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on protocols. Some ex

Network arch
methods and connecti
(a) Ethernet
(b) Token ring
(c) Appletalk
(d) ARCNET

(e) ATM etc. ,
Out of these network architectures you will learn ARCNET in detail.

E) 4.2. What is ARCNET?
Digital communication networks have become a core technology in advanced §

building automation systems. Communication networks such as MS/TP, ARCNET and
ethernet can be categorized as discrete-event dynamic systems (DEDS).
The Attached Resource Computer Network (ARCNet) standard was created in
19130 at the Data Point Corporation by a scientist-John Murphy. ARCNet uses th
to e;-Passmg Pro't(_)clol over a star and bus topology. The star and bus topolog
fﬁfl\iisst?edﬂe;lﬁlhty of a star with the simplicity and throughput of a bus. Thu
ndard has a unique protocol/t . y |
and Distributed star/bus tolgology. ol/topology combination : Token passing protoc
Like Ethernet and Controll
er A ) .
technology with no defined applicaéea Netvark (CAN), ARCNET is a data-lmlf la_Vez
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The tqken ThivEs from one computer to another based on node addresses instead
4 the physxcal location of computers. This means that ArcNet passes the token to the
ot address regardless of whether the address is on a workstation in the same room or
na Sepaj'ate bmldmg

Each computer in an ArcNet network is connected bv a cable to a hub, which can
he an active, 3 passive or a smart hub. ’ '

The standa;d cabh'pg used for ArcNet is 93 ohm RG-62 A/U coaxial cable. ArcNet
Jio supports twisted pair and fiber optic cables.

The use of stgr topology and cable filtering make ArcNet networks reliable. In a
sstributed star design, Ar.d\‘et uses passive and active hubs to control and route data
okens froms one workstation to the next. Since token passing is done at a fixed rate and
wiiisions do not occur, ArcNet is very stable.

AS

=] 4.3. ARCNET- Embedded Network

ARCNET’s use as an office automation network has diminished; however,
SRCNET continues to find success in the industrial automation industry because its
rerformance characteristics are well suited for control. ARCNET has proven itself to be
verv robust. ARCNET also is fast, provides deterministic performance and can span long
drstances making it a suitable fieldbus technology.

The term fieldbus is used in the industrial automation industry to signify a
network consisting of computers, controllers and devices mounted in the “‘field”.
ARCNET is an ideal fieldbus. Unlike otfice automation networks, a fieldbus must deliver
messages in a time predictable fashion. ARCNET’s token-passing protocol provides this
’-mh:}mess Fieldbus messages are generally short. ARCNET packet lengths are variable
Tom § to 307 bvtes with little overhead and, coupled with ARCNET's high data rate,
Ypicaliv 2.5 M6p5' vields quick responsiveness to short messages. Fieldbuses must be
rugged. ARCNET has built-in CRC-16 (cyclic redundancy check) error checking and
*Upports several physical cabling schemes including fiber optics. Finally there must be
0% software overhead. ARCNET’s data link protocol is self-contained in the ARCNET
“ontroller chip. Network functions such as error checking, flow control and network
“Miguration are done automatically without software intervention.

APPLICATION

PRESENTATION
SESSION
TRANSPORT
NETWORK
tDATA LINK
PHYSICAL




102 Computer

In terms of the International Organization of Standards OSI (Open Sy,
Interconnect) Reference Model. ARCNET provides the Physical and Data Link la-ve ms- f
this model. In other words. ARCNET provides for the successful transmissidnrsm- |
reception of a data packet between two network nodes. A node refers to an ARCSE\“} :
controller chip and cable transceiver connected to the network. Nodes are assigneg |
addresses called MAC (medium access control) IDs and one ARCNET network can hay, §

up to 255 uniquely assigned nodes.

4.3.1. Deterministic Performance
The key to ARCNET's performance and its attractiveness as a control network is its
ken-passing network, a node can only send a message

n a node receives the token it becomes the momentary §
master of the network; however, its mastery is short lived. The length of the message that |
can be sent is limited and, therefore, no one node can dominate the network since it must
relinquish control of the token. Once the message is sent, the token is passed to another
node allowing it to become the momentary master. By using token passing as the
mechanism for mediating access of the network by any one node, the time performance
of the network becomes predicatable or deterministic. In fact, the worst case time that a
node takes to deliver a message to another node can be calculated. Industrial networks
require predictable performance to ensure that controlled events occur when they must

ARCNET provides this predictability.

token-passing protocol. In a to
when it receives the ““token.” Whe

4.3.2. Logical Ring
A token (ITT—Invitation to Transmit) is a unique signaling sequence that is passed

in an orderly fashion among all the active nodes in the network. When a particular node
receives the token, it has the sole right to initiate a transmission sequence or it must pas
the token to its logical neighbor. This neighbor, which can be physically located
anywhere on the network. has the next highest address to the node with the token. On®

the token is passed, the recipient (likewise) has the right to initiate a transmission. This
a logical ring fashion serving all nodes equally

token-passing sequence continues in '
d can range from 0 to 255 with 0 reserved fOf

Node addresses muts be unique an
broadcast messages.

(109
@@ (¢) (1)
@) (259

Fig. 4.1
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| For example, assume a network consisting of four nodes addre
C :
e assignments are independent of the physic
»55. NO .

> k. Once the network is configured, the token is Passed from one node to the node
\ . i N S =

"631 the next highest node address even thou gh another node may by physically closer

rl e .

v  nodes have a logical neighbor and will continue to pass the token to their neighbor in
Alogical ring fashion regardless of the physical topology of the network.
d

33 pirected Messages

In a transmission sequence, the node with the token become
anv other node selected by tl‘m source node for communic
qode. First the source node inquires if the destination node is in a position to accept a
trangmission by sending out a Free Buffer Enquiry (FBE). The destination node responds
by returning an Acknowledgement (ACK) meaning that a buffer is available or by
rtumning @ Negative Acknowledgement (NAK) meaning that no buffer is available,
Upon an ACK, the source node sends out a data transmission (PAC) with either 0 to 507
wytes of data (PAC). If the data was properly received by the destination node as
e{ridenced by a successful CRC test. the destination node sends another ACK. If the
transmission was unsuccessful, the destination node does nothing, causing the source
node to timeout. The source node will, therefore, infer that the transmission failed and
will retry after it receives the token on the next token pass. The transmission sequence
terminates and the token is passed to the next node. If the desired message exceeds 507
bytes, the message is sent as a series of packets—one packet every token pass. This is

called a fragmented message. The packets are recombined at the destination end to form
the entire message.

ssed 6, 109, 122 and
al location of the nodes on the

s the source node and
ation becomes the destination

4.3.4. Broadcast Messages

ARCNET supports a broadcast message, which is an unacknowledged message to
all nodes. Instead of sending the same message to individual nodes one message at a
time, this message can be sent to all nodes with one transmission. Nodgs that have been
enabled to receive broadcast messages will receive a message that specifies node 0 as the
destination address. Node 0 does not exist on the network and is reserved for this
broadcast function. No ACKs or NAKs are sent during a broadcast message making
broadcast messaging fast.

43.5. Automatic Reconfigurations |
Another feature of ARCNET is its ability to reconfigure tl'\e.network automatically
a node js either added or deleted from the network. If a node joins the netwo.rk, It }:joest
Mot Automatically participate in the token-passing sequence. Once a 1:ode; ‘notltc)ei tt atal: ;t
'S Never granted the token, it will jam the network w1th‘ a recont;{jura 1mn I:llls that

Estroys the token-passing sequence. Once the token is !ost, a ngc e:d(;vrle SSC se
“MSmitting and begin a timeout sequence based upon their 1(own no Z ddress. The
0de with the highest address will timeout first and begin a token pass seq
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node with the next highest address. If that node does not respond, it is assume dn \
exist. The destination node address is incremented and the.token resent. This Sequenc,
repeated until a node responds. At that time, the token is releaseg to the reSPOndinlS
node and the address of the responding node is noted as the logical neighbor of thg
originating node. The sequence is repeated by all nodes until each node learns jts logi

neighbor. At that time the token passes from neighbor to neighbor without Wasting tip,.

on absent addresses.

If a node leaves the network the reconfiguration sequence is slightly differen
When a node releases the token to its logical neighbor, it continues to monitor netWor];
activity to ensure that the logical neighbor responded with either a token pass or 3 start
of a transmission sequence. If no activity was sensed, the node that passed the tokg,
infers that its logical neighbor has left the network and immediately begins a search fora
new logical neighbor by incrementing the node address of its logical neighbor apq
initiating a token pass. Network activity is again monitored and the Incrementing
process and resending of the token continues until a new logical neighbor is found. Once
found, the network returns to the normal logical ring routine of passing tokens to logical |
neighbors.

Ot to

With ARCNET, reconfiguration of the network is automatic and quick without any
software intervention.

4.3.6. Unmatched Cabling Options

ARCNET is the most flexibly cabled network. It supports bus, star and distributed
star topologies. In a bus topology, all nodes are connected to the same cable. The star
topology requires a device called a hub (passive or active) which is used to concentrate
the cables from each of the nodes. The distribute star (all nodes connect to an active hub
with all hubs cascaded together) offers the greatest flexibility and allows the network FO
extend to greater than four miles (6.7 km) without the use of extended timeouts. Media
support includes coaxial, twisted-pair and glass fiber optics.

