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HW#6 Problem 1

(Exercise 2.2; 20 points)

(a) Use the languages A = {a"0"¢™ | m,n > 0} and B = {a™V"c" | m,n > 0}, together
with the fact that {a"b"c¢™ | m,n > 0} is not context free, to show that the class of
context-free languages is not closed under intersection.

(b) Use the preceding part and DeMorgan’s law to show that the class of context-free
languages is not closed under complementation.
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HW#6 Problem 1 (a)

Transform languages A and B into the new forms:
A= {a’bic*| (i =7)A(i,7,k>0)}, and
B={a'Vc" | (j=k)A(i,j,k 2 0)}

The intersection of A and B
= {a'bick | (i=7)A(j=k)A(i,7,k > 0)}, which is equal to
{a"b"c™ | m,n > 0}

We've known that A and B are context-free languages, but the

intersection of A and B = {a"b"c"™ | m,n > 0} is not context free,
so the class of context-free languages is not closed under intersection.
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HW#6 Problem 1 (b)

DeMorgan's law: ANB=AUB

We've known that the class of context-free languages is closed under
union. Now suppose that the class of context-free languages is closed
under complementation and A and B are two context-free languages:

A and B are context free.

= A and B are context free.
= AU B is context free.

= AU B is context free.

= AN B is context free.

= false
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HW#6 Problem 1 (b)

We've known that the class of context-free languages is not closed
under intersection in problem 1 (a), contradiction.

So the class of context-free languages is not closed under
complementation.
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HW#6 Problem 2

(Exercise 2.5; 20 points) Give informal descriptions and state diagrams of pushdown
automata for the following languages. In all parts the alphabet ¥ is {0,1}.

(a) {w | the length of w is a multiple of 3}

(b) {w | w is a palindrome, that is,w = w?}
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HW#6 Problem 2 (a)

{w | the length of w is multiple of 3}

O,e > €
l,e — ¢

start —>
O,e > € 0,e > €

l,e > € l,e > €
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HW#6 Problem 2 (b)

{w | wis a palindrome, that is, w = w’t}

0,e — 0 0,0 — ¢
Le—1 1L,1—e
€,e—$ 0,e =€ 6% —¢
l,e —» ¢
€,€— €
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HW#6 Problem 3

procedure given in Theorem 2.20.

(Exercise 2.12; 10 points) Convert the following CFG to an equivalent PDA, using the

=] & = E A
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HW#6 Problem 3

start —| 9start

e,e—$
€,e > F
qloop
€, —e
qaccept
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HW#6 Problem 3
E—-E+T

@ eE—T O €,€— +
start —

e,e—$

€,e > F

O

e,ce > F
 /

6% — e

qaccept
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HW#6 Problem 3
T—TxF

e, E—>T
start — O

e,T —F

€,e—$ O

€,€— + €,e > F

€,€ — X €,e—T

O O

e,ce > F
 /

6% — e

qaccept
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HW#6 Problem 3
F— (F)

e —=T €,€— + €,e > FE
startﬂ’ O O—°
e,T —F O GE—= X €,e—T
e,e—$ N
e F —) €e.e > B e,e— (
()
O O
e,ce > F
o
6% — e
qaccept
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HW#6 Problem 3

Remaining grammar

start e, —T O €,6— + O e,ce > F
T —F ~ HEX e,e > T
e,e— 9 ~ ~
eF —) — €,e > FE — ee— (
/ /
€,c > F

 /

e E—-T €T —F

€
6% —e
+,+—2€e X, x =€

Qaccept
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HW#6 Problem 4

(Problem 2.39; 20 points) Let G = (V, £, R, (STMT)) be the following grammar.

(STMT) — (ASSIGN) | (IF-THEN) | (IF-THEN-ELSE)
(IF-THEN) — if condition then (STMT)

(IF-THEN-ELSE) — if condition then (STMT) else (STMT)
(ASSIG) — a:=1

¥ = {if,condition, then, else,a =1}

V = {(STMT), (IF-THEN), (IF-THEN-ELSE), (ASSIG)}

G is a natural-looking grammar for a fragment of a programming language, but G is
ambiguous.

