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| /N
\‘:l/ /;:{\
W Switching 0
Al i
W e A switched network consists of a series of interlinked nodes called switches. /;\‘\
Al N
W e Switches create temporary connections between two or more devices linked /;\‘
\1/‘ to the switch. 0
\4 /;\
‘1" e In a switched network some nodes are connected to end systems and others AN
\1/‘ for routing. ‘/;\
\1/ /;\
Al i
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W /;\
\1/ /;\
\% A /i\
W e The end systems are labeled A, B, C, CJ d so on, and the switches are N
A/ M
v labeled I, II, III, IV and V. Q)% i
I\ N
\\/‘/ e Each switch is connected to multf@t links /‘/;\
W /;\
\1/ /;\
‘\l/ Circuit-Switched Network &'Q) i
\r /;\
W e A circuit-switched g rk consists of a set of switches connected by A
Al i
W physical links. O /;\‘\
Al i
|, e Each connecti,%qgses only one dedicated channel on each link. .
! /‘\

e Each link j @vided into n channels using FDM or TDM. 0
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e Circuit switching takes place at the physical layer. \%\?’

e Before starting communication, the stations mus 4§<e a reservation for the
resources such as channels, switch buffers, @ch processing time, switch
input/output ports. 6

e It must remain dedicated during the @@% duration of data transfer until
teardown phase.

e The data are continuous flow s by the source station and received by the
destination station. Q,

e There is no addressing @%{g data transfer. The switches route data based

on their occupied ba@or time slot.

Three Phases QO
Setup Phase OQ
e Before t &two parties can communicate, a dedicated circuit needs to be
esta&@ed.
o ? system A needs to connect to system M, it sends a setup request with
Q dress of system M to switch 1.
Q@ Switch I finds a channel between itself and switch IV. It then sends a request
to switch IV.
e Switch IV finds a dedicated channel between itself and switch III.
e Switch IIl informs system M of system A’s intention.
¢ An acknowledgment from system M is sent in the opposite direction to

system A.
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e Only after system A receives this acknowledgment, the connection is
established.
Data Transfer Phase
e After the establishment of the dedicated circuit, the two parties can transfer
data.
Teardown Phase
e When the two parties need to disconnect, a signal is sent to each switch to

release the resources. ?’
Efficiency 0\)

e Circuit-switched networks are not as efficient as the oth@ wo types
because resources are allocated during the entire &ation of the
connection. ?‘r

e In telephone network, people normally terminate @g\-sn they have finished
their conversation. C)\

e In computer networks, a computer is conne@&d’ to another computer even if
there is no activity for a long time. @.,

Delay %CJ

e Delay is minimal in circuit—switcf@)&, etwork.

e There is no waiting time at eagh<8witch.

e The total delay is due to (@) ime needed to create the connection, transfer
data and disconnect t \hrcuit.

e The delay caused l@%e setup is the sum of propagation time, request signal
transfer time, r@dagation time of acknowledgement and signal transfer time
of the ackn dgement.

e The del%&ue to data transfer is the sum of propagation time and data
tra time.

J %@e hird is the time needed to tear down the circuit.
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Packet-Switched Networks

|\ I
| /N
\‘:1/ e In packet-switched network, the message is divi@d§nto packets of fixed or /1“
| /N
\ variable size. (b I
\1/ /;\
v e In packet switching there is no reserved bargi%vidth on the links and there is A
\1/ X i ) i
W no scheduled processing time for each et. /;\‘\
Al |
|, e Resources are allocated on deman@ t is on first-come, first-served basis. "
| /‘\
‘1" Datagram Network %CJ i
A/ M
\ ¢ In a datagram network eac ket is treated independently. A
A/ M
v e Packets are referred to @atagrams. ‘/;\
A/ M
W e Datagram switching%&one at the network layer. ‘/;\
Ay — !
0 Datagram network "
‘ ."L N
W - e 1 ] /‘\
) j& BeiE
WV e N
Al ]
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W /;\
\1/ /;\
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\% |
| N
\‘:l/ /;:{\
W e In this example, all four packets belong to the same message but travel A
\% |
., different paths to reach their destination. "
| /N
\1/‘ ¢ The links do not have the necessary bandwidth to carry all the packets from Q
% i
W Ato X N
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e The datagrams arrive the destination out of order with different delays
between the packets.

e Packets may be lost or dropped due to lack of resources.

e The upper layer protocols reorder the datagrams or ask for lost datagrams
before passing them to the application.

e The datagram networks are referred to as connectionless network.

e There are no setup or teardown phases.

e Each packet is treated the same by a switch regardless of its sou@ or

destination. @

Routing Table
e Each switch has a routing table based on their destination €ess.
e The routing tables are dynamic and updated periodical]%?“’
e The destination addresses and the corresponding@varding output ports

are recorded in the tables. C}
Destination | Cutput
address port
1232 |
4150 2

q 2| 3

S
Destinat,@ﬁldress

o Ty packet carries a header that contains, the destination address among
Q)Qother information.

