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A Study Paper on Communication Network and
overview of Packet Switching Technology

Abstract— In this paper,we highlight some of the principalpaths between any two points; and second, dividing
events that led up to the revolution in communications complete user messages into what he called message
among information processing systems. We devote most éfocks then third, delivery of these messages by store
this presentation to a brief summary of the communicatioand forward switching.[12]

networks experience, emphasizing the deSCription, g .o\ 0 was similar to the research performed
functions, analysis, design and performance measuremen? i P i

of packet-switching networks. We also discuss some receffi|gpeqdently by Donald Davies at the National

advances in radio packet switching for long-haul. Laboratory, UK. In 1965, Davies developed the

Index Terms— ARPANET, communication networks, concept of
computer networks, networks, packet switching. Hé%%bﬂﬁv&ﬁhﬂda networks and proposed
I.INTRODUCTION UK wide network.. A member of Davies' team met

Lawrence Roberts at the 1967 ACM Symposium on

It is widely assumed that, for reasons of efficiency, the er Hﬂeg System Principles, bringing the two groups
various communication networks (Internet, telephone, T oget%er.[l ’

1
radio, ...) will merge into one ubiquitous, packet switcheeﬁ] rametter t]o his original network desl%n as Baran, such as
network that carries all forms of communications. This vi p%rc 8% 65248 &%Sﬁeégrﬁgwes proposed that a
of the future is particularly prevalent among the Internetfetwork should be built at the laboratory to serve the needs
community, where it is assumed that packet-switched IP¢$ NPL and prove the feasibility of packet switching. The
the layer over which everything else will be carried[1]. ANPL Data Communications Network entered service in
packet switching system uses statistical multiplexing in  1970. Roberts and the ARPANET team took the name

which communication from multiple sources competes fdpacket switching" itself from Davies's work.

the use of shared media.[2] The chief difference betweepne first computer network and packet switching network

packet switching and other forms of statistical multiplexin .
% loyed for computer resource sharing was the Octopus
t

eétwork at the Lawrence Livermore National Laboratory

. at began connecting four Control Data 6600 computers to
veral shared storage devices in 1968 and an IBM
Photostore in 1970 and to several hundred Teletype Model
33 ASR terminals for time sharing use starting in 1968.(5)

arises because a packet switching system requires a sen
to divide each message into blocks of data that are known
packets. The size of a packet varies; each packet switchi
technology defines a maximum packet size .Or in other

of the Internet, is a form of statistical multiplexing that
permits many- to-many communication. A sender must In 1973 Vint Cerf and Bob Kahn wrote the specifications
packet, a sender allows other senders to transmit before [RRANERFIHRIAE protocol for sharing

II.HISTORY III. PACKET SWITCHING

The concept of switching small blocks of data was first Packet switching is a digital ne.tworking communications
explored by Paul Baran in the early 1960s. Independentl{}ethod that groups all transmitted data regardless of

Donald Davies at the National Physical Laboratory (NPL) ontent, type, or structure - into suitably sized blocks,

in the UK had developed the same ideas a few years later cglled pgckets. Packet switching features delivery of
(Abbate, 2000) variable-bit-rate data streams (sequences of packets) over a

shared network. When traversing network adapters,
Baran developed the concept of message block switchirggvitches, routers and other network nodes, packets are
during his research at the RAND Corporation for the US Air buffered and queued, resulting invariable delay and
Force into survivable communications networks, first  throughput depending on the traffic load in the network.
presented to the Air Force in the summer of 1961 as briefing
B-26 then published as RAND Paper P-2626 in 1962 anffacket switching contrasts with another principal
then including and expanding somewhat within a series afetworking paradigm, circuit switching, a method which
eleven papers titled On Distributed Communicationsin  sets up a limited number of dedicated connections of
1964. Baran's P-2626 paper described a general  constant bit rate and constant delay between nodes for
architecture fora large-scale, distributed, survivable  exclusive use during the communication session. In case of
communications network. The paper focuses on three kayaffic fees (as opposed to flat rate), for example in cellular
ideas: first, use of a decentralized network with multipleommunication services, circuit switching is characterized
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by a fee per time unit of connection time, even when

no data
'Eytgansferred, while packet switching is characterized
fee per unit of information. Two major packet

switching modes exist; (a) connectionless
gaaket switching, also known as datagram switching,

ERISSIRLLTSREPY RARRICHISHSDIE AL Saakdt

V|rtual1crr%urt switchi L i
Connection-oriented "communication includes the

settingup a call fromone computer
steps of

to another
transm|tt|ng/rece|vmg data, and then releasing the

palbnest like a systemplsone callcidovitever, the network
connecting the computers is a packet switched
network, unlike the switched network. Connection-
oriented communication is done in one of two ways
over a packet switched network: with and without
virtual circuits.

