Stuart Golodetz

Object Oriented Programming

Tutorial 3a
Exercise 1

Complete the definition of the compare method. You will need to read the documentation for String.compareTo

(or for the Comparable interface) to do this.

Answer:

public static int compare(Record l, Record r)

{


if(l.length() != r.length()) throw new java.lang.Error();


for(int i=0, len=l.length(); i<len; ++i)


{



String lhs = l.getField(i), rhs = r.getField(i);



int result = lhs.compareTo(rhs);



if(result != 0) return result;


}


return 0;

}

Exercise 2

We may eventually need to provide compact and efficient representations of records that have been composed

by slicing and catenation - because those operations simply "renumber" fields of existing records. (See the

record-slicing and catenation methods of RecordUtil for details.) The more layers of renumbering, the longer

it takes to access a record's fields.

1. Define an ArrayRecord method

public Record copy(Record rec)

that generates such a representation.

2. The obvious way of defining copy may not be the most efficient, for there's no point in making a new copy

of an existing ArrayRecord. See if you can improve the efficiency of copy by using an instanceof test.

Answer:

1.

public Record copy(Record rec)

{


int len = rec.length();


String[] fields = new String[len];


for(int i=0; i<len; ++i) fields[i] = rec.getField(i);


return new ArrayRecord(fields);

}

2.

public Record copy(Record rec)

{


if(rec instanceof ArrayRecord) return rec;


// [Original code goes here]

}

Exercise 3

Give an implementation for the filter method of the Stream abstract class. It should be as "lazy" as possible,

in the sense that the underlying stream's next() should not be invoked until it is forced to be - that is,

because the stream's hasNext() is invoked.

Answer:

public Stream filter(final Predicate predicate)

{


return new Stream()


{



private final static int UNCERTAIN = 0;
// we don't know whether the next object passes or not, and









// we don't even know if there are more objects which pass in









// the stream



private final static int READY = 1;

// we know the next object passes, and furthermore we've got









// it cached in m_cachedObj



private final static int DONE = 2;

// we know there are no more objects which pass in the stream



private int m_state = UNCERTAIN;



private Object m_cachedObj;



public Object next()



{




switch(m_state)




{





case UNCERTAIN:





{






hasNext();






return next();





}





case READY:





{






m_state = UNCERTAIN;






return m_cachedObj;





}





case DONE:





{






throw new java.lang.Error();





}




}



}



public boolean hasNext()



{




// Invariant: After returning from hasNext(), (m_state == READY) || (m_state == DONE)




switch(m_state)




{





case UNCERTAIN:





{






do






{







if(!Stream.this.hasNext())







{








m_state = DONE;








return false;







}







m_cachedObj = Stream.this.next();






} while(!predicate.pass(m_cachedObj));






m_state = READY;






return true;





}





case READY:





{






return true;





}





case DONE:





{






return false;





}




}



}


};

}

Exercise 4

Give an implementation for a fromIterator method

public static Stream fromIterator(final Iterator it)

of the Stream abstract class that can be used to generate a Stream whose elements are those of the given Iterator.

Answer:

public static Stream fromIterator(final Iterator it)

{


return new Stream()


{



public Object next()



{




return it.next();



}



public boolean hasNext()



{




return it.hasNext();



}


};

}

Exercise 5

Estimate the space and time overhead imposed by Unique.

Answer:

Space overhead - Suppose there are n things in the original stream. If they're all unique, then they'll all pass the predicate and get added to seen,

so we could end up making a copy of all n things. We also store the filtered Stream inside Unique (so there's some space taken up by the reference), and the stream itself contains various things representing the internal state. All this latter stuff takes up constant space, so our overall space overhead is O(n).

Time overhead - All the time gets taken up doing operations on the HashSet. If we choose a good hash function, these should be pretty much constant time, so once again supposing there are n things in the original stream, we end up with overall time overhead of O(n) as well.

Exercise 6 - Duplicating Streams

Define a class with constructor Duplicate(Stream base) that remembers the (remaining) elements of the given base

stream and allows them to be "replayed". It should have a public method Stream replay() that generates a new stream

whenever it is called. The new stream should have all the elements that the base stream had left in it when the

duplicate was constructed.

See how "lazy" you can make your implementation. The laziest implementation will consume the base stream only as far

as the furthest-consumed replay stream requires it to be consumed; a less lazy implementation will consume the

base stream somewhat earlier than this - perhaps when the first replay stream is returned.

If you find it convenient to do so, then make Duplicate an extension of Stream.

Answer:

public class Duplicate extends Stream

{


private final static int INSEEN = 0;


private final static int INBASE = 1;


private Stream m_base;


private LinkedList m_seen;


private ListIterator m_seenIter;


private int m_state;


private Duplicate(Stream base, LinkedList seen)


{



m_base = base;



m_seen = seen;



m_seenIter = seen.listIterator();



m_state = INSEEN;


}


public Duplicate(Stream base)


{



this(base, new LinkedList());


}


public boolean hasNext()


{



switch(m_state)



{




case INSEEN:




{





// We might be at the end of the seen list without having realised it yet, so we





// need both clauses of the or expression.





return m_seenIter.hasNext() || m_base.hasNext();




}




default: // case INBASE




{





// Note that modifying the seen list when we're processing the base stream by





// appending items we read from the stream onto it will invalidate the iterator





// into the seen list (and as I understand it will result in the iterator throwing





// a ConcurrentModificationException next time we try and do something with it).