4.3.7. Network Interface Modules

Each ARCNET node requires an ARCNET controller chip and a cable transcel"™
that usually reside on a network interface module (NIM). NIMs also contain b“f '
interface logic compatible with the bus structure they support. These network adapte™
are removable and are, therefore termed “modules”. ARCNET NIMs are available for
the popullar commercial bus structures, NIMs differ in terms of the ARCNET controll
they incorporate and the cable transceiver supported.

4.3.8. ARCNET Controllers

The heart of any NIM is an
ARCNET node. Datapoint Cor
discrete electronics implement
RIM. Standard Microsystems

ARCNET Controller chip that forms the gasl 0::2

Poration Developed the original ARCNET nod¢ le Of

ation. referring to it as a resource interface mo sC
Corporation (SMSC) provided the first 1Bsgs
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tion (LSI) implementation of the technology. Since then. other chj f
; P manufactures

iptegr : )
ted licenses to produce RIM ch
ere gran ) M chips. Today. SMscC : o
¥ ms Corporation (TMC) provide the leadersi/\ip in nev: r:i?(litls\l E;lﬁ:ﬁ;adry A
esigns.

Ml aogyste
i ARCNET Controllers
/_’___fMOdd Description
90C26 First generation controller
90C65 XT bus interface
90C98A XT bus interface
90C126 XT bus interface
90C165 XT bus interface
90C66 AT bus interface
90C198 AT bus interface
20010 Microcontroller interface
20019 Microcontroller interface
20020 Microcontroller interface
20022 Microcontroller interface
20051 Integral microcontroller
20051+ Integral microcontroller

4.3.9. Use of Hubs
Hubs facilitate cabling by interconnecting mult
exercise no control over the network. The primary
convenient method of expanding a network. There are
perform this task—a passive hub or an active hub.
Passive Hubs : Passive hubs are inexpensive, require no power and their sole
purpose is to match line impedances, which they do with resistors. These hubs usually
have four ports to connect four coaxial star transceivers. One of the disadvantages of
 these hubs is that they limit the Hetwork to 200 feet and each segment of the network to
100 feet. Also, unused ports must be terminated with a 93 ohm resistor for proper
' Operation, Passive hubs are used on small (four nodes or less) coaxial star networks.

‘ Active Hubs : Active hubs are essentially electronic repeaters. Al.though they
_ rBQU?re power, active hubs support all cabling options, support longer dnst.ances than
' Passive hybs, provide isolation and guard against cabling faults and reflections. These

| ar .
e the hups which are used to cable distributed star networks.

Unused . d not be terminated. Unlike passive hubs, active
hubs g  oeie: - active hub ¢ .~ade. A cable failure will affect only one port

| ‘Mactive hub. Active hubs are available as either internal or external devices. Internal

iple NIMs and, in most cases, they
function of a hub is to provide a
two types of hubs that can
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hubs reside inside a computer that also has a NIM, while external hubs are stanqg
’ 'alun{,

devices.
Active hubs can be configured as two port devices as well. A link is a twq
Port

device with differing cable options on each port allowing for the transitin of one meg;
type to another such as coaxial to fiber conversion. A repeater is a two-part device 0; l:i:n
¢

same cable option.

4.3.10. Advantages of ARCNET
Here are some of the ARCNET’s advantages :

1. It is extremely reliable.

2. ARCNET is easy to install and troubleshoot.
llent track record of interopera
nufactures.

of cable types including coaxial, UTP and Fiber

3. It has an exce bility for those using ARCNET
components from various ma

4. ARCNET supports a variety
Optics.

5. It is inexpensive and built to stay that way.

4.3.11. Disadvantages of ARCNET
ome disadvantages of ARCN ET :

Here are s
1. Standard ARCNet is very slow (2.5 Mb/s). It is almost seven times slower than
Token Ring.
2. ARCNET was not designed with interconnectivity in mind. For many
installations, it’s difficult to go beyond the confines of single LAN.
4.3.12. ARCNET Applications
ARCNET is being used in a wide variety of embedded networking applications
Some examples of these applications are :
1. Industrial monitoring and control systems for a variety of industries including
nuclear power plant systems.
2. Networking of switching systems used in pay telephone products.
vide

3. Unconventional energy sources, such as these windmills, which need to pro

uninterrupted service-even during thunderstorms.

4. Vi ) Ny
Z;geg graphics and character generator equipment used by television
adcasters, cable providers and POSt-production acilitics.

5. Racetr i i
nac rack pari-mutuel wagering systems which print bet ticket
process redemption of winning tickets.

6. i ;
’ }S:hl}t)board communications in US Navy vessels
. Factory a i .
" Spaceri’ra:::’ﬂ?ahon .Systems, such as those used in welding controls.
simulation equipment used by NASA to train its astronauts.

s, calculate odds
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" data so that damaged data can be detected and re-transmitt

N gtwork Architecture

Medical image ne Tt ;
9, ¥ tworking, such as communications in X-ra ‘
1 { ' 4 1t . = . ) ‘ ""‘ l o
(0. Communications in medical electronic cquipment et
nt.

11. For people on the go, ARCNET is used in Paging and messaging control syste
4 ddd - ms.

4.4. Ethernet
Ethernet is a family of computer networki
_ el ing technologies f : >

larger networks. It was commercially introduced in 1980 ﬁ;"#'or lr:fa‘l area (l.,AN)'and
1083 as [EEE 802.3, and has since been refined to sy w tlhc.: JLwal;, first standardized

. . ) ' ) ’ " ! 20r 1 » it & =
link distances. Over time, Ethernet has largel pﬁ ed ST 1 ke e ;nd longer

Jogies such as token ring, FDDI M e competing wired LAN
technolOBIE: LAN S ng, , and ARCNET. The primary alternative for
contemporary s is not a wired standard, but instead a wireless LAN standardize as
[EEE 802.11 and also known as Wi-Fi.

The Ethgmet star.ldards comprise several wiring and signaling variants of the OS]
physical layer in use with ethernet. The original 10BASES Ethernet used coaxial cable as
2 shared medium. Later the coaxial cables were replaced with twisted pair and fiber
optic links in conjunction with hubs or switches. Data rates have been incrementally
ncreased from the original 3 megabits per second experimetal version to a 100 gigabits
per second standard over its history.

Systems communicating over Ethernet divide a stream of data into shorter pieces

alled frames. Each frame contains source and destination addresses and error-checking
ed. As per the OSI model,

d including the data link layer.
Ethernet has retained a good degree of backward
bit MAC address and Ethernet frame format have

Ethernet provides services up to an

Since its commercial release,
compatibility. Features such as the 48-
influenced other networking protocols.

4.4.1. Standardization

In February 1980, the Instit
Started Project 802 to standardize
Gary Robinson (DEC), Phil Arst (Intel),

ute of Electrical and Electronics Engineers (IEEE)
local area networks (LAN). The “DIX-group” with
and Bob Printis (Xerox) submitted the so-called
“Blue Book” CSMA/CD specification as a candidate for the LAN specification. In
ddition to CSMA/CD, Token Ring (supported by 1BM) and Token Bus (selected and
enceforward supported by General Motors) were also considered as candidates for a

terest in the initiative led to strong

L -
;:N standard. Competing proposals and broad in
“3grement over which technology to standardize. In December 1980, the group was

$plit
Plitinto three subgroups, and stand ardization proceeded separately for each proposal.
Delays is the standards process put at risk the market introduction of the Xerox

"orkstation and 3 Com'’s Ethernet LAN products. With such business implications

N my;
Btrq, '"d, David Liddle (General Manager, Xerox Office Systems) and Metcalfe (3 Com)
heisen (Siemens Private Networks) for an

Bly ¢
Wian Yisup Ported a proposal of Fritz Rosc ' . ’
N the emerging office communication market, including Siemens support for

ar
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the international standardization of Ethernet (April 10, 1981), Ingrid Fromm_ &;
rePresentative to IEEE 802, quickly achieved broader support for Ethernet bem(;,slemens'
by the establishment of a competing Task Group “Local Networks” within th):e End IEEE
standards body ECMA TC24. As early as March 1982 ECMA TC24 with its C:ropean
members reached agreement on a standard for CSMA/CD based on the IEEE Sogpsrtae
Because the DIX proposal was most technically complete and because of the s "
action taken by ECMA which decisively contributed to the conciliation of o in:dy
within IEEE, the IEEE 802.3 CSMA/CD standard was approved in December 1982 IEES
published the 802.3 standard as a draft in 1983 and as a standard in 1985. HEE

Approval of Ethernet on the international level was achieved by a simily
cross-partisan action with Formm as liaison officer working to integrate Internationg]
Electrotechnical Commission, TC83 and International Organization for Standardization
(ISO) TC975C6, and the ISO/IEEE 802/3 standard was approved in 1984.

4.4.2. Ethernet Technologies
In the OSI model, Ethernet technology operates at the physical and data link

layers-Layers One and Two respectively. Ethernet supports all popular network and
higher-level protocols, principally IP. Traditional Ethernet supports data transfers at the
rate of 10 Megabits per second (Mbps). Over time, as the performance needs of LANs
have increased the industry created additional Ethernet specifications for Fast Ethemet
and Gigabit Ethernet. Fast Ethernet extends traditional Ethernet performance up to 10
Mbps and Gigabit Ethernet up to 1000 Mbps speeds.

Although products aren’t yet abvailable to the average consumer, 10 Gigabit
Ethernet (10000 Mbps) also remains an active area of research.