Qo When the switch receives the packet, the destination address is examined
and consulted with routing table to find the corresponding port to forward
the packet.

e This address remains the same during the entire journey of the packet.

Efficiency
The efficiency is better than circuit-switched networks. Resources are

allocated only when there are packets to be transferred.
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The packet travels through two switches. There are@se transmission times
(3T), three propagation delays (31) and two waiting tim@y«\l + wo).

Total delay = 3T + 31 + w1 + w» 6?“’
Virtual-Circuit Networks CJ@.\

A virtual-circuit network is a cross @een a circuit-switched network and a
datagram network. %C)
Characteristics &@%

e There are setup and Qrdown phases in addition to the data transfer phase.
e Resources can %cated during the setup phase as in circuit-switched
network or on@emand as in datagram network.

e As in da@ m network, data are packetized and each packet carries an
addres@ the header. The address defines what should be the next switch
an& ¢ channel on which the packet is being carried.

o @’ in a circuit-switched network, all packets follow the same path

@ established during the connection.

e A virtual-circuit network is implemented in the data link layer.
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v Addressing &"z\ i

;\1/ Two types of addressing are involved: global and q‘pz»al (virtual-circuit /;ij\
\ identifier) Q N
\111/ Global addressing %C) /C\
\111/ An address that can be unique in the scope@%e network or internationally /E\
\ if the network is part of an international netwodﬁ)'\ ‘/;\
\1:1/ Virtual-Circuit Identifier % /‘:;\
\1:1/ e The identifier used for data tra@ r is called the virtual-circuit identifier /;:;\
\;V (VCI). M
‘ A
\‘:l/ e A VCIlis a small number&%% has only switch scope and is used by a frame /1)\
\;\1/ between two switchesQ /;\j
(1/ e When a frame arrij at a switch it has a VCI; when it leaves it has different .

/‘\
., VCIL. &Q R

‘ I
! C ] N

S VCl VCI A

% Q)% | M

! & | ] - ;

’ %(S A /;\
X~

|
/N
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/N

v Three Phases i
\1:1/ In the setup phase, the source and destination use their global addresses to /;:;\
\‘:l/ make table entries for the connection. In the teardown phase, the source and /1\‘
\;:V destination inform the switches to delete the corresponding entry. Data transfer /;ij\
‘\1/ occurs between these two phases. .
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Data Transfer Phase

To transfer a frame from source to destination all the switches have a table
entry for this virtual circuit.

The table has four columns which hold four pieces of information for each
virtual circuit.

The figure shows a frame arriving at port 1 with a VCI of 14.

When the frame arrives the switch looks in its table to find port 1 and a VCI
of 14. § .
When it is found, the switch knows to change the VCI to 22 and S@YU'[ the

frame from port 3.

PR,
Incoming Oulgoing
Port | VCI| Port | VI
1 14 k) 22
I 77 2 41

Daa  |77][ Daa [14] ~> | X | Daw |22 —

Eje(]

and how its

routes @me.

Ay

Q.
QY
N

U
The followin(&ure shows how a frame from source A reaches destination B

changes during the trip. Each switch changes the VCI and
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Incoming

Outgoing

Port

VCI| Porl

V(i

saE —

14

aa ek

i H H

66

Incoming

Port |[VCI

Fort |VCI

2 |22

-
-

wwa Gk
=1
-

[ Data [14]

N a——

WAN

Incoming

Outgoing

Port | VCI

Port |VCI |

66

72 |

mEE [l

Setup Phase

6‘?’
ol

In setup phase, a switch creates an@ry for a virtual circuit. It requires two
step: setup request and acknowledgm%‘)

Setup Request

&

4

2

Switch 2 A

' Incoming | Ouigoing

Port |VCI| Port |VCIT

L [66] 2

Incoming | Outgoing Incoming | Outgoing
Paort |VCI| Port |VCI Fort |VCI| Port [WCI
1 | 14| 3 2 1221 3
B VO =77
ST 1 3
3 B !
A b 1NN A O)
® ® @ :
Switch 1 / Switch 3

Source A sends a setup frame to switch 1.

