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class Complex {
  private final double re;  // Real Part
  private final double im;  // Imaginary Part

  public Complex(double re, double im) {
    this.re = re;
    this.im = im;
  }

  public double realPart()      { return re; }
  public double imaginaryPart() { return im; }
  public double r()             { return Math.sqrt(re * re + im * im); }
  public double theta()         { return Math.atan(im / re); }

  public Complex add(Complex c) {
    return new Complex(re + c.re, im + c.im);
  }
  public Complex subtract(Complex c) { ... }
  public Complex multiply(Complex c) { ... }
  public Complex divide(Complex c)   { ... }
}
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  public Complex(double re, double im) {
    this.re = re;
    this.im = im;
  }

  public double realPart()      { return re; }
  public double imaginaryPart() { return im; }
  public double r()             { return Math.sqrt(re * re + im * im); }
  public double theta()         { return Math.atan(im / re); }

  public Complex add(Complex c) {
    return new Complex(re + c.re, im + c.im);
  }
  public Complex subtract(Complex c) { ... }
  public Complex multiply(Complex c) { ... }
  public Complex divide(Complex c)   { ... }
}



11

public class ComplexUser {
    public static void main(String args[]) {
        Complex c = new Complex(-1, 0);
        Complex d = new Complex(0, 1);

        Complex e = c.add(d);
        System.out.println(e.realPart() + " + "
                           + e.imaginaryPart() + "i");
        e = c.multiply(d);
        System.out.println(e.realPart() + " + "
                           + e.imaginaryPart() + "i");
    }
}

-1.0 + 1.0i
-0.0 + -1.0i
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public interface Complex {
    // No constructors, fields, or implementations!

    double realPart();
    double imaginaryPart();
    double r();
    double theta();

    Complex add(Complex c);
    Complex subtract(Complex c);
    Complex multiply(Complex c);
    Complex divide(Complex c);
}



14

class OrdinaryComplex implements Complex {
  final double re;  // Real Part
  final double im;  // Imaginary Part

  public OrdinaryComplex(double re, double im) {
    this.re = re;
    this.im = im;
  }

  public double realPart()      { return re; }
  public double imaginaryPart() { return im; }
  public double r()             { return Math.sqrt(re * re + im * im); }
  public double theta()         { return Math.atan(im / re); }

  public Complex add(Complex c) {
    return new OrdinaryComplex(re + c.realPart(), im + c.imaginaryPart());
  }
  public Complex subtract(Complex c) { ... }
  public Complex multiply(Complex c) { ... }
  public Complex divide(Complex c)   { ... }
}
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public class ComplexUser {
    public static void main(String args[]) {
        Complex c = new OrdinaryComplex(-1, 0);
        Complex d = new OrdinaryComplex(0, 1);

        Complex e = c.add(d);
        System.out.println(e.realPart() + " + "
                           + e.imaginaryPart() + "i");
        e = c.multiply(d);
        System.out.println(e.realPart() + " + "
                           + e.imaginaryPart() + "i");
    }
}

-1.0 + 1.0i
-0.0 + -1.0i
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class PolarComplex implements Complex {
  final double r;
  final double theta;

  public PolarComplex(double r, double theta) {
    this.r = r;
    this.theta = theta;
  }

  public double realPart()      { return r * Math.cos(theta) ; }
  public double imaginaryPart() { return r * Math.sin(theta) ; }
  public double r()             { return r; }
  public double theta()         { return theta; }

  public Complex add(Complex c)      { ... } // Completely different impls
  public Complex subtract(Complex c)     { ... }
  public Complex multiply(Complex c)     { ... }
  public Complex divide(Complex c) { ... }
}
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public class ComplexUser {
    public static void main(String args[]) {
        Complex c = new PolarComplex(Math.PI,   1);  // -1
        Complex d = new PolarComplex(Math.PI/2, 1);  //  i

        Complex e = c.plus(d);
        System.out.println(e.realPart() + " + "
                           + e.imaginaryPart() + "i");
        e = c.times(d);
        System.out.println(e.realPart() + " + "
                           + e.imaginaryPart() + "i");
    }
}

-1.0 + 1.0i
-0.0 + -1.0i
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Set<Criminal> senate = new HashSet<>();          // Do this…
HashSet<Criminal> senate = new HashSet<>();      // Not this



21

interface Animal {
    void vocalize();
}
class Dog implements Animal {
    public void vocalize() { System.out.println("Woof!"); }
}
class Cow implements Animal { 
    public void vocalize() { moo(); }
    public void moo() { System.out.println("Moo!"); }
}

Animal a = new Animal();
a.vocalize();

Dog d = new Dog();
d.vocalize();

