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10 LAN Networks
c. Project 802 and standards

IEEE STANDARDS

In 1985, the IEEE Computer Association started
Project 802, consisting of a set of standards for the
interconnection of equipment from different
manufacturers. Project 802 is a way of specifying the
functions of the physical and link layers in most LAN
protocols.

10 LAN Networks

c. Project 802 and standards

|EEE standard for LANs

LLC: Logical link control
MAC: Media access control

Upper layers Upper layers
LLC
Data link layer

Ethernet Token Ring Token Bus

MAC MAC MAC "
o Ethernet

. : Token Ring Token Bus

Ry sicalinyed phﬁgﬂ!rlglg;ers physical layer | physical layer e
05l or Internet model IEEE Standard
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10 LAN Networks
c. Project 802 and standards

IEEE Standards for LANs

Other Layers
802.2 Logical link control (LLC) |
802.3 802.4 802.5 802.6 vee e
CSMA/CD || Token Bus | | Token Ring DQDB
Project 802

10 LAN Networks
c. Project 802 and standards

ETHERNET STANDARD

The original Ethernet standard was created in
1976 by the Xerox Palo Alto Research Centre

(PARC). Since then, it has gone through four
generations.




10 LAN Networks
c. Project 802 and standards

Ethernet evolution in four generations

Ethernet

evolution
Standard Fast Gigabit Ten-Gigabit
Ethernet Ethernet Ethernet Ethernet
10 Mbps 100 Mbps 1 Gbps 10 Gbps

10

LAN Networks

c. Project 802 and standards

Layers in the 10-Mbps Ethernet

OSI Model

10-Mbps Ethernet
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LAN Networks
c. Project 802 and standards

10

Physical Layer

Physical Layer Signaling
(PLS)

Attachment Unit
Interface (AUI)

Physical Layer

Medium Attachment Unit
(MAU)

Transceiver
. Medium Dependent Interface (MDI)

. Transmission medium

LAN Networks
c. Project 802 and standards

AUl Cable

AUI Cable

NIC
side 4 pairs of STP cable

Male Female
connector

connector
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10 LAN Networks
c. Project 802 and standards

Categories of 10-Mbps, Baseband Ethernet

implementations

Common baseband I

10Base5 10Base2 10Base-T

10Base-FL I

LAN Networks
c. Project 802 and standards

Segments in 10Base5

Segment |
g Repeater

42.5m}<—

500 m: 100 stations

Segment 5

—>|2.5m}<7

500 m: 100 stations

\ \
5 segments (3 useful): 2500 m: 300 stations

11/10/2010



10 LAN Networks
c. Project 802 and standards

Segments in 10Base2

Segment 1
Repeater Repeater

-| 0.5m ‘-
185 m: 32 stations

5 segments (3 useful): length 925 m: 96 stations

Segment 3

-| 0.5m |-

185 m: 32 stations

LAN Networks
c. Project 802 and standards

Bandwidth Sharing

Rate
A
One One One One
10 Mbps frame frame frame frame
svmbpsl 4} |} __ | | _ Average
Time
a. First station
Rate
One One One One
10 Mbps frame frame frame frame
5 Mbps [~ — — —— - - Average
. ee
Time

b. Second station
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10 LAN Networks
c. Project 802 and standards

Fast Ethernet was designed to compete with LAN
protocols such as FDDI or Fiber Channel. IEEE
created Fast Ethernet under the name 8o2.3u. It is
compatible with the Standard Ethernet, but can send
data ten times faster, at a rate of 100 Mbps.

10 LAN Networks
c. Project 802 and standards

Fast Ethernet layers

OSI Model 100-Mbps Ethernet

Logical Link
Control (LLC)

Data link layer

Media Access
Control (MAC)

Reconciliation

Medium Independent

Tirstiesll e Interface (IMII)

PHY

Medium Dependent
Interface (MDT)




LAN Networks
c. Project 802 and standards

Fast Ethernet physical layer

Reconciliation

[
% Medium Independent
= Interface (MII)
3
7]
z .
a Physical Layer

Entity (PHY)

Transceiver

. Medium Dependent Interface (MDI)

. Transmission medium -

10 LAN Networks
c. Project 802 and standards

Fast Ethernet implementations

Common Fast Ethernet
implementations

100Base-X

100Base-TX I 100Base-FX | 100Base-T4 |
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10 LAN Networks
c. Project 802 and standards

The need to send data at a higher rate resulted in the
creation of the Gigabit Ethernet protocol (1000 Mbps).
The IEEE Committee called it Standard 802.3z.

