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Abstract 
This contribution presents a short history of packet switching, from its inception in 1964 till 
the current internet. For many years the internet and its concepts were neglected by the 
telecom operators. Due to the tremendous popularity, growth and global coverage, the 
traditional telecom operators have more or less unwillingly been forced to accept reality and 
offer internet access. The author attempts to draw some conclusions regarding the impact of 
the internet on future communication services. 
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1. INTRODUCTION 

The term "Information Highway", also called "Infobahn", has been in the media for some 
time. This is the result of the rapidly growing importance of the Internet in our society. Our 
society will be more and more dependent on electronically transferred and processed 
information, as basis for decision processes in public affairs, business, research and by 
individuals, for procurements of products and services, for cooperation between individuals 
independent of geographical locations, for rapidly adaptive cooperation between businesses 
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in an increasingly competitive market, etc. It is therefore of great importance for the global 
society to stimulate the creation of a global information infrastructure (Gll). Many 
important business leaders and politicians voice the opinion that Gll will be the key to 
economical growth both nationally and internationally. The current Internet will be an 
important component in Gll, but not the only one. It is believed that businesses that have 
not been hooked up to the Internet or Gll before the year 2000 will soon be out of business, 
due to the rapidly increasing competition. 
This contribution provides a short historical view on the development of packet-switching 
and related services, from its inception in 1964 till the Internet of today. It is then rounded 
off with some reflections regarding the Internet's impact on future telecommunication 
services and pricing. 

2. THE START OF PACKET SWITCHING 

2.1 The inception of the concept of packet switching 

Paul Baran of RAND corporation performed a study for the American Air Force on 
"Distributed Systems and Communications) in 1973174. He proposed to use something 
called "packet switching" as the basis for the communications between the distributed 
systems. His report was handed over to the Air Force in August 1964. Apparently the Air 
Force did not understand the value of this new concept and did not follow up the 
recommendations in the report. 

Simultaneously and unaware of Baran's proposal, Donald Davies of National Physics 
Laboratory developed similar concepts, and proposed in 1966 a plan for implementation and 
testing of packet switching. This plan was realised a few years later, realised as one central 
packet switch with a small set of host computers attached to it. Hence this could be 
considered as the world's first local computer network. 

2.2 The ARPANET 

In 1962 dr. Licklider started to work for the ARPA office in the division called the 
"Information Processing Techniques office" (IPTO). ARPA or DARPA (US Defence 
Advanced Research Projects Agency) is part of the Defence Department funding research 
and development in areas of vital interest to the American defence. Dr. Licklider, educated 
both in electrical engineering and psychology, had the vision of "an on-line community of 
people", where the computers should help people to communicate and provide support for 
the human decision processes, for example in command and control situations. 

Packet switching caught ARPA's interest around the time when Lawrence (Larry) Roberts 
started to work for ARP NIPTO in 1967. The IPTO office made a plan to implement a 
network consisting of a set of packet switches interconnected in a mesh by means of phone
lines and modems. Each packet-switch should act as a communications front-end to one 
host computer. The host should contain software that could support resource sharing and 
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person-to-person communications. The contractual work, with Bolt, Beranek & Newman 
(BBN) in Boston, the University of California in Los Angeles (UCLA), Stanford Research 
Institute (now SRI International) and Network Analysis Corporation (NAC) as key 
partners, started in 1968/69. 

December 1969 (b) December 1970 

(d) August 1972 

Figure 1. Some of the early stages of ARPANET 
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In December 1969 four packet switches were fielded, see Figure 1, for initial 
experimentation and enhancements. The switches were called "Interface Message 
Processors (IMPs). One packet switch was placed at SRI, one at UCLA, one at University 
of California in Santa Barbara (UCSB) and one at University of Utah in Salt Lake City. 
After the initial test period, host computers were installed, and the network started to grow. 
Called the ARPANET, it spanned across to the East Coast in December 1970, with a total 
of 13 packet switches with attached hosts. And in 1975 it consisted of about 50 IMPs and 
between 150 and 200 hosts, permitting up to four hosts per IMP. The network 
interconnected defence establishments, and research institutions and universities with 
defence contracts, scattered all over USA. The continental part of the network had two 
"tentacles", one to Hawaii and one to Kjeller/Norway and onwards to London. As can be 
seen from the figure, all IMPs, excluding those in Hawaii, Norway and London, were 
interconnected with at least two neighbour IMPs for reliability purposes. The arguments to 
extend ARPANET to Norway and further on to London was to provide a cost-effective 
way of transmitting seismic data from the NORwegian Seismic ARray detection facilities 
(NORSAR) to the Seismic Data Analysis Center (SDAC) in Virginia, and to permit NATO 
partners to participate in the development of packet switching. 

