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Diagnostic Quiz 0
� Readtheseinstructionscarefully.� The purposeof this diagnosticquiz is twofold: first, to measurethe extent to which the

prerequisitecourseshave coveredmaterialrelevant to the course;second,in conjunction
with a similar quiz plannedfor the endof the semester, to measurehow well this course
meetsits objectivesasspecifiedin Handout5. The purposeis NOT to evaluateyou, and
your termgradewill notbeaffected.� You mustcompletethis diagnosticandturn it in at your first recitation.If you do not do so,
youwill beconsideredUNREGISTEREDin thecourse.� Pleasereadeachquestionandmake sureyou understandit. After that,answeroff the top
of your head.Don’t think hardsoasto solve a problemcleverly, or chasereferences,etc.
If you areunsureof theanswerfor any question,simply answer, “Don’t know,” ratherthan
guessing.Write all youranswersin thespacesprovided.� Pleasedonot spendmorethanONE HOURcompletingthis diagnostic.It is not intendedto
measureyour intelligenceor ability, andit will loseits valueasadiagnosticif youspendtoo
muchtimeon it. Justdo thebestyou canin anhour.

Problem Grade Problem Grade

1 8
2 9
3 10
4 11
5 12
6 13
7 14

Subtotal Subtotal
Total

Name:

Circleyour recitationinstructor(MIT only): Bob Chong George Jennifer Rachel
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Problem 1

Considerthefollowing pseudocode:

ROUTINE
�����

1 if
���	�

2 then return
�

3 else return
��


ROUTINE
���
�����

(a) Givea one-sentencedescriptionof whatROUTINE
�����

does.(Remember, don’t guess.)

(b) Giveapreconditionfor theroutineto work correctly.

(c) Giveaone-sentencedescriptionof a fasterimplementationof thesameroutine.

Problem 2

Giveashort(1–2-sentence)descriptionof eachof thefollowing datastructures:

(a) FIFO queue

(b) Priority queue
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(c) Hashtable

Problem 3

Using � -notation,describethe worst-caserunningtime of the bestalgorithmthat you know for
eachof thefollowing:

(a) Findinganelementin a sortedarray.

(b) Findinganelementin asortedlinked-list.

(c) Insertinganelementin asortedarray, oncethepositionis found.

(d) Insertinganelementin asortedlinked-list,oncethepositionis found.
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Problem 4

Describean algorithm that locatesthe first occurrenceof the largestelementin a finite list of
integers,wherethe integersarenot necessarilydistinct. What is the worst-caserunningtime of
your algorithm?

Problem 5

How doestheheight � of abalancedbinarysearchtreerelateto thenumberof nodes
�

in thetree?

Problem 6

Doesanundirectedgraphwith � vertices,eachof degree � , exist? If so,draw suchagraph.If not,
explainwhy nosuchgraphexists.
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Problem 7

It is known thatif asolutionto ProblemA exists,thenasolutionto ProblemB existsalso.

(a) ProfessorGoldbachhasjust produceda 1,000-pageproof thatProblemA is unsolvable. If
hisproof turnsout to bevalid, canwe concludethatProblemB is alsounsolvable?Answeryesor
no (or don’t know).

(b) ProfessorWiles hasjust produceda 10,000-pageproof thatProblemB is unsolvable. If the
proof turnsout to bevalid, canwe concludethatproblemA is unsolvableaswell? Answeryesor
no (or don’t know).

Problem 8

Considerthefollowing statement:

If � pointsareplacedanywhereon or insidea unit square,thentheremustexist two
thatarenomorethan � ����� unitsapart.

Herearetwo attemptsto prove this statement.

Proof (a): Place� of thepointson theverticesof thesquare;thatway they aremaximallysepa-
ratedfrom oneanother. The � th point mustthenlie within � ����� units of oneof theother
points,sincethefurthestfrom thecornersit canbeis thecenter, which is exactly � ����� units
from eachof thefour corners.

Proof (b): Partition thesquareinto � squares,eachwith a sideof
� ��� unit. If any two pointsare

on or insideoneof thesesmallersquares,thedistancebetweenthesetwo pointswill beat
most � ����� units.Sincethereare � pointsandonly � squares,at leasttwo pointsmustfall on
or insideoneof thesmallersquares,giving asetof pointsthatarenomorethan � ����� apart.

Which of theproofsarecorrect:(a), (b), both,or neither(or don’t know)?
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Problem 9

Giveaninductiveproof of thefollowing statement:

For everynaturalnumber
��� � , wehave

����� �! .

Problem 10

We wantto line up " out of
�$#

children.Which of thefollowing expressesthenumberof possible
line-ups?(Circle theright answer.)

(a)
�$#%� ��" �

(b)
�$#%� �&� �

(c) ')(�*+-,
(d) ' (�*. ,0/ " �
(e) Noneof theabove

(f) Don’t know

Problem 11

A deckof ��� cardsis shuffled thoroughly. What is the probability that the � acesareall next to
eachother?(Circle theright answer.)

(a) � � �21 � ����� �
(b)

� ����� �
(c) � � ����� �
(d) � � �23 � ����� �
(e) Noneof theabove

(f) Don’t know
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Problem 12

Theweatherforecastersaysthattheprobabilityof rainonSaturdayis ����4 andthattheprobability
of rain onSundayis ����4 . Considerthefollowing statement:

Theprobabilityof rain duringtheweekendis � # 4 .

Which of thefollowing bestdescribesthevalidity of this statement?

(a) If the two events(rain on Sat/rainon Sun)are independent,thenwe canaddup the two
probabilities,andthestatementis true.Without independence,wecan’t tell.

(b) True,whetherthetwo eventsareindependentor not.

(c) If the eventsareindependent,thestatementis false,becausethe the probability of no rain
duringtheweekendis 12� � " . If they arenot independent,wecan’t tell.

(d) False,nomatterwhat.

(e) Noneof theabove.

(f) Don’t know.

Problem 13

A playerthrowsdartsat a target.On eachtrial, independentlyof theothertrials,hehits thebull’ s-
eyewith probability

� �&� . How many timesshouldhethrow sothathisprobabilityis 5���4 of hitting
thebull’ s-eyeat leastonce?

(a) 3

(b) 4

(c) 5

(d) 5���4 can’t beachieved.

(e) Don’t know.
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Problem 14

Let 6 be an indicatorrandomvariable. Which of the following statementsaretrue? (Circle all
thatapply.)

(a) 798;:$6 �<#%=>� 798;:$6 �?��=>�	� ���
(b) 798;:$6 �	��=>�A@CB 6ED
(c)

@CB 6ED �F@EB 6HGID
(d)

@CB 6ED �	�J@CB 6ED � G


