
Automating Java Program Testing
Using OCL and AspectJ

Yoonsik Cheon and Carmen Avila

TR #09-32
October 2009

Keywords: pre and postconditions, random testing, runtime assertion checking, AspectJ, Object Constraint
Language.

1998 CR Categories: D.2.2 [Software Engineering] Design Tools and Techniques — Modules and inter-
faces, object-oriented design methods; D.2.4 [Software Engineering] Software/Program Verification — As-
sertion checkers, class invariants, formal methods, programming by contract; D.2.5 [Software Engineering]
Testing and Debugging — Monitors, testing tools; D.3.2 [Programming Languages] Language Classifica-
tions — Object-oriented languages; F.3.1 [Logics and Meanings of Programs] Specifying and Verifying and
Reasoning about Programs — Assertions, invariants, pre- and post-conditions, specification techniques.

Department of Computer Science
The University of Texas at El Paso

500 West University Avenue
El Paso, Texas 79968-0518, U.S.A.



Automating Java Program Testing Using OCL and AspectJ

Yoonsik Cheon and Carmen Avila
Department of Computer Science

University of Texas at El Paso
El Paso, TX 79968

Abstract

Random testing can eliminate subjectiveness in construct-
ing test data and increase the diversity of test data. How-
ever, one difficult problem is to construct test oracles that de-
cide test results—test failures or successes. Assertions can be
used as test oracles and are most effective when derived from
formal specifications such as OCL constraints. If fully auto-
mated, random testing can reduce the cost of testing dramat-
ically. In this paper we propose an approach for automating
Java program testing by combining random testing and OCL.
The key idea of our approach is to use OCL constraints as
test oracles by translating them to runtime checks written in
AspectJ. We realize our approach by adapting existing frame-
works for translating OCL to AspectJ and assertion-based
random testing. We evaluate the effectiveness of our approach
through case studies and experiments. Our approach can de-
tect errors in implementations and OCL constraints, as well,
and provide a practical means for using OCL in design and
programming.

Keywords: pre and postconditions, random testing, runtime
assertion checking, AspectJ, Object Constraint Language.

1 Introduction

Testing is laborious, time consuming, error-prone, and
costly. Automated random testing can reduce the cost of test-
ing dramatically by picking up an arbitrary input value from
the set of all possible input values of the program under test.
Random testing also has potential for finding faults that are
difficult to find in other ways because it eliminates the sub-
jectiveness in constructing test cases and increases the variety
of them. There are random testing tools for Java [4, 6]. How-
ever, one difficult problem for a general use of random testing
is to automate test oracles that determine test outcomes—test
successes or failures.

Assertions can be used as test oracles [3, 5]; if an assertion
evaluates to false at runtime, it indicates that there is an error
in the code for that particular execution, thus an assertion can
be used as a test oracle and to narrow down a problematic part

of the code. It is said that assertions are most effective when
they are derived or generated from the formal specification of
a program.

The Object Constraint Language (OCL) [14] can be used
to write such a formal specification. OCL is a textual notation
to specify constraints or rules that apply to UML models such
as class diagrams. It is based on mathematical set theory and
predicate logic and can express relevant information about the
systems being modeled that cannot otherwise be expressed
by diagrammatic notations such as class diagrams. Using a
combination of UML and OCL, one can build a precise de-
sign model that includes detailed design decisions and choices
along with the semantics such as class invariants and opera-
tion pre and postconditions. There are approaches, frame-
works, and support tools for Java to turn OCL constraints into
runtime checks [2, 7].

In this paper we combine random testing and OCL to au-
tomate Java program testing. We use OCL constraints as de-
cision procedures for filtering randomly selected test data and
determining test results as well. To realize this idea, we adapt
our earlier approach for translating OCL constraints to As-
pectJ runtime checking code [2]. In particular, we refine dif-
ferent types of OCL constraint violations so that they can be
used as testing decision procedures. We also extend our auto-
mated, assertion-based testing tool for Java [4] to recognize
OCL constraint violations. Our case studies and mutation
testing experiments show that our approach is effective in de-
tecting errors in implementations and in OCL constraints, as
well. It also provide a practical means of using OCL in pro-
gramming and testing.

