —— Shortest-Widest &
=== Widest-Shortest ol

550
=
g [
T
5 500 ‘
>
o i

450

400 | |

|
200 250 300 350 400
Number of connections
Fig. 7. Path selection algorithms in heavily loaded network-

Topology (b)

VI. Conclusion

This paper generalizes and investigates a common
characteristic of end-to-end congestion control
protocols: the congestion measure. We have shown
an important property of the con-gestion measure: the
population effect, where the total congestion level
tends to increase when new connections are
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established. If the congestion measure is the loss rate

or queuing delay, the population effect could lead to

the network performance degradation. This observa-
tion promotes the use of ECN-like marking mecha-
nisms.

Up to the present, the congestion measures have
been only used in congestion control proto-cols. Our
opinion is that the congestion measures, presenting
loading state of the network, can be applied in other
areas of networking. In this paper, we have proposed
two applications:

1. The available unused bandwidth is not a sufficient
information to predict the performance of elastic
applications. We have proposed the use of end-to-
end congestion level to estimate the future transfer
rate for best effort applications.

2. We have also shown that congestion measure can
be used as a cost of links in dynamic path selection.
Simulation results have confirmed that the elastic

bandwidth estimation using end-to-end con-gestion
level is fairly accurate when the network path contains
several competing flows. It has been also shown by
simulation that path selection using congestion
measure as a link's cost outperforms the static
shortest path algorithm.

Appendices
I. Some Terminoligies

Congestion measure: a measure to represent the level
of congestion. Some examples of conges-tion measure
are the loss rate, ECN marking probability and the
queuing delay.

Total congestion level: is the sum of congestion levels
of all network links.

Rate function R is a mapping from the end-to-end
congestion level sy to the transmission rate A, of a flow f

Additive congestion measure: A congestion measure
is additive if the end-to-end congestion level
experienced by a flow is equal to the sum of
congestion level at all links along the path of that flow.
Population effect: a phenomenon where the
congestion level of links tends to increase with the
number of active connections.

Elastic available bandwidth: the expected bandwidth
available for a certain elastic application.

Il. A general upper bound and lower bound for
total congestion level

When the rate functions are different, we introduce
the following functions:

R, ()= 2 IfDR, (s)

feF
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Note that R, is a strictly decreasing function
because of the same property of F.
Proposition 4: If the congestion measure is additive,
we have

i< R () (27)

Proposition 5: If the congestion measure is additive,
we have

s, > maxR;’

gz 7 neadiyp (M/) (28)
The proof of Proposition 4 and Proposition 5 is

similar to the proof of Proposition 1 and Proposition 2.

Remark 3: An upper bound and a lower bound of the
total congestion level can be given by

max R} (w) < s, < 2R ()

lelL leL

(29)

Consider a new connection f* to be established.
Denote F" be the new set of connections. Then

F=Fu{f}
From the definition of R, above:
Ry p(s) = Ry p(s) + 1(f'1) Ry(s) Ry p(s) (30)

Since R, and R, are strictly decreasing functions,
then

max R} () < s < 2 Rip ()

lelL lelL

(31)

Inequality (31) and Remark 3 imply that in case of
different rate functions the upper bound and lower
bound of the total congestion level also increase when
a new connection is set up.
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1. How it Started: Siemens and ZWUT

Siemens AG acquired the traditional Polish telecom-
munications manufacturer ZWUT S.A. in 1993 [7., 8].
The relationship had started with a joint venture called
CEWIS, founded in 1991 with 49 % Siemens shares.
Soon thereafter the Polish government decided that
the aim should no longer be to create joint ventures as
islands within the economy. As role models, the joint

ventures looked attractive, but the large state-owned |

companies did not have the resources to follow the
example. So the government went for a compre-
hensive solution and decreed that only those foreign
companies could qualify as suppliers for the national
telecommuni-cations network who would take an
active part in the privatisation of the industry. That is,
the foreign company had to buy one of the local
manufacturers, to commit large investments and to
start production.

