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LINK LAYER

Travspsit layer: PeOCess —fo-procets  Cpurt)
Netwoxe (maer-. Wwosk - Yo -Wosk  C\P addvess)
* Link  layer: node-{o-node
* Node: onyy device ot runt \ink lager protocol
Broodeost tnannels &  point- Jo-point (PPP)

\ink loyer ML

header oprkicpram
link
3w w
host hott

Nodes: ‘wosts, vouters, \ink-laper Switches, Wifi access points
Links: ommunitarion chawnels Yok (ownect adjocent nodes
Do\‘\-aamm enapsulated W \ink-layer frome

Host

Application
Transport
: CPU Memory
Network
Link ﬂ ]
h‘l T Host bus
¥ (e.g., PC1)
Controller
Link I’ _____---—-{—Network adapter
Physical
Physical
transmission




* Tn hosts, implemented in network adapter/Networe Intecface (ard (N1E)
Combirafion of hw, Sw, bw

Link

Lawer Sevvices

Encapsulate dotapmm within ini-layer frome
Oodo field: dodopcom + neoder ficlde
Frame shfucture degends On Unk layer prototol

Medium Access Control CMAC)  protocol specifies vules Fof frame 4o
be Aomsmitted onto \ink
Point - +o -point ¢ broodcast

Adoowledoements & retvomemissions

Used with links prone o high erver (otes (wireless)

Avoid end-tv -end  felvovmsmistion

Unnecessary overnead for low bit-errsy \inks (fiber, wox eve)
Not provided oyy many wired Uwi-laper peotocoic (Evnernet)

Rit ervor derechion
Erroy-detecHion birs
(orrection ; defeds & tovrvecks ervovs

Vo\cmg) between odyocent se,v\d'ma f veceiving modes

Half: nodes of both ewds @n Iawtwit, but ot simultaneousiy
full: wodes or looth ewds can dromswit Simultaneously



Erroy Detection

EDC: ervoy detection and  Ovyeckion loike
D: data Pfo\—eded bﬂ ecrsy OI\QUL\'W:)

datagram |__datagram
otherwise

all
bitsin D’ Ny

oK detected
f— d data bits ~! ; errer
1
I D [€eoc ] | o’ [eoc]

* Erfor detection tednnigues: parity checes, dnecksums, eyclic redundancy
thecks

[ ?ar{hd chec\u‘nﬂ

- Siva\e Bix Even Parit
© derect Sinale Lt ervove
* number op 's: odd —?nﬁhd bit | ,wev\—?ari&“ ot O
. poxH bk dhosen suth twat totol vo. of 1's « even
n detect if odd no. of bit errere Wave occurced

0111000110101011 | 1

'\?ar'\’rn bit
= Two Dimensimnol i+ even Pority
. w"” vow Y tolumn hat parihﬁ bite

row parity
diy 0 dy |dyg
d2’1 e dz,j dz'j+1 L rOWS
colu"!""' — . I s
parity Rhety, o dm,j ’di»l,jd’ total ?ariq
\——v—)

J columns



xample:

noerrors: 10101]1 detected
11110/0 and
011101 correctable

single-bit
error:

errot n ?ari% bits detredtable

10101

14813 6

parity

1YL iluU

01110

error

Ol @ =

0(3101

parity
error

wan detedk (not corredt) (ombination of erreve

forward eror corvechon (FEC)

http://gaia.cs.umass.edu/kurose_ross/interactive/

* UDP: Vs complement of sum passed a§ dnettum Clo-Bit i)

- No of data bixs: d= D+R

* 61 Wik podtern known 4o sender and receiver Cte@

called oenerater bite

G| p divisimnm 5 remander

bi¥$ appended to

ewd 0f D to wake D divitible \o3 & Cperderm xo@

G is of T bixt Cmust Srark With 1)



