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Unit IV Properties of Context Free languages

Syllabus:
- Normal Forms of CFG
- Pumping Lemma for CFL
- Closure Properties of CFL
- Turing Machines

- Programming Techniques for TM



Simplification of CFG

Various languages can efficiently be represented by a context-free grammar.

All the grammar are not always optimized that means the grammar may consist of some extra

symbols(non-terminal).

* Having extra symbols, unnecessary increase the length of grammar.

Simplification of grammar means reduction of grammar by removing useless symbols.

The properties of reduced grammar are given below:
« Each variable (i.e. non-terminal) and each terminal of G appears in the derivation of some word in L.
* There should not be any production as X —» Y where X and Y are non-terminal.

» Ifeis notin the language L then there need not to be the production X - €.



Simplification of CFG

Reduced Grammar

Removal of
Useless Symbol

Elimination of
£ Production

Removal of
Unit Production




Elimination of Useless Symbols

* Useful symbols are the variables and terminals that have some
production that leads from the starting symboltoasttS — m ype

e Consider the derivatio & = ox p=® where @ T*

* Here a,3 are any terminals and X can be either terminal or variable.
* If X has no production, (if X € V) then X is a useless symbol.
 If X has some production / if X leads to a string, with zero/more substitution,
then it is a useful symbol.
* Thus, useless symbols are those variables/terminals that do not appear
in any derivation of a terminal string from the start string.

* We need to determine if the symbol is useful by identifying if a symbol is
generating and is reachable.



Generating symbols

* A symbol X which is an element of V [variable] is generating symbol

if X:G>oa,where oeT*

* Generating symbols are variables that generate a string containing

terminals. ({ some terminal string must be derivable from X)
* A non generating symbol is one that cannot generate any terminal.
* The presence of production with non-generating symbol is useless.

 All the terminals symbols are generating symbols.



Removal of Non Generating Symbols

Example
S—>aA [bBa|b
A—Aala
B—bB

Here B — ©bB is a recursive grammar that its substitution to 5 results in endless
derivation and doesnot give lead to any string of terminals.

5 = bB = bbB = bbbE = bbbbE = .. __.

Afier eliminating the production for B — bB . the resulting grammar includes.
S—>aA |a|b = Eliminating the variable B

A—aA|a



Reachable Symbols

A symbol is said to be reachable if and only if it can be reached from the start

-

symbol. If Sf}}tL where o contains X [XEV]

Then X is said to be a reachable symbol.

X must be occur in some string derivable from S.

If the derivation from the start symbol to a string of terminals does not depend on a

variable X then X is non-reachable symbol.



Removal of non reachable symbols

Example
Let
S5 —>ala
A —5b|bCC
C — abb
E—>aC

* Inthe given grammar, 5 depends on A, A depends on S and C, E depends on C_ and C
does not depend on anv variable.

* Here E is the onlv production which is not being depended bv anv other productions.
E — Non reachable symbol

Afier eliminating the non-reachable svmbol, E we get the following grammars as,
5 —ala
A — 5b|bCC

C — abb



Excercise - Eliminate useless Symbols

S—>AB|a N
ASb Initial CFL grammar




Excercise - Eliminate useless Symbols

F

|dentify generating symbols

Remove non-generating

AB | a
b

S—>a
A->Db

S—>a Eliminate non-reachable

[ >3 } |dentify reachable symbols




Home Work

Eliminate the non generating symbols from the given grammar. Eliminate the non reachable symbols from the given grammar.