Ethernet cables likewise are manufactured to any of several standard
specifications. The most popular Ethernet cable in current use, Category 5 or CATS,
supports both traditional and fast Ethernet. The Category 5e (CAT5e) cable supports

Gigabit Ethernet.

To connect Ethernet cables to a computer, a person normally uses 2 network
ac'iapter, also known as a network interface card (NIC). Ethernet adapters interfacé®
directly with a computer’s system bus. The cables, in turn, utilize connectors that
many cases look like the RJ-45 connector used with modern telephones.

4.4.3. Types of Ethernet |
techngcf,ten ;;fetred to as Thicknet, 10 Base5 was the.first incarnat.ion (:faEpﬂ;Z?;e'
Comparg - N Teh linlc:ustry u-sed Thicknet in the 1980s until 1(.]Base2 Thl'llllr"e etr}:?s 0
cknet, Thinnet offered the advantage of thinner (5 millim i

millimetr, _ . . 14ings
Ethemzt,eS) and more flexible cabling, making it easier to wire office building




Ll B o L R e e e

ture
Netw°"‘ Architectu -

The most common form of traditional Ethernet, however, is 10Base-T. 10Base-T
offers better electricfal prope-'rties than Thicknet or Thinnet, bacause 10Base-T cables
atilize unshilded twisted pair (UTP) wiring rather than coaxial. 10Base-T also proved
more cost effective than alternatives like fiber optic cabling.

The table below details these traditional Ethernet technologies. Besides the type of
cable involved, another important aspect of Ethernet networking is the segment length.
A segment is a network connection made by a single unbroken network cable. Ethernet
cables and segments can only span a limited physical distance, after which transmissions
wili likely fail due to line noise, reduced signal strength and other degradation. Per the
Ethernet specifications, manufacturers of Ethernet equipment must meet the below
minimum specifications for segment length.

" Name Segment Length (Max.) Cable
" 10Base5 500m/1640ft. RG-8 or RG-11 coaxial
10Base2 185m/606ft. RG 58 A/U or RG 58 C/U coaxial
10Base-T 100m/328ft. Category 3 or better unshielded
twisted pair

Numerous other lasser-known Ethernet standards exist, including 10Base-FL,

~ 10Base-FB, and 10Base-FP for fiber optic networks and 10Broad36 for Broadband (cable

television) cabling.

E] 4.5. Fast Ethernet

In the mid-1990s, Fast Ethernet technology matured and met its design goals of (a)

. increasing the performance of traditional Ethernet while (b) avoiding the need to
- Completely re-cable existing Ethernet networks. Fast Ethernet comes in two major
5‘4 Val'ieties;

100Base-T (using unshielded twisted pair cable)

100Base-FX (using fiber optic cable)
(Cate By far the most popular of these is 100Base-T, a standard that includes 100Base-TX
ey ingory 5 UTP), 100Base-T2 (Category 3 or bettef UTP), and 100Base-T4 (100Base-T2
& modified to include two additional wire pairs).
1 ega;-;tigabit Ethernet : Wheareas Fast Ethernet improved traditional Ethernet from 10
improv]e to 100 Megabit speed, Gigabit Ethernet boasts the same order-of-magnitude
E therm::tment over Fast Ethernet by offering speeds of 1000 Mega.lbits (1 Gigabit). Gigabit
Sandapg ;Vas first made to travel over optical and copper cabling, but the 1000Base-T
100 Mbps E‘CCGSSful]y supports it as well. 1000Base-T uses Category 5 cabling similar to
Pairg, thernet, although achieving gigabit speed requires the use of additional wire
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Ethemet Tupologies and Protocols : Traditional Ethernet employs a byg topol
meaning that all devices or hosts on the network use the same shared commn
L3 - .
line E';ch device possesses an Ethernet address, also known as MAC address,
d ‘\'; {‘s use Ethernet addresses to specity the intended recipient of messages,
L s v ' i ' . “
Data sent over the Ethernet exists in the forms of frames. An Ethernet fram, |
2 * x L) . -~ . % - t‘
contains a header, a data section, and a footer having a combined length of no more o
1518 bvtes. The Ethernet header contains the addresses of both the intended fl‘Cipnen;
and the sender.
Data sent over the Ethernet is automatically broadcast to all devices on

aring their Ethernet address against the address in the frame heage,

network. B}' comp 1 ' |
each Ethernet device tests each frame to determine if it was intended for them and reads §

or discards the trame as appropriate. Network adapters incorporate this function i,
their hardware.

Devices wanting to transmit on the Ethernet first perform a preliminary check to
determine whether the medium is available or whether a transmission is currently in
progress. If the Ethernet is available, the sending device transmits onto the wire. Its

ible, however, that two devices will perform this test at approximately the same
time and both transmit simultaneously. |

By design, as a performance tradeoff, the Ethernet standard does not preven
multiple simultaneous transmission. These so-called collisions, when they occur, caux
both transmissions to fail and require both sending devices to re-transmit. Ethernet use
an algorithm based on random delay times to determine the proper waiting pened §
between re-transmissions. The network adapter also implements this algorithm. W

In traditional Ethernet, this proctocol for broadcasting, listening and detectin
collisions is known as CSMA/CD (Carrier Sense Multiple Access/Collision Detection
Some newer forms of Ethernet do not use CSMA/CD. Instead, they use the so-called Nh
duP!ex Ethernet protocol, which supports point-to-point simultaneous sends am
receives with no listening required.

Ethernet Devices

distan}::g r(:ent:-‘oned earlier, Ethernet c?able:q. are limited in their N§Ch and ;Tr:
network ms:;]? ort as 100 metres) are insufficient to cover medium-sized and I;IP'
cables to b fitl(:ins. A repeater in Ethernet networking is a device that qllnws m’:lm
Ethernet to a:? (;?he and greater distances to be spanned. A bridge device can j¢

er network of a different type, such as a wireless network.

gge popular type of repeater device is an Ethernet hub. Other devices 0
with hubs are switches and routers.

E
often u:?l(; r:;ef “t’f“’for‘k adapters also exist in multiple forms. Newer personal C?m
add-in crd ePa built-in Ethernet adapter. Otherwise, one can purchase and instat
- PCl cards are most popular for desktop computers and PCMCIA

Ethernet Topology. Protocol a
OBy
m"‘lion

metiﬂ“:"
confu
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o « adapters are most p()pl..llar for notebooks. USB Ethernet ad m
both desktops and laptops. Wireless Ethernet adapters can als ;e apters also exist for
with newer computers. o be configured to work

roduction to Media Connectivity

: By transmission media or communication channels of network, it is meant that th

- iconnecting cables’ or _Connectmg media’ are being talked about. The cables that co nec
kstations are the communication channels. i

3 WO or more wor
Transmission media refers to the mode of physical connection needed for data

ssion. In LANs (Local Area Networks) many different types of media are in use
Copper conductors in the form of twisted pair or coaxial are by far the most common:
More recently, very serious consideration has been given to the use of optical fiber
| echnology in LANS. Other media e.g., microwave transmission, infrared, telephone line
' oic. are also used. We can group the communication media in two categories : guided
' nedia and unguided media. The guided media include cables and unguided media

| include waves through air, water or vacuum.
There are several types of communication media. Some of the most co

i media are as follows :

E 46.1. Twisted Pair Cable

1 A twisted cable is the oldest and most cO
[ generally used in telephone systems. A twisted pair consists of two insulated copper

Wifesf typically 1 mm thick, twisted together just like a DNA molecule. The wire is
_ twisted so as to reduce the electrical interference from and to the adjacent copper pairs.
[ (The two conducting wires, which run parallel to each other, may cause electrical

Interference).

g 4. Int

| transmi

mmon

mmon medium of transmission. It is

When many twisted pairs run in parallel over a long distance, they are bundled
so as not to interfere with each other.

| »}Of'ether and enclosed in a protective sheath,
. 'Wisted pair is also used in a LAN (Local Area Network).

Fig 4.2. Twisted Pair Cable
for data transmission, because they

because they easily pick up

Twi ) )
Wisted pair wires are cheaper as 2 medium
nd 100

8y si heir use is limited
ignals which results in high error rates when the distance extends beyo

Ctreg.
:i)TheY are of the following types :
Type-1: Two twisted pairs, each 22 gauge, shielded.

- (i) . o
, plastic cmgr Pe-2 : Four pairs of telephone typé twisted pair wires

with metallic shield

(i ,
) Type-3 ; Telephone type cable with 24 gauge wire.
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Advantages
o It can be used for analog as well as digi

¢ It is one of the cheapest media of transmission an

tal transmission.
d has adequate performance

Disadvantages
o It is more prone to pick up nois

o A twisted pair can transmit data on

e signals.
ly upto a certain distance.

4.6.2. Coaxial Cable _
Coaxial Cables are a group of specially wrapped and insulated wires capable of
f a central copper wire (inner

transmitting data at very high rate. They consist O ; )
conductor) surrounded by a PVC (polyvinyl chloride) insulation over which a sleeve of

copper mesh (second conductor) is covered as shown in the figure ahead :
The metal sleeve is again shielded by an outer shield of thick PVC material. The

signal is transmitted by the inner copper wire and is €
metal sleeve. Coaxial cables are extensively used in long-dist
closed-circuit T.V.

