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I
f you’re a regular reader of this quiz, you know that these questions simulate the level of dif-

iculty of two diferent certiication tests. Questions marked “intermediate” correspond to 

those from the Oracle Certiied Associate exam, which contains questions for a preliminary 

level of certiication. Questions marked “advanced” come from the 1Z0-809 Programmer II 

exam, which is the certiication test for developers who have been certiied at a basic level of 

Java 8 programming knowledge and now are looking to demonstrate more-advanced expertise. 

These questions rely on Java 8. We’ll begin covering Java 9 and 10 in future columns, of 

course, and we will make that transition clear when it occurs.

Question 1 (intermediate). The main method that represents the entry point of a typical Java 

program must match a particular form. 

Which of the following are true? Choose two.

A. The method must be public.

B. The method may be any accessibility type except private.

C. The method may be either an instance method or static.

D. The argument list must be declared exactly as String [] args.

E. The argument list may be declared as String… args.

Question 2 (intermediate). Which are true of a Java program or the JVM? Choose two.

A. The program runs substantially more slowly than an equivalent program written in a lan-

guage that compiles to machine binary code, because Java bytecode is interpreted.
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B. Java’s private keyword can be used to help make programs easier to maintain by support-

ing the concept of encapsulation.

C. The JVM garbage collector system ensures that the programmer has zero control over and 

zero responsibility for releasing allocated memory.

D. The JVM’s “write once, run anywhere” goal allows creating programs that produce the 

same results on difering hardware and under diferent operating systems. However, 

achieving this goal imposes some requirements on the programmer and the coniguration 

of the host environment.

E. The multithreading features of the Java programming language and the JVM ensure that 

programs written with threads always produce the same output, even when they are run on 

diferent hardware.

Question 3 (advanced). Given this code:
import static java.lang.System.out;

// line n1

interface Something {

    void execute();

    default void speak() { out.println("Hello!"); }

}

public class TryThis {

    public void speak() { out.println("Bonjour!"); }

    public void go() {

        Something s = () -> this.speak(); // line n2

        s.execute();

    }

    public static void main(String[] args) {

        new TryThis().go();

    }

} 
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Which is true?

A. The output is Hello!

B. The output is Bonjour!

C. Compilation fails, but if line n1 is altered to @FunctionalInterface then the output is Hello!

D. Compilation fails, but if line n2 is altered to Something s = () -> Something.super.speak(); 

then the output is Hello!

E. Compilation fails, but if line n2 is altered to Something s = () -> TryThis.this.speak(); 

then the output is Bonjour!

Question 4 (advanced). Given this code:
   StringBuilder sb = IntStream.iterate(0, x->(x+1)%26)

       .mapToObj(x->new StringBuilder("" + (char)(x+'A')))

       .parallel() // line n1

       .limit(52)

       .collect(

            ()->new StringBuilder(),

            (x,y)->y.append(x),

            (x,y)->y.append(x)

       );

   System.out.println(sb);

What is the result?

A. Compilation fails because of an error at line n1.  

B. The code throws a runtime exception because of the position of line n1.  

C. The code prints out one line containing the sequence of capital letters A through Z 

repeated twice.

D. The code prints out one line containing the capital letters A through Z with two of each  

letter, but they are not necessarily in order.

E. The code prints only a single, empty line and then exits.
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Answer 1. The correct answers are options A and E. The form of Java’s main entry point has been 

reined a bit over the years of the language’s history. For example, at one time the method was 

not required to be public. However, section 12.1.4 of the Java 8 version of the Java Language 

Speciication says the following:

“The method main must be declared public, static, and void. It must specify a formal 

parameter whose declared type is array of String.”

Given these requirements, it’s clear that option A must be correct, and options B and C must 

be incorrect. However, options D and E are yet to be resolved.