Animal b = new Cow();
b.vocalize();

b.moo();
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• protected

• public
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class OrdinaryComplex implements Complex {
  private double re;  // Real Part
  private double im;  // Imaginary Part

  public OrdinaryComplex(double re, double im) {
    this.re = re;
    this.im = im;
  }

  public double realPart()      { return re; }
  public double imaginaryPart() { return im; }
  public double r()             { return Math.sqrt(re * re + im * im); }
  public double theta()         { return Math.atan(im / re); }

  public Complex add(Complex c) {
    return new OrdinaryComplex(re + c.realPart(), im + c.imaginaryPart());
  }
  public Complex subtract(Complex c) { ... }
  public Complex multiply(Complex c) { ... }
  public Complex divide(Complex c)   { ... }
}
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Service* 
implementation

Service* interface

Client
environment

 Hidden from 
service* provider

 Hidden from 
service* client

* service = object, 
subsystem, …
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Algorithms.shortestDistance(g, “Tom”, “Anne”);
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Algorithms.shortestDistance(g, “Tom”, “Anne”);

> ArrayOutOfBoundsException
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Algorithms.shortestDistance(g, “Tom”, “Anne”);

> -1
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Algorithms.shortestDistance(g, “Tom”, “Anne”);

> 0
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class Algorithms {

    /**

     * This method finds the 

     * shortest distance between to 

     * vertices. It returns -1 if 

     * the two nodes are not 

     * connected. */

    int shortestDistance(…) {…}

}
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Math.sqrt(-5);

> 0
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/** 
  * Returns the correctly rounded positive square root of a 
  * {@code double} value. 
  * Special cases: 
  * <ul><li>If the argument is NaN or less than zero, then the 
  * result is NaN. 
  * <li>If the argument is positive infinity, then the result 
  * is positive infinity. 
  * <li>If the argument is positive zero or negative zero, then 
  * the result is the same as the argument.</ul> 
  * Otherwise, the result is the {@code double} value closest to 
  * the true mathematical square root of the argument value. 
  * 
  * @param a a value. 
  * @return the positive square root of {@code a}. 
  * If the argument is NaN or less than zero, the result is NaN. 
  */ 

public static double sqrt(double a) { …}
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public int read(byte[] b, int off, int len) throws IOException

▪ Reads up to len bytes of data from the input stream into an array of bytes. An 
attempt is made to read as many as len bytes, but a smaller number may be read. 
The number of bytes actually read is returned as an integer. This method blocks 
until input data is available, end of file is detected, or an exception is thrown.

▪ If len is zero, then no bytes are read and 0 is returned; otherwise, there is an 
attempt to read at least one byte. If no byte is available because the stream is at 
end of file, the value -1 is returned; otherwise, at least one byte is read and stored 
into b.

▪ The first byte read is stored into element b[off], the next one into b[off+1], and so 
on. The number of bytes read is, at most, equal to len. Let k be the number of 
bytes actually read; these bytes will be stored in 
elements b[off] throughb[off+k-1], leaving 
elements b[off+k] through b[off+len-1] unaffected.

▪ In every case, elements b[0] through b[off] and 
elements b[off+len] through b[b.length-1] are unaffected.

∙ Throws:
▪ IOException - If the first byte cannot be read for any reason other than end of file, 

or if the input stream has been closed, or if some other I/O error occurs.
▪ NullPointerException - If b is null.
▪ IndexOutOfBoundsException - If off is negative, len is negative, or len is greater 

than b.length - off
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public int read(byte[] b, int off, int len) throws IOException

▪ Reads up to len bytes of data from the input stream into an array of bytes. An 
attempt is made to read as many as len bytes, but a smaller number may be read. 
The number of bytes actually read is returned as an integer. This method blocks 
until input data is available, end of file is detected, or an exception is thrown.

▪ If len is zero, then no bytes are read and 0 is returned; otherwise, there is an 
attempt to read at least one byte. If no byte is available because the stream is at 
end of file, the value -1 is returned; otherwise, at least one byte is read and stored 
into b.

▪ The first byte read is stored into element b[off], the next one into b[off+1], and so 
on. The number of bytes read is, at most, equal to len. Let k be the number of 
bytes actually read; these bytes will be stored in 
elements b[off] throughb[off+k-1], leaving 
elements b[off+k] through b[off+len-1] unaffected.

▪ In every case, elements b[0] through b[off] and 
elements b[off+len] through b[b.length-1] are unaffected.