10 LAN Networks

c. Project 802 and standards

Gigabit Ethernet topologies

a. Point-tao-paint

ﬁ! &
L= A= =] = ==

. . =

c. Two stars

d. Hierarchy of stars

10



Gigabit Ethernet layers
OSI Model

LAN Networks
c. Project 802 and standards

1000-Mbps Ethernet

Data link layer

Logical Link
Control (LLC)

Media Access
Control (MAC)

Physical layer

Reconciliation

Gigabit Medium
Independent
Interface (GMII)

PHY

Medium Dependent
Interface (MDI)

10 LAN Networks
c. Project 802 and standards

Two approaches to medium access in Gigabit Ethernet

Gigabit Ethernet
Access Method

Half-Duplex Full-Duplex
(CSMA/CD) (No CSMA/CD)
Traditional I Carrier I Frame I
extension bursting

11/10/2010
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LAN Networks
c. Project 802 and standards

10

Gigabit Ethernet physical layer

Reconciliation

Gigabit Medium
Independent
Interface (GMII)
Physical Layer
Entity (PHY)

Transceiver
. Medium Dependent Interface (MDI)

. Transmission medium -

Physical Layer

10 LAN Networks
c. Project 802 and standards

Gigabit Ethernet implementations

Gigabit Ethernet
implementations
1000Base-X
| |
1000Base-SX 1000Base-L.X 1000Base-CX 1000Base-T

11/10/2010
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10

LAN Networks

c. Project 802 and standards

Coding in Gigabit Ethernet implementations

1000Base-5X, 1000Base-LX, and 1000Base-CX 1000Base-T
8% 125 Mbps 8% 125 Mbps 8% 125 Mbps 8x 125 Mbps
B I Y VY RN VAN B T T 1 MY YYYTRYY

| 8B/10B block encoder | | 8B/108 block decoder |
4D-PAM5 encoder 4D-PAMS decoder

4.1 25Gbps 1.25 Gbps 1‘ . .
| NRziineencoder | | NRZline decoder | L1

oyl L

[ |
Station 4' ‘t Station ¢ ¢ ¢

b '
Two fibers or two STPs 4 UTP cables

LAN Networks
c. Project 802 and standards

A Token Bus Network

=
g
g,
Z
g
3
g
E

b. Descending ordering
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LAN Networks
c. Project 802 and standards

Token Passing in a Token Bus Network

90 45
a. Station 112 does not have data: it sends the token to 90

112 70
-

b. Station 90 does not have data; it sends the token to 70

LAN Networks
c. Project 802 and standards

Token Passing in a Token Bus Network

70

Q

Q0
c. Station 70 sends a data frame to station 112

112 70 20

Q

d. Station 70 sends the token to station 45

11/10/2010
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LAN Networks
c. Project 802 and standards

Token Bus layers

LLC sublayer

O Transmission medium )

LAN Networks
c. Project 802 and standards

802.11 Point-to-point infrared LAN

15



10 LAN Networks
c. Project 802 and standards

Diffuse infrared LAN

Ceiling Ceiling
C [ L L
—r=a [—r=3 —r=3 = =]

a. Transmitting

b. Receiving

10 LAN Networks
c. Project 802 and standards
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10 LAN Networks

c. Project 802 and standards

IEEE 802.15: BLUETOOTH LANs

LAN Networks

c. Project 802 and standards
Scatternet

Piconet

& i

SlavelMaster

Piconet
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10 LAN Networks
d. Comparison of networks

Comparison of Standard Ethernet implementations

Characteristics 10Base5 10Base2 10Base-T 10Base-F
Media Thick Thin 2UTP 2 Fiber
coaxialcable | coaxial cable
Maximum length 500 m 185m 100 m 2000 m
Line encoding Manchester | Manchester | Manchester | Manchester

