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CS 217, Winter 2004, Exam #2        Name:_____________________________

There are five problems on this exam, each worth 20 points, spread across nine pages. If you believe that a problem is unclear state your assumptions, then proceed to solve the problem.
1. (a) Write Prolog code for the predicate remove(L,E,SL). A query on this predicate should have a list in the first position, a single list element in the second position, and a variable in the third position. After issuing this query, SL should contain the list L with the element E removed. If E appears multiple times in L, every occurrence of it should be removed. If E does not appear at all in L, SL should be exactly the same list as L. The order of the remaining elements in L should not change. For example, the query
?- remove([5,2,1,3,5,7,1],5,SL).

should yield SL = [2,1,3,7,1].
You may not use the built-in Prolog predicate delete, as this would make this problem trivial. You may use any other built-in Prolog predicates that you like.

 (b) Write Prolog code for the predicate next(L,E,N). A query on this predicate should have a list in the first position, a single list element in the second position, and a variable in the third position. After issuing this query, N should contain the next element in the list L after element E. If E appears multiple times in L, N should be the next element after the first occurrence only of E in L. If E does not appear at all in L, the query should fail. For example, the query

?- next([5,2,1,3,5,7,1],5,N).

should yield N = 2.
You may use any built-in Prolog predicates you like.
2. Consider the following Java code:

class ParameterPassingExamples {

  public static void swap(int a, int b) {

    int temp;

    temp = a;

    a = b;

    b = temp;

  }

  public static void main(String[] args) {

    int value = 2;

    int[] list = {1, 3, 5, 7, 9}; // array of integers
    swap(value, list[0]);

    swap(list[0], list[1]);

    swap(value, list[value]);

  }

}

(a) Java treats parameters via "pass by value." What do value and list contain after the three calls to swap?
(b) If Java were to instead treat parameters via "pass by reference," what would value and list contain after the three calls to swap? 

2 (continued). Here is the program again, so you don't need to flip pages.

class ParameterPassingExamples {

  public static void swap(int a, int b) {

    int temp;

    temp = a;

    a = b;

    b = temp;

  }

  public static void main(String[] args) {

    int value = 2;

    int[] list = {1, 3, 5, 7, 9};

    swap(value, list[0]);

    swap(list[0], list[1]);

    swap(value, list[value]);

  }

}

 (c) If Java were to instead treat parameters via "pass by value-result," what would value and list contain after the three calls to swap? 

(d) If Java were to treat parameters via "pass by name", what would value and list contain after the three calls to swap? 

3. (a) Suppose that we have a two-dimensional array A defined as follows:

· A: array[LB1..UB1][LB2..UB2]

· A is stored in row-major order

·  is the location in memory where A is stored

· E is the size (number of bytes) of an individual element of the array.

Write down a formula to determine the precise memory location of A[i][j]. Indicate which terms belong to the virtual origin and can be precomputed.

(b) Some programming languages allow you to define a slice of an array. A slice provides an alternative way of accessing data in the original array. For example, if we have:

A: array[1..5][-2..4]

An array slice is typically defined via the wildcard character '*':
B = A[3][*]: B behaves as a 1-D array that ranges from -2 to 4, but B[1] really means A[3][1], and B[4] really means A[3][4].
Now suppose that in general we have array A as defined by part (a) above, and we define

· B = A[x][*], where x is a fixed value within the range [LB1..UB1].
Write down a formula to determine the precise memory location of B[j]. Indicate which terms belong to the virtual origin and can be precomputed.

3. (c) Here is another slice example: if we have

A: array[1..5][-2..4]

Define the slice C as
C = A[*][-1]: C behaves as a 1-D array that ranges from 1 to 5, but C[3] really means A[3][-1], and C[1] really means A[1][-1].
Now suppose again that in general we have array A as defined by part (a) above, and we define

· C = A[*][y], where y is a fixed value within the range [LB2..UB2].
Write down a formula to determine the precise memory location of C[i]. Indicate which terms belong to the virtual origin and can be precomputed.

4. Consider the following Java program:

class ScopeTest {

  public static int a = 1;

  public static int p(int x) {

    x = x + 1;

    return x + a;

  }

  public static void main(String[] args) {

    int a = 3;

    {

      int a = 5;

      {

        int x = p(a);

        System.out.println(x*a);

      }

    }

  }

}

(If you are happier thinking in C++, remove the line that says "class ScopeTest", and remove the "public static" throughout.)
(a) Java implements static scoping (lexical scoping). What value does this program print? Show a memory diagram for partial credit.
(b) Suppose instead that Java implemented dynamic scoping. What value would this program print? Show a memory diagram for partial credit.
5. Here are five concepts, each of which claims to be some form of polymorphism. One of the five is a fake: it is definitively and uncontroversially not polymorphism at all, though I have made up a "---- polymorphism" name for it. Define all five of these concepts, and also identify the fake. Why might the fake be confused for polymorphism, even though it is not?

(a) Overloading (ad-hoc polymorphism)

(b) Coercion (Typecasting polymorphism)

 (c) Generics (explicit parametric polymorphism)

(d) Implicit parametric polymorphism

(e) Overriding (subtype polymorphism)