S >AB|CA S —0BOBC,
A—->0CBCC,

B—>BC|AB L 5 —=0B0 |BC

h® C—>0,

C_)ﬁwﬁlh A—a C—=>0
B—>1CC,

A—>a C—=b e B =100
E—>1

Find and eliminate the non generating symbols from
Eliminate the non - reachable symbols from the grammar,

S —0A0
A — S1/1CC|D0OA T s DAL S —>ada .
| | S — AD 524z
C - 011DD A—S5110C A > DbBB
C—=011 ﬂ—!-EE_E,
D — 0D0 B —> ab|
E—=0C B — b

E—>0C C —>aB



Elimination of € Production

* The productions of type S - € are called € productions.
* Null productions are those productions that are of the form: X = ¢

* Finding and handling € productions

* Find the nullable variables, which are of the form X - ¢
* The nullable variable used in the productions is removed.

* Remove the nullable production.



Elimination of € Production

Example

5—»al|e
Here S = aS and S — £ are the productions
S — as doesn 't contain null production.

But S — £is an epsilon production.

5 15 said to be nullable vanable.

Bv eliminating the nullable variable, the production becomes,

S —ab and on applving S = £on S — aS, then S becomes S = a

Therefore, S — aS5|a is the final production.



Example - Elimination of € Production

S-> ASA | aB S = ASA ASA AS | SA S
A->B|S —>
B->b|e
aB aB
Nullable: {A, B} =



Home Work

Find the nullable symbols from the following grammar
Remove € productions from the grammar,

S —=>aS|AB,
S —>ABA
B A—e i A
B ':-—}E 3
B—oe i
Consider the grammar
Remove - productions from the below given grammar. S 2ABC S ARSI AR DS ACI AR O
S 3AB A—>BC|a A—BCIBICla
B—=bACIBAIBC (b
A—>aaa e S—+ABIAIE B—>bAC| B iides
C=eaBicA B IC
B—>bBB|& A—iasiiaz C—>cAB| =

B BEE|bEIb , o
SRR Identify the nullable symbols and eliminate them.



Elimination of Unit Productions

* The unit productions are those
productions of the form X — Y
where X and Y are variables of
the grammar.

* The left hand side and right
hand side contains only one
variable each side.

Example

Here

S —>A|bb
A->B|b

B—S|a

S —rA
A—B,

B — § are all the unit productions.



Elimination of Unit Productions

Finding and eliminating unit productions

* Jdentfv the non-unit productions in the grammar. Let it be Y — o, where o is a
terminal .

* Select the unit production, X — Y where X and Y are variables.

o Addthe production X — o to the grammar since X - Y and Y — o

* Remove the unit production, X — Y from the grammar.



Eliminate the unit production from the grammar,
S >ABA |BA|AA|AB|A|B
R Elimination of Unit Productions
BE—1B|1
Solution
The urit productions are
5= A
5—=B
The non urnt productions are
5 —=ABA |[BA | AA |AB
A—=0AD
E—=1B|1
Since 5 — A, we shall use A's productions A — 0A |0 to 5.
Sumilarly, 3 — B, we shall use B's productions B— 1B | 1to 5.
Thus the granmmar becomes
S—ABA |BA|AA |AB |0A|0|1B|1,
A—=0A0
E—=1B|1



Home work

Eliminate the unit productions for following grammars

S>0A|1B|C S->S+T/T S->Aa/B/c
A0S |00 ST * B ->A/bb
351 A T->T*F/F /

c->o01 F->(S)/a A ->a/bc/B



Home Work

Simplify the following grammar
S—>ASB |=
A—aAS|a
B—35bs |A|bb

Simplify the following grammar
S —»aAa | bBb | BB

A—->C
B—>5|A
C—o»5|z

Answers

5+ ATH AR
A—}ﬁﬂ £l

B — 5451 5b [bs b 1 bhiaAS

et et

5 — aAa|aa|bBb bb | BB
A —aAa|aa|bEb|bb| BE
E — aAa|aa|bBb|bb| BE

an (3
e,



Eliminstion of null produoct on

The epsilon production in the sramanar i35 — = and the varizbls 5 has it impacton A
and B productions.

