Post Machine

LEARNING OBJECTIVES

After completing this chapter, the reader will be able to
understand the following:

¢ Introduction to Post _machine and its finite control model
» Pictorial representation of Post machine

- » Comparison of powers of pushdown stack-memory machine
- (PDM) and Post machine (PM)

o.Comp'aris__on' of powers of finite state machine (FSM) and Post
smachine M) 2 :

» Equivalence of Post machine '(PM)_:arid Turing machine (TM)

8.1 INTRODUCTION

In Chapter 6, we have seen the elements and working of a pushdown stack-memory ma-
chine (PDM). The PDM uses a stack as an external memory, which is an improvement over

the finite state machine (FSM). We also know that the power of the PDM is intermediate
between the FSM and the Turing machine (TM).

There ?s one n.mre machine comparable to the TM, which is called the Post machine
(PM). This machine can accept the set of languages accepted by the FSM, PDM, as well

as the TM. The major difference between the PDM and the PM, apart from the fact that

the latter is more powerful, is that the PM uses queue data structure as memory, while the
PDM uses external stack.

The power of the PM is equivalent to that of the TM; the only difference is in the
representation.

8.2 ELEMENTS OF POST MACHINE

A PM is collectively defined by the following elements:

1. A taPe, whic‘h is pounded on one end and unbounded (or infinite) on the other. Initiallys
the input string is written onto the ta

pe, using a special ch: ‘4 to indicaté the
end; the rest of the tape is blank () vk Suhlgeer ol
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2. A finite set of allowabe ¢,

3. A finite input alphabet >
»cT ¢

4, A start (or initial) state

Pe symbols
Which isa su
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(T) includipg <
bt OEiﬁgl:egt # and blank character
of allowabe tape symbols, that is

5. Halt states: ‘accept’ anqg ‘reject’

6. A non-branching state: ‘adq’

End of input  Tape
indicator  (implemented as Queue)
v
Ta|bl#|bB|[#

Position for
)Read head new additions
(moves towards the right)

@ | Current state

Figure 8.1 Finite control representation for PM

B S

inpu, addin

- of symbols

“"kept implicit. Addition of the symbol is thus implemented as
;HOW'_evér, we know that intern_al_l'y, this requires moving in both the

;. i branching state: ‘read’
- Atape i
Pe implemented a5 5 queue data structure

Thus, in a PM the i
the input is wri ;

. ri .

machine reads the e lten onto its tape; the

symbols and, if ne
symbols to the . i cessary, adds
: 14 end of the Input string (rear). This means

T 1:; :;16 PM can write symbols onto its tape just as the

oes. However, the major difference between the
TM and the PM is that the head of the PM is allowed to
move towards the right only. It cannot move towards the

‘left, or remain in the same position like in the TM (refer

to Fig. 8.1).

Note Thoughthehead of the PM :_c;arj%_él_l_ly_;mqv_e in one direction; it can add symbols to
the rear of the tape. This means that the mechanism of moving to the right till the end of
g symbols to théféﬁ@,'éﬁd"ébhihg back to read the next input symbol, is

a subroutine called ‘add’.
directions. Hence, the

. PM is simply an alternative :vﬂis"u'gl“i;za"tiqﬁ of the TM that implements its tape as a queue

8.3 PUSHDOWN STACK-MEMORY MACHINE VS POST MACHINE

As we have already discussed, the
data structure as its external memory.

isti ities.
and tape are two distinct enti : :
? Is at the end of the input string,

can add new symbo

in a PM, the tape and quet )
hence, In s PM consumes its OWN O

justasa TM does.
rnal to its tape.

its queue. Essentially, t
an input for use 2 later instance

input, as it 18 exte
its tape as queue,
that the PM can
anything on
] stack for s
d/write head.

rceived torea
he addition of more

Since the PM uses
executing. This means
the PDM cannot write
has access to an externd
whereas, the PM has 2 rea

