Comp 212 - Intermediate Programming EXAM #2 March 28, 2007

Rice University - Instructors: Cox & Nguyen NAME:
Instructions

1. This exam is conducted under the Rice Honor Code. It is an open-book exam. You may use lecture notes,
lab notes, homework assignments, solutions provided to you by the teaching staff, your own code, code
written in cooperation with others before the exam.

2. Fill in your name on every page of the exam.

3. If you forget the name of a Java class or method, make up a name for it and write a brief explanation in the
margin.

4. You are expected to know the syntax of defining a class with appropriate fields, methods, and inheritance
hierarchy. You will not be penalized on trivial syntax errors, such as missing curly braces, missing semi-
colons, etc, but do try to write Java code as syntactically correct as possible. We are more interested in
your ability to show us that you understand the concepts than your memorization of syntax!

5. Write your code in the most object-oriented way possible, that is, with the fewest number of control
statements and no checking of the states and class types of the objects involved.

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

7. For each algorithm you are asked to write, 90% of the grade will be for correctness, and 10% will be for
efficiency and code clarity.

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

Please State and Sign your Pledge:

la) 5 pts 1b) 5 pts 1c) 5 pts 2) 25 pts 3) 30 pts 4) 30 pts Total 100 pts
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For your convenience, below is the UML class diagrams for LRStruct and BiTree studied in class. You are free to
use these classes without explanation/implementation.
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Chject : getFirst{LEStruct owner)

LEStmct : setRest{LEStruct owner, LEStruct tail)
LEStruct : setFirst{LEStruct owner, Chject dat)

LEStruct : insertFront{LEStruct owner, Chiject dat)
Chject : removeFront{LRStrct owner)

Chject : executel LRStroct owner, [4lzo alzo, Ohject[] inp)
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==IVisitor==

+ Object : ampipCase(BiTrea host, Objeci(] inp)
+ Objoct : nonEmply Case(BiTree host Object( inp)
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Represents all hinary

~ | trees alzonthms.

B Wisitor Pattern 5

-

insertRoot(): only on an erapty tree.
rerBoot(): only on trees with at least one empty subtree.
toStrngl): prints this tree wertically.

HiOTE: Due to the Limitation of the current TIVIL tool,
we use the array notation Ohject[] inp to represent the
warargs notation Ohiject... inp.
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1. (15 pts Total) Consider the following program

import brs.*;
import genRac.*;

public class TreeTraversal {

/**

* Traverse a BiTree using a RAC to control the
* @param root the BiTree to traverse

* @param factory a factory for creating a RAC
*

/
public static void traverse(BiTree root, IRACFa

final IRAContainer<BiTree> rac = factory.ma

/**
* |f root is non-empty, add it to rac.
*/
root.execute(new IVisitor ({
public Object emptyCase(BiTree host, Ob
return null;

}

public Object nonEmptyCase(BiTree host,
rac.put(host);
return null;
}
b

System.out.print("Traversal:");

while (rac.isEmpty()) {
BiTree bt = rac.get();

System.out.print(" " + bt.getRootDat())

/**
* If bt's left child is non-empty, add
*
bt.getLeftSubTree().execute(new IVisito
public Object emptyCase(BiTree host
return null;
}

public Object nonEmptyCase(BiTree h
rac.put(host);
return null;
}
i
/**
* |f bt's right child is non-empty, ad
*
bt.getRightSubTree().execute(new IVisit
public Object emptyCase(BiTree host
return null;

}

public Object nonEmptyCase(BiTree h
rac.put(host);
return null;
}
i
}

System.out.printin("");

}
}
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order of traversal.

ctory<BiTree> factory) {
keRAC();

ject... input) {

Object... input) {

it to rac.

rof
, Object... input) {

ost, Object... input) {

ditto rac.

or (f
, Object... input) {

ost, Object... input) {
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Your task is to write down the precise output of TreeTraversal.traverse() for each of the following cases. In all
cases, the following binary tree of integers is passed to TreeTraversal.traverse().

93

I\

!\

61 82
/AN A
74 46 55 37

a) (5 pts) What is the output if an LRSStackFactory<BiTree> is passed to TreeTraversal.traverse()?

b) (5 pts) What is the output if an LRSQueueFactory<BiTree> is passed to TreeTraversal.traverse().

¢) (5 pts) What is the output if an PQComparatorRACFactory<BiTree> is passed to TreeTraversal.traverse(). Note:
Remember that the RACs created by PQComparatorRACFactory<BiTree> return the largest item in the RAC first.
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2. (25 pts) Given below is the code to delete a node from a binary search tree. This code works because the method
remRoot() of BiTree only requires that at least one of the subtrees be empty. Rewrite the deletion algorithm for a
binary search tree in the case where remRoot() requires that both subtrees are empty. Feel free to write any
additional helper visitors.

Given code:

public cl ass BSTDeleter i npl enent s IVisitor {
pri vat e Comparator _order;

publ i ¢ BSTDeleter() {
_order = new Comparator() {
publ i c i nt compare(Object x, Object y) {
r et ur n ((Comparable)x).compareTo(y);

publ i ¢ BSTDeleter (Comparator order) {
_order = order;

}

publ i ¢ Object emptyCase(BiTree host, Object... nu) {
r et ur n Boolean.FALSE;

publ i ¢ Object nonEmptyCase( final BiTree host, Object... input) {
Object root = host.getRootDat();

i f (_order.compare(input[0], root) < 0){
r et ur n host.getLeftSubTree().execute ( t hi s, input[0]);
i f (_order.compare(input[0], root) > 0){
r et ur n host.getRightSubTree().execute ( t hi s, input[0]);
}
r et ur n host.getLeftSubTree().execute( new IVisitor() {
publ i ¢ Object emptyCase (BiTree h, Object notUsed) {
host.remRoot();
r et ur n Boolean.TRUE;
}
publ i ¢ Object nonEmptyCase (BiTree h, Object notUsed) {
BiTree maxTree = (BiTree)h.execute(MaxTreeFinder.Singleton);
host.setRootDat(maxTree.remRoot());
r et ur n Boolean.TRUE;
}
Dk
}
}
/ * %

* Returns the subtree of the host with the max value in the root if the tree
* is not enpty, otherw se returns the host itself, assunming the tree satisfies
* the BST property.

