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Lecture No. # 10
Non Deterministic FSA

We were considering the conversion of non deterministic FSA into deterministic FSA.

One example we consider, we shall consider some more example and see how it works.

(Refer Slide Time: 00:25)

Look at this one. This is a non deterministic diagram, this we consider in the last class
itself. The language accepted consists of strings over 0, 1 ending with two 0 (s) or ending
with 2 ones. The non deterministic diagram has five states. Why it is non deterministic,
because from g naught if you get a 0, there are two possibilities either you can go to q
naught or g 1. And if we get a 1 from g naught, you can go to q naught or q 3. So,

because of that number of possibilities exist, it is a non deterministic diagram.
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The state table is given by this, g naught is the initial state, and g 2 and q 4 are final
states, and within each cell you have a set. Now, how would you convert this into a

deterministic diagram? Let us see that.

(Refer Slide Time: 01:56)

But before that we will consider a similar example of a non deterministic one look at
this, it is also a similar diagram, but there is some difference. These portions are the
same, but you have an extra loop here. So, what is the language accepted by this

machine? The alphabet is 0 1 the language accepted. It consists of | can put it as a regular



expression what is this any string of zeroes and ones it should be followed byal10or 11
then you may have any number of zeroes, and ones any string of zeroes and ones this is

called a regular expression.

We shall formally define a regular expression in the next 1 or 2 lectures, you can see that
the last example which we considered the string ended with the 2 zeroes or ended with 2
ones here it is not necessary should end with a 0 2 zeroes or 2 ones, but in between some
where you must have 2 consecutive zeroes or 2 consecutive ones, let us say string of this

form 01 01 0 1 will not be accepted.

Somewhere, you must have 2 zeroes or 2 ones then, after having 2 zeroes or 2 ones you
may have any string that does not matter. So, there is a difference between this diagram
and the earlier diagram though they are almost similar. Now, one by one let us convert
this into deterministic diagram using the subset construction and see what happen. How

will the deterministic diagram look like?

(Refer Slide Time: 03:59)

So, let us take the first one which we considered. This strings ending with 2 zeroes or 2
ones the state table is this and | also showed you a deterministic diagram equivalent to
that. This is the deterministic FSA from every node there is an arch with label 0 leaving,
there is an arc with label 1 leaving and these two are final states this accepts a all strings

which end with 2 zeroes or end with 2 one it is a deterministic diagram.



So, try to convert this into deterministic diagram use the subset construction. Now,
proceed take 2 or 3 minutes and try to finish the example convert this into deterministic

diagram. So, how many states do we get in the deterministic diagram?

The state table for the non deterministic diagram is like this in the deterministic diagram
you start with g naught. So, g naught will be the initial state and from q naught you have
to fill in this table after getting a 1 what state you will go to that is you have to find a
union of this you have to find this will be taken as a state, g naught g 1 will be taken as a

single state and g naught q 3 will be taken as a single state.

(Refer Slide Time: 05:29)

So, you get from g naught, if you get a 0 you go to this state and if you get a 1 you go to
this then, from this you have to see what are the states to which you go after reading a 1
or a1, so from q naught and g 1, if you get a 0 what state you will go to. So, that is from
g naught what is the state you will go to, from q 1 what are the states you will go to and

then add them find the union this is the definition we have seen.

So, from g naught and q 1, if you read a 1 you will get q naught q 1 and q 2. So, the
union of these three is a next state that is a q naught, q 1, g 2 and when you get a 1 what
will the next state, you have to find the union of these two that is g naught and q 3 itself
in a similar manner. When you find from g naught and g 3, what would be the next state
you will go to. If you get a 1 that is a union you have to find it will give you this then it

will give you this and so on.



So, continuing like this then, you have to consider this subset as a state and if we geta 1
what are the states to which you will go you will get this. Then from this after getting a
1, what are the states you will go to that you will get this similarly for this. Now, in the

original diagram | have seen that q 2 and q 4 is final states.

So, any subset containing q 2 and q 4 will be a final state. So, these two are final states
now, this table please note that every state is a subset, but this is single state remember
that is single state and it is represented as a subset of the original non deterministic

automata.
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Now, for this table if you draw the state diagram it will be like this. Now, you can see
that starting from q naught if you get 2 zeroes you will end up I am sorry the diagram is
not correct from g naught g 1 g 2 if you get a 1 you will be here, here if you get a 1 you

will be here if you get a 1 you go back here if you get a 1 you go here.

So, this is the state diagram of that that table and it has five states to accept such a
language you require at least five states you cannot do it less than five state that we shall
see later, but earlier we constructed the deterministic diagram for this without going
through the subset construction to the deterministic diagram. You can see that this is
exactly similar to that except that in between the | mean the labels are subsets the
diagram is exactly the same is it not, this graph if you look at it as a graph this graph is

isomorphic to that graph.



