Comp 212 - Intermediate Programming EXAM #1 Febydat, 2007

Rice University - Instructors: Cox & Nguyen NAME:

Instructions

1.
2.
3

4.

No

This exam is conducted under the Rice Honor Cdtis.a closed-notes, closed-book exam.

Fill in your name on every page of the exam.

If you forget the name of a Java class or methakenup a name for it and writebeief explanation in the
margin.

You are expected to know the syntax of definindpaswith appropriate fields, methods, and inheciéa
hierarchy. You will not be penalized on trivialntgx errors, such as missing curly braces, missémgi-
colons, etc, but do try to write Java code as syiataly correct as possible. We are more inteckgt
your ability to show us that you understand thecepits than your memorization of syntax!

Write your code in the most object-oriented waysilaig, that is, with the fewest number of control
statements and no checking of the states andtglass of the objects involved.

In all of the questions, feel free to write additb helper methods or visitors to get the job done.

You are free (and encouraged) to re-use any ofifi®rs done in the lectures/labs/homeworks withou
having to rewrite them. When reusing such a phbdtisvisitor, just comment that it comes from the
lectures or labs or homeworks and describe whatitipposed to do.

For each algorithm you are asked to write, 90%hefgrade will be for correctness, and 10% will dre f
efficiency and code clarity, unless specified otlise.

You have two hours and a half to complete the exam.

Please State and Sign your Pledge:

1) 20 pts 2a) 15 pts 2b) 15 pts 3) 20 pts 4) 30 pts Total 100 pts
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For your convenience, below are the UML class diagy for the immutable list framework (IList) ane tmutable
list framework (LRStruct) studied in class. Yo éiree to use these list frameworks without

explanation/implementation. Note that for the rbigdist framework, you are allowed to call onlgtpublic
methods of LRStruct and IAlgo.

A list factory “knows” how to manufacture

A list “knows”™ how to call an algorithm with a given
empty lists and non-empty lists.

number of nput Objects to produce an output Object.
The number of input arguments may vary. The Java
syntax for such a case is"Object... inp”. Becanse our
UML does not support the new syntax, we use the
"Toat™ array notation instead.

I

1
il
4
|

-
I

==[ListFactory=:=

1
nses ==]List==

- - calls on
+ Object - execute(IListdlgo alge, Object(] inp)

% ;

+ [Empivlisi - makeEmpyLisi)
+ INEList - makeNELisi{OBbfect first, IList tail)

instantiates

==IEmptyList==

=<INEList==
+ Object - gatFirsii)
+ IList: getRest

operates on {via emptyCase)

operates on (via nonEmptyCase)

R —— —IListAlgo=>

+ Object - emptyCase(IEmpryList host, Object(] ing)
+ Object - nonEmpiyCase(INEList host, O8ject(] inp)
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==LAlgo== State Design Pattern.
+ Object : empty Case (LRSruct host Qlect{T inp) LRStruct delegates all public method calls to its state, _head,
+ Object : nonEmpiy Case(LRSruct host, Ohject(T mp) passing itzelf and all required parameters.

&Mode i= the state and has package-poreate methods to
| ,n"|"-\ "ghetractly” do the job. EmptyMode and MENode are
| s | concrete states and can call LRStret to change its state
loperates on [ onl dymamically.
| | " l

W ! - !
LRStruct 7 <=ahstract state>>

— LMode . _head 7 Aode
+ LRStruet() -7 String : toString(LREStmet owner)
+ String : toString]) - -1| LRSfruci : getRest{LRStruct ovwner)
+ LRStruct ; insertFront(Object daty Olyject : getFirst{LRSiruct ewner)
+ Chject : rermoveFront() LRSfruct : setRest{LRSruct owner, LRSruct fail)
+ Coject : getFirst() LRSfruct : setFirst{LRSruct ownegr, Object daf)
+ IRStruct : setFirst{Chiject dat) LRSfruct : insertPronf(LRSruct ovwner, Obfect daf)
+ IRStruct : getRest() Olject : removePront(LRSruct owner)
+ LEStruct ; setRest(LREStrct tail) Object : evecute(LRIruct owner, [Algo algo, Object(] mp)
+ Chject : execute{TAlgo algo, Ohbject[] inp)

LEStruct{ & Mode node)

LEStruet : setHead{ A Mode head)

AHode : getHead()

NENode EmpiyNode
= Chject : _dat EmptyNode : Singleton
= LEStruct : _tail = Erptylode()
+ NENode{Object dat, LRStruct tail) LEStruct : getRest{LRStruct owner)
LEStruct : getRest{LEStruct owner) Chject © getFirst{LEStruct owner)
Ohject : getFirst(LEStmct owner) LEStruct : setRest(LEStruct owner, LRStruct tal)
LEStrict : setBest{LEStruct taill, LTRStroct owner) LEStruet : setFirst{LEStruct owner, Chiect dat)
LEStruct : setFirst{LEStruct owner, Chject first) LEStruct : insertFront{LEStruet owner, Chiect dat)
LEStruct : insertFront{LEStruct owner, Chiject dat) Cihject : removeFront({LEStruct owner)
Chject : removeFront{LEStruct owner) Chhject © execute{LEStruct owner, [4lz0 alzo, Ohject[] ing)
COhject : execute{LRStruct owner, [&lzo alzn, Object[] npaut)
1
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1. Write anl Li st Al go calledEver yThi r d that returns ahLi st containing every third element of the
host list. It should return an empty list in treese of an empty host list. The following tablesthates a
few of the desired results.

