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Foundations of Computer Science (FOCS) 2016

QUIZ 3: 60 Minutes
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Section:

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

100




60 Minutes

1. A random variable X has PDF shown on the right. X{-2 -1 0 1 2

Compute E[X] (expectation) and ¢2(X) (variance). x| & & 2 & £
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2. X and Y are rolls of two independent fair dice and Z = X + 2Y. Compute E[Z] (expectation).
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3. X and Y are rolls of two independent fair dice and Z = X 4 2Y. Compute ¢?(Z) (variance).
(The variance of a single die roll is 35/12.)

70/12

- e - ~ela e e -
[B] 105/12 s (2)= &N+ & /’"Y) & ow :ML&W_
o S
(S 1012 = &35 4 469 = q;;w/s(;/
Vo @ AR o
= 5.3 - I
[E] 210/12 - =
PR

4. 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.
The number of times you run the experiment (on average) before you observe the value E[X].
The size of the deviation between the observed value of X and the expected value E[X].
@ The probability that X will be larger than its expected value E[X].
The number of possible values of X.



60 Minutes

5. You toss two coins. If you get HH for the tosses, you roll 12 dice and count the number of sixes as X. If
you do not get HH for the tosses, you roll 6 dice and count the number sixes as X. Compute E[X], the
expected number of sixes rolled.
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6. [Hard] A Martian couple continues to have children until they have 2 males in o row. On Mars, males
are half 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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60 Minutes

7. The DFA on the right solves a computing problem defined by its
(¥ES)}-set (the language it accepts). What is a regular expression
for this computing problem? [Recall * is the wildcard.]
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{1}+{01}* = 1(01)"

8. What is the computing problem L solved by the CFG on the right? S—e|0]1]SS
Nhat is the language generated?)
= {all finite binary strings} = *.
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L = {all finite binary strings of even length}.
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@ L = {all finite binary strings with an equal number of 0’s and 1’s}.

.

L = {all finite binary strings which contain 01 as a substring}.

9. Which of the following is countable:

(I) Integers, Z (I1) Valid C** programs (I1I) The prime numbers
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only L.

10. rank deterministic finite automata (DFA), context free grammars (CFQG), 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;
DF A < CFG if DFAs can solve fewer problems that CFGs.

DFA>CFG>TM
' [B| DFA = CFG >TM
é DFA=CFG=TM
‘ [D] DFA=CFG <TM
([E|DFA<CFG<TM