So, we have converted this finite state automaton in non deterministic finite state
automaton into deterministic automata. Now, do the same thing for this try to construct
the deterministic automaton for this, this a slightly different one see how it works.
Actually in the deterministic diagram you may have up to 2 power n states isn’t it if the
non deterministic diagram consists of n states the deterministic diagram can have up to 2
power n states, but mostly it will be slightly more than the slight non deterministic one it
will not be 2 power n. We will see the worst case scenario, when it occurs in a moment
from g naught q 3, if you get a 1 you go to q naught g 1, if you get a 1 you go to g naught
q3qg4.

(Refer Slide Time: 10:33)

So, up to this point the same from g naught g 1 g 2, if you get a 1 you go to q naught q 1
q 2, if you get a 1 you go to g naught g 3, but g 2 also will be there, here you will also
have g 2 g 3.

So, next you consider you have to also consider that g naught q 2 g 3 let us proceed and
see then g naught g 3 q 4, if we geta 1 g naught q 3 g 4, if you get a 1 you get q naught g
1 and q 4, if you get a 1 you go to q 4. So, you will also have g 4 here and from g naught
q3q4,ifyougetalyougotoqnaughtq3q4.

So, this one you have already considered this one you have considered. So, you have to

consider this one, q naught g 2 g 3 and also q naught q 1 q 4. So, if you have q naughtO q



2 q 3, if you get a 1 what we get from g naught, if you get a 1 you can go to g naughtr q
1 gnaughtrqlfromq?2,ifyougetalyoucangetq2fromq3youcannot geta 1.

Now, from g naught g 2 q 3, if we get a 1 what is the next state from g naught, if you get
a 1 you can go to g naught g 3 from q 2, if you get a 1 you can go to g 2. So, it will be g
2 q3and from g 3, if we get a 1 we can get to g 4 one more state we are getting right.
So, you have to consider with this on the left hand side g naught, g 3, q naught q 2,q 3, q
4.

Now, from g naught q 1 and g 4, if you get a 1 what will be the what are the you have to
find the union from, q naught if you get a 1 you go to q naught r g 1 from q 1, if you get
alyougotoqg2fromaq4,ifyougetalyougotoq4. So, you will get q naught, q 1, g
2, q 4, you have to find a union right. Now, from g naught g 1 and q 40, if we geta 1
what will you go to, from q naught if we get a 1 you go to g naught and g 3, from g 1 you
cannot geta 1 from q 4, if we geta 1 you go to g 4.

So, you have g naught, g 3, g 4, which you have already considered. So, this you have
already considered this also you have considered this q naught. So, we have to consider
the next stage for these two subsets or the states represented by these two subsets g
naught, g 2, 9 3, g 4, g naught q 1 q 2, g naught q 1 q 2 g 4. Now, what will be the next
states in these cases, from g naught if you get a 1 you can go to q naught or g 1 from q 2,

if you geta 1 you can go to q 2.
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So, this will have g naught, q 1, q 2, from q 3, you cannot geta 1 from q 4, if you geta 1
you go to g 4. So, this will be the now, from ¢ naught q 2, q 3, q 4, if we get a 1 word
equal to from g naught if you get a 1 equal to g 2 g naught or g 3 fromq 2 if we geta 1
you go to q 2 from g 3 if we get 1 you go to g 4 and from q 3 if we get a 1 you go to q 4.
So, you get the same state. So, this will be q naught, q 2, q 3, g 4 then, this one from g
naughtq1q2q4ifwegetalyoucangotoqnaughtqglq2andalsoq4, butnotq3.

So, here you will get g naught q 1 g 2 q 4 and if you get a 1 from g naught q 3 and q 4. If
you get a 1 you can go to g naught, q 3, g 4 the q 3 is not there from g naught if you get a
1 you can go to g naught or q 3 from g 4 if you get a 1 then you can go to 4. So, q
naught, q 3, q 4 are there from q 1 you cannot get a 1, but from g 2 if you get a 1 you go
toq 2.

So, you will get q naught g 2, g 3, g 4 now, this you have already considered this you
have considered. So, no more states subset needs to be considered. So, how many states
you are getting 1, 2, 3, 4, 5, 6, 7, 8, 9 states you are getting and this is the initial state the
one corresponding to g naught is a initial state what are the final states? The final states

whenever there is a final state in the subset that state will be a final state.

So, here the final states g 2 and g 4 are final states in the original diagram. So, you will
have q 2, q 4 this is also a final state this is also a final state, this is a final state this is the
final state. Now, if we draw the state diagram of this machine it will be like this start

from g naught.
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So, if it is a deterministic diagram there should be an arc with label O leaving, there
should be an arc with label 1 leaving. So, when you get a 1 you go to g naught, g 1 when
you get a 1 you go to g naught g 3. Now, from this if we get a 1 you go to g naughtq 1 q
2 g naught q 1 g 2, if we get a 1 you go to q naught g 3 from q naught q 3, if we geta 1
you go to g naught g 1 from g naught q 3, if you get a 1 you go to this.

