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Quiz 2
WednesdayApril 11,2001

Name: Solutions

Athena usemame;

Also write your usemameand sectionon the top of pages6—11.

Section(circle one):

Sectionl, Felix Klock Section5, Jefrey Sheldon Section9, KennethLu
Section2, Allison Waingold Section6, AndreasHofman Section10, David Maze
Section3, Matt Deeds Section7, JeremyNimmer Sectionll, DelphineNain
Sectiord4, SameeAjmani Section8, JohnHolmes

This quizis 50 minuteslong. It contains44 questiongyou will answer35 questionon this sheet,
andwill answerthe remainderelsavhere)and12 pages(excluding this one). Pleasecheckyour
copy to make sureit is completebeforeyou start. You may separatehis sheetfrom the restof
thetest,but turnin all answermpagestogetherwhenyou are£nished.Write your usemameand
sectionon the top of pages6—11.

Pleasenrite neatly;we cannotgive creditfor whatwe cannotunderstand.

The problemsareweightedasfollows:

true-false: multiple-choice: short-answer. 1:2: 6

Expectto spendonaverage someproblemsareeasiersomeareharderyabout30secondgertrue-
falsequestion,1 minutepermultiple-choicequestionand3 minutespershort-answequestion.

Goodluck!

True/false:
1] 2] 3] 4] 5] 6] 7] 8] 9[10[11]12]13] 14

15(16| 1718|1920 21|22|23|24|25|26| 27|28

Multiple choice:
29[30[31[32[33[34[35[35][35




Write your answergo thesequestionn theanswerpage noton this page.

True/False[1 point each]

A W NP

o

10.

11.

Mutableobjectscannotbeinterned.True.
Decentralizedrganizationpermitsmeetinggo proceedeffectively without aleader False.
A gooddesigndoesnotrule out ary future extensionto a project. False.

It is typically preferableto allow a projectto slip graduallyratherthanenduringa single
largeslip in thescheduleFalse

The Compositepatternis usefulfor operationon hierarchicaldatastructuresTrue

. Whenexamininga datastructureusingthe Procedurapattern the examiningclassmustdo

its own type dispatchingon the possibletypesof the datastructure.True. (By contrast, the
I nterpreter pattern requires each data type to have a method per operation.) See sidebar
15.10 on page 393 of the text.

. A Java interface shouldinclude an abstractionfunction. False. Interfaces don’'t defne

representations.

. Introducinginterfacescanincreasehetotal numberof dependenceSrue

. Introducinginterfacescanhelpto eliminatedependencesrue

A weakdependencef classA on classB impliesanarrav from classA to classB in the
codeobjectmodel.False

A strongdependencef classA on classB impliesanarrov from classA to classB in the
codeobjectmodel.False



Write your answergo thesequestionn theanswerpage noton this page.

For questionsl2—-15,considerthefollowing codefragment:

/** An IntSet is a nutable set of integers.

Exanmples include: {} , {1, 2, 3}, { 4, 5, 6, 7, 100}
*/
class IntSet {

REPTYPE nuns;

/'l RI(c):
[l AF(c): { i | i is in nums }
}

Notethatquestionsl2—14usethe term“sensible”,while questionl5 usestheterm“neces-
sary”.

12. If REPTYPE is HashSet , “No duplicatevaluesin c.nums”would be a sensible clauseto
includein therepresentatiomvariant. False. The HashSet abstraction already implies
that values will not be duplicated.

13. If REPTYPE is HashSet, “o in c.nums=- (0 instanceofinteger)” would be a sensible
clauseto includein the representatiomvariant: True. HashSet s can contain arbitrary
object types, and therefore it is sensible to constrain the object type in this representation.

14. If REPTYPE is | nt eger[], “o in c.nums=- (0 instanceofinteger)” would be a sensible
clauseto includein the representatiomvariant. False. The type system ensuresthat o is
an | nt eger, becauseitisinan | nt eger array.

15. If REPTYPEis| nt eger[], “No duplicatevaluesin c.nums”would be a necessary clause
to includein therepresentatiomvariant. False. One could write an | nt Set implemen-
tation that allowed for duplicated valuesin the representation during execution.



Write your answergo thesequestionn theanswerpage noton this page.

16.

17.
18.
19.

20.
21.
22.
23.
24,

25.
26.
27.
28.

The representatiof an ADT is exposedif one of its methodsreturnsa mutableobject.
False. Returning a mutable object in the rep does expose the rep. See page 111 of the
book.

A codeobjectmodeldescribeghe stateof the heapat runtime. True
A snapshotiescribeghe stateof the heapat runtime. True

In a problemobjectmodel,the nodesrepresentlassesandthe edgesepresentelationsor
subtyping.False

“Requiremenspecifcatiorb0% completed’s agoodmilestone False.
“Module A codingcompletedandunit-tested’is agoodmilestone.True.
“Projectdesigncompletedandreviewed” is agoodmilestone.True.
“Module A unit testingcompleted’is agoodmilestone.True.