The remainder of this paper is structured as follows. In
Section 2 we give background information on OCL and As-
pectJ. In Section 3 we describe our approach by first illus-
trating it through an example and then explaining the details.
In Section 4, we evaluate our approach through case studies
and experiments. We conclude our paper with related work in
Section 5 and concluding remarks in Section 6.
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Figure 1. UML class diagram

2 Background

2.1 OCL

The Object Constraint Language (OCL) [14] is a textual,
declarative notation to specify constraints or rules that apply
to UML models. A UML diagram alone cannot express a rich
semantics of and all relevant information about an applica-
tion. The diagram shown in Figure 1, for example, is a UML
class diagram for bank accounts. A customer can own sev-
eral bank accounts, and an account can be linked to another
account for overdraft protection. However, the class diagram
doesn’t express the fact that an account cannot be linked to
itself for overdraft protection. It is very likely that a system
built based only on the diagrams will be incorrect. OCL al-
lows to precisely describe this kind of additional constraints
on the objects and entities present in a UML model. It is
based on mathematical set theory and predicate logic. The
above-mentioned fact can be expressed in OCL as follows.
context Account

inv: self <> overdraft

This constraint, called an invariant, states a fact that should
be always true in the model. The keyword self denotes the
object being constrained by an OCL expression, called a con-
textual instance; in this case it is an instance of the Account

class. The invariant says that an account cannot be equal to
its overdraft protection account. It is also possible to spec-
ify the behavior of an operation in OCL. For example, the
following OCL constraints specifies the behavior of an op-
eration Customer::addAccount by writing a pair of predicates
called pre and postconditions.
context Customer::addAccount(acc: Account): void

pre: not accounts->includes(acc)
post: accounts = accounts@pre->including(acc)
post: account.owner = self

The pre and postconditions states that, given an account
not already owned by a customer, the operation should in-
sert the account to the set of accounts owned by the cus-
tomer. The postfix operator @pre denotes the value of a prop-
erty (accounts) in the pre-state, i.e., just before an operation
invocation. The constraints are written using OCL collection
operations such as includes and including.

2.2 AspectJ

AspectJ [10] is an aspect-oriented extension for the Java
programming language to address crosscutting concerns. A

OCL to 
AspectJ
translator

OCL 
constraints

AspectJ
compiler

Tester
(test generator,

test runner,
test oracle)

AspectJ
checker code

Test cases
& outcomes

Java
Source code

Java
bytecode

Figure 2. Automated testing using OCL

crosscutting concern is a system-level, peripheral require-
ment that must be implemented by multiple program mod-
ules, thereby leading to tangled and scattered code. Exam-
ples of cross-cutting concerns include logging, security, per-
sistence, and concurrency. AspectJ provides built-in language
constructs for implementing crosscutting concerns in a mod-
ular way. The key idea is to denote a set of execution points,
called join points, and introduce an additional behavior, called
an advice, at the join points. The following code shows an
AspectJ aspect that checks the precondition of the addAccount

method described earlier.
public privileged aspect PreconditionChecker {

pointcut addAccountExe(Customer c, Account a):
execution(void Customer.addAccount(Account))
&& this(c) && args(a);

before(Customer c, Account a): addAccountExe(c, a) {
if (c.accounts.contains(a))

throw new RuntimeException("precondition violation"));
}

}

The pointcut declaration designates a set of execution
points and optionally exposes certain values at those execu-
tion points. The pointcut addAccountExe denotes executions of
the addAccount method and exposes the receiver (c) and the ar-
gument (a). The before keyword introduces an advice that is
to be executed before the execution of a join point; there are
also after and around advices [10]. In the example, the ad-
vice is executed right before the execution of the addAccount

method and checks its precondition by referring to the values
exposed at that join point. Note that the aspect is declared
to be privileged, which means that it bypasses Java language
access checking and thus can access private members. This
allows the aspect, for example, to access private fields such as
accounts used in the precondition. If the Customer class is com-
piled with the above aspect, all invocations of the addAccount

method that violate the precondition will be detected and re-
sult in runtime exceptions.

