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A Shorties

Unchecked exceptions:

Al

A"

A#

AS$

A%

cannot be caught

False

need not be listed in the throws dause of a méhod

True. Java doesn®requireit, and common conventions not to do it
are obgcts

True. All exceptiors ae djects.

should be used for returning special results fom a mehod

False Checked exceptiors ae better for thspurpose.

should be used for unexpected failures

True.

Which of the following can be tested by as<rtions (albeit not always e&ciently)?

Al

precondition

True.

postcondition

True.

modibes dause

False Checking the malibesdause woud require looking at every object in the hap.
abstraction function

False An abstraction function maps rep vdues to dsract values;, OttingitOs maningless
rep invariant

True.

Which of the following kinds of me&hods may be found on an imnutable &strad data type?

All

Al

Al#

Al$

A%

creator
True.
producer
True.
mutator
False
observer
True.
inherited
True. An immutable type may be a sibdass of aother type, some of twosemethads night be
inherited.

A correctly/written observer method:

Al

Al*

may modify the rep

True, by kenevolent sde-e! ects.

may exposethe rep

False Such an dbserver would be kadly written; no dass implementng an abstract data type
should expose its rep.



At

A.#

Which'of'thefollowing'methodsWill"return'tr uefor'objectsthat"are'behaviourally'equivalert,"andfalse

may"'return“an'iterator

True. An iterator is one wg to dserve the contens of a cdkction.
may"lad"an"eplicit"modiPesclause

True. le default value for the madibes dause is @othing® snce an doserver methad should
modify nothing, it can omit the modibes dause.

otherwise?"(Hin:"this"s"vey"tricky$% ink"very"arefully"before"ansvering.)

A&"

Ag&"

A&

A&"

the'"equak'meahod"inheiited"from'Obgct

False"inaginewritingan immutable dass for stings of baracters, MySrin g, which has the sane
methals as String but inherits Obgct.equasinstead of overidingit. ! entwo dstinct MyString
objects with the sane squence of ltaracters will be tehavorally equivalent, but the inherited
equak metha will return false.

String.equasb

True. String.equas returnstrue exactly when two stings corsst of exactly the sane daracters,
and so annot be dgtinguished by @lls to other methds of Sting.
the'"equak'meahod"d"the'LinkedList'dassof'the"dva'library

False Java colection dassaimplement tservational equivalence not kehavoral equivalence
Accordingto LinkedList.equas, two enpty lissare equal, but they are not kehavorally equiva-
lent because pu @n digtinguish them by nutating one of them

this"mehod:

public bookan equad (Obgct 0) {
return this.hashCoa () == o0.hashCoel();

}

False Two dojects with the sane hash cale ae not neessaily behavorally equivalent.

% €'Object contact'indudes"he"bllowing'"requiremerts(among"ohers):

A &t

A&"

AS&l"

A.&0"

equabk'must"be"transitive

True.

two"objcts'with"the"same"hdncode " must”be"ejual

False Two equal objects nust have the sme hahcode, but the convese s not rejuired to be true
(and usually isnOt

a.equas(null) "must"ke"flse"brall"obgcts'a

True.li s folows fom symmetry.

objects'must"ke"doneable

False ! eclone methdl is not reuired to ke implementel.



B Abstract Types

Suppose youfe deveoping software to hdp automate the grading of multiple-choice quizzes. Your de-
sign uses two dstract types, Template, for representing the structure of a quiz (the number of options
per question, for example),and Solution, for representing a articular submitted solution for grading, or
a olution against which other lutions are gaded. Sudy these skeletons for the two dasses:

class €mplate {
/I A <T emplate> is a set bguestions, each corsisting of a name and the number d multipl e-choice
/I option s awailable. Nanes ae numbes: corsecutie integers stating at 1. Templates ae imnutable.
E
private int [] counts;

Template ()
/[ v eturns: constructs an empy template with no questiors

Template addQuestion (it numOptiors)

/[ v equires: umOptiors > 0

/[ v eturns: a new template with a new question with <rumOptiors> optiors, whose rumber

/1 is one larger than the highest numbeed question in this template or 1 if this template is empty

int getNumOptios (int questionNumber)

/I returns: number d options in question numbeed <questionNumber
/I throws: IndexQutOfBourdsExeption if no such question

E

}

class Solution {
/I A Solution is a set of answers to a quiz. Abstectly, it consists of a Template ard a map that associates
/I with ea ch question rumber in the Template a set doptions, represeried as irntegers
/I n umbeed corsecutiely from 1. Solutiors ale mutable.
E
private bookan [] answers;
private Template template;

