2004 BHCSI Data Structures in Java

Test #1 Solutions

7/9/04

1) (15 pts) Consider the following problem:

You are given a list of daily stock prices (doubles) over a span of time such as:

10.5, 10.25, 10.75, 11.25, 11.00, 11.75, 11.5

The volatility of a stock over a span of days is defined as the sum of the changes from day to day in the stock price divided by the total number of days minus one in the list. For the example above, the sum of the daily changes is

(10.5 - 10.25) + (10.75 - 10.25) + (11.25 - 10.75) + (11.25 - 11.00) + (11.75 - 11.00) + (11.75 - 11.5) = 2.5

Since there are seven days in the list, the volatility of this stock is 2.5/6 ~ .417

Write a static method to determine the volatility of a stock. Your method should take in one parameter as input: an array of doubles representing the stock prices. (You may call the Math.abs(double x) method if you'd like.) A prototype is given to you below:

public static double Volatility(double[] prices) {

  double sum=0;

  for (int i=1; i<prices.length; i++) 

    sum += Math.abs(prices[i-1]-prices[i]);

  return sum/(prices.length-1);
}
2) (25 pts) Vectors defined in two dimensions take the form ai+bj, where a and b are real number values and i and j are vectors in the direction of the x-axis, and y-axis, respectively. Here are the definitions of two functions between two vectors:

Addition: (ai+bj) + (ci+dj) = (a+c)i + (b+d)j  (another vector)

Dot Product: (ai+bj) ( (ci+dj) = a*c + b*d (a value)

Here is the definition of the magnitude (denoted with the absolute value sign) of a vector:

|ai+bj| = 
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Also, to determine the angle ( between two vectors u and v, where u = ai+bj, v = ci+dj, we can use the following formula:
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, (Note: Math.arccos(double x) returns an answer in radians.)

In essence, we can use this formula above to solve for the angle between two vectors.

Finally, note that a vector really signifies the displacement between two points. Thus, if you are given a starting point of (x1, y1) and an ending point of (x2, y2), the vector defined by those two points is (x2 - x1)i + (y2 - y1)j. Thus, we can write a MathVector constructor that takes in two Point objects. Assume in the Point class there are two methods, getX() and getY() that retrieve both the x and y coordinates(doubles) of a Point object.

You will write five methods to the MathVector class, for each of the following:

1) a constructor that takes in two Point objects

2) addition

3) dot product

4) magnitude

5) to determine the angle between two MathVector objects (in degrees)

Prototypes for all methods are given to you below:

public class MathVector

  private double a;

  private double b;

  public MathVector(double i_coord, double j_coord) {

    a = i_coord;

    b = j_coord;

  }

  public MathVector(Point p1, Point p2) {

    a = p2.getX() - p1.getX();

    b = p2.getY() - p1.getY();

  }

  public MathVector add(MathVector other) {

    double real = a + other.a;

    double img = b + other.b;

    return new MathVector(real,img);
  }

  public double dotProduct(MathVector other) {

    return a*other.a+b*other.b;

  }

  public double magnitude() {

    return Math.sqrt(a*a+b*b);

  }

  public double angleBetween(MathVector other) {

    double cosval = dotProduct(other);

    cosval = cosval/magnitude()/other.magnitude();

    return 180*Math.acos(cosval)/Math.PI;

  }

}
3) (10 pts) Write a method in the Route class that determines the angle between two Route objects. Assume that the Route class has methods getPoint1() and getPoint2(), that return the first and second point of the Route object, respectively. Fill in the method below:

public double getAngleBetween(Route other) {

  MathVector v1 = new MathVector(getPoint1(), getPoint2());

  MathVector v2 = new MathVector(other.getPoint1(), 

                                 other.getPoint2());

  return v1.angleBetween(v2);

}
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