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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!

Total

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

You MUST show work to get full credit.
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1. Which of the following describes the expected value of a random variable X? ‘,‘ N M ¢/.,/ ’
&
It is the typical observed value of X in an experiment. ¥ e‘?b‘} I‘P' ¢ “M
et
It is the most likely observed value of X in an experiment. ¥ M wr}‘ !

It is one of the possible observed values of X in an experiment. ¥

@ It is the maximum value of X that can be observed in an experiment. #

4’ one of the above.

2. For a random variable X, what does the standard deviation ¢(X) measure?
. The average value of X you will observe if you ran the experiment many times. ¥ yﬁ ﬂ'b
. The number of times you run the experiment (on average) before you observe the value E[X]J »’) M
he size of the deviation between the observed value of X and the expected value E[X]. 'f ’
@ The probability that X will be larger than its expected value E[X].
The number of possible values of X.

3. A real valued X has expectation E[X] = u. Which is not a valid formula for the variance 02(X)?
[&] ElX — 2]/ e— J“i"‘*":/ Gloepfd = €f x% 2 ) :
[B] E[X?| - 24 E [X] + E[X]2./ = gh)- ,/4,04 y .
’ o
[CEx?:) -2 © o gp)eope A ¢lx"] -
[D]E[IX[*] - u2.v/
hey are all valid.

l)((:': x>

4. A class has 10 students. Each student is given a random number in {1,2,3,...,10}. The score X for the
class is now computed as follows. For every pair of students whose numbers match, the number is added
once to the score. For example, if the numbers given to the students are {1,1,1,2,3,4,5,8,10,10}, then
the score X = 13. What is an approximate value for E[X]? [Hint: Linearity of ezpected value.]
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[C] E[X] ~ 55. i<j 4
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5. A random variable X has PDF shown on the right. X(-2 -1 0 1 2
ompute E[X] (expectation) and o#(X) (variance). Px | % PIEP S S
]E[X] =0 o?(X) = 2 -
3 * di
[ClEX] =1 o2(X) = 4 21d= g[x*l- élﬁ .
2
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None of the above. N ¢ 4
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6. For the random variable X in Problem 5 above, let Y = 2X + 1. Compute E[Y] and o2(Y).
]E[*]:O 02(¥)=2 ELV)Z 251,{] >/ ’.}éq
BIEW=0  oX(@®)=4 4‘ _ y
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7. [Hard] A Martian couple continues to have children until they have 2 males in a row. On Mars, males
are twice as likely as females. Assume children are independent. Let X be the number of children this
couple will have. Compute E[X], the expected number of children this couple will have.
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8. Which (if any) of the following sets do not have the same cardinality as N = {1,2,3,4,5,...}?
0,1,2,3,4,5}. e« fiire 1
E The rationals, Q = {£ |z € Z,n € N}. &1«.«-‘-’1
P The set of valid C** programs.
[_E_I The set of all possible Turing Machines.

They all have the same cardinality as N.

9. Which (if any) of the following sets is not countable?
[A]{0,1,2,3,4,5}. <— F.-A.'L\/
.Theratlona.ls Q= {‘IzEZnEN} < Litatle. -
. The set of valid C** programs. < Subset of ‘}""“"P‘ L“""‘J ‘““"‘ﬁf “/ ‘
6 The set of all possible Turing Machines. &—— suhsed 4 4""'41‘ b"""“"ﬂ ehﬂ’% /

ey are all countable.

10. Which (if any) is not a valid way to prove that a set S is countable?

Show an injection exists from S to N. /S' € I lN{ v

Show a 1-to-1 function exists from Sto N. a— Some 48 “"'JW
Show a surjection exists from N to S. { N ’ p i lf’ /

6 [D] Show that S is finite. Fude whndsife

@They are all valid ways to show S is countable.

11. Which of the following strings is not in the language described by the regular expression {0,10}*?

[A]e. £ , .
[B]owoolo. O+ 10° O 010 7 V—"
'C]100100. 16°0-19° o £,0, !0, 90,010,199 1010, - - -

0110. ¢ y f}
They are all in the language. 1!( “w o~ oW



12. Which computing problem (if any) cannot be solved by a DFA (determi istich‘in;lg, Wata)?
mﬂm '
K

_ . . gwﬁ’ﬂg a- Gk
L = {strings with at least one 1}./ Wil ke shakes tonidov  © e
C={(01)°n|n20}. \/ Autovaaton St M‘ £<d.
L = {strings that end with 01}./ / Coame Shake {‘u o A

. Pkt 4 447!
y : @ = {strings with more 1s than 0Os}. eowdor  0*1° 0’1 o
f A{[Cf} &AHPM'“

They can each be solved by some DFA. Acce r.,}. -

13. Which problem (if any) cannot be solved by a CFG (context free grammar)?
L = {strings with at least one 1}. <— DFA v

[B] £ = {©1)"|n20}. <~ »FAV
L = {strings that end with 01}. &— DfA v’
e D] £ = {strings with more 1s than 0s}. v e s— AS 11 A ’ 1s

D AllAoA.
fhey can each be solved by some CFG. A—> eloAl '

14. The DFA on the right solves a computing problem defined by its
(¥Es)-set (the language it accepts). The accept state is s;. What
is a regular expression for this computing problem?

Al.‘. .
Ho ™ T das -
By & / T by ool du 1
] {0} +1+{{0}* +1+{0}"+10}" Lt g
Xq. 50445 OF
P {0}‘-1°{{o}*-l-{o}*-l}"'{o}* 0‘-‘1{'{ fot'-go¥-17 A
one of the above. Shw wikh . enol W wn kaown
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15. Rank deterministic finite automata (DFA), context free grammars (CFG), which are related to pushdown
automata, and Turing Machines (TM) in order of how powerful they are. (For example, DFA > CFG if
DFAs can solve more problems that CFGs; DFA = CFG if DFAs and CFGs can solve the same problems;
DFA < CFG if DFAs can solve fewer problems that CFGs.

DFA>CFG>TM
DFA=CFG>TM
DFA=CFG=TM

é [D] DFA=CFG <TM

([E|pFA<CFG <TM

DFAC ¢cF6 €T M