Solution (Template template)

/I requires: <template> is ot null

/I v eturns: constructs a new Solution from <template> in which
I all questiors hawe the empty set d options sekcted

void sekct (int question, int option)

/I m odibes: this

/I effects: adds <option> © the set d options associated with tle

/I question rumbeed <question>

/I thr ows: NoSehOption if, in the template d this, there is no such <question> or <option>

int grade (Solution goldStardard)

/I requires: <gldStardard> is not null

/[ v eturns: grade of this with r espect b <gldStardard>

1 computed ly scoring 1 for each option correctly included or excluded
E

}



Which of the following constraints are reasonable to include in the rep invariant of Solution?

B.!

B."

B.#

B.$

template is non-rull

True.

the dements ofanswers are non-null

False null is not a pssible vdue of a pimitive type such as lodean.

the total number of options br all questions intemplate equals the lengh of answers
True.

templatecourtsis non-rull

False ! erep invariant should not mention the rep of mother dass.

%e method grade is not properly specibal, because it does not handle he (unexpected but possible)
case in whidh this and goldStardard have di€erent templates. %is case could be handlel in di&erent
ways. Which is the best solution for the dient? (Choose one).

B.
B.*
B.+

B./

Adding a onstraint that the templates are equal & a pecondition

Soecifying in the postcondition that when the templates di&er, a tecked exception is thrown
Fecifying in the postcondition that when the templates di&er, an undecked exception is
thrown

li sis the lest for the dient. It providesan unambiguous outcomeand the wse of a unchecked
exception dlows the dient to omit exception handling code when $ie knows the all will not
throw the eception.

Soecifying in the postcondition that -1 is returned when the templates di&er.

Which is essiest for the implementor of Solution? (Choose one).

B.0

B.l11
B.!

B.I"

Adding a onstraint that the templates are equal as a pecondition

li sisthe ased for the mplementor because it dlows him to ignore the ssie conpletely.
Foecifying in the postcondition that when the templates di&er, a dhecked exception is thrown
Soecifying in the postcondition that when the templates di&er, an undecked exception is
thrown

Secifying in the postcondition that -1 is returned when he templates di&er.

If an goproach is chosen that requires a est that two template references are equivalert, how should it
beimplemented?

B.l#
B.I$

with ==

with Template.equalks

li s wa a ladly phrased question, so we @ve creit whatever you sdad. We meant to ask this:
If an approach is cosenthat requiresa test that two tenplates ae equivalent, how $iould it be
implemental? ! eanswer woud then ke to tse Template.equalk. ! isencapsulatesthe equality
testproperly, all owsan equality of contens for mmutable tenplates, and isbarely lesse" cient if,
within the Template.equalk methal, a $ort-circuit test for rderence guality is st performed.

Notice that Template isimmutable. Which of the following concerns might have been motivations fr
this design decision?

B.I

B.I*

Allowing sharing of Template objects between Solution objects
True.!i sis cucial to the e"cieng of the dagn.

Making it easier to reason aout code that uses Template objects
True D a proprty of dl immutable types.



B.!" Avoiding"rep"exposure"in'Solution
True, because aTemplate is taken as an argument of the costructor.
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C Object Models

Consider he object modd of the representation of a hahtable s1own above. ! e choice of multiplici-
tiescan have a mgor impact. In thisdiagam, they have been omitted and the letersAthrough L stand
in their place. For each of the design and implemertation consideraions below, indicate which multi-
plicities you would ned to know to ansver the gquestion. You should assume hat equality of keysis
determined acording to observational and not kehavioural equivalence.

Is it possible b siore null as a alue aginst a ley?

c" F
c# J
C$ K
C% L

L alone, snce ths detemines whether theval beld an be rull.

Can the put method be implemerted in a uniform way (avoiding, for example, checking whether belds
are rull and peforming special adions acordingly)?

C&
C.
C*
C+
Cl/
c."0

rIT o MO

B,D, F and H are the releant ones. MakingB, D and F &actly onelie, non-null) will ensure that
there 5 no ned to create a nav array, list or budket. Ehsuring that H is &actly onéineansthat
when a budket is to ke pliced in, its siccessor vill be readily available.