The speciication demands that the formal parameter’s type must be array of String. (If 

the term formal parameter is unfamiliar, it simply refers to the argument listed in the method’s 

declaration; the term distinguishes that argu-

ment from the actual parameter, which is the value 

passed in by an invocation.) Clearly the form pre-

sented in option D deines an array of String, and 

it is actually the usual form. But option D demands 

this argument must be exactly as shown. It’s rea-

sonable to question this, because the name of the 

formal parameter (args, in this case) isn’t usu-

ally syntactically critical. In fact, it turns out that 

the ellipsis (...) form, which deines a variable-length argument list, really causes the formal 

parameter to be of array type. This means that option E, while unconventional with respect to 

Answers

A running Java program is unlikely 
to be slower than a program in a 
compiled language that uses the same 
data structures and algorithms.
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the use of the ellipsis form of array declaration, is entirely valid, and we can say that not only 

is option D incorrect, but that option E is correct.

Answer 2. The correct answers are options B and D. This question addresses some descriptions 

and assumptions about the Java language and execution environment. These kinds of topics are 

often where marketing statements get misconstrued into misunderstandings that later contrib-

ute to program errors.

The irst statement suggests that Java is slow. This is a comment we still hear quite a bit, 

and it’s worth addressing. Benchmarks are typically diicult to write, and precise comparisons 

are often hard to come by. However, the origin of this comment is twofold. First, the earliest 

versions of Java did, in fact, interpret the bytecode, 

and they were signiicantly slower than languages 

that compiled directly to machine binary code. 

However, for a long time now, the JVM has used a 

mechanism that compiles regions of bytecode into 

native machine binary code, while optimizing it for 

the platform and the manner of use. Consequently, 

a running Java program is unlikely to be slower 

than a program in a compiled language that uses the same data structures and algorithms. Of 

course, the compilation to native binary code happens after the program has started—the sys-

tem that performs this is called the just-in-time (JIT) compiler, so if the execution time is fairly 

short (in the region of a few seconds, for example), you won’t see the beneit and the machine-

speciic compiled language will be faster.

Another part of the puzzle is that starting a Java program involves irst starting the JVM, 

and the JVM is a large and complex program that takes signiicant time to load up. Many pro-

grams are much smaller than the JVM. Again, this means that if you take a small machine-

speciic compiled program and compare it with a similar small Java program, the time from 

startup to completion will difer. But for a program of any real consequence, the startup time is 

typically lost in the overall execution time.

The incorrect idea that the garbage 
collector renders Java programs 
magically immune to memory problems 
has been around for a long time.
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Given these observations, option A is incorrect.

The private keyword can indeed be used to implement encapsulation. This can be used 

to build a system in which an object is responsible for protecting its own “structural integ-

rity.” For example, in a Gregorian calendar, a month might have 28, 29, 30, or 31 days. If you 

ever ind February 31 in a system, something went wrong; that would be a failure of structural 

integrity (which, by the way, is our made-up term, not something with formal academic sig-

niicance). Anyway, if you build a Date class (one of your own making, not the ones already 

provided) with private day, month, and year ields, you can protect the values and ensure they 

are never invalid in this way. So, if the method setDayOfMonth is invoked with the value 31, it 

should not set the day to 31 if the month is February (what it does instead won’t be discussed 

here). Then, if you ind an invalid date, you’re able to say that there is a bug in the Date class, 

instead of having no idea where in the entire program the problem is. The simple expedient of 

having a better idea of where to look makes maintenance easier, or perhaps we should say it 

makes maintenance less diicult. Because of this, option B is correct.

The idea that the garbage collector renders Java programs magically immune to memory 

problems has been around for a long time. Unfortunately, it’s substantially exaggerated, and the 

programmer does, in fact, have some inluence over the garbage collection mechanism. That 

inluence can cause undesirable efects, including memory leaks, if mishandled.

Speciically, the garbage collector does not reclaim the memory of an object until that 

object is “unreachable.” This means that if there is any way the program could use the object—

if any usable reference to it exists in the system—the object is not collected. So, for example, 

if a program has a static variable that refers to a list, and it uses that list to store references to 

large arrays that it will never again use, the program is causing memory leaks and eventually 

may fail. The easiest solution is not to store the unwanted objects. In the more general case, 

the programmer can write null over a reference to indicate that the object referred to is no 

longer needed.

