An Introduction to Coding Theory
Professor Adrish Banerji
Department of Electrical Engineering
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Module 04
Lecture Number 16
Introduction to convolutional codes-II: state diagram, trellis diagram
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Today we are going to talk about how to draw the state diagram and Trellis diagram of

convolutional code. So today's lecture
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Lecture #8B: Introduction to convolutional codes-11: state
diagram, trellis diagram

deals with state diagram and Trellis diagram of a convolutional code.
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Convolutional codes

Qutline of the lecture:
@ State Diagram

So we will start of this lecture with description of
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how to construct the state diagram of convolutional code and then we will talk about the

Trellis diagram.
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Convolutional codes

Qutline of the lecture
@ State Diagram

@ Trellis Diagram

So before we talk about
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State Diagram

@ Since a convolutional encoder is a sequential circuit, it can be
described by a state diagram

state diagram and Trellis diagram, just few words about convolutional code and
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its equivalent state diagram. Since it is a sequential circuit, the convolutional encoder we can
represent it using a state diagram and we are going to make use of state diagram and Trellis

diagram when we will be decoding the convolutional code. So state diagram is described

State Diagram

@ Since a convolutional encoder is a sequential circuit, it can be
described by a state diagram.

@ The state of the encoder is defined as its shift register contents. For
a (n, 1, m) code at time instant /, the state is defined by the

m—tuple

S = (-1, %-2.""" s Xi—m)
where (xj_1.% 2. - ,%_n) are the m bits stored in the shift
register

follows. The state of an encoder is basically defined by the contents of its shift register. So if
you have a rate 1 by n code whose memory order is m then we define the state at time 1 by S
sub 1 where x I minus 1, x 1 minus 2, x 1 minus m these are essentially the contents of the shift
registers. So the contents of the shift register will define what is the state of the convolutional

encoder.



(Refer Slide Time 01:54)
e

@ Since a convolutional encoder is a sequential circuit, it can be
described by a state diagram.

@ The state of the encoder is defined as its shift register contents. For
a (n, 1, m) code at time instant /, the state is defined by the

m—tuple
5 (xﬁ Lo Xi=2:""" ; X} m)
where (x_j.%_3. -+ .%_m») are the m bits stored in the shift
register
@ There are 2™ number of possible states for a (n, 1. m) convolutional
code

So if we have the convolutional code whose memory is m rate 1 by n code then essentially
we will have total 2 raised to power m states because we will have one set of shift register to
represent this convolutional code because k is equal to 1 and since memory is m so total there
are 2 m different possibilities for the state depending on whether the bit is 0 or 1 which is

stored in the shift register.

(Refer Slide Time 02:29
B - -

@ Since a convolutional encoder is a sequential circuit, it can be
described by a state diagram

@ The state of the encoder is defined as its shift register contents. For
a (n, 1, m) code at time instant /, the state is defined by the

m—tuple

5 (i‘p 1y Xl=2:""" ; X} m)
where (x_j.%_3. -+ .%_m») are the m bits stored in the shift
register

@ There are 2™ number of possible states for a (n, 1. m) convolutional
code

@ The output of a convolutional code at each time instant /, depends
on the input and the current state

vi = fu. 5)

And then output of a convolutional code as we know is function of what is the input and what

is the current state. And what
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@ The convolutional encoder undergoes a state transition whenever a
new information bit is input to the encoder.

Time unit Message bit State
I u Sp= (01,202, )0 m)
1+1 Uiy Sier = (xn o xi-1, - Xi—ma1)

happens when we receive a new bit? When we receive a new bit the convolutional encoder is

in a particular state,
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let us say at time t, when it receives a new bit, that new bit will transform it, will take it some

other state and some output will be emitted. So we undergo what we call a state
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@ The convolutional encoder undergoes a state transition whenever a
new information bit is input to the encoder

Time unit  Message bit State
! 1]} 51 (J'r 1 Xi=2. « Xj m)
I+1 Upsy Sie1 = (xn. x-1. = mi1)

transition whenever a new information bit arrives. So what happens, when the new

information bit will arrive, it will transform it from a given state, let's call it S 1 to another
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State Diagram

@ The convolutional encoder undergoes a state transition whenever a
—_—_—
new information bit is input to the encoder