Switch 1 receives the setup request frame. It knows that a frame going from

A to B goes through port 3. The switch assigns incoming port (1) and
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Data Communication and Computer Network,

chooses an available incoming VCI (14). The switch then forwards the frame
through port 3 to switch 2.

e Switch 2 receives the setup request frame. Three columns are completed: the
incoming port (1), incoming VCI (66) and outgoing port (2).

e Switch 3 receives the setup request frame. Three columns are completed: the
incoming port (2), incoming VCI (22), and outgoing port (3).

e Destination B receives the setup frame and if it is ready to receive frames

from A it assigns a VCI to the incoming frames as 77. ?’ .
Acknowledgement 0\)
A special frame called the acknowledgement frame completes t%e«bentries in
the switching tables. &«23»
iInoomiug Ougoing Incoming | Cutgoing
Port [VCI| Port [VCI Port [VCI| Port [VCT

Switch 2| M\

| Incoming | Outgoing

Port {VCI| Port [VCI
1 [66] 2 |22]

A

e The destina@r@ sends an acknowledgement to switch 3. The
acknowle e@ent carries the global source and destination address so the
switch pletes the table entry. The frame also carries VCI 77 as the
inc g VCI for frames from A.

J ftch 3 sends an acknowledgement to switch 2 that contains its incoming

Q)QVCI in the table. Switch 2 uses this as outgoing VCI in the table.

Q

Switch 2 sends an acknowledgement to switch 1 that contains its incoming

VCI in the table. Switch 1 uses this as outgoing VCI in the table.

Finally switch 1 sends an acknowledgement to source A that contains its

incoming VCI in the table.

The source uses this as the outgoing VCI for the data frames to be sent to

destination B.
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Teardown Phase
e Source A after sending all frames to B, sends a special frame called a
teardown request.
e Destination B responds with a teardown confirmation frame.
e All switches delete the corresponding entry from their tables.
Efficiency
e If resource reservation is made during the setup phase the delay for @;‘h
packet is the same. 0\;’
e If the resource reservation is made during data transfer phase, &&e delay is
different. ?»%
Delay &Q\
A
e BT
e MO VA A PR
i"‘? ;l;;&gsmissiﬂn
g S
3 -------.-----.----.------------.-----:'._.‘.‘.---.h--:‘._.
L g[ AR D P T : = S
S ¢ l Y
Time Time Time Time
Q\J
In virtuals i@lit network, there is one-time delay for setup and one-time
delay for te n. The packet travels through two switches. There are three
transmis@ﬁmes (3T), three propagation delays (3t), a setup delay and a
teardo@delay.
QQ)QTotal delay = 3T + 31 + setup delay + teardown delay
Telephone Network
e Telephone networks use circuit switching.
e It was originally an analog system using analog signals to transmit voice.
e In 1980s the network began to carry data in addition to voice.
e The network now digital as well as analog.
12
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! The telephone network is made of local loops, trunks and switchi ffices. 0

v Local loops Y" )
W It is made of twisted-pair cable that connects the subscri‘%évtelephone to the /;:;\
0 nearest end office or local central office. The first three digit %21 telephone number /‘:;\
W define the office, and the next four digits define the localcljﬁlumber. /\:;\

i Trunks % 0
o . @& L 0
W Trunks are transmission media that handle\edmmunication between offices. w

/N

Transmission is usually through optical fiberséégltellite links. ‘

N

I
N

Switching offices @ Q
v To avoid permanent physica Cﬁn between any two subscribers, the A
W telephone company has switches ted in a switching office. A switch connects /‘:;\
several local loops or trunks a ows a connection between different subscribers. /“‘\
/|
Telephone network h Qseveral levels of switching offices such as end offices, )

I
N

v tandem offices and regi offices. A
Al n
v LATAs (Local-acc ransport areas /‘\‘
\1/‘ ( § P ) . ‘/;\
W A LATA CQ e a small or large metropolitan area. A LATA boundary may A

overlap the dary of a state; part of a LATA can be in one state, part in another 0

