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(1)

Given a string prot ,
let a be the

program that accepts ; iff p is

a valid Python program that on

input i does not hal after at most

1j) steps (using a universel Python program)

(If p
does not accept i affert;) steps then

& can reject ,

or it can loop indefinitely... )

Hence a accepts all its inputs if

p
does not accept i (after any finite

number of steps) ,

iff

proi LOOPIG .

Hence if L is

recognizable ,
then so is LOOPING

,
which



is impossible.

(2)(a) True :

L.↳2 is the set of all ordered

pairs from Land La
,
of which there

14) (for the first element of the pair)

times (a) (for the second) .

Hence

(4 , x22) = 121(22)

(b) False : there are many possible

counterexamples ; e
. g. if L : Lelaal,

then
2012 : Gaial, any



(C) True :

(oh)as = ESiose/sitsch obs
=> [SpS25/SchSiha , Sychs]

which similarly equals L
,
01Lncks)

(d) True
· Using part (a) :

(2 .hal = 12 .
1 : 162) : Kal kil = 122) .

(2) False : e
. g .

L : Sa: als,

↳
z

= bl , /b ,

bay : Lin : [b
,

ab
,
ba

, abal
,

↳% ,

= [b ,
ba

,ba) .



(3) Say that n = Ep+a and m
= Fath

for some a
,
be[0 ,

1
... 6) and integers p , q-

Then

10m + n = 10(7g + b) + 7p + a

= 7(10g + b+ p) + 3b + a

Hence

(10m + n) - (bb + a) is divisible by 7,

So

(10m + n) mod = (3b + a) mod 7.

(b) Let Q = 490 . 90 , 91
, .

- . 95] , where

Go is the initial state (which we reject ,
since EKL)

and far i = G
,

1
,
--

,
6

, 9t means that if w is

the input seen until this point , then wmad 7 : i

(when WFE) (and w

may have leading zeros,

Then



5(90 ,
i) = Gimore (10

.

1
, ...,9)

takes us to the correct state upon reading
the first input symbol , and by part cal,
for = 0

,

1
....,

6 and N = 0
,

1, ..., 9 ,
the

formula

5 192,n) = q
(3a+ n) mod 7

takes an input of the form wr where

w mod 7-a and well , .. 193 and transitions

to the correct value of wo mode
. Hence

Q : 19090 , 9
, ..., 953 ,

I
,
d as above

initial state go ,

and F-490]

is such a DEA (i
.e .

the input is divisible

by 7 iff the input is taken to gol .

() (i) if suffices to make go accepting,



i
. e

.

take F = 590 1 90] ,
since the DFA

is taken to state go by an input if

the input equals G.

(ii) One can "merge" go and go,

that is let Q-59091 .... 963
with go the initial state , an the

only accepting state ,
and to restrict

of as above to states as,
..., 95 ,

i
. e.

5 192,n) = q
(3a+ n) mod 7

(4) No solution provided .

This question will NOT

a pear or this year's

exams (2025)




