Lecture 5
LAN: Local Area Network

Reading: 4.3 Computer eee

Networks, Tanenbaum :'
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LAN Standards

e |EEE 802 contains many standards for LAN
technology.
802.3: Ethernet
802.4: Token bus
802.5: Token ring
802.11 a/b/g/n: Wireless LAN (Wifi)
802.16: WiMax.




Ethernet LAN e

e Layer 2 technology for communication in LAN,
iInvented in 1976

e Standardized in IEEE 802.3

e Ethernet LAN could have different speeds: 3 Mbps
— 10 Gbps
e Ethernet: 10BaseT, 10Base?...
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IEEE 802.3 and Ethernet Standards | ¢

Datalink & Physical Layers
Datalink= LLC + MAC

MAC: CSMA/CD in classical Ethernet
Several type of Ethernet

e Same MAC and frame structure

o Different rate: 2 Mbps, 10 Mbps, 100 Mbps, 1Gbps, 10G bps
o Different cable: Optical fiber, coaxial, twisted pair

application MAC protocol
PP and frame format
transport
network |~ 100BASE-TX || 100BASE-T2 | | 100BASE-FX
Im[( ' 100BASE-T4 ||| 100BASE-SX | | 100BASE-BX
physical | 2

copper (twister fiber physical layer
pair) physical layer °



Classical Ethernet

e Bus topology was popular in the past

e All nodes share the same communication medium. Could used a
central hub for connecting nodes.

Use CSMA/CD for media access control.
Use Manchester encoding at Physical layer

Use coaxial cable
Thick Ethernet: Max segment length 500m without converter
Thin Ethernet: Max segment length 185m without converter
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Switched Ethernet °

e Switched Ethernet (nowdays):
Star topology,
Use a central switch Ethernet

The switch outputs a frame only to the port linking to the destination
=» independent connection for each pair of two nodes

No collision
No media access control is needed.

bus: coaxial cable
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Figure 4-14. Frame formats. (a) Ethernet (DIX). (b) IEEE 802.3.
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Structure of Ethernet frame

Preamble

Dest.
Address

Source
Address

1 - m

Type

e Preamble: Marking the starting of a frame
e Address: Physical addresses of source and

destination

e O bytes

e Type: Uppper layer protocol (IP, Novell IPX,
AppleTalk, ...)

e Checksum: Error detection code. CRC??




MAC address and ARP

e |P Address
32-bit
Used in Network layer

e MAC address:

Used in Data link layer
48 bit
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000
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ARP and MAC address
Each network adapter has a MAC address
<+— 1A-2F-BB-76-09-AD Broadcast address =

FF-FF-FF-FF-FF-FF

LAN
? (wired or [_]= adapter
wireless)

71-65-F7-2B-08-53

58-23-D7-FA-20-B0

) 0C-C4-11-6F-E3-98
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ARP: Address Resolution Protocol| ¢

Question: Identify MAC address e Each network node
from an IP address (hOSt, router) has an
ARP table
137.196.7.78 e ARP table: contain
= 1A-2F-BB-76-09-AD mapping IP/MAC of
137.196.7.23 % 137.196.7.14 some nodes

< |P address; MAC address;

|
@7 LAN —%@ TTL>

71-65-F7-2B-08-53 ss0307-Faz0.80  ° 1 1L (Time To Live):

~20 min.
+~ 0C-C4-11-6F-E3-98
137.196.7.88 —
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ARP : Work on a network segment

e A wants to send data e A saves the MAC
to B on datalink layer address of B
but do not know MAC
of B

e A broadcast an ARP
package stating the IP
address of B

e B receives the
package with is
address and reply to
A with MAC of B

13



LAN (cont.)

Hub, Switch, Bridge | eee
o0




Devices of LAN

e Repeater, Hub, bridge and switch
All are LAN devices with many ports

e Repeater:
Repeats the bits received in one port to the other port
One network with repeaters = one collision domain

Repeater is a physical layer system.

e Hub:

Receive the signal from one port (amplify ) and
forward to the remaining ports

Do not offer services of datalink layer
Layer 1 intermediate system
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Hub=Multiple port repeater
Single collision domain

16



Devices of LAN (cont.)

e Bridge
More intelligent than hub

Can store and forward data (Ethernet frame)
according to MAC address.