In the PM, the head is P€
tion. However, in reality, t

PM uses queue data structure, while the PDM uses stack
Since the stack is external to the PDM, the stack
On the other hand, the PM uses its tape as queue, and
which is indicated by the ‘#’ symbol;
e are not distinct entities—the tape is implemenled as
utput (symbols added to the queue) as
The PDM, however, cannot consume

it has the ability to add symbols to the tape while
write symbols onto its tape. On the other hangi,
{o its tape; it can only read from the tape, becausellt
toring symbols. The PDM, thus, has a read head only,

in one direc-

i d traverse only g
d from left to right an kept implicit.

symbols to the rear of the tape is

‘
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378 THEORY OF COMPUTATION

e extreme right till end of input # s re.
right to left to point t(-> the new Symboy fce'f’ed,
e PM head can move in any dire tion iy gy,

1 : Ie
while the head of the PDM can only move from left to right. The only Iestrictiop th:gty’

i it is not allowed to read the symbo!s’_“’hmh are already read. The $Ymbgl,
Zra: rl::jatc}ll Ztr:clcs):sidered as deleted, as the tape 15 1mp1§:11:tr;t§c;ris r: ?h‘:f“fre‘-—ﬁrst-'in-ﬁrs 23:
(FIFO)—data structure. In queue, the elements are Ont, while g, ey

dded at the rear.

ele'll?tf:st?\ireesic that the PM is more powerful t{lan the PDM. |

The PM is equivalent to the TM in computational power and can be considereg as jy
another implementation of the TM. The PM can thus accept type-0 languages, .th
cursively enumerable languages. The PDM, on the other hand, as al'ready seen in
6, is more powerful than the FSM, but less powerful than the TM, as it accepts op]
that is, context-free languages (CFLs). ' .

In the subsequent sections, we shall see some examples, which will help us understyg
this better.

This means that the head can traverse to th
add some symbols, and traverse back fr?E
be read from the tape. Thus, the head 0

at IS, Ie.
Chap[er
Y type),

8.4 PICTORIAL REPRESENTATION OF POST MACHINE ELEMENTS

We can represent the PM with the help of a flow-chart-like notation similar to the PDM
The pictorial representation of the different PM elements is shown in Fig. 8.2.
We see that the start block denotes the initial state of the PM, that is, the entry point.

Initial state of the Post machine (PM)

Accept halt state
Reject halt state

. Read the input symbol from tape
c . . i
Read (This is a conditional block and
¥ fiepef:ding on the symbol read,
1t switches to other different states.)

b
Add <symhy
Add a <symbol> to the queue and proceed

Figure 8 ictori
2 Pictoria| fepresentation of Py elements

i
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The 'acccpt’ and ‘re; y
states, depending 0?1 ‘;el:ecl: blocks Tespect; POSTMACHINE 379
Nl ether Ctive]
The ‘read block is a c:o:mdi[ithe haching hag ;’CrepreSem the accept hal :
“makes transitions to dj fFectrs Onal block, ap, ’deczpte:d O Iefected g int and reject halt
The‘add’ block is a p States, Pending op e put string,

I Symbo] :
symbol gets added to the 0cess block ap ol read, the machine

; end of th

more like a su : . € queue ong wj

the ri broutine, as discussed eai; : hat s, after the ‘4’ g § With a symbol, This

to the right to detect the end of in €1, Which abstracyg th yEnlbol. The add block js
¢ lollowing ste

PS—move

the rear; and move toward ; Write th
) s the | . € Symbo]
block simply abstracts the heag eft to point to the ne to

d
mUSt.be Provided g

:, 45 FINITE STATE MACHINE VS POST MACHINE

| As we know, the FSM can only accept regular |
a
languages are thus acceptable by machines s ’;lg“ages (or type-3 languages). Regular
memory. The same set of uch as the FSM, which does not h
of regular languages can also b i S
the PM is more powerful than the FSM oy acce;_ned e s S
- » as the former has infinite memory in the form
£ the i ed tape. The PM can remember any large string of symbols with the hel
;’\ the internal queue (tape), which is a first-in-first-out (FIFO) type of data structure?
nyway, the queue (or memory) is not required for accepting or recognizing any regular
language.
Thus, we see that the PM, being equivalent to the TM, is much powerful machine than

the FSM.
Let us discuss some examples of PMs that accept regular languages.