The nullshle varahlaar= {3, A, B}

Afier remaving § — =, we g2t the fmal productions s
5—+ASB AB [smece 5 — = exdudes)
A—*aAslaAla
B—+Sh5|Shibsib ALY

Eliminstion of unit produoct ons

The nmitproduction in the shove srammar s B — A

Hence eliminate the umit producton inB and substine the correspondine productian
of AinB. Wegst,

S—=ASB|AB
A3Aliaa e
B3 Shibs /b IbI2AS 24 1

Since the oramsnas dossn't comfain any nsel=ss symbaols, the above productian
beoomss the fins] ons

Elimination of =- productons
The pullshla symbal is C smcal — =

Afes removing T — =, the sramimar baoames,

S—32AalbBblaa|bbIBBIB [Bmce— 5[]
A—=C

B—=5A

=5

Eliminstion of unit prodoctons
The unit productions in the ahove gramimes ae
5B
AT
B3
E—+A
5
The gramanar withowt the sboveunitprodoctims a2
$-+3431331 1Bb I b1 BB
A—*zAalz: bERIBEIBE  [since A—C— 5]
B—+aAalaa(bBbIbbIBE [sinceB— A—C—5andB—5]
C—+aAalza(bBbIbbIBE [smceC— 5]
Eliminstion of nom - generating s ymboks
From the above pramenar

15 3 non genefating syipbal, sine it i has no derpration with raspect to the st symbal
Henca C — 3Aal aa | bBb| bb| BB is remaved



NORMAL FORMS FOR CFG

* Let the grammar G = (V, T, P, S) be a context free grammar. If the production rules in G
satisfy some restrictions, then they are said to be in normal form.

Normalization is performed in order to standardize the grammar.

By reducing the grammar, the grammar gets minimized but does not gets standardized.

This is because the RHS of productions have no specific format.

In order to standardize the grammar, normalization is performed using normal forms.

There are two types of normal forms
 Chomsky normal form (CNF)

* Greibach normal form (GNF)



CHOMSKY NORMAL FORM (CNF)

* A context free grammar is said to be in chomsky normal form (CNF) if all its productions

are of the form-
A->BC or A=->a

where A, B, C are non-terminals and a is a terminal.

* To bein CNF, all the productions must derive either two non-terminals or a single terminal.
* CNF restricts the number of symbols on the right side of a production to be two.

* The two symbols must be non-terminals or a single terminal.



CHOMSKY NORMAL FORM (CNF)

* A context free grammar, G = (V, T, P, S) is said to be in CNF if each production
in G is of the form,

X —YZ; X—ao ,whereX,Y,ZeVand ae T.

* Every CFG without null productions can be easily converted into its equivalent
CNF.

» Algorithm to convert a CFG to CNF
* Eliminate the useless symbols, unit and null productions from the grammar

e Each variable should be having a derivation of length 2 or more, having only variable
as of the form, A —a where |a| =2 2, ae V.

* The production have three more than three variables as derivation, must be broken
down into a cascade of productions with derivations containing at most 2 variables.



Steps to be followed to standardize the grammar using CNF
* Step 1:

* Reduce the grammar completely by-
e Eliminating € productions
e Eliminating unit productions

* Eliminating useless productions

* Step 2:
* Replace each production of the form A - B,B,B.....B, where n >2 with A - B,C where
C - B,B,....B,.

* Repeat this step for all the productions having more than two variables on RHS.

* Step 3:
* Replace each production of the form A - aB with A - XB and X - a.
* Repeat this step for all the productions having the form A - aB.



PROBLEM 1

Convert the given grammar to CNF
S - aAD
A - aB / bAB
B->b
D->d



S - aAD
A - aB/bAB
B—>b

* Step 1: D=>d ° Step 3

The given grammar is already completely reduced.