3 Approach

Figure 2 depicts our approach for automatically testing
Java programs using OCL. The key idea of our approach is

2



to use OCL constraints for both filtering test data and de-
termining test results. We accomplish this by turning OCL
constraints into runtime checks. For this we translate OCL
constraints to AspectJ code which is to be compiled with Java
code under test to detect constraint violations at runtime. Our
testing approach is dynamic in that we run the code under test
to generate test data. We first generate test data randomly and
then perform a test execution by invoking the method under
test with the generated test data; we assume that each method
of a class be tested separately. If the method invocation results
in a pre-state constraint violation such as a precondition vio-
lation, we reject the test data as inappropriate for testing the
method because such a constraint is the client’s obligation. If
the invocation results in a post-state constraint violation such
as a postcondition violation, we treat it as a test failure be-
cause such a constraint is the implementer’s obligation; oth-
erwise, it is a test success. In summary, we do dynamic testing
by generating test data randomly and using OCL constraints
as test oracles.

In the following subsections we first illustrate our ap-
proach using a small example and then explain the details of
translating OCL constraints to AspectJ runtime checks and
performing dynamic testing based on runtime checks.

3.1 Illustration

Here we illustrate our approach by using the bank account
example from the previous section. Our approach consists
of two steps: test preparation and dynamic testing. The test
preparation step prepares a Java program for testing by trans-
lating its OCL constraints to runtime check code written in
AspectJ and compiling the program with the resulting AspectJ
code. This enables us to detect OCL constraint violations at
runtime. The dynamic testing step utilizes OCL constraint
violations to filter test data and to determine test results. As
an example, consider the following OCL constraint for the
withdraw operation of the Account class.
context Account::withdraw(amt: Integer): void

pre: amt > 0 and amt <= bal
post: bal = bal@pre - amt

The test preparation step translates the above constraint to
an AspectJ aspect, something like the following.
public privileged aspect AccountChecker extends OclChecker {

pointcut withdrawExe(Account acc, int amt):
execution(void Account.withdraw(int))
&& this(acc) && args(amt);

void around(Account acc, int amt): withdrawExe(acc, amt) {
checkPre(amt > 0 && amt <= acc.bal);
int preBal = acc.bal;
proceed(acc, amt);
checkPost(acc.bal == preBal - amt);

}
}

The aspect intercepts every execution of the withdraw

method and checks its pre and postconditions specified as

OCL constraints. For this, it defines an around advice that
surrounds a join point and thus can perform custom behavior
before and after the proceeding to the join point. The frame-
work class OclChecker defines several utility methods such as
checkPre and checkPost for checking constraints and reporting
constraint violations, e.g., by throwing an appropriate excep-
tion (see Section 3.2). The aspect is compiled along with the
Account class to enable runtime constraint checking.

The next step is to perform dynamic testing. We first gen-
erate test data randomly, where each test case consists of a re-
ceiver and arguments. To test the withdraw method, for exam-
ple, we need an Account object (receiver) and an int value (ar-
gument). Possible test cases include: (new Account(100), -10),
and (new Account(100), 50), assuming that the Account class has
a constructor that takes the initial balance as an argument. We
then execute the tests by invoking the method under test with
the generated test data, e.g., new Account(100).withdraw(50).
During the test execution we observe an occurrence of an
OCL constraint violation. If we encounter a precondition vio-
lation, we reject the test data as inappropriate because the pre-
condition is the client’s obligation. For example, the test case
(new Account(100), -10) is rejected because it violates the pre-
condition stating the positiveness of the withdrawal amount.
If we encounter a postcondition violation, we interpret it as
a test failure because the postcondition is the implementer’s
obligation; otherwise, it is a test success. For example, the
test case (new Account(100), 50) results in either a test success
or failure.

