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e Random Access
— Multiple Access (MA)
— Carrier Sense Multiple Access (CSMA)
— CSMA/CD and CSMA/CA

o Controlled Access
— Reservation
— Polling
— Token Passing

e Channelization
— FDMA
— TDMA
— CDMA
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&  Multiple Access Protocol
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MA dadiadiuualunis muaunisidiausa sewinvalnsalnisdassuaiae deld
AIna1IINAU (Common Link) tWalan1s3nns wasin&sstaddayana

AnlscavAnanfalna 1) ilasAunisunsnganannadnsaiitliineaddiae uag 2)
ilavAun15iinnsaInINRIILGELNEIELAEN

Multiple-access
protocols
Random-access Controlled-access Channelization
protocols protocols protocols

— MA :
Reservation —— FDMA
—— CSMA :
—— Polling —— TDMA
—— CSMA/CD :
—— Token passing —— CDMA
CSMA/CA 3
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& Random Access (RA)
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an1stdnTdwuy RA avmuumam'ﬁ‘mnuaﬂnsmmsﬁamsmﬂmmmsmm
1didnate (Access) Léating dsise Bianmuaudiaadnsaidule

greuaiifeinaziinmnudandslunisdinlddinaie (Access Conflict) w3a
AsrduduaasdayaiIgIsiumInaig (Collision)  dsauisaun’laleaaae
N3EUIUNNT dnauAIauaa‘liil

e When wialafvazanunsardinliddinara'ls
What ainsaidagisdasviniduls Wasinarsuaiiu'laiing (Busy)

e How ainsainis@assanunsalssiiunaduans wiaanuduimalzadnis
gonudaya’leacingls

What ailnsaidassaasvintdu’ls atianzanudaudalunisidnld
fnaly wia Access Conflict
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Q Evolution of RA Methods
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FuaaudIa Random Access dinsweuuiatinveatiiavaddalunnunyna‘lud

CSMA/CD

‘ MA \ >{ CSMA \
4>{ CSMA/CA \

ALOHA fludfunaudsd MA atinedre Aldsudaduduiunuuusn

CSMA Aansyuiunisidsuilsefiunnain ALOHA  Teaifinnisasiagay
(Sense) fmnarvAauIl Ng/dusatind lawda’l

CSMA/CD fiuns asagau a1saufunagznans (Detect Collision)
CSMA/CA \Aun1s ndnide asaufunagz1ians (Avoid Collision)
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&5 Multiple Access (ALOHA)

Anduiiiatl 1970 & wsu LAN #ildeduinamainusr 9 600 bps Teafigafigiu vin
nidu Hub Tunsaratautiaya deivannisdies aail
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Upload: 407 MHz Base station
Download: 413 MHz

Station Station

e MA nagatignnsadu/R9tiaya (Multiple Access) latvintinauiu

e ACK tiiagantilagvtiayalduaraziuiaisa ACK  drun'lilafunalu
LAAAIYUG (2 wihzasnarlunsiiunvaasdaana) azdasdelnn
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&5  ALOHA Protocol

wnunsndulidendning (Back-off Strategy)
Ay lanatfvdnly Set backoff

g to zero

——
— - — iy

- - TS~ ~
_- - S o - Send the frame
7 N
7 . N
R Wait backoff N
7 time \

\

\ Wait

ACK

received?

Increment
backoff
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sz Carrier Sense Multiple Access
CSMA Aanszuiunis Waaauud Winlun1sauduuaddas (Wati

dseaninnlunisdaans)

e v danlinidavnisadvashiasaiagau (Sense) nauinninalvingra 'l
e WA H13N99ATRINTAVINNTRILA

“Listen Before Talk”

