Multiple Access Networks

« Broadcast and multiple access technologies are
very common for LANs and for wireless settings.

Local Area Networks and Medium
Access Control Protocols

Shared Multiple
Access Medium

Multiple Access Communication: Examples
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Wireless LAN

Multi-Access Protocols

« Protocols that resolve the resolution problem
dynamically are called Multiple-Access (Multi-
Access) Protocols

« Contention Protocols resolve a collision after it
occurs. These Protocols execute a collision
resolution protocol after each collision.

¢ Collision-free Protocols ensure that a collision
never occurs.

Evolution of Contention Protocols

Developed for Univ. of Hawaii packet radio
network

Start transmission only at fixed times (slots)

CSMA = Carrier Sense Multiple Access

Start transmission only if no transmission is
ongoing

CD = Collision Detection
Stop ongoing transmission if a collision is
detected

Contention Protocols

« ALOHA Protocols
— (Pure) Aloha
— Slotted Aloha

¢ CSMA (Carrier Sense Multiple Access)
— Persistent CSMA
— Non-persistent CSMA

— CSMA/CD: Carrier Sense Multiple Access with Collision
Detection (used in Ethernet)

* Etc...




(Pure) ALOHA

Collisionsin Pure ALOHA

« Topology:
— Multiple transmitters (stations) share same medium. Station 1 (1] [1z] [13]
Transmission Time (F)
« Aloha protocol:
i 2, 2,2
— Whenever station has data, it transmits immediately Station 2 .
— Whenever a collision occurs, it is treated as transmission
error, and frame is retransmitted. Station 3 3,1 3,2
— Sender backs off for some random time after collision
before it retransmits.
Broadcast
channel
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« A frame (dark frame) collides whenever another
transmission begins in the vulnerable period of the
frame.

* Vulnerable period has length of 2 frame times.

» Slotted Aloha Protocol
— Time is divided into discrete time intervals (=slots)
— A station can transmit only at the beginning of a frame

* Asaconsequence:
— Frame either completely or do not collide at al
— Vulnerable period = 1 frame time




Collisonsin Slotted ALOHA

Station 1 11 1,2 1,3
Transnpission Fime (H
Station 2 2,1 2,2
Station 3 3,1 3,2
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Performance of ALOHA

e What is the maximum throughput of the ALOHA protocol ?

* Notation:
S Throughput:
Expected number of successful transmission
per time unit
G Offered Load:
Expected number of transmission and retransmission
attempts (from all users) per time unit.

* Normalization:
— Frame transmission time is 1 => maximum throughput is 1

Modeling Assumptions

Normalization: All frames have afixed length of one
time unit.

Infinite user population

Offered load is modeled as a Poisson process with
rate G:

Prob[ k packets are generated in t frame times] =

()
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Throughput of ALOHA

» Relation between throughput and offered load:
S= G * Prob[frame suffers no collision]

New Successful
transmissions transmission
ALOHA Broadcast Channel
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Performance of (pure) ALOHA

« Prob[frame suffers no collision]
= Prob[no other frame is generated during the
vulnerable period of this frame]

= Prob[no frame is generated during a 2-frame a
period]

e Throughput in ALOHA: S=G” e2¢

Results: Maximum Achievable Throughput
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* Take derivative and set 0
e Maximum is attained at G = 0.5

« Weobtain: s,, =05 ¢e* :%20.184

* Note: That is 18% of channel capacity!

Performance of Slotted ALOHA

« Derivation is analogous to (pure) ALOHA:
S= G * Prob[framesuffers no collision]

« Prob[framesuffers no collision]
= Prob[no other frame is generated during a
vulnerable period]
= Prob[no frame is generated during 1 frame
period] =
(l(g)o < @16 =g 16
!
e Total throughput in Slotted ALOHA: S=G" e®©

» Achievable Throughput: smaxze'1=1=0.37
e

Comparison of ALOHA and Slotted ALOHA




CSMA — Carrier Sense Multiple Access

¢ Improvement over ALOHA protocol:

— If stations have carrier sense capability (stations can test
the broadcast medium for ongoing transmission), and

— If stations only transmit if the channel isidle,
— Then many collisions can be avoided

« Note: Thisimproves ALOHA only in cases with
small delay bandwidth products. Why?

CSMA — Carrier Sense Multiple Access

*« CSMA protocol
— A station that wishes to transmit listens to the medium for
an ongoing transmission
— Is the medium busy?
* Yes: Station backs off for a specified period
« No: Station transmits
— If asender does not receive an acknowledgement after
some period, it assumes that a collision has occurred.
— After acallision a station backs off for a certain (random)
time and retransmits.

CSMA - Variations

« Variations of CSMA protocol

¢ Each variant specifies what to do if the medium is
found busy:

— Non-persistent CSMA
— l-persistent CSMA
— p-persistent CSMA

Non-Persistent CSMA

1. If the mediumisidle, transmit immediately

If the medium is busy, wait a random amount of
time and Repeat Step 1.