Without virtual circuits: This is what TCP does in the

Ihgereatipbhetnniphvameeciinetséif s Irdaters that
s haveddpnitapmationahigblished are the two

computers at

and

the presence of a

ﬁ%pﬁ:tion between the two computers. This means

of the packets flowing between the two computers

can
follow different routes. One benefit of establishing the
connection is that the flow of packets from the source

to the
ggﬁgggtg&p can be slowed down if the Internet is

and speeded up when congestion disappears. Another
BgﬂﬁQEHs that the endpoints can anticipate traffic

them, and agree to cooperate to ensure the
integrity and

HQEWBWWO of the data transfers. Thrs allows the
betreated asa stream ofdata aswe |llstudy later.

ik

= C

Fig. 1 Connection oriented network
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A Packet-switched
231122129 network
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Fig. 2 Connectionless network

Connectionless:

A TR T

Connectionless service is typically provided by the UDP

(User Datagram Protocol), which we will examine
tatethEhedestketisdnansfeerethesindd) Divcare also called

g%%mﬁte Relay packet switching

Frame Relay was a best effort service that operated at layer
2 for most vendors, but there was at least one vendor that
allowed Switched Virtual Circuits and Switched Permanent
Virtual Circuits that operated at layer 3. Frame Relay did
allow end to end flow control that almost no one utilized.
Frame Relay was very popular up until about 10 years ago.
to 8192 bytes.

. X.25 was an access service that operated at Layers 2 and 3
of the OSI model X 25 was a reliable service that was

ge %%ﬁ r ngrfﬁé ﬁﬁo%r%n v?/k?EJSE 5
Vo6
amﬁ'ﬁ 3t8 elay emosts,gm 'e'reercgg%et%%gﬁs?%we

ant are:
1. Call Control

oute

%’

X.25 connection establishment and release (call control) use
in-band signaling within the same virtual channel used for
user data transmission causing additional overhead. Frame
Relay call control uses separate virtual channels identified
by reserved DLCI using the LMI (Local Management
Interface) protocol.

2. Routing vs. Switching

X.25 performs packet switching on OSI layer 3 (network
layer); Frame Relay performs packet switching on OSI layer

2 (data-link). Frame Relay does not use any layer 3 protocol.
3. Flow Control

Frame Relay (FR) doesn't perform flow control between
to
acknowledge each frame; in case of frame errors frames

frame handlers (FR routers). X.25  routers have

www.ijctonline.com
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have to be retransmitted and acknowledged. Frame

Relay
[)%?&%"lsf.low control performed by higher layer

Iv. ARCHITECTUTE VARIOUS  PACKET

SWITCHING

OF

International Journal of Computers & Technology

« All packets pass through a single point in space, at
different  times.  Similar to time-sharing
multiprogramming

on a single processor

A computer communication network is a collection of nodedduses are in this category (distributed multiplexor,

at which reside the computing resources a paper is to

IFR0HE8 B NSRS M) R ISR S MY Sristate drivers)

supported by adequate data and critical details. (which

built w.

