


. C Az s d4
43 deternministic A, grod 2RA HEG oy EE ulide§ iR

* Rumzing lemma '{V’V Ctq
# (Q{‘( -‘[ac{b\ ;"\5 //e-k becucs,‘ve_
4 HBE JET W ROP
A
'Fo“ow fl"'sfr
A Gimple  cssighmen—L  Statemend

kX ZRecificatim

NG NN

Ky M1 AL THILD



Thdmm  Awtomaks  (TDA) — A ki 1EIRALI Sk, R -TREEL € - s o A BEARIT S0

—0—73

N

5 Mackine Mode] of (anguege secgimition  Ehut albus o silar  coe fodorce o be  estblitel  wieh the ch

a;( all Com-fexe -Fvu. [“"ﬁ“"ﬂe' —7,{),'&1":@ Contest -{vee [am%k,,_ g}_ L gimiby  Covvespondmence
L7 hv finiteStote wadire Cdestbed by Gl tamstim divpon 428
\ > 4 peEE SR 0 %jéﬁfé_’t—‘(ié- AR Adss HE 2 si £y bin e $04 A i IR

Bl TOR A TS don che or chek of  wnlowded dees
Lo Notetion : c , (J- > w 3| Cutrent inget CH-y Apken g o ond e foken ot e 7 “:f the ctack ¢ Ol

C: voerbebry  okon | ek swskE |, ThE 48 -

OL_ Stock  tokam , be Mu\ Reod e inut ke, a,J yef’o»cv_ the —tot -:;{ e stace b\\] the

Comionents D‘\{ W, wtth  the (z-f—e_ most Compn tut # w

‘(’L{ wew +£2p b'qt te staclk

b GUin b ok .
w: SBing of Stac tns becrmiss

\/7 C r=ec - State oLum:jQ withut vedryg om  input  Enken

{9~ Wk = € 1 ghete g, o chack Eakon Sty s qushed wbs the ctack !?ﬁ‘. Lot iy ot eyl

S 43, AR LER sl cRI v de |, Ao ok FAAY
L? Alr\ l‘f\euf Q‘(:J-(‘.\\cj 's MM'E&J l.\_'[ #here & & olz\rec_'feri

pach -va the  sta ).-E:'wo ¢tate Eo )
o ce “E'.'{] 5{°‘1C lAIL\D se Sequehce IQ[ \‘l\fu.f.

fokens  ¢tels  ouwt the S‘El‘b ond the Stack
¥ ActeRfomce  gp the el  of apt , stack and  nut s el

B(aw.gle, . Eo} )Tl ize 3 over $o. 1§

9, E"‘?’L) Jol"7€

D bore
.

3y F jafet £o A ndc
0, £ +0° #Eiﬁ widl (AP tuii £ ) )95 5B

é& 0 IR stack Z} ﬁgjp)\_
RoF;rT
1%%4% heﬁace L £ Rof!

F)(amq\e_ §—b—t‘wa; 005 (L | — 5‘:“&’% 14498 VB ED 44 des; pedd, ¢, dirow, xlﬁ&\
fo, o 3wl , B w3
Ghad e nut Read Staclk k], &2 [@dueg
D wl A w1, v 55, stace & £IF0,
2 / e st 2y M s, by
L oo (1) e} 0] Slack BiET
p= oLt o o0
3 [ O >3 03
X I ' 90
I L { O
Vv
WA~ AN

b
X BE s s Stack 2

Fire | 2 & acetred
4

Z

j{'% l _‘,_1‘/%—‘2_\ 1}3‘* ‘E f =1 Column .  State, Remaln ut Steck
2.



Fongle 2
fwt we 1 we fo.13%]

-7 b"’i‘“‘ﬂ a\-f Centered

Ol: GC':\:D I Merk ot Aheit ceh-éu.:.l?q,;(::::” tese galindlomes bove o oy ot
l,eb e @ & D,D,‘ipeg /) ThAs | BREAE  Syawe &y
A
Dramle  ¢t-iny: (ot ol
Glot 2 ingut Read chacle
0 o lotl [ ¢
| lo (ol | j
PR o (ol | L
3 (ol ) o
% ot { ot
T b1 0 (1
b ) { I
1 g \ - —
> Acce_{'&:mc_L
Bramie 3
{va* lwe §o.13%3
\LF7 Al even [gngh aliadromes  over o, 17
|, er! o, 0F €
0, 7O C; £, €P¢ ’) PRAsd
oz
Bewnile Sty flooll 7y
Lhate Qemin  fngus ek
Y llo oll ¢
{ po o tl |
px oot U
5 o\ ol
g I ()
Ny ( |
G G 3