Through this process, after due diligence and public
tendering, Siemens AG' bought ZWUT in Warsaw
together with Elwro, a Wroclaw-based computer
manufacturer, since these companies were offered in
double-pack. Meanwhile Siemens has invested some
120 million USD in ZWUT who became the market
leader among telecommunications networks manufac-
turers in Poland. Elwro was sold in 2000.

Already before ZWUT was acquired by Siemens,
the company had reduced its workforce from 4,500 to
2,350. It was clear from the beginning that for
manufacturing, selling and servicing the Siemens
product, the state-of-the-art public switching system

EWSD, even fewer people would be needed. It was a
privatisation condition that no employees were to be
dismissed during the first two years after acquisition,
though rather generous premiums were offered to
those who resigned voluntarily.

Another means to reduce the headcount of the
acquired company was outsourcing. This term had just
then become fashionable in the West, starting with
Eastman Kodak in 1989 (WiRkirchen 1999a: V), but in
Eastern and Central Europe there were even more
opportunities for it. Due to the chronic shortages in a
socialist economy, companies had always striven for
autarky: every task that was performed within the own
organisation reduced the dependency on the insecure
outside world. Thus a company like ZWUT harboured
several activities that could rather easily be brought
into the form of an independent company.

In a couple of cases, ZWUT employees and junior
managers appreciated the opportunity to venture into
capitalism. ZWUT, then called ZWUT S.A. a Siemens
Company, supported them with loans and with the
sale of used equipment at favourable prices. Some of
these companies do the service for the old ZWUT-
installed base, others produce accessories like Main
Distribution Frames, racks or tools, still another one is
a master partner for Siemens business and enterprise
telecommunications solutions, etc. Even trade union
representatives turned into entrepreneurs when they,
through public offering, purchased ZWUT's recreation
facility.

In other cases, buildings and machinery were sold
and employees transferred to external companies

T Dr Marec Béla Steffens, .arec-bela.steffens@siemens.pl. Thanks to Andreas Hoffmann, CFO then of ZWUT and now of Siemens Sp. z

0.0., for helpful comments.
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from other branches of the economy. The number of
ZWUT employees fell to below 500 in 1995. Due to
the success in business, it rose again to about 825,
with a better age and education structure than ever
before. All this went without strikes because the trade
unions realised there was no alternative.

2. Background Reasons for Outsourcing

After the achievements of a heroic start phase, ZWUT
in 2000 had, in Bertolt Brecht's words, to face the toils
of the plain before in 2001 the sectoral crisis reached
Poland. In order to bundle central functions, ZWUT
was per 1 Oct. 01 integrated with Siemens Sp. z o.0.
(= Ltd.), the Siemens regional company in Poland.
Now the telecommunication networks business is
under one organisational roof with the other in-forma-
tion and communication activities and in fact most of
Siemens business in Poland. At his first visit to
Siemens Telefongyar, the Hungarian pendant to
ZWUT, the author was astonished to see the cleaners
wearing tags with the name of a different company
and asked why Siemens Telefongyar with its then
huge staff numbers had to hire outsiders for cleaning.
However, the cleaners were ex-Telefongyar workers
involved in an outsourcing project supported by the
management.

Outsourcing is a hot topic still, backed now by the
general fashion which made it a buzzword almost as
mighty as e-commerce. Headquarters, not content
with profit figures reported to them quarter by quarter,
also bother a lot with how the profit is generated. One
of the nicest figures, much easier to grasp than, say,
EBITDA or EVAZ is headcount. It can easily be
compared among countries (if one neglects the little
fact that one head in Bangladesh does not cause the
same cost as in Switzerland).

But, polemics aside, outsourcing is more than just a
possibility to impress headquarters with a reduced
headcount figure. Managers (and employees) cannot
be experts on all things, and it is worthwhile to
consider which are a company's core functions and
which are supporting only. Not an easy task to define
this. Schneider (2000: 167) recalls the case when IBM
outsourced the development of an operating system
for personal computers to a then insignificant company
called Microsoft. Plus, the term core business is too
often used as an excuse for poor business.