Example 8.1 Constructa PM that recognizes the language accepted by the DFA shown
in Fig. 8.3.

b
onstructed as shown in

) . wiloanc
Soluti equivalent to DFA in Fig. 8.3 can be ¢

Ft.)lutwn The PM eq

‘e84 alogous to the initial state of

Figure 8.3 t state Read, is an
o Weieall : is analogous to the final staté

P i FA, and state Read,

metl? we;:/gl DFA. The only difference is that accgptance a.lclld
Of' cfic%n ly spcciﬁed in the PM, which is not made
reje

are clear.

icit i iven DFA. ’

exl;h‘“t lt[:eﬂili’:f;ven mes any number of b’s and
n S a 1

the PM const e

hange the state till it reads the symbo_l a.tligotrlll :;CPM
: . makes a rransition to state Read,. In this [j aon, P
o ming the a’s till it reads SY 1 5. Up

mbo
s consu ] d:.
keep n back to state Readt &g then

does not €
If the end of input

Fgure g 4 PM equivalent to DFA in Fig. 83
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380 THEORY OF COMPUTATION

L SRR R s b ”V“"Pr b P mw,\mﬁw Sy w:;.m,“wﬂ'w’r?"‘cf“‘? £51 £ 4

j rotc The DFA shown m Flg 8.3 and the PM in Fig. 8. 4 are equwalent machmes smce they

. accept the same Ianguage In this exaxnple, the PM does not use queue to store anything, a5
the languagc being accepted is regular. As we know, regular Ianguagcs are accepted by the
,‘r‘”__DFA as they require no memory. Thus, Fig. 8.4 is more like a DFA expressed in the form of :
a PM. Further, if we compare the PM in Fig. 8.4 with the PDA in Fig. 6.4 (refer to Chapter 6,
"f:Sectron 6.4.1), we observe that they are the same. This is because neither of the two machineg

- have used a stack or a queue, while acceptirig the given regular language. We can also say that,
~ the diagrams drawn in Fig. 8.4 and Frg 6 3 are only DFAs that are represented usmg the picto-
b nal rcpresentaUOn scheme 2L L

ey .

Obviously, if we delete stack from the PDA and queue from the PM, we will get the
machine without an external memory, which is nothing but the FA.

Simulation

I Figure 8.5 PM accepting {a" b™ | n, m = 0}
Read,. This state consumes all the a’s before it transits to state Read, on reading symbol b.
State Read, consumes all the remaining 4’s before it accepts the string on reading symbol ‘#'.

If a follows b in the input, then the PM rejects the input string, as the string of the form
a"b™ cannot have a b followed by an a.

| Example 8.2 Construct a PM that accepts the following language:
L= {a"b’"lnEO,mEO}

Solution We see that the given language is a regular
language and can be represented by the regular ex-
pression a* * b*. The language contains all the strings
with any number of a’s, followed by any number of
b’s. Thus, the PM that accepts the given language is
a simple machine that does not require memory, as
shown in Fig. 8.5.

We see from Fig. 8.5 that the PM also accepts the
minimal length string—for n = 0, m = 0, which is
nothing but an empty string. An empty string is ac-
cepted by the machine when it reads ‘# in the state

1. Let us simulate the acceptance of the string ‘aab’.

Tape and head position

Current state

Start aab#blp..

b T

Read, aab#bb..
al i

Read, aab#pp ..
a T

Read, aab#bb..
bl T

Read, aab#b¥b..
#l T

Accept
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| POSTMACHINE ~ 381
2. Letus simulate the work;

i ing of the macp;
m=1). achine for e Input string 4 (i.e., for 1 = 0 and !
Current state Ta ;
P€ and heaqd positi |
Start ™ 7 A T vy g~
d T |
Readl b # |
) 1 b ..
Read2 b #
#l A
Accept

3. Let us simulate the rejection of the string ‘abq’

Current state Tape and head position
Start aba#py
; 2 a#ply .
Read, aba#ppy ..

