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1. Distributed Random Access Schemes

Data link layer

Data link control

Multiple-access resolution

Figure 1.1 Datalink layer divided into two functionality-oriented sub layers
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Figure 1.2 Taxonomy of multiple-access protocols

1.1 RANDOM ACCESS

In random acceser contentiol methods, no station is superior to another stadiod

none is assigned the control

over another. Noostatiermits, or does not perrr

another station to send. At each instance, a st#tiat has data to send uses a proce
defined by the protocobtmake a decision on whether or not to s

These are the following protocc

ALOHA
Carrier Sense Multiple Acce

Carrier Sense Multiple Access with Collision Deieq
Carrier Sense Multiple Access with Collision Avaida
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Figure 1.3 Framesin a pure ALOHA network

5 Station has
K: Number of attempts L a frame to send

Tp:Maximum propagation time
Tpy: Average transmission time for a frame
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Figure 1.4 Procedure for pure ALOHA protocol
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Example 1.1

The stations on a wireless ALOHA network are a mmaxn of 600 km apart. If w
assume that signals propagate at 3 x 108 m/s,naTp = (600 x 105) (3 x108) = 2
ms.

Now we can find the value of TB for different vasuef K.

a. For K =1, the range is {0, 1}. The station neealsgenerate a random numl|
with a value of 0 or 1. This means that TB is eithens (0 x 2) or 2 ms (1 x Z
based on the outcome of the ranc variable.

b. For K = 2, the range is {0, 1, 2, 3}. This meanattfiB can be 0, 2, 4, or 6 nn
based on the outcome of the random vari

c. ForK=3,therangeis {0, 1, 2, 3, 4, 5, 6, 7ThiTmeans that TB can be 0, 2
....14 ms, based on the outcomethe random variable.

d. We need to mention that if K > 10, it is normalét 0 10
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Figure 1.5 Vulnerable time for pure ALOHA protocol
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Example 1.2

A pure ALOHA network transmits 2tbit frames on a shared channel of 200 ki

What is the requiremetd make this frame collisi-free?
Solution

Average frame transmission time T fr is 200 bit6/&0ps or 1 ms. The vulnerable tii
is 2 x 1 ms =2 ms. This means no station should &er than 1 ms before this stat
startstransmission and no station should start senduring the one Ins period th¢

this station is sending.

Note:
The throughput for pure ALOH.sS = G x e -2G
The maximum throughpimay = 0.184when G= (1/2)

Example 1.3

A pure ALOHA network transmit200-bit frames on a shared channel of 200 kl
What is the throughput if the system (all statitogether) produce

a. 1000 frames per second b. 500 frames per sec@ud frames per seco
Solution
The frame transmission time is 200/200 kbps or .

a. If the system creates 1000 frames per secondsthisrame per millisecont
The load is 1. In this case S = G-2 G or S = 0.135 (13.5 perc). This means
that the throughput is 1000 x 0.135 = 135 framedy @35 frames out of 10C
will probably suvive.

b. If the system creates 500 frames per second,gliig2) frame per millisecon
The load is (1/2). In this case S = G -2G or S = 0.184 (18.4 percent). T
means that the throughput is 500 x 0.184 = 92 laadanly 92 frames out
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500 will probably survive. Notethat this is the maximum tlyloput case
percentagewise.

c. If the system creates 250 frames per second sliig4) frame per millisecon
The load is (1/4). In this case S = G -2G or S = 0.152 (15.2 percent). T
means that ththroughput is 250 x 0.152 = 38. Only 38frames d@&5® will

probably survive.

Collision  Collision
duration  duration

Station 1 Frame 1.1 Frame 1.2
P S e SRS [P RGpUGY YU PRI S————— K ———— N — *
Time
Station 2 Frame 2.1 Frame 2.2
__________________________ R —— _>
Time
Station 3 Frame 3.1 Frame 3.2
_____________________ =S _>
Time
Station 4 Frame 4.1 Frame 4.2
____________ B it _>
Time
Slot 1 Slot 2 Slot 3 Slot 4 Slot 5 Slot 6

Figure 1.6 Framesin a slotted ALOHA network

Note:
* The throughput for slotted ALOHA is S =G -G

e The maximum throughput Smax = 0.368 when C
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Figure 1.7 Vulnerable time for slotted ALOHA protocol

Example 1.4

A slotted ALOHA network transmits 2-bit frames @ a shared channel of 2

Kbps.Whats the throughput if the system (all stations thgex produce

a.
b.