Advantage:1) Economize on datapaths, wires,

themselves are connected into the network through nodalemories

switches) which

g@mm@ca@eﬂwm@@qtbgthqgﬁ@a set of links (the dat
communication channels) [7], [8]. Messages in the form o

%\lfvgsy to share aggregate capacity among competing
isadvantage: Non-scalable: infeasible beyond

commands, inquiries, file transmissions, and the like, travééchnology

through this network over the data transmission lines.

limit for aggregate capacity Space switching:
A
| 1

C=1 -
— c=1
S N GZA
C=1 I /,J =
| T N =
C=1 oy _)i Multiplexer ~ C=1
Crossbar (Selection type)

Fig. 6 Basic Concepts & Terminology: Space Switching

Fig. 3. The structure of a computer-communication netwotHf'ackets at a given time pass through different paths in

space
« Similar to multiprocessing on parallel processors

The following figures shows how the data flows over the

networks and the features are explained below

Flows:
mmmmmm e o I e [ e
AN N I 1 [
------ o h o e e o e = = - —
B o [222 1 1
TS ?7.»@‘
_______________ ___ +_______

Fig. 4 Basic Concepts & Terminology: Packet Switching

« Varying or unpredictable traffic — like automobiles

- Self-describing packets: header provides destination
address

Time switching;:
:m! vugh-ihmugnp:.n link {r;lz;;;. !:::!
o [ | —
c=1 | i ; IL-\ i /\'g[l' ) : o=
iz, || |\ HANNIE frzztzz
e i i ! T tme | : : ch
& Time-Division Multiplexing :m:m:
= [ | (TOM) T
iMe " Multiplexér {Aggregation type) Detultiplexer I

Fig. 5 Basic Concepts & Terminology: Time Switching
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« Crossbars are
switches)

in this category (single-stage space

Advantage:Scalable: use when aggregate throughput >
upper limit of time switching
Disadvantage:Partitioned memories, wires
route, schedule, load balance

harder to

Combination Example: Time-Space-Time Circuit
Switch:

B
o

[ =raq: | 11@1 ey Py
1 TSl 7 N7 &
B [A1]/ { [A1 Crossbar
|r@i¢ —— ;_l_l Pany )
= TSl [~ = L
periodic frames
Time-Slot Interchange IF
(one frame worth of buffer memary) ] 3
Output Conflict: TSI
same output port, same input time 5

- requires input TSI =
Input Conflict: — 1

same input port, same oufput time
- requires output TSI

Fig. 7 Basic Concepts & Terminology: Time-Space-Time
Circuit Switch
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Time switching (TSI's) needed to resolve output and
information from which source will be routed to the

input

conflicts. FEhe or Long Term Contention: Buffering,

V. CENTRAL ISSUES AND PROBLEMS FACED IN ntrepgmgnma Whtrol NS Eontrol

PACKET SWITCHING If the network sources want to transmit information at an

Network sizes --the number of communicating aggregate rate exceeding the capacity of (a) receiver(s), then
there are only three alternatives to handle this problem

i -- Buffe information in excess of the reveiver capacity,
parties, n ar? E t}% nd tran m(l)t |It a latert aﬂwa y

vary widely among applications, ranging from small gaftp er%,sstg%),t%rr%% ey @ Ioe(?f:oéj |mee arI%te
of memory wﬂ? nee

(single- digit number of nodes) to huge, like the entire ounded amoun wh|ch is not

et g;%%ﬁg l&ﬁ% fea5|ble
g%‘gé ﬁ" 5‘%\1@% f %tﬁgé b) Drop the information in excess of the reveiver capacity.

This is simpler than buffering, but leads to poor or
the application. In
applications where all information is needed, some protocol

%‘é&gﬁg@% 8iss1alydn the grgluser stations, but can also

information; the end result is similar to buffering, but the
Bwethod ﬁoste%nd rg})(v,?rfc%rmanc differ. ,?tlot

etransmi
c) Coordmate the sources so that they properly adjust their
ALt Iy S cer Aoy rates. By contrast to buffering, this applies mostly to
long-term contention. Given the distributed nature of the
2 ) B o A .
_* network, such coordination inevitably involves delays.
Coordination may be performed before or after the sources
B i sl - start their transmissions:
Q 'K_):._ ~
oo _—
ol
T ) 1T
mufti—srage interconnection VI FUTURE

