


olai Al  cw piuwd

wav Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili

S ‘_'j:" Wy



olal Al owpwd jo L5 Wlog pie

..\HSGO '-3-*-]9-’ rg.&).‘ﬂ | WJ)S C)Jﬂ, aS 1AL JL@-&‘LA‘I o)b)dwf)lfboliuu‘l\l

rav
Uf:'?' j{ am;

Wgd Jloyl lojes piin b g 0,8 ¥V a5 a0 0 &, S (Collision) eolas
g 43,8 5o (b Hemme sl Joe 9

(Slotted) .ccul @S °

o 8 polai *
(Carrier Sense) JUIS g9, » ;500 olp,5 JLKw jea> ©

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili



ALOHA a5

o2 a5 o1 ogldl jo 1, Slole plie bl VA8« das gl o adsl (g el aSis ©
250,5 late
oS JL.»)‘ d.:'.: l.s'bo)f L5,[_,0) 4_,. _

«©)
g © A% glasl Norm Abramson vy was JSSg, S -
\—'{1 S((l))z
Hawaii =
@
Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 4

rav
of:g/! j{ am;



User

ALOHA S5,

Collision  re——=
'\-._,_.4/

rav
Uf:'?' j{ am;

Time —

ﬂoﬂisim

;00w od..i‘

ools Sl aS ey ladd oS5 -
QS oo Jla,lasylo

c8lyo asl) wes F, eolas ST -
|, el Bolad lo) (ogus
QS (oo o dazme Lol (sl

S ke Lol (g, 0 w5l loee 8 5l (S
eI ) o uafo A

¢! LS’P od..:‘ LJ

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili



ALOHA S5y & ySlos Juloxs

g_JL@g).CLA ¢
L(boli’l...«.i‘ ul.o.ib L’ 9 Qb.g)lf JL’) o ©

o8 Golawe Jsbo

| S 4 ojallay b o Jlol o

AsS Lol oazs solal &yge jo g ools jaseid |y polas ailes oo o] 0,18

Oyl e
] ) Sgdse Jol> slalezrss a5 s,
2lp g £68g 4 ialejl LN Ho L X slaz, o aSol Jlassl wiisn g989 4 P il b golos, ST ¢

P(X){)N()PX(l—P)NX  cud

A ol ol Jloy e wils 1 40 SGop P guilb S, N 31 @
ity mealys anlsy @ig5 Wil atsls 0 a4 Suap SooS L polie P g ail &5 N 31 e
Gke=C ools o0ls oy o3l yo ooz, K Jlais! G lawgie b ygwles 0395 ©

k!

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 6




ALOHA S5y o ,5dos Julos

(Frame TIme) 3 Sbej o5b 2 10 oz 2,8 S Lwgie job 4 SKoea L o) asn ©

Al 0<6<1 Ggllao o Slae gl cpl ol ol wales 7, polar il S>1 51 oS sl moly @
A.»Ssoa JL»)‘ ‘) RYNCS ‘-@.3)5 ‘Mbow Jl.w)‘).yo] Myéﬁwﬁﬁgu)bo&*@‘)ﬁ ¢

g_ig. r@.)dﬁ g s> Lgtbp.:)ﬁ Lg‘).g cuom" dod Ja.wg.: rg.:JS LS’LA) o)’l.g RO u»)b K JLQ.».?"
Sl o3 Slej 03l j2 30 G (peSileo b gmlgy a3

S=G ¢ s o, polal Ly & oS L 0

G>S <& ol wales 7, (6 i polas & 0L L °
S=GXP0 .0au F, polas 5ol Jlooa! juu o G L cawl pl g 2030 Il

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 7

rav
Uf:'?' j{ am;



(Y) ALOHA G g o ) los Jdxs

3,8 Oaly &g w22 Slej ojk o mAK Ay il 0
E E G e—G
: = P K]~
: i k!
: T T : -G . . e . M . . Y
| Collides with Collides with ! Sy o3b 5o SS90 S G &S SR el Sl ‘f’OL‘"S °
: the start of | ' theendof | Do slbul 9 40
| theshaded ! X .| theshaded | g I 9
: f ! | f : o os . . . . .
! i i i il ! ‘“""9“*‘@ dl.?u‘ L.§’L°) o)l.g 99 )d aS L_;’LQ[Q-’P Slows Ja.wj.uo ®
to to+ t to+ 2t ty+ 3t Time — (ZG )k a26