Bridge breaks the network into two collision domains.
Layer 2 intermediate system

e Switch
More ports than bridge

Can store and forward data according to MAC
address
Receive full frame, check error, forward 17



Bridge

hub

Two ports systems

bridge

hub

- Forward MAC frame from one port to the other based on MAC address

- Create two collision domains
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Switch

e Allows multiple node pairs C’ B

sending data in the same time
E.g. A-to-A" and B-to-B* 1
6|X 3

without collision

Each link is an independant 5 \4
collision domain
e Switch has a table of MAC @ C
B’ X

addresses showing which
node connects to which port

(MAC address of host, port
index, TTL)
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Switch: Self learning ol o?
mechanism // Desti A
e Switch learns the MAC

A |
address of all hosts ¢ B
connected to the switch @\ 1 z/@
6 2 3

e Forwarding table |
"\
@ m
B’ N

20
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Switch: forwarding mechanism

When receiving a fram
1. The incomming port and MAC associated is learnt

2. Looking for outgoing port based on destination MAC
and forwarding table

3. if outgoing port is found
then {

if incomming port== outgoing port
then destroy the frame
else forward the frame to outgoing port

}

else broacast the frame

21



EX:

e Outgoing port
unknown: Broadcast
e Know A:

Direct transfering

(Y X )

o000

Y )
e DA

’

MAC addr

interface

TTL

A
Al

1
4

60
60

Forwarding table
(empty initially)
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Connecting switch in cascade

e Switches could be connected to eachother

=5,
S

e @D/ @F @I

e Switches in cascade uses also self learning
mechanism
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A typical LAN

Connect to
outside




Wireless LAN




Overview of 802.11 LAN :

e Include base station =
access point) and
stations with wireless
network interfaces

hub, switch ® Base station mode

hay router e Basic Service Set (BSS)

> » wireless hosts

/ » access point (AP): base
E2 (E .
[ [ station

N E) [ Ad hOC mOde

L] L]

e Stations pay also the
BSS 2 role of AP 26



3
:.
Standards
e 802.11b e 802.11¢g
» Band 2.4-5 GHz (unlicensed e Band 2.4-5 GHz
spectrum) e Maximum speed 54
o Maximum speed 11 Mbps Mbps
e 802.11a e 802.11n: use multiple

antennas (MIMO)
e Band 2.4-5 GHz

e Maximum speed 200
Mbps

e Band 5-6 GHz
o Maximum speed 54 Mbps

e Employ CSMA/CA for multiple access control
e \Working in 2 modes : base-station and ad hoc

27



802.11: Chanel and connection

e Band is divided into 14 chanels spaced 5MHz apart.
Europe uses 13 channels, America uses 11
channels, Japan uses 14 channels.

Admin chooses a working frequency for AP (may
leave AP to choose automatically)

e Station: need to connect to an AP

Scan channels, listen to initial frames (beacon
frames) containing the ID (SSID) and MAC
address of the AP

Choose one AP.

28



Scanning mechanism: active/passive

BBS 1 BBS 2
@2 &
AP 1 ‘ A ap2
A/G)‘
/@’
H1

Passive Scanning:

(1) Beacon frames are sent from APs
(2) H1 send a connection request to
AP2

(3) AP2 accepts the request

BBS 1 BBS
& E
AP 1 A Ao
-7

H1

Active Scanning:

(1) H1 broacast the request to find
an AP

(2) APs reply with their information
(3) H1 send a connection request to
AP2

(4) AP2 accepts the requests
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IEEE 802.11: Multiple access 1T
control

e 802.11: CSMA
e 802.11: CA — Collision Avoidance

o Itis difficult to implement Collision detection (CD) in
wireless environment.

e In some cases, it is even impossible to detect the collision :
hidden terminal, fading

a2 C2 @2

T o G He
) = .
\(@ A’m C’ s signal
/@/ B st "eng‘rh \ STr‘eng‘rh

space 30




IEEE 802.11 MAC Protocol: CSMA/CA

Sender

the channel is available during DIFS time
Send the entire frame (no CD)

channel is busy DIFs{
Starting random back-off (waiting)
At the end of back-off time, send data

If no ACK is received, double the back-off
time and try again.