(a) Show that G is ambiguous.

(b) Give a new unambiguous grammar for the same language.
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HW#6 Problem 4 (a)

Counterexample:
if condition then if condition then a:=1 else a:=1

There are two ways to obtain this language:

1.

(STMT)

— (IF-THEN)

= if condition then (STMT)

= if condition then (IF-THEN-ELSE)

= if condition then if condition then (STMT) else
(STMT)

= if condition then if condition then a:=1 else a:=1
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HW#6 Problem 4 (a)

2.

(STMT)

= (IF-THEN-ELSE)

= if condition then (STMT) else (STMT)

= if condition then (IF-THEN) else (STMT)

= if condition then if condition then (STMT) else
(STMT)

= if condition then if condition then a:=1 else a:=1

So GG is ambiguous.
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HW#6 Problem 4 (b)

(STMT) — (ASSIGN) | (IF-THEN) | (IF-THEN-ELSE)

(IF-THEN) — if condition then (STMT)

(IF-THEN-ELSE) — if condition then (STMT) else (STMT)
(ASSIGN) — a:=1

The problem of the original grammar G is that when
(IF-THEN-ELSE) appears, we expect that the if and else in it
should be matched, but the (STMT) in front of the else may have a
unmatched if which may wrongly match the else.

To solve the problem, we need to guarantee that all if and else

between the if and else in (IF-THEN-ELSE) should already be
matched.
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HW#6 Problem 4 (b)

A new unambiguous grammar G”:

(STMT) — (ASSIGN) | (IF-THEN) | (IF-THEN-ELSE)

(IF-THEN) — if condition then (STMT)

(IF-THEN-ELSE) — if condition then (STMT-M) else (STMT)
(STMT-M) — (ASSIGN) | (IF-THEN-ELSE-M)

(IF-THEN-ELSE-M) — if condition then (STMT-M) else (STMT-M)

(ASSIGN) — a:=1

We guarantee that all if and else in -M variables have already been
matched.
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HW#6 Problem 5

(Problem 2.32; 20 points) Let A/B = {w | wz € A for some € B}. Show that, if A is
context free and B is regular, then A/B is context free.
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HW#6 Problem 5

#ih A/B #JE8 PDA

é"\ PDA MA - (QAv E,F, 5A7Q0A7 FA)

DFA Mp = (Qp, 2,05, 95, Fp)

#h My p #8584 T

FF B Sude w R My

o 2 iﬁr [BE ] A —% symbols > FlEFs £ M, $2 Mg E
aywmg PR ERF G My PTARE B35k M, #93KkE
7 Bk & B Pl sk 64K 3 69K AR

5 64 B AR £ accepting state BFREAT T
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HW#6 Problem 5

MA/B = (Q727F757QO7F)
Q=Q,U(Q4xQp)

EHH QAT M state Bk Q, x Qp AH=F ey

do = qoa
F=F, xFg
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HW#6 Problem 5

FoPEE e My
iﬂ-% qa € QA7bE r

HaeX  BE#EHE M, aEHF
6(QAaa7b) = 6A(qAaa'a b)

ERa=c FRfEH Bk M, E1F 0 A E =R
PR o ] R % 46 stack MM FR > BABIERRE My %)
% P gRFHAEY b ERE

Beig iz My BIFFARREKE » I Mg K qop ¥

5((1A’ €, b) = 5A(qA7€’ b) U {((QAa QOB)7b)}
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HW<#6 Problem 5

FoME Rl AR My, My

EEN da € QAan € QB7b el

HLacX

KB symbols #F2 5 B3 18 55— 7.4
6((q4-qp),a,b) = {}

q
5

I
1
o
An
e
A
prudnd
cc

=
ov

]

*a=c¢

BARAETR LR METTRERMA > EXMEAFTBE | A
symbols 471 %

26 BARIRT JedbBF A8 symbol R, e 89T fE M & AR R
5((QA? QB), €, b) —

{((q1/47q/B)7c) | Jda € E(quc) S 5A(qA,a,b) A qlB c 5B(QB’G’>}

U

{((¢d4,q5),0) | (d4,¢) € 6a(qa, €,b) N = qp}
THesHyIoF CompINRE BTTANS TS



HW#6 Problem 5

Therefore, A/B is context free.

o =3 = E DAl
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HW#6 Problem 6

free.