N

v state. @ A
\\:1/ Q(S /;\j
| Vy /N

\% |
W InéLATA services /‘)\
| |

! e The services offered by the common carriers inside a LATA are called intra- "
\ LATA services. /;ij\
W e The carrier of these services is called local exchange carrier (LEC). /;i‘\
W e The carrier that provided services before 1996 is called incumbent local /;i;\
exchange carrier (ILEC). /i‘\
e New carriers that can provide services are called competitive local exchange ‘/1\
W carriers (CLECs) /‘:;\
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‘\1/ /;\‘
\r N
\1/ ) /;\
W Tandem (toll) offices N
\1/ /;\
\r N
\1/ /;\
Yl @ @ T~ g Endoffices N
\1/‘ ¢ ‘/;\
W Local loops I
\1/‘ ‘/;\
\1/ /;\
\r n
\1/ /;\
\r n
W Inter-LATA Services i
\1/ n
\}/ i /{\
‘ I
\‘i‘/ e These carriers sometimes called long-distance companie& vide services /(‘\
| |
‘1" between two customers in different LATAs. ?» 0
W i
v e Carriers providing inter-LATA services include AT&T, I, WorldCom, Sprint A

/N

W and Verizon. O\ N

K 6{3’ h

v Point of Presence M
i Ly i
W /;\
Al |
! IXCA N
W Toll office 0
\1/ /;\
W /;\
| |
i IXC B IXCB N
v Toll office Toll office i
\r /;\
W /;\
\1/ /;\
W/ POP POP i
\1/ /;\
W /;\
\ Tandem Tandem N
W offices offices M
\1/ /;\
\1/ /;\
\1/ /;\
W /;\
\1/ /;\
v A
\1/ /;\
v LATA LATA M
\1/ /;\
\1/ . . A
W e Intra-LATA services can be provided by several LECs. ‘/;\
% . . |
% e Inter-LATA services can be provided by several IXCs. "
I /N
| . . . . . !
\‘\‘/ e These carriers interact with one another through a switching office called a 0
\/ /;\
W point of presence (POP) A
\ly /\
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Each IXC that wants to provide inter-LATA services must have a POP in that
LATA.

The LECs that provide services inside the LATA must provide connections so
that every subscriber can access to all POPs.

A subscriber who needs to make a connection with another subscriber is
connected first to an end switch and then either directly or through a
tandem switch to a POP.

The call now goes from the POP of an IXC in the source LATA to the @(.)f

the same IXC in the destination LATA. Q]\)
The call is passed through the toll office of the IXC and is caﬂé& through
the network provided by the IXC. &&23»

Signaling %?»

The telephone network used a circuit switched ne‘@ with dedicated links
to transfer voice communication. %

In the beginning this task was done by hun@c}?(,)perators.

The operator connects and disconnectt@"circuit.

This type of signaling is called in—b@@signaling because the same circuit is
used for both signaling and voi @mmunication.

Later the signaling system b%g e automatic.

The switches in the te @ne companies used digital signals to create a

connection between gﬁé Caller and the called parties.

Both in-band an -band signaling were used.

In out-band s%naling the voice and signaling bandwidth were separate.

The tasks provid&@r signaling system:

Proviging dial tone, ring tone and busy tone

T@erring telephone numbers between offices

o ?@Eintaining and monitoring the call

@ Keeping billing information

Maintaining and monitoring the status of the telephone network equipment

Providing caller ID, voice mail etc.

Telephone network today has two networks: signaling network and data

transfer network.

Data Transfer Network

Data transfer network that can carry multimedia information is circuit

switched network and also a packet-switched network.
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Signaling Network
e It is a packet-switched network involving the layers similar to OSI model.
e The user telephone or computer is connected to the signal points (SPs).
e The signaling network uses nodes called signal transport ports (STPs) that
receive and forward signaling messages.
e The signaling network also includes service control point (SCP) that controls

the whole operation of the network.