Receiver [sTFs

Sender Receiver

receive well a frame
reply by an ACK after SIFS

DIFS: Distributed Inter Frame Space

) 31
SIFS: Short Inter Frame Space Why need ACK®



Avoid Collision mechanism

|dea: Sender can reserve channel without random access=>
avoid collision for long frame

e Sender send frame RTS (request-to-send) to BS using
CSMA

e RTS may meet a collision (with low probability because

the frame is short)

e BS broadcast the frame CTS (clear-to-send CTS) to answer

e All stations receive CTS
e Sender send data frame

e All other stations has to cancel the intention to send
frames.

Avoid collision thanks to the reservation
made by small size control frames

32



time{

3t
O
Collision Avoidance uging RTS-CTS
2 (CC'\? @
o ArP B
RTS(A) RTS(B)
reservation collision
RTS(A)
CTS(A) CTS(A)
DATA (A)
defer
ACK(A) ACK(A)
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802.11 frame: Addressing
2 2 6 6 6 2 6 0-2312 4
frame . address | address |address address
control (duration| = 5 3 . osr?tqrol 4 payload CRC

Address 1: address of
the destination

ﬂx

Address 4: Using in
adhoc mode

Address 3: MAC address of

the router attached to the

AP

Address 2: address of the source

34



802.11 frame: Addressing

55
[55

&

&

&P

A

Internet
R1 router
55 55
[ R1 MAC addr |AP MAC addr 55]

55

dest. address

AP MAC addr

H1 MAC addr

55
R1 MAC addr ]

55

address 1

address 2

address 3

802.11 frame

source address

802.3 frame

35



000
o000
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o
802.11 frame
_ _ frame seq #
Durat7 of the reservation (RTS/CTS) (ACK)
2 2 6 6 6 2 6 0-2312 4
frame . |address |address laddress| gegq |address
control duration 1 5 3 control 4 payload CRC
2 2 - 1 1 1 1 1 1 1 1
Protocol To | From | More Power| More
version Type Subtype AP AP | frag Retry mgt | data WER | seve
frame type

(RTS, CTS, ACK, data)
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Mang truy nhap s dung
cap quang




Mang truy nhap :

Mang truy nhap thu thap dir lieu tw phia
ngwdi dung va cung cap cho mang 16i
Céc dich vu phd bién t phia nguwdi dung
bién thoai
Mang tryén hinh cap

Truyén di liéu. Vi du trén nén dwdng truyén
dién thoai (xDSL) hoac cap quang.



Kién tric cia mang truy nhap | ::

‘/1 \Il

@
77777 Nll'

NIU

Feeder network Distribution network

Figure 11.1 Architecture of an access network. It consists of a hub, which is a telephone
company central office or cable company head end, remote nodes deployed in the field,
and network interface units that serve one or more individual subscribers.




Kién tric mang truy nhap

Hub
Nam phia nha cung cap
NIU: Network Interface Unit
Nam phia nguwdi siv dung
NOi v&i 1 nguwdi dung hodc 1 doanh nghiép
Remote Node
Trong mang l:?roadcast, RN phan phoi div
lieéu tv Hub dén moi NIU
Trong mang switched, RN nhan di lieu tw
Hub va phan phoi cac luong khac nhau dén
cac NIU




Phan loai mang truy nhap

Céc loai mang truy cap phd bién:
Mang dién thoai
Mang truyén hinh cap
Mang di¥ liéu st&r dung cap quang



Mang diéen thoai noi bo

S dung cap xoan

CO = Central Office (USA) or Local Exchange (EU)

C—
]
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(ofe] TPs = Twisted Pairs
(copper)
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Mang truyén hinh cap

Dung cé cap dong truc va cap quang
- Hybrid Fiber Coaxial cable: HFC

HE: headend
— J‘Ll- N
o
/ \ >
mo O
Fiber Amplifier

VY VY




Mang truy nhap quang: FTTXx

D@ liéu dwoc truyén trén cap quang trong mang phan bhoi
(distribution network) cho dén ONU (Optical Network Unit)
Mong mudn: Cap quang dén gan thué bao nhat
FTTCab (Fiber To The Cabinet): Cap quang két thiic & mét
cabinet, dwdi 1km cudi dén thué bao dung mang phan
phdi cap dong.
FTTC (Fiber To The Curb) | FTTB(Fiber To The Building); ONU phuc
vu mot s6 thue bao (8 to 64); tv ONU dén NIU dung cap
doéng (dwdi 100m)
FTTH (Fiber To The Home); ONUs thuwc hién chirc nang
cua NIUs;




