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If you have worked on our quiz questions in the past, you know none of
them is easy. They model the difﬁcult questions from certiﬁcation
examinations. The levels marked “intermediate” and “advanced” refer to
the exams, rather than the questions. Although in almost all cases,
“advanced” questions will be harder. We write questions for the
certiﬁcation exams, and we intend that the same rules apply: Take words
at their face value and trust that the questions are not intended to
deceive you, but straightforwardly test your knowledge of the ins and outs
of the language.
The objective is to save results to a collection using the collect method
and group or partition data using the Collectors class. Given the
following Student class and given a Stream<Student> s that is
initialized, unused, in scope, and contains students of varying ages:

class Student {
private String name;
private Integer age;
Student(String name, Integer age) {
this.name = name;
this.age = age;
}
public String getName() { return name; }
public Integer getAge() { return age; }
}

Which of the following code fragments prints the number of
students under 18 and the number of students 18 years old or older
in the best way? Choose one.

A.

s.collect(Collectors.groupingBy(
Student::getAge() >= 18,
Collectors.counting()))
.forEach((c, d) -> System.out.println(d));

B.

s.collect(Collectors.groupingBy(
a -> a.getAge() >= 18,
Collectors.mapping(
Student::getName,
Collectors.counting())))
.forEach((c, d) -> System.out.println(d));

C.

s.collect(Collectors.partitioningBy(
a -> a.getAge() >= 18, Collectors.counting())
.forEach((c, d) -> System.out.println(d));

D.

List<Integer> l = Arrays.asList(0, 0);
s.forEach(w -> {
if (w.getAge() >= 18) {
l.set(1, l.get(1) + 1);
} else {
l.set(0, l.get(0) + 1);
}});
l.forEach(System.out::println);

Answer. This question demonstrates several ways to collect data and
group it according to a criterion. Options A, B, and C aim to do this using
utilities from the Collectors class together with a Stream.collect
method. Option D takes a handcrafted approach.
Let’s address the easy option ﬁrst. In option A, the code contains a
signiﬁcant syntax error. It attempts to use a method reference to invoke a
method in this expression:

Student::getAge()

This syntax is illegal; method reference syntax cannot be used in this
way, which tells you that option A is incorrect.
The exam generally tries to avoid “human compiler” type tests because
such a skill isn’t useful in these days of IDEs that check syntax as you
type. If this were the only reason to reject this option, it would probably be
rejected from the real exam. However, two additional reasons exist to
reject this option. One is that the approach of another option is better
designed; it’s only a marginal improvement, but it’s real, and you’ll see it
soon. The second reason is that there’s another correct answer, and you
must select only one. Therefore, ﬁnding the other answer should prompt
you to pay close attention and notice the error. A hint here is that in this
exam, it’s unwise to simply select the ﬁrst answer you see that appears to
be correct. Unless you’re short of time, take a moment to satisfy yourself
that all the other answers are actually incorrect.
It’s worth noting that if you replace the expression containing the syntax
error

Student::getAge() >= 18

with this corrected version:

a -> a.getAge() >= 18

then option A would produce the correct output and only the question of
design quality would remain.
For now, however, it’s clear that option A should be rejected immediately
and that you will ﬁnd the better-designed approach and see why it’s
better designed.
The code in option B compiles successfully and prints the correct result.
To understand this, let’s examine the behaviors of some of the key
features of the Collections class. The groupingBy method creates a
Collector behavior that takes a function as argument. That function is
called the classiﬁer. For example, consider this code, which performs a
groupingBy collection operation on a stream of names:

Stream.of("Fred", "Jim", "Sheila", "Chris",
"Steve", "Hermann", "Andy", "Sophie")
.collect(Collectors.groupingBy(n -> n.length(

The following expression is the classiﬁer; it takes the name (as a String
) and returns its length:

n -> n.length()

The effect would be to build a Map<Integer, List<String>> that
looks like what’s shown in Table 1:

Table 1. Keys and their associated values

Notice how the Map contains each of the values returned by the classiﬁer
as a key, and the value associated with that key is a List containing all
the stream items that produced that key.
A variant of the groupingBy behavior allows you to have a “downstream
collector.” Instead of simply adding the items that produce a particular
key into a list of all such items, this allows you to use a subsequent
collection operation to process the items. This is somewhat akin to a
secondary stream process working on the items that would have been
sent to the List. One collector that’s commonly used in the downstream
position is the counting collector. Using this in your process would
change the values from being lists of names to being a count of the
number of elements that would have been in the list.
This code

Stream.of("Fred", "Jim", "Sheila", "Chris",
"Steve", "Hermann", "Andy", "Sophie")
.collect(Collectors.groupingBy(
n -> n.length(),
Collectors.counting()))

would return the Map<Integer, Long> shown in Table 2:

Table 2. Keys and their associated values when a downstream collector is used

Now, the behavior of option B is similar to this idea, but it has a couple of
variations. First, the classiﬁer—and, hence, the keys in the resulting Map
—are boolean in nature, rather than numeric. That’s ﬁne, because it suits
the purpose of classifying students who are over 18 and those who are
not over 18. However, the code in option B actually has two downstream
operations chained, rather than one. This is certainly permissible and can
be very useful. But in this case, the ﬁrst downstream collector actually
performs a mapping operation that extracts from each Student object

the name of the Student. The second downstream collection counts the
resulting names.
The mapping operation does not render the result incorrect; the code
effectively counts the names of the students over or under 18 years of
age and produces the same numbers. However, it’s a waste of effort and,
as such, the code is not optimally efﬁcient, nor is it the most readable,
because it includes distracting, irrelevant code that risks causing
confusion. You will see shortly that another option avoids this wasted
effort, and that option will show you that option B is incorrect. Despite
producing the correct response, option B is not the most efﬁcient option.
In addition to the groupingBy behavior factory in the Collectors
class, there is another factory that produces a result that’s somewhat
similar. This factory is called partitioningBy, and the difference in its
behavior is simply that instead of creating a Map with an arbitrary key
type, it speciﬁcally creates a Map with a Boolean key. To support this,
the classiﬁer should be a predicate rather than a function. Option C uses
the partitioningBy behavior and produces the correct output. It is
better than option B for two reasons: First, it does not involve the wasted
step of extracting names from the students. Second, partitioningBy
is speciﬁcally provided exactly for the purpose of grouping by a simple
true/false result and, as such, it is a (marginally) better design choice. By
the same logic, it would be better than option A, even if that option had
valid syntax.
Option D uses handcrafted code and might also produce the correct
answer. The major problem is that this code operates by means of side
effects. Speciﬁcally, it modiﬁes variables outside a lambda expression.
This kind of behavior makes code unsafe in concurrent or parallel
execution; particularly in stream-based systems, this type of code should
be avoided precisely because a stream can easily be run in a parallel
mode.
It’s worth noting that when the lambda expression (and before it, method
local classes) was designed, this idea was loosely expressed by the
prohibition on accessing other method local variables from inside
lambdas or nested classes unless those variables are effectively ﬁnal.
The code in option D creates its side effects by using an effectively ﬁnal
reference to reach the mutable data in the List to which it refers.
The code compiles successfully, and if the stream ran sequentially, it
would print the correct result. However, it is badly designed, and if the
stream were parallel, it would fail. Because the design is unsound and
would fail if the stream were parallel, option D is incorrect.
The correct answer is option C.
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