Comp202 – Principles of Object Oriented Programming II  
EXAM #1
      

Rice University - Instructors: Wong & Nguyen

NAME & ID#: ____ANSWER KEY  _____________


Instructions
1. This is an open-notes, open-book, open-Internet exam.

2. You will not be penalized on trivial syntax errors, such as a missing parenthesis.  Multiple errors or errors that lead to ambiguous code will have points deducted, however.

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

4. The emphasis is on correctness of the code, not efficiency or on simply generating the right result.

5. You are free to use any code that was given to you in the lectures and labs.

Please write and sign the Rice Honor Pledge here:

	1
	2
	3a
	3b
	3c
	3d
	Total

	/15 pts
	/25 pts
	/15 pts
	/15 pts
	/15 pts
	/15 pts
	/100 pts


1. (15 pts) Lazy Evaluation:  Write an ALazyEval , called lrs.lazyEvals.LazyNFacInvEval, that creates an infinite lazy LRStruct containing the coefficients of the Taylor series expansion of ex for x around zero, which are just 1/n! for n=0, 1, 2, …:
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The stub and test code are in the lazyEvalCode subdirectory of the exam download.  If you run the “Sum N terms” visitor on your lazy list, you should get the value of ex for x=1 i.e the value of e itself!   (N is the value in the “B” input on the GUI.)

YOUR CODE SHOULD NOT RECALCULATE n! EVERY TIME!

Insert your code for LazyNFacInvEval here.

package lrs.lazyEvals;

import lrs.*;

public class LazyNFacInvEval extends ALazyEval

{

  double n=0.0;

  double nfac = 1.0;

  public final LRStruct nextLRS()

  {

    nfac *= ++n;

    return makeLRS ();

  }

  public final LRStruct makeLRS()

  {

    return makeLazyLRS (1.0/nfac);

  }

}
2. (25 pts total) Polynomials:  Consider the following model of a polynomial.

A polynomial of one variable, p(x),is an expression of the form 

anxn + an-1xn-1+ ... + a1x + a0,

where n is a non-negative integer, ak (k = 0.. n) are numbers, and an is a number not equal to 0.  n is called the order (or degree) of p(x), ak(k = 0.. n) are called the coefficients of p(x), and an is called the leading coefficient of p(x).

For example: 

· p(x) = 12x5 - 3x2 + 7 is a polynomial of degree (order) 5 with leading coefficient 12.  -3x2 + 7 is called the lower order polynomial for p(x).

· p(x) = 7 is a polynomial of degree 0 with leading coefficient 7.  This is an example of a constant polynomial.  It has no lower order polynomial.

We can describe polynomials in the following manner.  There is an abstraction called polynomial.  A constant polynomial is a polynomial with a leading coefficient and order (degree) 0. A non-constant polynomial is a polynomial with a leading coefficient, a positive order, and a lower order polynomial. Constant polynomials do not contain lower order polynomials.

Forward Accumulation:  Write a visitor, called poly.op.EvalHorner,  that evaluates a Polynomial for a given value of x.  Your solution should use forward accumulation.  

The evaluation technique you are required to use is called “Horner’s method” which utilizes the fact that a polynomial can be decomposed as follows:

anxn + an-1xn-1+ ... + a1x + a0 

= ((..(anx + an-1) x + an-2)x + an-3)x + ... + a1)x + a0
Notice how the factors of x to some power are eliminated.  If you look at the right hand side of the above equation as a process going from the innermost parentheses on the left towards the right, Horner’s method can be described as follows:

i) When at the first term

a) Base case: then the constant value of the Polynomial is the result

b) Inductive case:  the result is the evaluation of the rest of the Polynomial where the accumulated value so far is simply the coefficient.

ii) When in the middle of an evaluation,

a) Base case:  the final evaluation of the whole Polynomial is the previous accumulated value times x raised to the power of the previous term  (You may use the Math.pow(double a, double b) function) plus the current constant value.

b) Inductive case: the result is the evaluation of the rest of the Polynomial where the accumulated value so far is the previous accumulated value time x raised to the power of the difference between the previous order and this order (may not be 1 if there are missing terms; for example, in the above equation, what if an-1 and an-2 are both zero?) plus the current coefficient.

Below is a UML diagram of the polynomial system.

Note:  StructureBuilder is unable to parse or display variable argument lists, so wherever you see “Object[]” on the UML diagram, please replace it with “Object …”  Also, any class whose name begins with “CompPolyFact$” is a nested class of CompPolyFact.
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The stub and test code can be found in the polynomialCode subdirectory of the exam download.