3.2 Translating OCL to AspectJ

We adapt the approach proposed in [2] to translate OCL
constraints to AspectJ aspects. The resulting aspect is called
a constraint checking aspect. The approach is modular in that
constraint checking aspects exist separate from the implemen-
tation code, which is oblivious of the aspects. When compiled
with the aspects, however, the implementation is checked for
OCL constraint violations at runtime.

Figure 3 shows the framework for checking OCL con-
straints at runtime. For each class we have a separate aspect
that advises the class. This constraint checking aspect is re-
sponsible for checking all OCL constraints specified for the
class. Each constraint checking aspect is defined to be a sub-
class of an abstract class, OclChecker. This class provides a
set of utility methods, such as a mechanism for reporting con-
straint violations, to constraint checking aspects. It uses the
strategy design pattern to separate constraint checking from
violation reporting and to select a reporting mechanism ap-
propriate for a particular application. In our case, a constraint
violation is reported by throwing an exception, and this fa-
cilitates the testing framework to use OCL constraints as test
oracles during dynamic testing (see Section 3.4).

As shown earlier, an OCL constraint is translated to point-
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Figure 3. OCL constraints checking framework

cuts and advices. The pointcuts define execution points at
which constraint checks are to be performed, and the ad-
vices perform actual constraint checks. It is also common that
pointcuts expose values such as the receiver and arguments at
the execution points so that they can be referred to by the con-
straint checking advices. The advices check OCL constraints
and thus are often direct translations of the OCL constraints.

One adaptation in translating OCL to AspectJ is that we
need to distinguish two different kinds of precondition vio-
lations. Let’s say that a client invokes a method, say m. If
m’s precondition is violated, this violation is called an en-
try precondition violation. On the other hand, if m’s method
body invokes another method, say n, of which precondition
is violated, this violation is termed an internal precondition
violation; it is internal from the m’s client point of view. The
reason for this distinction is that constraint violations are used
as test oracles, and the later is a test failure while the former is
not [3] (see Section 3.4). To support this distinction, we trans-
late OCL constraints to around advices. For example, the pre
and postconditions of the withdraw method are translated to
the following advice.
/** Checks pre and postconditions of the withdraw method.

* pre: amt > 0 and amt <= bal

* post: bal = bal@pre + amt */
void around(Account acc, int amt): withdrawExe(acc, amt) {

checkPre(amt > 0 && amt <= acc.bal);
int preBal = acc.bal;
try {

proceed(acc, amt);
} catch (OclEntryPreconditionError e) {

throw new OclInternalPreconditionError(e);
}
checkPost(acc.bal == preBal - amt);

}

Note that the proceed call is enclosed inside a try-catch
statement to catch and turn an entry precondition violation
into an internal precondition violation.

3.3 Generating Test Data

We use the approach presented in [4] to generate test data
automatically. That is, we generate test data randomly for
each method of the class under test, say C. A test case thus
is a tuple of objects and values, 〈r, a1, . . . , an〉, where r is a
receiver object of class C and ai’s are arguments. We use a
different strategy to generate the element of a test case based
on its type. For a primitive type, an arbitrary value of that

type is selected randomly. For an array type, the dimension
is chosen randomly and then the elements are generated by
applying the strategy of the element type.

For a class type, we cannot create an object of an arbitrary
state directly because the object’s state is hidden. We do this
indirectly by first instantiating a class and changing its state
through a series of method calls. Let C be a class with a set
of constructors, ci’s, and methods, mi’s. We classify them
into four categories based on their signatures or suggestions
from the user: basic constructor, extended constructor, muta-
tor, and observer. A basic constructor creates a new instance
of a class without needing another instance of the same class,
whereas an extended constructor can create a new instance,
given other instances of the class. A mutator changes the state
of an object.

We represent an instance of C as a sequence of constructor
and method calls, 〈s0, s1, . . . , sn〉, where s0 is a basic con-
structor call and the rest are extended constructor or mutator
calls. That is, to generate an instance of a class we first invoke
one of its basic constructors and then, to change the instance’s
state, invoke several extended constructors or mutators. The
constructors and mutators are selected randomly. For exam-
ple, below are three example call sequences for the Account

class.

