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Figure 8.1  Switched network
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Figure 8.2  Taxonomy of switched networks
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88--1   1   CIRCUITCIRCUIT--SWITCHED NETWORKSSWITCHED NETWORKS

AA i ii i i h di h d kk ii ff ff i hi hAA circuitcircuit--switchedswitched networknetwork consistsconsists ofof aa setset ofof switchesswitches
connectedconnected byby physicalphysical linkslinks.. AA connectionconnection betweenbetween twotwo

ii ii d di dd di d hh dd ff li kli kstationsstations isis aa dedicateddedicated pathpath mademade ofof oneone oror moremore linkslinks..
However,However, eacheach connectionconnection usesuses onlyonly oneone dedicateddedicated
h lh l hh li kli k E hE h li kli k ii llll di id ddi id dchannelchannel onon eacheach linklink.. EachEach linklink isis normallynormally divideddivided

intointo nn channelschannels byby usingusing FDMFDM oror TDMTDM..

Three Phases
Topics discussed in this section:Topics discussed in this section:
Three Phases
Efficiency
Delay
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Circuit-Switched Technology in Telephone Networks



Note

A circuit-switched network is made of a 
t f it h t d b h i lset of switches connected by physical 

links, in which  each link is 
divided into n channels.
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Figure 8.3  A trivial circuit-switched network
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N tNote

In circuit switching, the resources need 
b d d i h hto be  reserved during the setup phase;

the resources remain dedicated for the 
entire duration of data transfer until the 

teardown phase.teardown phase.
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Example 8.1

As a trivial example, let us use a circuit-switched network
to connect eight telephones in a small area.
Communication is through 4-kHz voice channels. We
assume that each link uses FDM to connect a maximum
of two voice channels. The bandwidth of each link is then
8 kHz. Figure 8.4 shows the situation. Telephone 1 is
connected to telephone 7; 2 to 5; 3 to 8; and 4 to 6. Of
course the situation may change when new connections
are made. The switch controls the connections.
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Figure 8.4  Circuit-switched network used in Example 8.1
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Example 8.2

As another example, consider a circuit-switched network
that connects computers in two remote offices of a private
company. The offices are connected using a T-1 line
l d f i i i id hleased from a communication service provider. There are
two 4 × 8 (4 inputs and 8 outputs) switches in this

k h i h f f ld dnetwork. For each switch, four output ports are folded
into the input ports to allow communication between

i h ffi F hcomputers in the same office. Four other output ports
allow communication between the two offices. Figure 8.5
h h i ishows the situation.
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Figure 8.5  Circuit-switched network used in Example 8.2
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Figure 8.6  Delay in a circuit-switched network
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Note

Switching at the physical layer in the 
t diti l t l h t ktraditional telephone network uses

the circuit-switching approach.
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88--2   2   DATAGRAM NETWORKSDATAGRAM NETWORKS

II dd i ii i dd ddInIn datadata communications,communications, wewe needneed toto sendsend messagesmessages
fromfrom oneone endend systemsystem toto anotheranother.. IfIf thethe messagemessage isis

ii h hh h kk i h di h d kk iigoinggoing toto passpass throughthrough aa packetpacket--switchedswitched network,network, itit
needsneeds toto bebe divideddivided intointo packetspackets ofof fixedfixed oror variablevariable
ii ThTh ii ff hh kk ii d i dd i d bb hhsizesize.. TheThe sizesize ofof thethe packetpacket isis determineddetermined byby thethe

networknetwork andand thethe governinggoverning protocolprotocol..

Routing Table
Topics discussed in this section:Topics discussed in this section:
Routing Table
Efficiency
Delay
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Datagram Networks in the Internet



Note

In a packet-switched network, there 
i tiis no resource reservation;

resources are allocated on demand.
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Figure 8.7  A datagram network with four switches (routers)
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Figure 8.8  Routing table in a datagram network
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Note

A switch in a datagram network uses a 
ti t bl th t i b d throuting table that is based on the 

destination address.
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Note

The destination address in the header of 
k t i d t t ka packet in a datagram network

remains the same during the entire 
journey of the packet.
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Figure 8.9  Delay in a datagram network
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Note

Switching in the Internet is done by 
i th d t husing the datagram approach 

to packet switching at 
the network layer.
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88--3   3   VIRTUALVIRTUAL--CIRCUIT NETWORKSCIRCUIT NETWORKS

AA virtualvirtual--circuitcircuit networknetwork isis aa crosscross betweenbetween aa circuitcircuit--
switchedswitched networknetwork andand aa datagramdatagram networknetwork.. ItIt hashas
somesome characteristicscharacteristics ofof bothboth..