- P [k]= = P [0]=e""

S =Ge *°| :ALOHA gusl,5 *

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 8




Slotted ALOHA [5Gy

QS 38lg Sley Ol slas e (59, 2 b ol
A.A.SLSA Jl.w)\ 1) Sg> LSL""W-.’.)-‘} ﬁ)lf RVCS L SO ¢(53Ln)‘ ! JLIgN

Adgi ool ools Jlej o5b 40 (6,550 my8 o) B9 Jlu,l Jleis

_G l.: o] ).3‘).3 (Qj-w-’
G . plo]=e®

m
PR R
- R
l....l.

gl
Y
- CE
-E-..n-o-o

P, [k] =

S =Ge © Slotted ALOHA g, gowl S

I

: JULS (5,90 yo0 s
do,0 YAY Pure ALOHA s,
o, Y2.A - Slotted ALOHA s,

v Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 9
Uﬁgxf‘_‘j“"'aﬁ"—"/.b



ALOHA b JS5g y (goiuaos

w5 b ,0 a5 S et e g ool ST °

2 WS oo S g
é el SR : Slotted ALOHA: S = Ge™® Sl o9 eosbioby Lo Ll e
Sl lle 45 aes oo Gl Lo,y -

% 0.20 = __/_ : i Syls 205L LA

g 0.10 - i Pure ALOHA: S = Ge™2¢ o3l iz 4 o) e b i9gug —

i 0 o:.s 1?0 1?5 2.0 ;_3].0 oy 177 4y plesdly Gl

G (attempts per packet time)

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 10




ALOHA JGgy 595 2L 5

P=1-¢° 0 So Lyl o el Jls! e
Ro=et(1-e )Tl asls A LK 4l Jll S, 4yl Lzt ¢
E :ikPk =ike‘G (1-e°)" =¢° w8 50 Gl Jlo,l slass lawgie
k=1 k=1
o 1y Lol oluss (e &y50 43 Wil oo (B sl Sl Giuljil 1 SIS ez @
Dghsr 25 3lge e Bl cnl aiS

e (203L eS¢
aisbe oo Jloyl Slatie a5 MAC aY js JSYsb slacio

w2 2 >l lawgle jlade Loljel

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 11

rav
Uf:'?' j{ am;



ALOHA JS5gy 50 wsl Julxs

X o Jlol ey oo 0
Corop 12,8 S0 Ll ploj o @
B 15,5 jo pii, &g s b aS Sbey ojles L Back-off o)loj lawgio ©
G/S=€" 0,80 Jloyl slp (o slows Lawgie
G/S-1=€% —1 b Sy Jlol (sl ogals (2D slows bawsgie @
Sls 2t + X +B loy Soe as 5ls same Jlo )l e g osls X+t o ley o a4 5Ls 3990 Jlw)l
b cewl s ALOHA g, ,0 MAC 4y 506 lawgie ol b
E[Taoma] = X+t +(€%° —1)(2t,,, + X + B)
ol plo .cwsl packet Jlo,l ey K g1 o 3195 & yge 4 backoff lej csole cdl> o @

B=(k+1)X /2

prop

prop

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 12

rav
Uf:'?' j{ am;



ALOHA IS99 30 92> g0 saxllac

L a2 S wiile o e SO Y gladoogusme Jbls 4 Jow &Sl o 4 o8 0
iile oo e o |FIo MAC @Y (alizs sla g, bl

< MAC SubLayer

= Physical Layer
wav Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 13

d:,:ﬂj{pm)




(Y) ALOHA J&:gﬁ 30 92> g0 axllao

:Normalized Transfer Delay (NTD) e

E[T]— Average Transfer Delay

NTD = — .
E[ X | > Average Frame Transmission Time

S s, neh a5 by waw |, Transfer delay .U lawgio o8, ojdlos sl
S o0 e g2 bl 4 5L MAC
28,5 dulxe ALOHA I, |, Transfer delay 5U lawsio o L3 slaadlol o

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 14

ray
d:,:)! ‘-}:{ ) m)



(V) ALOHA SS9 o 99290 saxIlao

:Normalized Delay Bandwidth e

g One Way DelayxBandwidth
Average Frame Size

ACK

i

I

i

i

i

i

!

: !

Ou\.’”s !

% ) % Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 15

Tav
Uf.:!/" J:” ’gr_:-/"’




(f) ALOHA J&:gﬁ 30 92> g0 sRaxllao

E[T]/E[X] a’>a
/ os,ls ALOHA alis clo s, ol
E;‘ , 5 l; el 1 g_i:d).: NTD .ol ﬂ,f )Lg LY LSAK.«..Q ¢
- : o Sy & 5 gy 5 & 5 NTD Ul
2 il e talsal
E sialS @ jlade ol b eyws BB L aniy
g 2ol oo
Zo ‘).:)lf Q‘MC\S@LA dfw‘ U"‘ L.59'é u)L..CGA.x.o ¢
| JBE 40551 Caws a0 gl (s olons <SG 5l) g0k
: ﬁ‘df C.db 9 A.mosa C) GQL’) ﬁoLa.’ Slows WGA
P ax Poax | AosS salau! JUS \ M‘ysm
Load W-"-e9*° (Ot 6)3*5 )L.’ o ‘a)‘m u-“-")-g‘ L’ ¢

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 16

rav
Uf:'?' j{ am;



S DS &6

l, <53 ALOHA 5l 28 5 sleJl L Bob Metcalfe \avY Jlo o ©
2,5 elzzl e LAN &l

I, (Mbps) 4l caulBe Vo e b JLiST5S sla LIS deo )5 -

QS e (6,105 ST

e )L..w.: Ya4.- 9 YaA- Lgtbd@d e ;i.w)lf uu).:‘—

& _ ——= \m —— i ——= i — i ——= i
i . Transceiver ‘\\
: i o " Interface
_ - cable
: © 2009 IEEE Ethgr Eg §i % gg §§
~ = = : = =
\\: > - N - L » @

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 17




CSMA(Carrier Sense Multiple Access)

Wb als oyl 5l Ld JOE @ yolo eS L wilgs o0 poliad olowi : Lol ousl
Jo 0 S a8 Sy aS vans Se Y @l g cplailen Soe Y SToplpls @
223 S |y 203L Wilgh o s asis | el Jls
6 e (225 Lol 058 o plonil s b (s, 40 )1l -
ser $usS o B,b o 1) molas ,I5 pl LT @

A [T

] o ‘Gl boab > -
c i 1

0 i IR

| |
| |
Collision  res—»! Time — —= Collision
\__/ \__/
) Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 18

ITaY
S ‘_'j:" Wy



CSMA(Carrier Sense Multiple Access)

e 1- Persistent

rav
S ‘_'j:" Wy

Fetch data from

Network Layer

l

Sense Channel |«

Channel
Free?

Wait a random
amount of time

YES —>

Send Frame
and Listen

Any
Collisions?

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili

NO

19



CSMA(Carrier Sense Multiple Access)

:1-Persistent g, °
oS Jlsyl s JB JUS aSiyl jame 4y 5 55 oS JUIS 4 @
S syl G g il Sl Bolay oyle Jlade wlo 7, polas ST ©

L JLES og JB polla a5 cl ol ,bl 4 1-Persistent ¢ ,la%eb .ol L > LS b9, ol
WS e oyl S Loz

wav Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 20
Uﬁgxf‘_‘j“"'aﬁ"—"/.b



CSMA(Carrier Sense Multiple Access)

l ole)

—

A

B

c i
S5 e e s 5,5 JUlS

A8 oo Jloyl g LIS ol

D23 o 7y polal aiiS e oolaiwl 4 £9,05 C g A slo IS a5 glalax] ©

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 21

rav
S ‘_'j:" Wy



CSMA(Carrier Sense Multiple Access)

55 SBNSE 1,5 gy JUIS 055 p b g I 1 0iS o Job cateiie o) e aiS 5,8 °

l ol

—

:’o" E “:\::'
O« >@<« > { """""
A A B A, C B I
: Al )
C
A +A,

oS! 5l (o a5l 5 G (S 45 8,08 Seg el ) e wlis! Wb SYsb el b ) iauss
WS Lol as gg, 5 asS sense JB 1, JUI o lassl sl s 6,508 olis] 0,5 Lol a4y g4,

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 22

rav
S ‘_'j:" Wy



* Non- Persistent

CSMA(Carrier Sense Multiple Access)

Fetch data from

Network Layer

l

Wait a random
amount of time

rav
S ‘_'j:" Wy

[

>

Sense Channel |«

Channel
Free?