So, g naught, g 3, g 4 now, from this there are two possibilities from q naught q 1 q 2, if
we get a 0 you go to the same state if you get a 1 you go to q naught, q 2, g 3 another
state g naught, q 2, q 3 from g naught, g 3, g 4. If you get a 1 you go to g naught, q 1, g 4
another state g naught q 1, q 4 (()) get a 1 this | have not this 1 from q naught, q 3, q 4. If
you get a 1 you go to q naught, g 1, q 4, if we get a 1 you go to q naught g 3 q 4 that is

the self loop will be there .

So, we have drawn seven states now, two more states you have to draw from g naught, g
2,q 3, ifwegetalyougotoqnaught, ql,q2. If yougetalyougotoqnaughtO,q 2,
g3, q4, qgnaught, g 2, q 3, q 4, from g naught, g 1, q 4. If you get a 1 you go this we
have drawn. This portion we have not drawn g naught, g 1, q 4, if we geta 1 yougo to q
naught, g 3, g 4 say this will be from g naught, g 1, g 4 if you get a 1 you go to q naught,
g1, q2,q4 another state g naught, g 1, g 2, g 4 (()) this is when you get a 1 when you

get a when you get a 1.



Now, these two you have to represent here from q naught, q 2, q 3, q 4 that this state if
you get a 1 you go to g naught, q 1, g 2, q 4, if you get a 1 you go to g naught, g 2, q 3, q
4 the same state from g naught, g 1, q 2, q 4, if you get a 1 you go to the same state, but
if we get a 1 you go to g naught, g 2, q 3, q 4.

So, the initial state we have marked, what are the final states? Any subset containing q 2
or g 4 will be a final state. So, this is a final state this is a final state and this is a final
state again all these are final states. So, almost similar diagrams they are not same they
are similar, but the subset construction in one how many states you had you had five
states actually, from five states if you construct a deterministic automaton you may go up

to two power five, three, two states, but in one you are just getting five you need not

have to go beyond that in another one you are getting nine states using the subset
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construction.
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So, this we see, but is this is the only diagram you can have see what is a language
accepted the language accepted has either 2 consecutive zeroes or 2 consecutive ones it
can have consecutive zeroes consecutive ones everything, but if it is a string of the form
01012101210 will be accepted 0 1 0 1 such a string will not be accepted 1 0 1 0 will
not be accepted. You can see in this diagram that you get only after getting 2 ones only
you go to your final state or after getting 2 zeroes only you go to your final state then it
will be accepted.



Now, look at this diagram (no audio 26:58 to 27:46) is this deterministic diagram or a
non deterministic diagram. What is the condition for the deterministic diagram from
every node there should be one arc with label 0 leaving and one arc with label 1 leaving,
see whether it is true and you cannot have two arcs with label 0 leaving, from the same
node or 2 logs with label 1 leaving, the same node q naught there is one arc with label 0
1 arc with label 1 from q 1 there is one arc with label 0 one arc with label 1 from q 2
there is one arc with label 0 one arc with label 1 from q 3, there are | mean this is
supposed to be 2 arcs one with label 0 and one with label 1. What is the language
accepted by this the language accepted is the same see as long as you do not get 2 ones
or 2 zeroes you will be withinthis0 1 0 1 0 1 you will be here or if you started with the 1
you will get 1 0 1 0 1 O like that, but once you get 2 consecutive ones or 2 consecutive
zeroes you will go to q 3, then afterwards it is immaterial what string you get it will be

accepted isn’t it.

So, this deterministic diagram accepts the same language and what we have seen there
that is also a deterministic diagram it also accepts the same language it does not accept
anything more it accept the same language that has got nine states whereas, this has got

only four states.

So, what you can achieve with nine states you are able to achieve with four states, this is
called the minimum state automaton. So, the minimum state automaton for accepting this
language has got four states, there can be other automata nine states, eleven states you
can have many more also which will accept the same language. So, the earlier example
which we considered the ending with 2 zeroes or ending with 2 ones. This is the
deterministic diagram, but the minimum state automaton is also this you cannot go
beyond or you cannot go less than five states you need you will require at least five states
for this. How to construct the minimal minimum state automaton we shall see in the next

few lectures.

Now, the worst case scenario see as | told you if you have n states. If you have n states
then the worst case you may have up to 2 power n states, but generally you will find that

you need not go up to that level what sort of language will have this.
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Suppose | construct a language L, L consists of strings w where w belongs to a comma b
star string of a comma string of a(s) and b (s), the third symbol from the end is 0 from the
last the third symbol is a 1. Suppose | say like this the diagram non deterministic diagram
you can very easily draw, you can draw a non deterministic diagram like this make sure
that you can have any | mean sorry | used a b and then I use 0 1 sorry thisisabaisa
this is a.