© Modu\ar  arithwatic Coddition = suworackion = XOR) j
no ries and  borrows

- <D R divided by 6 o cecoivery if  remainder
i not zero, then emmuy 1« detecked

Can deteck exror bursts of fewer than €+l bike
probolbility of ercor buret >+l bis = |-05"

D N

N 4
d it

<DR7=Dxa XOR R

§. D=lolo d= 6 bitg Q=lool ¥v=3

At sender:
toyyo ( |\
(oO|| 00O
l o0 (| |} \
L S
oo\0|0l D¥a
| oo | J
OO0 | 100D
| 60 | v
O(o)oO
1oo |
0 o

sender send¢ D,R7 = loOIl|O



Link La%er Sw\\'ch'mq\v

Hub § dwitch : physicdl & link  layer
* Switth brood casts messooe with \P oddress in header

Hosts will AL € destination 0ddress waatthes ond  Switth
‘learn® e link

Alter learnivg destination P addvest, switth no (onaer
broad casie message

* Hub alto broadcasts message initially, like switth 5 hub does
not  maintain Stote | +able (Works on \ats, not Howmes)
(co\\ision domainy

Hub does nor ‘learm’ owd alwoys  broodcasts messag es
fo LAN hoske (does not store MACL oddesses)

o Switch: 5 Swikh -able (brondeasy dowmain)

« Conn obsevrve own  citco packer +tvacer

MULTIPLE ACCESS PROTOCOL

AF on iven ¥me | ov\\w one host can send
doata on Sshaved link

Checks if  cthannel '« buﬂé 6 idle Ccarrier sence)
Avoid  collisione

for broodcagt \inks



© Given: Broadeast [ Multiple. Access channe] CMRC) of cote R bps
TE only one node wanks 4o send dota, vore of &
IF M nodes wank fo Send daka, avy vote of R/M
- Fully decentralised

Three Brood Closses

- divide channel ivnto Hme/ mq/uenc Slotg
eadh tlot ollocated Yo node for exclusive wse

Collisions allowed ; vo divisigng
Muet rvecwover Lrom  ollisims

nodes +take rurne
- lov\@er Yuns  for nodes W move  data

Carrier Sewse Multiple Becess CCSMAD Protocol

Listen +o channel betere kmmm'\-H-Ina— carriel Sevxsiaa

- T8 idle, answmit enirire foame
If vot, do ot tvarimit | stop fansmitting — collision detection

No in-\-erruyﬁna



- (olnsions can sV occur i€ two hosts tence dle dhannel or the
some fime or if o host has wot yetr veceived loropdeatt— daonnel

propaaohion delay

« Lollisiomg watke Xime ond vandwidth ; thould Stop " ollision
detedred

CSMD) ¢cD

Wit collision  detection ; colliding HOMEMISSINS  albow ed

Space

c B A

,,,,,,

CSMA CSMA LD

. NIC /odopter receives datagmwm from networl layer & creates
frome

2. I8 idle: franewit ; i€ busy: waite unkil & senses no signal enerpgy

3. While transmitting, odapter monitors cthamnel £or presence of signal
enero

k. If collisim detected, obork ond send ‘yawm si%v\a\ oLl
Yo Sender. TE not, frame trantwiicsion tomplete.



S. p,;mrn Cexponien hal) ook off aloprithm — )
- Afler m™ collision, NI cnooses 1L &ram §0,1,...,2™1}
= N\L wait ¥ Sla bit Yimeg (¥ime taken to Send 5\ bits
info the Tthernet ¥ \Q, eturng Yo s\-e? 1 (_vxsi(\s \o?s)
- AS W inoreases, backotl increoses
E@(‘(c(em%
Ypcop : MAX prop o\ela\o between & nodes ‘w LAN
Coong © Hime fo tanswmit  wax frame.

eFQ(o(eV\uJ - —/L z l

L+ 5 'tP"°P/'ttravu

Re \‘.Pﬂ,f, —0 , n- 1

Better Hraan ALOHA Cdecentyalised)