(10 points) Prove (using the pumping lemma) that {a™b"c™*™ | m,n > 1} is not context

o = = E DA
Homework 6 - 7




HW#6 Problem 6

Let A = {a™b"c™ "™ | m,n > 1}

Prove that A is not context free.

Use the pumping lemma.

Let s be aPbPcP*P, where p is the pumping length for A.
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HW#6 Problem 6

Cases of dividing s as uvzyz (where |vy| > 0 and |vy| < p):

e Both v and y contain only one type of symbol, e.g.,

p p
———— pxp

a--ab- --bc-¢, in which case, uv?zy?z will have wrong

v xT y
number of c's which is not equal to :

the number of a’'s x the number of b’s,

aPTipP+icpxp
or
P
P pXxp
a---ab- bc ¢, in which case, uv?zy?z will also have
v m y

wrong number of c's which is not equal to :

the number of a's x the number of b's,
aPbPTicpxpti

Homework 6 - 7
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HW#6 Problem 6

Cases of dividing s as uvzyz (where |vy| > 0 and |vy| < p):

e Either v or y contains more than one type of symbol, e.g.,
a- - -bc ¢, in which case, uv?zy?z will have some

[

.ab----
N——
Yy

v T
a's and b's out of order and so is not in A.
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HW#6 Problem 7

not context free.

(Problem 2.57; 10 points) Let A = {wtw® | w,t € {0,1}* and |w| = |t|}. Prove that A is

=] 5 = = DA
Homework 6 - 7




HW#6 Problem 7

Use the pumping lemma.

Let s be 1707(01)P0P1P, where p is the pumping length.

Divide s as uvzyz such that |vy| > 0 and |vzy| < p.

Note also that the (2p + 1)-th symbol of s is a 0, while the last
(2p + 1)-th symbol is a 1; similarly, the (2p + 2)-th symbol is a 1,
while the last (2p + 2)-th symbol is a 0.
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HW#6 Problem 7

Case 1: vay falls (entirely) within the substring 1707,

If either v or y saddles on the middle point and contains both 1 and
0, then when we pump down, the first p symbols will contain some
trailing Os and cannot be the reverse of 17 at the end of the resulting
string (which is of length at least 3p).

Otherwise, either v contains some 1s but no Os or both v and y
contain only Os.

In the first case, when we pump up, the first 2p symbols will have
more 1s than Os and hence cannot be the reverse of 0P1P.

In the second case, when we pump up, the (2p + 1)-th symbol will
remain a 0 and the last (2p + 1)-th symbol will also remain a 1 and
hence the resulting string (of length greater than 6p) cannot be of
the form wtw! (with w of length at least 2p + 1).
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HW#6 Problem 7

e
2

Case 2: vxy falls within 07(01)
In this case, no matter what v and y contain, when we pump up, the
(2p + 1)-th symbol will remain a 0, while the last (2p + 1)-th symbol
will remain a 1, and hence the resulting string (of length greater than
6p) cannot be of the form wtw® (with w of length at least 2p + 1).

Case 3: vxy falls within (01)P. This is analogous to Case 2.
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HW#6 Problem 7

Case 4: vry falls within (01)20P.

Case 4-1: Both v and y are in (01)%. When we pump up, the

(2p + 1)-th symbol will remain a 0 and the last (2p + 1)-th symbol
will remain a 1 and hence the resulting string (of length greater than
6p) cannot be of the form wtw! (with w of length at least 2p + 1).