Coaxial cables are capable of tran
mega Bits per second. In many cases, coaxia

that can handle over 15000 approx. telephone ca
higher noise immunity and can offer clear data transmission

of signal power. But they are more expensive.

There are two types of coaxial cables : base band and broad band. A base band
cable can transmit voice, data or video on a single channel at very high speed. With the
help of time-division multiplexing, many users can share the channel. However, the
distance over which the signals can be transmitted on a base band cable is rather limited

to few hundred metres.

Outer cylindrical
shell

Jectrically shielded by the outer
ance telephone lines and in

smitting digital signals at very high rates or 10
| cables are packaged into a single large cable
lIs simultaneously. They have a much
with less distortion or loss

Second
conductor

Insulator

Ceontral copper

Copper _
wire

Quter PVC mesh

shield PVC

Inner
conductor insulation
Fig 4.3. Coaxlal Cable

s at a time. qu

On the other hand, broad band cable can carry multiple signal
cities. Thus, "

instance 1.n a TV network, as many as 50 to 100 channels are available in
complex in construction as compared to base band cable.
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Ad“" capab]e of transmitti igital signals at a v
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They are g
s approximate]y 10 mega bits per second.

¢ They have hlg

ry high rate of

her noise immunity.

yantages .
o These aré comparatively costly.

« Such cables can be easily tapped, posing security problems.

pisad

4.6.3. optical Fibre
An optical fibre is a piece of hair-thin glass material of a different refractive index

fibre is capable of transmitting data at the speed of light with no significant loss ¢
long distances. gnificant loss of

links are based on the principle of ‘total internal reflection”. When an
dlectromagnetic wave, travailing in a medium with high refractive index, falls on the
boundary of the surrounding medium of lower refractive index, a special phenomenon
takes place. Up to a certain angle of incidence, light passes through the boundary and
nters the medium that has a lower refractive index. But if the angle of incidence is more
than the ‘critical angle’ the light is reflected from the boundary and comes back to the
first medium. This is called “total internal reflection’.

An optical transmission system based on fibre-optics has three components, the
transmission medium, the light source and the detector. The transmission medium is the
u!tra-thin glass fibre. The light source is either an LED (light emitting diode) or a laser
diode which emits light pulses when electric current is applied. The detector is a photo
diode which generates electric pulses when light falls on it.
dio deBgt att}iaChing the LED or the laser dio.de to one end of an optica‘l fi_bre and a photo
scepts 2 = Other end, we can have uni-directional data transmission system that

n electrical signal, converts and transmits it by light pulses and then reconverts

the o ;
utput to an electrical signal at the receiving end.

Gucha
intensity over
Fibre-optic

Electri Optical fibre _
lectrical Lightto | Ejectrical signal
electrical [—

to light
converter —$ conveter
Light waves

Fig 4.4. Principle of optical fibre transmission

Speedoift:l:al fiber has the capacity to carry voice, video and data at extremely high
decer .\ Tange of several million bits per second. It offers low bit error rates, Zero

Ca ln . . . l
mnents' i erence and COmplete electrical isolation. The isolation from electr?cal
The disadvantage of optica

S:)eris I:t':‘; Major advantage of optical fiber systems. . th of the
ble imited number of direct connections can be made to a given leng
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. hee Jacket
In case of optical fiber, it is not possible to hav

branch lines by taping off a fibler which 1; an added
advantages as far as data security 1s concerned.

Claddmg
Advantages o
+ It has very high rate of transmission of data.
¢ It has better noise immunity. o

« It can transmit data over long distances. Fig 4.5. Optical Fiber Capye
¢ Data is transmitted with high security.

¢ The fibres are small in size.

Disadvantages .
¢ Limited physical arc of cable. Bend it too much and it will break!

+ Difficult to splice.

The cost of optical fibre is a trade-off between capacity and cost. At higher

transmission capacity, it is cheaper than copper. At lower transmission capacity, it i
more expensive.

4.6.4. Microwave Communication

Microwave radiation is also a popular medium of transmission. It does not require
the laying of expensive cables. Microwave links use very high frequency radio waves to
transmit data through space. Microwave links use repeaters at intervals of about 25 to 3
km in between the transmitting and receiving stations.

Parabolic antennas are mounted on towers to send a beam to another antenn
which could be tens of kilometres away, but should be in line of sight. The higher the

tower the greater is the range. Microwave radio transmission is widely used for
long-distance communication. It overcomes the problem of weak signals.

ne-of-sight method of communication. It has
mmunications and telephone service. Even private
ful for organizations that need to link a number o

Microwave transmission is a li
become widely used for broadband co
microwave service is especially use
locations within a limited area.

Transmitting
antenna

Receiving
antenna

oo )-

D betweeen [~ Line of sight

O

Fig 4.8. Microwave Communleation
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Although private m,crngye service can provide dedicated icati
JJerate cost, there are limitations to its use. For example, micr v chomenls o
o , owa
nerally assigned by the Federal Governments, and in some cities few‘:: ChaTnels e
annels remain

open. Unlike telephone wires and commercial radio signals, microwave transmissi
’ Ission is

line-0

f-sight. The transmission range is limited to about 25 to 30 kilometres, after which
, wnhnic

the microwaves must be relayed.

through

Microwave communication 1s used when it is not possible to communicate
ground methods due to the following two main reasons :

(i) Due to fading of signal : that can not be amplified without noise.

(ii) Rugged terrain such as desert, sea, hills etc.

Advantages

+ Building two towers is cheaper than digging a 100-km trench and laying cables
in it.

o It candpermit transmission rates of about 16 giga bits (1 giga bit =107 bits ) per
second.

Disadvantages

* Repeaters, if used along the way, are to be maintained regularly.

¢ Physical vibration will show up as signal noise!

4.6.5. Radio Transmission or Radio Frequency (RF) Transmission

direct - o
Co daFa (_>r voice communication. In some countries such as US
mmunications Commission has allocated certain radio frequencies

nication uses some specific radio frequencies for
A, the Federal

for use by private

This method of cableless commu

busin ) .
esses for direct voice communications.

Tadio stat . . ;
VEhiclesa:m' with a mobile or fixed location. Users of class A stations,
r taxicabs operate only on a single, assigned frequ

llSers 0O
calle Perate on any of the 40 designated frequencies on a

Serv, .
ces like g
C . . . a .
ourier, home deliveries, on site repair and maintenance etc.

Uch prq, -
Pagation is classifi
types gation is classified by the type of wave used for propagation.

g

C&rne
r
p'“Pagaﬁeque“CieS up t

on, P to 2 MHz. The AM radio is an examp

ed to operate either a class AorD
such as delivery
ency. Whereas class D station
shared basis. Sometimes it is
tremely useful for customer

Pri iti - :
vate citizens and business users may be licens

Cii
\ Ltizens Band (CB) radio. Radio transmission is ex

Dat is s
a transmission through air (and not through any channel) is called unguided

Missig
n. Data i . . 5 i . .
ta is carried over electro-magnetic radiation 1n the form of radio waves.
There are three

Lo (radio frequency) propagation :
*“round wave

§' Io_nOSPheric
rou- Lme of S]ght (LOS)
n
d Wave Prop&gatlon

i dw, .
ave propagation follows the curvature of the Earth. Ground waves have

le of ground wave
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Atmosphere
-7 e ) Receiving
Radio / Earth station
Tower .
/S

Fig 4.7. Ground wave propagation

, spheric Propagation L. . .
2 Ioni‘:ospheric propagation bounces off of the Earth’s ionospheric layer in the uppe

atmosphere. It is sometimes called double hop propag’atfon. It (l)1perat$s :: the frec!uency
range of 30-85 MHz. Because it depends on the Earth’s IOHOSP ere, it changes with the
weather and the time of day. The signal sent from a radio tower bounges off the
ionosphere and comes back to earth to a receiving station, as shown in the figure.

lonosphere

Radio _ Earth Receiving

station

Fig 4.8. lonospheric propagation |
3. Line of Sight Propagation ‘
\

| Line of sight propagation transmits exactly in the line of sight. The receivin§

::;:nh:iucst be in tbe ViE‘jV o'f t%1e transmit station. It sometimes called space wave O
statiofls (mg"l’f:]ga?on. Ith ls'hmxted by .the curvature of the Earth for ground-bas“’d |
Examples of I ,f rom horizon ‘to horizon). Reflected waves can cause problems
€ of sight propagation are FM radio, and satellite microwave. |

|
|
I
|
|

Atmosphere

- -
-
- e -
- - .-
- s .
-
- e
o e

Earth Receiving

station

~— 50 km —

Fig 4.9. Line of sight Propagation
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jo Frequencies

The three types of radio frequency
ﬁequencies. These frequencies are detailed in th

117

Propagation employ different radio
e following table.

The frequency spectrum operates from 0 Hz to 1019 Hz Radio frequencies are i
. € 1n

e range of 300 kHz to 10 GHz.

—_—

Name
I Frequency (Hertz) Examples
19

Gamma Rays 10 Used in medicine, industry,
consumer goods and science.

X-Rays 10" Used in both medicine and
industry for microscopy or micro
radiography.

Ultra-Violet Light 7.5x10% For medical treatment of skin
and sterilization.

Visible Light 43 x10" Development of the source of
coherent light, the laser.

Infra-red Light 3x10M Infra-red astronomy, thermo-
graphy and other medical
applications.

