Homework 1 ) 4

Give DFA’s accepting the languages over the alphabet {0,1} (notice : give diagram notation of DFA)

1. The set of all strings with exactly one 0.

2. The set of strings that either begin or end with 01.

0,1

start
08

1

5t
start

O~

3. The set of all strings with at least one 0 and exactly two 1’s.

0 0
1 /Q 1
0 0
1 1
start U

5. The set of all strings such that each block of three consecutive symbols contains at least two 0’s.

start




Homework 2 ) 4

1. Design e-NFA’s for the following languages. Try to use e-transitions to simplify your design.

a) The set of strings consisting of zero or more a’s followed by zero or more b’s, followed by zero or more c’s.

a b @©

startﬂ& < 8 g 5

b) The set of strings that consist of either 01 repeated one or more times or 010 repeated one or more times.

2. Convert to a DFA the following NFA:
(Note: Give transition table or transition diagram, DFA states should be labeled with subset of the NFA states if
you choose transition diagram. )

0 1

—p | {p.a} {p}

g | {ry {r}

r | {s} 0
*s | {s} {s}
{r} {p,r} {p,q,s} {p, s}
start - 1 I;-\ 0 p/g/\ 0 pO 1
0 0 1
o O——0
{p,q} {p,q,7} {p,q,7, s} {p, 7,5}

3. Give regular expression: the set of all strings of 0’s and I’s not containing 101 as a substring.

0*(1 + 000%)*0* (0+ ) (1 + 000%)*(0 + €) (0 + £)(1 + 00 + 000)* (0 + &)

or or

4. Give regular expression: the set of all strings with an equal number of 0’s and 1’s, such that no prefix has two more
0’s than I’s, nor two more I’s than 0’s.

(01 + 10)*

5. Give regular expression: the set of all strings of 0’s and 1’s, such that the number of 0’s and the number of 1’s are
both even.

(00 + 11 + (01 + 10)(00 + 11)*(01 + 10))*



Homework 3 ) 4

1. Design a context-free grammar for {a’b’cF | i # j or j # k}, that is, the set of strings of a’s followed by b’s followed
by ¢’s, such that there are either a different number of a’s and b’s or a different number of b’s and ¢’s, or both.

S—>A10|A20|A31‘ABQ
Ay — aAib| a4 |a
A2—>G,A2b|A2b|b
C—Ccle
BlﬁbBlc‘bB1|b
B2_>bBQC‘B26|C

A— Aale

(EE: Ccle #HA Cc|c WIARE4E a,c B A 04, 5 b,c)

2. Design a context-free grammar for the set of all strings with twice as many 0’s as 1’s.

S — 050515 | 051508 | 150508 | e =%
S — 050518 | 051508 | 150S0S | 001 | 010 | 110 ({HELSIETIEZ A €) 5L
S — 058051 | 05150 | 15050 | SS | e

#HXN S — 05051105150 | 15050 | e (AR EAD S ), TG4 001100 BT L5 RAR 2 1 .

3. Design a context-free grammar for the language consisting of all strings over {a, b} that are not of the form ww, for
some string w. Explain how your grammar works. You needn’t prove it’s correctness formally.

R BT, BAANZ ww B N FESCGETH A B8 B). mx FRENEES (2k) M8, —ZEHE j
(1<j<k) &M (k+j) MEAMA, BRAZH LR w7 LA TRl a3 8o, A ZAE A E AR,
saliEE A F B A

S— A|B|AB|BA
A— XAX |a

B— XBX |b

X —alb

AT EE A, PR EECE, WAL PR AMHEEIRIA, 41 aaaabbbb = aadab bbb B aabaaa = aabaa a.
{8 ww TR, JRRATEFBAAEE, RIS #H%%, L baabbaab = baabbaa b = baa bbaab .
4. Design a PDA to accept the set of all strings of 0’s and I’s such that no prefix has more I’s than 0’s.

0,Z/0Z 0,0/00

1,Z/e
start

1,0/e

5. Design a PDA to accept: {0™"1™ | n < m < 2n}. You may accept either by final state or by empty stack, whichever
is more convenient.