10 LAN Networks
d. Comparison of networks

Comparison of Fast Ethernet implementations

Characteristics 100Base-TX 100Base-FX 100Base-T4
Media Cat 5 UTP or STP Fiber Cat4 UTP
Number of wires 2 2 4
Maximum length 100 m 100 m 100 m
Block encoding 4B/5B 4B/5B
Line encoding MLT-3 NRZ-1 BB/6T

11/10/2010
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LAN Networks
d. Comparison of networks

Comparison of Gigabit Ethernet implementations

Characteristics [000Base-SX | 1000Base-LX | [000Base-CX 1000Base-T
Media Fiber Fiber STP Cal 5 UTP
short-wave long-wave
Number of wires 2 2 2 4
Maximum length 5500m 5000 m 25m 100'm
Block encoding 8B/10B 8B/10B SB/10B
Line encoding NRZ NRZ NRZ 4D-PAMS

Network Switching
a. Circuit switching

Switched networks

Switched
networks
Circuit-switched Packet-switched
networks networks
Datagram Virtual-circuit
networks networks

Message-switched
networks

11/10/2010
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11 Network Switching
a. Circuit switching

Network Switching

* Long-distance transmission is normally done over a
switched-node network.

® Nodes are not related to the contents of the data.
® The end devices are stations
e Computer, terminals, telephone, etc.

* A collection of nodes and connections make up a
communication network.

o Data will be switched from one node to the other.

11 Network Switching
a. Circuit switching

* Nodes may be connected only to other nodes.
* Node-to-node links are usually multiplexed.
¢ Usually, networks are partially connected

e Some redundant connections are implemented to
enhance reliability.

* There are two different switching technologies
e Circuit switching
e Packet switching

11/10/2010
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11 Network Switching
a. Circuit switching

Mainframe:

Personal
computer

Personal
computer

Personal
computer

Personal
computer

Network Switching
a. Circuit switching

Circuit switching

* Communication between two stations
* Three phases

e Establishment

e Transfer

¢ Disconnection

* Switching and channel capacity to establish a
connection.

11/10/2010
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Network Switching
a. Circuit switching

Circuit switching

¢ Inefficient
e Capacity of the dedicated channel while connected
e If there are no data, the capacity is lost

¢ Setting up the connection takes time

* Once connected, the transfer is seamless

* Developed for voice traffic (telephony)

11 Network Switching
a. Circuit switching

Public circuit switching network

fe) 13} Long-distance Long-distance
(] (o] office office
=—s 5 3 3 o
(o] (o]
(e} (o] (o]
End Office
' o} o (o]
1 : N/O (o] End Office
1 b o o 0 o O
.......... o} (o) o (o] O o
Subscriber Laop 8 8 8 8 o) 8
O (o] (o] o] (s} O
1 1 O
| : ] ' L 1
(I LR O !
Connecting Trunk Intercity Trunk ~~ ~~~""=""""
g Connecting Trunk
Digital PBX
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Network Switching
a. Circuit switching

Setting-up a circuit

b g1 End
office
c 5_ ........................
|Trunk |
™ Intermediate
.~ exchange
Trunk
End
office
d ﬁ_ -----------------------

11 Network Switching
a. Circuit switching

In-channel signalling

* Uses the same channel for signalling and for the call
e Does not require additional transmission facilities
* In-band
e Uses the same frequencies as the voice channel
e Can go where the voice channel goes
e Impossible to establish a call in a defective channel
* Off-band
e Voice signals do not use the whole 4kHz bandwidth
e Narrow-band signal used for control

Needs additional electronics
e Low signal rate (narrow bandwidth)

11/10/2010
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11 Network Switching
a. Circuit switching

* Control signals are carried over channels that are
independent from voice channels

* One control signal channel can carry signals to a number of
subscriber channels.
¢ Common control channel for those subscriber lines
* Associated medium
¢ (Closed common channel for trunk lines between switches

* Dissociated mode
 Additional nodes (signal transfer points)
e They are really two separate networks

Network Switching
a. Circuit switching

Example of a circuit-switching network

Circuit-switched network

B

kHz kHz

kHz kHz

11/10/2010
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Network Switching

a. Circuit switching

Example of a circuit-switching network

Circuit-switched network

4x8
switch

hakakala

T-1 line with
1.544 Mbps

=

2
a
2
a

4x8
switch

Network Switching

a. Circuit switching

Traditional Circuit Switching

Supervisory events
e.g., off-hook, on hook =~

SWITCH

Call
Procassing

587

SEEEE = B 2

£8.
78/

> Network

Request to generate progress
tones, e.g., ringback, engaged.
Instructions to establish switch
fabric connections.