~N-

SP: Signal point
STP: Signal transfer point

Signaling network

o
L
STP

Data transfer network

<>
Signaling System Seven (SS7) Q%
The protocol used for {%&aling network is called Signaling System Seven

(SS7). &

. « .+ -3 MTP: Message transfer part

4 SCCP: Signaling connection control point

TUP TCAP: Transaction capabilities application port
LS!e_]l_:". TUP; Telephone user port

_— .’?.i <. ISUP: ISDN user port

Upper layers|

sccp L ol

Network layer MTP lgvel 3

Data link layer MTP level 2

Physical layer MTP level 1
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e Physical Layer: MTP Level 1
It is called message transport part (MTP) levellwhich has specifications
such as T-1(1.544Mbps) and DCO(64kbps)
e Data Link Layer: MTP Level 2
It provides services such as packetizing, using source and destination
address in the packet header, and CRC for error checking.
e Network Layer: MTP Level 3
It provides end-to-end connectivity by using the datagram ap@;
to switching. Routers and switches route the signal packets from the<sg¥rce to
the destination. %
e Transport Layer: SCCP «23’
The signaling connection control point (SCCP}E)%Vused for special
services such as 800 call processing. $\
e Upper Layers: TUP, TCAP and ISUP \
Telephone user port (TUP) is respo for setting up voice calls.
Transaction capabilities application port ( %

user port (ISUP) provides services similar éﬁﬁn ISDN network.

provides remote calls. ISDN

Services Provided by Telephone N@%rks

Telephone companies prov1dsz$ types of services: analog and digital.
Analog Services

In the beginning rov1ded their subscribers analog services. These
services as either analo g’l
Analog Switched Se

e The s1gna)§(9a local loop is analog and the bandwidth is between O and
4000

ed services or analog leased services.

e A call service is provided for a monthly rate. The carrier charges for
%h call or a set of calls.

QA toll call can be intra-LATA or inter-LATA.

Qo If the LATA is geographically large, a call may go through a tandem office

and the subscriber will pay a fee for the call.

¢ Another service is called 800 service. If a subscriber needs to provide free
connections for other subscribers it can request 800 service.

e Wide-area telephone service (WATS) opposite of 800 service. They are
inbound calls paid by the organization. This service is less expensive and

charged based on the number of calls.



Ay !
I

W e The 900 service are inbound calls to a subscriber. The call is paid by the A
\111/ caller and is expensive than a normal long-distance call. It charges two fees: /C\
\11‘/ fee for long distance toll and fee paid to the callee for each call. ‘4\
‘1’; Analog Leased Service /1:1\
\1:‘/ It offers to lease a line called a dedicated line that is permanently connected /‘:;\

\ |
W to another customer. No dialing is needed. A
|

\ |

Digital Services 0

A n
\1:1/ Digital services are less sensitive to noise and other interference. T@o /:\
\‘:l/ common digital services: switched /5 service and digital data service. @\) A
‘\;/ Switched/56 service % /;i‘\
\111/ e [t is digital service that allows data rates up to 56 kbps. &«23» /;i;\
\11‘/ e To communicate both parties must subscribe. ?“' /(;\
\111/ e Subscribers do not need modem to transmit digital %}b‘ j/?\
‘1’; e They need another device called a digital service@h*(DSU). /‘:i\
\1)/ Digital Data Service X> /;:;\

/N

I
N

It is the digital version of an analog lea@,\line with maximum data rate of
v 64 kbps.

O
. Q)% n
v Dial-Up Modems C’J\, I

I
N

N

v/ The term modem is a wor &ht refers two functional entities: a signal 0

n

W modulator and signal demodulatd)A modulator creates a bandpass analog signal /;\‘

from binary data. A demodul@i@ recovers binary data from the modulated signal. .
LN

N

I
N

W/ TELCO: Telephone company A
ki A
W B /;\
\1/ ‘ /;\
\1/ el /;\
\1/ - e, /;\
v L1 L1 i
\1/ - N
W Telephone TELCO /;\‘
N network X
i /|
W /;\
\1/ /;\
W Qo The computer on the left sends a digital data signal to the modem. The data A
Al ]
W are sent as analog signal on the telephone lines. 5

/N
¢ The modem on the right receives the analog signal, demodulates it through 0
/N
its demodulator and delivers data to the computer. N
/N
W e The communication can be bidirectional. I
/N
N
/N
N
/N
18 N
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Modem Standards
V.32 and V.32 bis

e It uses combined modulation and encoding technique called trellis-coded

modulation. It is QAM (Quadrature Amplitude Modulation) plus a redundant

bit.

e The data stream is divided into 4-bit (quadbit) sections however a pentabit(S

bit pattern) is transmitted.

e The extra bit is used for error detection.

e The V.32 calls for 32-QAM with a baud rate of 2400.

e The V.32bis modem was the first of the ITU-T standards to
bps. It uses 128-QAM transmission at a rate of 2400 bau(i&‘z\

@.