0,7/0Z
0,0/00 1,0/e

1,0/e 1,0/0 1,0/e e, Z/e
Startﬂ% / /Q / O / O / @

1,0/0 1,0/e




Homework 4 ) 4

1. Use the CFL pumping lemma to show following language not to be context-free:
{a'b cFi < j < k}.
SAIFZ:. B L={a’b/c*|i < j < k} & CFL, H1 CFL %513, A7 EEH N, [FKE#BIE N fH$ /4 CFL 5] #,
B s = aVoN TN T2 s = wowzy HF, A jvwz| < N vwz AT REJLF i

i) #AE a 8o, BWi=2 0 ¢ =w'wz'y B a 8 b ATREANT ¢
iii) £ ab 28], B i=2
iv) 1€ be I8, W i=0
RGN, #S B E . Ik
2. Consider the CFG G defined by productions:
S — aS|Sblalb
Prove by induction on the string length that no string in L(G) has ba as a substring.
X jw| A9, E jw| =1 BIRRAL
e, XMPA |w| <k —1 fif@or
EH \w| =k A w=aw; B w=wb 1M HEGPUEEH w,ws FKAL, LIRTCIRWFIICEREIN ba FH, BTl w oL
3. Convert the PDA P = ({p,q},(0,1),{X, Zy},9,q, Zy) to a CFG, if § is given by:
(1) 0(g,1, Z0) ={(q, X Zo)} ~ (4) 6(q.¢,Z0) ={(q,€)}
(2) 6(q, 1, X) ={(¢, XX)} (5) 0(p,1,X) ={(p.e)}
(3) 6(q,0,X) ={(p, X)} (6) 6(p,0,Zo) ={(q, Zo)}
1) S — [¢Zx] for each x in Q;
2) [qATn] - a‘[pAl,rl”pAQTQ] e [pAnTn] if (pa AIAQ e An) € 6(Qa Aa a) n >0

018 [¢Zd v
S — [qZp] 2(qZp] | step 2, W [¢Zp], 5 H OIEH
1| [aZq) — 1[gXq][aZq] | 4laXdq]
laZq] — 1[gXp][pZq] v
laZp] — 1qXq]lgZp] | 4[aXq] | step 4, ...
lgZp) — 1[gXpl[pZp] | 3[pZp] | step 3, N step 2 HH [¢Zp]s
2 | [¢Xq] — 1[gXq][¢Xq] | 4[gXq]
[¢Xq] — 1[¢Xp][pXq] | 1[pXq] | step 1, {HFE [pXq], B4
[gXp] = 1[qXq[qXp] | 4[qXq]
[¢Xp] = 1[qXp][pXp] v S — laZq] S—A
3 | [¢Xq] — O[pXq] 1[pXgq] laZq) — 1[gXpl[pZq] | A— 1BC
[¢Xp] = O0[pXp] v’ l¢Xp| = 1[¢Xp|[pXp] | B—1BD
41 [gZql — ¢ v’ [¢Xp] — O[pXp] B — 0D
5| [pXp] =1 v’ [¢Zq] — € A—e
6 | [pZp] — 0[qZp] 3[pZp] [pXp] =1 D—1
[pZq] — 0[gZq] v [pZq] — 0[gZq] C— 04




LiEEMES {& ©, {0} L,

2 TEMERAIE S “HI 0 A1 1 ARl #E L 01 JFkBRES R T 455 7 1) DFA.

3.IEMIEIRAES “HoM 1 A B=ANFSETFEDEEMWAD 0 NFE/FE”
] DFA.

4.3 =1{0,1}, MWHEHERE HIENZFRZE
(@) L = {w|w € Zx, wh 0 Fl 1 (AN EH 210

(b) L ={w|w € =+, whEE 101 FH}

5.0 NEIPTR Y DFA L kg id S5 i 1R 2R 5




1IHAEHES (¢ @, {0} HWREE.
{0, {g}, {®}, ({D}}, {g, @}, {g {D®}}, (D {D}}, {c,® {D}}}

[\

EMERAIE S “H 0 A1 1 AR HE L 01 JFSkEREE R T AT A7 1) DFA.

