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Scope 

• The main focus of this lecture will be 

communications and communication technology 

rather than information technology and computers 

• Today, information systems are usually distributed 

systems where computers are connected using a 

communications network. 



Trends 

• Technology and user behaviour have 
changed during the last 10 years. 

– Fixed line telephony is being replaced with mobile phones. 

– Text and image messaging has substituted a significant 
volume of voice telephony. 

– Traditional voice telephony technology is being replaced 
with “voice over IP” (internet protocol). 



Two important words 

• Network 
– The physical infrastructure (copper wire, optical fiber, radio 

equipment, …) 

• Service 
– How the network is used (telephony, broadcasting, connecting 

computers, …) 

 

 

Note: 

Electronic Communications Services 

vs 

Information Society Services  



There are providers… 

• Network or access providers 
– Infrastructure 

• Service providers 
– Telephony 

– E-mail 

– Social media 

 

• Content providers / information providers 



Convergence 

• Digital technology makes convergence possible 

because almost all information can be encoded, 

stored and transferred in a digital representation. 

 

 

 

• “Triple play” 
– Telephone, Internet, Television 



Network convergence 

• The same physical backbone infrastructure 

(usually optical fiber) is used for telephony (voice 

communication), computer networks, and radio 

and tv transmission. 

• A single communications protocol (technical 

standard) can be used for many kinds of services 

(voice, video, one-to-one, one-to-many) 



Device convergence 

• One device, many applications 
– Cellular telephone 

– Text messaging 

– Digital camera 

– Web browser 

– E-mail 

– … 



Current issues 

• Phasing out line switched telephony 

• Cloud services 



What is telecommunication? 

• Telecommunication: Any transmission, emission 

or reception of signs, signals, writing, images and 

sounds or intelligence of any nature by wire, radio, 

optical or other electromagnetic systems. 
Constitution and Convention of the International 

Telecommunication Union, Optional Protocol and 

Recommendations, Geneva 1992 



… electronic communications? 

• Electronic communications: transmission of 

sound, text, pictures or other data using 

electromagnetic signals in free space or by cable 

in a system for signal transmission. 

• Electronic communications network: electronic 

communications system that includes radio 

equipment, switches, other connection and routing 

equipment, associated equipment or functions. 
 The Electronic Communications Act, Norway, 2003 

 



What is telephony? 

• Telephony: A form of telecommunication 

primarily intended for the exchange of speech. 
Constitution and Convention of the International 

Telecommunication Union, Optional Protocol and 

Recommendations, Geneva 1992. 

• The “telephony service” provides users with the 

ability for real-time two-way speech conversation 

via the network. 
 CCITT Blue Book, Volume I - Facsicle I.3, Part I - Terms and 

Definitions, Geneva 1989. 



Some history 

• 1837 Samuel Morse patents the telegraph 

• 1876 Alexander Graham Bell patents the 

telephone 

• 1878 the first switchboard starts operating 

• 1892 the first automatic phone switch 

• 1895 Guiglielmo Marconi transmits a 

radiotelegram over over a short distance 



History (contd.) 

• 1954 
– Direct dialling of long distance calls was introduced. 

– The unit, aka. repeated counting, was introduced. 

– First television broadcasting trials in Norway. 

• 1966 the mobile phone service introduced in 

Norway. 

• 1969 the US DoD ARPA project ARPANET starts 

trials 



History (contd.) 

• 1975 the first computer controlled phone switch in 

the Norwegian network 

• 1983 ARPANET became the Internet 

• 1986 the first digital phone switch in the 

Norwegian network. 

• 1989 Tim Berners-Lee proposed a project that was 

named World-Wide Web. The proposal was 

rejected, but received funding the following year 



Telecommunication technology 

• A telecommunication network is a complete 

technical system for transmission of signals over 

a distance. 

• There are different kinds of telecommunication 

networks that may have different structure and 

may utilize different technologies. 
–  e.g.: telephone network, mobile network, computer network 



Telecom. tech. (contd.) 

• The main components of different kinds of 

telecommunication networks are basically 

the same: 

– Transmission equipment 

– Switching equipment 

– Terminal equipment 

– Support systems 



Transmission technology 

• The purpose of every kind of telecommunication 

network is to transmit signals in the network 

• Transmission of signals is done through different 

kinds of transmission media 

• It is possible to differensiate between the types of 

media depending on how the signals are 

transmitted and the transmission capacity of the 

media 



Bandwidth 

• Between two points in the network there is a 

connection with a certain transmission capacity 

• The term used for transmission capacity is usually 

bandwidth 

• In terms of data volume transmitted, capacity is 

bits per second (binary signs per second). 



Analog and digital signals 

• An analog transmission system: 
– When a use is speaking into a microphone the electric signal in the 

wires will vary in a similar way to the variation of the air pressure 

due to sound 

• A digital transmission system: 
– Only binary sigals is transmitted in a digital system 

– We usually name the two signals “0” and “1” 

• Analog systems are old and of limited use, a 

digital transmission system can be efficiently used 

for both telephony and data networks 



Leased lines / Leased capacity 

• Formerly it was common to rent a physical line 

from a network operator – this was called a leased 

line. 

