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CHAPTER SIX

Test-Driven Design



UNIT TESTING IS WELL ESTABLISHED AS A BENEFICIAL CODE-HYGIENE PRACTICE. Tested code
provides greater confidence that the intent matches the result. Test-driven development
(TDD) goes even further, insisting that you write tests before you write the code. When
comparing software “engineering” to other engineering disciplines (which always requires a
good handful of tortured metaphors), major differences pop up. We don’t have centuries of
mathematics to rely upon in software. The science of software development hasn’t been around
long enough (and we may never get to that level of sophistication). We also can’t take
advantage of the economy of scale in traditional engineering. For example, the Golden Gate
Bridge contains more than 1,000,000 rivets. You can bet that the engineers who designed that
bridge knew the stress characteristics of those rivets and used that number multiplied by
1,000,000 to tell them important things about the stress on the bridge. A piece of software may
also have 1,000,000 pieces, but they are all different. We can’t take advantage of the scale and
multiplicity that “regular” engineers can. But developers do have an advantage: we can
manufacture our components very easily and write code that verifies our components do what
we intended them to do. Because it is vanishingly cheap to write software to test software, we
can apply our own version of verification through levels of testing: unit testing, functional
testing, integration testing, and user acceptance.

NOTE
Testing 7s the engineering rigor of software development.

Rigorously applied TDD has other design benetfits as well, so many that I usually refer to
TDD as test-driven design. TDD forces you to think about code in a different way. Instead of
just writing a pile of code and then writing the tests for it, TDD forces you to think through
the testing process before you write the code. TDD creates consumption awareness. when you
create a unit test, you are creating the first consumer of the code under development. This
forces you to think about how the rest of the world will use this class. Every developer has the
experience of writing a class in one big bunch, making assumptions along the way. Then, when
it comes time to actually use the class, you realize that some of your assumptions were wrong,
and you have to refactor the original code. TDD requires that you create the first consumer
before you write the code, making you think about how other code will eventually use the
code under development.

TDD also forces you to mock out dependent objects. For example, if you develop a Customer
class with an addOrder method, you must collaborate with an Order object. If you create the
dependent object within the addOrder method, it requires that the Order object exist before you
can test the Customer class. Mock objects allow you to create a “fake” version of the dependent
class for testing purposes. You must think about the interaction between the two objects at
exactly the right time: as you are developing the first of the two classes.
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TDD encourages you to pass dependent objects via fields or parameters, leaving the
construction of the dependent objects elsewhere (because you can’t mock out a dependency
if the method fires the constructor itself). This tends to move object construction to well-
defined boundary layers, making it easier to track allocation and referencing (so that you don’t
inadvertently hold accidental references to objects, preventing them from garbage collection
because they never go out of scope). TDD also virtually forces you to have very small, cohesive
methods because you must write tests that test only one thing. Your methods tend to do only
one thing as well, making them adhere more closely to the SLAP principle (covered in
Chapter 13).

Evolving Tests

Let’s look at an example of the design benefits that TDD affords. To demonstrate them, we
need a problem that isn’t so trivial as to be a throwaway, but not so complex that we get caught
up in the details. A perfect candidate (pun intended) is a perfect number finder. A perfect
number is a number whose factors (minus the number itself) add up to the number. For
example, 6 is a perfect number because the factors of 6 (1, 2, 3, and 6) minus the 6 add up to
6. Let’s write some code in Java to find perfect numbers.

TDDing Unit Tests

The following code was written without TDD, just by applying simple logic and some minor
mathematical optimizations:

public class PerfectNumberFinder {

public static boolean isPerfect(int number) {
// get factors
List<Integer> factors = new ArraylList<Integer>();
factors.add(1);
factors.add(number);
for (int i = 2; i < Math.sqrt(number) + 1; i++)‘)
if (number % i == 0) {
factors.add(i);
if (number / i != i )@
factors.add(number / i);

}

// sum the factors

int sum = 0;

for (Integer i : factors)
sum += i;

// decide if its perfect
return sum - number == number;
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@ If you can harvest the numbers in pairs, you only have to go up to the square root of the
number. For example, for the number 28, when you find the factor 2, you can also harvest
the number 14, the symmetrical factor.