Topics discussed in this section:Topics discussed in this section:
Addressing
Three Phases
EfficiencyEfficiency
Delay
Circuit-Switched Technology in WANs
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Circuit Switched Technology in WANs



Figure 8.10  Virtual-circuit network
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Figure 8.11  Virtual-circuit identifier
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Figure 8.12  Switch and tables in a virtual-circuit network
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Figure 8.13  Source-to-destination data transfer in a virtual-circuit network
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Figure 8.14  Setup request in a virtual-circuit network
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Figure 8.15  Setup acknowledgment in a virtual-circuit network
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N t

In virtual circuit switching all packets

Note

In virtual-circuit switching, all packets 
belonging to the same source and 
d i i l h hdestination travel the same path;
but the packets  may arrive at the p y
destination with different delays 

if resource allocation is on demand.if resource allocation is on demand.
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Figure 8.16  Delay in a virtual-circuit network
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Note

Switching at the data link layer in a 
switched WAN is normallyy

implemented by using 
virtual-circuit techniquesvirtual circuit techniques.
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88--4   4   STRUCTURE OF A SWITCHSTRUCTURE OF A SWITCH

WeWe useuse switchesswitches inin circuitcircuit--switchedswitched andand packetpacket--WeWe useuse switchesswitches inin circuitcircuit--switchedswitched andand packetpacket--
switchedswitched networksnetworks.. InIn thisthis section,section, wewe discussdiscuss thethe
structuresstructures ofof thethe switchesswitches usedused inin eacheach typetype ofofstructuresstructures ofof thethe switchesswitches usedused inin eacheach typetype ofof
networknetwork..

Structure of Circuit Switches
Topics discussed in this section:Topics discussed in this section:
Structure of Circuit Switches
Structure of Packet Switches
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Figure 8.17  Crossbar switch with three inputs and four outputs
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Figure 8.18  Multistage switch
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Note

In a three-stage switch, the total 
number of crosspoints is p

2kN + k(N/n)2

which is much smaller than the number ofwhich is much smaller than the number of 
crosspoints in a single-stage switch (N2).
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Example 8.3

Design a three-stage, 200 × 200 switch (N = 200) with g g , ( )
k = 4 and n = 20.

Solution
In the first stage we have N/n or 10 crossbars, each of size
20 × 4. In the second stage, we have 4 crossbars, each of
size 10 × 10. In the third stage, we have 10 crossbars,
each of size 4 × 20. The total number of crosspoints is
2kN + k(N/n)2, or 2000 crosspoints. This is 5 percent of
the number of crosspoints in a single-stage switch (200 ×
200 = 40,000).
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Note

According to the Clos criterion:
n = (N/2)1/2( )
k > 2n – 1
Crosspoints ≥ 4N [(2N)1/2 – 1]Crosspoints ≥ 4N [(2N) 1]
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Example 8.4

Redesign the previous three-stage, 200 × 200 switch,
using the Clos criteria with a minimum number of
crosspoints.

Solution
W l (200/2)1/2 10 W l l k 2 1We let n = (200/2)1/2, or n = 10. We calculate k = 2n − 1 =
19. In the first stage, we have 200/10, or 20, crossbars,

h ith 10 19 i t I th d teach with 10 × 19 crosspoints. In the second stage, we
have 19 crossbars, each with 10 × 10 crosspoints. In the
thi d t h 20 b h ith 19 10third stage, we have 20 crossbars each with 19 × 10
crosspoints. The total number of crosspoints is 20(10 ×
19) + 19(10 10) + 20(19 10) 9500
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19) + 19(10 × 10) + 20(19 ×10) = 9500.



Figure 8.19  Time-slot interchange

8.39



Figure 8.20  Time-space-time switch
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Figure 8.21  Packet switch components
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Figure 8.22  Input port
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Figure 8.23  Output port
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Figure 8.24 A banyan switch
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Figure 8.25  Examples of routing in a banyan switch
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Figure 8.26  Batcher-banyan switch
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