— ACceetuA



?DA R Contest ‘JVLE. lnmguaﬂl
e S A

omkut~-(\fee [awouug-a ;. W waay combtirue€ O 0A —EL\u-G e Cogni-ey the [0"‘9“"‘6"

= Ei\ , 2AT-T  owtet {vee Qvammul £

T R -
Novterminal SumLol {a ; L"‘ CJH3 l iz1. kzy
~ — K a ~3
,é— z {Q scr | W% ety = Productimm

7( — { l::\-l/L\i — 'fgy-mfun,,l SVMLBI

A

X;_ )_?Ll O-ch\oll-‘lj ‘éé R0A \31 . g’é R qn Cinitial State) *ch (0(‘0&*!'\, State)

-~ E*—"E‘zﬂs'ﬁqi}r than Sition, *TX&T*- 7DA Jid recognize

G, v s
CEG 7 e
¢ J
A ,_:‘t.:.-(', 3 ﬁ A Lle in Aken n
?D S‘k‘ : %q’ {“‘ = N et oken Clerwd al th'ble y G theve s 4t be o Aransitom {""""‘
ke PO 9, 4o i=ld : Cc, crg s
¢e25 o D
2 —_— C, c\F7
%

rgaa\ﬁ_ , Bor each ?h:Aw.{;':h N, tere s & Lo o Eranfitim -a[l-ow, q, cdsel{ aql the -fm—m

Q,J N — the rbpolur.-h'av

J
o, & o e

V) b.bk
€, S (Al
= — @,

6, s e sC
&, & @& ka2
¢, x v bx

¢, % b
Bramie Gﬂ—l'ha o G,3 ‘l) C‘r =

= aoan b cccce

Sute Remain  inpwt Ghncle

) o b eccec e

l aaa bececcc S

2 aca , ceecc aaa X Cc Cccc

2. Gaa b cecce aaa K cccct

‘. 43 o

A b cec cc X cccce

I~ b ccc cc b ccc cc

¢ A b, <

£~ @ ‘Q/ —7 oceeqt



ar
A%¥A--
Ascigament < 2019

D&ST:}V\ o~ Ae{'u— min'gtic ?u-sl«J‘Dv«v\ auwtomaton thet recogni2-€5 ghe (o nGu *5C

)= {qnbll‘c‘iot"[ (Z1, Kz W3
$ = ab*s| ab’ x
X —» cd x| d

e, Q";?S c , clt?e
/7@ ok, dioe
O €, Sr» obS

e, ¢ = obX
G, A VP Crdx

JQ’(QH’M tn G5t

e, x 2
Deta-mincctie ; L, Avroe
o, CEPAM L, Ar2e (2
s % & a . - E— -
TR A S B 2 R 5 ==
$.% WM X Teoan 7 | o erE
e l
;¢ b8 5 ke A B4 caida

O @ —© Axigennm
K_j d, B+e F'\_/ R & o4t -1 B

e
— _—
_— o
Aééfanvv\ew\ I, 2o
De-s;flV\ o dete-minstic ?u-d/\J‘Dwn outomaton +theet yecegn(z€s ghe la nGu =9C

L= {fatb & [izo, k21

a, € > AA

- @_\—-7/\4 k)

B <) Ae

_— @ b’@,ﬁ ) m@g

c, AE

EA C =A%, a5k &i’ﬁ)\ b, E\'—'?é,

AN, BAc Hik AN, £E

aqgid Ak -t b b&)Y ,
ot R LB AN © et
A 20 A 24l ZW_\

A

pt7C



QJN‘E:DV\ B

¢ v7AA
@), o

(Gi)
®
. 2RREA |, e -
N‘a “ c, AbFPe
A\
©

U c, Ag




Assume A s context ,,[vee
Jet © lbe the  comstam t
et g = af bTC? be the string
S label 57
o ¢z ottt can  be  whitha
w29
Jo VW cem  only be
(nsdes  wvw Y
when vwi s ob,
cwtwRy ¢ L
whea vwa is b,

