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Athena username:

Also write your usernameand sectionon the top of pages6–11.

Section(circleone):
Section1, Felix Klock Section5, Jeffrey Sheldon Section9, KennethLu
Section2, Allison Waingold Section6, AndreasHofman Section10,David Maze
Section3, Matt Deeds Section7, JeremyNimmer Section11,DelphineNain
Section4, SameerAjmani Section8, JohnHolmes

This quiz is 50minuteslong. It contains44questions(youwill answer35questionson this sheet,
andwill answerthe remainderelsewhere)and12 pages(excluding this one). Pleasecheckyour
copy to make sureit is completebeforeyou start. You may separatethis sheetfrom the restof
thetest,but turn in all answerpages,together, whenyou are£nished.Write your usernameand
sectionon the top of pages6–11.

Pleasewrite neatly;wecannotgivecreditfor whatwecannotunderstand.
Theproblemsareweightedasfollows:

true-false: multiple-choice: short-answer:: 1 : 2 : 6
Expectto spend(onaverage;someproblemsareeasier, someareharder)about30secondspertrue-
falsequestion,1 minutepermultiple-choicequestion,and3 minutespershort-answerquestion.

Goodluck!

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

15 16 17 18 19 20 21 22 23 24 25 26 27 28

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



Write youranswersto thesequestionson theanswerpage,noton this page.

True/False[1 point each]

1. Mutableobjectscannotbeinterned.True.

2. Decentralizedorganizationpermitsmeetingsto proceedeffectively withouta leader. False.

3. A gooddesigndoesnot ruleoutany futureextensionto aproject.False.

4. It is typically preferableto allow a project to slip graduallyratherthanenduringa single
largeslip in theschedule.False

5. TheCompositepatternis usefulfor operationsonhierarchicaldatastructures.True

6. Whenexamininga datastructureusingtheProceduralpattern,theexaminingclassmustdo
its own typedispatchingon thepossibletypesof thedatastructure.True. (By contrast, the
Interpreter pattern requires each data type to have a method per operation.) See sidebar
15.10 on page 393 of the text.

7. A Java interfaceshould include an abstractionfunction. False. Interfaces don’t de£ne
representations.

8. Introducinginterfacescanincreasethetotal numberof dependences.True

9. Introducinginterfacescanhelpto eliminatedependences.True

10. A weakdependenceof classA on classB implies anarrow from classA to classB in the
codeobjectmodel.False

11. A strongdependenceof classA on classB impliesanarrow from classA to classB in the
codeobjectmodel.False
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Write youranswersto thesequestionson theanswerpage,noton this page.

For questions12–15,considerthefollowing codefragment:

/** An IntSet is a mutable set of integers.
Examples include: { } , { 1, 2, 3 }, { 4, 5, 6, 7, 100 }

*/
class IntSet {

REPTYPE nums;

// RI(c): ...
// AF(c): { i | i is in nums }

}

Notethatquestions12–14usetheterm“sensible”,while question15 usestheterm“neces-
sary”.

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

13. If REPTYPE is HashSet, “o in c.nums � (o instanceofInteger)” would be a sensible
clauseto includein the representationinvariant: True. HashSets can contain arbitrary
object types, and therefore it is sensible to constrain the object type in this representation.

14. If REPTYPE is Integer[], “o in c.nums� (o instanceofInteger)” would bea sensible
clauseto includein the representationinvariant. False. The type system ensures that o is
an Integer, because it is in an Integer array.

15. If REPTYPE is Integer[], “No duplicatevaluesin c.nums”wouldbea necessary clause
to includein therepresentationinvariant. False. One could write an IntSet implemen-
tation that allowed for duplicated values in the representation during execution.
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Write youranswersto thesequestionson theanswerpage,noton this page.

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

17. A codeobjectmodeldescribesthestateof theheapat runtime.True

18. A snapshotdescribesthestateof theheapat runtime.True

19. In a problemobjectmodel,thenodesrepresentclassesandtheedgesrepresentrelationsor
subtyping.False

20. “Requirementspeci£cation50%completed”is agoodmilestone.False.

21. “Module A codingcompletedandunit-tested”is agoodmilestone.True.

22. “Projectdesigncompletedandreviewed” is agoodmilestone.True.

23. “Module A unit testingcompleted”is agoodmilestone.True.

24. “Module A speci£cationcompleted”is agoodmilestone.True.

Questions25–28relateto theobjectmodelbelow, which describesa university(thoughnot
necessarilyMIT).