Case 4-2: v is within (01)% and y saddles on the middle point. The
same argument for Sub- case (a) applies, when we pump up.
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HW#6 Problem 7

Case 4-3: v is within (01)% and y is within 0. If i is nonempty, then
when we pump up (i = 2), the last (2p + 2)-th symbol will become a
0, while the (2p + 2)-th symbol will remain a 1; otherwise (y is
empty), when we pump up, the same argument for subcase 4-1
applies.

Case 4-4: v saddles on the middle point and y is within OP. This is
analogous to subcase 4-3.

Case 4-5: both v and y are within 0P. This is also analogous to
subcase 4-3.
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HW#6 Problem 7

Case 5: vxy falls within 0P1P. This is analogous to Case 4-3.

By pumping lemma, A = {wtw® | w,t € {0,1}*and|w| = |¢|} is not
context free.
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HW#7 Problem 1

(Exercise 3.1; 10 points) Consider the Turing machine for {02 | n > 0} discussed in class.
Give the sequence of configurations (using the notation ugv for a configuration) that the
machine goes through when started on the input 000000.
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HW#7 Problem 1

;000000
LUg, 00000
LUxgz3 0000
Ux0g, 000
LUx0xg300
LUx0x0gq0
LUx0x0xaqs
Ux0x0gsx
Ux0xgs0x
LUx0gsx0x
Lxgs 0x0x
L gs x0x0x
g5 Ux0x0x

gy x0x0x
Lx gy 0x0x
Uxxggx0x
U xxxgs0x
Uxxx0gqgyx
Uxxx0xaqy

Uxxx0xU Greject

Homework 6 - 7
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HW#7 Problem 2

(20 points) Give a formal description (with a state diagram) of a Turing machine that de-
cides the language {w € {0,1}* | w is nonempty and contains an equal number of 1s and
0s}.
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HW+#7 Problem 2

L ={w e {0,1}* | w is nonempty and contains equal number of 1s
and Os }.

T™y, is a 7-tuple (Q, %, 1,8, qos Quccept Treject): Where

Q = {490, @1, 43, 44> Qaceept> Dreject )
¥ ={0,1},

r={0,1,.,$%}

qo is the initial state,

Qaccept 1S the accept state,
Qreject 1S the reject state, and
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HW#7 Problem 2

@ = (all undescribed transitions lead to q,je;)

0,z - R

start daccept

1,z > R
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HW#7 Problem 3

(Exercise 3.7; 10 points) Explain why the following is not a description of a legitimate
Turing machine.

Myaqa = “The input is a polynomial p over variables x1,...,zx:

(a) Try all possible settings of x1,..., 2 to integer values.
(b) Evaluate p on all of these settings.

(¢) If any of these settings evaluates to 0, accept; otherwise, reject.”
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HW#7 Problem 3

&A% Turing machine » REAZ LA A G & (a) FHRIBRTA
Xyyeeey Xy, BT 0K
=> TR 87 RG 5T EAL TR 84 R
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HWZ#7 Problem 4

concatenation.

(Problem 3.16; 10 points) Show that the collection of decidable languages is closed under

o =3 = E DAl
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HW#7 Problem 4

Bl — & B & # decide m 18 decidable language

B3 718 decidable language A, B #tJ& %149 Decider M, Mg
i M = “On input w,

1. Divide w into zy (Jw| + 1 different division)

2. Input z to M, and y to My (try any possible with |w| + 1
division)

3. Repeat Step 1 and 2, if both M, My accept on some z v,
accept, otherwise, reject.”

witw ZARKREFE  CHIERA w4+ 14

7 B Decider M , 2 Mg #v&154#%

FTvA M ,— 24 e A TR BF F454% > M decides the concatenation of A
and B
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HW4#7 Problem 5