MAC/ LAN) EXnernet  oddrest: 4§-lok oddress | usually ‘sumed
in NIC ROM, sowmerimes Software Seffable Cnot advised)

Unique oddvesses - manoged oy IEEE 5 manufacturers
must buy block of  addresses

MA C: wmedion Occess Condvol



63)" \A-2F-BB-76-03-AD

1A~23= FQ CD-06~-9B

\_-_--—:_;.-’Z-"—-

5C-66-AB-90-75-B1 88—B2—2F754—1A—0F

| / o vv
@F e -

* MAC: flar oddvecs 5 can wove from  pne LAN to
onother pnlite (P addresS (not  hievaroniaal)

Broodcost oddress: €F-FF-CF-CF-CE-6F

Address Resolurim Protocel CARP)

* Link \ay)er-. aevice +o device

ARP Yop\e : eveno \P node C(hotk_vowrer etc) on LAN '\ag
i¥¢ own ARP Yable

+ \P/MAC oddrese mappinac for tome LAN nodes
© TTL: ofter whith mapping forgotten  (~20 mined

<P addr; MAC addrs, TTLY



1A-23-F9%-CD-06-9B
/
1P:222.222.222.220 ﬂp—
E=c

88-B2-2F-54-1A-0F
IP:222.222.222.221

U
|/ - fomiin,
IP:222.222.222.223 EF | P\ \

=

="

5C-66-AB-90-75-B1

g

¢

49-BD-D2-C7-56-2A

/
IP:222.222.222.222 mp—
— A

E%'- A woanks 4o dend olod'aﬁ(om o B
© IF Bls entry not in ARP fable, it i€ broadtasted
- B broadcatts ARP query tontaining B¢ 1P addr
* Destinohion  MAC: boropdeast FE-FF- FE-CE-FF- FF
* AL nodes on LN receive PRP quer
B sende vesponse wwh M adde 4o A

ARP Toble of 6‘”’0\2&3&2?;«0

212.211.212.22 88-g2-2¢ -S4-1A-OF 00



With Router - acrots Subnete

- A wknowe ® addvess of Firot- -hop router
¢ ARP for all router interfmces

MAC src: 74-29-9C-E8-FF-55
MAC dest. E6-E9-00-17-BB-48
P src: 111111111411

IP dest: 222 222222 222
IP
Eth
Phy

" R /5*13

111.111.111.111 .
74-29-9C-E8-FF-55 —_— F— 222 222222222
q I 1 49-BD-D2-C7-56-2A
%.—--‘ 222.222222.220 \ f
1 1A-23-F9-CD-06-9B 1
111.111.111.112 111.111.111.110
CC-49-DE-DO-AB-7D E6-E9-00-17-BB-4B 222222222221

35.52.27 54 1AOF
ETHERNET

* LAN tedhnology 5 first widely used , dominank

* theap, Simple, fagy  (502.3)

Phusical  Topologu

Bus: all nodes ™ same ollision domain ; A0s
* Switched: Qctve switth w centre  Cliak lagerd 3no  colliding
' % bug i—%—% swikthed




tthemet Frome  Hrructure

4 da\’uamm
type/ A —

)

L f I

t T T —i
ble-bit kg4t US-bit kb +o lS'OOAbu\'LS 32-bit
7 L. 2ero paddin ervey gekection
\ MAC bt 0 lece Hhon
of
Preomble edem

" Synchronisec sender & veceiver clock rates
© 7 loytes of l0l0(010 Followed \on one ‘o@—e of 1001011

T\ove,
Hi@her Cnetwovk) louaer protocol Ceq: P
" IP,Novell AppeTolk, ARP
Demuy 0k recewvey

Unreliale Connechionless

* lonnectioniess: wo handshaking between NICs
* Unrelioble: no  Atks[ NAks; only higher lawer protocols ""‘9‘6