3ARMIEINIE S “ 0 A 1 4Lk P KEEOR 3 TR EDTAMA 0 7R
7 1 DFA.

start

4.3 =1{0,1}, MWHHERE HIENZFRIZE
(@) L = {w|w € Zx, wh 0 Fl 1 (AN EH 210

(00+ 11+ (01 +10)00+ 11)*(01 + 10))"

(b) L ={w|w € Zr, whEH 101 TH}

0<(1 + 000°)0° TK(O + £)(1 + 000° (0 + £)BE(0 + £)(1 + 00 + 000) (0 + &)

5. 44 F TR0 DFA FR U8 58 01 0 16 U 3




(1) VA&

1 _ (o) ©)( p\ pO) _ _
R13 — = Ryz + Ryy (R11)R13 =0+0 = [}

oy = R+ Rﬁ)(Rﬁ)) RO =0+ (e+1)(e+1)70=10

W =R+ RO (RO RY =@+ 0) +o = o

Y =RY 4+ RORDYRO =1+0=1
R(1) R(O) n R(O)(R(O)) R(O) =e+1(e+1)0=

RS =R +RPROYRY =0+ 1(e+1D0=0+110

o2 = RD + RP(RY) RY = 0+ (1°0)(e + 0)1 = 1°00°1

R =RY +RYRYRY = e+ (0+1170)(e + 0)'1 = £ + (0 + 1170)0"1

2@ = RO 4 RO (RDy D

= 1+00*1 + (1*00"1) (g + (0 + 1170)0*1)*(e + (0 + 11*0)0+1)



ek —
1 EHES L = 0?3 |n > OB IENNE S,
2. WHBFRAT = fa), IEAINTiES
L={a"€x+|n=2 &N &I
AR TE M)
3. M R HE A SIH LR R B SO0 E UE S
S — aSbb|abb
4. WIHEE L= {ablct|i=2j 8k j = 2k} L R0k, JRkH
Al N T HEEZIHL PDA.
5. HiE—AN T E SR N E S
L={a"b"*™c™|n>0,m=>1}, H$Y ={ab,c}
6. 4E—MNTHEAZINL P = ({qo, 91}, {0,1}, {X, 20}, 8, 0, 29, @), Hrf
6(do, 0,20) = {(90, X20)}
6(do, 0,X) = {(qo, XX)}
6(qo, 1,X) = {(q1,8)}
6(q1,1,X) = {(q1, 8)}
6(q1,&X) = {(qo, &)}
(91, & 2o) = {(do, &)}
¥ P #4L N CFG.



5 1 BRE
FH UV AIE B -
& L Z2IENES, ML HRFRE w = u?NNN,
SR seLIFH|S|=6N=>N
IR G, w AU SR w = xyz, WHE5KMEF
1. xy"z € LXTAEfn = 0,
2. ly] > 0
3. Ixy| £ N
BT w BRT N DR u, IBAGE S =5, TR 4
w: x, y REHu i, Frblx, y, z 7 LLEA:
x=u,XFj=0
y=u, Fk=>1
7z = umtN3NEN ST m > 0
FE G, kmiliEj+k+m+N=2N, Blj+k+m=N, Frid
i +k<N,
R FARIEE— %M, xy*ze L, 1
kgkm+N 3NN

— u2N+ky3N N

xy’z = wu

BT k=1, ElKxy’z —EAET L LML P&

Hgt, AH9E L= {u?vr0in = O RIENES .



%E 2 BRE:

(a) Suppose L is regular and m is given. Let p be the smallest prime
number such that p > m. Then we pick w = a? in L. The string y
must then be a* and the pumped strings will be

w; = ap+('i—-1)k = L,

for i = 0,1,... However, wp41 = aP*P*F = aP(11k) ¢ L. Therefore L is
not regular.

8 3 WL
Convert the grammar into Greibach normal form.
S — aSSSA|),
A — aB,
B — b.