Insert your code for EvalHorner here.

package poly.op;

import poly.*;

/**

 * Evaluates the host given a Double input using Horner's algorithm.

 * @author SBW, DXN

 */

public class EvalHorner implements IPolyOp {

    public static EvalHorner Singleton = new EvalHorner();

    private EvalHorner() {

    }

    /**

     * Returns the leading coefficient of this constant polynomial.

     * @param xVal[0] x value (Double)

     * @return Double

     */

    public Object constCase(IConstPoly pol, Object... xVal) {

        return pol.getLeadCoef();

    }

    /**

     * Asks the lower order polynomial for help, passing it this leading

     * coefficient of the host (a non-constant polynomial) as the accumulated

     * computed value so far, and the degree(i.e. order) of the host as the

     * degree of the enclosing polynomial.

     * @param xVal[0] x value (Double)

     * @return Double

     */

    public Object nonConstCase(INCPoly pol, Object... xVal) {

        final double x = (Double)xVal[0];

        return pol.getLowerPoly().execute(new IPolyOp() {

            public Object constCase(IConstPoly p, Object... inp) {

                double acc = (Double)inp[0];

                int prevOrder = (Integer) inp[1]; 

                return acc * Math.pow(x, prevOrder) + p.getLeadCoef();

            }

            public Object nonConstCase(INCPoly p, Object... inp) {

                double acc = (Double)inp[0];

                int prevOrder = (Integer) inp[1]; 

                int ord = p.getOrder();

                acc = acc * Math.pow(x, prevOrder - ord) + p.getLeadCoef();

                return p.getLowerPoly().execute(this, acc, ord);

            }

        }, pol.getLeadCoef(), pol.getOrder());

    }

}

1. (60 pts) Higher order functions/visitors.

The test and stub code for the following problems can be found in the higherOrderCode subdirectory of the exam download.

A. (15 pts) Create a visitor to concatenate two IList using an appropriate Fold?IList visitor and an appropriate ILambda.  The specification of the problem is given in the form of a JUnit test case, Test_Append.java, in the package listFW.visitor.fold.test.  Complete the stubbed out code in Test_Append.java as specified.  You are free to use any code that was given to you in the lectures and labs.

Insert your code for Test_Append here.

package listFW.visitor.fold.test;
import junit.framework.TestCase;
import listFW.*;

import listFW.visitor.fold.*;

import listFW.visitor.*;

import listFW.factory.*;

import fp.*;

/**

 * Concatenating two IList using Foldr and Cons.

 * @author DXN

 */

public class Test_Append extends TestCase {

    IListFactory fac = CompositeListFactory.Singleton;

    ILambda f = new Cons(fac);  // STUDENT TO COME UP WITH THE RIGHT lambda HERE

    IListAlgo algo = new FoldrIList(f);  // STUDENT TO COME UP WITH THE RIGHT Fold HERE

    IList L0 = fac.makeEmptyList();  // ()

    IList L1 = fac.makeNEList("a", L0); // (a)

    IList L2 = fac.makeNEList("b", L1); // (b, a)

    public void testEmpty() {

        assertEquals("Concat Empty list with Empty list", "()", L0.execute(algo, L0).toString());

        assertEquals("Concat Empty list with (a)", "(a)", L0.execute(algo, L1).toString());

        assertEquals("Concat Empty list with (b, a)", "(b, a)", L0.execute(algo, L2).toString());

    }

    public void testNonEmpty() {

        IList one = fac.makeNEList(1, L0);

        assertEquals("Concat (1) with Empty List", "(1)", one.execute(algo, L0).toString());

        IList two = fac.makeNEList(2, one);

        assertEquals("Concat (2, 1) with Empty List", "(2, 1)", two.execute(algo, L0).toString());

        assertEquals("Concat (1) with (a)", "(1, a)", one.execute(algo, L1).toString());

        assertEquals("Concat (2, 1) with (a)", "(2, 1, a)", two.execute(algo, L1).toString());

        assertEquals("Concat (1) with (b, a)", "(1, b, a)", one.execute(algo, L2).toString());

        assertEquals("Concat (2, 1) with (b, a)", "(2, 1, b, a)", two.execute(algo, L2).toString());

    }

}
B. (15 pts) Write a BiTree visitor called ListInOrderRev that returns an IList containing the elements of the host tree in in-order traversal.  ListInOrderRev should take in an IListFactory in the constructor.  The specification is given in the form of a JUnit test case, Test_ListInOrderRev, in the package brs.visitor.test.  Complete the stubbed out code of ListInOrderRev.java in package brs.visitor as specified

Insert your code for ListInOrderRev here.
package brs.visitor;

import brs.*;

import listFW.*;

import listFW.visitor.*;

import fp.*;

/**

 * Given an IListFactory, returns the IList containing the elements in the host

 * tree in in-order traversal.