(Problem 3.18; 10 points) A Turing machine with a doubly infinite tape is similar
to an ordinary Turing machine, but its tape is infinite to the left as well as to the right.
The tape is initially filled with blanks except for the portion that contains the input.
Computation is defined as usual except that the head never encounters an end to the
tape, as it moves left. Show that this type of Turing machine recognizes the class of
Turing-recognizable languages.
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HW#7 Problem 5

LR IR R B B HERERA— B E AR R

B R R R TR R 6 B AR AR — AR B AR

A LR E > SRR A a9 T A

A Lat2 e A A 09 £ 77 A — AR - XK REHR B AR
AR AR E X
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HW#7 Problem 5

TR ES — AR B A kAR AR R O TR R 8GR

TRIGERE LIRB A I > FRIRE 09 B E AR — 8 — AL B E s
ZFAR

BT Az g RAFH — & H AR 69 B & R A AR5

A1 RS — A — A B E AR
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HW#7 Problem 5

AR IR 00 B — R A TR R KB FANEF 8T > HIERE
k¥i%

E PN (P F % R 3

FHAE AR F R > F AR RIS A ¥
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HW4#7 Problem 5

BHTRER MATE LN EE

B R RS BN A S A B S A EAR T

F Ak 85 A B S A B AR 3R

tdo Bk a9 (ZHehn L&RIRAT @A B E L& R )

{

fuafus | 1] 23 [ut|u|--

e iR T 00 B B L R LB R AR AR
I

1 2 3 [ T I, T

&£

\_13 Lig e

— | &R
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HW#7 Problem 5

# state diagram % i —15 4 LR Ha4sl

JaA 8y diagram & F— G4 R > ASAE F R KR > B — A
it

k¥ A Frdhny (S § BF) B3 % % —18 state diagram
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HW#7 Problem 5
B AR A B A BY transition

(o)==~

- 37

a>$_>b’$’R>L
a1 4z
o
<L
1
o
o
=
oy &
/ /
O s a s b\
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HW#7 Problem 6

(Problem 3.20; 20 points) A Turing machine with stay put instead of left is similar
to an ordinary Turing machine, but the transition function has the form

§:QxT = QxI'x{R,S}

At each point the machine can move instead its head right or let it stay in the same
position. Show that this Turing machine variant is not equivalent to the usual version.
What class of languages do these machines recognize?
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HW#7 Problem 6

— & RAEEL AT A RBH B E K > PR D TS AT ?

H— AR 4T s BB F AL EER RN £ £ FITEBGIRE
i B K% SR o Ao A8 R BATIE A TR

PDA %t #de s @8 P 5 & %] stack > ATALF & PDA
NFA/DFA %, ?
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HW#7 Problem 6

MR AR T &L —6 DFA

RE > d& DFA #) transition Ae L3584t R E AN A A2 EH

it f2JRAHY accepting states Jo N —EHILEHE BIFLE] g0 B
transition BP#T
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HW#7 Problem 6

ARG Bedm e I NFA 12535 48 B & 1% ?
TS B 77 AN B H T

TREBERBELANFE > ATRMAEREGCARANEET
g > RAEKEFRE A

{a5iE & BEMAIE— B > ROGLERHERLEZKIVRAT
AT

£Mg F| A states K3nsk

LA BT RABRERGKEE Q 29 RMEFL Qx> &
& PO 3 B MR RESRAR & AT F LAY pairs
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HW#7 Problem 6

ﬂl‘ﬁ’ﬁ%’ﬁ Pledn AT #4824 NFA
FARB—RRBNIE A RERKETEA &2 =R A
s?ﬁ)x?;‘[,
do RN F A WEEE] NFA A F L E1E
H ki 7 AR e-transition » F) F state A& SRR A

MEAREEEB|EHTR?