1 Output Contention: Packet Satellite

Output contention, the first central problem, is the attemptundamentally, a satellite provides a broadcast media

by multiple  sources to "simultaneously"transmit  which, if properly used, can provide considerable gains in
information to a given output (destination) party at an  the full statistical utilization of the satellite's capacity. Using
aggregate rate in excess of the capacity of that output.  ARPA's  techniques, a single wideband channel (1.5
Under these circumstances, the sources (or the streams bfbit/s-60 Mbit/s) on a satellite provides an extremely
information that they injected into the network) contend economical way to interconnect high bandwidth nodes
(compete) for access to the desired output port of the within a packet network.
network, hence the name "output contention”.  With the current cost of ground stations ($150K-$300K), it
2 Elementary Case: Single Resource Contention:  5ppears to be marginally economic to install separate
private ground stations rather than to lease portions of
commercial ground stations and trunk the data to the packet
network nodes. However, either way, the cost of ground
[T [T, station facilities are such that the use of satellites only
ﬂj o becomes economic compared to land lines when the
i aggregate data flow exceeds about 100 packets/s (100
-r,.. r| | - kbit/s) to and from a node or city. Furthermore, satellite
' . . _ . transmission has an inherent one-way delay of 270 ms;
Output contention manifests itself evenin the most  therefore, the packet traffic must logically be divided
elementary case: anetwork  consisting of multiple  between two priority groups-interactive and batch. Only
transmitters and one receiver, as shown in the figure, whesatch traffic can presently be considered for satellites, since
the aggregate rate of the transmitters exceeds the rate . interactive
capacity of the receiver. We can study the essence of outpiipi2dfoms, del@ust |ﬂ%HV%‘¥ﬁ§PEﬁM@n§c%e available, even
contention using this simple case. A network like this can Bea somewhat higher price. With current economics, the
built using a shared medium (e.g.traditional Ethernet), a@ng-haul land line facilities only add about $0.50/hr to the
illustrated on the left, or by runningdedicated  price of interactive data calls, which is far too little a cost to
(point-to-point) links from each transmitter to the receivegncourage the acceptance of slower service. Therefore,

then using a multiplexor to select which piece of

Tol+gs [T

— |28 —

‘-\'jﬂ'.. Hiplexor
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interactive service will almost always require ground

line
facilities in addition to satellite facilities at all network
nodes. This introduces another factor that limits the

potential
ite traffic: land lines can easily carry 10-25
pRiceie

batch traffic at a lower priority, using a dual queue,

thietsadellite capability, must be compared with
any significant increase in cost Further, if ground lines

required and satellite facilities are optional, the full

cost for
the
incremental cost of simply expanding the land line

facilities.

lh e {01012 0BG A th it BES RRRIGSES within

pomaosingsseseabetweenapgigingodal points, but that
gronnglifacilities will be used exclusively for

between smaller nodes.
Packet Radio

This is the another important area where economic
gfyantage of dynamic-allocation over pre-allocation

soon become so fundamental and clear in all areas of

communications, including voice. it is not hard to
project

the same radical transition of technology will occur in
voice
communications  as
communications.

Digitized voice can be compressed by a factor of

has occurred in data

three or

more by packet switching since in normal conversation

each
speaker is only speaking one third of the time. Since

interactive data traffic typically can be compressed by

a

factor of 15, voice clearly benefits that less from
packet

switching than interactive data. This is the reason why

packet switching was first applied to data
communications..

Probably there will be many proposals, and even
systems

built, using some form of dynamic-allocation other

than
Rﬁaocsktet switching during the period of transition. The

ﬁ%‘l;l Nfant design would be a packetized voice

svstem

International Journal of Computers & Technology

In short, packet switching seems ideally suited to both
voice and data transmissions. The transition to packet
switching for the public data network has taken a decade,
and still is not complete; many PTT's and carriers have not
accepted its viability. Given the huge fixed investment in
voice equipment in place today, the transition to voice
switching may be considerably slower and more difficult.
There is no way, however, to stop it from happening.

VII CONCLUSIONS
It is fairly clear that informaton processing has come

to
ﬂ%mend heavily upon data communications. Rather

ignore the communications problem, computer

scientists are _ .
et puah AR R RS, B R
issues which demand considerable thought and

attention.
E\%te%adrm)le, the issue of adistributed operating

large distributed data bases involves problems

which are
%dly defined ,much less solved. Security issues in

distributed environment provided by a network are of

great
elyiocly in many communities.The current proposal is

an optical packet switching technology in order to:
sthe nurrél%eén?f ne \fvork layeandto sim l|f¥
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