0’\)

ort 14,400

Full-duplex 2400-baud
LH00-bps 2-wire

270

a. Consiellation and bandwidth for V.32

Full-duplex, 2400-baud
14,400-bps 4-wire

h. Constellation and bandwidth for V.32his

V.34bis

e It provides a bit rate of 28,800 with a 960-point constellation and a bit rate

of 33,600 bps with a 1664-point constellation.
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Ay |
I

W V.90 i
\111/ e V.90 modems with a bit rate of 56,000 bps are available and are called 56k /C\
\11‘/ modems. A
\111/ e They are used only if one party is using digital signaling. /1:1\
‘ i
W e The downloading rate is 56 kbps and uploading rate is 33.6 kbps. A
\1:1/ e In uploading the analog signal is sampled at the switching station. /;:;\

\ !
I

N Quantization noise is introduced into the signal to reduce the SNR ratio gnd

|
/N

\“V limits the rate to 33.6 kbps. > 0
\/ V N\
‘\1/ e There is no sampling in downloading. @ i
“1/ V.92 % /;i‘\
Al M
‘\1/ e The standard above V.90 is called V.92. &23’ /;\‘

e They can adjust their speed and if the noise allows th%?an upload data at .

v the rate of 48 kbps. $\ i
v e The downloading rate is 56 kbps. C)\ /‘:;\
W e The modem can interrupt the Internet connfg%n when there is an incoming /‘:;\
o call if the line has call-waiting service. @., "

N

n
‘\1/ DIGITAL SUBSCRIBER LINE (DSL) C§) 0
\;:1/ It is one of the technology for %porting high-speed digital communication /;ij\
W over existing local loops. Itis a s <%technologies differing in the first letter ADSL, .
! /‘\
\11‘/ VDSL, HDSL, SDSL. The set @ en referred as xDSL, where x can be replaced by ‘/1\
! /‘\
W AV, H dsS. QV N
\}/ ’ ’ an O /‘\‘
Al O ‘/‘\
., ASDL K
! /‘\
\1" e The first t @ology is asymmetric DSL (ADSL). ‘/1\
\1/‘ o It pro?é% higher speed in the downstream direction than the upstream ‘/;\
\ M
W dir n. N
\‘:l/ . L divides the available bandwidth of the local loop unevenly for the /;:;\
“V Qresidential customers. 0
\r /;\
W @ng Existing Local Loops A
Al N
W e ADSL uses the existing local loops. /;\‘
Al N
W e The twisted-pair local loop is capable of handling bandwidths up to 1.1MHz. /;\‘
\11‘/ e The filter at the end office of the telephone company limits the bandwidth to ";\
| /N
v 4kHz. N
\1/‘ e If the filter is removed, the entire bandwidth is available for data and voice ‘/;\
\% n
W communication. ‘
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Adaptive technology

e Factors such as distance, the size of the cable, the signaling used affect the
bandwidth.

e The designers used adaptive technology that tests the condition and
bandwidth availability of the line.

e The data rate of ADSL is not fixed, it changes based on the type of the local
loop cable.

Discrete Multitone Technique @

e The modulation technique for ADSL is called Discrete Multitone Q@Ynique
which combines QAM and FDM. %l\b

e Available bandwidth 1.104MHz is divided into 256 channel Yy

e Each channel uses a bandwidth 4.312 kHz. ?"

e Voice: Channel 0 is reserved for voice communicatig&\

e Idle: Channels 1 to 5 are not used C)\

e Upstream data and control: channels 6 to re used for upstream data
transfer and control. One channel is fog;control and 24 channels for data
transfer. Each channel using 4 kHz&/h QAM modulation has 1.44 Mbps
bandwidth in upstream direction, ’\Q)

e Downstream data and control: @iannels 31 to 255 are used for downstream

data transfer and control Q% channel is for control and 224 channels for
data transfer. Bandwi@s 13.4 Mbps
[N

A

Voice Tpstream Downstream

Y

0 4 26 108 138 1104 kHz
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Customer Site: ADSL Modem

Local loop

Splitter

Low-pass
filter

Voice

High-pass
filter

ADSL moden

Y

e The local loop connects to a splitter which separates voicq@d data

communication.