* Replace the terminal symbols a and b by new
* Step 2:

variables C_and C,.
* The productions already in chomsky normal form a b

are- * This is done by introducing the following two new
B>b ... 1 : :
) productions in the grammar-
D->d ... (2)
* These productions will remain as they are. C,ma e (5)
* The productions not in chomsky normal form are- C,=>b (6)
S>aAD . (3)
A=>3B/bAB o () * Now, the productions (3) and (4) modifies to-
» We will convert these productions in chomsky S-CAD ... (7)
normal form.

A->CB/CAB ... (8)



* Step 4: * Step 5:
 Replace AD and AB by new variables D1 * From (1), (2), (5), (6), (9), (10), (11) and

and D2 respectively. (12), The resultant grammar is-

. . . . h f || . S 9 caDl
This is done by introducing the following A CB/C,D,
two new productions in the grammar- B-Sb
D,>AD ... (9) D->d
D,>AB .......(10) C,~>a
: C,~>b
* Now, the productions (7) and (8) o
N D, > AD
modifies to- D, > AB
S>CD, e 11
> Cb, (11) * This grammar is in chomsky normal
A>CB/CD, ... (12) form.



PROBLEM 2

Convert the given grammar to CNF

S->1A /0B
A->1AA/0S/O0
B->0BB/1S/1



* Step 1: * Step 3:

* The given grammar is already completely

reduced. * Replace the terminal symbols 0 and 1
. Step 2: by new variables Cand D.
* The productions already in chomsky * This is done by introducing the
normal form are- following two new productions in the
A0 . (1) A
BS1 . 2) &
* These productions will remain as they €20 . (6)
are. D31 e (7)
. ;:r(inpz;?g_uctlons not in chomsky normal « Now, the productions (3), (4) and (5)
S>IA/O0B . (3) modifies to-
A>1AA/0S .. (4) SSDA/CB . (8)
B>0BB/1S oo (5) A>DAA/CS e (9)

* We will convert these productions in

chomsky normal form. B->CBB/DS ... (10)



* Step-04.
e Out of (8), (9) and (10), the productions
already in Chomsky Normal Form are-

SS>DA/CB ... (11)
A - CS I (: )
B>ODS e (13)
* These productions will remain as they
are.

* The productions not in chomsky normal

form are-
A= DAA ... (14)
B>CBB ......(15)

* We will convert these productions in
Chomsky Normal Form.

* Step-05:
* Replace AA and BB by new variables E

and F respectively.

* This is done by introducing the following
two new productions in the grammar-

E->AA ......[(16)
FOBB  nn(17)
* Now, the productions (14) and (15)
modifies to-
A->DE ... (18)
B->CF veeeennneee(19)



* Step 6:

* From (1), (2), (6), (7), (11), (12), (13), (16), (17), (18) and (19), the resultant
grammar is-

S->DA/CB
A->CS/DE/O
B>DS/CF/1
C>0

D>1

E-> AA

F- BB

* This grammar is in chomsky normal form.



HOME WORK

Find the CNF for the CFG, S = aApB,A - aA,B > hB | h.

Convert the grammar given to CNF.
5—>bA |aB

A >bAA |aS|a
B —>aBB |bS |b

Convert the grammar 5 — AB | aB, A — aab | 2, B — bbA into CNF.

Simplify the following grammar to its equivalent CNF. P = {5 -5 AB | CA, A—a,
B—->BC|AB,C—aB|b}



HOME WORK

Find the CNF equivalent to Convert the grammar given below to CNF
i Eairains: S — ABA
A —>aB|bAB A
B—>b
B>bB|z
D—d
Convert the grammar given to CNF Convert the grammar into CNF.
S —50A0|1B1| BB A-sBAE e
A—C
B—>BAa|=
B >S|A

C—>S|e



Greibach Normal Form (GNF)

- ACFG s in Greibach Normal Form (GNF), if the right-hand side of each rule
has one terminal followed by zero or more non-terminals:

A — aB,whereaeTandB eV”.

V\

Zero or more non-terminal symbols

One terminal symbol

For converting the given grammar to GNF, we use 2 lemmas.