Time unit Message bit State
/ uy Sif (X-1,%-2."** . X1—m)
I+1 Ujs1 i1 (xn., xi-1, 5 — |

state S 1 plus 1 and this



(Refer Slide Time 03:18)

- 5a AL L X

Fs <Z-Feslnssssescoe —— ]

T =sES

State Diagram

@ The convolutional encoder undergoes a state transition whenever a
new information bit is input to the encoder

Time unit  Message bit State
l (7]} SI (1r 1+ Xl=2,""" + X} m)
I+1 Ups1 (xn. x-1," s X—ms1)

transition happens when you receive a new information message bit.
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State Diagram

@ The convolutional encoder undergoes a state transition whenever a
new information bit is input to the encoder

Time unit Message bit State
! (77} SI (1r 1: Xl=2:""" + X} m)
I+1 Ups1 St41 = (X0, %=1, s W-—m+1)

@ A state transition is represented by a directed edge connecting two
states, 5; and 5,

And these state transitions are represented in a state diagram by a directed edge. So if there is

a directed edge from state
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S 1 to state S 1 plus 1, that means from state S 1 you will undergo state transition to state S 1

plus 1 when a particular new bit has arrived. And
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@ The convolutional encoder undergoes a state transition whenever a
new information bit is input to the encoder.

Time unit  Message bit State
! u 5= (o1, 202 ,0-a)
I+1 Uil Sis1 = (. X-1,- -+, G—rs1)

@ A state transition is represented by a directed edge connecting two
states, S; and 5. ;.

normally what we do is we
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State Diagram

@ The convolutional encoder undergoes a state transition whenever a
new information bit is input to the encoder.

Time unit Message bit State
I u St = (X-1,2-2,""" , X)1—m)
1+1 Urs1 Sis1 =[x X-1, - X—ms+1)

@ A state transition is represented by a directed edge connecting two
states, 5; and S

@ The state transitions are labeled with the information and coded bits
corresponding to that transition.

label these state transitions with what is that information bit that caused that state transition

and what are the coded bits corresponding to the state transition. So let's say there is

information bit 0 which causes
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you to move from state 0 O to state 0 1 then in this we will draw directed graph, directed edge

from state 0 O to state 0 1 and we will label it by input which is 0 and we will also write what

is the corresponding output. So that's how we will basically label all these state transitions.

And in a state diagram we are essentially enumerating all possible state diagram

corresponding to all possible states.
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State Diagram
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So let us take the same example that we have been dealing so far. This is a rate 1 by 2
convolutional code with memory 2. And what are the states of this? State of this
convolutional encoder is given by what is the content of this shift register which I am
denoting by blue dots. So what is the content here and what is the content here, that is
essentially the state of the convolutional encoder. As you can see basically, when you get a

new
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information bit, depending upon what the state is, you will get
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State Diagram

o o D
1

" - o - Y2 .

2)

= ¥
I

corresponding output and what happens in this new information bit will cause, in the next
cycle this information bit will move here and whatever was here will move here, so there will
be a state transition because this u 1 will move to this location and what was stored here will
move to this location, Ok. So let us try to draw the state diagram for this convolutional

encoder.
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State Diagram

@ State Table

Input | Initial State | Next State | Output |

- - -
+

I
|
|
I S S
———
[

So as we said basically these are the states of the convolutional encoder. We have to, we first
enumerate all possible state all possible input. So since the memory is 2, all possible states

are00,01,letssay 00,01,10and 1 1. And corresponding



(Refer Slide Time 06:29)

] maso sesmaaanaf
Fortesms-ci -Feplinnsnnnn

State Diagram

@ State Table

Input | Initial State | Next State | Output |
© O |

o
| |
Y| |
o |
|

+

1 [

to each state we can have input 0 or 1, input O or 1, input O or 1, input 0 or 1.
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State Diagram

@ State Table

Input | Initial State | Next State | Output |
[=] ©c o |
| | 0O |
ol o 1 | 1
| o) | |
o L O
| 1o | *
| O ' ) Y ) |
L 11 |

Ok. So now let us look at each case separately. So we have input 0 and initial state 0. Now
what's going to happen in the next state? So when there is a transition, this 0 will move in
here and this is 0 0 so this 0 will move here. So when a zero comes and you are in initial state

0 0, this will move state 0 0 so it will remain
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State Diagram