3. THE INTERNET 

In parallel with the ARPANET development in the early 70s, ARPA also initiated the 
development of mobile data communications for tactical purposes based on portable radios 
and packet switching technology, and packet switched satellite communications for wide 
area coverage. Called PRNET and SATNET, respectively, the intention was to interconnect 
those two networks with ARPANET. The ARPANET was envisioned as a backbone 
interconnecting geographically distributed clusters of packet-radio networks, while 
SA TNET was thought of as one means to interconnect widely dispersed ARPANET -like 
networks, for example located in other continents. Hence the notion of and the needs to 
interconnect networks followed the development of packet-switching from a very early 
stage. The initial concepts were published in May 1974 [Cerf] by Robert Kahn and Vinton 
Cerf, and included a more flexible and reliable transport protocol than the one (Network 
Control Protocol) used in the ARPANET and gateways (later to be termed routers) for the 
interconnection of networks. 

This was the birth of what we today call the TCP/IP suit of protocols. The initial 
development of TCP/IP was done as a collaboration between Stanford University (SU), 
where Vinton Cerf was professor, and other research institutions. University College in 
London (UCL) was among these. Implementations at SU and UCL and the following field 
tests performed in 1975 supported the work on the specifications. The tests exposed 
deficiencies in the early specifications and ironed out differences in the interpretation of the 
specifications. This work inspired other parties, among others Bolt Beranek & Newman 
(BBN) in Boston, to start implementing TCP/IP under popular operating systems like 
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TENEX, TOPS20, and to integrate it with communication services like TELNET, FTP and 
mail. BBN also made initial work on internet gateways. 

Let alone, these activities would probably not have given the internet technology sufficient 
momentum to get going by itself. Other very important activities contributed significantly to 
this process, such that all these factors collectively made the internet to what it is: 

1. The research center of XEROX in Palo Alto (XEROX-PARC) had the vision of "small" 
powerful personal workstations interconnected in high-speed local networks called 
Ethernets. The initial work started in 1973 [Metcalfe]. Eventually these Ethernets would 
be interconnected into a company-wide network, spanning XEROX offices scattered all 
over continental US. The. personal workstations should have the capability to be moved 
from one network and plugged into another one, following its owner on his/hers travel 
around in the US. Therefore each workstation was provided with a unique Ethernet 
address, which could be used to locate and address its owner. When DARPA initiated 
the work on TCP/IP, XEROX joined in and participated in the development process for 
some years until the internet concepts were mature enough for them to specify and 
implement their own internet protocol suit. In 1977178 XEROX had implemented a 
company-wide network interconnecting about 25 Ethernets via a set of gateways and 
leased lines. Amazingly the XEROX company did not see any business potential in this 
technology at that time. 

A little later, in 1979, IEEE started the standardisation work on local-area networks 
(LAN). XEROX, DEC and INTEL (DIX) joined forces and proposed a 10 Mb/s 
Ethernet standard. Due to the large amount of fielded Ethernet interfaces and the 
heaviness of the DIX effort, the hardware/physical layer part of the international 
standard was made compatible with the DIX proposal. 

2. Another very important contribution to the usability and popularity of the TCP/IP suit of 
protocols was the further developments and refinements of the UNIX operating system 
done at Berkeley University under contract with DARPA. The hardware platforms used 
was VAX-750 and VAX-780. Part of this work included the integration of the TCP/IP 
suit of protocols in the UNIX system. It was therefore necessary to develop a set of 
support functions surrounding the protocol suit in order to make their usage user
friendly, flexible and efficient. It was also relatively easy to make device drivers for a 
variety of popular network interfaces, like Ethernet, Proteon-Ring, ARPANET and 
X.25. 

This work was quite successful, and has been an example for very many other 
implementations of the protocol suit under other operating systems. Since only a small 
part of the UNIX system depends on the computer's hardware, it was relatively straight 
forward to port the system to other hardware configurations. The Berkeley version of 
UNIX was free of charge made available to universities and, for a fee to AT&T and 
approval from DARPA, to non-educational research organisation, not only in the US 
but also in Europe. 
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The flourishing of TCPIIP implementations at many places in the US and Europe 
provided a large basis for field tests and experimentation. Hence TCP and IP and the 
accompanying services like TELNET, FfP and e-mail were steadily refined and 
improved. It was therefore a mature, efficient and user-friendly set of protocols that was 
approved as a standard for the American Defence in the middle of 1980. 