Example of a grammar Example of a grammar
in GNF notin GNF

Terminal at end is not allowed
S - aB | bA

A - a | aS | baa
B > b | bS | aBB

S — aBc

B—-b

Every right-hand side
consists of exactly one Not in Greibach Normal Form

terminal followed by zero or
more non- terminals.



Lemma 1: Substitution Rule

LetG={V, T,P,S}be a CFG. Let A — aBy be a productionin Pand B is

B — B1lB21BslB,

The equivalent grammar can be obtained by substituting B in A.
Then the resulting grammar is

A - apyylapylaBsylaB,y



Lemma 2: Elimination of Left recursion

Grammar of the form A - Ax|p is called left recursive
grammar. To eliminate left recursion, rewrite the grammar as
A RZ
Z - oZ|e
If we eliminate € production, then we get
A - BZIB
Z — OoZ|d
We can generalize this grammar. If there is a CFG as
A - A0, | R0 | A0S | o A0 | Byl Byl BaeBs
The equivalent grammar without left recursion is
A - BZ2BR221B3Z1...1B11B51PBs ...

Z - Oz |02 |z ... | oty | ot | Olg



Procedure for converting to GNF

Simplify the CFG (i.e., eliminate null production, unit production and
useless symbols) and convert to Chomsky Normal Form (CNF).

Convert the rules to ascending order.
Rename the Non Terminals as 2,, A, ... withs = Aa,.

For each production of the form A; - A,a, apply the following:
1. if §>1 — Leave the production as itis.

2. if 3=1 — Apply elimination of left recursionrule.

3. if 5<i — Apply substitution rule.

For each production of the form A, - Ao, where j>1i, apply the
substitution lemma if A, is in GNF, to bring A,to GNF.



PROBLEM 1

Convert the following CFG to GNF
S —>AAla
A— SS|b
Solution:
Step 1: Simplify the CFG and convert to CNF

— Given grammar is in CNF form.
Step 2: Rename the variables as s=2,, A=A,

A, —»AA,a o (1)
A, —»A A |D e (2)



PROBLEM 1

* Step3.1: In(1) 3J>1 so leave the production as it is.
e Step 3.2: In(2) j<i so apply substitution rule.
* A, > AAA |alA|b ... (new 2)
* Step 3.3:In (new 2) j=1i so apply elimination of left recursion
rule. 2, »anA;1bAs1aR b (e 2)
A, — A,A A5 | AR, L (3)

Step 3.4: In (3) j<i so apply substitution rule.
A, — alA AR A5 | bAA A |al A A, | DA A,
aA{AsA; |bAA, |aA A | DA, ... (new 3)



PROBLEM 1

Step 4: Now (1)isin A; - Asa where j<i sowe apply substitution rule to
convert it to GNF.

A, — aA A, |bA,|aA AN, |DAA|a .. (new 1)
Final production rule:
A, — alA,|bA,|ar; AN, | DAL, |a
A, — aA;As|bAs|aA, |b
A, — abh A A A5 |bAA A |aR A A, | DA A,
alA;AA; |bAsA, |aA A, | bA,

Now the given CFG is converted to GNF.



Home Work

Convert the following CFG to GNF
S — XA|BB
B — b|SB
X—>b
A—a
Convert the following CFG to GNF
S— CA
A— a
C — aB|b
Convert the following CFG to GNF
S —>AB
A— BS|b
B — SA|a

Convert the following CFG to GNF
S —ABA
A— aAle
B — bB|e
Convert the following CFG to CNF
S —>AB
C— AB|b
B — CA
A—a
Convert the following CFG to CNF
S — BCla
B —AC|b
C—a
A—Db



Turing Machine

* Turing machines, first invented, described by Alan Turing in 1936-37.
e Turing’s ‘Automatic machines’

* Named ‘Turing machines’ by Alonzo Church in a review of Turing’s paper
(Church 1937)

* Simple abstract computational device intended to help investigate the
extent and limitations of what can be computed.