Mang truy nhap quang: FTTXx

Central office (Cabinet Curb Home

CO RN =2 ONU| » NIU| FTTCab

0 Je——— RN =2{0NUf (MU

~——  Fiber ¢ Fiber ——\ Copper  ——
m"_—_—'_:j RN »I ONU [@o= ﬂ\n] FTTC/FTTB
\ r ‘¥A_,§ k______/ \ /

— |
((»34:1-1\1 »| ONUNIU | FTTB/FTTH
bl L ,

Passive optical network (PON)

Figure 11.5 Different types of fiber access networks, based on how close the fiber gets
to the end user. In many cases, the remote node may be located at the central office itself.
The ONUs terminate the fiber signal, and the links between the ONUs and the NIUs are
copper based.

. PON: Passive Optical Network: gi(ra CO va ONU
. ONU: c6 thé la modem quang.



Mang truy cap FTTx

Exchonge

FITB - Fiber-to-the-building
FITC - Fiber-fo-thecurb
PON - Possive optical network

YDSL - Very-high-speed digital subscriber hine




Kién tric AF (all fiber)

Mot cép cap danh riéng noi CO truc tiep voi
moi ONU

Gia thanh ti 1& v&i s6 ONU va chi phi bao tri
cap

St dung trong pham vi nhé nhw doanh nghiép

Solution with point-to-point fibre Solution with fibre in a ring

)

cable > ON U

é

AONU

ONU



AON vs. PON

Remote Note (Distribution nodes) chia di lieu
vé cac dich.

AON: Active Optical Network

- la mang st dung céng nghé chua déng

(Remote Node tiéu thu dién)

- Remote node phan tich va dinh tuyén riéng
cac goi tin theo dia chi dich

- Khodang chay céap co thé dai dén 100km

PON: Passlve Optical Network

- La mang st dung céng nghé thu déng,

(Remote Node khong tiéu thu dién)
Remote node (Splltter) khéng phan tich ma
chi 1ap tin hiéu trén tat ca cac cong ra

- Upstream: MUX ttr cac ngudn khac nhau
bang TDM (TDM PON) hodc WDM (WDM
PON)

- Khoang chay cap gi¢i han 20km

Active Optical Network (AON)

Routed
to 500 ONTs.

\

ABC—>

]
up to 70 Km ! up to 20 Km

Passive Optical Network (PON)

Split
to 32 ONTSs.

up to 20 Km

Key: A - Data or voice for a single customer. 0 - Video for multiple customers.




EPON: Ethernet PON

e EPON: PON van chuyén di¥ liéu 1a cac frame
Ethernet

. Chiéu xudng (down stream) Ju M B EI
. Quang ba di¥ liéu chung &

802.3 frame

[[resse ["povoos

Figure 8-6. Downstream traffic in EPON.



EPON :

« Chiéu lén (Upstream): don kénh
theo thoi gian (TDM) trwe tiép cac
goi Ethernet cia nguwdi dung tr cac
ngudn khac nhau vao két ndi chung
OLT-RN

« EPON thubc loai TDM PON

time slot

[[[eocer]_povocs Jrcs

Figure 8-7. Upstream traffic in EPON.



GPON: Gigabit Capable PON

e GPON c6 thé dung dé tai nhiéu di¥ liéu khac
nhau: Ethernet, ATM, voice ---
e D{¥ liéu tr OLT dén ngwoi dung chia sé kénh
chung gitra OLT va RN
Downstream broadcast
Upstream TDM
Cac goi dwgc dong trong khung di ligu GPON co
trwong dinh danh nguwoi nhan (chieu
downstream), ngu®i giri (chiéu upstream)

51



WPON (WDM PON) 13

o DPuoc phat trién béi cac cong ty, chwa chuan hoa
o M®Gi ONT str dung mét bwdc séng dé truyén dir liéu
o Remote note 1a AWG thiét bi cé kha nang tach ghép cac budc

séng, thwe hién MUX/DEMUX theo buwéc séng chiéu xudng va
lén.

e Thubc loai Wavelength routing PON

Central Remote
office

node

dernrvavinyg

i R :
}iﬂ ONT #N

e *