∙ Throws:
▪ IOException - If the first byte cannot be read for any reason other than end of file, 

or if the input stream has been closed, or if some other I/O error occurs.
▪ NullPointerException - If b is null.
▪ IndexOutOfBoundsException - If off is negative, len is negative, or len is greater 

than b.length - off

∙ Multiple error cases, each with a 
precondition
∙ Includes “runtime exceptions” not in 

throws clause

∙  Specification of return
∙  Case-by-case spec

∙  len=0 🡺 return 0
∙  len>0 && eof 🡺 return -1
∙  len>0 && !eof 🡺return >0

∙  Exactly where the data is stored
∙  What parts of the array are not affected
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What does the implementation 

have to fulfill if the client 

violates the precondition?
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/*@ requires len >= 0 && array != null && array.length == len;
  @
  @ ensures \result == 
  @            (\sum int j;  0 <= j && j < len;  array[j]);
  @*/
int total(int array[], int len);

Advantage of formal specifications:

* runtime checks (almost) for free

* basis for formal verification

* assisting automatic analysis tools

JML (Java Modelling Language) as 

specifications language in Java 

(inside comments)
Disadvantages

?
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/*@ requires len >= 0 && array != null && array.length == len;
  @
  @ ensures \result == 
  @            (\sum int j;  0 <= j && j < len;  array[j]);
  @*/

float sum(int array[], int len) {

assert len >= 0;

assert array.length == len;

float sum = 0.0;

int i = 0;

while (i < len) {

 sum = sum + array[i]; i = i + 1;

}

assert sum …;

return sum;

}

-ea
> java -ea Main
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/*@ requires len >= 0 && array != null && array.length == len;
  @
  @ ensures \result == 
  @            (\sum int j;  0 <= j && j < len;  array[j]);
  @*/

float sum(int array[], int len) {

if (len < 0 || array.length != len) 

throw IllegalArgumentException(…);

float sum = 0.0;

int i = 0;

while (i < len) {

 sum = sum + array[i]; i = i + 1;

}

return sum;

}
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/**

 * Returns the element at the specified position of this list.

 * 

 * <p>This method is <i>not</i> guaranteed to run in constant time.

 * In some implementations, it may run in time proportional to the

 * element position.

 * 

 * @param index position of element to return; must be non-negative and 

 *              less than the size of this list.

 * @return the element at the specified position of this list

 * @throws IndexOutOfBoundsException if the index is out of range

 *         ({@code index < 0 || index >= this.size()})

 */

E get(int index);

Postcondition

Precondition

Exceptional 
behavior
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1:     public static int binarySearch(int[] a, int key) {
2:         int low = 0;
3:         int high = a.length - 1;
4:
5:         while (low <= high) {
6:             int mid = (low + high) / 2;
7:             int midVal = a[mid];
8:
9:             if (midVal < key)
10:                 low = mid + 1
11:             else if (midVal > key)
12:                 high = mid - 1;
13:             else
14:                 return mid; // key found
15:         }
16:         return -(low + 1);  // key not found.
17:     }

java.util.Arrays.binarySearch
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1:     public static int binarySearch(int[] a, int key) {
2:         int low = 0;
3:         int high = a.length - 1;
4:
5:         while (low <= high) {
6:             int mid = (low + high) / 2;
7:             int midVal = a[mid];
8:
9:             if (midVal < key)
10:                 low = mid + 1
11:             else if (midVal > key)
12:                 high = mid - 1;
13:             else
14:                 return mid; // key found
15:         }
16:         return -(low + 1);  // key not found.
17:     }

java.util.Arrays.binarySearch

low + high
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Which strategies to
use in your project?
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import org.junit.Test;
import static org.junit.Assert.assertEquals;

public class AdjacencyListTest {
@Test
public void testSanityTest(){

Graph g1 = new AdjacencyListGraph(10);
Vertex s1 = new Vertex("A");
Vertex s2 = new Vertex("B");
assertEquals(true, g1.addVertex(s1));
assertEquals(true, g1.addVertex(s2));
assertEquals(true, g1.addEdge(s1, s2));
assertEquals(s2, g1.getNeighbors(s1)[0]);

}

@Test
public void test….

private int helperMethod…
}
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/**
 * computes the sum of the first len values of the array
 * 
 * @param array array of integers of at least length len
 * @param len number of elements to sum up 
 * @return sum of the first len array values
 * @throws NullPointerException if array is null
 * @throws IndexOutOfBoundsException if len > array.length
 * @throws IllegalArgumentException if len < 0
 */
int partialSum(int array[], int len);
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/**
 * computes the sum of the first len values of the array
 * 
 * @param array array of integers of at least length len
 * @param len number of elements to sum up 
 * @return sum of the first len array values
 * @throws NullPointerException if array is null
 * @throws IndexOutOfBoundsException if len > array.length
 * @throws IllegalArgumentException if len < 0
 */
int partialSum(int array[], int len);

•
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/**
 * computes the sum of the first len values of the array
 * 
 * @param array array of integers of at least length len
 * @param len number of elements to sum up 
 * @return sum of the first len array values
 * @throws NullPointerException if array is null
 * @throws IndexOutOfBoundsException if len > array.length
 * @throws IllegalArgumentException if len < 0
 */
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