* Foundational models of computability

 Accept Recursive Enumerable Languages (generated by Type-O
Grammar).

* Universal Turing Machine, can take any other Turing Machine, expressed
as a number, and execute it. This is the version that is most analogous to
the modern idea of a computer.

UNIT 4



Turing Machine - Definition

A Turing Machine is formally defined as: ' Finite
control

M=(Q, 2,1, 4, q,B, F)where

Q - Finite Set of states

[ — Finite set of allowable tape symbols

S - Set of input symbols, Subset of ' excluding B

& - Transition functionwhich maps Q x [ — Q = [ = {L R}.
q, in Q — Start state

B — Blank Symbol

F — Set of Final states, F € Q

UNIT 4



Model of TM

A Turing Machine (TM) is a mathematical model which consists of an infinite length tape
divided into cells on which input is given. ...

After reading an input symbol, it is replaced with another symbol,
its internal state is changed,

and the tape head moves from one cell to the other either in right or to the left.

Lo | 1 o Lo o | | | | |

| infinite Tape
. Finite Control

UNIT 4

Tape Head



Model of TM

* The turning machine can be modelled
with the help of the following

representation.

1. The input tape is having an infinite
number of cells, each cell containing one
input symbol and thus the input string can
be placed on tape. The empty tape is filled

by blank characters.

e 2. The finite control and the tape head

which is responsible for

reading the

current input symbol. The tape head can

move to left to right.

UNIT 4

Tape
a4 | a2 |...... an|l b ‘ blbl|b -
R/W head <—
can move —> \
left or write Read/write
head

Finite
control




Transition Function : 0(q, X)=(p,Y,D)

- It tells us how the machine gets one step to the next.

6(q, X)=(p,Y,D)
- When the machine is in a certain state g € Qand the head is
currently scanning Xin the tape, then the machine

1. Replaces the symbol X by Y on the tape
2. Goes to state p, and
3. The tape head moves one cell to the left orright based on

' @Zﬂ 7P

UNIT 4




Transition Diagram

Current symbol Neiv symbol Direction to move
0.X/R R - Right

L - Left

If current symbol is 0, replace it by X and move right
OR
If current symbol is 1, replace it by Y and move right

UNIT 4



Instantaneous description

- The ID of a TM capture what is going out at any moment i.e. it
contains all the information to exactly capture the "current state
of the computations".

- It contains the following:

« The content of thetape

 The location of the tape head
« The machine’s intemal state

UNIT 4



Instantaneous description

X X,erreeerseeenns ), ). . IR X,
(g, X))=(p,Y,L)

X X,ereeeeraeeenne PX, YX;, fveeenne X,
X X,ereeerseeenns X XX geveeenns X,
o(q, X)=(p,Y,R)

X X,ereeeereeenns X, YPX;, foveeenne X,



Instantaneous description

suppose d(q, X;) = (p, Y, L); i.e., the next move is leftward. Then
X1 Xg - Xy 10X X i1 " i, |:r X1X5 - 'I;—zﬁxs—lrxs-.u P

 suppose d(q,X;) = (p, Y, H); i.e., the next move is rightward. Then
Xy Xg---Xg 19X E!Le.| 1 Xp |‘ X1 Xg - 'I;—lrﬁ'xu 1Ay

UNIT 4



L(M) = {w |
QoW 5 a4pa,, p € Fand a,,0,in [}

Language of TM
« Letthe M =<Q,I,b,%,5,q,, F>

* Then LL(M) is the set of strings w in }*
such that

Qo W |*— app

For some state p in F and any tape strings aand

UNIT 4



Problem 1

Construct TM for the language L ={0"1"} where n>=1.