@ The code number / i != iis present to make sure that you don’t add the same number to
the list twice. Because you're harvesting symmetrical pairs, what happens when the factor
is the same? For example, in the case of 16, when you get the factor 4, you'll need to add
it to the list only once.

This code has a single static method that returns true or false depending on the perfection of
the passed number. The first step gets the factors. I know that 1 and the number itself are
factors, so I add them right away. Then, I use a for loop to go up to the square root of the
number. This is a slight optimization; if you harvest the factors in pairs, you only have to search
up to the square root.

As it stands, this is just a blob of code. How would it look different if TDD were used? The first
test should be almost insanely simple. Here, I just want to get the factors for 1:

@Test public void factors for 1() {
int[] expected = new int[] {1};
Classifier c¢ = new Classifier(1);
assertThat(c.getFactors(), is(expected));
}
I'm using JUnit 4.4 with the Hamcrest* matchers (Hamcrest matchers provide more English-
friendly syntax for matchers, such as assertThat(expected, is(c.getFactors()))). How can this
be a usetul test? It seems too simple. Really simple tests like this aren’t really about testing,
they are about getting the infrastructure set up correctly. I must have the test libraries on the
classpath, I need a class named Classifier, and I must resolve all the package dependencies.
That’s a lot of work! Writing a stupidly simple test allows me to get all the structure established
before I have to start thinking about testing the actual hard problems.

Once I get this test to pass, I enhance it a little to make it look more like the expected real tests,
changing it to a resizable list via a List<Integer>:

@Test public void factors_for 1() {
List<Integer> expected = new ArraylList<Integer>(1);
expected.add(1);
Classifier c¢ = new Classifier(1);
assertThat(c.getFactors(), is(expected));
}
Once I get this test to pass, should I keep it around? Yes! I call these really simple tests canary
tests. Just as miners took canaries into coal mines to warn of encroaching gas, this test performs
a constant reality check for your tests. If it ever fails, you have serious problems with the
infrastructure of your code: a JAR file has gotten misplaced, the code itself has moved, etc.

These very simple tests can tell you if something fundamental has broken.

* Download at http://code.google.com/p/hamcrest/.
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The next test I want to undertake checks for real factors of a number:

@Test public void factors for 6() {
List<Integer> expected = new ArraylList<Integer>(
Arrays.aslList(1, 2, 3, 6));
Classifier ¢ = new Classifier(6);
assertThat(c.getFactors(), is(expected));
}
This is the test I want to write, but it represents lots of different functionality: to make this test
pass, I must know if a number is a factor, how to calculate factors, and how to harvest the
factors I've found. This happens frequently during the TDD process: one test reveals lots of
desired functionality. The best way to attack this daunting pile of work is to step back and think
about what it takes to make this test a reality. By drilling down, I create the following tests

(and the corresponding code to make them pass):

@Test public void is_factor() {
assertTrue(Classifier.isFactor(1, 10));
assertTrue(Classifier.isFactor(s, 25));
assertFalse(Classifier.isFactor(6, 25));

}

@Test public void add_factors() {
Classifier c = new Classifier(20);
c.addFactor(2);
c.addFactor(4);
c.addFactor(5);
c.addFactor(10);
List<Integer> expectation = new ArraylList<Integer>(
Arrays.aslist(1, 2, 4, 5, 10, 20));
assertThat(c.getFactors(), is(expectation));
}
For the Classifier population code, 1 and the number itself (20) are added automatically, so I
add the remaining factors. The first test is fine, but the second test fails after I implement the

code in Classifier to populate the Arraylist:
java.lang.AssertionError: Expected: is <[1, 2, 4, 5, 10, 20] got: <[1, 20, 2, 10, 4, 5]>