Undergrad
 GradStudent

�

Professor
Department
Student

� +
 +
 +
dept
 profs


25. Everystudentis in somedepartment.True

26. Studentsmayswitchdepartments.True

27. A studentcannotswitchfrom undergradto gradstatus.False

28. Everydepartmenthasstudents.False
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Write youranswersto thesequestionson theanswerpage,noton this page.

Multiple choice[2 points each]

29. A Factorycan:

(a) returnasubtypeof aclasswhereasupertypeis expected
(b) returnpre-existing objectsratherthannew ones
(c) encapsulatethecreationof anobjector setof objects
(d) (a)and(b)
(e) (a)and(c)
(f) (b) and(c)
(g) (a), (b), and(c)

G: all of the above.

30. Whichof 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 constructorandapublicaccessorfor thesingleinstance
(b) aprivateconstructorandapublicaccessorfor thesingleinstance
(c) apublic constructorthatthrowsanexceptionif calledmorethanonce
(d) aprivateconstructorthatthrows anexceptionif calledmorethanonce

B. The accessor creates and returns the only instance of the class.

32. A Proxy:

(a) changestheinterfaceto anunderlyingclass
(b) extendsthefunctionalityof anunderlyingclass
(c) bothchangestheinterfaceandextendsthefunctionality
(d) neitherchangestheinterfacenorextendsthefunctionality

D

33. SubjectsandObservers/Listenersappearin:

(a) thepushmodel
(b) thepull model
(c) thepublish/subscribemodel
(d) all of theabove
(e) noneof theabove

D. See book section 15.7 and sidebar 15.12.
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Write youranswersto thesequestionson theanswerpage,noton this page.

34. In awell-managedlargeprojecttypically theleasttime is spenton

(a) planning
(b) coding
(c) componenttesting
(d) integrationtesting

B

35. Whatarethethreeproperties(from thelist below) thata loop invariantmustsatisfy?(Write
down threeanswers,in alphabeticorder, in thethreeboxesof theanswersheet.)
Assumethattheloop is of theform

P
�
while (b) S � Q

whereP is thepreconditionandQ is thepostcondition;let I betheloop invariant.

(a) P � I
(b) P � Q
(c) I && !b � Q
(d) I � Q
(e) I

�
S � Q

(f) I && b
�

S � I
(g) I && P

�
S � Q

(h) I
�

S � Q � I
(i) I

�
S � !b � Q

(j) Q � !P
(k) Q � !b
(l) Q � I

The loop invariant � must satisfy:

� (a) P � I� (c) I && !b � Q� (f) I && b
�

S � I
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Username: Sectionnumber:

Short answer[approximately 6 points each]

36. (4points)Whatis theweakestpreconditionfor statementcomposition,i.e., �	��
�
 S1; S2 
�����
 ?
�	��
��������	��
���������
�


37. (6 points)The strongest postcondition  !� is de£nedanalogouslyto the weakestprecondi-
tion �	� . The strongestpostconditionis useful for forward reasoningaboutcode. What is !��
�
�"$#&%�'&�)(*%+#,�.-/"0
!��
21436587:9�9<;=3>7�
�
 ?
;?3@5)5 && 14#BA�;
The postcondition ;=365�5 && 1C3>A�A is weaker; it is not the strongest postcondition.

38. (6 points)Give two guidelinesfor atwhattime aprototypeshouldbediscarded.

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

39. (5 points)Whichsortsof projectsis thewaterfall modelgoodfor?

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

40. (6 points)Give threereasonswhy addingpeopleto aprojectis usuallyinef£cient.

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 a larger project, there is more likely to be repeated work.
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Username: Sectionnumber:

41. (7 points)Write a decrementingfunction (asa legal Java expression)anda loop invariant
(whichmaybeeitherformalor informal) for thefollowing codefragment:

Precondition:sbuff isacharacterarraypossiblycontaininga0character(’\0’).
Postcondition:s is a String which is madeup of thecharactersfrom sbuff
up to, but not including,the£rst0 characterin sbuff, if any.

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

}

Youmay£ndit moreconvenientto considerthefollowing equivalentcode;theansweris the
sameregardlessof whichversionof thecodeyouuse.

String s = "";
int i=0;
while (sbuff[i] != ’\0’ && i < sbuff.length) {

s += sbuff[i];
i++;

}

(a) Loop invariant:� s.length() == i, and� the £rst D characters of sbuff are equal to the £rst D characters of s. Formally,7.EGFIHJD � s.get(j) == sbuff[j].

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

(b) Decrementingfunction:

(sbuff.length - i)

Equivalently: (sbuff.length - s.length())
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42. ConsideracollectionclassC with a representationmadeupof two integerarrays:

class C {
int[] a;
int[] b;
...