@ State Table

[“Input | Initial State | Next State | Output |
(=] [« K~ oo |
1 =] |
ol o 1 |
| > 2 |
o[ 10 [T
! 1 © | !
& 1§ ¥ ) L
\ L 1 |

in state 0 O if the input is 0.And what is the corresponding output? Since the input is 0 and

this state is 0 what you will get here is 0 plus 0 is 0 and O plus O plus 0 is 0, so output will be
0.
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State Diagram

@ State Table

Input | Initial State | Next State | Output |
(=] o o o0 | ©
| o O |
ol o1 1
| | o) | |
o 10 | [
[ Lo | |
| © | ) Y | |
| L 1 |

Now let's look at this. If the input is 1, and the initial state is 0 0, then this 1, the 1 which is

here will now move to this location, right. So the next state would be 1 0
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State Diagram

@ State Table

Input | Initial State | Next State ] Output |
[=] ©c o (=N = o
1 ©c9o | 10
ol o 1 |
L ! | o 1 |
1 O | ©
Ll 1\ o |
| © | ) ) | -
\ |

because 1 from this input will move here and 0 from here will move. So the next state would
be 1 0. And what would be the output, since input is 0, initial states are 0,so 1 plus 0 will be 1

and
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State Diagram

@ State Table

Input | Initial State | Next State | Output |
© o 9 (o M=) o
\ | ©O© 1 O [
ol 0 1 |

L ! |l o) |
O | O
] 1 O |

Lo | 1 v |
L L1

1 plus O plus 0 will be 1 so this output will be 1, and this output is 0 0, we have already

mentioned this.
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State Diagram

@ State Table

Input | Initial State | Next State | Output |
[=] © O oo | Q0
\ | © O Lo | 11
ol o 1
i | o 13 | ]
‘ol |1 © [
L |y e |
L. o ! 3 % ) L
{ L1 |

Let's look at next case. Initial state 0 1 so initially this is 0 and this is 1, if the input is 0, if the
input is 0 what is going to happen, this 0 will move here and this 0 will move here so when

you get a 0 and the initial state is 0 0, next state will be 0 0
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State Diagram

@ State Table

Input | Initial State | Next State | Output |
(=] o O o0 | ©0
\ OO | 10 |11
ol 0o 1l | 60 |
l | o | L
1O | 1 © | 1
T [
[« 20 I T | |
| L1 |

because this 0 which is here will move to here and this 0 will move to here. So next state will

be 0 0 and what is the output? This will be 1 and this will be 1 so the outputis 1 1.
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@ State Table

Input | Initial State | Next State | Output |
(=] o O (=M= oo
l 09O | 10 |11
O 1l 0 I | 6o &
S - . S —
0 | ©
Ly o |
| O | vy v
1 L1

Next, if the initial state is O 1 but the input is 1, in that case the next state will be this, 0 will

move here and this 1 will move here, so next state would be

i Feammssssas
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State Diagram

@ State Table

Input | Initial State | Next State | Output |

c o (=M=} (]
L1 O L)
o O (|

10



YR LT (TTTTTTTG)

(Refer Slide Time 09:28)

" i80
Farre=saas

State Diagram

@ State Table

Input | Initial State | Next State | Output |
(= o O (=M= oo
| 9 | 10 11
O | O 1| | 6 O L1

L ! | o)y | 10 | |
[s) =
I - 1. o -

o | v | )
1 L1

and what's the corresponding output? This would be 1 plus 1 that's 0 and this will be 1 plus 0

plus 1, that's again 0,
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@ State Table

Input | Initial State | Next State | Output |
(=] o O [+ =] (=]
1\ | OO | 10 [11
o | O 1 0 O |

L ! | o) | 10 |oo |
O | O
| 1\ & |

O 1 ) ) | e
| L 1

Ok.