4 T
Read abat#

. A % bb ..
Read, aba#pp..

p: i
Reject

85 PMACCEPTING CFLs

As already mentioned, the PM can accept all regular languages that are accepted by any
FSM. However, since the PM has unlimited memory in the form of queue, it can be used
to remember arbitrarily long strings of symbols. Hence, it can also solve problems such
as checking if the given parentheses are well-formed, and accept most CFLs.

e G ke L

Example 8.3 Construct a PM that recognizes the following CFL:

! L={a"b|n=0}
! Solution 'We can check using the pumping lemma, whether or not the given 1ar}g11age
f L is a regular language, and hence, whether or not we can have. an FA that recognizes it.
| We require a machine, which is capable of remembering the string of @’s so that they can
i be compared with the string of b’s to check if the number of a’s ar}d b’s are equ‘?l. Recall
that in Chapter 6 (refer to Section 6.5), we already have solvec'l this pro.blem using PDA,
j which uses stack data structure. Let us now constructa PM, which uses its tape as a queue
1
|

data bering arbitrarily long strings. o
S ; e in a restricted fashion—it can

PM can write onto its tap
e d cannot overwrite or delete the

only add more symbols to the end of the input string an

Previous contents as the TM does.
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Algorithm . ing of a’s, skip the first a apci_ add all the femaining g
. After reading the St_"“ﬂg]e first b and add the remaining b’ to (he qQueue, o,
__"f queue. Sim‘]Iarlyt: Sklup ot W, representirlg the end O.f the iflpllt, then add o the

' 2. While readmg&l u}_’i?]gif a’s and b’s, which will be in the form: &g
of newly added s ada..a""'ppt, -

‘ eleti one b to compare or match the number of
1 deleting one a and
3 3- -.['hus, Wc are

§ With jy
; fa’s and b’s. :
uality of the number o . '
| aswe wantto Che(:;fi?med [)){ rocedure for the newly added string wit, (n-1) Ny
. 4. Repeat u:ie (aforeflf; number of b’s. Keep cancelling one a and ope p each time, ¢ the
‘ of a’s and (n — ’ i
5 number of a’s is equal to the number of 4’s, then all of them wi]] be finally €xhausteg {
.I The PM following this algorithm is as shown in Fig. 8 J
: ~ Start | '
| |
; !
i r
it
Figure 8.6 PM that accepts {&b"|n=0)
| The various decisjon boxes function as follows:
; ‘ ' Read,: Skip one 4.
i If #is read, then 80 to ‘Accept’,
i Ifb is a starting symbol, then go to ‘Reject’,
“ Read,: Add a]] Temaining q’s to the queue,
b Skip one p.
| Read,: Add Temaining p’s ¢, the queue.
If“# is read, thep add ‘# to the Queue and repeat,
If a follows p i, the input String, then go to ‘Reject’. !
; an
We see that state Rec.zd, 18 associated wjh three different functions: It reads the ﬁrstudj -
f:;?\fres to statfle Read, w1t!10ut adding it to the queue. Thus, jt skips the first @ read. On Feazem
num:)(::rn ?e,mput t2pe, it accepts e input. Thus, it alse accepts an empty input wlﬂ; .
If stat?e geijnd ?:;0 el (e, n= 0), along with the correct input for # ann0t
r : np'c
start with p, cads b first, i fejects the Input, becayse 5 string of the form a"b
State Read, skips the first p mai
: t : " re
Ing as to be procegge later, oM With the g skipped by Read,. It queues the
State Read, s g, associa : ing o0
) ted with three (g; g s ending ds
1nput symbo] reaq, It adg i ifferent functionalities, dep { red
e ®Maining pr the g

ing. If i
ueue for later processing. |
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4, then it adds ‘# (enq Marker o MACHINE 383

' . the n
the input b i : “Wly a i
rejects pul because ip 5 Sting of the fgl:-mdj,,?, String) to the queue. On reading g, jt