• This phrase may be misleading as the physical lines 

have very large bandwidth and the customer usually  

rents only a small part of the line’s full capacity. 

• Leased capacity is a fixed connection  (though it 

may be temporary) between two terminal points. 



Switching technology 

• In a network transmission lines are connected to 

nodes that usually are known as switches 

– Switches are equipment the enable us to connect two or 

more communication channels as needed. 

• We differentiate between two different categories 

of switching 

– Line switching is used in the telephone network 

– Packet switching is mainly used in computer networks 



Line or packet switching 

• Line switching implies there is an end-to-end 

connection between two subscribers or terminals 

in the network. 
– Connections may be virtual, and we usually refer to the fact that 

resources are allocated to the end-to-end connecting for the 

duration of the call or transmission. 

• Packet switching implies that data is divided into 

smaller units that are transmitted only when there 

is data to transmit. 
– No resources are allocated for an end-to-end connection. 



Telephone switches 

• We usually differentiate between two types of  

telephone switches in the public network 

– The switches that connect to subscribers 

– The switches that only connect to other switches in the 

network. 



Private Branch Exchange 

• The American term is usually PBX, but in Europe 

it’s more common to use the term PABX (Private 

Automatic Branch Exchange) 

• A PABX is a private telephone switch, owned and 

operated by a private enterprise, organization or 

the public administration (rather than a network 

operator). 



Access and transport networks 
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Access Networks 

• In the telephony network the access network is 

mainly the local loops 

– ie. the twisted pair copper wires running from the subscriber 

to a switch or a remote subscriber unit. 

• In modern telephone networks there are alternative 

technologies for building the access network, like 

using the cable tv network or radio access. 

• The local loops may also be used as an access 

network for computer networks (eg ADSL) 



Telephony access network 
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Asymmetric Digital Subscriber Line 

Phone 

Filter Filter 

Modem Modem 

Computer network Computer network 



Shared access LLUB 

• Local Loop Unbundling (LLUB) 

– In its simplest form, a network operator rents the local 

loop for exclusive access 

– The network operator must provide both computer and 

telephony service 

• Shared access 

– Different network operaters provide computer network 

and phone service 

– Access to the local loop is shared between the two 

network operators 



Last mile / First mile 

• The access network is sometimes called the last 

mile, i.e. the last part of the network infrastructure 

towards the users 

• An alternative name that is making a point of the 

users view of the infrastructure is first mile, i.e. 

looking into the network towards the service 

providers. 



Mobile telephone 

• Mobile telephony is different from traditional 

telephony in two ways: 
– The access network, i.e. local loops in traditional telephony, is a 

radio network. The network is designed to allow each subscriber 

to move over a distance exceeding the radio range of the mobile 

telephone unit, even during a conversation 

– Mobile operators cooperate in order to make it possible for 

subscribers to “visit” other networks while they keep their phone 

number 

• The switches in a mobile network are more 

complex and advanced than switches in the fixed 

network 



Mobile vs nomadic 

• Mobile: The user can move over a distance 

exceeding the radio range of the terminal unit 

during a conversation (eg GSM) 

• Nomadic: The user cannot exceed the radio range 

of the terminal unit during a conversation (eg 

WLAN) 
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Source: Eberspächer & Vögel 

             “GSM: Switching, Services and Protocols” 

              Wiley, 1999 



BTS: Base Transceiving Station  

BSC: Base Station Controller 

MSC: Mobile Switching Center  

GMSC: Gateway MSC 

ISC: International Switching Center 

HLR: Home Location Register    

VLR: Visited Location Register   

EIR: Equipment Identity Register 

AUC: Authentication Center 

OMC: Operation and Maintenance Center 

PLMN: Public Land Mobile Network 

Abbreviations in the GSM-diagram 



Some 4-letter abbreviations 

• GPRS - General Packet Radio Service 
– Extension of GSM system, it provides packet switching for data 

communication and higher transmission bandwidth. 

– Introduced a new price model where customer pays for the data 

volume transmitted rather than the connection time 

• UMTS - Universal Mobile Telephone System 
– 3rd generation mobile system, aimed to unify the different cellular 

phone systems in use today 

– Advanced service functions 

– Packet switched for data communication 

– High maximum communication bandwidth 



…and a 3-letter abbreviation 

• LTE -  Long Term Evolution 
– 4th generation mobile system 

– Wireless communication of high-speed data 

– A global mobile phone standard 

– Different LTE frequencies (and frequency bands) may be 
used in different countries 

 

• Note: There will always be at least one “next 
generation” technology in development. 



Three types of services 

• A basic service is just that, a basic 

telecommunication function 
– Getting conected to the number you called 

• A basic service can be enhanced 
– Being able to forward calls to another line 

• A value added service is based on one or several 

basic services and utilizes these for new 

applications. Premium rate is billed. 