§02.3 Gthernet Standavds : Link ¢ Phusial Layexs
mulhiple occess dhannel

7/— ProYocol — CSMA LD
prr——— MAC protocol
Bb and frame format
transport
network |~ " || 1008Ase-Tx | | 1008AsE-T2 ||| 1008ASE-FX |
link -~ | 1008AsE-74 |[| 1008ASE-SX | | 1008ASE-BX |
physical B 5

/

copper (twister pair) physical layer fiber physical layer



SWATCH

Link loyer device, ockive
Store § forward ethemet Frames
No Lov\%‘aumﬁm for switthes ; transparent o Wosts/ roukers

+ Full duplex, no tolligiont

switch with six
interfaces (1,2,3,4,5,6)

Switth Tovle

Switch table MAC addr |interface [TTL
(initially empty)

A 1 60

Interconnedtt n@ Switches

All gwitthee n one nedwork 5 o“‘b routreve .se?am’m
out nehwer ke



wdhin  si r\ta)\e nehaovie

. Suwose frome with destination oddress  DD-DD-DO-DD-0D-DD
orrives via inrerface x Yo 0 Switth

* The switth indexes switch Yavle for address DD-DD-DO-DD-DD-DOD.
Three possibilities

® No enbry fox oddress DD-OD-DO-DO-DD-OD
- Switch forwards copies of frame +to oll interfaces except
i\r\comina interfoce x
- Broodcast

(D) E,n’md for oddress wivh inrerfoce x
- Frome coming from (AN sepment ontaining adapter
DD-0D-D0-DD-0D-DD
- Filter frame out ; ditcarded

@) Entry fof 0ddress  wikh intrecface R
- Frame forwarded +o LAN S%\N\Qn\' ottached +o inverface

- \?orwam\ frome



SeLf- LEARNING  SwITCH

* Toble Longtvucted au’mmo\*\'ca\\od
Tob\e inﬂ'\'a\\“ empty

* For each incovn‘wa frame, entry odded 4o table with MAC Addrege

oe frome's source address, interface as incoming interface and +the
wrrent Hime

© After o \nr‘mo\ of Xime Logjng Hwe) twitdh deleres outdoted
eniYies

* Pug ¢ play  devices; no wnfiguration required

Switth ve  Rouwter

Switthh Router
- link lager © netwotlk  layer
tomechion of devices + townechion of" networks
Switdn rolde: forwardi - fouking +able: \'OU\-HMA
uging fovding, MAC addrerses olgoriFame , IP addrecses
Host Host
| _::r--' (===
Switch Router
Application e AT Application
Transport f a \"' =t Transport
Network " Network | Network
Link r Link 1 Link Link
Physical = /' Physical 4 Physical Physical




A DAY IN THE LIFE OF wWeB REQUEST - skim -\'V\rovxa\n

* Loptop ov intdikuhional netwerk maokec vequest +o
Www . 4ooo|e. Com

comecast.net
School network DNS server
68.80.2.0/24

00:16:D3:23:68:8A 68.87.71.226
68.85.2.101 =

Comcast’s network
68.80.0.0/13

00:22:68:45:1F:1B-. 7

\.':(.

Google’s network

64.233.160.0/19
www.google.com | £ q] / ol
Web server * = <V
64.233.169.105 IJ >_{ /

@ Laptop rume DHLP protocol +o obtain 1P oddress from local
DH(P server (ossume mvmm% wWitWin Yhe router)

I Laplop OS creates DHCP request mestage ond puis message

Within VDY se.%men\' with destrination ?or\— 67 CDH(P server) and
source ?oﬂ— 68 (DHCP clieny)

2. UDP sepment placed intide P dotonram with broadcast 1P
dettinahon oaddress (25€.25C-2sC.258) and Souvce \P of 0.0.0.0 ae
laptop does not Wave an \P oddcess yer

3. P o\a’rmsmm ?\uced wngide Ehernet frome with desHinarion MAC
oddress ¢6-CF-FF-FE-FE-CC(so vmat frome broadeastc 4o ol nteraces)
and Source MAC oddress equal fo Wott's MAC 0ddress (00-16-D3-23-6¢ - 8A)



0.