* Random back-off reduces probability of collisions.
* Wasted idle time if the back-off timeis too long.
e May result in long access delays.




1-Persistent CSMA

If the medium isidle, transmit immediately

If the medium is busy, continue to listen until
medium becomes idle, and then transmit
immediately.

What if two stations want to transmit when channel
is busy?

p-Persistent CSMA

If the medium isidle, transmit with probability p,
and delay for one time unit with probability (1-p)
(time unit = length of propagation delay)

If the medium is busy, continue to listen until
medium becomes idle, and then go to Step 1.

If transmission is delayed by one time unit,
continue with Step 1.

Good trade-off between non-persistent and 1-
persistent CSMA.

How to Select Probability p ?

Assume that N stations have a packet to send and the
medium is busy.

Expected number of stations that will attempt to
transmit once the medium becomesidle: N * p

If N* p> 1, then acollision is expected to occur
(with retransmission, and so more collisions)

Therefore: Network must make surethatN* p< 1,
where N is the maximum number of stations that can
be active at atime.

Comparison of CSMA Strategies

Non-persistent: Transmit if idle;
otherwise delay and try again

-

constant or variable delay

channel
busy

EEuEn
ready \

p-persistent: Transmit as soon as
channel goes idle, with probability
p. Otherwise, delay one slot and
repeat process.

1-persistent: Transmit as soon as
channel goesidle. If collision,
back off and try again




Comparison of ALOHA and CSMA

* Load vs. Throughput (very small delay-bandwidth product)

CSMA/CD

¢ CSMA has an inefficiency:

— If acollision occurred, the channel is unstable until
colliding packets have been fully transmitted

¢ CSMA/CD overcomes this as follows:

— While transmitting, the sender is listening to medium for
collision. Sender stops if collision has occurred.

* Note:
— CSMA: Listen Before Talking
— CSMA/CD: Listen While Talking

Operation CSMA/CD

* Generic CSMA/CD Protocol:
— Use one of the CDMA persistence agorithms (non-
persistent, 1-persistent, p-persistent) for transmission.
— If acollision is detected during transmission, cease
transmission and transmit a jam signal to notify other
stations of collision.

— After sending the jam signal, back off for a random
amount of time, then start to transmit again.

Collision Detection in CSMA/CD

To detect a collision, in the worst case, it takes twice the
maximum propagation delay of the medium.

Distance d meters
A transmits tyop = d/ N seconds
at=0 E

B transmits
before t =t,
(2} e _. and detects’
collisionshortly
A detects thereafter
collisonat | o
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CSMA/CD: Restrictions

« Packet should be twice as long as time to detect a
collision (2 * max. propagation delay)

* Otherwise, CSMA/CD does not have an advantage
over CSMA

« Example: Ethernet
— Ethernet requires a minimum packet size and restricts the
maximum length of the medium.
— Question: What is the minimum packet sizein a
10Mbit/sec network with a maximum length of 500
meters?

Exponential Backoff Algorithm

« Ethernet uses an exponential backoff algorithm to
determine when a station can retransmit after a
collision.

Algorithm:
Set “slot time” equal to 2a
After first collision, wait 0 or 1 dot times.

After i-th collision, wait random number
between 0 and 2-1 time slots.

Do not increase random number range if i=10.
Give up after 16 collisions

Performance of CSMA/CD

¢ Parameters and assumptions:
a: end-to-end propagation delay
1: packet transmission time (normalized)
N: Number of stations

« Time can be thought of as being divided in
contention intervals and transmission intervals.

« Contention intervals can be thought of as being
slotted with slot length of 2a (roundtrip propagation
delay).

Performance of CSMA/CD

contention slot

iz 1 e Nz

contention
interval

» Contention slots end in a collision
« Contention interval is a sequence of contention slots
e Length of aslot in contention interval is 2a

« Probability that a station attempts to transmit in a
slotis P




Performance of CSMA/CD

¢ Derivation of maximum throughput of CSMA/CD

— Let A be the probability that some station can successfully
transmit in a slot. We get:

aNo 1. N-1 - D N-1
A=Z2 P @-P)M=N" P @- P
P @ P)

— In the above formula, A is maximized when P=1/N. Thus:

1t
A=(1- =
)

Performance of CSMA/CD

Prob[contention interval has alength of j slots] =
Prob[1 successful attempt] * Prob[j-1 unsuccessful attempts] =

A (1- A

» The expected number of slotsin a contention interval is then
calculated as:

& 1
aji’A@E-AT=Z
i= A

Performance of CSMA/CD

« Calculate the maximum efficiency of CSMA/CD
with usual formula:

FrameTime _
FrameTime+Overhead
FrameTime _
FrameTime+AverageContenti omnterval
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