Aowdl CSMA 32 aa LN 1THNTUATUUAUARIZNIRNT W6 LURINITONANLAEN
ATAUAU LAaNIRULTY Weiltliavunann Propagation Delay

fatnotdu wnaaldl asadaundInunuasiu dina1vineaielévinnis
g9 Data aanlid usdalruginvuasdrinaltviu anatduldlsin wasunann
Data Maunanngaidau deun'liudeeigaiiliiu Juasagauliny
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& Collision in CSMA
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ANsLAe Collision 1138 CSMA anauaad'ledonnuiiasia‘lilil

s e _-

e o o= =

Neuanarnduiuagnauauelau’ladwii
Time wassasauludgariiagaginednig Time 9
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mingandnwuingrnarelaiing (Busy) anasifiunsattelnacnglnattonie
e Non-persistent 81 'L3i319 &anflagneasaszasudls (Agn) wdr3aaeln
e Persistent é1 319 &anfiazay Data édraaulagtiuwvingu p < 1 (361a)

Nonpersistent strategy Persistent strategy

. .

Sense carrier

Sense carrier

Send the frame
with probability p

Send the frame
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b CSMA/CD
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CSMA lignidunstag wintdanisuu (9'1uin19Td9rulzelunieil{iis)

gaulésinNswenun CSMA with Collision Detection 4uiaatinnszuIUAT
ATIARAUNNTAUAUUDI2NIRNS

Collision Detection

ndvangarildetiayananllludinarsudlrazdavilseifiuinnisaediayaiiu
suusainia’li (a1 ACK) 611 uaadininnisauduuasinasiu dediay
vinn1sde Data  Frame  wdiusiului vivilifiaaaainuinagiulunisyua
CSMA/CD agliindnnns Back-off (sadandn)

Back-off
\WWalsenanngugn szaziiarlunissasdinanay gual agludignar 0 9

a

2N wwihuag Propagation Delay Tusnate wfla N Aainuiunsof Back-off
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z.;';; CSMA/CD Procedure
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CSMA/CD ag1guwu Persistent s3uiu Back-off (1dulu Ethernet gainn)

Persistent a163aa19 319 d&a1ilayay Data araainu |

vragtiuvindu p < 1 (a13azaenda’lin'lea) Set backoff

to zero

Persistence

da—ﬂszazﬂﬁfyfylm strategy
Jam ldihauganil

AU INLAANITUULLAD
1ﬁuqm%’u/ﬁ0°ﬁaga Send the frame

<>

Increment Send jam
backoff signal

Wait backoff
time

Backoff
limit?

Collision?

12
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CSMA/CA Procedure

e guina iuh”‘eg,
Start
Q - V
Tawulu Wireless LAN St kot
to zero
Ty
Persistence
strategy
Y
Wait IFG time
Wait backoff Y
time Wait a
y random time
Y
Send the frame
Y
Set a timer
No 4

Backoff
limit?

Increment
backoff

No ~ ACK received
before timeout?

Yes
Y

C Success )

CSMA/CA azluiinsrauduLindu
LAY AANANENENURRANLALN

CSMA/CA 1diunu Persistent Tun1s
g9 Data Frame 1agagtiuaigiian
safnausvdaya = IFG (Interframe
Gap) waysasa'ludnarondls (gu)

ilaganiigy Data Frame Tdudlay
FuatiNasa ACK

d1unRawata (aratfiasunann
Frame #3%a ACK geaune) &antiag
lidunugsnantniiaunu CSMA/CR;
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& Controlled Access (I)
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WdEAsudinlduuy CA naq dandazdiag Wnwduiandiannas Iaadile
Hdnasgusardnlidnnaly (Access) — favdlasuauiifianngartiaus nau

Aranadglitinn1stdaufivlunistinldainaly (Access Conflict) 38n1s

9
1

CA niiauiszandld 4 3 3auan lawn
1. Reservation

waasga1lazAadvinn1g aav (Reserve) davnis&adisnauvinnisdeiiaya
Aty ga1ilinlinngaas Time Slot trintlulvazarnsadediayualuninaiv'le

y o
54321 54321

Data Data Data Data
station 1 01010108 station 4 station 3 station 1 y B
Reservation Reservation

frame frame 14
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Controlled Access (Il