¢ ADSL modem modulates and demodulates the data usi

downstream and upstream channels.

Telephone Company Site: DSLAM

Nad

MT and create

S
N

Local loop

Spliter
To telephone Voice Low-pass
network filter
Packerzed . -t
Tothe data High-pass
Iniernet : i filter
DSLAM o

N
e At the telephone co Qny site a device called Digital Subscriber Line Access

Multiplexer (DSL @ s installed.

o It packetizes t% ata to be sent to the Internet.

ADSL Lite &

e This t@ology allows modem to be plugged directly into a telephone jack

a nected to the computer.

o @' splitting is done at the telephone company.
QQ) ADSL Lite uses 256 DMT carriers with 8-bit modulation.

e It can provide downstream data rate of 1.5 Mbps and an upstream data rate

of 512 kbps.

HDSL

e The High-bit-rate Digital subscriber line (HDSL) was

line.

e T-1 line uses AMI encoding which is subject to

frequencies.

an alternative to T-1

attenuation at high
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SDSL

VDSL

The length of T-1 line is 3200 ft. for longer distances a repeater is used.
HDSL uses 2B1Q encoding which is less subject to attenuation.

A data rate of 1.544 Mbps can be achieved without using repeaters up to a
distance of 12,000 ft.

HDSL uses two twisted pairs to achieve full-duplex transmission.

The symmetric digital subscriber line (SDSL) is a one twisted-pair versio$9f
HDSL. ?y
It provides full-duplex communication up to 768 kbps in each dir@}l}.

Q

esses because

It is considered as an alternate to ADSL.

It is used by residential subscribers and not suitable for b,
The very high-bit-rate digital subscriber line (V@ uses coaxial, fiber-optic
%

It provides 25 to 55Mbps for upst % communication and downstream at

3.2Mbps C’},

it does not send and receive data in large volumes.

or twisted-pair cable for short distances.

The modulating technique is DMT.

Downstream Upstream Distance Twisted Line
Technology Rate Rate (ft) Pairs Code
ADSL. 1.5-6.1 Mbps 16—640 kbps 12,000 1 DMT
ADSL Lite | 1.5 Mbps 500 kbps 18,000 1 DMT
HDSI. 1.5-2.0 Mbps | 1.5-2.0 Mbps 12,000 2 2B1Q
SDSL 768 kbps 768 kbps 12,000 1 2B1Q
VDSL 25-55 Mbps 3.2 Mbps 3000-10,000 1 DMT

Cable TV&Works

Int@

cable TV network started as a video service provider but it has moved to

access.
itional Cable Networks

Cable TV started to broadcast video signals to location in 1940s was called
community antenna TV (CATV).

It has antenna at the top of a tall hill or building received signals from the
TV stations and distributed through coaxial cables to the community.

The cable TV office called head end receives video signals from broadcasting

stations and feeds signals into coaxial cables.

By Mrs. A. Angeline Nancy Sophia M.Sc., M.Phil.,
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The signals became weaker with distance, so amplifiers are installed.

There could be up to 35 amplifiers between head end and subscriber
premises.

At the other end splitters split the cable, taps and drop cables make
connections to the subscriber premises.

The communication is unidirectional. Videos were transmitted downstream

from the head end to the subscriber premises.

¥ Picking antenna

Coaxial cable

b \ b *b B soviveer

Amplifier

Head end

B

Tap

Hybrid Fiber-Coaxial (HFC) Network(oo

N

Y

It is the second generation@)ﬁable networks.
It uses a combination Qf\(iber-optic and coaxial cable.

The transmission ium from the cable TV office to a box called fiber

node, is optical @Q

From the fi@node through the neighborhood and into the house is coaxial

cable. &

The @al cable head (RCH) normally serves 4 lakh subscribers.
%CH feed the distribution hubs each of which serves up to 40,000
bscribers.

Modulation and distribution of signals are done here.

The signals are fed to fiber nodes through fiber-optic cables.

The fiber node splits the analog signal and sent to each coaxial cable.

Each coaxial cable serves up to 1000 subscribers.

Fiber-optic cables reduces the need for amplifiers to eight.

The cable network is bidirectional.
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High-bandwidth
fiber

Fiber

Switch

| Distribution
hub -

Bidirectional
amplifier

¢ Y

Cable TV for Data Transfer \

Cable companies are competing with telephone C@Qanies for the residential
subscribers over local loop. DSL uses unshielde isted-pair cable which is
subject to interference. It imposes an upper limit Q the data rate. The solution is
the use of cable TV network.