The unexpected result stems from harvesting my numbers in pairs. This raises a fundamental
question: should I add code to my Classifier to prevent duplication, or am I using the wrong
abstraction? Factors have no inherent order, they are really a set. That indicates that I should
change my Classifier to use a HashSet instead of an ArraylList. TDD excels at helping find
mistaken assumptions early, where the pain of refactoring is small because there isn’t much
code yet. One interesting side note to the testing example: the addFactor() method is actually
private in Classifier. I show how to test these kinds of private methods in “Java and
Reflection” in Chapter 12.
Following this process through to its logical conclusion yields the following implementation of
Classifier:

public class Classifier {

private int _number;
private Set<Integer> _factors;
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public Classifier(int number) {
if (number < 0) throw new InvalidNumberException();
setNumber (number) ;

}
public Classifier() {}

public Set<Integer> getFactors() {
return _factors;

}
public boolean isPerfect() {

return sumOfFactorsFor(_number) - _number == _number;
}

public void calculateFactors() {
for (int i = 2; 1 < Math.sqrt(_number) + 1; i++)
addFactor(i);
}

private void addFactor(int i) {
if (isFactor(i)) {
_factors.add(i);
_factors.add(_number / i);

}
}
private int sumOfFactorsFor(int number) {
calculateFactors();
int sum = 0;
for (int i : _factors)
sum += 1ij
return sum;
}

private boolean isFactor(int factor) {
return _number % factor == 0;
}

public int getNumber() {
return _number;
}

public void setNumber(int value) {
_number = value;
_factors = new HashSet<Integer>();
_factors.add(1);
_factors.add(_number);

Measurements

If you compare the TDD version of the code to the non-TDD version, you’'ll see that the TDD
one has much more code, but in lots of really small methods. Lots of small methods are good.
If you read the method names, you will get a strong sense of the atomic operations required

to compute perfect numbers. In fact, if you look at the comments in the original code, the same
functionality (plus some) will show up as methods in the TDD version.
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In six months, when it comes time to alter this code, you can make changes with confidence.
If something breaks, you will know within a few lines of code what’s wrong. The method names
in TDD code describe an atomic operation, so when a test fails, you understand what you’ve
broken more quickly. When dealing with code that has much longer methods, narrowing
down to the errors takes much longer because you have to understand the context of the entire
method before you can make changes to it. Understanding a three-line method shouldn’t take
any time at all. If you find yourself writing embedded comments within methods, your method
should be more refined. Long methods with lots of comments reek of a noncomposed solution.
Refactor the comments to methods to get rid of them.

NOTE
Refactor comments to methods.

One of the (few) useful code metrics is McCabe’s Cyclomatic Complexity (see the next sidebar
“Cyclomatic Complexity”). The average cyclomatic complexity for the PerfectNumberFinder class
(the first, non-TDD version) is 5 (which is the cyclomatic complexity for the lone method, thus
the average for the class). The TDD version scores a class average cyclomatic complexity of 1.5,
which indicates that its methods (and therefore the class) are much simpler.

CYCLOMATIC COMPLEXITY

Thomas McCabe created the code metric called Cyclomatic Complexity to measure the complexity
of code. The formula is quite simple: the number of edges — the number of nodes + 2, where the
edges represent the execution path and nodes represent lines of code. For example, consider the
following:

public void doit() {
if (c1)

If you graph this method like a flow chart (see Figure 6-1), you'll discover 8 edges and 7 nodes,
meaning that this code has a cyclomatic complexity of 3.

Many tools exist to determine cyclomatic complexity (see Chapter 7 for some open source ones),
including the analysis menus in the Intelli) IDE.
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FIGURE 6-1. Determining cyclomatic complexity with a flow chart

Design Impact

Design impact is one last indicator of the design benetits of TDD. Let’s say that your insatiable
users pop up and decide that they want not only a perfect number finder, but one that
calculates abundant numbers (numbers whose factors sum to more than the number) and
deficient numbers (numbers whose factors sum to less than the number). In the first version
of the perfect number finder, you’d have to go on a massive refactoring expedition, breaking
it apart into something resembling the second version. And for the TDD version? Just add two
methods:

public boolean isDeficient() {
return sumOfFactorsFor(_number) - _number < _number;
}

public boolean isAbundant() {
return sumOfFactorsFor(_number) - _number > _number;
}
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All the building blocks already exist. TDD code tends to have more reusable elements because
it forces you to write ultra-cohesive methods, and cohesive methods are the building blocks
for truly reusable code.