Following the construction of Theorem 7.1, we get the solution

6 (90, A, 2) = {(q1,52)},

6 (q1,a,5) = {(q1,SSSA)},
d(q1,a,4) = {(q1,B)},
6 (q1, A, 8) = {(q1,N)},
6 (q1,b, B) = {(q1,M\)},
4 (q1,A,2) = {(gr,2)}-

with F' = {qr}

F: AHe



5 4 BRE
B CRRIEIT
S —» PC|AQ
P - aaPb|e
C— cCle
A > aAle
Q — bbQc|e
PDA 41 |
P = ({q},{a,b,c},{a,b,c,AB,P,Q5S}5,q5S7?),
(PERRAF MRS, BAEIREE)
ST
8(q.€5) = {(q,PC),(q,AQ)}.
8(q,€ P) = {(q,aaPb),(q,€)}-
6(q,€ C) = {(q,cC),(q,)}.
6(q, €, A) = {(q,aA),(q, ©)}.
8(q,€ Q) = {(q,bbQc), (g, €)}-
8(q,a,a) = {(q,€)}-
8(q,b,b) = {(q, €)}.

8(gq,¢,c) = {(q,€)}



%5 HRE:

Start with an initial z in the stack. Put a mark a on the stack
when input symbol is an a, consume a mark a when input is a
b. When all a’s in the stack are consumed, put a mark b on the
stack when input is a b. After input becomes ¢, eliminate a mark
on the stack. The string will be accepted if the stack has only z
left when the input is completed.

b,b;bb
a,a;aa b,Z;bZ
a)Z;aZ b,a;)\

/ﬂ\ b,a;A Y
<A\ b,za;bz f e
S q0 q1 >
- o . Y




F 6 HRE .
Bk, £
V:

{S) [QO,XaQO],[QO,X,'h],[Q1,X,QO],[QI,X,Q1],[QO,ZO,QO], [q07z()’q1]a [‘h,ZOaQO],['h,zo,%]}
#ET = {07 1}.

5 ER
(0) S — (90,20, 0]
S — [90,20,q1]
(1 90+ 20, 90] — 0[90, X ,40][90. 20, 90]

(90, 20,90] — 0[g0,X,490][40,20,91]

(90,20, 91] — 0[g0,X,q90][40, 20, q1]

[90, 70, q1] = 0[g0, X ,q1]lg1,20,91] BEA 5(q0,0,20) = {(g0, X 20)}
3) (90, X,90] — 0[g0, X ,490][90, X, 0]

(90, X,90] — 0[g0, X ,q1][q1, X, 0]

(90, X,q1] — 0[q0,X,q0][q0, X, q1]

[0, X, q1] — 0[g0,X,q1][q1, X, q1] B 6(q0,0, X) = {(g0, XX)}
(4) 90, X, q1] = 1 B7 é(g0,1,X) = {(q1,€)}
(5) [91,20,q1] — € BEA (q1,¢,20) = {(90,€)}
(6) [, X,q1] = € BA d(q1,¢,X) = {(@0, )}
(7) g1, X,q1] = 1 BR é(q1,1,X) = {(q1,€)}
RANERRA

S — [g0,20,q1], [q1,20,q1] = €, [q1,X,q1] = €
(905 20, q1] = Olgo, X, q1][q1,20,q1] 5 [q1, X,qu] — 1
@, X,q1] = 0[go, X, q1][q1, X, q1], [q0,X,qn] = 1



fENL 3:

1. ZEUTTHMES:

L1 ={aMb2ncM |nm > 0}

L2 ={albMcZM |n,m > 0}
a) L gs tH FRTE F ORISR IR EeE F # B SRR .

b) L1NL2 #& CFG M24E BRI 1 IE WA T

2. MiE TM M, HBLM) = {x|x € {01} Ax T EZEH 3/ 1),

3. WitiRAIAEMIESL = {a'bick|i*j=k;i,j, k> DR RHL, Hd“a”, b
Mec BN ERHERE -2 HEN a, RAER—EHEMN b, REL—EHE
1 co KMRX=AFFS R — NN HIM—K. a" f b AJLLHILZ
K, H e IR L AIE T at FHILRER b IR IR ECRR . )
WPRFER LS 45 2 o

i :
#iN\: aabbbcccccc
XHE a=2,b=3,c=2*3=6
. 2
i \: aabbccc
KHE a=2,b=2,c=3fH ¢ MiZ2 4

. A%