Now let's look at another case. So next you have initial state 1 0. So initial state 1 0, if the

input is 0, then the next state will be 0 1
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State Di.]g,r.gm

@ State Table

Input | Initial State | Next State | Output |
(=] o O (=M= (=)o)
! 09 | 10 |11
(@] o 1 | oo (I
L ! | o1 | 10 oo
(8] | © [« 2|
! 1\ e | L
L O | 1 V| &
\ L\

and what's the output, when input is 0, the output will be 0 plus 0 is 0, and 0 plus 1 plus 0 is

1. So output is
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@ State Table

Input [ Initial State | Next State Output ]
© ©c o (= M=) Qo
| 09 | 10 11
ol o1l oo | 11|
L 1l oy | 10 loo |

(®] 1 O o | fa M|
| . O

o [ 1 \ | 1
1 L1

0 1. And if the input is 1, then the next state would be 1 1
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@ State Table

i saEumnnnen

Input | Initial State | Next State | Output |
(=] o O (= M=) oo
\ o o ) 11
o o 1 O Lt |

| o 1 Lo o0
(o) 1 © | o | al
1 | 1o | 11

Lo ! 3y ¥ | 0001 @
\ 11 |

and the output will be 1 plus 0 is 1, and 1 plus 1 plus 0 is 0.

And finally
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State Diagram

@ State Table

Input | Initial State | Next State | Output |
o 09 | oo oo
| o o ) L1
o] O I | 060 L1

1 1 o 1 1 O | o0 |

(o) 1 © | o1 oMl |

I |l yvo | 1+ 1 |10
| O | |
L | I .

if the next state is 1 1, let's say if the input is 1 then the next state is 1 1 and the output will be
1
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State Diagram

@ State Table

8 iso Beswan
Fo resss-ci Feulin

Input | Initial State | Next State | Output |
© ©c O - ¥ - o0 |
\ [el=) ) L1
o o 1 & O [
I o | L O o0
0 | © o 1 at |l

I R Y - L} Feo
(»] 1 \ |
L 1 | 11

plus 1is 0 and 1 plus 1 plus 1 is 1 and if
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@ State Table
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Input | Initial State | Next State | Output |
=) c o [ol=) o0 |
\ |09 T 1o 11 |
(@] O Il | o0 [
| o 1 | L O o |
O 1 © | o | al
[+ | v o | o1 [
o | V|
\ I | | 0]

this is, instead of 1if this is 0 then next state would be 0 1 and output will be
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State Diagr.-jm

@ State Table

i Feemassssas;

Input | Initial State | Next State | Output |
(=] o O (=M= (o))
\ 1 0O | 10 [11]
01 0 1l | 060 11

L ! | o1 | 10 oo
(8] | O o | al
| 1\ e | 1 1O

| © | ) V | ol | |
\ L1\ L1 (2|

0 plus 1.which is 1 and this is O plus 1 plus 1, this is 0.
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State Diagram

@ State Table

YR Lr (TITTITE

Input | Initial State | Next State | Output |
(=] o O (=M= oo
. | ©69 | 1+ 0 11
o 0O 1 o O |
!l o) | 10 |oo |
| O o | al
Ll yoe | 1 Lo
O ) §y V) o1 ) tD
\ I | L1 0]

So note that we have drawn all possible state transitions corresponding to all possible inputs

and all possible initial states. Now what the state diagram does is it represents the state table
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graphically and how do we show it graphically, so
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@ State Table

Input | Initial State | Next State | Output
o [« = (o W= oo
\ [o3=) ~) 11
(o] o 1 o O (|
| [ 2 | L O o0
0 | O o 1 al
I Lo 1 Lo
(o] | ol -}
| 1 gy 0]

we will go back to



(Refer Slide Time 11:34)

s A |8 LB
Fz rre=s c i ——sEussssEs

State Diagram

@ There are four states: (0.0), (0.1), (1.1). and (1.0) for the (2.1.2)
convolutional code

this, so note here we have 4 states, 0 0, 0 1, 1 0, 1 1 and we are showing each transition

graphically. So if you go back and see here,
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=h & T EETEN -
Fo tTomms cli:-Feplananasnc @

@ State Table

Input [ Initial State | Next State | Output ]
o o O oo | ©0
| | © 9O L O | 11
O | O 1 6o | Il
Il |l ey | 10 lr o0 |
r.D_F 1 © | o1 o1t ]
Ll 1o | 1 | Lo
o 1 V| ot [1o
L1 L1 L1 _lo]

if the initial state is 0 and input is 0, it remains in O state and output is 0 0. How do we denote

this? Initial state
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State Diagram

@ There are four states: (0,0), (0,1), (1,1), and (1.0) for the (2.1.2)
convolutional code

is 0 0, input is 0, corresponding output is 0 0 and it remains in all O state. So that we are
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State Diagram