// Since this is undesirable, we make sure we don't even think about touching the





// iterator once we're in the INBASE state.





return m_base.hasNext();




}



}


}


public Object next()


{



switch(m_state)



{




case INSEEN:




{





if(m_seenIter.hasNext())





{






return m_seenIter.next();





}





else





{






m_state = INBASE;






return next();





}




}




default: // case INBASE




{





if(m_base.hasNext())





{






Object o = m_base.next();






m_seen.add(o);






return o;





}





else





{






throw new java.lang.Error();





}




}



}


}


public Stream replay()


{



return new Duplicate(m_base, m_seen);


}

}

Exercise 7

Implement a binary composite predicate AndPredicate that is passed by objects that satisfy both its component

predicates. Implement a unary composite predicate NotPredicate that is passed by objects that do not pass its

single component predicate.

Answer:

public class AndPredicate implements Predicate

{


private final Predicate a, b;


public AndPredicate(Predicate a, Predicate b)
{ this.a=a; this.b=b; }


public boolean pass(Object obj)


{ return a.pass(obj) && b.pass(obj); }


public String toString()


{ return "("+a+" && "+b+")"; }

}

public class NotPredicate implements Predicate

{


private final predicate p;


public NotPredicate(Predicate p)

{ this.p=p; }


public boolean pass(Object obj)


{ return !p.pass(obj); }


public String toString()


{ return "(!"+p+")"; }

}

Exercise 8

Define a "matches" method within Relation that implements a relation whose left-hand operand is a string and whose right-hand operand is a string interpreted as a regular expression. You will need to read the documentation for String.matches to do this.

Answer:

public static Relation matches(Expr l, Expr r)

{


return new Relation("matches", l, r)


{



public boolean compare(Comparable vl, Comparable vr)



{




return ((String)vl).matches((String)vr);



}


};

}

Exercise 9

Answer:

Implement an IntConstant expression that is specified by an int and evaluates to the appropriate integer.

public class IntConstant implements Expr

{


final Integer m_val;


public IntConstant(int val)

{ m_val = new Integer(val); }


public Comparable eval(Record rec)
{ return m_val; }


public String toString()

{ return "\""+m_val+"\""; }

}

Exercise 10

Implement an IntField expressions - specified by a number n - that evaluates to the nth field interpreted as an Integer and fails with an

appropriate message if the field cannot be so interpreted.

Answer:

public class IntField implements Expr

{


final int n;


public IntField(int n)


{



this.n = n;


}


public Comparable eval(Record rec)


{



try



{




return Integer.parseInt(rec.getField(n));



}



catch(NumberFormatException e)



{




throw new Error("Cannot parse as integer: " + rec.getField(n));



}


}


public String toString()


{



return "#{"+n+"}";


}

}

Exercise 11

Implement composite integer arithmetic expressions in the same style we used to implement binary relations. It will make sense to base the

implementation on an abstract class Arithmetic that leaves abstract a method that is used to combine the values of the component expressions.

You may find it helpful to use the following method that throws a decipherable error if its first argument is not an integer.

public static Integer toInteger(Comparable v, Expr rec)

{


if(v instanceof Integer) return (Integer)v;


else throw new Error("\""+v+ "\" is not an Integer.\nEvaluating: "+rec);

}

What about unary negation?

Answer:

public abstract class Arithmetic implements Expr

{


public abstract Comparable eval(Record rec);

}

public abstract class BinaryArithmetic extends Arithmetic

{


final String opName;


final Expr l, r;


public BinaryArithmetic(String opName, Expr l, Expr r)


{ this.opName=opName; this.l=l; this.r=r; }


public abstract Comparable combine(Integer vl, Integer vr);


public Comparable eval(Record rec)
{ return combine(toInteger(l.eval(rec), rec), toInteger(r.eval(rec), rec)); }


public String toString()

{ return "["+l+opName+r+"]"; }


public static BinaryArithmetic plus(Expr l, Expr r)


{



return new BinaryArithmetic("+", l, r)



{




public Comparable combine(Integer vl, Integer vr)




{





return new Integer(vl.intValue() + vr.intValue());




}



};


}


...

}

For unary negation, we write:

public abstract class UnaryArithmetic extends Arithmetic

{


final String opName;


final Expr e;


public UnaryArithmetic(String opName, Expr e)


{ this.opName=opName; this.e=e; }


public abstract Comparable op(Integer ve);


public Comparable eval(Record rec)
{ return op(toInteger(e.eval(rec))); }


public String toString()

{ return "["+opName+e+"]"; }


public static UnaryArithmetic negate(Expr e)


{



return new UnaryArithmetic("-", e)



{




public Comparable op(Integer ve)




{





return new Integer(-ve.intValue());




}



};


}


...

}