‘Nevertheless, there are functions which are
necessary but not part of the competence that gives a
company a competitive advantage on the market, and
these tasks can be transferred to an outsourcing
partner whose core competencies lie in the respective
areas. This helps the company to focus management

attention on the crucial areas and to benefit from the
partner's experience.

3. Outsource What and to Whom?

In the years 2000-01, ZWUT S.A. a Siemens Company,
with the personal involvement of this author in all but
one, completed 10 outsourcing projects affecting 51
employees. Almost all divisions of the company were
affected: sales and service, general administration and
information technology management. Rather simple
tasks were outsourced as well as quite complex ones.

The outsourcing partners are all kind of companies:
one is another Siemens entity, Siemens Business
Services; Sirti Poland is the subsidiary of an ltalian
company experienced in sub-contracting and project
execution. Prime Car Management (PCM, today a
subsidiary of General Motors but not at the time when
we started outsourcing) and Patron-1 are car rental
companies who took over our staff in the framework
of a car pool leasing scheme. Solid Security is what the
name suggests, so doing reception and internal mail
distribution was an extension of their scope close to
their main area of services. Simplicom on the other
hand is a company founded by two former junior
managers of ZWUT: we realised that with the cost
structure of ZWUT we could not be competitive in the
segment of telecommunications services for small
businesses and enterprises. Now there is a vehicle
with a better cost structure and flexibility, and by
outsourcing to Simplicom a couple of fixed network
installers as well we created a stable stream of
revenues most welcome in the start-up phase. Last
but not least, one outsourced employee founded a
one-man company.

In all cases we took care not to diminish our
competence.-in the eye of our customers and not to
create units that could compete with us in the market.
Where the outsourcing partners were to interact with
our customers, which was the case in Simplicom'’s
sales of small telecommunications systems to business
and enterprise customers, we would coordinate the
activities and accordingly withdraw our own sales staff.

It was not always easy to decide what is a core
competence. Managers who are made responsible for
their teams’ results tend to keep things and people
under their direct control. Sometimes they had to be
convinced that outsourcing would give them no worse
grip of the people doing the work — at times even a
better one because an outsourcing partner fearing to
lose the business can be a better address for
complaints than middle management within the
company. In the end we said that wherever services
are offered in the market at good quality and lower

2 EBITDA = Earnings Before Interest, Tax, Depreciation and Amortisation; EVA = Economic Value Added, that is, after-tax profit after

imputed cost of equity and actual cost of loans.
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Area Outsourcing to Transfer date QOut-sourced
staff
Reception Solid Security 1 Aug. 00 1
Internal mail Solid Security 1 Aug. 00 1
Service: mobile networks installers Sirti 1 Aug. 00 7
Service: fixed networks installers Simplicom 15 Sept. 00 18
IT network administration Siemens Business Services 29 Sept. 00 10
Driver Self-employer 29 Sept. 00 1
Business and Enterprise sales & service Simplicom div. in 00/01 i
Car pool PCM and Patron 1 1 Dec. 00 2
SAP administration Siemens Business Services 1 July 01 8
Service: documentation centre Simplicom 1 Aug. 01 3
Total 51

prices than our cost, it shows that this cannot be one
of our core competencies. At the same time, we must
keep competence enough to control the outsourcing
partners and their work results. Otherwise we would
be in danger, as the customers rightfully make us
responsible for all sub-contractors’ and outsourcing
partners’ performance. Accordingly, to bring an
example from service, all installation jobs were
outsourced except for the latest technologies, but we
kept the supervisors as well as the commissioning and
trouble-shooting specialists.

Quite from the beginning the top management
made clear that cost savings were one objective of
outsourcing, but not the only one and rather in
medium-term perspective. Companies who rely on
outsourcing as a means of radical cost-cutting often
overlook that a significant part of the cost will remain:
residual overhead cost, transaction cost and control
cost of outsourcing. They should never be underes-
timated (Mller/Pran-gen-berg 1997: 34 ff.).

