
presented by seasoned computer science instructors as a
model to emulate. The “design patterns �rst” approach
presented in [1] fails to capture the essence of the
problem, employing the state and strategy pattern in a
wrong context. A search through textbooks [2, 14] failed
to �nd a better solution to this problem.
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7 Appendix

Testing the code
To properly test all class de�nitions and all methods,
we require that each new class de�nition is instantiated
with appropriate examples, and that the examples of the
method invocation used in the design are converted into
test cases. Whenever possible, the evaluation of the test
results should be automatic. We are working on making
this possible in multiple environments and for different
levels of equality comparison.

In a plain Java environment our sample instances
would become member data of aTestClient class,
and and the method invocations would be contained in a
method that performs all tests and reports the results. So,
for example,

m.evaluate(7,8) == 56

could be replaced by
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System.out.println(m.evaluate(7,8) == 56);

within some test method.

Access modifiers and the use of this
The code does not include any access modifiers, as
we delay the discussion of access modifiers (public,
private, etc.) until the students are comfortable writ-
ing code where such differences are meaningful.

We also qualify each access of the member data within
the method definitions with ”this.” to highlight the use
of the instance on which the method was invoked as its
implicit argument. For example, the body of the method
that compares the price of an instance of a book with the
price of other book becomes:

return this.price < that.price;

illustrating clearly the use of the invoking instance as an
implicit argument for the method.

Converting to the imperative style
The imperative style that requires mutation of one
Calculator object is easily derived from our solution.
The method digit replaces the invocation of a new con-
structor with the statements that comprise the body of the
constructor. The new variant of the method will then be:

// consumes an int
// effect: the Calculator reflects new state
void digit(int n) {
this.display = this.num2 * 10) + n;
this.num1 = this.num1;
this.op = this.op;
this,num2 = (this.num2 * 10) + n;

}

Care has to be taken that values are not modified
when they still may be needed to set the subsequent
values, and redundant assignments, such as this.op
= this.op; can be eliminated. The operation
method would become:

// consumes an operator
// effect: the Calculator reflects new state
void operation(Operator op) {
this.display = this.op.evaluate(this.num1,

this.num2);
this.num1 = this.op.evaluate(this.num1,

this.num2);
this.op = op;
this.num2 = 0;

}

Error checking
One of the solutions in the original paper signals an error
when the user hits two successive operator keys. Follow-
ing the Design Recipe, we would realize that the calcula-
tor has a variant that responds differently to the operator
key, warranting the definition of a NoOpCalculator
subclass of the original Calculator, that redefines the
operation method:

class NoOpCalculator extends Calculator {

// consumes an operator,
// produces calculator with no change
// signal error if operator key hit twice
Calculator operation(Operator op) {
System.out.println("Repeated operator");

// do not allow third operator either
return this;
}

}

The original operation method in the class
Calculator then returns a new NoOpCalculator,
indicating that the next input should be a digit.

It should be noted, that at this point, it is no longer
trivial to convert the code to imperative style, precisely
because the problem illustrates the state design pattern.
However, the conversion process is straightforward, yet
clearly illustrates where the need for state comes in. We
then have a wonderful opportunity for discussing the op-
tions for handling the change of state, framed in a clearly
understood context. The change of state may even be
managed by the GUI - by disabling the operator keys,
once the operator has been hit, until a digit key has been
pressed at least once.
Views
We have several implementations of the views for this
model — one that responds to the input from the com-
puter keyboard, one where the user interaction is via but-
tons in a GUI, as well as text-based evaluations in Profes-
sorJ’s interactions window.
Late September
In late September, the student came to the teacher’s office,
all excited:

“Teacher, we had to design this function in C to
convert numbers from any base to any base, and
Lindsay and I followed the DESIGN RECIPE
and we got it and we really understand how it
works. And the other students were asking us,
how we got it so fast, and we told them, ’follow
the design recipe!’. It works for any language!”
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