ITI 1121. Introduction to Computer Science II
Winter 2007

Assignment 2
Deadline: Tuesday July 7, 2009
Objectives

· Further understanding of dynamic arrays (DynamicArrayStack) 

· Introduction to the implementation of linked structures (LinkedStack) 

· A primer to virtual machines and programs interpretation 

· Further understanding of the stack-based algorithms 

· Strengthen your knowledge of type-safe implementations using generics 

· A brief account of graphical user interfaces (GUIs)

Introduction

For this assignment, you will complete the implementation of a virtual machine for a small programming language, called Luka, after the Polish mathematician Jan Łukasiewicz, who, in 1920, introduced the Reverse Polish Notation. Luka is a stack-based programming language similar to PostScript. The interpreter scans a program from left to right, pops and pushes operands from and to a stack. 

1 DynamicArrayStack (10 marks)

The class DynamicArrayStack implements the interface Stack using the technique presented in class and called dynamic arrays. This technique allows a data structure (here a stack) to increase or decrease its physical size according to the needs of the application. 

· Modify the implementation of the class DynamicArrayStack so that its array is always at lease 25% full. Specifically, whenever the percentage of the cells that are occupied becomes less that 25%, the current array must be replaced with a new one, smaller by GROWTH_FACTOR (a pre-defined constant). All the elements of the old array are copied to the new one. However, the array must never be smaller than MIN_CAPACITY (a pre-defined constant).

The implementation of the class DynamicArrayStack has a parameter type, and therefore creates a type-safe implementation of the interface Stack. 

2 LinkedStack (25 marks)

Implement the class LinkedStack, which uses linked elements to hold the content of a stack. You must implement all the methods of the interface Stack<E>, as well as the method Object[] toArray(). 

1. public boolean isEmpty() returns true if this stack is empty; 

2. public E peek() returns the top value of this stack without removing it (i.e. this operation does not change the state of this stack); 

3. public E pop() returns and removes the top value of this stack (i.e. this operation changes the state of this stack); 

4. public void push( E elem ) puts elem onto the top of this stack (this operation changes the state of this stack). The value null is a valid parameter value for the method push (this is also true for the method push of the class DynamicArrayStack). 

5. public Object[] toArray() returns an array i) of the same size as the number of elements that are currently stored in the LinkedStack and ii) containing all the same elements. The bottom element must be stored at position 0, the second element from the bottom must be stored at position 1, etc. so that the top element is stored at position size-1, where size is the number of elements currently stored in this stack. The stack must remain unchanged.

3 Luka Virtual Machine (LVM)

Complete the partial implementation of the Luka Virtual Machine (LVM). 

Token

The class Token models the elements of the language. Here, those elements are integers or symbols. See the documentation of the class Token for further information. 

Reader

The class Reader implements the lexical analysis of our Luka programs so that you do not have to be concerned by details, such as skipping white spaces, when implementing the interpreter. The intended use of the Reader follows: 

	Reader r = new Reader( program );  
while ( r.hasMoreTokens() ) {  
    Token t = r.nextToken();  
 
    if (! t.isSymbol()) {  
        // ...  
    } else if ( t.sValue().equals( "plus" ) ) {  
        // ...  
    }  
} 


See the documentation of the class Reader for further information. 

3.1 Display (10 marks)

Write an implementation for the class Display according to the following specifications. Display is a specialized Canvas to display the result of the evaluation of our Luka programs. 

1. Must be a subclass of java.awt.Canvas; 

2. Has an instance variable used to store a reference to the Viewer object who created this Display object. 

3. Implements the method public void paint(Graphics g). It calls the method paint( Graphics g ) of its viewer.

The super-class Canvas defines several methods, including repaint(), update(g) and paint(g). The sub-class Display overrides only the method paint(g), and here is the sequence of events leading to a call to the method paint: 

1. A call to the method repaint() forces a call to the method update(g). The call to the method repaint() occurs when the user clicks the “execute” button; 

2. The method update fills the Canvas with the default background color, and then calls the method paint(g); 

3. Our implementation of the method paint(g) simply passes the reference to the Graphics object of this Canvas to the method paint of the viewer who created this Canvas, the latter method will obtain the source code of the Luka program, and call the method execute of the interpreter, with the program and the reference to the Graphics object.

3.2 Interpreter (40 marks)

Write an interpreter for the Luka language. 

· Instance variables. An interpreter uses a stack to evaluate its input program. It has an accumulator (a variable of type int). It has a graphics state, which here consists of a pair of coordinates, x and y, as well as a default color (of type java.awt.Color). The pair (x,y) represents the current position of the pen; 

· Implement the method public void execute( String program, Graphics g ). 

The execution of a Luka program always starts with an empty stack. The value of the accumulator is set to 0. The pen is moved to the location (0,0), and the default color is set to blue (Color.BLUE). 

A Reader object is used read the program one Token at a time. 

The essential of the method consists of a loop to read and execute the input program; this is sometimes called the “read-eval” loop of the interpreter. 