“Module A specifcatiorcompleted’is agoodmilestone.True.

Question25-28relateto the objectmodelbelow, which describes university (thoughnot
necessariyIT).

dept + +  profs +
Student Department Professor

?

Undergrad GradStudent

Every students in somedepartmentTrue
StudentsnayswitchdepartmentsTrue
A studentcannotswitchfrom undegradto gradstatus.False

Every departmenhasstudentsFalse



Write your answergo thesequestionn theanswerpage noton this page.

Multiple choice[2 points each]

29. A Factorycan:

(a) returnasubtypeof a classwherea supertypes expected
(b) returnpre-&isting objectsratherthannew ones

(c) encapsulatéhecreationof anobjector setof objects

(d) (a)and(b)

(e) (a)and(c)

(f) (b)and(c)

(9) (a),(b), and(c)

G: all of the above.

30. Which of thesepatternsdoesnot controlsharing?

(a) Flyweight
(b) Interning
(c) Prototype
(d) Singleton

C. Prototype is not designed to control access to other instances.
31. A Singletonclasshas:

(a) apublic constructoranda public accessofor the singleinstance
(b) aprivateconstructoanda public accessofor thesingleinstance
(c) apublic constructotthatthrows anexceptionif calledmorethanonce
(d) aprivateconstructothatthrows anexceptionif calledmorethanonce

B. The accessor creates and returnsthe only instance of the class.
32. A Proxy:

(a) changesheinterfaceto anunderlyingclass

(b) extendsthefunctionalityof anunderlyingclass

(c) bothchangesheinterfaceandextendsthe functionality
(d) neitherchangegheinterfacenor extendsthe functionality

D
33. SubjectsandObserers/Listenerappeain:

(a) thepushmodel

(b) thepull model

(c) thepublish/subscribenodel
(d) all of theabove

(e) noneof theabove

D. See book section 15.7 and sidebar 15.12.

4



Write your answergo thesequestionn theanswerpage noton this page.

34. In awell-managedarge projecttypically theleasttime is spenton

(a) planning

(b) coding

(c) componentesting
(d) integrationtesting

B

35. Whatarethethreepropertiefrom thelist below) thataloop invariantmustsatisfy?(Write
down threeanswersin alphabetiorder in thethreeboxesof theanswersheet.)
Assumethattheloopis of theform

P{while (b) S} Q
whereP is the preconditionandQ is the postconditionjet | betheloop invariant.

@ P=1

(b) P=Q
c)1&& 'b=0Q
d1=0Q

e 1{sS}Q

) 1&& b{S}I
(9) 1&& P{S}Q
() 1{S} Q=1
@ 1{S}b=0Q
O Q=1

k) Q=1

N Q=1

Theloop invariant I must satisfy:

e ()P=1
e (O &&!b=Q
o ()1 && b{S}I



Username: Sectionnumber:

Short answer[approximately 6 points each]

36. (4 points)Whatis thewealestpreconditiorfor statementompositionj.e.,wp((S1; S2),Q)?
wp(S1, wp(S2,Q))

37. (6 points) The strongest postcondition sp is deEnedanalogouslyto the wealestprecondi-
tion wp. The strongespostconditionis usefulfor forward reasoningaboutcode. Whatis

sp((x=y+ 1y =2%x%),(y > 10&& 2z >0))?
r>11&& y=2x
The postcondition z > 11 && y > 22 isweaker; it is not the strongest postcondition.

38. (6 points)Give two guidelinesfor atwhattime a prototypeshouldbe discarded.

The previoudly set deadline for discarding the prototype is reached.
The speci£c questions which the prototype was intended to answer have been answered.



Username: Sectionnumber:

39. (5 points)Which sortsof projectsis thewaterfall modelgoodfor?

Projects where customer and vendor both understand the requirements; for example, in-
cremental releases or customizations.

40. (6 points)Give threereasonsvhy addingpeopleto a projectis usuallyinefEcient.

The new members are not initially productive because of their learning curve.

The old members become less productive because they are helping the new members.
Communication overhead increases as members are added to a project.

In alarger project, thereis more likely to be repeated work.



Username: Sectionnumber:

41. (7 points) Write a decrementingunction (asa legal Java expression)anda loop invariant
(which maybeeitherformal or informal) for thefollowing codefragment:

Preconditionsbuf f isacharactearraypossiblycontainingaO charactef’ \ 0" ).
Postcondition:s is a St r i ng which is madeup of the charactergrom sbuf f
upto, but notincluding,the £rst0 charactein sbuf f , if any.

String s = "";
for (int i=0; sbuff[i] '="'\0 && i < sbuff.length; i++) {
S += sbuff[i];

}

You may£ndit morecornvenientto considetthefollowing equivalentcode;theanswelis the
sameregardlessof which versionof the codeyou use.