TDD improves the design of your code, providing the following benefits:

* TItforces consumption awareness in your code because you create the first consumer before
you create any code.

* Testing (and keeping the tests) for extremely trivial initial cases provides warnings when
you’ve accidentally broken critical infrastructure.

¢ Testing edge cases and boundary conditions is essential. Things that are difficult to test
should either be refactored into simpler things, or, if you can’t simplify them, they should
be rigorously tested, no matter how hard it is. Complex things need testing the most!

* Always keep all your tests as part of your build process. The most insidious things in
software are the side-effect faults that you accidentally introduce when making changes
to a completely unrelated chunk of code. Running your unit tests as regression tests allows
you to find those side effects immediately. Having this safety net of unit tests always saves
you time and effort.

* Having a strong set of unit tests allows you to play “what if” refactoring games (that is,
you can make a broad change and run your tests to determine the impact). When I first
started working with developers who were accustomed to having strong unit tests, they
would start making changes to the code, which made me nervous because wholesale
changes can break lots of stuff. But they would do it at the drop of a hat, and I eventually
came around when I realized that having tests gives you confidence to make changes that
improve your code.

Code Coverage

One last really important testing topic is code coverage, which refers to the lines and branches
executed in your code by tests. Open source and commercial code coverage tools exist for
virtually every language.

For compiled languages (like Java and C#), code coverage works by first running an
instrumentation processor on your compiled byte code. You then run your suite of unit tests
against the instrumented code, which measures which lines are executed. The details are
written to some intermediate form, from which a report is generated, showing the line and
branch coverage of your tests. This is summarized in Figure 6-2.

The process is slightly different for dynamic languages, but the end result is the same: a report
on how much of your code has been exercised by your tests. The report appears in your IDE,
or in an XML or HTML view.
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FIGURE 6-2. How code coverage works

This metric is critical because it tells you what has not been tested. Testing is the engineering
rigor of software, and untested code is most likely where bugs live. If you are religious about
TDD, all your code will be tested automatically, except for unusual fringe cases (for which you
should add tests).

A lot of developers ask what the acceptable level of code coverage is. I used to be sanguine
about this number, setting the acceptable threshold at about 80 percent. Then I noticed an
interesting phenomenon: accepting only 80 percent coverage meant that the code that needed
testing the most didn’t get tests. Even conscientious developers write some complex code, run
the code coverage report, and say “Whew! 82.3 percent. I wasn’t looking forward to figuring
out how to test that beast!”

I've come to the conclusion that anything less than 100 percent code coverage is a dangerous
compromise. If you hold yourself to that highest standard, you will never have any code that’s
“too complex to test.” You must write simpler code and when you encounter a truly complex
scenario, you will be forced to come up with innovative ways to test it. Knowing that you don’t
have a “get out of testing free” card will make you more diligent about code hygiene.

But what if you already have a large code base that has no tests? It is wildly impractical to
imagine that you can stop active development for months just to shore up your code coverage.
First, set a date, somewhere in the near future (like next Thursday). Then, get the entire
development team to agree that, after the inception date, your code coverage will always
increase. That means that:

¢ All new code gets unit tests with 100 percent coverage (hopefully developed by TDD).

* Every time you fix a bug, you write a test.

It takes a great deal of effort to achieve 100 percent code coverage. You will write tests for all
new code (which keeps it simpler), and you will write tests when you find bugs, meaning that
the likelihood of bugs will diminish.
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Like I'just said, 100 percent code coverage on unit tests is a hard standard to achieve. However,
I've been on projects that manage it, and it invariably improves the objective characteristics of
the code (measured using static analysis and other measures; see Chapter 7).
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