This loop terminates when the whole program has been read (hasMoreTokens() is false). At each iteration, a Token is read. Inside the loop, the method must implement each of the following Luka operations: plus, sub, mult, store, recall, exch, dup, drawLineMoveTo, moveTo, drawOval, show and quit. Operands are simply pushed onto the operands stack. 

Plus:

pops off the top two elements from the operands stack, adds them together and pushes back the result onto the stack; 

sub: 

pops off the top two elements from the operands stack, subtracts them together and pushes back the result onto the stack. E.g.: (3 - 1) would be represented as “3 1 sub”; 

mult: 

pops off the top two elements from the operands stack, multiplies them together and pushes back the result onto the stack; 

store: 

pops off the top element and stores the value into the accumulator; 

recall: 

pushes the value of the accumulator onto the operands stack; 

exch: 

exchanges the order of the two elements on the top of the stack; 

dup: 

duplicates the top element of the stack. In other words, after the execution of the operation dup, the top two elements of the stack are identical; 

moveTo: 

sets the position of the pen to (x′,y′), where (x′,y′) are read from the stack. For example, if the current location of the pen is (10,30) and the content of the stack is as follows. 

	80 <- top of the stack  
20  
400  
100  
50  
30 


the operation moveTo sets the position of the pen is (20,80). After the execution of the operation, the stack contains the following elements: 

	400 <- top of the stack  
100  
50  
30 


drawLineMoveTo: 

	draws a line from (x,y) to (x′,y′), where (x,y) is the current location of the pen (which is part of the graphics state of the interpreter), and (x′,y′) are read from the stack. Once the line has been drawn, the position of the pen, (x,y), is set to (x′,y′). For example, if the current location of the pen is (10,30) and the content of the stack is as follows. 

80 <- top of the stack  
20  
400  
100  
50  
30 


the operation drawLineMoveTo draws a line from (10,30) to (20,80). After the execution of the operation, the stack contains the following elements: 

	400 <- top of the stack  
100  
50  
30 


and new position of the pen is (20,80). For drawing a line onto a Graphics object, use the method drawLine( x1,y1,x2,y2 ); 

drawOval: 

draws an oval onto the Graphics object using the method drawOval( x, y, width, height ), where (x,y) is the current location of the pen (which is part of the graphics state of the interpreter), and the width and the height are read from the stack. For example, if the current location of the pen is (100,100) and the content of the stack is as follows. 

	80 <- top of the stack  
20  
400  
100  
50  
30 


the operation drawOval draws an oval of width 20 and height 80 at position (x = 100,y = 100). After the execution of the operation, the position of the pen has not changed, and the stack contains the following elements: 

	400 <- top of the stack  
100  
50  
30 


show: 

pops off a value from the operands stack and shows it on the display using the method drawString( s, x, y ), where x and y represent the current location of the pen, while s is a value read from the stack. E.g. “Hello show”, displays the string “Hello” at the current location of the pen; 

quit: 

exits the application (calls System.exit( 0 )).

You can assume that the programs are valid; i.e. you don’t need to check the validity of the Luka programs. 

Optional (i.e. no marks): you can add further operations to the interpreter, to fill geometric forms, or to change the color of the pen. For changing the color of the pen, I would suggest using constants, say 1 for black, 2 for blue, 3 for red, and so on, then adding a command such as 3 setcolor, which would set the default color in the graphics state to be red (i.e. Color.RED). 

Viewer

Viewer implements the graphical aspect of this application. 

· The viewer has a Display to render the result of the execution of a Luka program; 

· It has a TextArea that allows the user to input a (valid) program; 

· Has an interpreter that will be rendering the result of the execution of a program onto the Display; 

· Has a button labeled “execute”. The Viewer registers itself as the event-handler of the button.

Run

The class Run starts the application by creating an Interpreter and a Viewer. 

	> java Run 


4 Luka program (5 marks)

Write a Luka program that displays a house! 

Directives

You must preferably do the assignment in teams of two, but you can also do the assignment individually. Follow all the directives available on the assignment directives. 

Files

You must hand in the following files. 

· Stack.java 

· DynamicArrayStack.java 

· LinkedStack.java 

· Token.java 

· Reader.java 

· Display.java 

· Interpreter.java 

· Viewer.java 

· Run.java 

· a3q4.luka
Frequently Asked Questions (FAQ)

1. Can I use one of the existing data structures from the library of Java, such as Vector or Stack? 

You cannot use a predefined data structure; the aim of the assignment is to learn how to implement such data structure. 

2. The class Token creates, throws and catch Exceptions, I am not sure what this all means! 

Exceptions will be presented in class later. You can use the class without worrying about these; after all, you are doing this every time you are using a pre-defined class, such as String. Simply focus on the documentation of the class. 

3. How can I access the classes of the graphics library in my programs? 

You need to import the necessary classes. 

	import java.awt.*; 


and, if you need access to the event related classes and interfaces, add the following, at the top of your classes. 

	import java.awt.event.*; 


See also the lecture notes about Graphical User Interface. 

4. Can I use the implementation DynamicArrayStack for my implementation of the Interpreter? 

Yes, both classes, LinkedStack and DynamicArrayStack, implement the interface Stack. 

B Screen capture
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