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RANDOM ACCESS

In a random access method, each station has the right to the medium 
without being controlled by any other station. 

However, if more than one station tries to send, there is an access 
conflict (collision) and the frames will be either destroyed or 
modified.

To avoid access conflict or to resolve it when it happens, it is necessary a 
procedure that answers the following questions:

• When can the station access the medium?

• What can the station do if the medium is busy?
• How can the station determine the success or failure of the transmission?
• What can the station do if there is an access conflict?



Evolution of random-access methods



Aloha method

 Aloha, also called the Aloha method, refers to a simple communications 
scheme in which each source (transmitter) in a network sends data 
whenever there is a frame to send.

 This protocol was originally developed at the University of Hawaii for use 
with satellite communication systems in the Pacific. 

 In a wireless broadcast system or a half-duplex two-way link, Aloha works 
perfectly. But as networks become more complex, trouble occurs because 
data frames collide (conflict).

 The heavier the communications volume, the worse the collision problems 
become. The result is degradation of system efficiency, because when two 
frames collide, the data contained in both frames is lost. 

 To minimize the number of collisions, thereby optimizing network efficiency 
and increasing the number of subscribers that can use a given network, a 
scheme called slotted Aloha was developed. This system employs signals 
called beacons that are sent at precise intervals and tell each source when 
the channel is clear to send a frame.



ALOHA network

Every station that need to send a frame to another station first sends it to 
the base station. The base station receives the frame and relays it to the 
intended destination. The base station acts as a HOP.

The ALOHA protocol is based on the following rules:

Multiple access: Any station sends a frame when it has a frame to send. 

Acknowledgement: After sending the frame, the station waits as ACK. If it does not 
receive an ACK during the allotted time ( 2x propagation time) it assumes that the 
frame is lost; it tries sending again after a random amount of time.



Procedure for ALOHA protocol



The Aloha Protocol
 simple: 
 if you have Packet to send, "just do it" 

 if Packet suffers collision, will try resending later



Analyzing the Aloha Protocol
Goal: quantitative understanding of performance of Aloha 

protocol 
 fixed length Packets 
 Packet transmission time is unit of time 
 throughput: S: number Packets successfully (without 

collision) transmitted per unit time 
 in previous example, S = 0.2 Packet/unit time 

 offered load: G: number Packet transmissions attempted 
per unit time 
 note: S<G, but S depends on G 
 Poisson model: probability of k Packet transmission attempts in t 

time units: 
Prob[k trans in t] = ((Gt)**k )(e**(-Gt))/(k!) 
 capacity of multiple access protocol: maximum value of 

S over all values of G 



Analyzing Aloha (cont)

focus on a given attempted packet transmission 

S = rate attempted Packet trans * prob[trans successful] 
= G*prob[no other Packet's overlap with attempted trans] 
= G*prob[0 other attempted trans in 2 time units] 
= Ge*(-2G) 



Aloha throughput

 Note: maximum throughput is 18% of 
physical channel capacity 

 you buy 1 Mb link, throughput will never 
be more than 180Kb! 



Collision in CSMA



Persistence strategies



CSMA/CD procedure



CSMA/CA procedure

After transmission of each frame, a transmitter must 
wait for a period of 9.6 microseconds (at 10 Mbps) to 
allow the signal to propagate through the receiver 
electronics at the destination. This period of time is 
known as the Inter-Frame Gap (IFG). While every 
transmitter must wait for this time between sending 
frames, receivers do not necessarily see a "silent" 
period of 9.6 microseconds. The way in which 
repeaters operate is such that they may reduce the 
IFG between the frames which they regenerate. 



Control AccessControl Access
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Reservation access method



Select



Poll



Token-passing network



Token-passing procedure



ChannelizationChannelization

FDMA

TDMA

CDMA



In frequency-division multiple access 
(FDMA), the bandwidth is divided into 

channels.
•Each station uses its allocated band to send its 
data. 
•Each band is reserved for a specific station.
•The band belongs to the station all the time. 
•FDMA is a data link layer protocol that use 
FDM at the physical layer . 
•FDMA is used in cellular telephone and 
satellite networks



In time division multiple access 
(TDMA), the bandwidth is just one 

channel that is timeshared.
•The stations share the capacity of the channel in 
time. 
•Each station is allocated a time slot which it can 
send data. 
•TDMA is a data link protocol that uses TDM at 
physical layer. 
•TDMA is used in the cellular telephone network



In CDMA- Code division multiple access , one 
channel carries all transmissions 

simultaneously.
CDMA differs from FDMA because:

One channel occupies the entire bandwidth of the link

CDMA differs from FDMA because:

All  stations can send data simultaneously; there is no 
timesharing



Chip sequences

CDMA is based on coding theory. Each station is 
assigned a code, which is a sequence of numbers 
called chips. 

The chip sequences are generated using Walsh table.



CDMA multiplexer

1. The multiplexer receives one encoded number from each station (-1,-1,0,+1)

2. The encoded number sent by station 1 is multiplied by each chip sequence A. (station 2 by chip sequence b, etc)

3. All first chips are added, as are all second, third, and four chips  => one new sequence 

4. The sequence is transmitted on through the link



CDMA demultiplexer

1. The multiplexer receives the sequence sent across the link

2. It multiplies the sequence by the code for each receiver. The 
multiplication is done chip by chip

3. The chips in each sequence are added. The result is always +,-4 or 0

4. The result is divided by 4 and decoded to 0, 1 or silence by receiver



Walsh table W1 and W2N for ortogonal sequences

To generate orthogonal sequences is used Walsh Table

A two dimensional table [n,n]

Wn complement of Wn, where each +1 is changed in -1 and vice versa



Sequence generation



Properties of Orthogonal Sequences

 Orthogonal sequences have properties that are 
suitable for CDMA:
 If we multiply a sequence by -1, every element in the 

sequence is complemented. 
 If we multiply two sequences, element by element and 

add the results, we get a number called the “inner 
product”. If the two sequences are the same, we get N   
(N is the number of sequences); if they are different, we 
get 0. (AxA=N AxB=0)

 The inner product of a sequence by its complement is –N  
(Ax(-A)=-N)



ExampleExample

Check to see if the second property about orthogonal codes holds
for our CDMA example.

SolutionSolution

The inner product of each code by itself is N. 
This is shown for code C; you can prove for yourself that it holds true for 
the other codes. 

C .  C = 

If two sequences are different, the inner product is 0.

B . C =   



ExampleExample

Check to see if the third property about orthogonal codes holds for 
our CDMA example. 

SolutionSolution

The inner product of each code by its complement is N. This is shown for 
code C; you can prove for yourself that it holds true for the other codes.

C . (C ) =     

The inner product of a code with the complement of another code is 0.

B . (C ) =  