*/

publ i c cl ass MaxTreeFinder i mpl emrent s IVisitor {
public static final MaxTreeFinder Singleton = new MaxTreeFinder ();
pri vat e MaxTreeFinder () {

}

publ i ¢ Object emptyCase(BiTree host, Object... nu) {
r et ur n host;
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publ i ¢ Object nonEmptyCase (BiTree host, Object... nu) {
r et ur n host.getRightSubTree().execute ( new IVisitor () {
publ i ¢ Object emptyCase (BiTree h, Object... hp) {
r et ur n hp[0];

}
publ i ¢ Object nonEmptyCase (BiTree h, Object... hp) {
r et ur n h.getRightSubTree ().execute ( t hi s, h);
}
}, host);

Your code:

publ i c cl ass BSTDeleter2 i mpl emrent s IVisitor {
pri vat e Comparator _order;

publ i ¢ BSTDeleter2() {
_order = new Comparator() {
publ i c i nt compare(Object x, Object y) {
r et ur n ((Comparable)x).compareTo(y);

publ i ¢ BSTDeleter2 (Comparator order) {
_order = order;

}

publ i ¢ Object emptyCase(BiTree host, Object... nu) {
r et ur n Boolean.FALSE;

publ i ¢ Object nonEmptyCase( final BiTree host, Object... input) {
/l STUDENT TO COMPLETE
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3. (30 pts) Below is the UML class diagram representing the abstract syntax tree (AST) object model for
arithmetic expressions given in homework #4.

H LBinOp(IAST Ihs, IAST ths)
+ AST : getLHS()

+ Varl eafl String id)
+ Ohject : getValue)
+ Chiject : execute{IAST &1z0 algn, Ohbject[] parara)
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+ Oiject : execute(TASTAIgo alge, Olfect(] param) = ————— = + Ofect : intleqfCase(ILeafhost, Olfect(] param)
¥ Objact : varLeqfCase (ILeqf host, Objact(] param)
— - + Object - addCase(IBinOp host, Object(] param)
Z‘X - + Objact : multiply Case (IBinOp host, Object(] param)
-
- -t -
-~ -
- P
—_ -
bl -
==IBinOp== ==ILeaf-> -~
+ IAST : getLHEY + Object : geibalue)
+ [AST : getRHS)
i) [
I I
I r—-— """~~~ ~"~"~/""”/"7”/"”/” R
I I I
L | |
ARin Cp VarLeaf IntLeaf
= IAST: Ihs = String: _id = Integer : _walue
= IA5T: rhs

+ Intleaflint val)
+ Ohject : execute{IAST &lzo alzo, Ohject[] parara)
+ Chiject : getValuel)

+ [45T : getRHI()

7

Multipl Add
+ NWlultiplyIAST The, LAST ths) + Add([&ST Ihs, I&ST ths)
+ Ohiject : execute(IAST Algo alzn, Ohject[] param) + Ohject : execute{IAST &lzo alzo, Ohject[] parara)

Write an IASTAlgo to simplify arithmetic expressions with constants into single constants within an AST. The
visitor should return the simplified AST. Since the AST is immutable, the visitor should construct new AST
objects as necessary to account for changes in the simplification process. Feel free to write any additional
helper visitors.

Examples:
host AST output AST
57 57
Xyz Xyz
+ 41
I\
33 8
+ +
/\ /\
33 * 33 *
I\ [\
+ Xyz 9 xyz
/\
5 4
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public class Simplify implements IASTAIgo{
public final static Simplify Singleton = new Si

private Simplify() {
}

public Object intLeafCase(ILeaf host, Object...
/I student to complete

}

public Object varLeafCase(ILeaf host, Object...
/I student to complete

}

public Object addCase(IBinOp host, Object... nu
/I student to complete

}

public Object multiplyCase(IBinOp host, Object.
/I student to complete
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mplify();

nu) {

nu) {

)

.. nu) {
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4. (30 pts) Write an IAlgo visitor for LRStruct called Weave that mutates the host LRStruct and the input LRStruct
such that the two lists become equivalent but do not share any NENode objects. In other words, they remain two
distinct lists that contain the same data objects in the same order. The data objects in the two lists should be weaved
together in alternation as illustrated by the following example. When you weave L1 = (5, 3, 9) together with L2 = (-
7,0, 8, -15), the result is both L1 and L2 mutate to become the list (5, -7, 3, 0, 9, 8, -15) but remain distinct and do
not share any NENode objects. You may assume that the host list and the input list are distinct and do not share any
NENode to start with. Note that the lists may have different lengths. Feel free to write any additional helper visitors.

public cl ass Weave i npl enents IAlgo {
public static final Weave Singleton = new Weave();
privat e Weave() {

}
/**

* @param host empty
* @param input[0] the other LRStruct.
*/

publ i ¢ Object emptyCase(LRStruct host, Object... input) {
// student to complete

/**

* @param host not empty

* @param input[0] the other LRStruct.

*/
publ i ¢ Object nonEmptyCase(LRStruct host, Object... input) {
// student to complete
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