.

The broadcast Ethernet frame s the ficsy frame sent by the
hott laptop Yo the swikth ond the frames & ‘orond catted +o
ol ovﬁ-ao‘mg ports of the switch, Mc.\v\dif\o‘\ twe vouter

The frame s veceived oy e vourer on interface with o spedfic
MAC oddrecs (00-217bB-4S-1E-1B) ond ik extocted

Dofagram's destination P address '€ e Lrondwast oddress, which
indicates Waok ive dotogfam needs to be processed by DHCP
server (upper \awer protocok of the vouten

Datagram's pagload demultipiexed Yo odkain and
DHCP request mestoge edtvocked

-Suwou DH(P Server ¢ O\lowed Yo ollotake addresses withwn ¥he

bock 68.85.2.0/2% and DWCLP cterver olocates address
08.25.2.(0\ to host \aptop

. Server creates tontaning \P address of \ost

(68.85.2.100, \? address of DNS server (66.81-71.226), 1P oddcess of
defoulr goieuday vourer (62.25.2.1) and e Swoner block| networt
mogk (66€.8.2.0)21)

DHC(P ALk Message pur ingide UDP segment —> 1P datagram —>
Chemer trame wita Source MAC oddress equal fo routers inverfoce
‘o otttk Subnet (00-201-bB-US-IF-18) oand dettinaion MAC address
equwal ko \host's MAC oddvest (0D-1b-D2-23-6R-8RA)

tthermnet rame sent o swivth ond Yhen forwovded Yo otk (self
\eam‘m@

. Host receives frome and extracts \f o\am%mm - VUDHP su‘»)mevw —

DH(P ACL message



2. Hosks DHCP clieny Cpory 68) records WS \P oddfess and DNS

.

server’s 0 addess

Host instolls oddcest of defaut oeway into it 10 forwacdin
fabvle where all o\a\-%mw\s with  dethinaion 1@ oddress owtside
of s Subnetr wil\ ot for worded Yo

@) DNS protocol 4o ovtdin 1@ oddress of WWW . 90opjie. Com

16.

16-

%

20-

aun.

08 creares with s’nr'\r\% www.%ooa\e. tom 0S
c\,uzsh'm (Wost)

Messone placed w UDP Seament with destiradion port 53 —
with destination address 68.-87.7(.226 CONS Server oddcess
rerumed m trep 9) and Source P oddress 68.25.2.101 —

. Ethemer frame needs to vrun PRP Yo find MAC addvess of Qo&euomd

Youwter usma \¢ oddress 66.85.2.1

Host creates mestane with Yarget ¢ address 6%.6C.20)
ot default qateway ond places within wirn
broodcast destinahon Oddress CF-FF-FF- €6 FF-FF LOWICA geke celivered
‘o o\l wonnected devices

fcame received ox gokewoyy vouter, ARP toble dnedied,
prepared with MAC- M\’P‘“’ﬁ""’ sent Yo cwitth and
en Wosk

Hosk receives ARP veply owd extocts MAC addrese

Einernet frame Contaning ONS guery oddrested to goakeway Touter's
MAC oddrese awd Sent Yo Swikch



i) Trnira- domain 'rom—‘ma

22. (:\M-Ma“ rourer veceivec DNS fyawme — P O\O\M%VAIM o 100kS wp
Aethnokion \@ — Unets -Qorwardina table and placed wide Unk
\alau Kome — tent Yo nextr  couver

3. Forwoarded Yo DNS server over hope

b (P ow%mm arrives o+ ONC sevwver — ME&Sabe owh \oows Up ame
www. 0000€-Com W datmbase, Binde vesource fecord , Forms
mectage —> VDl — \P and foured boek o hogy