1: 〈new Account(10)〉
2: 〈new Account(10), deposit(10)〉
3: 〈new Account(10), deposit(20), withdraw(50)〉

Note that not all instances—represented as call
sequences—are feasible. Each call in the sequence has
to satisfy the class invariant and method pre and postcon-
ditions. The last sequence, for example, fails to create an
instance because the withdraw call fails to meet its precon-
dition; the account has an insufficient balance (30) for the
withdrawal request (50).

3.4 Executing Tests

Our approach is dynamic in that we run the method un-
der test to generate its test cases. We run the method for two
purposes: to filter out generated test cases and to determine
test results. For both, we use OCL constraints as a decision
procedure (see Figure 4). A generated test case is inappro-
priate for testing a method if it doesn’t satisfy the precon-
dition of the method. Because the precondition is a client’s
obligation, such a test case is an invalid input to the method
and is referred to as meaningless [3]. For example, a test
case 〈〈new Account(10)〉, 20〉 is meaningless for the withdraw

method.
We use OCL constraints as test oracles. A post-state as-

sertion such as a method postcondition and a class invariant
is used as a test oracle. The method under test is executed
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Figure 5. JET screenshot

with the generated test case. If the execution results in a post-
condition violation error or a post-state invariant violation er-
ror, it is interpreted as a test failure because it means that the
method doesn’t satisfy its specification for that particular test
data; there is an inconsistency between the code and its spec-
ification. Otherwise, it is interpreted as a test success because
no code-specification inconsistency is detected.

4 Evaluation

We evaluated the feasibility and effectiveness of our ap-
proach through case studies and experiments. For the evalua-
tion, we used our assertion-based, random testing tool named
JET [4] that automates Java program testing (see Section 5 for
a description of JET). Figure 5 shows a sample screenshot of
JET. We first extended the JET tool to make it recognize OCL
constraint violations and use them as decision procedures for
checking validity of randomly generated test data and for de-
ciding test results (see Sections 3.2 and 3.4).

We next selected two open-source Java applications that
have formal UML models including class diagrams and OCL
constraints. The first is the collection types defined in the
OCL standard [11]; OCL supports a wide range of collec-
tion operations for writing constraints on collections. The
second is an example application borrowed from the OCL

textbook by Warmer and Kleppe [14]. The example applica-
tion is for a fictional company called Royal and Loyal (R&L)
and manages loyalty programs for companies that offer their
customers various kinds of bonuses. For both applications
we used the Java implementations found in the Dresden OCL
Toolkit distribution [7] (see Section 5 for a discussion of the
Dresden tool). The OCL collection types consist of five Java
classes with 1787 lines of source code (SLOC) and 336 lines
of OCL constraints, and the R&L application consists of 19
classes with 1120 SLOC and 156 lines of OCL constraints.
We manually translated the OCL constraints of both applica-
tions to AspectJ code, resulting in 698 SLOC and 541 SLOC,
respectively.

We then ran the JET tool on each class of the applica-
tions, and it revealed several errors and deficiencies in both
the Java implementations and their OCL constraints. In fact,
for the OCL collection types, JET detected all the errors that
we found earlier with a manual, JUnit-based testing. For ex-
ample, the implementation of the Set::union operation was
wrong; it returned only the argument set. This and similar
programming errors were detected by the JET tool as incon-
sistencies between the OCL constraints and the Java imple-
mentations. It should be noted that several test failures were
due to deficiencies in OCL specifications themselves. For ex-
ample, collection operations such as first and last of types
Sequence and OrderedSet are partial in that they are defined
only for non-empty sequences and ordered sets. However,
they are specified to be total functions in the standard [11];
they have no preconditions. Several other collection opera-
tions have a similar problem of missing or loose precondi-
tions, which were detected as errors during test executions;
e.g., attempting to access the first element of an empty se-
quence resulted in an exception. Finally, our AspectJ-based
approach was also able to detect structural inconsistencies, as
well. For example, when we translated and compiled the OCL
constraint for the operation Set::union(bag: Bag(T)): Bag(T),
we received a compilation warning saying that our advice for
the constraint has not been applied. We shortly learned that
this warning was caused because there was no such method in
the implementation; the return type of the corresponding Java
method was OclSet, not OclBag.