Simulation » @ Cannot foljoy, b. |
1. Let us simulate the a¢c ‘;
PIANCe of the string g |
C';“ent — Tape as queue wigp head
o 190b#yy
Read, aabp g
M 3 bb..
(skip one q)
Read, aabbapyy
a 1
fdda aa!'gb#ab“.
(add remaining g to the queue)
Readz aabb#ab.“
bl 1
(skip one b)
Read, aabb#alp ..
bl P
Add b aabb#abyp..
g 7
(add remaining b to the queue)
Read, aabb#abkp..
#l T
Add # aabb#ab#bh ..
\} T
(add # to the queue)
(repeat the procedure for the newly added string)
Read, aabb#ab#lp ..
al T
(skip one.a)
Read, aabb#abﬁﬁ---
bl
(skip one b)
Read, aabb#ab,?fb---
#1
Add # aabb#ab##bm
d )
(add ‘#' to the queue A
(repeat the procedure f;:r the newly added string
b##AY ..
Read, aabb#a 1
#l
Accept
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I‘ i 384 THEORYOFCOMPUTATION

s

(\e\states’are shOWn in lralzcs Add is not a State b ao a"°‘her0n
: G v PIQCexs

2. Let us simulate the rejection of the input string ‘aab’.

Tape as queue with head

Current state
| e aab#b¥ ..
I 4 |
i Read, aab#bb..
| a !
i (skip one a)
feadz aa’llz#bb...
a
‘ i\dda aa?#ab...
| (add the remaining a to the queue)
bfeadz aab?‘ab.
(skip one b)
#feadg, aab#%h
fdd# aab#%#b...
| (repeat the procedure for the
| newly added stri
. afeadj aab#a?b,,, . ng)
#ﬁeadz aab#a#ypy .
Reject T

3
Simulation of rejection of the j Input string ‘gpp’:

¢
gx;ilt State  Tape a5 queue with hegq
i % bbyy -

Read
aiEI a?”#hb...
(Skjpoﬂea)
Re
K, "b?#bb..
(skip one )
b1 abb gy
3 .o
Add b
l “bbﬁbh

. y 9
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POSTMACHINE 385

(add the T .
n Read CMaining } ¢
3 #l 3 ab b # b b . Olhequeue)
Add #
.l, abyp # ,? # b L
Eadd ‘# to the queue)
repeat the proc
Read edure for the
e 1 abb#yp ﬁ ¥ newly added string)
Reject

4. Let us simulate the rejecti
€jection of the strj
string ‘aba’

Current state  Tape as queue with head

Start ab
i 1 a# bl ..
f Read, ab
| il 1 a#lbb..
(Skip one a)
Read2 a b
bl % #bb ..
(skip one b)
Read, aba#bl..
a i
Reject

Example 8.4 Design a PM that checks if the given string contains well-formed
parentheses.

formed parentheses should start with a ‘(

Solution As we know, every string of well
lar logic as that in the previous example

and should end with a ‘)’. Let us apply a simi
(Example 8.3).

Algorithm
| it skips the first one and adds the

| When the machi ing parenthesis ‘C,

ne reads an opening P 2 : :

| remaining opening parentheses (" to the queue. Similarly, when it reads & dlosing Pf‘lf o
| thesis )", it skips the first one and adds the remaining to the quete: Thus, the mae -
E matches 2 h openi ¢ with one closing parenthesis This process
ches and deletes each 0P ired PM is constructed

k ; b ue. The requ
| 1s repeated until there are no mo

¢ as shown in Fig. 8.7.

. Every state is associated

ng parenthesi
re symbols in the que

with someé functionality, which is stated as follows:

Readl; Sk_ip one i(!. ‘ | ,
If string starts with )’ then g0 t?Ai?e;:’t :
If symbol read is ‘# then go 10 pt'.
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Figure 8.7  PM that checks for well-formed parentheses

Read,: Add the remaining ‘(’s.
Skip one )’.
If the symbol read is ‘#’, then go to ‘Reject’.
Ready: Add the remaining ‘)’s.
Skip one ‘(.
If symbol read is ‘#, then add ‘# to the queue and repeat the procedure,

Simulation
1. Let us trace the acceptance of the string ‘CLYI )
Current state Tape as queue and head
Start (D)) #bp ..
d ik
Read, () ) #pp .
il ) | L
[skip one ‘C]
Read, (())
(id 3 (V#bp ..
d (
. ((%)()#(b...
[add the Temaining ('s o
Read, (C))( ) # ( oy
)4 0
[skip one *y}
Read
ye 3 (())%)#(y,,_
Add)
. (() )% Y# () y
[add the re b 2
Read, (C) ) f)":mng)sto the queye]
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. POSTMACHINE 387
[skip one (]