2. Polling 33ifliA3aznadasiitaseasvaiuauu sluuugbeigafiniloiiug
sedudnu (Primary Station) vinutinneuAuaAINag uasiiinaault v
ga111a9 tin1d6ana19 uasdarfinvdatdusarfiguirsin (Secondary

Stations) vinutiAlfiidaue1&9

Primary

Il 1
Il 1]

ol

ACK

Data

ACK

Select Mode

lunsedl? Primary
favnlsdatiaya i
ga111la Azhaddy
Seyeynaw SEL
auga1idu wal
5a deyaynan ACK
ABUIIAELYINN1TRY
fiaya‘le 15
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Poll Mode \iia Primary Station w3aulvivdasanataudaya asaedeyeuno
Poll ‘ldaruusazaarfiinfadnisazgediayaniali drdasnisagartitiuasay
dayanauul wasadudauana ACK (Tususag) 31 Primary Station svgil

Primary F..A b
e =iy=}
—_ — = i—:‘l@ = =
s e i v
- — Poll b |
. [NAK}—
Poll |- .
S——

. Data
ACK
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& Controlled Access (II)
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3. Token Passing 33flin3aznadasfilaseasrouuy Ring (Logical w3a
Physical) Taaazfi Packet Titaw (Token) Jvatludinaie sarfiudleq ag
sunsadetiayaldfsaiiia 4 Token F9su draarfiladasnisdetiayaaciia
Token 13 udrussxdiayaaslu Data Frame auag Token aunINgnuaLIAN
wdraas Token ndu Wdoruludinaresia‘ly

Tunvdfiiianaasiiin Feature n1saas WrIannuamIugIAy Token 16 17
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Token Passing Procedure

NUEIL1A6)

Token Passing &unsaldlulaseasig Loglcal
Ring 4tefi Network Topology wuuduusfiaisiu
ansavsutiayaluansany ilu Cyclic Linked

List (§i Node fAiau/vav) A'le

Wait for
the token

Capture
the token

No

Allocated time
expired?

Send a frame

Data frame
to send?

-

Release
the token

18
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Channelization @a3an15 Multiple Access Taan1saadssuivilu Bandwidth
admnadale a1 (Time) anud (Frequency) vaa s1ia (Code)

e FDMA (Frequency Division Multiple Access)

Aan1s¥a&ss wauaudanie Srusunsazaatd daziduiinuaguay
aNnudtuanaan‘lid FDMA flu Protocol Tutfu Data Link wagld FDM 1u
2fu Physical

Protocol FDMA §i1#luinsdwiiiiada uaznsfagsuiiuaiiay

e TDMA (Time Division Multiple Access)

Aan153n&ss Time Slot awiy dusuunsazaansl doaziuinuag Time
Slot fTuaaam'ly TDMA ilu Protocol Tuzfu Data Link wagld TDM Tudfu
Physical (fteawauanuitien)

Protocol TDMA fildTuinsd@wviiada tduiy 19
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e CDMA (Code Division Multiple Access)

Aa38n15 Multiple Access doumansingann FDMA asefldiuiaawauniiud
LAE Wags19ANn TDMA a9l nng dantigiunsagedaya’leawsang Au

CDMA Wenuuuiugiuzadnaxfnisidinsia Taafusazaaifiagléiunns
waunue (Assign) U tawzlusduavaunsuaiaa t3anin Chips av
AaENg

+1, 41, +1, +1 +1, -1, +1, -1 +1,+1, -1, -1 +1, -1, -1, +1

A B C D

Q/

fruniudunaunisgedaya usacga1lazdadvinainng)nistdinsisgaoil

Data bit) ———> -1 Data bit1l —> +1 Silence —> 0
20
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&  CDMA Multiplexer
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MUX 3gmaumdn Data n&yunaae Chip aadusiazaal uadlliiwanuin'laann
nagaliun uanfu ey sequence Tni gl