* Now we will see how this turing machine work for 0011.
* The simulation for 0011 can be shown as below:

UNIT 4



* Now, we will see how this turing machine will works for 0011.
Initially, state is g0 and head points to 0 as:

0 1 1 A

0
i
|

* The move will be 6(q0, 0) = 6(q1, A, R) which means it will go to state
ql, replaced 0 by A and - haad will maua ta the right as:

A 0 1 1 A

)
|

* The move will be 6(q1, 0) = 6(q1, 0, R) which means it will not change
any symbol, remaini . | o 1 . | a ove to theright as:




 The move will be 6(q1, 1) = 6(q2, B, L) which means it will go to state
g2, replaced 1 by B and head will move to left as:

A

B

1

A

0
i
|

* Now move will be 6(g2, 0) = 6(q2 0, L) WhICh means it will not

change any symbol, re

AIIA --A

P__

e o~

B

1

A

nd move to left as:

* The move will be 6(q2, A) = 6(q0, A, R), it means will go to state qO,
replaced A by A and head will move to the right as:

A

0
1
|

B

1

i

UNIT 4



* The move will be 6(q0, 0) = 6(q1, A, R) which means it will go to state
ql, replaced 0 by A, and head will move to right as:

A A 1 A

B
A
|

* The move will be 6(q1, B) = 6(ql, B, R) which means it will not change
any symbol, remain in the same state and move to right as:

A A B 1 A

1.
|

* The move will be 6(q1, 1) = 6(q2, B, L) which means it will go to state
g2, replaced 1 by B and head will move to left as:

A A B A

B
T

UNIT 4



* The move 6(q2, B) = (g2, B, L) which means it will not change any
symbol, remain in the same state and move to left as:

A A B B A
4
I

* Now immediately before B is A that means all the Os are marked by A.
So we will move right to ensure that no 1 is present. The move will be
6(q2, A) =(q0, A, R) wh|ch means |t W|II go to state qO, will not
change any symbol, an™ '

A A B B A
.?.

 The move 6(q0, B) =(q3, B, R) which means it will go to state g3, will
not change any symbo

A A B B A
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* The move 6(g3, B) = (g3, B, R) which means it will not change any
symbol, remain in the same state and move to right as:

A A B B

A
1
|

 The move 6(q3, A) = (g4, A, R) which means it will go to state g4
which is the HALT state and HALT state is always an accept state for
any TM.

A A B B

A
1
|
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0 o | 1 | 1 | A |-

0 0

1

I

A 0
1
I

A 0

A 0
T
I

A 0

1

|

A 0
i

A B 1 A
|
A B 1 A
I
A B B A
A
|
A B B A
I
A B B A
I
A B B A
A
I
A B B A
A B B

= =




* The same TM can be represented by Transition Diagram:

Ef Y=
0/ 0> ¥ -
O/ 0=

¥/ ¥—=

Transition diagram for a TM that accepts strings of the form 071"
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0,0011 - 6(q0, 0) = 8(ql, X, R)
Xq, 0011 - &(q1,0)=6(q1,0,R)
X0q,11 - 8(q1,1)=68(q2, Y, L)

Xq,0Y1 -~ 8(q2,0)=68(q2,0, L)
q,x0Y1 -~ 8(q92, X) =6(q0, X, R)
Xq,0Y1 -~ 8(q0, 0) = 6(q1, X, R)
XXq,Y1 - 8(ql,Y) =56(ql, Y, R)
XXYq, 1 -~ 8(q1,1)=6(q2, Y, L)
XXq,YY -~ 6(q2,Y)=(q2,Y, L)

Xq,XYY -~ 58(q2, X) =(q0, X, R)
XX, YY - 6(q0,Y) = (a3, Y, R)
XXYq,Y - 6(g3,Y)=(a3,Y,R)
XXYYq,B - 8(g3,B)=(a4, B,R)
XXYYBq, string reached final state

Instantaneous description

Here is an example of an accepting computation by M. Its input is 0011,
Initially, M isin state gy, scanning the first 0, i.e., M's initial ID is g,0011.
The entire sequence of moves of M is:

w0011 F X011+ X011 F X gs0V1 F X0V 1 F
Xg0V1F XXq,V1F XXV 1k XXg, VY F X XYY
XXqVY FXXVqY F XXVVq,BF XXYYBy,B

For another example, consider what M does on the input 0010, which is not
in the language accepted.