Read, (() ‘ |
)4 )( ) #\ )b .. |
[skip one ]
Read, CC))( \
2] ) ) # %) b ;
Add # COMOY# () #y
[add end marker to '
string and repeat th:,h :r;l:;vdlzr:;ided I
Read, (C)CH)#E ) #y
¢ 0
_ [skip one *)’]
Read, (CMCHYH#O #p ..
)4 i
[skip one ‘)]
Read, (CICHY#FO)#b ..
#l " | 1
Add # () #E()#H#D ..
. 7
[add end marker to the newly added
‘string and repeat the procedure]
Read, ((-_))()#(-)##_b...
#d S |
Accept

2. Let us simulate the acceptance of the string ‘( ) ()",

Current state  Tape as qw/

Start (YO #VY -
) i)
Read, (Y)Y #BY -
( T »
"[skip oné i
Read, (Y #VV -
)4 T
[Skjpone‘)’]
Read, (YO #VV -
Ol T

»
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Il | 388  THEORY OF COMPUTATION

e ————et
=

I Readz
i Jill

Read,
#l

Add #
| i

Read,
#1
Accept

[skip one ‘(’]
(V) #bb ..
T

[skip one *)’]
Y)Y #bb ..

T
) ##b ..

1
[add end marker to the newly added
string and repeat the procedure]
(D()## b ...

T

We see that only when more than one consecutive ( i g
or ) occurs in the input s
get added to the queue. Otherwise, only “#’ 1g, they
) . , only ‘#’ is added to the qu an .
are skipped in the process. queue, and the rest of the pairs

3. Let us simulate the rejection of the string ‘( ().

Current state

Tape as queue and head

Start

Read,
)

Read_g
#l
Add #

(O #bp..
T

(O #bpy ..
1
[skip one (']
(O#bpy .
T
() #(p .
T
[add remaining
() #(p
1
[skip one )
CO #(p
iy
A .

‘(" to the queue)
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[add end g, POSTMACHINE 389 l

ker to th
and repeat the Proce dﬁ:;—wly added st

Read
) CO#(ny |
(4 r |
[Sk.ip()ne c(’] :
Read, COY# (#p ?
#l 2 |
Reject
Inthe givenstring ‘(( )’,

Current state  Tape as queue and heaq

Start D)) #bp . e L =
v 1
e O #bb ...
(4 1
[skip one ‘(']
Rends OV)#Bb ...
1 ,
[skip one )’]
Read, (V) #bb ..
) 1
Add) (Y)#) b ...
v 1
[add remaining ‘(" to the queue]
Reads () #) V-
#l 1
Add # () #I#P -
\) 1 |
[add end marker to the newly added string
and repeat the procedure]
Read, () #)#V
) + .‘
Reject is a special €as¢ of the i[l:{[;n:;[:tl,-”:\[/;b

e th zero,
3. An empty input, that is, StrinE with leng

eptance O i
well-formed. Let us trace the ¢ aI; the start symbol;

contain only ‘#’, the end marker, |
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VF | 390 THEORY OF COMPUTATION

Current state  Tape as queue and head

Start #bb..

J, (]
? (empty input)
||‘ Read, #bb..
| #l 1
{I' Accept

Thus, the empty string e is also considered to be well-formed and i accepteg p e
PM in Fig. 8.7.

T dlscussednChapterﬁthOntethfeegamm nmar (CFG

) for l'.his
s of well-formed p,aren;_hesesfcan'be deﬁned_als.:follows:

Thus, we have demonstrated that PMs ¢
us now discuss more complex examples

8.7 NON-DETERMINISTIC POST MACHINE

A non-determinjstic PM (NPM), after reading a single symbol, makes a transition to a1y
of the multiple Possible next stateg, The NPM is thus a possibilistic machine; and unless

€xecuted, one canpot really predict the behaviour of such machines. Let us illustrate this
concept through the following ex

ample,
I
Example 8.5 Desi ;