30 GHz Radar Frequencies

EHF—Extremely High
SHF—Super High
UHF—Ultra High Frequencies

i_ VH;IF‘Very High Frequencies
’ MF“ High Frequencies
| ~Medium Frequencies

LF—
Low Frequencies

F—
Very Low Frequencies

ELI:VOiCe Frequencies
\EXtremely L

(Giga =10° Hz)

3 GHz Satellite and Microwaves
Frequencies

300 MHz UHF TV

(Mega =10° Hz)

30 MHz FM and TV

3 MHz Short Wave Radio

300 kHz AM Radio

(kilo =107)

30 kHz Navigation

3 kHz Submarine
Communications

300 Hz Audio

30 Hz Power Transmission

Fr
%

!
S
3
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The disadvantage of radio transmission is lack of security. Therefore, it i

. - L 4 s
suitable for transfer of large files or data bases because it has very low transmjs Mot
speed. o
Now-a-days one can see an emerging technology called wireless LANs, Rag;
! 10

frequencies can be used to connect workstations together in a wireless LAN. Sop,
+ 0me

wireless LANs use infrared technology.

4.6.6. Infrared Transmission
Like microwave transmission, infrared transmission also discards wiring

altogether. There are point-to-point infrared links that are used to replace cables between

adjacent buildings.
In this mode of transmission a highly intensity modulated infrared beam is

bounced off the ceiling of an organization which scatters around the room. It can be only
received by a data communicating device using a simple solid-state detector. This device
can also bounce its own data against the ceiling through a solid state infrared emitter

and broadcast it to all other devices in the organization.
carried by beams of light invisible to the

Infrared transmission is optical in nature,
f line-of-sight, narrowband

naked eye. It provides a compact and inexpensive means 0O
transmission among and between building within the same general area, for it is limited

to distances of a few hundred feet. Though unaffected by most artificial light and
weather conditions, very heavy snow or fog degrades its quality. The main advantage of
this transmission is that the data communicating devices do not require exac
positioning. However, the infrared signals are highly susceptible to high intensity light
and the data can be overheard by the neighbours also. It is moderately secure.

Dial-up
ﬁ : = a.__— ISP
IR-modem \
Hospital
Network

Desktop Computer

Fig 4.10. Infrared Transmission
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167 satellite
" The problem with microwave communications is of 1
ature of earth, mountains and the other high structures often block the line of sight.

5o you require several f'e;_aeater sFanons for long-distance transmission, which increases
ihe cost of data transmission. This problem is overcome by using satellites.

A communication satellite is an electrical device positioned in an orbit around the
carth. It can be thought of a big microwave repeater in the sky. It contains one or more
wansponders,’ each of which listens to some portion of the frequency spectrum,
amplifies the incoming signal and then rebroadcasts it at another frequency. Different
frequencies are used for ‘uplinking’ and ‘downlinking’ to avoid any interference of
signals. Uplink refers to data flow from the earth to the satellite. Here the earth station
works as a transmitter and the satellite transponder as a receiver. Downlink refers to
data flow from the satellite to the earth. Here the satellite works as a transmitter and the
carth station as a receiver.

119

ine of sight. Because of the

A number of communication satellites, owned by both governments and private
organizations, have been placed in stationary orbits about 22,300 miles above the earth’s
surface. These satellites act as relay stations for communication signals. The satellites
accept data/signals transmitted from an earth station, amplifies them, and retransmits
them to another earth station.

Some communications satellites have multiple, independent reception and
transmission devices known as transponders. But in a commercial communication
satellite, a single transponder is capable of handling complete task alongwith several
different types of data/signals. Do you know, firms that market Satellite communications
%vice own a satellite and others lease a portion of a satellite and provide transmission

f 5 O 5 .
__ “lities in smaller units to their users.

Travels at the
same rate of speed
as the earth

Radio relay
station

Fig 4.11. Satellite Communication
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earth station with very small diameters around 40 cm are becom;
popular. Thes ery small aperture terminals (VSATs). n,len
terminals are so inexpensive that even small organisation can afford them. Even in Indize
1ITs, Technical Universities and engineering colleges are having VSAT installation;
under All India Council of Technical Education (AICTE) programme.
Several factors limit the use of satellite communications. Some communication
nchronous orbit above the equator, which means that their
point on the earth at all times,

ep them over the same
ht means of transmission. There may be signal delay

h between sender and receiver. This

N()“"A"'(l ;\)fS
e earth station are called as v

satellites are placed in geosy
orbital speed is synchronized to ke
A satellite, then, is also a line-of-sig
caused by the extreme length of the transmission pat
annoying to some individu

the user t

can cause an echo that is als using voice communications.
Security is usually provided by hrough coding and decoding

equipments.
en below:

The transmisston s
Transmission Mode

d transmission modes is giv

peed of various discusse
Transmission Speed

1. Twisted pair 100 mbps
2. Coaxial cable 140 mbps
3 Fiber optics 2 Gbps
4. Microwave 275 mbps
2 ! Radio 2 mbps
6. Infrared 275 mbps
7. Satellite 275 mbps.
Advantages
o, transmission and reception 18 P(""*"‘bk

e There is no line of sight restriction,
between any two randomly chosen places.

Disadvanta
ges
N Launching a satellite into an orbit costs a lot.
SI ¢ » ¥ ' ‘ .
So. me “ui?;::zl sent to a satellite is broadcasted to all recetvers w
4 L 8 are re ire . : 2o
required to prevent unauthorized tampering of intor

E] 4.7. Leased Line
by *

A permane
telecommzjuica‘::::r?: ﬂ::;“’l’h(,m, connection  between  two point
connect gm»nghi(;ally c;:“: . Cﬂrr‘iur_ Typically, leased lines are used
is always active. The fee fh ant offices. Unlike normal dial-up connections: a led> ¢
affecting the monthl ,‘ 9’ the connection is a fixed monthly rate. The pl’imary fac it
y fee are distance between end points and the speed of the i

e panglt
ithin the satellites rang

mation.
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the connection d !
pecause th oosnt carry anybody else's communications, the i
assure a given level of quality. e carmer ean

A leased line is a service contract betw: i

rovider agrees to deliver a symmetric telecss?n?uirii;,:i(:isal?feacgustom'er’ e ore
Jocations in e.xchfmge for a monthly rent (hence the term lease). It iszgiiggizgﬁ:oﬂore
a “private circuit” or “data line”. Unlike traditional PSTN lines it does not havea:
telephone number, each side of the line being permanently connected to the other
Leased lines can be used for telephone, data or Internet services. Some are ringdown.
services, and some connect to PBXes. Typically, leased lines are used by businesses to
connect geographically distant offices. Unlike dial up connections, a leased line is always
sctive. The fee for the connection is a fixed monthly rate. The primary factors affecting
the monthly fee are distance between end points and the speed of the circuit. Because the
connection does not carry anybody else 's communications, the carrier can assure a given

level of quality.

An Internet le
fiber normally, which is dedicated and
full-duplex. It is also known as an ethernet
circuit.

For example, a T-
speed of 1.544 Mbit/s.

multiplexing data and voice ¢
Leased lines, as opposed to DSL, are be

internet acces because they afford faster
heavy users of the Internet.

ectivity product, delivered over
ntended, symmetrical speeds,
line, data circuit or private

ased line is a premium internet conn
provides unco
leased line, DIA

s a maximum transmission
n into different lines for
e the channel for one data circuit.
mpanies and individuals for
es and are cost-effective for

el can be leased, and provide

1 chann
he connectio

The user can divide t

ommunication, or us
ing used by co
data transfer rat

4.7.1. Application of Leased Line ,
Leased lines are used to build up private networks, private telephone networks (by

interconnecting PBXs) or access the internet or a partner network (extranet).
Here is a review of the leased line application in Network designs over time :

Site to Site Data Connectivity
an extend network capabilities across

_ Terminating a leased line with two routers c : ! .
sites. Leased lines were fires used in the 1970s by enterprise with proprietary protocols

Such as IBM System Network Architecture and Digital Equipment DECnet, and with
TCPAIP in University and Research networks before the Internet became widely
available, Note that other Layer 3 protocols were used such as Novell IPX on enterprise
Networks until TCP/IP became ubiquitous in the 2000s. Today, point to point data circuits

are typically provisioned as either TDM, Ethernet, or Layer 3 MPLS.

Si

te to Site PBX Connectivity

i Terminating a leased line with two PBX allowed customers to by-pass PSTN for
Nter-site telephony. This allowed the customers to manage their own dial plan (and to
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use short extensions for internal telephone number.) as wel-l as to make Signific
savings if enough voice traffic was carried across the lm.e (specially when the savin Sanl
the telephone bill exceded the fixed cost of the leased line). 0

Site to Network Connectivity |

As demand grew on data network telcos .start-ed to build more advanced p, etwor
using packet switching on top of their infrastructure. Thus numbe, ,
telecommunication companies added ATM, Frame-relay or ISDN offerings to iy
services portfolio. Leased lines were used to connect the customer site to the i
network access point.

International Private Leased Circuit

An international prived leased circuit (IPLC) functions as a point-to-point private
line. IPLCs are usually time-division multiplexing (TDM) circuits that utilize the same
circuit amongst many customers. The nature or TDM requires the use of a CSU/DSU and
a router. Usually the router will include the CSU/DSU.

Then came the Internet (in the mid-1990s) and since the most common application
for leased line is to connect a customer to its ISP point of presence . With the changes that
Internet brought in the networking world other technologies were developed to propose
alternative to frame-relay or ATM networks such as VPNs (hardware and software) and

MPLS networks (that are in effect an upgrade to TCP/IP of existing ATM/frame-relay
infrastructures).