A |+1, +1, +1, +1
Station 1 Bit0 —|-1 —Héf -1,-1,-1, -1
B |+1,-1,+1, -1
Station 2 Bit0) ——|-1 —H@— -1, +1, -1, +1
C|+1,+1,-1,-1 ~1,-1,-3,+1 >
Station 3 Silent —>| 0 —Hér 0,0,0,0
D |+1, -1, -1, +1
Station 4 Bitl —>(+1 —%é' +1,-1,-1, +1
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t..'f."..i CDMA Demultiplexer
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DeMUX agaau@ sequence suun'lacdaa Chip aavusiazaaidl waluina1lu
Chip aasusiazgafitinalranuy denaansiial 0, N 3a —N (N: 3uiuganil)

/

+1,+1,+1,+1 |A

Divide
Add by 4
“1,-1,-3,+1 —>-4—>|1 > Bit 0

indl wauan 7
1aunsae N g
1aA1uay Data 4y

U170 0203U R LA Divide
Add by 4
-1,11,-3, -1 —> 4 —>—1 > Bit 0
-1,-1,-8,+1 +1,+1,-1,-1 |C
Divide
Add by 4

-1,-1,+3,-1 —>» 0 —> 0 » Silent

A1T aAASUE Ay
14 Ag \@a3 Uy
BRI REY IS B
UaYR

+1,-1, -1, +1 D

Divide
Add by 4
-1,+1,4+3,+1 —>+4——>+1 > Bit 1

22
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Orthogonal Sequence

e Orthogonal Code/Chip

maaanaunsmao Chip & wsuusazaariliuazldvdnnis orthogonal
vector duil (aluifita)

t

S
G"'*m‘iimniuh‘ﬁ.‘%

+1, 41, +1, +1 +1, -1, +1, -1 +1,+1, -1, -1 +1, -1, -1, +1

A B C D
1383519 Chip Sequence 14 Recursion aag Walsh Table
Walsh Table da Matrix ¥a5& defiaurawvindudruiugansl N

Recursion Equation Wy Wy

23
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&5 Sequence Generation
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e 4 — Station Sequence

W = {+11 +1 +1 +1 +1
+1 -1 +1 -1
_ — W, =
+1  +1 +1 +1 -1 -1
W, =
+1 -1 +1 -1 -1 +1

Aagufaas Orthogonal Sequence
e Wianaaunsy Chip ée —1 wadwsiiu Complement aasaunsu 1iu
e Inner Product aavaunsn Nninliaunuagla N uazargnuazle 0

e Inner Product aaaunsuiu Complement 'lé —N (ie., A" (-A) = —N) "
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!}» Orthogonal Code

e Examples

Inner Product uavy Code (Chip Sequence) L@ty
C.C=1[+1,+1,-1,-1]. [+1,+1,-1,-1]=1+1+1+1=4

Inner Product aay Code auazanInu
B.C=[+1,-1,+1,-1].[+1,+1,-1,-1]=1-1-14+1=0

Inner Product uavy Code uag Complement aav Coe Lagniu
C.(-C)=[+1,+1,-1,-1]. [-1,-1,+1,+1]=-1-1-1-1=-4

Inner Product aay Code uag Complement uay Code auaza?

B.(-C)=[+1, -1, +1,-1].[-1, -1, +1, +1] = -1+14+1-1=0
25
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&  Practical Example

s,

e Multiplexer

guns A &9 —1 (data 0) B &9 —1 (data 0) C &9 0 (lsicdy data) uag D &9 1 (data 1)

S=-A-B+D

e De-Multiplexer

nAaaNLfiaag Orthogonal Code aunsanansiadyanaidrusulédod
g0 A v inner product S’A = (-A-B+D)"A=-4 > data 0
ga14 B i1 inner product SSB=(-A-B+ D) 'B=-—4 > data0

ga14d A w1 inner product S'"C=(—-A—-B + D) 'C = 0 — no data

ga1il B w1 inner product SSD = (-A-B+D)'D=4 > data l

£V
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o Conclusions
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e Random Access
— Multiple Access (MA)
— Carrier Sense Multiple Access (CSMA)
— CSMA/CD and CSMA/CA

o Controlled Access
— Reservation
— Polling
— Token Passing

e Channelization
— FDMA
— TDMA

— CDMA )7
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