@)
Bandwidth %

To provide Internet access, th%a’ble company has divided the bandwidth

into three bands: video, downstre ata, and upstream data.
Val
Video Data
band downstream
Frequency, MHz 5 42 54 350 750

Downstr:@’@\i,‘deo Band

accoQ odate more than 80 channels each with 6MHz.

ownstream video band occupies frequencies from 54 to SSO0MHz. It can

nstream Data Band
The downstream data occupies upper band from 550 to 750MHz. it is also
divided into 6MHz channels.
e Modulation — uses 64-QAM modulation technique.
e Data rate — there is 6 bits/baud in 64-QAM. One bit is used for forward error
correction. The standard specifies 1Hz for each baud, which means

downstream data can be received at 30 Mbps.

By Mrs. A. Angeline Nancy Sophia M.Sc., M.Phil.,

Coaxial
cable
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Data Communication and Computer Network,

Upstream Data Band
The upstream data occupies the lower band from 5 to 42MHz. this band also
divided into 6MHz channels.
e Modulation — uses QPSK modulation technique.
e Data rate — There are 2 bits/baud in QPSK. The standard specifies 1Hz for
each baud, which means upstream data can be sent at 12 Mbps.
Sharing
Upstream sharing @
The upstream data bandwidth is 37MHz. There are only six 6—MH@£nnels
available in the upstream direction. It can be shared using timeshan’@ he band
is divided into channels using FDM. &«23»
Downstream sharing ?»
The downstream band has 33 channels of 6MHz. th N%annels are shared by
multicasting. Each subscriber is sent the data. Each (t}sscriber has an address,

the cable modem carries the data to the address asstgired. If the address matches,

4
CM and CMTS D

To use a cable network for dat ansmission we need two devices: cable

the data are kept otherwise they are discarded.

modem (CM) and cable mode transx@%on system (CMTS).
CM &@
The cable modem (Cl\@ installed on the subscriber premises. It is similar
to ADSL.
o r\o

Cable

Customer residence

i
| 5
I Video
Tap* : Fllt.erl
|
|
|
I
|
|
]
|
|

CMTS
The cable modem transmission system (CMTS) is installed inside the

distribution hub by the cable company. It receives data from the Internet and

26
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W passes them to the combiner, which sends them to the subscriber. The CMTS also w

receives data from the subscriber and passes to the Internet. ‘

\
I

Al N
v Distribution hub i
5 kbl it ‘
N | | N
“1/ | Video Comib ! Fiber N

e i M ;
\% I |
\\‘/ I A I ‘/\\
\‘/\ i I /‘\‘
| , i : § . ‘/\\
W To and from % | Nad i
W the Internet | I 4 Iy

\1/ | CMTS I /;\
i\ b I N

\1/ /;\
\1/ /;\

\1/ Yy’ /;\
“V Data Transmission Schemes: DOCSIS c,) 0

s /;\
\ Data Over Cable System Interface Specification @%SIS) defines all the i

Al ,
‘\1/ protocols necessary to transport data from CMTS to a g /;\‘\
Al . . ,
‘\1/ Upstream Communication C} /;\‘\
‘1" e The CM checks the downstream chan for a specific packet sent by the 0
\l/ N

v CMTS. D W
\% A

W e The CMTS sends a packet to the&,) defining its allocated downstream and ‘/;\
N I

\‘/‘/ upstream channels. % /“‘\
| /|

e The CM then starts a pr; &)s called ranging which determines the distance "
/N
v between CM and CM{R A

I
N

v/ ¢ The CM sends a t to ISP asking for Internet address. A
\111/ ¢ The CM an §{TS then exchange some packets to establish security /C\
\111/ paramete&@ich are needed for public network. /;i;\
\111/ e The C%ﬁnds its unique identifier to CMTS. /;i;\
‘11‘/ ° Up&l@ém communication can start in the upstream channel. CM contend ‘/;\

N

W ninislots to send data. A
\l/ . . |
! Do@stream Communication n

N
“V Q There is no conflict because there is only one sender. The CMTS sends the i
\‘/ /‘\
W packet with the address of the receiving CM, using the allocated downstream /;\‘
Al N
W channel. X

/N
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|
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