Wait a random
amount of time

YES —>

Send Frame
and Listen

Any
Collisions?

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili

NO

23



CSMA(Carrier Sense Multiple Access)

:Non-Persistent _gug, ®
JUB 2 0l (355 51 B o JI JUS 15 08 Jlol g JI JUBT 510 265 JUS 4 0
S e SBolad ol
1-Persistent 4 coes 5 SVob b Lol g ooliwl

wav Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 24
Uﬁgxf‘_‘j“"'aﬁ"—"/.b



e P- Persistent

CSMA(Carrier Sense Multiple Access)

Fetch data from
Network Layer

l

Wait till next
time slot

rav
S ‘_'j:" Wy

L no

>

Sense Channel

Channel
Free?

YES
2

Wait a random
amount of time

Defer Transmission
until next time slot

Generate a
random number
O<x<1

Seyed Hamid Safavi, Faculty of Eng

)

NO

Send Frame and
Listen

Any
Collisions?

Eering, University of Mohaghegh Ardabili

25

NO




CSMA(Carrier Sense Multiple Access)

:P-Persistent g, ®
0S5 JsS 90 gom Ol 4 1-P Jlez>l b g S Jlo | P Jlst b wge (JB LIS 31605 (5g5 JUIS &
S S5, gb el gy JB o8 gam Sles Bl ST
S o gom oley Ol b g sl JUIS 51 ¢
1-Persistent a; o 5 SVob b Lol g oolial

wav Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 26
Uﬁgxf‘_‘j“"'aﬁ"—"/.b



er packet time)

P

o
&)

ut

P

o
IS

hrough

S

O -
©o O

© o
~N @

0.6

CSMA Throughput

0.01-persistent CSMA

L Nonpersistent CSMA
i 0.1-persistent CSMA
- 0.5-persistent
+~— CSMA
0 Slotted
= ALOHA
[ 1-persistent
L. Pure " CSMA
»~ ALOHA

I I I I I i EE— |

0 1 2 3 4 5 6 7 8 9

G (attempts per packet time)

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 27



ray

Uf.:!/" J:” ’gr_:-/"’

|_(><Colluion detected? >m

Transmit next bit of
the frame

CSMA with Collision Detection

1 There |Is
u :Tc:[' to send

Assemble a frame

Py~

!

Attempte— 1

data from

Phyvs. Addresses are

F

s some other statio
transmitting?

% |

J No

Transmit 1 “bit of
the frame

!

1 No

Transmission finish

>

Frame transn nr-:ujr"'/ o Yeos

successiully

sl oy 5 o5 el |, o) pola

ed (! addres

sle &S MAC Y o 00 s b oy ©
(IEEE 802.3 4 =i 5l) 5,ls 55,5 LAN

Recovered

Collision recovery
subalgorithm

Not

recovered

¥ Fra transmission faile

man llis 5)

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili

28



CSMA with Collision Detection

Cog oold aseid solai U aisS o Job jud> °

B, ol culesls &, polad mgd tedae U oS oo Job jlaml 5B ol oae ply g 0
(BB esls O sl sl ,Sie Y +) (Contention Period

Distance d meters

lyrop — d/ v seconds

A

A transmits
atr=0

B transmits

B before 1=1,,,
«— == | and detects

A detects collision shortly

collision at —» B thereafter
e

(=21t

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 29




CSMA with Collision Detection

Cogd oo polas d>gin A g Mol codds sols & SR TR COIR | POV

Ll ool ACK Jloo Soud awY jo oS ol cpl o o) SO g polal axgio aSl gl ©

_;J},_é oY g &A Y ¢| Lo Lo L M\y‘@ M 4.’9L5| overhead M‘P@-‘
l.ll,ic\.gqu.wlc\S@Lo) uﬁ-’?‘*‘*’“\“‘%’ ﬁ&l.@.a c\.?WAoyLQp‘Mb L..w.,\ ).ob ol y
Ll polal oases lid a5 WS e 28l 0 0,8 B oyl conn i

clen U o o550 Ll o Propagation Delay sl g0 5l 5 o |y a8 Jobo 1 M| asis
a2 il |, solas

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili

rav
Uf:'?' j{ am;