Circuit

switched
frunks
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Softswitch
Media
887
gateway |
controller Network
A
i Reguest to generate progress
Supervisory events > PP tones, e.g., ringback, engaged.
e.g., off-hook, on hodk Instructions to establish switch
fabric connections.
Y
Media
gateway

Network Switching
a. Circuit switching

11

Network Switching
b. Packet switching

11/10/2010
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4k Network Switching
b. Packet switching

Packet-switching principles

¢ Circuit switching is designed for voice
communications.

» Resources dedicated to a particular call
e Many times, the time of a data connection is wasted.
¢ Fixed data rate.

11 Network Switching
b. Packet switching

Packet-switching basic operation
¢ Data is sent in small packets
» Typically 1,000 octets
* Longer messages are divided in a series of packets
* Each packet contains a portion of user data and some
control information
¢ Information control
¢ Routing (addressing) information

* Packets are received, briefly stored (buffer) and sent to the
next node (store and forward)

27



11 Network Switching
b. Packet switching

Use of packets

Packet-Switching

control information ’ Network o s — ﬂ_1
(packet header)
| I— —>
packet

Network Switching
b. Packet switching

Packet-switching components

|
i |
: Routing :
I processor |
: Input ports Qutput ports :
—;— Port 1 > Port 1 —J|+
' |
—H  Port2 > Port2 |+
| - Switching fabric - :
[ . . |
' |
—:— Port N > PotN >
|
|

11/10/2010
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Network Switching
b. Packet switching

Advantages

¢ Line efficiency
¢ The link between nodes can be shared by several packets.
e Packet queues are formed and packets are sent as soon as possible
¢ Data rate conversion
¢ Each station connects to the local node at its own rate
¢ The data buffer in the nodes must match rates
¢ Packets are accepted even if the network is busy
e Delivery may lower the rate

* Priorities may be used

11 Network Switching
b. Packet switching

Packet-switching technique

* The station divides large messages into packets
* Packets are sent to the network one at a time
* Packets are handled via two paths:

e Datagrams

e Virtual circuits

29



11 Network Switching
b. Packet switching

Datagram

* Each packet is handled independently.
* Packets may take any practical route.

* Packets may arrive in a different order.
* Packets can get lost.

* Packets are received for re-ordering and recovery of
lost ones.

11 Network Switching
b. Packet switching

Datagram
packet-
switching
diagram

11/10/2010
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11 Network Switching
b. Packet switching

Virtual-circuit packet switching

* Pre-planned routes are established before packets are sent

e The call-start request and the call-acceptance request require the
establishment of a connection for packet delivery

e Each packet contains a virtual circuit identifier instead of the
destination address

* Routing decisions for each packet are not required
* Clear requirement concerning circuit breakdown

* Does not require a dedicated path

11 Network Switching
b. Packet switching

)

Virtual circuit G

packet- 1 =

switching

diagram S

‘Gi'“‘““z“ “’E;@ﬁg&_;:
(3]
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11 Network Switching
b. Packet switching

Source-to-destination data transfer in a virtual circuit
switching network

Incoming | Qutgoing Incoming | Outgoing
Port | VCI | Port | VCI Port | VCI | Port | VCI
1 |14]| 3 |66 2 |22 3 |77

WAN

Incoming | Outgoing
Port | VCI | Port | VCI
1 66| 2 |22

Network Switching
b. Packet switching

Setup requirement in a virtual circuit
switching network

Incoming | Outgoing Incoming | Outgoing
Port | VCI | Port | VCI Port | VCI | Port | VCI

Incoming | Outgoing

Port | VCI | Port | VCI
1 |66| 2
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11 Network Switching
b. Packet switching