Given these observations, the programmer does have some control over and some respon-

sibility for releasing objects (or at least not preventing their timely release). Therefore, option C 

is incorrect.
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Java’s “write once, run anywhere” promise is an important feature of the language’s popu-

larity. Java bytecode is a machine-like language that is not speciic to any particular CPU hard-

ware but is easy and reasonably eicient to execute on any hardware. By compiling the source 

language to bytecode instead of to native machine language, the result can be executed on any 

computer equipped with a JVM.

In addition to the design and availability of the JVM, the Java system as a whole includes 

extensive libraries, and these have been carefully designed to allow for equivalent behavior on 

diferent operating systems. However, it’s possible for the programmer to request some actions 

that will not work properly across all operating systems and all hardware environments. For 

example, while the method java.nio.file.Paths.get allows you to access iles and directories 

regardless of the format of the paths 

(notably, their separators) on difering 

hosts, it’s also possible to try to access 

iles in a way that would work on one 

operating system, but fail on another.

On the topic of paths and the dif-

ferences in ile system behavior among 

operating systems, it’s possible to get 

into trouble because Java is (almost) 

entirely case-sensitive, so class A and class a would properly be two distinct classes, and they 

could coexist in the same package. However, in an operating system that does not distinguish 

case in its ile system, this would fail.

More platform variations that can cause trouble if approached clumsily relate to the screen. 

Diferent systems will have diferent screen resolutions, and creating windows of ixed sized 

could make a program unusable on a small screen. Similarly, diferent hosts have diferent fonts 

available, with diferent geometries, and these issues, too, can cause trouble if the programmer 

fails to follow some established guidelines. The classic, but tempting, error is to position graph-

ical items in a window using absolute coordinates, rather than using one of Java’s layout manag-

ers. By doing this, critical elements can become obscured and inaccessible on some hosts.

The meaning of names and the this and 
super keywords appearing in a lambda body, 
along with the accessibility of referenced declarations, 
are the same as in the surrounding context (except that 
lambda parameters introduce new names).
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Given these diferences, it’s clear that although “write once, run anywhere” generally works 

well, allowing you to create platform-independent programs quite easily, there are a few things 

you can do that would prevent code from working properly. As a result, option D is correct.

The inal option considers whether Java’s multithreading system can guarantee the same 

output on diferent systems. In fact, one issue that arises with threaded code is that a deliber-

ate design efort is necessary if a programmer wants to ensure that the same output is reliably 

presented—even with the same machine running the same program several times. One fun-

damental reason is that running two threads concurrently ofers no guarantee that the threads 

proceed at the same speed each time they run. Therefore, at the very least, messages output by 

these threads might appear interleaved in difering orders. Because the threading system does 

not intrinsically guarantee exactly consistent output even on the same machine, it certainly 

cannot be guaranteed on diferent machines. Of course, the threading libraries provide tools 

that allow a programmer to deliberately create such guarantees when they are needed, but this 

requires deliberate design by the programmer and is not simply a result of the language or the 

JVM. Because of this, option E must be incorrect.

Answer 3. The correct answer is option B. The essence of this question is that a lambda expres-

sion does not create a new scope for names. In particular, Java Language Speciication section 

15.27.2 notes the following:

“Unlike code appearing in anonymous class declarations, the meaning of names and the 

this and super keywords appearing in a lambda body, along with the accessibility of referenced 

declarations, are the same as in the surrounding context (except that lambda parameters intro-

duce new names).”