V) Web Chewt-Server Tmrerachon

as. Mot C(remves , Pperformt Yaree-way handthake with TP
W Qooe.com CTCP SYN , povt 80, arcives ar aoonle  povt 8o,
TCP (onnechion sowker created, TCP SYNALL senk batk)

ab. Host creaves messone with  LRL WWW.ﬁooa\e.(_om 5 Wrirken
Wio sotcer —> paylood of TCP sepment i GET mestone —> 1P
D\Muﬁmm onA tewt Yo www-%ooﬁe. tom

0. Server creates vespowce, places webpoae tonvent in body of WTTP
fesponse, senr to TCP SouLet

2. Dofopom sent o hott , wel lorowser veads, &xvace himl,
displays  welopage



PHNS\CAL LAYER

" Phytical divtuit ; havdware — media, civeuitry onnectovs

* Converys frowmwes Yo electvical pulses

* Retpontide for specifiging prycicnl wedium, signa), bits

U

)

communication channel

tronsmitter receiveyr
TCP/IP model Prolocols and services 0S|I model
4 N ‘ ="
HTTP, FTTP, Appicenan
Application Telnet, NTP, Presentation
DHCP, PING p—
'y B | N ession
Transport TCP, UDP Transport
Nefwork IP, ARP, ICMP, IGMP Nefwork
Inrerfate Emernet Phgsmal
\ R R T

Hardware (owmponents

© Networt odaphers, netwert interface carde

+  (onnedters

Coble wateriale



S(g\r\a\\il\g
AU dota w 0's and \E

Manchester encoding: 1 — low Yo Wigh, 0 —high o low
(not o.\wmos a¥r bit boundaries)

Encoding! 1[0 [ 110fof1[1]1]ofo]1] Physical Layer

Signaling JuUuuruUurue_ /

v Media

Daton C(orrwing C(apa city
\V RS ] Y v

© Bandwid¥n: capacimo{: medium Yo torry dota W O oaiven
amount of time — ?\r\c&sim\ properties, siam\\ine) wmethod CHheorehical)

* Througjput: peackical trantfer vote

* (oodput: transfer vote of usable Wits

ANALOL & DIITAL SIGNALS

Siavm\: elec’(romabﬂeﬁc waves ¢ electrical cavreny mrr\bwb
doto



Ar\a\og

© Transducer cownverts V\A\ﬁcicad si@r\a\ to uvm\oa :tﬁvw\l

Message (sound, light  Electrical Eectrical Message {sound, light
picture, words, etc.) signal signal picture, words, etc,)
Information l »{ Input l Transmitter #1 Channel 1 Receiver Outpot l #|Destination
Source Transducer Transducer
Noise

© Tnfinite number of values ; wove interference OwA ervove

Digﬂu\
+ Distrete values (0 awnd \s)
+ Sequence of Voltage pulses

© Uneaper, fess inrevferewnce

- More attenwation than ow\aloa

Data
transmittted: 1 0 1 0 0 1 1 0 0 1 1 0 1 ] 1

Signal:




Troangwmistion  Media

© bwided ond uV\bu‘\o\ed (see  wunit 1)

© Repeaters, amplifiers wsed

* Twitked poir, arial cable, flore ophcs, wireless

: - Maximum
Specification Segment Length Connector
10BASE-T CAT 3,4 or 5 UTP (4 pair) 100m RJ-45
100BASE-TX CAT 5 UTP (2 pair) 100m RJ-45

100BASE-FX 62.5/125 multimode fiber 2km

1000BASE-CX |STP 25m RJ-45
1000BASE-T CAT 5 UTP (4 pair) 100m RJ-45
! 62.5 — 275m
1000BASE-SX |62.5/50 multimode fiber 50 — 550m
62.5/50 multimode 62.5/50 — 550m