3. In the late 70s Stanford University had a project called the Stanford University 
Network. Here they had developed a 68000-based CPU card. As a spin-off from this 
project, a few people went out and started a small company called SUN Microsystems. 
They ported the Berkeley version of UNIX onto this hardware and developed a 
graphical window user-interface to go with it, and offered this as a commercial product 
under the name SUN-1. A little later another group formed a small company called 
CISCO, offering IP routers based on the same CPU card from SU. 

So early in the 80s one had a mature suit of protocols, several high-speed local area 
networks (LAN), window-based workstations and IP routers, all the necessary ingredients 
to make the internet technology proliferate. 

DARPA now initiated s transition plan to gradually convert the communications software in 
all important ARPANET hosts over to the internet suit of protocols. This transition was 
completed in the beginning of 1983. Most of the hosts where then moved off ARPANET 
and reconnected to LANs. ARPANET then served as a backbone, inter-connecting the 
collections ofLANs, see Figure 2. This we call the INTERNET with capital letters. It was 
operated by BBN under contract with DARPA, and institutions wanting to connect to the 
INTERNET needed permission from DARPA. This effect limited the growth of the 
INTERNET for some time. 

4. THE EVOLUTION OF THE INTERNET 

Now the internet technology was sufficiently mature and DARPA wanted to get off from 
funding the operations of the INTERNET, in order to free up money for research in other 
areas. Therefore DARPA started to negotiate with potential parties to take over the 
responsibility for the operations. The defence interests of the INTERNET was discussed 
with Defence Communications Agency (DCA), and the research/academic interests 
discussed with National Science Foundation (NSF). NFS and DARPA had common 
interests in interconnecting the five "Super-computer" sites, using internet technology, in 
order to provide access to students, research personnel and other interested parties in need 
of large computing powers. 
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A flrst step in the process of getting rid of the responsibility for the INTERNET, was for 
DARPA to split ARPANET in approximately two equal halves that were interconnected by 
a set of flltering routers, see Figure 2. Called the MILNET, one of the halves interconnected 
all the defence computer systems. The other half, still called ARPANET, was considered 
open and interconnected all the academic and non-defence research institutions. The 
flltering routers should prevent unauthorised communications initiated in the open part to 
penetrate into the closed MILNET. Electronic mail was considered harmless, and was 
permitted to flow freely between MILNET and ARPANET and vice versa. 

DCA took over the operations of MILNET. NFS agreed to fund part of the infrastructure 
needed in the academic environment, for the interconnection of the Super-computer sites 
and to provide access from universities to these facilities. This infrastructure consisted of 
leased lines and router. This was a more flexible and efficient solution than ARPANET, and 
made ARPANET obsolete after a short while. It was phased out around 1985. Now we had 
the beginning of todays internet. 

This transition took away the strict control performed by DARPA regarding permission to 
connect to the internet. Academic institutions, research organisations and even research 
departments belonging to industrial organisations, not only in the US but also in Europe, 
were permitted to join the internet. The research spanned all areas of science. NFS and 
European research funding shared the cost of several leased lines between key centers in 
Europe and USA. The key internet sites in Europe were The Dutch Computing Center 
(CWI) in Amsterdam and CERN/Geneva in Switzerland. Internets grew up in most 
European countries. In Scandinavia the four Nordic countries Denmark, Finland, Norway 
and Sweden joined forces and interconnected their growing national internets via 
NORDUNET, with the hub in Stockholm and from there leased lines to CWI in Amsterdam 
and to CERN. And from these two place there were leased lines across the Atlantic to the 
continental US part of the internet. The above mentioned situation increased the growth
rate, with the result that the whole internet approximately doubled in size every year, and 
today covers 50 plus countries and 20 to 50 millions daily users and may be more. 

The current internet is not owned or operated by one organisations, but the various pieces 
of it are owned by very many different organisations and operated in a distributed fashion. It 
is therefore surprising how well it does function. This must primarily be ascribed to the 
robustness of its protocols and routing mechanisms. 

One of the motivations behind the introduction of packet switching was the need to share 
expensive and scarce computer resources among a large and geographically distributed set 
of users. Such resources could for example be editors, program compilers and de buggers, 
programs for scientific calculations and various database applications like document 
archiving and retrieval. Hence two of the early services being provided in ARPANET were 
TELNET and FTP. TELNET provided means to interface a local terminal with a 
program/application in a remote host computer and made use of the concept of 
communicating virtual terminal entities in the local and remote computer and a negotiation 
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procedure to select the right terminal options. FTP provided the ability to transfer files to 
and from a remote computer, either in binary or character-oriented mode. 

In addition to these two services, electronic mail was also provided, and was soon to 
become the dominating service in ARPANET, and later in the internet During the 70s, 
these services were steadily refined as one gained experience in using them. These services 
have essentially been the same since they were standardised in 1980. 

