
1

Multiple Access
Communications

EEE 538, WEEK 11
Dr. Nail Akar 

Bilkent University
Electrical and Electronics Engineering 

Department



2

Multiple Access

Satellite systems, radio networks (WLAN), ethernet
segment
The received signal is the sum of attenuated transmitted 
signals from a set of other nodes, corrupted by distortion, 
delay and noise
The multiaccess medium is allocated among the various 
nodes by the MAC (medium access control) sublayer
We can view multiaccess communication in queueing
terms: Each node has a queue of packets to be 
transmitted and the multiaccess channel is a common 
server.
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In Queueing Terms

Ideally, the server should view all the waiting packets as 
one combined queue to be served by an appropriate
queueing discipline.
Problem: The server doesn’t know which nodes contain 
packets.
Problem: The nodes are unaware of packets at other 
nodes. 
Knowledge about the state of the queue is distributed.
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Approaches to multiple Access

Fixed Assignment (TDMA, FDMA, CDMA) 
– Each node is allocated a fixed fraction of bandwidth
– Equivalent to circuit switching 
– Very inefficient for low duty factor traffic 

Contention systems 
– Polling 
– Reservations and Scheduling 
– Random Access 
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Ex. Satellite Channel
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Slotted Aloha

Time is divided into “slots” of one packet duration 
– E.g., fixed size packets 

When a node has a packet to send, it waits until the 
start of the next slot to send it 
– Requires synchronization 

If no other nodes attempt transmission during that 
slot, the transmission is successful 
– Otherwise “collision” 
– Collided packet are retransmitted after a random 



7

Slotted Aloha Model

Slotted system: Same length of all packets, each packet 
needs one time unit (a slot) for transmission. All 
transmitters are synchronized, transmission starts at an 
integer time and ends before next integer time.
Poisson arrivals: Packets arrive at each of the m
transmitting nodes according to independent Poisson 
processes. Let λ be the overall arrival rate, and λ/m the 
arrival rate at each transmitting node.
Collision or perfect reception: If two or mode nodes 
sends in a time slot there is a collision and the receiver 
obtains no information about the content or sources of 
the transmitted packages. If just one node sends the 
packet is correctly received.
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Model Continued

(0; 1; e) Immediate Feedback: At the end of each slot, 
each node obtains feedback specifying whether 0 
packets (idle), 1 packet (successful transmission), or 
more that 1 packet (collision/error) were transmitted in 
that slot.
Retransmission of collisions: Each packet involved in a 
collision will be retransmitted in some later slot, until 
successfully transmitted. A node with a packet that must 
be retransmitted is said to be backlogged
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Model Continued

One of the two following is assumed
– (a) No buffering: If one packet at a node is currently 

waiting for transmission or colliding with another 
packet during transmission, new arrivals at that node 
are discarded and never transmitted.

– (b) Infinite set of nodes (m = ∞): The system has an 
infinite set of nodes and each newly arriving packet 
arrives at a new node.
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Slotted Aloha

The Aloha network was developed around 1970 to 
provide radio communication between central computer 
and various data terminals at the campuses of University 
of Hawaii.
The basic idea is an unbacklogged node transmits a 
newly arriving packet in the first slot after packet arrival, 
thus risking occasional collisions but achieving very 
small delay if collisions are rare.
When a collision occurs each node sending one of the 
colliding packets discovers the collision at the end of the 
slot and becomes backlogged.
Backlogged nodes wait for some random number of slots 
before retransmitting.



11

Preliminary Analysis

Using infinite node assumption (b)
New arrivals transmitted in a slot is a Poisson random 
variable with rate λ
If retransmissions from backlogged nodes are sufficiently 
randomized, it is plausible to approximate the total 
number of retransmissions and new transmissions in a 
slot as a Poisson random variable with rate G > λ
The probability that k nodes will transmit in a slot is then
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Preliminary Analysis Continued 
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Preliminary Analysis Continued 
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Detailed Analysis
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Detailed Analysis Continued
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Detailed Analysis Continued
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Detailed Analysis Continued
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Detailed Analysis Continued
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Detailed Analysis Cont.
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Detailed analysis Cont. 
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Detailed Analysis Continued
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Analysis
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Infinite Node Assumption

• Undesirable stable point disappears
• If backlog increases beyond unstable point (bad 
luck) then it tends to increase without limit and the 
departure  rate drops to 0
• Instability of the slotted ALOHA
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Stabilization of Slotted ALOHA –
Infinite Node
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Cont.
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Rivest’s Pseudo-Bayesian Algorithm
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Cont.
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Motivation for the algorithm
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Motivation for the algorithm
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Motivation cont.
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Motivation cont.
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Motivation cont.
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Approximate Delay Analysis
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Approximate analysis Cont. 
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Approximate analysis Cont.
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Approximate analysis Cont.
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Approximate analysis Cont.
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Approximate analysis Cont.
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Approximate analysis Cont.
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Approximate analysis Cont.
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Approximate analysis Cont.
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ALOHA vs TDM
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Binary Exponential Backoff
For packet radio networks and some other multiaccess
situations the assumption of immediate (0,1,e) 
feedback is unrealistic
In some systems a node only receives feedback about 
its own packets, no feedback in about slots in which it 
does not transmit
This limited feedback is insufficient for the backlog 
estimation of pseudo-Bayesian strategy
An alternative stabilization strategy is binary 
exponential backoff used in Ethernet; If a packet has 
been transmitted unsuccessfully i times the 
transmission in successive slots is set to 
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Unslotted ALOHA
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Unslotted ALOHA
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Unslotted ALOHA
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Unslotted ALOHA
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Splitting
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Tree Algorithms
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Summary

stabilized pure aloha T = 0.184 = (1/(2e)) 
stabilized slotted aloha T = 0.368 = (1/e) 
Basic tree algorithm T = 0.434 
Best known variation on tree algorithm T = 0.4878 
Upper bound on any collision resolution algorithm with 
(0,1,e)feedback T <= 0.568 
TDM achieves throughputs up to 1 packet per slot, but 
the delay increases linearly with the number of users