@ There are four states: (0.0), (0,1), (1.1), and (1,0) for the (2.1.2)
convolutional code

denoting like this. Now what happens when you are in 0 0 state and you receive a 1, if you

are in
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State Diagram

@ State Table

Input | Initial State | Next State | Output |
(=] ©c o (=M= (o))
\ ©C9o | 10 11
(@] I | o0 L1

| 1 o ) L 1 O | 00 |

s ] | O o 1 al
|l 1 | | . 1O

| & 1 3 ¥V ) ot ) fD
L I | L1 0]

0 O state and you receive a 1, you move to next state 1 0 and the outputis 1 1,
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State Diagram

@ There are four states: (0.0), (0.1), (1.1), and (1,0) for the (2.1.2)
convolutional code

so when you get a 1, you move to next state which is 1 0 and the output is 1 1. So note how I
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State Diagram

@ There are four states: (0.0), (0,1), (1,1), and (1.0) for the (2.1.2)
convolutional code

am writing this state transition graphically. So I show by directed graph, transition from state
0 0 to state 1 0 and I am labeling this state transition by the corresponding input and output.

So 1 is the input and after slash I have the output. Similarly you do this for all
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Trellis Diagram

@ The trellis diagram of a convolutional code includes a
time-dimension

the states. So
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State Diagram

@ State Table

Input | Initial State | Next State | Output |
(=] o O (=M= oo
! ©CC | 10 T
(@] C I | o0 L1

1 1 o ) | 1 O | 00 |
[s] 1 O o | ol |
| 12 | 1 |10

) P B gl L S
L | L1 0]

if the initial state is 0 1 and you get a 0, you move to 0 O state and output is 1 1. So if you are

in
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@ There are four states: (0,0), (0,1), (1,1), and (1,0) for the (2,1,2)
convolutional code

initial state 0 1, you receive a 0, you go back to all zero state and output is 1 1.
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@ There are four states: (0,0), (0,1), (1.1), and (1.0) for the (2.1.2)
convolutional code

So this taken care of,
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@ State Table

Input | Initial State | Next State | Output |
(=] o O (=M= oo
! ©C° | 10 L]
ol O 1 0 O LI

L ! | o1 | 10 o0
(o) i O o 1 al
| |\ © . | 10 |

o | v V| o1 [0
L | L1 01

this is taken care of. If you are in initial state O 1, you receive a 1, you move to 1 0 state and

output is 0 0.
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State Diagram

@ There are four states: (0,0), (0.1), (1,1), and (1,0) for the (2.1.2)
convolutional code

You are in 0 1, you receive a 1, you move to state 1 0, input is
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State Diagram

@ There are four states: (0,0), (0,1), (1.1), and (1.0) for the (2.1.2)
convolutional code

1, output is 0 0. This
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State Diagram

@ State Table

Input | Initial State | Next State | Output |
° o O X ool
1 0O | 10 LL | v
O 1l 01l | 60O BN |
| o\ | 10 | oo |
0 | O o | fa M|
|l 1o | 131 |10
o[ v v [ ot [0
| 1 L1 0]

is done, state 1 0 initial input is 0. You move to state 0 1 and output is 0 1.So you are in state
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@ There are four states: (0.0), (0,1), (1.1), and (1.0) for the (2.1.2)
convolutional code

1 0, you receive a 0, you move to state O 1 and output is
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State Diagram

@ There are four states: (0,0), (0,1), (1.1), and (1.0) for the (2.1.2)
convolutional code

0 1. So that's this, Ok
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@ There are four states: (0,0), (0,1), (1,1), and (1,0) for the (2.1.2)
convolutional code

and so this is taken care of
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State Diagram

@ State Table

Input | Initial State | Next State | Output |
° o O X ool v
| o o I O 1L\ v
8] o 1 0 O L1 |+
- 10 oo |«
L O | © o | a1l |«
| 1o | 1+ | |10
o | 1 \ | ot | 1o
L I | L1 10]

and what happens when you receive a 1 and you are in state 1 0, you move to next state 1 1

and output is 1 0. So you
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State Diagram