Location based services 

• In this context, location is the geographic position 

(of a terminal) 

• A location based service may be a value added 

service. 
– Where am I? Where’s my luggage? How do I get from here to my 

luggage? I’d like to call the nearest free taxi. 

• Information about location may also be a 

requirement to support emergency services 



Support systems 

• Support systems are essential for providing a 

telecommunication service 
– Support systems bill the customers 

– Support systems supervise the operations of complex networks 

• We usually differenciate between two kinds of 

support systems: 
– Technical support systems aimed at operations and maintenance of 

the network and all network components 

– Administrative support systems aimed at managing customer 

information and billing purposes. 



Computer networks 

• Use packet switching rather than line switching. 

• Smaller computer networks may have a different 

structure than telephony networks. Wide area 

computer networks have a similar structure to 

telephony networks. 

• The switching equipment in computer networks 

are often called routers. 



Internet 

• The origin of the Internet was ARPANET, a 

computer network developed for the US 

Department of Defence 
– ARPANET was a rugged network using technology very different 

from the systems used by contemporary phone network operators 

• Internet is a collection of computer networks, 

mainly connected by the use of “leased lines” 
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Service providers on the Internet 

• Internet Service Provider (ISP) is a concept that 

covers many functions (roles). 

• An ISP may perform one or several of these 

functions: 
– Provide aksess to the Internet (e.g a dial-up service) 

– Provide content to the Internet (e.g a digital newspaper) 

– Provide a host service for content providers (web hotel) 

• A backbone operator provides a network covering 

a large and usually only interconnects with other 

ISPs 



Communication protocols 

• A protocol can be explained as a formalized 

language used by computer programs to 

communicate. Different kind of programs may use 

different protocols. 

• A message in almost every protocol will have a 

well defined head describing such attributes as the 

sender, recipient and other important information 

about the message. The head part of the message 

will usually be followed by a message body 

containing data. 



A packet 

Head Body (data) 

- Receiver 

- Sender 

- Serial number 

- Size 

- Other... 

Data, usually a part of a larger 

body of information. 



Traffic data and contents 

• In the traditional telephony systems it’s been fairly 

easy to differentiate between traffic data, i.e. 

information about a phone call (e.g. a call from A 

to B starting at a certain time and how long it 

lasted), and the contents of the phone call. 

• In a packet switched network, the packet head may 

be viewed as traffic data and the packet body is 

the content of the communication. 



Protocol stack 

Head Data 

Data Head Layer 1 

Layer 2 

Each layer has a specific function 



Internet Protocol 

• In the context of communication networks the 

abbreviation IP denotes Internet Protocol (rather 

than intellectual property). 

• Currently most networks are using version 4 of the 

Internet protocol, IPv4. 

• The next version of the protocol is version 6, IPv6, 

but it’s deployed very slowly. 



IP-address 

• Computer equipment connected to the may have 

one or more network addresses. 
– One address per network interface 

• Currently an IP-address is composed of 4 groups 

of numbers between 0 and 255. The numbers are 

separated by a full stop. 

• There is a global numbering plan, defining some 

addresses as special.    (e.g. 127.0.0.1) 

• Apparently there are no national numbering plans 

at present. 



Numbers and names 

• An IP-address usually is hard to remember, and an 

important feature of the Internet is using names to 

address computers and other equipment. 

• The names are structured as an hierarchical system 

called the Domain Name System (DNS). 



The parts of a DNS name 

www.jus.uio.no 

Country code top level domain (ccTLD) 

Domain name 

Subdomain name 

Machine name 



Who makes up a name 

www.jus.uio.no 

Country code top level domain (ccTLD) 

Domain name 

Subdomain name 

Machine name 

Delegated to Norid by ICANN 

Registered by UiO at Norid  

Assigned by UiO 

Assigned by UiO 



Resolving a DNS query 

• When a user types in a machine or domain 

name, the name must be translated into an IP 

address 

• The domain name system is a distributed 

data base, and it must be queried to find 

matching names and addresses 

• Usually, several DNS servers contribute to 

resolving the query 



Top Level Domain Names 

• There are several kinds of top level domain names 

• generic (gTLD)  
– .com, .net, .org, .net, .biz, .info, … 

• Country code 
– Using two-letter codes (ISO standard) 

• US government 
– .gov and .mil 

• International 
– .int  (UN charter required for domain name registrants) 

 



WWW and hyperlinks 

• The World Wide Web is basically an on-demand 

information service where users request information from 

web servers (content providers). 

• A simple view is that information is delivered as web 

pages. A web page usually contains hyperlinks that refers 

to other web pages. 

• When the user activates a link (”click”) the computer sends 

a request to retrieve the referred web page. 
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Some reading material 

• Video about packet switching 
– http://warriorsofthe.net/movie.html 

• Brief Internet history 
– http://www.isoc.org/internet/history/brief.shtml 

• Internet timeline 

– http://www.zakon.org/robert/internet/timeline/ 

• Guide to the major Internet bodies 
– http://ubiquity.acm.org/article.cfm?id=1071915 