So, this is a b this a b. So, this make sure that you can read any a b then, one a the last
two symbols can be anything third symbol, from the end is a this is a non deterministic
diagram and when you try to convert this into deterministic diagram you will find that

you will require a eight states.
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Now, we have seen that the worst case scenario occurs. When we consider a language
something like this the language L w belongs to a b star the nth symbol from the end is a,
you have a signs of a (s) and b (s) but there a nth symbol from the end is a and it cannot
be a b.

So, the non deterministic diagram you can very easily draw for this it will be like this
you can have any string of a (s) and b (s) thenaglg2abgnminus1labqgnyoucan
read any a and b and then, once you read a afterwards you can read only n minus 1
symbols which can be again a b all possibilities will be there, to accept this as a by a
deterministic automaton the d FSA accepting this requires at least 2 power n states. Why,
there are 2 power n strings of length n using a and b you can have 2 power n strings of
length ansupposew lislstringala2anw?2isablb2bn.

Now, starting from g naught after reading this and after reading this you have to be in 2
different states you cannot be in the same states. So, for 2 power n strings you require 2
power n states. What happens if they are in the same state after reading two of them
suppose starting from g naught after reading this you are in state g after reading this also
you are in state g what happens for two different strings. The two different strings means

some symbols they have to differ w 1 differs from w, w 2.

Suppose the first symbol is different if a 1 is not equal to b 1 then, this string begins with
the a this string begins with the b, this has to be accepted this has to be rejected. So, g has



to act both as a final and the non final state and that is not possible. So, in this case it is
not possible suppose a 1,a 2, l al minus 1 equal tob 1, b 2, b I minus 1, but a I is not
equal to b I then what happens starting from g naught after reading a 1 to a | minus 1
which is the same as b 1 to b | minus 1 it is in some state r say then, after reading a | to a

n,b 1tobnitisinqthen consider it is followed by | minus 1 zeroes.

Now, starting from q after reading | minus 1 zeroes it goes to a state p say. The sequence
of I minus zeroes can be taken as | minus 1 a (s) in both cases and I minus 1 b (s) in both
cases. So, you find that this string the nth symbol is from the last is a in this string the nth
symbol from the last it is a b. One has to be accepted the other has to be rejected. That
means, p has to act as a final state as well as a non final state which is not possible.
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So, you find that any deterministic final state automaton accepting such a language will
require at least 2 power n states. So, we have seen this diagram g naught, q 1, q 2, a this
IS a non deterministic diagram a, which accepts a language a power n b power m n, m
greater than or equal to 1. And when we constructed a deterministic diagram from this
the diagram was like this from g naught after reading | a the possibilities are you can go

to g naught or q 1 from g naught and g 1, if you geta b g 1, g 2 this is the dead state.

So, using the subset construction from this diagram, we obtained this diagram let us take
astring aa, a, b, b, and see how it is accepted here and how it is accepted there. So, start

from g naught after reading a, a ,you are reading you will be reading a 1 in g naught you



are reading this then, after reading a from g naught there are two possibilities we can go
to g naught or g 1 again in g naught if you read a, a, there are two possibilities we can go

to g naught or g 1 from g 1 you cannot read a a.

So, this sequence stops again from g naught if you read a, a, you can go to q naught or q
1 from g 1 you cannot read a, a, from g naught you cannot read a b from q 1, if you read
abyoucangotoqlorq?2again|am sorry fromq 1 if youread abyoucangotoqlor
g 2 fromq 1, g 2 you cannot read anything from g 1 again if you read ab cangotoq 1 or
q 2, if one of them is a final state the string will be accepted this sequence of states this

sequence of states take you to q 2 and the string will be accepted.
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Now, how is this if you look at it as a subset like this each one of them correspond to a
state there now if you look at the same string a, a, a, b, b, you start from q naught after
reading a, a, you go to the state g 1, g naught, g 1, and from this you get a, a, you go to q
naught, g 1 from this state after reading a, a, go to again q naught, g 1 from q naught, q 1
after readingabyougotoq1l,q2andfromql,q?2after readingabyougotoql, q2
note the correspondence between this and this see if here you have q naught. Then, q
naught g 1, q naught g 1 these are the possibilities in the non deterministic here. It is a
single state q naught then after a, a, you have g naught, q 1 here the subset the state
corresponding to a subset q naught, q 1 then q naught, q 1, g naught, q 1 etcetera q
naught,q1,91,92,91,92,gnaught,q1,91,92,91,92.



So, you see the correspondence between that what we have considered earlier only we
are considering here, but to explain the correspondence between many things are
accepted we consider this example any other example which we have considered. So, far

we can again take and consider.