00010 Xq1010 F X0qu10 F Xqo0¥ 0 F g X0YO
Xq0V0F XXq YO XXYqi0F XXY0q B

UNIT 4



Transition Table

TM M is
M= [{qﬂs 1,42, GS,QJ]‘, {D: 1}: {D: ]-:-x-:}?: B}:'ﬁ:qns B: {Q-t}jl
where ¢ is given by the table in Fig. 89.
Symbol
State 0 ] X Y B
o (41 1 , R) - (43, ﬁ]‘ -
1 ['-TJ.: D R:I [q;'! ! 'j?' -['] i (Ej!'l: }: R:I Bk
ffz I[ D -'[':I P {Q'D : -X-: R:I {QE, -r: -'[':I i
k! - - - (g3, Y, R) q1. B, R
4 e = o e —

Figure 8.9: A Turing machine to accept {0"1" | n > 1}
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Problem 2

* Construct a turing machine which accepts the language of “aba”
over Y ={a, b}.

* We will assume that on input tape the string 'aba’ is placed like this:

UNIT 4



* The tape head will read out the sequence up to the A characters. If the tape head
is readout 'aba’ string then TM will halt after reading A.

* Now, we will see how this turing machine will work for aba. Initially, state is qO
and head points to a as:

a b a A

T

* The move will be 6(5(110, a) = G\q;', ~, ny) winunneans it will go to state ql,
replaced a by A and head will move to right as:

A b a A

.T

* The move will be 6(5(1‘1, b(} =6(.—, -, ., -er.c.....eans it will go to state q2,
replaced b by B and head will move to right as:
A B ? A
* The move will be 6(5(112, a)=6(q | 1s it will go to state g3,
replaced a by A and head will move to right as:
 The move 6(q3, A) = (a4, A, S) \ T D to state q4 which is the

HALT state and HALT state is always an accept state for any TM.
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The same TM can be represented by Transition Table:

qo0 (gl A, R) i )
q1 = (g2, B, R) -
q2 (93, A, R) = =
q3 = = (94, 4, 5)
q4 - - -

UNIT 4



The same TM can be represented by Transition Diagram:

Start (a,a,R) (b,b,R) (a,a,R)

(AA,S)

UNIT 4



Problem 3

* Design a Turing Machine that accepts the language
L={odd humber of a's }

SEESEESE)
218 R

/
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Problem 4

* Design a Turing Machine that accepts the language L={a"b"c" | n21 }

aja > blb—=
&/K 5 l‘.l!\/ sy z|z > bzb:‘ aabboc  Xabbcc
by > c,lsz— Y]V*’: XaYbee  Xavbzc
(42) elas yuvze YWZC

XXYYZZ

x/x;a

y)y> b <
| .__

Zlz S
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Home Work

* Design a Turing Machine that accepts the language L={a"b"c" | n>1 }

* Design a Turing Machine that accepts the language L : The set of

strings with an equal number of O's and 1's.
e Construct a TM for the language L = {0"1"2"} where n>1
* Design a Turing Machine that accepts the language

L={wwR | wis any string of 0's and 1's }



Programming Techniques for TM

1. Storage in the Finite Control (or) State

2. Multiple Tracks

3. Subroutines

Track 1 ... 2
Sta q
Track2 - |A A | |A .
e e Track3 _ -~
Track4 - |Bi |By |- |B |.. [B |
Trackl _ | | | x| :
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Types of Turing Machine

1. Multi Head Turing Machine
2. Multi Tape Turing Machine

Halting Problem in Turing Machine

UNIT 4



