Data Link In Broadcast Networks:
The Media Access Sublayer

Broadcast networ ks with multi-access (or random access)
shared channelsincludethe majority of LANS, all wireless
and satellite networks.

Medium Access Control (MAC):

Protocolsto allocate a single shared broadcast channel
among competing sender s by deter mining which sender
gets access to the channel next and transmit its data.

Static Channel Allocation: Frequency Division
Multiplexing (FDM), Time Division Multiplexing (TDM)
--- too wasteful of available bandwidth.

Dynamic Channel Allocation: No predeter mined sender
access order to the channdl.
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Dynamic Channel Allocation:
Protocol Assumptions

— N independent stations (sendersor, computersetc.)

— A station isblocked until itsgenerated frameis
transmitted.

— Probability of a frame being generated in a period of
length Dt I1s | Dt where | isthearrival rate of frames.

— Only a single channel isavailable.

— Thetransmission of two or mor e frames on the channel
at the sametime creates a collision and destroyed data.

— Timecan bedather: Continuousor dotted.

— Carrier sense. A station can sense if a channd isbusy
before transmission.

— No Carrier sense: Timeout used to sense loss of data.
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I\/I ultiple Access Protocols: Pure ALOHA

Stationstransmit whenever dataisavailable at arbitrary times
(forming a contention system).

e Coalliding frames are destroyed

 Framedestruction sensed by listening to channel:
— Immediate collision feedback in LANs
— 270 msec feedback delay in satellite transmission.
« When aframeisdestroyed the sender waitsarandom period of timebefore
retransmitting the frame
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Frame Throughput of Pure ALOHA

| nfinite sender population assumed.
 New framesrate (or frames successrate):
Poisson distribution with mean rate S frames/frametime.
« Combined frameratewith retransmissions:
G frames/frametime.
« S=GP, where P, = probability aframeissuccessful

e t = timerequired totransmit aframe
A frameissuccessful if no other frames aretransmitted in the
vulnerable period from t, to t,+ 2t

* Probability k frames are generated during a frame time:

k -G
P[] =2
« Probability of zero framesin two frame periodsis P,= e-°¢
b S=GP,= Ge*© Max (S) = 1/2e at G=.5
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Vulnerable Period in Pure ALOHA

For successful frame transmission:
No other frame should be on the channel for vulnerable period
equal to twicethetimeto transmit oneframe = 2t
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Slotted ALOHA

 Timeisdivided into discrete frametime dots.

« A dationisrequired to wait for the beginning of the next dot to transmit
 Vulnerableperiod ishalved as opposed to pure ALOHA.

b S=GP,= Ge®© Max(s) = /e at G=1

e Expected number of retransmissions, E = €°
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Channel Utilization Vs. Load for
Random Access Protocols
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Carrler Sense Multiple Access (CSMA) Protocols

Medium Access Control (MAC) Protocolsfor shared channels where

a station listensto the channel and hasthe ability sensethecarrier and
thus can detect if the channel isidle before transmitting, and possibly
detect the occurrence of a collision after attempting to transmit a frame.

e 1-Persistent CSMA:
— Aready station first listensto the channel for other transmissions.
— Onceit detectsan idle channel it transmits a frame immediately.
— Incaseof acollision, thestationsinvolved in the collison wait a random
period of time before retransmission.

 Nonpersistent CSMA:
— If aready station senses an idle channel it startstransmission immediately.
— If abusy channel issensed a station waits a random period of time before
sensing the channel again.

 p-Pearsistent CSMA (appliesto dotted channels):
— If A ready station senses an idle channd, it transmitswith probability p
or deferstransmission to the next time slot with probability g =1-p
— If thenext dot isidleit transmitsor defersagain with probabilitiesp, g
— The process continues until the frame has been transmitted or another

station has selzed the channdl.
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CSMA with Collision Detection
(CSMA/CD)

o |f two stations begin transmitting simultaneously and detect
a collision, both stations abort their transmission immediately.

« Onceacollision isdetected each ready stations waits a random
period of time before attempting to retransmit.

 Worst-case contention interval (the duration of a collision
lasts) isequal to 2t (t isthe propagation time between the
two farthest stations).
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Collision Detection Delay In
CSMA/CD
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Collision-Free Protocols: Basic Bit-Map Protocol

Fram a=z

S Contention slots S Conbrntion sloks i 4
r = = x A = A e,
o1 234567 o1 234556 7 o1 2345567

1

1 1 1 3 T 1 1 1 5 1 2

e e N =8

N stationswith addresses 0 to N-1
N one-bit contention dlots.

If astation i hasaframeto send, it sendsaoneduring
contention slot 1.

Once all stationsindicated frame availability, ready frames
aretransmitted in addressorder.

Representative of reservation protocols (where each station
broadcastsits desireto transmit before actual transmission).

Efficiency per frame:
— Withlowload = d/(N +d) With highload = d/(1+d)
d = number of bitsin oneframe
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Collision-Free Protocols. Binary Countdown Protocol

Binary station addressisused to
form log N one-bit contention

slots. Time ——>

. . Ready Bit time
Addressbhitsfrom all stationsare  Sations 01 23
Boolean ORed. 0010 0---
If astation hasaframetosend,it etoof o0---
transmitsits binary address 1ootf] 100-
starting with the high-order bit. 1o10] 1010
The station with the highest- A leln
numbered address getsto / \

. Stations 0010 Station 1001

transrnlt and 0100 zee this sees this 1

1 and give up and gives up

Efficiency per frame
= d/(d+log N)
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