K — B4 g K 8B 3|2 43 A —18 pair [q,.]
QT MAEARES  HA |Q| x T| F2 445 AEi8 248 8
pair (& 2|48 F] pair B &9 BIAR—A4L © L AL R E 0 EHE)
T AFEDIE M E T TIFH > LRERBRE T ETEZET S
BB R Ao RAE q HHAZTIIRINE Qoeep » B ¢ RIEE K
acceptmg state

% NFA BT A2 F $ BAF£1242 > ARG A EZ TREF$
?MF?J}EC SRy AE g I RARBORES I
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HW#7 Problem 6

AR NFA AZTRE S 00 O EEE R ?

R B B A% At B Qaccept A BT
BTvA NFA #8413 ik g8 \,&@“%"‘1’? e-transition i 2| — 1Bk iz £ R

89 accepting state
41218 accepting state & . opt
A% NFA 89 accepting states #& F' U {q)ccopt f
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HW#7 Problem 6

B35 R A B & 449 transition function & & > 72 NFA &) transition
relation & 0'(¢" € §'(q,))

EABERE g REIBKE—BacX mTHsy X el

(5(q, a)= (¢, X,R) > REZELAMATEZEZE X AT

(g,a,q") €6 ‘

§(q,a) = (¢',X,S) » AEISTRT » F&sk X FIA
(g,a,(¢", X)) €d’

i@i@?&%b’ﬁ'?)\%m

EABERE ¢ REBKE—B X el > mT#eg Y el

5(q,X) = (¢, Y,R) > BARLEEUALEZIZEY > Hi
((¢,X),e,4') €0

5, X)=(¢',Y,S) AEIFTAT » E20k Y AT
(g, X), e, (q Y) 65’

Homework 6 - 7
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HW#7 Problem 6

NFA #4 TM /& ¢ ik —B ac Y > ATty X eI
(¢,a,q") €9

(¢,a,(¢', X)) € ¢

NFA #4 TM £ ¢ kK3 —E X e @ THH Y el
((¢,X),e,4") €

((q,X),6,(¢,Y)) € ¢

NFA #4& TM &3 accepting state:

(qaccept7 €, qt,lccept/) c 5/ )
((qaccept7X>7 €, qaccept) e€d forall X el

(Goceepts @ q;wept) € forallaeX
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HW#7 Problem 6

F TR BT R MG S AR & MAEst DFA > dLsg Al NFA

PP IE A F’ﬁi

F & DFA $ NFA 89913k 7248 Rl 6 - PTAis 48 B & # 69 ek At
LA e A48

P VAR A 1B 5 MR P73 6935 5 3L AR 7% regular languages
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HW#7 Problem 7

(Problem 3.22; 20 points) Let a k-PDA be a pushdown automaton that has k stacks. Thus
a 0-PDA is an NFA and a 1-PDA is a conventional PDA. You already know that 1-PDAs
are more powerful (recognizing a larger class of languages) than 0-PDAs.

(a) Show that 2-PDAs are more powerful than 1-PDAs.

(b) Show that 3-PDAs are not more powerful than 2-PDAs. (Hint: simulate a Turing
machine tape with two stacks.)
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HW#7 Problem 7

%— 1 2239 2-PDA 1 1-PDA 7%

iREA#E 2-PDA & ARat 484 1-PDA

ARFhofT25 0 1-PDA k424t 2-PDA ?

AR &ZAZEAR—18 language > T A —18 2-PDA #&-9#3% > 1240 12
context-free

£ 07170™1" » B 4eE 12 context-free
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HW#7 Problem 7

RAERHGEIEZR

£ A B stacks & FEAN—EHANFIE S

v, T 18 0 A % —18 stack

v 1 itde 0 #£ 5% —18 stack pop #3481 EAH =18 stack

vz, 0 itde 1 # % =18 stack pop #itde 0 B H—18 stack

. 1 #4e 0 #£ % —18 stack pop 4%

% W18 stacks 89 TESHARZ $ BIBL®] accepting state ( ZiEA FHIA
TR 0 i ARG R )

BARRMIRER B — B PRZ B35S 49 2-PDA
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HW#7 Problem 7