4. The Staff Side

Acceptance of outsourcing within the affected staff
was remarkably high: they would have preferred to
stay at ZWUT as before but realised that their tasks
had no future within the company. They acknow-
ledged that we ensured them quite fair outsourcing
conditions. We were aware that outsourcing can also
be a result of dissatisfaction with the level of in-house
services and might therefore be regarded as some
kind of sanction by the employees concerned — an
approach not likely to result in successful outsourcing
(Horchler 1996: 197, Mocsnik 1999: 336). Therefore
we stressed at every opportunity that we aimed at
maintaining the service and knowledge of the people
concerned even if they would no longer be on our
payroll. This was under-stood and even praised by the
outsourcing partners.

LVI. VOLUME 2001/12

The outsourced employees are now in an environ-
ment where their specific task is a core competence.
They can exchange experience with others working in
the same field, and they are valuable to their new
employer because they know best the specific
requirements of their previous employer — the new
one's valuable customer. And in case the previous
employer has a reduced demand for the outsourced
services — seasonally or permanently — the outsourcing
company will usually have a number of customers and
thus be able to shift personnel between them. An
additional advantage is that it is the outsourcing
partner who has to deal with illness, vacation and even
insufficient performance up to potential labour
disputes. Of course this will affect the price as well.

As we wanted to have the employees supporting
the outsourcing scheme, we con-tractually required
the new employer to give a job guarantee for twelve
months at the same conditions as were offered by
ZWUT. These would include fringe benefits like 13t
salary, an additional bonus, a salary increase at least
once a year, private leave, training, participation in a
medical scheme or a compensation payment for this,
etc. We even required the new employers to have the
employment contracts checked by us to make sure
that our transferred staff would be treated in a fair
manner. |f the cost for transferred personnel were
thus higher than for comparable staff otherwise
employed by the outsourcing partner, we accordingly
accepted the price for the outsourced services to be
higher than on the market — at least for the initial
twelve months. At last, by using trained employees
accustomed to working for us, the quality should be
higher than market average.

Some issues, however, we could not demand to be
settled for our staff in the new environment in the
same manner as they are in ZWUT: for travel, car and
mobile phone regulations, the transferred employees
will have to follow the standards of the new company.
It would raise bad feelings against them if they for
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example stayed in a different hotel than their
colleagues working on the same installation job. But
we checked the applicable regulations of the
outsourcing partner and excluded such companies
from the scheme whose regulations were far below
our level. And in order to compensate the employees
for certain losses and to encourage their participation,
we paid a special outsourcing bonus of three monthly
salaries to every transferred employee (except to
those transferred to another Siemens subsidiary) at
the time of transfer. All this means we de facto applied
Art. 23-1 of the Polish Labour Code in a rather
extensive interpretation although legal analysis was
equivocal as to whether this article would apply to our
outsourcing cases at all.3

By limiting the job guarantee to twelve months, we
copied the law, and indeed we did not want to limit our
flexibility — which in fact is a main advantage of
outsourcing — by giving a guarantee for a longer period.
And it must be considered that an employee not
affected by outsourcing at all does not have such
guarantee either, not even for twelve months.
According to the Polish Labour Law, he or she can
always be dismissed at three months' notice with a
compensation depending on the length of the working
career, amounting to three monthly salaries maximum.

On the other hand, even if we avoided a binding
commitment, we sent a strong signal to the new
employers. In the service contracts where we gave
the outsourcing partners twelve months’ work for the

transferred employees we stated that for considering |

future suppliers we would regard it favourably if they
kept our employees for longer. We want the
outsourcing partners to regard the transferred
employees as a key to future orders from us.