Leased Line Alternatives

Leased lines are more expensive than alternative connectivity services including
_(ADSL, SDSL, etc.) because they are reserved exclusively to the leaseholder. Somé
lntﬁrnet service providers have therefore developed alternative products that aim 1
deh'ver.lleased-line type services (Carrier Ethernet-based, zero contention, guaranteed
:ﬁiab;(ht)’): ‘f"ith more moderate bandwidth, over the standard UK national broadbaI;d
iy 311; .l Whllt? a leased line is full-duplex, most leased line alternatives provide oy
Plex or in many cases asymmetrical service. i
El 4.3. 1sDN \
dioi ISDN (Integrated Services Di
gital transmission oy
Home and businesg 15
receive web pa
modem Conne

gital Network) is a set of CCITT/ITU standards f.or |
er ordinary telephone copper wire as well as over other med‘a)' |
ers who install an ISDN adapter (in place of a telephone mode}ﬂa ;
c%izsn atlSUP to 128. Kbps compared with the maximum 56 Kbps rate C:} ”
or als;) nDI;J requires adapters at both ends of the transmission SO youf
ity i €eds an IDSDN adapter. ISDN is generally available from Y i
Most urban areas in the United States and Europe. In many are

and cab] } an
was forrf\er:";;.d €M service are now offered, IDSN is no longer as pOPUIar

phone comp
where DS,
Option as it
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There are two levels of service; the Basic Rate Interf

i » ace (BRI), int
ome and small enterprise, and the Primary Rate Interface (PRI), for) largeerrliesirfo; th:l
lude a numl?er of B-channels and a D-channels. Each B-channel carriez' de?t,t
d other services. Each D-channel carries control and signaling information "
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h .
rates Inc

vOiCei an
The Basic Rate Interface consists of two 64 Kbps B-channels and one 16 Kbps

p-channel. Thus, a Basic Rate user can have up to 128 Kbps service. The Primary Rate
consists of 23 B-channels and one 64 Kpbs D-channel in the United States or 30
pchannels and 1 D-channel in Europe.

ISDN is concept is the integration of both analog or voice data together with digital
ne:work. Although the ISDN you can install is integrating these on a
r analog transmission, broadband ISDN (BISDN) is intended to
f both services throughout the rest of the end-to-end path using
fber optic and radio media. Broadband ISDN encompasses frame relay service for
high-speed data that can be sent in large bursts, the Fiber Distributed-Data Interface
(FDDI), and the Synchronous Optical Network (SONET). BISDN is intended to support
tansmission from 2 Mbps up to much higher, but as yet unspecified, rates.

data over the same

nedium designed fo
extend the integration o

48.1.ISDN Elements
Integrated services refers to ISDN’s ability to deliver at minimum two

simultaneous connections, in any combination of data, voice, video, and fax, over a
single line. Multiple devices can be attached to the line, and used as needed. That means
an ISDN line can take care of most people’s complete communications needs (apart from
broadband Internet access and entertainment television) at a much higher transmission
fate, without forcing the purchase of multiple analog phone lines. It also refers to
ntegrated switching and transmission in that telephone swithing and carrier wave

transmission are integrated rather than separate as in earlier technology.

Basic Rate Interface

sewic:geﬁntry level interface to ISDN
te g bre l1vered over a pair of stanc.iard telephone co
Signali oken down into two 64 kbit/s bearer chan.ne. |
: Ing channel (‘D’ channel or data channel). This is sometimes r
The interface specifies the following network interfaces :

The U Interface is a two-wire interface between the exchange and a network
erminating unit, which is usually the demarcation point in non-North
American networks.

® T Interface is a serial interface between a computing

idapte.r' which is the digital equivalent of a modem.
¢ S interface is a four-wire bus that ISDN consumer devices plug into ; the S

T’reference points are commonly implemented as a single interface labeled
On an Network termination 1 (NT1).

in the Basic (s) Rate Interface (BRI), a 128 kbit/s
pper wires. The 144 kbit/s payload
Is (‘B’ channels) and one 16 kbit/s
eferred to as 2B+D.

device and a terminal

’
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o The R interface defines the point between a non-ISDN device and
adapter (TA) which provides translation to and from such a device. a termip, |

BRI-ISDN is very popular in Europe but is much less common in North Ameri.. . |
EnCa. It

is also common in ]apan-Where it is known as INS64.

Primary Rate Interface

The other ISDN access available is the Primary Rate Interface (PRI), which ;
carried over an E1 (2048 kbit/s) in most parts of the world. An E1 is 30 ‘B’ channels ofslz
kbit/s, one ‘D’ channel of 64 kbit/s and a timing and alarm channel of 64 kbit/s.

In North America PRI service is delivered on one or more T1 carriers (often
referred to as 23B+D) of 1544 kbit/s (24 channels). A PRI has 23 ‘B’ channels and 1'TY
channel for signalling (Japan uses a circuit called a J1, which is similar to a Ti).
Inter-changeably but incorrectly, a PRI is referred to as T1 because it uses the T1 carrier
format. A true T1 (commonly called ““Analog T1" to avoid confusion) uses 24 channels of
64 kbit/s of in-band signaling. Each channel uses 56 kb for data and voice and 8 kb for
signaling and messaging. PRI uses out of band signaling which provides the 23 B
channels with clear 64 kb for voice and data and one 64 kb ‘D’ channel for signaling and
messaging. In North America, Non-Facility Associated Signalling allows two or mort
PRIs to be controlled by a single D channel, and is sometimes called “23B+D + n*24B"
D-channel backup allows for a second D channel in case the primary fails. NFAS

commonly used on a T3.

PRI-ISDN is popular throughout t
PSTN.

While the North American PSTN can use PRI or Analog
PBX, the POTS of BRI can be delivered to a business Or residence.

can connect from PBX to PBX via Analog T1, T3, PRI, OC3, etc .. be
s use the term ~1SDN"’ to refer to !

ilst
BRI is relatively uncommon whils

he world, especially for connecting PBXs 10
T1 format from PBX t0

North American psT

N Even though many network professional
Ci!\.*ve.r-bandwidth BRI circuit, in North America
cuits serving PBXs are common place.

4.9. PSTN

intercgfzzteépu‘?li'c vaitched telephone network) is the " ercia
government-OWn;;q;'f’nented public telephone networks, o .
the aggregation of . tS.also .referred to as the Plain Old Telephone Service o the day’
of Alexander G hcucult'swlthcing telephone networks that has evol\(ed fro el

raham Bell (“Doctor Watson, come here!”)- Today, it 15 alm e 10

digital in t
echnol
the user. ology except for the final link from the central (local) telep

world’s collecti”
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In relation to the Internet, the PSTN actually furnishes much of the Internet’s long-
distance infrastructure. Because Internet service providers ISPs pay the long-distance
providers for access to their infrastructure and share the circuits among many users

through packet-switching, Internet users avoid having to pay usage tolls to anyone other
than their ISPs.

E] 4.10. DSL Technology

Telephones are connected to the telephone exchange via a local loop, which is a
physical pair of wires. Prior to the digital age, the use of the local loop for anything other
than the transmission of speech, encompassing an audio frequency range of 300 to 3400
Hertz (voiceband or commercial bandwidth) was not considered. However, as long
distance trunks were gradually converted from analog to digital operation, the idea of
being able to pass data through the local loop (by utilizing frequencies above the voice
band) took hold, ultimately leading to DSL.

For a long time it was thought that it was not possible to operate a conventional
phoneline beyond low-speed limits (typically under 9600 bit/s). In the 1950s, ordinary
twisted-pair telephone-cable often carried four megahertz (MHz) television signals
between studios, suggesting that such lines would allow transmitting many megabits
per second. One such circuit in the UK ran some ten miles (16 km) between the BBC
studios in Newcastle-upon-Tyne and the Pontop Pike transmitting station. It was able to
give the studios a low quality cue feed but not one suitable for transmission. However,
these cables had other impairments besides Gaussian noise, preventing such rates from
becoming practical in the field. The 1980s saw the development of techniques for
broadband communications that allowed the limit to be greatly extended.

The local loop connecting the telephone exchange to most subscribers has the
capability of carrying frequencies well beyond the 3-4 kHz upper limit of POTS.
Depending on the length and quality of the loop, the upper limit can be tens of
Megahertz. DSL takes advantage of this unused bandwidth of the local loop by creating
43125 Hz wide channels starting between 10 and 100 kHz, depending on how the
System is configured. Allocation of channels continues at higher and higher frequencies
(up to 1-1 MHz for ADSL) until new channels are deemed unusable. Each channel is
evaluated for usability in much the same way an analog modem would on a POTS
Connect; es to more avai i ich ;
distanzzo:r;dlvi(i);s ulslzlljiltif C;Zn: effcfiu?tthe higher freql.ui?\]zlieesbfllrsl'scelc;;V ;dtl'gs‘/{hl(?h s wh
short distances) "I%e 1 of usable channels is then split i 4 "avel. only

: pool at. usd _ Split into two different frequency

Ands for upstream and downstream traffic, based on a preconfigured ratio. Thj
§egfegaﬁon reduces interference. Once the channel groups have been establishe'd thS
"ndividual channels are bonded into a pair of virtual circuits, one in each direction, L; e
:Vniilllog modems, DSL transceivers constantly monitor the quality of each cha On.1 Like
add or remove them from service depending on whether they are usable nnel and
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Joseph W. Lechleider’s contribution to DSL was his insight that an asymme;.
arrangement offered more than double the bandwidth capacity of symmetric Dg|_ Th-c
allowed Internet Service Providers to offer efficient service to consumers, who beneﬁtel;
greatly from the ability to download large amounts of data but rarely needed tq Uplogg
comparable amounts. ADSL supports two modes of transport; fast channg ang
interleaved channel. Fast channel is preferred for streaming multimedia, wher, an
occasional dropped bit is acceptable, but lags are less so. Interleaved channe| Works
better for iile transfers, where the delivered data must be error free but latency (time
delay) incurred by the retransmission of error containing packets is acceptable.