A& ARG AR B3 2- PDA TliE$t 1-PDA > 12 1-PDA &
MriFEHFRL L 2-PDA A HFRA9ES
a4 AELEA 2-PDA R 713k 0978 5 S & Ficks K2t 1-PDA 89
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HW#7 Problem 7

%= A > 3.8 3-PDA #99kat 182 2-PDA —4
EHAEBIN—EAF G o BRI R RAR B R AR

28
g
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HW#7 Problem 7

BRI R B E %A 2-PDA

A 3-tape TM R AE$E

— IR AE PDA 898N > EA TEMA T a4

=35 = 555 54K & 18 stacks

g4H45 2169 F KA stack TAB A E > — B4 A3E AR AFIRMAR & stack
PDA # pop RAG1AB|454t45 2169 F

4o RA pop BAAEFHEL > BIREEANTHK LG £

A pop WA EAN > AIREZEANEANE T BAT £ R

BA pop WA AEF BT AR

AH pop MARF Bl bt AEEEREN (—BRA—MES)
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HW#7 Problem 7

AR kool Fl 2-PDA HA42#: TM 2

A stack RIRE LR FFIR

F RN A B Bl — 18 stack 423

HBF stack TEG 2R AE M F - RIMVA 5| A2 H )5

BT v sk 3e PT A 5481 3] 5 — 1A stack

HA stack #9MEH o BLE A —1B stack M TERRTEE—BFALT
& MMdeiz A stack B9 TA IR E R B E ARG 14T 4R e 09428

1218 stack ( HEFAE A 1 9% stack ) KA EL LT > As5h—18 (2
7% stack ) AR A7 > SEEETASHME > RARBEIGSHHGE
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HW#7 Problem 7

B &k i5ét e & o sEAK 1 3F stack pop B EFRTAN T AR
%] 2 3% stack

% 1 9% stack A BIERAAIR > REEE AR w8308 —BIR A 69 1
7

B B AR Z AT B F AR L B > TR A RG22 FTkitiie
wAEN 1 3% stack BET £

B F 54T @ £ > 3L 1 9% stack K pop » BEA TM FTE A4
F > B4 2 3% stack pop FAEN 1 3 stack

%A 2 9% stack TEERT > RABEEKE D £:5 6958 > Likey
pop 1kt~ g AT
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HW#7 Problem 7

B — & BERR AR
LIO|VI|E|uv|U
T

IS AR E R AR

ARJE 2-PDA £ He (IRBRIFBAZAE > 1 I8 stack 689K TaEH £
%R ) AiEk

!

Vv

E

$

i
0
L
$

1 3% stack 2 3£ stack

Homework 6 - 7
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H At Fa4t B8 2 O d942 B

B3R REZMH—18 O — I, R #94%4F
£ TM EEREREE

LI T |V|E]u]|uw]|:-

7

mEE R 2-PDA 23 > LFErg 2

1. 48 O #¢ stack 2 pop H4&

2. 4 | push i stack 2

3. iﬂafﬂ&#ﬂ'@ fe. V # stack 1 pop &2k
4. 3 V push i stack 2
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HW#7 Problem 7

\ 1 b \
V V I
E L E L
$ $ $ $
1 %% stack 2 #% stack 1 % stack 2 #% stack
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HW#7 Problem 7

E

$

1 %% stack 2 %% stack

Homework 6 - 7

$

E

L

$

$

1 %% stack 2 %% stack
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HW#7 Problem 7

& & 3-tape TM ']'vl#iﬂiﬂ}?i 2-PDA > 2-PDA T ## TM » r?FJ 3-tape
TM sz TM 8948 1 —# > &hak A& 2-PDA 28 & % e) 948 /1 — 1%
iz e FHFARNF] 3-PDA #AE s (4-tape TM A4 3- PDA .
3-PDA A X ¥ F1E stack stLALAEHE TM)

BTvA 3-PDA 2 2-PDA #g9#3kat HAr s B & 40 R > RERE 405
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