Much has been written about information policy
before and during outsourcing. It is certainly bad when
rumours are floating around while no official information
is available. On the other hand, before official statements
are made, two preconditions must be fulfilled. First, it
must be made sure that the management speaks with
one voice, that outsourcing is not seen as a hobbyhorse
of Finance and Business Administration but understood

distribution. In other cases, we would simply hire
installers to work under the instructions of our
supervisors. Then the outsourcing partner would not
bear the responsibility for the work results — except, of
course, in case the staff did not follow the supervisor's
instructions. Then we had a project were a complete
task was outsourced, namely the installation of Base
Transceiver Stations for a GSM network. In this case
the outsourcing partner had performed the same task
with its own crews for some time before. So the task
did not have to be defined anew and the division of
responsibilities was clarified in the contract.

The situation was quite different in IT services
where we outsourced complex tasks not described
before. Our outsourcing partner here was Siemens
Business Services (SBS). We did two separate
outsourcing projects with them: one for the operation
and management of our IT network, and the other for
SAP administration. The structure was in both cases
the same. SBS and ZWUT staff did an extensive due
diligence and compiled detailed Service Level
Agreements. The business units should know what
services they are entitled to and what cost are
associated with that. Having to pay real money to an
external party makes people think twice whether a
certain service is actually needed for the business or
just 'nice to have.’

In fact, it is a new policy now within ZWUT that all
central departments are to conclude Service Level
Agreements with the business wunits as their
customers. But with an outsourcing partner it is even
easier to define effective sanctions, such as penalties.
Such penalties are not an aim in itself: being serviced

' at the desired level is better for the company’s

as a measure that will help the whole company. Second, |

already in the first information round there has to be a
clear concept for the affected employees. Telling them
“you will be outsourced but | cannot say what this
means for you" will not help at all.

5. Defining the Concrete Tasks

Some outsourcing projects covered tasks which are
quite easy to define, like reception and internal mail

business than cashing in a penalty. But they help
making clear that underperformance will not be taken
lightly. And, as generally in negotiating contracts, it is
easier to define consequences in advance on an
abstract level than when the situation already occurred
(Steffens 1998).

During the six-month transition period, penalties
applied at a reduced rate only. We also used this
transition period for necessary adaptations to the
Service Level Agreements. It is helpful to leave room
for such adaptations, but if the concept is too generally
vague, outsourcing will not work at all. In fact it is one
of the dangers and of the beauties of outsourcing that
it forces us to do our homework. [1., 10.] To neglect

| this homework because the area will be outsourced

anyway is the worst thing to do, for how can the
outsourcing partners know if we do not tell them? It is
like working on the computer — we get from the
computer what we key in, not what we had in mind.
Likewise, we get from the outsourcing company what

3 Art. 23-1 deals with the transfer of “an employment establishment or a part thereof” to another employer, but it is unclear what
constitutes “a part thereof” and what does not. — Whereas the legal side does not reveal much of Poland’s Solidarnosc tradition, the
courts not unfrequently do, and due to the frequent legal changes and the very limited number of reference court cases the results of a
legal case in Poland appear to be even less predictable than elsewhere.
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we wrote into the contract, not what we diffusely
wanted. Or, if we do not get what is written in the
contract, it should be easy to sanction the outsourcing
partner, but blaming them for what is not written down
will not work at all. A lack of clarity here can lead to a
complete failure of the project, even to “backsour-
cing".

For example, for us it was clear that we wanted to

outsource complete processes — the employees and |

the work done by them. In most cases this was well
understood, but SBS naturally did not know our
processes as well as we did. So, wherever our
expectations were not clearly written in the contract,
we faced a problem and had to renegotiate to make
sure that the outsourced employees would continue

to perform the complete process e.g. of ordering |

personal computers as they had done within ZWUT.
Without that, we would have had to build up a double
structure which of course would have been
counterproductive.

6. Due Diligence and Prices

In all outsourcing projects, pricing was developed in a
transparent manner. In the IT outsourcing case with
SBS, for example, we agreed on what would be part of
a Standard Workplace Office. Whatever was not part
of this standard configuration would be charged
separately. Cost were laid open: actual personnel cost,
deprecia-tion and maintenance fees paid to third
parties were documented. Future cost were estimated
in mutual agreement, for example replacement for
those staff members who were not outsourced but
were involved in the relevant tasks for part of their
time. We would not outsource all IT staff because we
needed some strategic competence to represent our

Outsourcing in Poland — a Case Report

SBS had to make. However, continued unsatisfactory
performance after certain warning periods would allow
us to terminate prematurely.