In other words, the value of this in the body of the lambda in the code shown in question 3 

does not refer to the lambda itself, but instead refers to the enclosing instance of the TryThis 

class. As a result, when the lambda invokes this.speak(), it calls the method deined in the 

TryThis class, not the default method in the Something interface. As a result, the code prints the 

output Bonjour!. Because of this, option B is correct, and option A is incorrect.
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Option C suggests that the lambda cannot be created unless the target interface (Something) 

is annotated with @FunctionalInterface. While it is a good idea to annotate an interface that’s 

created speciically for the purpose of supporting lambdas with this annotation, it’s only a 

means of getting a more helpful error report from the compiler. Speciically, if an interface car-

ries this annotation, the annotation will report an error if the interface contains more than a 

single abstract method. On the other hand, if the annotation is not present, the errors will show 

up whenever any attempt is made to create a lambda expression using the interface. It’s gener-

ally more helpful to have an error reported as close to its cause as possible, rather than being 

reported when a consequential problem arises. However, because the existing code does not fail 

to compile, and because it prints Bonjour! rather than Hello!, option C is incorrect.

The syntax suggested in option D will not compile. This is an attempt to resolve ambiguous 

access to default methods in interfaces. However, this form cannot be used in this situation, so 

option D is incorrect.

Option E employs a syntax that is normally used to access shadowed elements of an enclos-

ing class, although in this case, the class of this is already TryThis. The syntax compiles and 

does result in the output of Bonjour!. However, option E is incorrect because the original code 

does not fail to compile.

Answer 4. The correct answer is option E. This is one of those questions that tend to annoy peo-

ple. It requires you to spot a subtle programming error. However, this is an error that the com-

piler cannot spot and that does not cause any visible problems at runtime (other than a wrong 

answer), and you would be hard-pressed to look up a solution in a reference document. Unless 

you “just know” the relevant detail, you run the risk of falling into this trap. So, let’s discuss 

the various options.

First, the code compiles and executes without any errors being reported. The call to 

parallel() is merely a distraction in this question; it is completely correct but entirely irrel-

evant. It doesn’t matter where in the sequence of the stream operations this call is placed; 

the call has the same efect regardless. Further, the call afects the entire stream, not merely 
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the parts of the pipeline that follow the call. 

It’s worth noting that the stream methods 

don’t really execute the processing; rather 

they conigure the various pipes and process-

ing elements, and this is why the position of 

the parallel() call is not signiicant unless 

it’s followed by a call to sequential(), (which 

would be confusing, but still not an error; such a call merely overrides the efect of the call to 

parallel()). Because of these observations, both options A and B are incorrect.

Having established that the code runs, you must determine what it does. The form of the 

stream appears ready to print out the sequence of A through Z—that is, all the capital let-

ters in order, with the sequence repeated a second time. Certainly, the stream creates these 

values internally. 

One question is whether the letters show up in order or not. Using parallel() to run in par-

allel mode can sometimes cause the order of the items arriving at the collector to be altered by 

concurrency interleaving, and that might call into question whether option C is correct. In fact, 

parallel mode isn’t the same as unordered mode and in this case, the letters should not be jum-

bled by this efect.

Supericially then, it looks like you should expect a bunch of capital letters, but closer 

inspection shows the real root of this question. It turns out that the second and third arguments 

to the collect method are incorrectly formed.

The three-argument collect method (there’s also a single argument overload) requires that 

the second and third arguments work to mutate a “bucket” of intermediate/incremental result 

data with additional input. But the bucket that is collecting the result is always the irst of the 

two arguments to the operation, and the second argument is the data that should be merged 

into that bucket. In this case, the irst argument is merged into the second, which will guaran-

tee that the inal result is empty. That might seem like a “tricky” question, but this mistake is 

easy to make if you’re unfamiliar with the requirements of the collect operation, and it’s hard 

Using parallel() to run in parallel mode 
can sometimes cause the order of the items 
arriving at the collector to be altered by 
concurrency interleaving.
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to debug, because the operations are performed internally to the collect method implementa-

tion. Some things just have to be learned, and once you have learned about this issue (particu-

larly if you learn it the hard way), you become pretty sensitive to the order of those arguments. 

Therefore, options C and D are incorrect, and option E is the correct answer.

As an aside, this is the correct form of the collect call:

       .collect(

           ()->new StringBuilder(),

           (x,y)->x.append(y),

           (x,y)->x.append(y)

       )

</article>
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