String s = "";

i nt i=0;

while (sbuff[i] !'="\0 && i < sbuff.length) {
S += shuff[i];
i ++;

}

(a) Loopinvariant:

es.length() ==1i,and
e thefrsti charactersof sbuf f areequal to the £rst i charactersof s. Formally,
0<j<i=s.get(j) == sbuff[j].

The point of aloop invariant is not merely to state facts that are true about the loop
body; it isto state properties that are useful in proving the loop correct.

(b) Decrementindunction:
(sbuff.length - i)
Equivalently: (sbuff.length - s.length())



Username: Sectionnumber:

42. ConsideracollectionclassC with arepresentatiomadeup of two integerarrays:

class C {
int[] a;
int[] b;
}
Oneconcretevalueis thisone:
= [-2,4,8,3]
b = [1,4,10,6]

Hint: think aboutpairs,suchas(a[i],b[i]).

(a) AssumeahatCcanrepresenary set.Write arepresentatiomvariantandanabstraction
functionfor animplementationn which the concretevaluerepresentshe set

{—2,-1,0,1,3,4,5,6,8,9,10} .

(Hint: this is similar to somethingyou sav on a problemset.) Your answermay be
formal or informal, but mustbeclear

representationinvariant:

a # null && b # null
a.length = b.length

Vi.0 <i < a.length = ali] < b[i]

abstraction function: {e|3i.0 < i < a.length&&ali] < e < b[i]}

(b) Assumethat C canrepresentary multiset. Write a representationnvariantand an
abstractiorfunctionfor animplementationn which the concretevaluerepresentshe
multiset(bag)

{—2,4,4,4,4,8,8,8,8,8,8,8,8,8,8,3,3,3,3,3,3} .

Your answemmay beformal or informal, but mustbe clear
representationinvariant:

a # null && b # null
a.length = b.length

Vi.0 < i < b.length = b[i| > 0

abstraction function: The multiset containsb[ i ] copiesof eacha[i] .



Username: Sectionnumber:

43. (6 points)Completethe objectmodelbelow in orderto describealienlife forms. Aliens are
eithermaleor female,andsomealiensare£re-breathing Aliens canhave mary headsput
eachalienmusthave atleastonehead.Headsarenever destryed,norarenewn onescreated.
After analiendies,its head(spetachandcanatsomelatertime becomepartof anothemlien
thatis beingborn. But onceanalienis born, it cannotgain new headsor loseary heads.
Aliens don't shareheads.Your objectmodelshouldnot expressary otherpropertiesabout

aliens.
) ? heads |+
Alien Head

FireBreathing Male Female

10



Username: Sectionnumber:

44. (6 points) You have beenhired to review the designof the databasdor Mike’s Bikes. To
analyzethe quality of the design,you decideto constructa moduledependencdiagramfor
this system.

Mik e hasoutlinedthe codehe plansto use;seepage 12, which you maytearoff for easier
reference.Unfortunatelyfor you, the outlineis incomplete,andwith hardly arny specifca-
tions. Assumingthe implementations well-designedwith no unnecessargependences,
construcanMDD by completingthe below £gure.

Youwill haveto make educatedjuessegasto how theclassesareimplementecandwhatthe
methodsdo. In orderto answerthis question,you needto understandhe classest a high
level, but do not needto understanavery nuanceof theimplementation.

Inventory H Warehouse H GenericSet

I Py ]

HasSimilar k— Bike

War ehouse doesnot depend on HasSi i | ar even though it presumably calls Gener -
i cSet . hasEl ement (HasSi mi | ar), sinceit calls it with a Bi ke. Warehouse only
weakly depends on Bike because it compares Bikes with Generi cSet . Generi cSet
doesn’t depend on Bike at all becauseit usesHasSi m | ar ’s spec for equality.

11



Write your answergo this questionon pagell, noton this page.

Thisis thecodeyouwill analyzefor questiord4, whichis statedon pagell.

class Inventory { // nutable
/1 inmplenentation fields here

public Inventory();

public int addWarehouse(Warehouse r);

public void addBi ke(i nt warehouseNunber, Bike b);
publ i ¢ Warehouse get War ehouse(i nt war ehouseNunber) ;
publ i c Warehouse findBi ke(Bi ke b);

cl ass Warehouse { // nutable

Ceneri cSet bikes;

publ i ¢ War ehouse();
public void addBi ke(Bi ke b);
publ i ¢ bool ean hasBi ke(Bi ke b);

class GenericSet { // mutable
[l inplenmented via dynam cally resized array.

public GenericSet();

public void addEl ement (HasSi m | ar obj);

/1 returns true if this contains an elenent e such that e.simlar(obj)
publ i ¢ bool en hasEl enent (HasSi m | ar obj);

}

interface HasSimlar {
[l returns true if the "this’ and ’'obj’ cannot
/'l be distinguished based on calls to their observers.
public bool ean simlar(HasSimlar obj);

}

class Bike inplenents HasSimlar { // nutable
/1 various fields here

public Bike(/* various attributes here */);

/] getter and setter nmethods for attributes here
public bool ean similar(HasSimlar obj);

12