Setup acceptance in a virtual circuit switching network

Incoming | Outgoing Incoming | Outgoing
Port | VCI | Port | VCI Port | VCI | Port | VCI
1 14 3 |66 2 22 3 77
VCl=14

Switch 3

Incoming | Outgoing
Port | VCI | Port | VCI
1 66 2 22

Network Switching
b. Packet switching

Virtual circuits versus Datagram
e Virtual Circuits

e Networks can provide sequencing and error control
e Faster delivery of packets

« No need for making routing decisions
e Loss of reliability

« Ifanode is lost, all circuits through that node are lost too
* Datagram

e There is no call setup phase

« The lesser the packets the better the performance
e More flexible

« Routing may be used for avoiding congestion in parts of the
network
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Network Switching
b. Packet switching

Packet switching vs circuit switching

* Performance
* Propagation delay
e Transmission time

e Node delay

11 Network Switching
b. Packet switching

Schedule of events

(a) Circuit switching (b) Virtual circuit packet switching (c) Datagram packet switching
propagation processing
Ccall iela el call
request request
signal ‘_/ // packet
-
Call Call
accept accept
signal packet

Acknowledge-
ment signal

Acknowledge-
ment packet

link link link,

Nodes: (D @ @@ @ @ @ o @ @ @ ® @
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Network Switching
b. Packet switching

Frame Relay Protocol Architecture

|
Control Plane User Plane | User Plane Control Plane
1
Q.931/Q.933 : 0Q.931/Q0.933
User-selectable |
functions |
1
LAPD !
(Q.921) | LAPD (Q.921)
LAPF core | LAPF core
(Q.922) 1 (Q.922)
1
1
L.430/1.431 : 1.430/1.431
1
User (TE) ST Network (NT)

11 Network Switching
b. Packet switching

Control plane

¢ Between the network and the subscriber
* Separate use of the logic channel
e Similar to co-channel signalling for switching services
¢ Data link layer
e LAPD (Q.921)
Reliable control

Flow and error control
Between the user (TE) and the network (NT)
Used for exchanging Q.933 control message signals

11/10/2010
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Network Switching
b. Packet switching

User plane

¢ End-to-end functionality
¢ Transfer of information between terminals
* LAPF (Link Access Procedure for Frame Mode Bearer Services)
Q.922
e Delimination of frames, alignment and seamlessness

e Frame multiplexing and demultiplexing using addressing
fields

Each frame is an integer number of octets (zero
insertion/removal of bits)

* Frames are neither too short or too long
¢ Transmission error detection
Congestion control functions

Telephone Network Applications
a. PPP protocol

SWITCH
[ call . 887
Processing > Network
7
. Request to generate progress
Supervisory events | > IR R tones, e.g., ringback, engaged.
e.g., off-hook, on hool Instructions to establish switch

fabric connections.

78
5/ fabric
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Telephone Network Applicatidﬁs_—"""'—
a. PPP protocol

Topologla de RIP: Situacién B

172.30.3,0124

172.30.2,0124 102 1684 8130

50/0/0
172.30.1.024 192.168.5.0i24

Telephone Network Applicatioh's_—'
a. PPP protocol

Points of presence (POPs)

IXC A
Toll office

IXC A
Toll office

IXCB
Toll office

IXC B
Toll office
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12 Telephone Network Applications
b. ISDN service

Flon-1=S0rd Terminal

IEDMN Basic R ate
ircuit

LT
ISDM terminal ISDH
SwAtch
T ——
Actris S0 - U - SU
ISO M Primany Rata| LT

circuit
R ]
ISDHM \<

IS terminal

Actris T2 - TZ2E

12 Telephone Network Applications
b. ISDN service

ISDN Videp Endpoint1

A4

IP Network ISDN BRI

—=e O

ISDN Video Endpoint2

(,_/"'\

ISDN Network

Yoice Gateway Router
ISDN BRI

e,

ISDN Video Endpoint 3
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12 Telephone Network Applications
b. ISDN service

ISDN Physical Interface Diagram

Terminal Equipment Network Equipment
(TE) (NE)

Power
source 3

Transmit Receive

Receive Transmit

Power Power
sink 2 source 2
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