IList Host Returned IList
() — the empty list () — the empty list
€] (1)
1, 2) (1)
1,2, 3) (1,
(1, 2, 3,4) (1, 4)
(1,2,3/4,5) (1,4)
(1,2,3/4,5, 6) (1, 4)
(1,2,34,5,6,7) 1,4,7)

Hint: TheEver yThi r d algorithm can be viewed as a generalization of&henl ndexed and
Qddl ndexed algorithms discussed in class. Below is the dodéhese two algorithms.
Note: Although the following code does not use fact®rigour solution to this problem should.

/**

* Extracts the even-indexed elenents of a list.
*/

public class Evenlndexed inplenents |ListA go {

public static final Evenlndexed Singleton = new Evenl ndexed();
private Evenl ndexed() {

}

public Object enptyCase(l EnptyList host, Cbject... nu) {
return host;
}

public Object nonEnptyCase(l NELi st host, Cbject... nu) {
return new NELi st (host.getFirst(),
(IList)host. get Rest (). execut e(Cddl ndexed. Si ngl eton));

}
}
/**
* Extracts the odd-indexed elenents of a list.
*/

public class Oddl ndexed i nplenents IListAl go {

public static final Oddlndexed Singleton = new Oddl ndexed();
private Oddl ndexed() {

}

public Object enptyCase(l EnptyList host, Cbject... nu) {
return host;
}

public Object nonEnptyCase(l NELi st host, Cbject... nu) {
return host. get Rest (). execute(Evenl ndexed. Si ngl eton);
}
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A blank page for writing code...

50f 10



Comp 212 - Intermediate Programming EXAM #1 Febydat, 2007
Rice University - Instructors: Cox & Nguyen NAME:

2. Write anl Li st Al go to remove the last element of the hiokt st . Specifically it should return an
| Li st that is a copy of the host list without its lalreent. For an empty list, it should return an gmp
list.

= A simple (but inefficient) way to accomplish thésk is to reverse the list in some appropriate
number of times. Implement this algorithm and néniRerm_ast 1. You may use thBever se
visitor done in one of your homeworks without hayto include its code as part of your solution.

public class RenmLastl inplenents |ListAl go {
private |ListFactory _fact;
public RemLast 1(IListFactory fact) {

_fact = fact;
}

public Object enptyCase(l EnptyList L, Cbject... nu) {
/1 student to conplete

}

public Object nonEmptyCase(final INEList L, final Object... nu) {
/1 student to conplete
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= Implement a more efficient algorithm to remove ld&t element by traversing the host list only
once. Name iRenlLast 2.

/**

* Note: the IListFactory is a paraneter to the vistor methods.
*/

public class RemLast2 inplenments |ListAl go {

public static final RemLast2 Singleton = new RemLast2();

private RenLast2() {
}

/**
* @aramfact[0] is an |ListFactory.
*
/
public Object emptyCase(l EnmptyList L, Cbject... fact) {
/1 student to conplete

}

/**

* @aramfact[0] is an |IListFactory.

*/

public Object nonEnptyCase(final INEList L, final Object... fact) {
/1 student to conplete
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3. Write an IAlgoFi r st 2Last that moves the first element of the host LRSttad¢he end of the host
LRStruct. Note that the host LRStruct is mutatethis case.

public class First2Last inplenents | Al go {
public static final First2lLast Singleton = new First2Last ();
private First2Last () {

}

public Object enmptyCase(LRStruct host, Object... nu) {
/1 student to conplete

}

public Object nonEnptyCase(final LRStruct host, oject... nu) {
/1 student to conplete
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4.

In this problem you will write a collection of Jagkasses that model the supervisory relationshiydsn
employees in a simple, small company. Specificaiiyery employee has a name and a unique
identification number. Being a small company, dhener is an employee. The owner has a collection o
employees who report directly to him or her. Hoamwot every employee reports to the owner. A
manager is an employee. A manager has an employeleom he or she reports ("the manager's
manager") and a collection of employees who regioectly to him or her ("the team"). A worker is a
employee. A worker has an employee to whom he @raports.

There are several operations that can be appliad eamployee.

The simplest arget Nane andget | d.

The operatiomget Tot al returns the total number of employees who workiercompany.
When an employee is hired, he or she is alwaysraex@nd must be assigned an identification
number and manager. When an employee quits oed the number of total employers should
be reduced, but his or her ID should never be ctuse

A more complex operation & onot e. Whenpr onot e is applied to a worker, the worker
becomes a manager, with a new manager and a t{édranpr onot e is applied to a manager,
the manager remains a manager, but the manager&geraand team change. Thus promote takes
two parameters: one for the new manager and ortbdéanew team. It is an error to apply

pr onot e to the owner.

get Al | Wor ker s is a method that returns a list of all non-manageikers who report directly
and or indirectly to the receiver.

In the space below write all of the classes thastitute your model. You must define all of th@ad
methods in appropriate classes, implement thenamdl,be sure to define any fields required by these
methods.
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