Lwtwrry

. Uu/lux?\kj é-)_
AP B

nt  EG

&S

b

U v wxy

ub

o)

the pumber OQ[ b. *
£ B A WetE B A Ll 7 o

the ypumber of b £ (7l

[ ¢l

s

f‘*m?f“j Lemma for  Comtext - free 1-“”1““90 Ccftg
—  Suitese  that o lemguage L s CEfq .
Dere et o Comstamt T Swh ot any sty S EL of lng® ot least. 7
§ can Le written s $= wvwiAy
where :
?2) VE E o xte
oy fvwx 2y
230 wviwxy & L o ool ¢ 20
Examile - Trove A= -Ea." L"c_“ [ 1203 is net  comtert '{l/eﬂ
G Asume tat A & capdext {lee
T Llex @ be 4he camstank
leX § Le S= DxPLfc_?
lel 27
2By Tumping  lemma
Scan be whtlen aS Gz UVIWRY
<2 By Jumptng Lemma
\LV}W L)"\‘j € L
Howevey »
i:{ Vo X Conban v than  Ove Variable :  Numbe, ﬂf o, b,c &
avrwity ¢ L
i:{ Vo X Contan only ove  wariabe: mumle  of o, b,c
wvr w2ty ¢ L
Sy ey & L
STl foe L chesnt
S L s not context ‘{VQ«Q/
A1
Are the {“ll"‘”“ﬁ [ﬁ'\ﬁwwaes Context ‘F“‘ﬁ oF Ihon ~ Context frep 7
@ A= {abct [ ize z\J

Thegua(

Iheguer|



2. (a) We show that A is not context-free. Assume that A is context-free and let p be the
constant given by the pumping lemma. We consider the string s = aPb’c? € A.

Since |s| > p, we can write s = uvwzy where the parts u, v, w, z, y satisfy the
conditions of the pumping lemma.

i. If v or  contains occurrences of two or more distinct symbols, then uv?wz?y
contains symbols in “incorrect order” and is not in a*b*c*, and hence uv?wz?y

y ﬁ—’(*g%‘%’— ¢ B4 corbudicy
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is not in A.

In the following cases, we can then assume that v and x each contains occurrences
of at most one symbol.

ii. If v and = do not contain any occurrences of symbol a, then uv?wz?y contains

more b’s than a’s or more c’s than a’s. This means that uv?wz?y is not in A. Y ﬂ&hﬁ{] conbadie t
ili. The remaining possibility is that v or z (or both) contains occurrences of the

symbol a. Since v and z each contain only one type of symbol, this means that

vz has no b’s or vz has no ¢’s. Thus uv’wz% = uwy has fewer a’s than b’s or
fewer a’s than c¢’s. Thus, uv’wz’y is not in A.

We have shown that all cases lead to a contradiction. This implies that A is not
context-free.
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Program 11.1

typedef enum { ZERO, ONE, E0S } vocab;
vocab gettoken(void) { ... }
vocab t;

void MustBe(vocab ThisToken)

{ ASSERT( ThisToken '= EQ0S )
/* verifies and then updates current token t %/
if (¢ t= ThisToken)
{ printf(“String not accepted.\n"}; exit(0); ¥
t = gettoken();

void Balanced{void)
{ switch (t}
{ case ONE:
case E0S: /x <empty> %/
break;
default: /* O <balanced> 1 %/
MustBe (ZERG) ;
Balanced();
MustBe (ONE);

¥

int main(void)

{ t = gettoken();
Balanced()};
if (¢ t= E0S) priantf("String not accepted.\n");
return 0O,
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ASSERT( 1 <= n < max )
{int i; i = 1;
A[0] = 1;
while( i < n ) { A[i] = A[i-1] + 3*%i + 2;
i = 1i+1;
} //end while

}
ASSERT(ForAll(k = 0; k < n) Af[k] == (3*xkxk + 7k + 2)/2 )
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ASSERT(n >= 1 && A == A0)
J = 1;
while( j !=n ) {

A[]] = A[2*]]l

J++;
} . |
ASSERT (ForAll (1=0; i<n) A[i] == A0[2i]
invariant | 42 %% h &4
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invariant I: ,_,,/——"~—J\l;i——""—“\ : -
l<=j<=n && ForAll (i=0; i<3j) Ali]==A0[2*i] && ForAll(iﬁj; i<2n) A[i]==A0[i]