€rto Section ¢ 6, : gtructe
an NPDA for the same languag Example 6.6) we haye already con
- Algorithm
- As the input string is de

fined over 3= ra 3% _ _ ol with
- symbol b. If it starts wig, a, then i Shou{ld’en}ci 1t can either gtart with symbol

: : y tring:
M4, in order to pe 5 palindrome $
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gimilarly, if it starts with p, it sh POSTMACHINE 39
: . ’ S Ould end ’
| follows: In

b. The i
algorithy, Steps can be stateq

)J! Add# l

Reject

ing: = (a. b)

/ 2
ome strings 0%¢"

Figure 8.8 NPM that accepts palind
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392 THEORY OF COMPUTATION

Simulation

1. Let us trace the acceptance of the input string ‘abba’.

Current state  Tape as queue and head

Start $bba#bbb...
l
Read, abba#bbb ..
al T

(skip first a)
Read, abba#blh ...
bl T
Add, b abba#bl ..
il T
Read, abba#blp ..
bl P

Add, b abba#bbl ..
\J T

(add the remaining intermediate string ‘bb’)

Read, abba#bbypy ..
al T
(skip last a; it matches with the first
symbol, a)
Read, abba#bby
#l T
Add # abba#bb#b...
! T
(tepeat the Procedure for the newly added
string)
Read, abba#bb#b...
bl T
bi?ead4 abba#bb#b...
T
#ii‘eads abba#bb#b...
T
j}dd# abba#bb##b...
, T
" (repeat the procedure)
ead; abyp
ail a#bbyy b ...
Accept T

- Letusimop fhe acceptance of g stri

Current state Ty

Pe as queye and heaq
Start babyy b ..

A i)
Read, bab#bb.__
bl T
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(skip starting p)
Read, bab#bb
al |
Add, a bab#akp..,
f T
Read, bab#aklp ..
bl T
(skip last b)
Reads bab#akl..
) T
Add # bab#a#b..
1 T
(repeat the procedure)
Read, bab#a#bp..
al T
Readj bab#a#b..
#l T
Add # bab#a##b ..
i T
Read, bab#a##l ..
#l T
Accept

3. Let us simulate the acceptance of the string ‘b’

Current state  Tape as queue and head

Start b# bV ..

\) T

Read, b#b Y ..
bl T

Read b#bB Y ..
#l T

Add# b##Y ..

) 1

Read, b##Y ..
#l T

Accept

. ine ‘abaad’.
4. Let us trace the rejection of the string ab

d
Current state  Tape M_@L’

Start abaakbV .

J i

Read, abaa#bl’---

@t Thﬁsta)
(skip the f

Read, abaa#bb---

bl

Add, b abaa#bV

\ T

.|
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Read, abaa#by..
al T
Add, a abaa#bal..
N i
Read, abaa#bal..
al T

(skip the last @)
Read, abaa#bal..
#l T |
Add # abaa#%a#b...
Read, abaa#ba#y..
bl T
Read, abaa#batly ..
al T
Add,a abaa#ba#apy..
{ T
Read, abaa#bakap ..
#1 y
Reject

Note: Observe that the afore deterministic
machine, there argrmultlglg possible paths for every 'Nput string, beginning with the start
state. If the input is valid, then o ossible':-pat_hg only one leads to acceptance

. of the string, while the ogerg |
 Possibilistic machine, e

BXamPle 8.6 Conmpme e ——— o
Xample 8.6 Consgrye a PM thyt accepts the following |

anguage:
L:'_‘[a"b"a"ln;:-_()] AR
Solution The g; , '
Sapage: p s l':::guage ot - CEL. Therefore, we cannot write a CFG .
can construct a Py g ", :e sttruct a lfDA, because they accept only CFLs. Howeve:.ﬂ‘in
Fig. 8.9, - PiSthe given language £, = (41 1 g | n = 0}, as sho*
We see that State R . , e adds
the remaining a’s to thza:lll: P S Olnc @ and makeg a transition to state Read,, which ::jch
with the skipped a yg mak:e tll jt Teads the fipg b. State Read, skips the firstb m,[:-:].'n ;
Sa aNsitiop ¢q State Read,, State Read, adds the rema

A
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