}

Oneconcretevalueis this one: K
# LNM�AO�8PO�8Q���R)ST # L�5��8P��O5U7O�8V�S

Hint: think aboutpairs,suchas W a[i], b[i] X .
(a) AssumethatC canrepresentany set.Write arepresentationinvariantandanabstraction

functionfor animplementationin which theconcretevaluerepresentstheset

� M�AO��MY5��87O��5��8R���P���Z���V��8QO�8[O��587���\
(Hint: this is similar to somethingyou saw on a problemset.) Your answermay be
formalor informal,but mustbeclear.

representationinvariant: KC]
#J^`_�abac9�9 T ]#G^�_daeaK
\faeg!^`hOiUjY# T \fabg�^`hOi8jk D*\27.EGDlH

K
\�aeg�^`hOi8j �

K
L D!S�E T L D!S

abstraction function:
� g�mon)D*\27.EGDlH

K
\�aeg�^`hpiUjc9�9

K
L D!S�Eqg:E T L D!S��

(b) Assumethat C can representany multiset. Write a representationinvariant and an
abstractionfunction for an implementationin which theconcretevaluerepresentsthe
multiset(bag)

� M�AO�8PO�8PO�8PO�8P���Q���Q���Q��8QO�8QO�8QO�8QO�8Q���Q���Q���R��8RO�8RO�8RO�8RO�8RO��\
Youranswermaybeformalor informal,but mustbeclear.

representationinvariant: KC]
#J^`_�abac9�9 T ]#G^�_daeaK
\faeg!^`hOiUjY# T \fabg�^`hOi8jk D*\27.EGDlH T \�aeg�^`hpiUj � T L D�S�rs7

abstraction function: The multiset contains b[i] copies of each a[i].
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43. (6 points)Completetheobjectmodelbelow in orderto describealienlife forms.Aliens are
eithermaleor female,andsomealiensare£re-breathing.Aliens canhave many heads,but
eachalienmusthaveat leastonehead.Headsareneverdestroyed,norarenew onescreated.
After analiendies,its head(s)detachandcanatsomelatertimebecomepartof anotheralien
that is beingborn. But oncean alien is born, it cannotgain new headsor loseany heads.
Aliens don’t shareheads.Your objectmodelshouldnot expressany otherpropertiesabout
aliens.

Alien


Female
Male

t

FireBreathing


Head

?
 +
heads
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44. (6 points)You have beenhired to review the designof the databasefor Mike’s Bikes. To
analyzethequality of thedesign,you decideto constructa moduledependencediagramfor
this system.

Mike hasoutlinedthecodeheplansto use;seepage12, which you maytearoff for easier
reference.Unfortunatelyfor you, theoutline is incomplete,andwith hardlyany speci£ca-
tions. Assumingthe implementationis well-designed,with no unnecessarydependences,
constructanMDD by completingthebelow £gure.

Youwill have to makeeducatedguessesasto how theclassesareimplementedandwhatthe
methodsdo. In orderto answerthis question,you needto understandtheclassesat a high
level, but donotneedto understandeverynuanceof theimplementation.

GenericSet


HasSimilar


Inventory
 Warehouse


Bike


Warehouse does not depend on HasSimilar even though it presumably calls Gener-
icSet.hasElement(HasSimilar), since it calls it with a Bike. Warehouse only
weakly depends on Bike because it compares Bikes with GenericSet. GenericSet
doesn’t depend on Bike at all because it uses HasSimilar’s spec for equality.
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Write youranswersto thisquestiononpage11,noton this page.

This is thecodeyouwill analyzefor question44,which is statedonpage11.

class Inventory { // mutable
// implementation fields here

public Inventory();
public int addWarehouse(Warehouse r);
public void addBike(int warehouseNumber, Bike b);
public Warehouse getWarehouse(int warehouseNumber);
public Warehouse findBike(Bike b);

}

class Warehouse { // mutable
GenericSet bikes;

public Warehouse();
public void addBike(Bike b);
public boolean hasBike(Bike b);

}

class GenericSet { // mutable
// implemented via dynamically resized array.

public GenericSet();
public void addElement(HasSimilar obj);
// returns true if this contains an element e such that e.similar(obj)
public boolen hasElement(HasSimilar obj);

}

interface HasSimilar {
// returns true if the ’this’ and ’obj’ cannot
// be distinguished based on calls to their observers.
public boolean similar(HasSimilar obj);

}

class Bike implements HasSimilar { // mutable
// various fields here

public Bike(/* various attributes here */);
// getter and setter methods for attributes here
public boolean similar(HasSimilar obj);

}
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