Because DSL operates above the 3 -4 kHz voice limit, it cannot pass through a Joy
coil. Load coils are, in essence, filters that block out any non-voice frequency. They ar
commonly set at regular intervals in lines placed only for POTS service. A DSL signal
cannot pass through a properly installed and working load coil, while voice service
cannot be maintained past a certain distance without such coils. Therefore, some areas
that are within range for DSL service are disqualified from eligibility because of load coil
placement. Because of this, phone companies endeavor to remove load coils on copper
loops that can operate without them and by conditioning other lines to avoid them
through the use of fiber to the neighbourhood or node (FTTN).

The commercial success of DSL and similar technologies largely reflects the
advances made in electronics over the decades that have increased performance and
reduced costs even while digging trenches in the ground for new cables (copper or fiber
optic) remains expensive. Several factors contributed to the popularity of Dil
technology :

* Until the late 1990s, the cost of digital signal processors for DSL was prohibitive

All types of DSL employ highly complex digital signal processing algorithms to
overcome the inherent limitations of the existing twisted pair wires. Due to the
advancements of Very-large-scale integration (VLSI) technology, the cost of the
equipment associated with a DSL deployment lowered significantly. The tw(;
main pieces of equipment are a Digital subscriber line access multiple

(DSLAM) at one end and a DSL modem at the other end.

¢ A DSL connections can be deployed over existing cable. Such deplo
including equipment, is much cheaper than installing a new, high
fiber-optic cable over the same route and distance. This is true both for

and SDSL variations.
fees

In the case of ADSL, competition in Internet access caused subscriptio™ ™"
drop significantly over the years, thus making ADSL more economical tha" o
Up access. Telephone companies were pressured into moving to ADSL ]argem
due to competition from cable companies, which use DOCSIS cable ™¢

yment, eveft

_pandwi
ban ADSL

'
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technologzll to achie've sirni_lar speeds. Demand for high bandwidth applications
such as video and file sharing, also contributed to popularize ADSL technology. ’

Most.re51dent1al anq Smau-ofﬁce DSL implementations reserve low frequencies for
pOTS service, SO that (with suitable filters and/or splitters) the existing voice service
ontinues to operate independent of the DSL service. Thus POTS-based
communications, including fax machines and analog modems, can share the wires with
pSL. Only one DSL modem can use the subscriber line at a time. The standard way to let
multiple computers share a DSL connection uses a router that establishes a connection
petween the DSL modem and a local Ethernet, Powerline or Wi-Fi network on the

customer’s premises.
Once upstream and downstream channels are established, a subscriber can

connect to a service such as an Internet service provider.

4.10.1. Protocols and Configurations
Many DSL technologies implement an Asynchronous Transfer Mode (ATM) layer

over the low-level bitstream layer to enable the adaptation of a number of different

technologies over the same link.

DSL implementations may create br

corifiguration, the group of subscriber computers €
The earlieast implementations used DHCP to provide network details such as the IP

address to the subscriber equipment, with authentication via MAC address or an
use Point-to-Point Protocol (PPP) or

assigned host name. Later implementations often
nt Protocol over Ethernet (PPPoE) or

Asynchronous Transfer Mode (ATM) (Point-to-Poi
Point-to-Point Protocol over ATM (PPPoA)), while authenticating with a userid and

password and using Point-to-Point Protocol (PPP) mechanisms to provide network

details.

4.10.2. Other Important xDSL Technologies
exchange to subscriber impose more

The line-length limitations from telephone
festrictions on higher data-transmission rates. Technologies such as VDSL provide very
' !"‘gh-Speed, short-range links as a method of delivering "triple play" services (typically
'mplemented in fiber to the curb network architectures). Technologies like GDSL can
Further increase the data rate of DSL. Fiber optic technologies exist today that allow the

®©nversion of copper based IDSDN, ADSL and DSL over fiber optics.

DsL Technologies (sometimes summarized as xDSL) Include :
Symmetric digital subscriber line (SDSL), umbrella term for xDSL where the

frate is equal in both directions.
* ISDN digital subscriber line (IDSL), ISDN based technology that provides a
bitrate equivalent to two ISDN bearer and one data channel, 144 kbit/s

SYmmetric over one pair.

idged or routed networks. In a bridged
ffectively connect into a single subnet.
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bitrate is greater in one direction th

allowed : :
26 leit/:o;t‘lo éwb it/s using 26 AWG copper telephone wire at a 5,500 ft (1,700 m
a 6,000 ft (1,800 m) radius. The company operated until 2008

noise ifi
tolerance by sacrificing up stream speed

Inst

rument
s, backwards compatible with all DMT standards
|

digital subscriber line (HDSL), ITU-T G.991.1, the fir
t used a higher frequency spectrum than ISDN 1,544 kbiit Dy,
services, either on 2 or 3 pairs at 784 kbit/s each Is ap ;

168 kbit/s each, or one pair at 2320 kbit/s. Pairsy

+ High bit rate digital subscriber line 2/4 (HPSLZ, HDGSL4), ANSI, 1,54

metric over one pair (HDSL2) or two pairs (HDSL4).

o Symmetric digital subscriber line (SDSL), specific proprietary technology .
1,544 kbit/s symmetric Over One pair. Pty

+ Single-pair high-speed digital subscriber line (G.SHDSL), ITU-T G9
standardized successor of HDSL and proprietary SDSL, up to 5,696 kbjt i pezr

pair, up to four pairs.
Asymmetric digital subscriber line (ADSL), umbrella term for xDSL where g,

an the other.

o ANSI T1-413 Issue 2, up to 8 Mbit/s and 1 Mbit/s.
¢ G.dmt, ITU-T G992.1, up to 10 Mbit/s and 1 Mbit/s
¢ Glite, ITU-T G. 992.2, more noise and attenuation resistant than G.dmt, up to '

1,536 kbit/s and 512 kbit/s.
+ Asymmetric digital subscriber line 2 (ADSL2), ITU-T G.992.3, up to 12 Mbits |

and 3.5 Mbit/s.

¢ Asymmetric digital subscriber line 2 plus (ADSL2+), ITU-T (G.992.5, up to 2
Mbit/s and 3.5 Mbit/s.

¢ Very-high-bit-rate digital subscriber line (VDSL), ITU-T G.993.1, up to 52 Mbit/

and 16 Mbit/s.
g Very.-high-bit-rate digital subscriber line 2 (VDSL2), ITU-T G.993.2, an improved
version of VDSL, compatible with ADSL2+, sum of both directions up to 200
Mb1t/s.G.vector crosstalk cancelling feature (ITU-T G.993.5) can be used to
increase range at a given bitrate, e.g. 100 Mbit/s at up to 500 metres.

* Gfast, ITU-T G.9700 and G.9701, up to approximately 1 Gbit/s aggregat
and downlink at 100m. Expected to be finalized in April 2014

* Bonded DSL Rings (DSL Rings), A shared ring topology at 400 Mbit/s
* Etherloop Ethernet local loop |
* High Speed Voice and Data Link |
|
Internet Protocol subscriber line (IPSL), developed by Rim Semiconductor in 31002
) ra s

+ High bit rate
technology tha .
2,048 kbit/s symmetric

kbit/s

sym

e uplink

Rate- ; . .
ate-adaptive digital subscriber line (RADSL), designed to increase rang® g

Uni- i e '
n-DSL (Uni digital subscriber line or UDSL), technology developed by Texﬂ#
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9 4.11. Cable Modem Networks

Cable n.wdem qetwork access and DSL are two alternative ways to connect to a
Letwork service provider (NSP) without the use of more expensive dedicated service,
quch as Frac-T-lfT 3. Both cable modem and DSL networks achieve the same result of

roviding dedicated access to a network service, often the Internet, but each do so using

Yiffering technologies. DSL technology has been discussed in previous section. Let us
discuss cable access technology in detail.

4.11.1. Cable Access Technologies

Cable television (CATV) is a unidirectional medium carrying broadcast analog
video channels to the most customers possible at the lowest possible cost to the CATV
service provider. Since the introduction of CATV more than 50 years ago, little has
changed beyond increasing the number of channels supported.

Fearing loss of market share when DSL was introduced (in the 1990s) and
recognizing the need to offer advanced services to remain economically viable, key
multiple system operators (MSOs) formed the Multimedia Cable Network System
partners, Ltd. (MCNS). The goal of the MCNS was to define a standard product and
system capable of providing data and future services over the CATV infrastructure.
MCNS partners included Comcast Cable Communications, Cox Communications,
Tele-Communications Inc., Time Warner Cable, MediaOne, Rogers CableSystems, and
Cable Television Laboratories (CableLabs). The MCNS defined the Data Over Cable
Service Interface Specification (DOCSIS) 1.0 standard, which was in turn accepted as the
North American standard. These key MSOs defined upgrade and construction programs
to provide two-way functionality to the end-user over the CATV infrastructure.