For due diligence, we found a fair compromise
regarding the liability for possible errors: we as ZWUT
took the responsibility for all material we provided and

| all answers we gave. SBS as outsourcing partner could

| however not make us liable for wrong processing of our

data or for any questions they may have failed to ask.
Of course we could not do without working
assumptions which would then be verified within the
transition phase. Here again it shows how necessary it
is to do one's homework beforehand. To enter into IT
outsourcing with contradictory inventory records
complicates the task considerably, because the
outsourcing partner has to base capacity and revenue
planning on doubtful assumptions. What is important
here is to state the following in the contract: whatever
is found during the transition phase, or whatever
changes are required later, this may be a reason for
price changes according to the principles of the
contract, but does not give the outsourcing partner the

right to abandon the contract.

users towards the service provider SBS and to }

determine the future development path for our IT
landscape. We kept such competence in every
outsourcing area, because otherwise we would
become com-pletely dependent on the outsourcing
partner. Not at all can outsourcing make managerial
control obsolete. [2.]

Even the margins were openly discussed with all

outsourcing partners. This was not difficult because |

both sides knew the cost and could calculate the
revenue from the outsourcing fees. We made it clear
that we would accept a reasonable margin, but we
would rather stop an outsourcing project than accept
too high a margin.

While our other outsourcing contracts have an initial
lifetime of one year, in the SBS projects we agreed on
three years because of the substantial investment

E.g. prices can be based on the assumption that
there is a certain number of work stations. But this
number can drastically change, for example in case of
mergers or carve-outs. Then prices may change, and
the outsourcing partner may be granted a certain time
before the same service level can be guaranteed for a
much higher number of workstations. But the increase
or decrease should not be a reason to terminate the
contract or to renegotiate it from scratch.

As part of the deal, we sold our IT network
infrastructure to SBS. Not personal computers,
though: due to technical progress they are frequently
exchanged, and if SBS had to take this risk, service
prices would go up accordingly. For the network
infrastructure, SBS included the depreciation in their
cost calculation, and SBS is obliged to make the
necessary investment in order to give ZWUT the
required service level. We do not any longer deal with
what is technically necessary, we pay for getting a
specific service level, and SBS has to buy and to do
whatever is necessary to achieve this. We assumed
that the investment level will tend to be stable:
decreasing prices will be matched by increasing
functional and capacity demands. Nevertheless we
agreed on an annual review: if new investment is
higher or lower than depreciation, SBS prices will be
adjusted accordingly.

For the sales price, we used independent experts
who established a market price. Selling at book value
would have brought us in conflict with the arm’s length
principle, because SBS and ZWUT are affiliated

4 WiRkirchen (1999b: 288 f.) argues that non-core processes are typically inefficient because of rather low management attention —
optimising them can therefore be an alternative to outsourcing. Or, as Fischer (2000: 101) puts it: if you immediately expect from
outsourcing a significantly better performance at a considerably reduced price, you have done something wrong in the past.
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companies. In sales to external parties, book values
may be used. In any case, as desirable as the
immediate cash-flow effect may be (Horchler 1996: 65
f.), it does not help to go for a high sales price because
it would of course be reflected in the outsourcing fee.

7. The Location Poland

Was our task made more difficult by the fact that the
location was Poland? The answer is a clear no. It was
no problem for us to find qualified outsourcing
partners. The legal side, in spite of rapid changes in
Polish legislation and a high degree of uncertainty
regarding official interpretation of the law, did not
provide particular obstacles. Employees were
cooperative. Intercultural issues may arise, but in
outsourcing processes not more often than in any
other part of the business. Thus, out-sourcing even in
a complex areas like telecommunications and IT, can
be done in Poland just as well as elsewhere, and no
other but the general caveats of outsourcing need to
be observed.
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