1000BASE-LX g micron single-mode fiber |9 —10 km

1000BASE-ZX |9-micron single-mode fiber |70km

10GBASE-ZR 9-micron single-mode fiber |80km

Optical Fbre

D Multimode rep index
* total interval veflection of \ipn\ within  Cable
. 16%—743
* parh funchion of angje of i{ncidence
¢+ ditrance: few ws



different modes

71\ Travels Slower Travels Faster
/ L\ / /
4 \* b A
-~ ,/‘K \4~ LN ‘ > /) TN \ ’ /
v - o= N o < v - T . -
Step-Index Multimode Fiber Step-index Multimode Fiber

2) Multimode proded index
+ Sinusoidal oScillahions
- loetter  perfermonce
< dittavce: (0-12 wmg

different modes Light ‘I’nveh: Faster in Outer

Light Travels Slower in Center
Graded-Index Multimode Fiber

Graded-Index Multimode Fiber
3) &m&\e mode Skep index

propagotim of one tramtverce EM wode
©ofe  diwawmeter: Jum to 10um
© Wah capacit

. es- so\ ?\m; of Helmhottz equation (V4= -K’f)
for woves

2009 nNovel Prize



\)r\ﬁm'\o\ed Medio : EM  Speckrum

f(Hz) 10° 102 10* 105 10® 10" 10 10' 10" 10'® 1020 1022 10*

Radio |Microwave | Infrared uv X-ray Gamma ray
Visible
d light Feg

f(Hz)10!" 105 10° 107 108 10° 10" 10'' 10'2 10" 10" 10‘5‘\-10\16

o " Fiber
Satellite = &
Twisted pair - i
- [ Coax Terrestrial
AM FM microwave
Maritime radio radio o
R T R T R
TV
| | [ | | [ | | | |
Band LF MF HF VHF UHF SHF EHF THF

Wireless LAN

+ §02.1\ — \e€c Stowdavd

+ Wireless wmecﬁviha Yo vtoutrer

* Access poink (AP): \orio\be between wireless and  wired
nexwerw

© AP conneded to wifed netwsik ond equipped with antennae
for  wireless

* Range depends on hindrawces ;5 multiple APy  with overlaps

© vond off of et Arom one AP 4o  awvotner



8021

Standard Frequency Range Data Rate
802.11b 2.4 GHz up fo 11 Mbps
802.11a 5 GHz up to 54 Mbps
802.11g 2.4 GHz up to 54 Mbps
802.11n 2.5 GHz and 5 GHz up to 450 Mbps
802.11ac 5 GHz up to 1300 Mbps

- Defines MAC protocol

© Physial medium specification  for  woireless LAN (wfi)

AU GHL = unlicensed band; wicrowave oven f¢ 2l bz phownes

tompete ?orh\ms 0f EM wave vefleck
% toke o\\ef porh \engihs

* S GHz band: Shorter frantmistionn disrance , mulipath propagdion

§02-lin ¢ €0).llac wse mulkiple input, muliple outputr (MIMO)
antewnas Caifferent  Signaro)

e
'& Internet
- Switch or ro

uter
v

2 &%

BSS 1 ==



Term\no\oase

Bose Station
. re\mﬁ
© Sewds padcets between  wireless WhWostt ond wired networe
* epe el fowers, 80211 access poinks

Wireless Vinkg
. ownett mokile pwones 4o bage Stofion
© badcbone \ink
- multiple access protocol coordinates link access

hecess Point

© Certvo) bose Stahon of boasic service set (BSS)

* Tn mosk home networks, AP rourer comoined i sinoje device

© MAC oddresseS: stored wn Rirmware of wireless N\C

* Service Set Tdentifier CSSID) ostigned to AP Cwohen browsing wifi
networs, SSIDs Shown)

* Periodically sends beacon frames Cconkaining SSID 4 MAC of AP) o
device

Access point (AP) Any entity that has station functionality and provides access to the

distribution system via the wircless medium for associated stations

Basic service set (BSS) A set of stations controlled by a single coordination function

Coordination function The logical function that determines when a station operating
within a BSS is permitted to transmit and may be able to receive
PDLUs

Distribution System (DS) A system used to mterconnect a set of BSSs and integrated LANs o
create an ESS.