@ There are four states: (0,0), (0,1), (1,1), and (1,0) for the (2.1.2)
convolutional code

receive a 1, when you are in initial state 1 0, you move to state 1 1 which is this, this is the

input
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@ There are four states: (0,0), (0,1), (1,1), and (1,0) for the (2.1.2)

convolutional code

and corresponding output is 1 0. And
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@ State Table

Input | Initial State | Next State | Output |
° o O PX=) oo v
| = I O L |
! O 1 0 O [
L | o) | 10 |oag |v
[s] | © o 1 01 |~
Ll 1o | v 1 |10 |
Lo ! ¥ V) o | WO
| L1 L1 0]

finally when you are in state 1 1, if you receive a 0, you

So you are in state 1 1,

move to state 0 1 and output is 1 0.
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State Diagram

@ There are four states: (0,0), (0,1), (1.1). and (1.0) for the (2.1.2)
convolutional code

you receive a 0, you move to state 0 1, input is
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State Diagram

@ There are four states: (0,0), (0,1), (1,1), and (1,0) for the (2.1.2)
convolutional code

0, output is 1 0.
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State Diagram

@ State Table

Input | Initial State | Next State | Output |
° o O X=) oo
| 99 | 10 11 |
O 1 | 00O L1 |+
' |l oy | 1+ 0 oo |+
0 | © o | altL |«
[ - ta |«
o | 1 '\ | ot | 'o |
| 1 1 J L1 01 |

And finally state 1 1, input 1, you remain in state 1 1 and output is 0 1.You receive
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State Diagram

@ There are four states: (0.0), (0.1), (1.1), and (1,0) for the (2.1.2)
convolutional code

a 1, you remain in state 1 1,
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State Diagram

@ There are four states: (0.0), (0,1), (1,1), and (1,0) for the (2.1.2)
convolutional code

input is 1 and output is 0 1. So note that here I have graphically represented all possible state

transitions corresponding to the convolutional encoder that we have considered. And this is

my state diagram, Ok.
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Trellis Diagram

@ The trellis diagram of a convolutional code includes a
time-dimension

So next, let’s talk about Trellis
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diagram. So in Trellis diagram we include another dimension which is the time dimension

and how do we show
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@ The trellis diagram of a convolutional code includes a
time-dimension.

that
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@ The trellis diagram of a convolutional code includes a
time-dimension

@ In each trellis section, the states are represented twice, once at time
I. and another at time | + 1. There is a branch connecting the state
5; at time | to the state ;. at time / + 1 if there exists an input u
at time / that drives the encoder to state 5,,, from state S,

time dimension? So let us first talk about what is a Trellis section? So in a Trellis section we

represent each state twice. How do we represent each state? Let us take this example.
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Trellis Diagram

@ The trellis diagram of a convolutional code includes a
time-dimension

So here we have 4 states, right?
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b
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@ There are four states: (0,0), (0,1), (1.1), and (1,0) for the (2.1.2)
convolutional code

So if T have to draw a Trellis section corresponding to this encoder how will I do it? What I

am going to do is,
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Trellis Diagram

@ The trellis diagram of a convolutional code includes a
time-dimension

I am going to write
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Trellis Diagram

@ The trellis diagram of a convolutional code includes a
time-dimension

@ In each trellis section, the states are represented twice, once at time
I. and another at time / + 1. There is a branch connecting the state
S; at time | to the state S;,; at time / + 1 if there exists an input u;
at time / that drives the encoder to state 5,,, from state S,

all these 4 states here and I will write all those 4 states here. Next
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Trellis Diagram

o O

o ©9

@ The trellis diagram of a convolutional code includesa O
time-dimension 9] O

@ In each trellis section, the states are represented twice, once at time
I. and another at time / + 1. There is a branch connecting the state
S; at time | to the state S5, at time / + 1 if there exists an input u;
at time / that drives the encoder to state 5,;,, from state S,

what I am going to do, I am going to add a branch connecting a state at this time instance, at

time 1 to a state at time 1 plus 1, if there exists an input that will drive the encoder to state S 1

plus 1 from state S 1. So what we do is we, at time let's say 1, these are the states

corresponding to the time 1 and these are the states corresponding to time 1 plus 1. So there

will be a valid transition from a state at time 1 to a state at time 1 plus 1 only if there exists an

input that will drive from this state to some another state in the next time instance. For

example, let's go back
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Trellis Diagram

