CSCI 2200 RPI
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QUIZ 3: 60 Minutes
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Answer ALL questions.
NO COLLABORATION or electronic devices. Any violations result in an F,
NO questions allowed during the test. Interpret and do the best you can.

GOOD LUCK!

Circle at most one answer per question.
10 points for each correct answer TOtal

You MUST show CORRECT work to
get full credit.

200

When in doubt, TINKER.




1. A function f maps {a,b,¢c,d} to {1,2,3} as follows: fle)=1,fB) =2, fle)=1,f(d) =2.
f is injective (1-t0-1) but not bijective. a —> | S (ﬂ,d—? .'1)

f is surjective (onte) but not bijective. b -

c/’9 wage

¢

f is bijective (1-t0-1 and onto).
is neither injective nor surjective.

f is not a valid function.

2. A set & contains all the distinet functions which map N to {0}, What is the cardinality (size) of 87

A0, -

fo= o0 YxeWN <& froh
Bigger than 1 but finite.
@ The same as | N |.

Strictly larger than [N |.

3. A set S contains all the distinet functions which map N to {2,3,4}. What is the cardinality {size) of S7
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Bigger than 1 but finite.

»

D| The same as | N |.

larger than (N |.

4. What is the cardinality (size) of the set containing all distinct python programs of finite length?

o o
Bl g = Qiedke bmary Shang
-

Bigger than 1 but finite, 5,,1,,,,\;(%

Larger than | N1,

5. Which set is not countable, L.e., has o cardinality strictly larger than |N|?

G)’W‘-f'ﬁ"ﬁ""—— va-' N
Commfegle *
e fite Pt = Crnndetle
M — Commbotle

Q, the rational numbers, <

All distinet finite binary strings.

The set of all possible Turing Machines.
@ The set containing all distinct functions that map {0,1} to N. < N <

hey are all countable.



6. What is a computing problem?
A person: who knows how to write a program in python.
A machine that transitions between states.
A rule for deciding if a string belongs to a set.

r' '
ny set of finite binary strings.

A Turing Machine.

7. L is a computing problem. What can we say about the cardinality (size} of £7

fars Le [
. L must have finite card1na11ty‘7< e o Py
e "ﬂz i

P oK
. L must have infinite cardinality: e 1\

must be countable. T MW()’(’-»
okl

@ £ must be uncountable. =
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i
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”?Z

{

None of the above.

8. [, and £ are computing problems. Which of the following is not a computing problem?

o |
[B] 23 ferlar Opsretus: o M legrnges,
[C] £, n s |

D] oruzE

They are all computing problems

9. Which of the following strings is in the language. described by the regular expression {0,11}*7

Alo11111.-¥ o
x con t of 45 -
[B] o10010. . s««%sfﬁnd» O,’t
100100. ™ e

D]gloo1l. & tls 0 - O« 1) v

None of the strings above are in the language.

10. Which computing problem cannot be solved by a DFA (deterministic finite automata)?
£ = {strings with at least one 1}. — * 4 :
.ﬁ =
£ = {(01)*" {n > 0}. — \ Gule (
£ = {strings that end with 101}, & - {o!|

m £ ={1*"w|n > 1 and w has n or more 1s}. ¢4 & L¥

C

ch problem can be solved by a DFA.



11. For the DFA on the right, what sequence of states are visited for the
input 0110.

g2 go g1 g3 G2-

QD g0 Go 9o qo. 4 1"3‘? o i
o — -—

QU g1 g3 g2 %—)310 K 3 2

[D] a0 g0 a1 g2 a3

0 go g1 43 ¢2.

12. How many 4-bit strings are in the (¥Es}set of the DFA on the right.
Accept states are double circles (only sy in this case).

Aa,up{f gyt cikh o oold
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13. Which is not a description of the computing problem solved by the
DFA on the right? Accept states are double circles (go, g in this case).

{0}*.

{0**|n > 0} M‘

= 'a,.-c, ff\ﬂ—
All strings with no ones, including the empty string e. -5“’“"!
@ Strings generated by the CFG: § — ¢{0S. worl

hey all describe the computing problem solved by the DFA.

14, Which string cannot be generated by the CFG: S — 0[1|050|151. 600
[A]orio ¥ 61, osol7010
}

They can all be generated.

15. Describe the strings generated by the CFG on the right. 1:8- A|B
2:A— 004
Nonempty strings containing only Os. 3:B 114
Nonempty strings containing only 1s. ~M
A—>0
All nonempty strings. < Vi
E Nonempty strings which contain either only Os or only 1s. Ny B /" 1 m
™~ 1A — 10

¢ne of the above
G AR



18, Which is a true statement about the computing problem £ = {w#wjw € {0,1}*}.
< . . A y o Has
M. A Turing Machine can soive L. T we test ‘}c‘ ’
>
A DTA cannot solve £. A Turing Machine cannot soive L.
>
A DFA can solve £. A Turing Machine cannot solve £.
DFA ca%ot solve £. A Turing Machine can solve L.
None of the above,

17. How do we know there are computing problems which Turing Machines cannot solve?

v o
Because the Turing Machines are countable and the computing problems M’ca’ole.

- ,< b
E Because the Turing Machines are uncountable and the computing problems are countable, 2% P/ lerg

' A Al
[C]p

V‘ .
ecause the Turing Machines are countable and the computing problems are uncountable. Tk
@ Because the Turing Machines are unc%ﬁmtable and the computing problems are uncountable,

None of the above proves there are computing problems which Turing Machines cannot solve.

18, What is the difference between a decider I for a language £ and a recognizer R for L.
For w € £, D halts with but R may infinite loop~ R acet oo hoth bk
For w € £, D halts with and R halts but may say B il foy @C .
1’ or w & L, D halts with but R}El_i sometimes go into an infinite loop. e
@ For w ¢ £, D halts with but B @ go into an infinite loop. « W9 wat 7
For w € £, D halts with and R halts but may say & 1(“ hotts . # st 2o (]

\r\:r—fm-; e (99 ]

19. What is the Ultimate Debugger which we discussed in class?

A program that solves Goldbach’s conjecture. *

A program that solves the twin-prime conjecture ot

e

A program that determines if another program will compile under a G compiler.
~
A program that translates another program into binary machine-code. e ML’/

program that determines if another program when run will halt. \/

,

20. Which answer is a valid conclusion about the decidability of the language Lp7

L4 is decidable. A decider for £5 can be converted to a decider for £4. So, Lp is decidable. K
bowdlpr Han g Lot Ly it be- decicflat

L4 is decidable. A decider for £4 can be converted to a decider for £5. So, £p is undecidable™
Lp harctir flan fz S0 &F oy be decilable »

L4 is undecidable. A decider for £, can be converted tg a decider for £5. So, Lg is undecidable.

8 55 s Hon 4 *’bﬁfg IS tundee
L4 is undecidable. A decider for £5 can be converted to a decider for £4. So, Lp is decidable. «

Lo s Aocder fho. > emobcic

4 is undecidable. A decider for £ can be converted to a decider for £,4. So, L£p is undecidable.