We also performed a mutation testing experiment using the
R&L application. We manually seeded total 30 faults to mu-
tate the program. The JET tool was able to detect or kill 22
seeded faults or mutants, giving a 73% detection rate. Upon
examining the undetected faults closely, we learned that there
were interferences among the seeded faults. Once the inter-
ferences were removed, JET was able to detect most of the
seeded faults (27 out of 30), giving a 90% detection rate. The
remaining three faults were similar to what are referred to as
equivalent mutants, mutants that have the same behavior as
the original program. In our case, these were mutants that
did not adversely affect the OCL constraints. In other words,
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OCL constraints were not strong or detailed enough to distin-
guish these mutants from the original program.

5 Related Work

The basis of our work is automated random testing and
the use of executable assertions as test oracles. Below we re-
view some of most related work in these areas. JCrasher is a
random testing tool to test the robustness of Java classes [6].
It generates a sequence of method calls randomly to cause
the class under test to crash by throwing an uncaught excep-
tion. Our earlier work on JET also explored automated ran-
dom testing but to detect inconsistencies between Java classes
and their JML specifications [4]; JML is a formal behavioral
interface specification language for Java. One difference be-
tween these two approaches is that JCrasher tests the whole
class as a single unit to find an invalid method call sequence
that results in an uncaught exception. JET, on the other hand,
tests one method at a time by finding feasible call sequences
and using JML assertions as decision procedures for feasibil-
ity and test results. Our current work extended JET to also
recognize various OCL constraint violations.

One novel feature of JET is using formal specifications in
constructing valid test data. The origin of this idea can be
traced back to the use of formal specification as test oracles
[9]. Peters and Parnas proposed a tool that generates a test
oracle from formal program documentation written in tabu-
lar expressions [12]. The test oracle procedure, generated in
C++, checks if an input and output pair satisfies the relation
described by the specification. Cheon and Leavens employed
a JML runtime assertion checker as a test oracle engine to
test Java programs [3]. In this paper we applied this idea
to OCL and promoted it further by dynamically generating
valid test data and feeding it to the oracle to detect incon-
sistencies between code and its OCL specification. Coppit
and Haddox-Schatz performed case studies to evaluate the
effectiveness of specification-based assertions by manually
translating Object-Z specifications to executable assertions,
and they concluded that such assertions can effectively reveal
faults, as long as they adversely affect the program state [5].

There are several different approaches to check design
constraints such as OCL constraints against an implementa-
tion [8]. A recent trend, however, is to use AOP languages
such as AspectJ as constraints instrumentation languages by
treating constraint checking as a crosscutting concern and
handling it in a modular way [1, 13]. The constraint check-
ing code exists separately from the implementation code, and
the implementation is oblivious of the constraint checking.
Demuth and Wilke, for example, developed an OCL verifi-
cation tool called the Dresden OCL Toolkit that can not only
interpret OCL constraints on a UML model and its Java im-
plementation but also generate runtime constraints checking
code written in AspectJ [7]. The Dresden Toolkit may be

adapted for use as a front-end tool for our proposed testing
approach.

6 Conclusion

The main contribution of this paper is engineering an ap-
proach for automating Java program testing by combining ex-
isting two approaches: (1) translating OCL constraints into
runtime checks written in AspectJ and (2) dynamic random
testing based on executable assertions. Our case studies and
experiments, though limited in their scopes, show the effec-
tiveness of our approach in detecting errors in both imple-
mentations and OCL constraints. Thus, our approach also
provides a practical means for debugging OCL constraints
themselves. We, therefore, expect our approach to promote a
practical use of OCL in design and in programming, as well.
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