As the internet grew in size and more stored infonnation/documents become available on
line, one needed help in locating documents - searching for titles and/or keywords. Service 
like "archie" and "gopher" were developed, and later "The Wide-Area Infonnation Servers" 
(W AIS) permitting natural language searches among standardised database servers. 

The real kick to the internet community came when the "World-Wide Web" (the Web) 
came available. Originally developed (1992-94) at CERN, the European Laboratory for 
Particle Physics, to provide the research staff with a universal means to disseminate text, 
graphical infonnation, figures and database information. It makes use of the concept of 
hypertext or embedded links that point to documents on the same or on a different host 
computer. By "clicking" on one such link emphasised in a document, the Web automatically 
opens a connection to possibly another computer in a different country, retrieves the 
document in question and displayes the contents of it on the readers terminal, all in a 
seamless fashion. The "language" used is the "HyperText Markup Language" (HTML), a 
subset of the "Standard Generalized Markup Language" (SGML). It is used to tag the 
various pieces of the document how it should be presented on the screen. Two popular 
front-end clients to Web have emerged, one called Mosaic (distributed free of charge from 
National Center for Supercomputing Applications, NCSA) and Netscape, the commercial 
version of Mosaic. 

11 

The use of these Web browsers have turned out to be the most viable service on the internet 
and really set off an explosion in the traffic volume. 

S. CONCLUSIONS 

The current version of the internet protocol (IP) has a limited addressing capability. The 
!SO-followers have for a long time been claiming that the IP soon will hit the roof and be 
out of address space. This has not yet happened, and will most likely not happen in the next 
couple of years. But to meet this future situation, a new version of the IP protocol has been 
designed and tested. Called IPng, it is now ready for gradual implementation and 
deployment in the internet when needed. It has a substantial increase in addressing 
capability, extended from 4 to 14 bytes, which should be sufficient for the foreseeable 
future. 

Further it has been claimed that the current IP datagram transfer service across the internet 
cannot cope with the diversified quality of service required by for example multi-media 
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applications. In principle this is true, but the effect on the transfer quality is highly 
dependent on the traffic load on the network. If the prediction of future available bandwidth 
comes true and the handling ofiP datagrams (the routing process) in every router can be 
made fast enough, there will be sufficient excess capacity available and therefore little 
competition for bandwidth. Hence the effect of this deficiency of IP in handling multi-media 
traffic is questionable and most likely will be to live with. In specifying IPng, however, one 
hl'ls had multi-media applications in mind. One has developed means to treat different types 
of traffic differently, so as to give traffic with real-time requirements priority over 
asynchronous ones. 

In addition to the flexibility in routing datagram-oriented traffic in the internet, it is also 
easier to realise efficient group addressing and broadcast. Such capabilities will be very 
important in future multi-media applications. 

If the predictions of future abundant bandwidth holds, one will see a dramatic decrease in 
the prizing of telecommunication services. The current practice by the telecom operators to 
perform a detailed book-keeping of the subscribers utilisation of the network, is expensive. 
When the prizes drop, this kind of book-keeping will relatively be much more expensive. A 
possible solution to this may be to follow the internet model of prizing, to pay a flat 
subscription fee that may possibly be adjusted for the bandwidth of the subscribers 
attachment to the network. Hence no distance and time dependence in the charging of the 
users. 

Inspired by the internet and its services the US vice-president AI Gore advocated in his 
speech at the ITU meeting in Buenos Aires in March 1994 for an international plan for a 
"Global Information Highway" (Gm spanning the whole earth. Legislators, regulators and 
industry need to cooperate to develop, build and operate Gll. It should be operated under 
the following conditions: 
1) encourage private investments, 2) promote competition, 3) create a flexible set of laws 
and directives that should keep pace with the fast technological developments and changes 
in the market, 4) provide open access to Gll for a variety of information providers, and 5) 
provide total national and international coverage. A similar initiative is taken within the 
European Union, where the Bangemann report [Bangemann] describes the principles for a 
global "Infobahn". The report also discusses a workplan, among others to harmonise the 
various national laws and directives. Currently this seems to be a difficult task. These 
initiatives opened up for commercial use of the internet. Still in its infancy, commercial 
usage is hampered by the lack of internationally agreed means to protect against fraudulent 
usage of services, to protect the privacy of individual users and to protect the copyright of 
information providers. 

It is currently uncertain what the position of the internet will be in the future Gll, either be 
replaced by new technology more suitable to handle the requirements from for example 
multi-media applications or live in parallel with new commercial internets. 
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