Can the rep invariant be coompromised by $aring?

clr A
c!"m B
Cl# C
C!$ D
Cl% |

cl& J

A,C,l..e brg two folow from the smple principle of not baringinternal rep djects.«e lastis
much more aubtle: sharing the ley will actually be an exposure unlessobservational equivalence
isused, since if it i s mutable, a mutation may break the invariant that keysare in their appropri-

ate budtes accordhgto their hash cade.



D Module Dependences

You are reviewing an inplementation of a phon®ook program that supports the sbrage and etrieval
of phone numbersagainst names. You are siown the module dgpendence diagram reproduced below.
le dotted edge is anamedependence! eedge from Hashable to Nane represents a dgpendenae on
the object contract of Nane.

Which of the following inferences an you drav from the degpendence diagam?

D."

D#

D.$

D.%

D.&

le BucketList type used within Hashable is not an &stract data type in its own right.

True. BucketList has ony a name degndence omBucket, so it desnOt aces is kds.! e da-
gram also sows thatBucket is accesel directly byHashable.

In the &sence of additional dta structures not shown, or a perverse use of the data structures
already present, the program does not supprt reverse lookup (from numbers © names).
True; otheiwise there wold be an Object Contract dependenceof Hashable on Numberas well
asNane.

le Hashable dass cannot be reused in a program that does not ako include the Nane dass.
False ! edependences onl a degndence on the OlgeContract ofNane.

A Bucket object cannot point to aNane object.

False Object reference do not neessaily induce degndencs.

Since there is no elgefrom Hashable to Number there must be a lug, or the dagam must
bewrong, sine the ladk of an elge mans that Numberobjects cannot be sbred in Hashable
objects.

False for thesame reason.

le edgefrom PhoneBookto 10 suggsts that the PhoneBookdass has abeld that holds anlO
object.

False for thesame reason.

PhoneBook | 10 _, | 10
Number Hashtable
Number  |a Ta
Name Hashtable
Object ‘
BucketList
Name v
BucketList
Bucket
v
Bucket <
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E Testing

Consider he following method and ansver the questions dout it that follow:

static String[] search (String[] words, String s) {
I/l thr ows: NullPointerException if <s> or ary element of <words> is null
/['r eturns: an array corsisting of every string in <words> that cortains <s>
1 as a substrin g

[/ initially all ocate spae for 10 eknents
List result = new ArrayList (10);

if (words !=null) {
for (inti=0; i< wordslength; ++i) {
String w = wordsi];
/l test wh ether w cortains s as a substrig;
/l thr ows NullRointerException if either w or s is rull
if (w.indexdX (s) 1= -1) {
result.add (w);
}
}

return (String[]) r esult.toArray (new String[result.size ()]);

}

Select a minimal subset of the test cases below that achieves 100% sdtement coverage 6r the sarch
function.
E. seach ([], null)

False

E"  seach ([ObeetdbroxO,CentO,OtrillianO], GidoO)
False

E#  seach (null, OfindoO)
False

E$  seach ([GappeO,Obananal #pgQ], &0)
True. li s test @seisrequired for 100% sitement coveage, because iBthe only one that &-
ecutesresult.add(w). It is dso su"c ient for 100% covewe, because it @uses every statement to
be executed.

E&  seach ([null, null, null], Cad)
False

Select a minimal sulset that achieves 100% deision coverage.

E. seach (null, OfrndoO)
True.li stest @seis required to take the decison words!=rull in the flse drection.

E.( seach ([GappleO,Obananal #pgQ], &0)
False If you induded this test case, youd also need E.10 to test thew.indexCX(s) decision in the
other drection, which isn®minimal.

E) seach ([OfienchO,énglishO,0thaiO]e®0)
True.!i s test @sehandles loth directionsof thew.indexX(s) decison, so wEng it ingead of E.7
and E.10 gves a ninimal subset.

11



E. !  seach ([null, null, null], Cad)
False se search procedure has no deision point for null words.  isdecison is made deper,
ingde indexCf.

E'"#! seach ([ObeeldbroxO,0ehtO,OtrillianO], GitoO)
False SeeE.7 and E.8 for &planation.

Which!oflthe!following!suldomains!midit!belsuggested!by!black-box!testing?
E"™!  dlishull
True.
E"$! wordslhas!more!than!'#!dements
False e magicnumber10 gopears in the cale, not the pec, so thissubdomain woud be found
by ghssbox, not black-box, testing.
E."% wordslincludes!ahull'dement
True.
E."& wordslhas!noléemert!containing!slas!dsubstring
True.
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