30



CSMA with Collision Detection

Blo aalys &) polas 1350 Culd, 0,90 j0 b pl b Ll wsS o ol polas obwl 3l CSMA/CD g, 4> S
QS o ol ok b aiiiw s cold wialgr o a5 Slaog a5 Cawl Sl :culd, 6,90 L 9 Contention period
Aol S50 SYeb sla LS sl e wilgs o culd, 0490

loolas slou! 51 Gleat: > ol

Contention
ty slots
Y A
Frame |:| D I:| Frame |:| D |:| l:] Frame D Frame
X Y % Y " H_/
Transmission Contention Idle
period period period

Time —

v Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 31
d:,:ﬂj{pm)



3L Lk pie

polai yous b ISGg

(%l b 93,) Bit-Map JsSgy
Cold, o3l yo ool Jlu,l oMel @

d
d+1

ERPEPA

d
d+N

g o8 Ok e (ol o8 Jsbo ol d) —— plp 25

1 Soo5 25 el oz Loyl 6l pols o3l b o dige oSGl

F
8 Contention slots i 8 Contention slots 1 d
01234567 /l\ 01234567 01234567
1 1 1 3 F i 1 1 1 5 1 2
Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 32

rav
Uf:'?' j{ am;



S g0 foOLa.B‘ gsLbJ.ﬁ'g)gf
Limited-Contention Protocols

l.?:.u‘ L e
ISR J*’L’ 1ol g e sl ISy,
3L b 5o JUB 1 aige oolasul spolal oo laJSSg,
oS oolail (o5, 90 po slacy jo 3l pualys o
Slos 3l 55 1y oy Ko D Jloisd b S e a8 S Sl e 1, pls K sl
28 o Lo oateiv
L el plp 0,50 LSl jo l, JUB (62,8 aSol Jlail i jlode

i 1 1 k-1
Pr [k] =kp (1_ p) = Poptimar = E = Pr,optimal B 1_E

% lowsS o5 1, (K) 0isS o S8, a5 Sl I8 olaws 1 VST sl @

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 33

rav
Uf:'?' j{ am;



S g0 POLA? LSI‘QJ&;'S){.
Limited-Contention Protocols

1.0

0.6

04

Probability of success

02

I I I I I
20 0 5 10 15 20 25

Number of ready stations

k-1
k—l]

Pr[success with optimal p] = .

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili

rav
S ‘_'j:" Wy

34



S ‘_'j:" Wy

034.7;.-0 péLa.'f ‘SLbJﬁ'gﬁ.
The Adaptive Tree Walk Protocol
WSS o Culd) A Cawl Sl olowd pals i
Toeps arass Sloy glacdul 4l olp)l5 g8

-<«—— Stations
A B C D E F G H

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 35



S g0 ‘oOLaS QSL“J&%J‘?.«
The Adaptive Tree Walk Protocol

SS9 iled
1 o3 acgommap) ol)5 aen O Sy Ol 4o °
QS oW L)l gl aisles o
2 0,8 dcgermon) oln)5 des was £, polas ST
S Jlo)ll Sley Ml jo adiley o
20 F,y Ailg ol an
Gl o Gl DMl osd @8se G5 5l S0
B30 3 0,5 degeman ol p) 8
4 oS Glaacgormay ol 8 L) Jlo)) was &, polai
<—— Stations oS oo dnlol 20 Sley S o

6 55 sloacyarman; b 1y Jlul 1055 o)) oo ot ©
2 oo daldl 20 Sley Ol o

Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 36



S g0 ‘oéhaﬁ ‘SLbJﬁ’s)g:
The Adaptive Tree Walk Protocol

Aol asls Jlo)l Glp SS8lp H g G sla oI5 Lads osS 5,80 JLe @

H G oz 2yl Jlo,l ojlal aciis & j0 gac a5 Sl 5 den O Sloy Ol pdgl 4o @
ol polay - ‘)ALu ‘..s.a)b Jlo,l g0 42

92 S o, Jluyl gl ales e ol 8l Caal Lads axy Sley Dl jo lo ) polar ST ¢
4:4560 culs, 2 o)f Lchbc\.cﬁm);)’.‘aaé)li;ochm LgzLo)‘ )W )o Cawlodlo @ fa&l.a}
las,las JL»\LS\)JGN)&

S JUE o cdl cpl jo g wile coldy oilal 6 0,5 slrdcgee ) B Sley Ol @
ile s

% wor % Seyed Hamid Safavi, Faculty of Engineering, University of Mohaghegh Ardabili 37

d:,:ﬂj{pm)