@ The trellis diagram of a convolutional code includes a
time-dimension

to this.
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@ There are four states: (0.0), (0,1), (1.1), and (1,0) for the (2.1.2)
convolutional code

If you are in state 0 and you get a 0, you remain in all zero state. So this can be represented

here.
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Trellis Diagram

@ The trellis diagram of a convolutional code includes a
time-dimension

. Let's say
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@ The trellis diagram of a convolutional code includesa O
time-dimension @) O

@ In each trellis section, the states are represented twice, once at time
I. and another at time / + 1. There is a branch connecting the state
S; at time [ to the state S, at time [ + 1 if there exists an input v
at time | that drives the encoder to state S, ; from state S,

this is my all zero state. This is 0 O state and this is also my 0 O state so there is a transition

from here to here and what is that
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@ The trellis diagram of a convolutional code includesa
time-dimension @_._@

@ In each trellis section, the states are represented twice, once at time
I. and another at time / + 1. There is a branch connecting the state
5; at time | to the state S, at time [ + 1 if there exists an input u;
at time | that drives the encoder to state S, ; from state S,

input that causes this transition? That input is 0 and what is the output corresponding to that?

Itis00. Sol
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@ The trellis diagram of a convolutional code includes a
time-dimension

@ In each trellis section. the states are represented twice, once at time
I. and another at time / + 1. There is a branch connecting the state
S, at time / to the state 5;., at time [ + 1 if there exists an input u;
at time / that drives the encoder to state 5, y from state 5,

will label all those transitions which are happening from state at time S I, I mean state at time

1 to any state at time S 1 plus 1, provided there is a valid transition, Ok. And
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@ The trellis diagram of a convolutional code includes a
time-dimension.

@ In each trellis section, the states are represented twice, once at time
I, and another at time / + 1. There is a branch connecting the state
S; at time | to the state S;,; at time | + 1 if there exists an input u;
at time / that drives the encoder to state 5,,, from state S,

@ A trellis diagram for a convolutional code is obtained by joining the
trellis sections at different time units.

a Trellis diagram is obtained by joining Trellis section at different time instances. So what I

am going to do is,

(Refer Slide Time 18:07)

to draw the complete state diagram I am going to join Trellis section at time t. For various
times I will join them together and that's how my Trellis section will be, Trellis diagram will

be drawn.
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@ The trellis diagram of a convolutional code includes a
time-dimension.

@ In each trellis section, the states are represented twice, once at time
I, and another at time [ + 1. There is a branch connecting the state
Si at time / to the state 5;.; at time [ + 1 if there exists an input u;
at time | that drives the encoder to state 5,,, from state 5,

@ A trellis diagram for a convolutional code is obtained by joining the
trellis sections at different time units.

The interesting thing is in a Trellis then we can see all possible codewords. Any valid

(Refer Slide Time 18:29)

transition basically is a valid codeword so let's say initially encoder is in all zero state. And it
goes back to all zero state. Then all possible paths from all zero state to the final all zero state
will enumerate all possible codewords that we have.

So let us take another example.
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Example: Convolutional Encoder
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Rate R=1/2 Systematic Feedback Convolutional Encoder

This is an encoder. Now following the same procedure as we explained earlier, we can draw
the state diagram for this. So where are the states? This is one state, this is another state. And

similarly we can find out for all
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Example: Convolutional Encoder
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Rate R=1/2 Systematic Feedback Convolutional Encoder

possible initial state and all possible inputs what are the next state and the corresponding

output. So this, in this case
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Example: State Diagram

0/01 0/01
1/10 !
01 Y10
' 0/00

1 00 =~
.

0/00

turns out to be this. So when you are all zero state if you get a zero, the output is 0 0 and you
remain in all zero state but if you get a 1, your output is 1 1 and you move to state 0 1. So this

is the state diagram for the convolutional encoder I had just shown. Now how
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do we draw the Trellis diagram for this convolutional encoder? So as we said, at each time
instance, let us consider this time instance, this and this, so this is one particular time
instance. So what we are going to do is we are first going to enumerate all possible encoders

and we write them twice. So in this example we have 4
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1/10
In/f
0/01 0/01
1/10 .
o0l Y10
=~ 0/00
1/11 /11
{00 =
L3

0/00

states, 00,01, 10, 1 1. So what we do is we write these states
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Example: Trellis Diagram

l States States
Sp-1 SI
110 110 1o
1 = 11 « 11 = 11
UU:‘ q\i -, &
-
10 o ||;‘
o
gy W
-
ol 0l
W £
7
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00 = 00 = (i) = ()
00 000 /00
=1 i
me -

twice; 00,0 1, 1 0, 1 1. Next we draw state transition from each state to next state provided

there is a valid transition. So what we are going to do is we are going to map all these
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1/10
1y

0/01 0/01

1/10 !
oL 1o,
T~ 000

3 00 =

—

0/00

state transitions into the diagram that we just showed.