¢ ASSERT(n >= 1 && A == AO0) /*implies below assertion*/
Al ASSERT (1<=l<=n && ForAll (i=0; i<1) A[i]==A0[2*i] &&
ForAll (i=1; i<2n) A[i]==A0[i ;

\x"[j=1; ) A[i] [i]) | ,}M c\jb

ASSERT (I) ﬂ%’ P

while( j !=n ) { “ ' g

« ASSERT( I && j !=n J /* implies below assertion:*/ F;

AL ' /* explain in class */__ N :

ASSERT(1<=j+¥7=n && ForAll (i=0; i<j+1) (A | j +-> A[2%j]) [1]==A0[2*i] &&
r[ ForAll (i=j+1; i<2n) (A | 3 4-> A[2*5]) [1]==A0[i]) -7
'\ A[j] - A[Z*j]; — : e N ——— ™

ASSERT (1<=j+l<=n && FOrAll (i=0; i<j+1) A[i]==A0[2*i] && FZ —>
v’r . ForAll (i=j+1; i<2n) A[i]==A0[i]) '

J++;

* ASSERT (I)
} //end while

.g"ASSERT(I && j == n) /*implies below assertion*/
L-ASSERT(ForAll(i=O; i<n) A[i] == A0[2i])
¢ 3 Lz 82\)|=n imp i yH L=
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ASSERT(1 <= n < max) | | o leanlinnt
] 1 ' ‘ "\vm\“‘)@ says arhad
{ int J; J = n-— 1 y V\“ e k2
= %Aﬂv\j =ET . il et
A[n] = . ASS<RT (T) oy

while (j > O) { A[§] = A[j+1] + j;
j = 3-1; } //end—while-

} \)fo Sy

ASSERT ( ForAll(k = 1 k < nt+l) A[k] = (n—k+1);|<(n+kyl.
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2. As the invariant I we choose: @

0 <= j <= n-1 & ForAll(k = j+1; k<n+1) A[k] == (n-k+1)*(n+k)/2

The proof tableau is as follows:

* ASSERT(1 <= n < max) // n>=1 implies n-1 >= 0
ASSERT(0<=n-1 && true ) // variable declaration does not affect reasoning
{ int j;
ASSERT(0<=n-1 && n == (n-n+1)*(n+n)/2 ) //range of ForAll consists of n
ASSERT (0<=n-1<=n-1 && ForAll(k = n; k<n+1) (A|n+->n) [k] == (n-k+1)*(n+k) /2 )
] = o=l
ASSERT(0 <= j <= n-1 &% ForAll(k = j+1; k<n+1) (Aln+->n)[k] == (n-k+1)*(n+k)/2 )
Aln] = n; i
’ ASSERT(I)
while (j > 0) {
¢ ASSERT( I && j > 0)
// §>0 implies j-1 >= O when j int
// 1 implies below ForAll() statement,
// and I implies A[j+1] + j == (n-j-1+1)*(n+j+1)/2 + j
s\ |77 == @+ n - e+ 3)/2 = (@-j+) (+5)/2 :
3) / ASSERT(0<=j-1<=n-1 && A[j+1]+j == (n-j+1)*(n+j)/2 &&
ForAll(k=j+1; k<n+1) (A[j+->A[j+1]1+j) (k] == (n-k+1)*(n+k)/2)
//in below assertion write separately the equation when k==j
//and note (A|j+->A[j+1]1+j)[j] == A[j+1] + j
ASSERT(0<=j-1<=n-1 && ForAll(k=j; k<n+1) (Alj+->A[j+1]+j) [k]==(n-k+1)*(n+k)/2)
A[j]1 = A[j+1] + j;
ASSERT( 0 <= j-1 <= n-1 && ForAll(k = j-1+1; k<n+1) A[k] == (n-k+1) *(n+k) /2)
J = 3
v ASSERT(I) \
} //end-while '
T
*| ASSERT(I && j <= 0) //j<=0 && 0<=j implies j == 0
(?— //j==0 && 1 implies postcondition
ASSERT( ForAll(k = 1; k < n+1) A[k] == (n-k+1)*(n+k)/2 )

)The loop terminates because, by the invariant, j is non-negative and each iteration of the
(L{ loop decrements j by one.
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