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Figure 10.1
Simplified models of digital communication system. 
(a) Coding and modulation performed separately. 

(b) Coding and modulation combined.







(a) Constraint length-3, rate - convolutional encoder.

(b) Constraint length-2, rate- convolutional encoder.
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A Rate ½ Convolutional 
encoder

• Convolutional encoder (rate ½, K=3)
– 3 shift-registers where the first one takes the 

incoming data bit and the rest, form the memory of 
the encoder. 
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A Rate ½ Convolutional 
encoder
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A Rate ½ Convolutional 
encoder
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Effective code rate
• Initialize the memory before encoding the first bit (all-

zero)
• Clear out the memory after encoding the last bit (all-

zero)
– Hence, a tail of zero-bits is appended to data bits.

• Effective code rate :
– L is the number of data bits and k=1 is assumed:

data Encoder codewordtail
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Encoder representation
• Vector representation:

– We define n binary vector with K elements (one 
vector for each modulo-2 adder). The i:th element 
in each vector, is “1” if the i:th stage in the shift 
register is connected to the corresponding modulo-
2 adder, and “0” otherwise.

• Example:
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Encoder representation –
cont’d

• Impulse response representaiton:
– The response of encoder to a single “one” bit that 

goes through it.
• Example:

11001
01010
11100

111011  :sequenceOutput 
001       :sequenceInput 
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Encoder representation –
cont’d

• Polynomial representation:
– We define n generator polynomials, one for each 

modulo-2 adder. Each polynomial is of degree K-1 or 
less and describes the connection of the shift 
registers to the corresponding modulo-2 adder.

• Example:

The output sequence is found as follows:
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Encoder representation –
cont’d

In more details:
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Part II



State diagram
• A finite-state machine only encounters a finite number of states. 

• State of a machine: the smallest amount of information that, together 
with a current input to the machine, can predict the output of the 
machine.

• In a Convolutional encoder, the state is represented by the content of the 
memory.

• Hence, there are         states.

• A state diagram is a way to represent the encoder. 

• A state diagram contains all the states and all possible transitions 
between them.

• Only two transitions initiating from a state

• Only two transitions ending up in a state

12 -K



The example encoder has two bits of memory, so there 
are four possible states. 

Let's give the left-hand flip-flop a binary weight of 21, and 
the right-hand flip-flop a binary weight of 20. 

Initially, the encoder is in the all-zeroes state. 

If the first input bit is a zero, the encoder stays in the all 
zeroes state at the next clock edge. 

But if the input bit is a one, the encoder transitions to the 
102 state at the next clock edge. 

Then, if the next input bit is zero, the encoder transitions 
to the 012 state, otherwise, it transitions to the 112 state. 
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State diagram – cont’d
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Trellis – cont’d
• Trellis diagram is an extension of the state 

diagram that shows the passage of time.
– Example of a section of trellis for the rate ½ code
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Trellis –cont’d
• A trellis diagram for the example code
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Trellis – cont’d
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Trellis of an example ½ Conv. 
code
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Trellis of an example ½ Conv. 
code
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The Viterbi algorithm
• The Viterbi algorithm performs Maximum likelihood 

decoding.
• It finds a path through the trellis with the largest 

metric (maximum correlation or minimum distance).
– It processes the demodulator outputs in an iterative 

manner. 
– At each step in the trellis, it compares the metric of all 

paths entering each state, and keeps only the path with 
the smallest metric, called the survivor, together with its 
metric.

– It proceeds in the trellis by eliminating the least likely 
paths.

• It reduces the decoding complexity to           !
12 -KL
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The Viterbi algorithm - cont’d
• Viterbi algorithm:
A. Do  the following set up:

– For a data block of L bits, form the trellis.  The trellis has 
L+K-1 sections or levels and starts at time      and ends 
up at time          .

– Label all the branches in the trellis with their 
corresponding branch metric. 

– For each state in the trellis at the time      which is  
denoted by                            , define a parameter

B. Then, do the following:
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The Viterbi algorithm - cont’d
1. Set                and 
2. At time    , compute the partial path metrics for all 

the paths entering each state.
3. Set               equal to the best partial path metric 

entering each state at time   . 
Keep the survivor path and delete the dead paths 
from the trellis.

1. If              , increase    by 1 and return to step 2.  
A. Start at state zero at time        . Follow the 

surviving branches backwards through the 
trellis. The path found is unique and 
corresponds to the ML codeword.
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Example of Hard decision Viterbi decoding
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Example of Hard decision Viterbi 
decoding-cont’d

• Label all the branches with the branch metric 
(Hamming distance)
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Example of Hard decision 
Viterbi decoding-cont’d
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Example of Hard decision 
Viterbi decoding-cont’d
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Example of Hard decision 
Viterbi decoding-cont’d

• i=4
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Example of Hard decision 
Viterbi decoding-cont’d

• i=5
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Example of Hard decision 
Viterbi decoding-cont’d

• i=6
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Example of Hard decision Viterbi decoding-
cont’d

• Trace back and then:

0
2

0

1

2

1

0
1

1

0

1

2

2

1

0

2

1

1

1

6t1t 2t 3t 4t 5t

1

0 2 3 0 1 2

3

2

3

20

2

30

)100(ˆ =m
)0000111011(ˆ =U



















Figure 10.17
Illustrating steps in the Viterbi algorithm for Example 10.6.



Figure 10.18
Illustrating breakdown of the Viterbi algorithm in Example 10.7.
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