C.

1000 frames per secol
500 frames per seco

250 frameger seconu

Solution

The frame transmission time is 200/200 kbps or :

a.

If the system creates 1000 frames per secondisthisrame per millisecon:
The load is 1. In this case S = G-G or S = 0.368 (38.percent). This meal
that thehroughput is 100 x 0.0368 = 368 frames.Only 386 frames out of0]
will probably survive

If the system creates 500 frames per second sliilg2) frame per millisecon
The load is (1/2). In this case S = G-G or S = 0.303 (30.3 percent). Tl
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[

means that the thrghput is 500 x 0.0303 = 151. Only 151 frames ol&Qtf
will probably survive

c. If the system creates 250 frames per second stiig4) frame per millisecon
The load is (1/4). In this case S = G -G or S = 0.195 (19.5 percent). Tl
means that théntoughput is 250 x 0.195 = 49. Only 49frames o5 will

probably survive.
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Figure 1.8 Space/time model of the collision in CSMA
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Figure 1.9 Vulnerabletimein CSMA
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Figure 1.10 Behavior of three persistence methods
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Figure 1.11 Flow diagram for three persistence methods

First bit of o

Transmission
time

Firstbit of C C's collision

(5§ (F—J

5 — Transmission
t3 I time

Yy
A’s collision I detection and
detection Collision abortion
and abortion occurs !
Time Time

Figure 1.12 Collision of thefirst bitin CSMA/CD
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Figure 1.13 Collision and abortion in CSMA/CD

Example 1.5

A network using CSMA/CD has a bandwidth of 10 Mbipshe maximum propagatic
time (including the delays in the devices and ignorimg time needed to send ajamm
signal, as we see later) is 258§ what is the s, what is the minimum size of thene’

Solution

The frame transmission time is Tfr = 2 x Tp = 5us, what is the s. This means, in
worst case, a station needs to transmit for a gerid1.2us, what is the s to detect t
collision. The minimum size of the frame is 10 MbpS§1.2us, what is the s = 512 bi

or 64 bytes. This is actually the mirum size of the frame for Standard Ethe.




LAKSHMI NARAIN COLLEGE OF TECHNOLOGY, BHOPAL
COMPUTER SCIENCE AND ENGINEERING DEPARTMENT

Station has @
K: Number of attempts a frame to send
Tyt Maximum propagation time
Ti,: Average transmission time for a frame

Tp: Back-off time

Y
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Figure 1.14 Flow diagram for the CSMA/CD
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Figure 1.15 Energy level during transmission, idleness, or collision
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Figure 1.16 Timing in CSMA/CA

In CSMA/CA, the IFS can also be useddefine the priority of a station or
frame.

In CSMA/CA, if the station finds the channel bugtydoes not restart the tim
of the contention window; it stops the timer andtaets it when the chanr

becomes idle.
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Choose a random
number R between
0and2%-1

Contention window
sizeis 2™ -1

After each slot, if idle,
continue; if busy, halt and
continue when idle.

Figure 1.17 Flow diagram for CSMA/CA
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Assignment Questions

1. Draw Taxonomy of multipl-access protocols.
2. Make a comparison between pure ALOHA, slotted ALO&# CSMA/CD
3. We have come across three generations of CarmeseQdultiple Acces
protocols -the origina CSMA, CSMA/CD, and CSMA/CABased on you
knowledge to these variants of CSMA MAC protocalddress the followin
guestions.
a. How does CSMA/CD work in principli
b. Can frames collide in CSMA and how? What is thebfem in CSMA
that CSMA/CD is trying toesolve?
How does CSMA/CA work in principle
d. How can collisions be detected? What is the lprabin CSMA/CD
that CSMA/CA is trying to resolvi
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