So let's take this example. So we are in 0 0 state and we get a 0. The output is 0 0 and we

remain in state 0 0.This is shown by
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this transition. You get a 0,
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Example: Trellis Diagram

l States States
5 S
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output is 0 0, and next state is 0 0. Now next if you
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Example: State Diagram

0/01 0/01

1/10 !

oL 1o
e 0/00
1/11 /11
1 00 =
=Y

0/00

get a 1, you move to state 0 1, output is 1 1. You get a 1,
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Trellis Diagram

l States States
Si_ i S,
1710 1o 110
1 = 11 < 11 = 11
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10 o 10
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w00 000 0/00
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you move to state
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Trellis Diagram

l States States
Si_1 S,
1710 o o
11 - - = |1
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0 ———— () - 00 = 00
000 000 000
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0 1 and outputis 1 1.
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0/00

Let's say you are in state 0 1 and you receive a 0, then you move to state 1 1 and output is 0 1.
So how is that denoted? You are in state 0 1. You receive a 0, you move to state 1 1, the

output is
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0 1. Similarly when you are in state 0 1 and you
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0/00

get a 1, you move to state 1 0 and the output is 1 0. So this is denoted by,
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Example: Trellis Diagram

Vo 110
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= 00 = (M)
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fime -

so you get a 1, you move to state 1 0 and output is
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1 0. We repeat the same for other states.
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0/00

So let's say you are in state 1 0, when you get a 0, the output is 0 0 and you move to state 0 1.

When you
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Example: Trellis Diagram

l States States

me ==

are at 1 0, you get a 0, you move to state 0 1 that is this transition.
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And the output is 0 0.
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0/00

And when you get a 1, the output is 1 1, next state is 0 0. So when you are at
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1 0 and you get a 1, then next state is 0 0 and the output
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Example: Trellis Diagram
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So this we have all enumerated, so only thing left is when you are in state 1 1. When you are

in state 1 1, you get a 0, you move to state 1 0 and output is 0 1.So
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state 1 1, you get a 0, you move to state 1 0 and the output is O 1.
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And
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0/00

finally when you are in state 1 1 and you get a 1, you remain in state 1 1 and output is 1 0. So

that's this line.
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So note that here this Trellis section. I have
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drawn the same information as I had in my state diagram; the only thing now you have this,
so in Trellis diagram what you do, you just combine all these Trellis sections. So let's say this
is Trellis section at time 1, this is Trellis section at time 1 plus 1, this 1 plus 2, that's how we
add this time dimension to the Trellis diagram. So for example, initially let's say your
convolutional encoder is all zero state. So in that case what is going to happen, you are in all

zero state, all zero state is 0 0. So if you geta 0
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you move to 0 0, and if you get a 1, you move to 0 1. And next time instance
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if you are in 0 O state you move here and if you get a 1, you move here. Similarly if you are

in 0 1 and you get a 0, you move to this state. And if you get a 1, you move to this state. And

let's say
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I want to terminate this encoder. I want to terminate meaning I want to bring this encoder
back into all zero state. So then in this step what I am going to do is I am going to bring it

back tostate00Oand 1 0



(Refer Slide Time 24:40)

2 - aQ e

me

= (M)

(A1)

-

from state 1 1, if T get a 0 I move to this state, and from state 0 1, if I get a 1, I move to this

state. Similarly from 1 0
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I can move to 0 0 state if I get a 1 and from 0 0 I can move to 0 O state if I get a 0.
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Finally from 0 O state if I get a 0, I move to all zero state and from 1 0 I can move to zero

state if I
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get a 1. So you can see how the states are evolving with time; that I can see in the Trellis

diagram. With this I will end my discussion on state diagram
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and Trellis diagram, thank you.