129

4.11.2, Cable Access Architecture

To deliver data services over a cable network, one television channel (50 to 750
MHz range) is allocated for downstream traffic to homes and another channel (5 to 42
MHz band) is used to carry upstream signals.

The following list details the cable access network architecture : ’

* Residential and business end-users are connected to fiber nodes by coaxial
cables. Users attach to this cable through an Ethernet network interface card
(NIC) installed in the PC, in turn connected to a cable modem.

* The fiber nodes house the cable modem termination system (CMTS) at the
head-end, communicating with the cable modems at the end-user premise. This
COmmunication creates a LAN connection between the end-user and the cable

. Modem service provider.

Most cable modems are external hardware devices connecting to a PC through a

. Standard 10Base-T Ethernet card or Universal Serial Bus (USB) connection.
These fiber nodes are connected by fiber rings (such as SONET) to the

dlesalt:iibut;on hubs, which are in turn connected by fiber rings to a regional cable
-end,
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o The cable head-end then forwards the traffic to the appropriate network _y,
the public Internet for all other IP traffic.

PSTN for VolP applications and
n channel can carry up to 27 Mbps

A single downstream 6 MHz televisio
downstream data throughput from the cable head-end; upstream channels can deljy,

500 Kbps to 10 Mbps from home and business -end-users. This upstream apy
downstream bandwidth is shared by other data subscribers connected to the same cable
network segment, which is often 500 to 2000 homes on a modern network.

An individual cable modem subscriber can reach speeds from 500 Kbps to 15
Mbps or more, depending on the network architecture (for example oversubscription
ratio) and traffic load.

Note that, other users on the network segment affect cable modem speed, the
CATV-signal does not affect this speed because each signal (CATV and cable modem)
uses a different frequency on the line. This means that your cable modem connection

will not be slower if you are watching TV.

When you are surfing the World Wide

affected by Internet backbone congestion. Th
management control over this backbone congestion; it’s the Internet.

Web, your system’s performance can be
e local access provider has no direct

4.11.3. DSL and Cable Modem Networks
DSL and cable modem network access are two alternate ways to connect to an N5P
without the use of more expensive dedicated service. DSL technology is a modem
technology using existing twisted-pair telephone lines capable of carrying high-
bandwidth applications.
There are several forms of xDSL, each designed around specific goals and needs of
the marketplace. Each of these is summarized in the following table :
Table : Summary of DSL Services

DSL Description Data Rate Distance Limit Application
Type Downstream;
Upstream
ADSL | Asymmetricdigital |1.544 to 6.1 Mbps| 1544 Mbps at 18,000| Used for Intere!
subscriber line downstream; 16 to |feet; 2.048 Mbps at|and web access

640 Kbps upstream | 16,000 feet; 6.312 Mbps | motion video, Vi4*

at 12,000 feet; 8.448|on demand, remot
Mbps at 9,000 feet LAN access.

HD j '
SL Sljlggil:;;:lataq:te. 1.544 Mbps duplex | 12,000 feet on | T1/E1 servi®
e subscriber on two twisted-pair | 24-guage wire between server an
lines; 2.048 Mbps phone company e
duplex on three within a compar”’
twisted-pair lines WAN, LAN, se¥
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Single-line  digital | 1.544 Mbps duplex | 12,000 feet - :
SDSL Subscriber line (US and Canada); 24-gau e Wi ) o [Bam o for HDSL
> 048 Bauge wire but requiring only
: Mbps :
(Europe) on a singl one line of
P sihgle twisted-pair.
duplex line
downstream  and
upstream
JosL Very-high digital | 12.9 to 52.8 Mbps 4500 feet at 12.96| ATM networks;
subscriber line downstream; 1.5 to|Mbps; 3000 feet at|Fiber to the
2.3 Mbps upstream; | 25.82 Mbps; 1000 feet | Neighbourhood.
1.6 Mbps to 2.3 |at51.84 Mbps
Mbps downstream

Cable systems originally were designed to deliver broadcast television signals
fficiently to subscriber’s homes. Downstream video programming signals begin around
50 MHz, the equivalent of channel 2 for over-the-air television signals. The_ 5 MHZ to 42
MHz portion of the spectrum is usually reserved for upstream communications from

subscribers homes.

Each standard television channel occupies 6 MHz of the Radio Frgquency (RF)
spectrum. Traditional cable systems have 400 MHz of downstream l.)an'dmdth, ca;}a{al?cle
of carrying the equivalent of 60 analog TV channels..Modem hyl;?rld flber/coax' ( t l)
systems have 700 MHz of downstream bandwidth, with the capacity for approximately

110 channels.
B 4.12. VSAT

Short for very small aperture terminal, an earthbound station used in satellite

communications of data, voice and video signals, excluding ]?roafjcaStl-te]e‘?z;o:t :2
VSAT consists of two parts, a transceiver that is placed outdoors 1n dlI'G:'Ct 11:; tC;l th%: o
the satellite and a device that is placed indoors to interface the t.ranscelverd 1o
wser’s communications device, such as aPC. The transceiver receives ot 1Sse?rofn a gground
asatellite transponder in the sky. The satellite. sends and receives > lg.nferconnected with
tation computer that acts as a hub for the system. Each end user 1sbm e he entire
the hub station via the satellite, forming a star topology. Th.e hu C(t)1r11 another, each
°Peration of the network. For one end user to Commumcat:e o the sateilite to
traﬂsmission has to first go to the hub station that then retransmits 1t via

"e other end user’s VSAT. VSAT can handle up to % KbPS-h e and business users. A
‘ , om
v VSATis o satellite communications system that serves

; d an ouside
) users computer an .
end user needs a box that interfaces between the sends a signal to a satellite
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each transmission has to first go to the hub station which ret:;ansm.lts 1t1v1a the satellite o
the other end user’s VSAT. VSAT handles data, voice and video signais.

VSAT is used both by home users who sign up wﬁh a lé\l/rSgZTS:r\éice such a4
DirecPC and by private companies that operate or lease theu own Vo t y enl\.s. YSAT
offers a number of advantages over terrestrial alternatives. Eor private tapp ications
companies can have total control of their own communication system withgy;

dependence on other companies. Business and home users also get higher speeq |
reception than if using ordinary telephone service o1 ISDN.

ased Circuit (IPLC) Services

Secure end-to-end connectivity for all your communication needs. Internationg] |
Private Leased Circuit (IPLC) is an essential business tool to increase .your operationg|
efficiency and connectivity between multiple global offices. Leveraging on be:ing the |
only International data service provider to have access on all cables landing in Sri Lanka,
Dialog is well positioned to ensure that the customer receives the most reliable, secure

and customized solutions to any destination.

] 4.13. International Private Le

Features
e End-to-end Solution with Single Point of Accountability : Dialog provides

convenience to its customers by providing a customized solution that can
access multiple applications including data, video, voice and multimedia. In
addition to a simplified ordering and billing process, Dialog is the single point

of contact for service management and fault resolution. |

o Optimum Redundancy : Dialog owns and leases capacity on all major
submarine fiber optic cables landing in Sri Lanka. As the only Internationd
data service provider to have access to all cables in Sri Lanka, it enables us {0
provide diversity and service levels, allowing automatic routing to a different
path in case of a service disruption. :

¢ Points of Presence : A robust network built on our own PoPs in key globa °
locatios in Singapore, UK and Hong Kong. It enables seamless connectivity 10
our partners extending our reach to more than 90 countries eliminating @/
interoperability concerns.

e Last Mile Solutions : Our superior service is offered via diversified last mile
solutions to any location in Sri Lanka. With our rapidly expanding Colombo!
Mf:tro project fiber optical infrastructure is extended to customer premises. Ou
wireless solution extends coverage to all parts of Sri Lanka to ensurt.
best-in-class service end-to-end. |

. G.lobal Partnerships : Dialog has partnered with more than 50 Tier-1 af‘d’

~ Tier-2 'intemational global service providers to provide uniterrupt®’
connectivity to our customers in more than 90 countries. Global providers no¥

use Dialog to extend coverage to their customers establishing a presence m‘
Colombo.
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Benefits , -
, Diversity : Diversified cable routing paths creates seamless connectivity and

ensures optimal performance. In the event of an interruption, service will be
switched to an alternate path to enable maximum performance levels.

Gervice Management : Dialog’s real-time network monitoring optimizes your
network performance by offering 24/7 dedicated coverage from our Technical
Support Team. A single point of contact is created for failure detection,
isolation and resolution. |

Commercial Flexibility : Comprehensive global access via a simplified
ordering and billing process with flexible service terms of one, two and three
year leases. Customer will have one supplier and point of contact for ordering,
installation, management and billing of the circuit. Services are provisioned
promptly in order to meet the demanding requirements of the customer.

Service Level Guarantee : Dialog assures as uncompromising service quality,
backed by our SLA on service performance.

EXERCISE
Name any four network architectures.
What is ARCNET?
Define hub and its types.

What are the advantages and disadvantages of using ARCNET?
Write short note on ethernet.

Explain in brief types of ethernet.

Define transmission media and its types.

Compare between coaxial and fibre optical media.

EXPlain Some unguided media with examples.

Write short note on ISDN.