Extended service set

(ESS)

A sct of one or more imtérconnected BSSs and integrated LANS that
appear as a single BSS to the LLC layer at any station associated

with one of these BSSs

MAC protocol data unit I'he unit of data exchanged between two peer MAC entites using

(MPDLI)

MAC service data unit
(MSDL)

Station

the services of the physical lnyer.

Information that 1s delivered as a unit between MAC users,

Any device that contains an [EEE 802,11 conformant MAC and

physical layer.
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802\ Prchitecture

Uk IEEE802.1
sublayer
=, H
l(ﬁ ontention-free
i service -
Data link _ Contention
Iayer K . y . service
Paint coordination function (PCF)
MAC Y
sublayer
Distributed coordination function (DCF)
Physical 802.11 802.11 802.11 | 802.11a | 802.11a | 802.11g
layer FHSS DSSS Infrared DSSS OFDM DSSS

FHSS - frequency hopping spread spectrum
DSSS - direct sequence spread spectrum
OFDM - orthogonal frequency division multiplexing

* PCE: collition  preventisn Copriona)
- DLE: CEMA u\goriW\W\ - expongwhal

Access Contvol

* Swhared wedium ¢ aic;, wove collisigns

* CSMA/ D odoes wot work Cdetection prevented by hidden
staions)

b. Stations B and C are hidden
from each other.



Range of B

@

a. Stations B and C are not in cach
other’s range.

CSMbr/Ch

Range of C

B and C are hidden from each other with respect to A.

* proposed as solution -wlisien avoidonce
© link \ayer atinowledgjement -refransmission scheme CARED)

Set back-off

Wait back-off
time

No

Persistence

Send RTS B/

Set a timer I
CTS received -
before time-out?,

Wait SIFS

Send the frame I

Set a timer I

Increment . y No

ACK received
=fore time-out?,

to zero Al ionted
"y inrer frame

strategy sPaﬁe
[ Wait DIFS I/

Tegmest +o
Send

clear Yo
send



Repetition  Tnrevval

B: Beacon frame Repetition interval
CF: Contention-free Contention-free Contention
PIFS SIFS SIFS
i _ Ack+ | ... [<F
Q. B Poll poll | end _
H\; Time
Polled SIFS
station
[Q ACK + data s
ol Time
Others
_— -
a NAV
=
st.

FRAME FORMKT

2 bytes 2 bytes 6 bytes 6 bytes 6bytes 2bytes 6 bytes 0to 2312 bytes 4 bytes

FC D Address 1 | Address2 | Address3 | SC | Address 4 Frame body

Protocol To |From|More Pwr | More
version Type Subtype DS | DS | flag g mgt | data WO [RETE
2 bits 2 bits 4 bits Thit 1hit 1bit 1bit 1bit 1bit 1bit 1 bit

- FC: &Some cowdyo|

© Fe: frame dnede  Sequence (RO

© D: Auvakion of ftravnemicsiey used to set  Nay



$C. Sequence tonkvol (sequence # of the fowme wsed
in flow contvol)

four oddvess fielde — Fficet 3 oddvest  fielde
for 'm\-erne’rwovkinﬁ

kddress 1. MAC oddress of Stalion +wat

receives
Lrome

Addvecs 2. MAC oddvese of ctation Haad trawnemits

Lame

addvess 2: MAC oddress of Ffinal deshinarign €
not defined by Addrese |

Address 4. MAC oddress of original souvee if
notr defined by Address 2

2 bytes 2 bytes 6 bytes 6 bytes 4 bytes

FC D Address 1 | Address 2 FCS I
RTS

2bytes 2 bytes 6 bytes 4 bytes

FC D Address 1 FCS

CTSor ACK