 * @author Dung X. Nguyen - Copyright 2004 - All rights reserved.

 */

public class ListInOrderRev implements IVisitor {

    IListFactory _lf;

    IListAlgo _concat;

    public ListInOrderRev(IListFactory lf) {

        _lf = lf;

        _concat = new FoldrIList(new Cons(lf));

    }

    /**

    */

    public  Object emptyCase(BiTree host, Object nu) {

        return _lf.makeEmptyList();

    }

    /**

    */

    public Object nonEmptyCase(BiTree host, Object nu) {

        IList left = (IList)host.getLeftSubTree().execute(this, null);

        IList right = (IList)host.getRightSubTree().execute(this, null);

        IList acc = _lf.makeNEList(host.getRootDat(), right);

        return left.execute(_concat, acc);

    }
}

C.  (15 pts) Write an ILambda, called HigherOrderListInOrderRev, to compute an IList containing the elements of the host BiTree in in-order traversal, using the "higher-order" visitor InOrder1.  The specification for this computation is given in the form of a  JUnit test case, Test_HigherOrderListInOrderRev, in the package brs.visitor.traverse.test.  Complete the stubbed out code in HigherOrderListInOrderRev as specified.  Feel free to use the results in any of the previous problems.

Insert your code for HigherOrderListInOrderRev here.
package brs.visitor.traverse;

import brs.*;

import listFW.*;

import listFW.visitor.*;

import fp.*;

/**

 * Given an IListFactory, returns the IList containing the elements in the host

 * tree in in-order traversal.

 */

public class HigherOrderListInOrderRev implements ILambda {

    private IListFactory _lf;

    private IListAlgo _concat;  

    // STUDENT TO ADD APPROPRAITE FIELDS

    public HigherOrderListInOrderRev(IListFactory lf) {

        _lf = lf;

        _concat = new FoldrIList(new Cons(lf));    

    }

        /**

         * @param args[0] an IList

         * @param args[1] a BiTree

         * @param args[2] an IList

         */

        public Object apply(Object... args) {

            IList acc = _lf.makeNEList(((BiTree)args[1]).getRootDat(), (IList)args[2]);

            return ((IList)args[0]).execute(_concat, acc);

        }

}

D. (15 pts) Write a BiTree visitor, called ListInOrder, that computes an IList containing the elements of the BiTree host in in-order traversal.  This visitor should compute the IList directly without using concatenation.  The JUnit test case is Test_ListInOrder.java in package brs.visitor.test.  Complete the stubbed out code of ListInOrder.java in package brs.visitor as specified.

Insert your code for ListInOrder here.
package brs.visitor;

import brs.*;

import brs.visitor.traverse.*;

import listFW.*;

/**

 * Given an IListFactory, returns the IList containing the elements in the host

 * tree in in-order traversal.

 * @author Dung X. Nguyen - Copyright 2004 - All rights reserved.

 */

public class ListInOrder implements IVisitor {

    public static final ListInOrder Singleton = new ListInOrder();

    private ListInOrder() {}

    /**

     * @param lf ILIstFactory

    */

    public  Object emptyCase(BiTree host, Object lf) {

        return ((IListFactory)lf).makeEmptyList();

    }

    /**

    */

    public Object nonEmptyCase(BiTree host, Object lf) {

        final IListFactory fac = (IListFactory)lf;

        return host.execute(new IVisitor() {

            public Object emptyCase(BiTree h, Object acc) {

                return acc;

            }

            public Object nonEmptyCase(BiTree h, Object acc) {

                /*

                 * Construct the partial list consisting of the host and

                 * its right subtree.

                 */

                IList right = fac.makeNEList(h.getRootDat(),

                                        (IList)h.getRightSubTree().execute(this, acc));

                /*

                 * Pass the partial list to the left subtree and return

                 * the list given by the left subtree.

                 */

                return h.getLeftSubTree().execute(this, right);

            }

        }, fac.makeEmptyList());

    }

}
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