
H3: Composite Object Structures
CSE 335, Spring 2009

Due by Tuesday, February 3 at 11:59 p.m.

Objectives

Implement class hierarchies using abstract classes and pure virtual functions.

Description

In class, we discussed how to design a class hierarchy to implement arithmetic expression trees. For
this exercise, you are to implement these classes and add an operation to compute the value of an
expression tree. For the first part, you will need to implement the concrete classes:

Literal represents an integer literal in an expression (e.g., the “23” and the “3” in the expression
23−3).

Negate is a unary operator that changes the sign of another expression (e.g., in the expression
−(23+4) the primary operator is negation).

Add, Subtract, Multiply, and Divide are binary operators that should be self-explanatory.

Initially, class Literal should merely provide an operation for returning its value, and the operator
classes should provide operations for retrieving the expression or expressions upon which they
operate. The last part of the assignment is concerned with actually computing the value of an
expression tree.

Tasks

1. To prepare your homework repository, login to black and run the following commands:

> setenv REPOS file:///user/cse335/S09/homework-repos/USERNAME
> cd /user/cse335/S09/H3-src/
> svn import ./ $REPOS/branches/H3

Finally, navigate to your home directory and checkout the H3 branch of your homework repos-
itory.1 Your working copy will contain the file main.cpp.

2. Examine main.cpp in a text editor. You will see that it depends on several other files, which
you must create. Specifically, you must design and implement the classes that belong in the
files: Expr.h, Literal.h, Negate.h, Add.h, Subtract.h, Multiply.h, and Divide.h.
Class Expr will be abstract, but the others will be concrete classes that inherit from it. You
should also create another abstract class (call it BinaryExpr) that generalizes all that is com-
mon among the binary operator classes. In order for main.cpp to compile, your new classes
must meet the following criteria:

1 If necessary, refer to previous homework assignments for more guidance in using SVN.

1



• The classes should conform to the UML diagram shown in Figure 1.

• The constructor for the binary operator classes must accept pointers to two Expr objects,
which will be treated as operands.

• The constructor for Negate must accept a pointer to a single Expr operand.

• The constructor for Literal must accept a single value of type double, which will
define that literal’s value.

Also note:

• You should not use virtual functions for this part of the exercise, and

• the executable will produce no output until you complete task 4 below.

3. Create a Makefile for compiling all of these files and linking with main.o to create an exe-
cutable named expr. As in the past assignments, main.cpp uses FLTK to display a GUI, so
you will need to link against the FLTK library in your makefile. Don’t forget to add new files
to your repository with svn add as you go.

4. When you have finished building your class library, go ahead and uncomment the three lines
at the end of main() in main.cpp. These lines invoke a compute operation, which should
compute and return the value of the expression tree upon which it is invoked. Implement
this operation using virtual functions. This will involve modifications to almost every class.
HINT: You should use a pure virtual function somewhere.

When you have completed your assignment, submit it by using svn copy to tag the H3 di-
rectory into /user/cse335/S09/homework-repos/USERNAME/tags/submission-H3 (similar to
what you did with the past two assignments). Make sure that you have added all of your newly-
created files to your repository and that you have committed all of the latest changes before tagging.
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Figure 1: Class diagram for the expression tree.
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