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Abstract

UML models are widely used by software developers to
model complex software systems. Testing the models can
reveal flaws in the early stages of software development.
Criteria based on UML class diagrams and interaction di-
agrams were proposed earlier to specify UML model ele-
ments that need to be covered during testing. This paper
describes a case study that evaluated the fault detection ef-
fectiveness of these criteria.
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1. Introduction

In the design phase, software developers model a system
using various types of UML [2] diagrams representing dif-
ferent views of the system. Systematic testing of the models
can detect existing faults even before the actual implemen-
tation of the system, thereby reducing the cost of finding
faults in later developmental phases. Dynamic analysis of
the models for testing the modeled behavior requires model
execution.

Andrews et. al [1] propose several criteria to guide the
selection of test cases and measurement of test adequacy.
The criteria can be broadly classified as class diagram crite-
ria and interaction diagram criteria. Class diagram criteria
include the following:

1. Association-end Multiplicity (AEM): Designed to en-
sure that configurations containing boundary and non-
boundary occurrences of links between objects are
tested.

2. Generalization (GN): Designed to ensure that each
specialized class is instantiated and used during the
tests.

3. Class Attribute (CA): Designed to ensure the testing of
behaviors using combinations of representative class
attribute values.

Interaction diagram criteria include:

1. Condition Coverage (Cond): Designed to ensure that
each condition in the interaction diagram evaluates to
true and false during the tests.

2. Full Predicate Coverage (FP): Designed to ensure that
every predicate in each condition inside the interaction
diagram evaluates to true and false.

3. Each Message on Link (EML): Designed to ensure that
each message on a link connecting two objects in the
interaction diagram is executed at least once.

4. All Message Path (AMP): Designed to ensure that each
possible message path in the interaction diagram is ex-
ecuted at least once.

5. Collection Coverage (Coll): Designed to ensure that
tests execute each interaction with collection objects
using different representative sizes.

Developers need to plan and allocate resources for test-
ing. The planning process is influenced by the ability of
adequate test sets to detect faults and the effort required to
create the tests. We set up a couple of case studies to mea-
sure (1) the fault detection effectiveness of the criteria and
(2) the number of test cases required to satisfy each crite-
rion.

2. Evaluation Procedure

Two systems were used: (1) a web based course man-
agement system (WebC) and (2) a poker gaming system
(Poker). The WebC system model consists of a set of eight
use cases and corresponding collaboration diagrams, and
one class diagram containing eight classes. The Poker sys-
tem model consists of a set of nine use cases and corre-
sponding collaboration diagrams, and a class diagram con-
taining six classes. Each system has one instance of the
generalization-specialization relationship. The WebC sys-
tem defines constraints on the values of some of the class
attributes using the Object Constraint Language (OCL). The
Poker system defines pre- and post-conditions for some sys-
tem operations using the OCL. Several collaboration dia-
grams model conditional constructs. Thus, there is more
than one possible execution path in those diagrams. In
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WebC, the system operations are independent of each other,
whereas in Poker, the system operations must occur in a de-
fined sequence.

A set of faults that commonly occur in UML models was
compiled by identifying the faults that designers could in-
troduce in the constructs of a collaboration diagram. Each
modeler seeded a fault one by one in each collaboration dia-
gram, thereby generating a number of faulty models. These
models were given to the testers. First, the testers randomly
generated test cases using a computer program which used
information regarding types and constraints on parameters
of system operations and the sequence in which system op-
erations can occur. The test cases that increased coverage
with respect to some criterion were added to the test set.
Since the randomly generated test cases did not result in
complete coverage, a few test cases had to be added manu-
ally by the tester.

Each test case specifies a sequence of operations and
takes the following general form:
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where
�,+

is a system operation and
�%+$-

is a system oper-
ation parameter corresponding to

��+
. A test set contains

several such test cases.
Testing is carried out by executing the system operations

in the sequence using the specified parameter values. Test
failure is indicated by violations of constraints on the sys-
tem operations, an inconsistent system configuration or a
deviation in the system behavior from the specification in
the use cases.

3. Evaluation Results

The results of testing the systems are given in Tables 1
and 2. Eight out of ten seeded faults were detected in the
WebC system. Five out of nine seeded faults were detected
in the Poker system. The WebC system required thirteen
test cases to detect the seeded faults while the Poker sys-
tem required fourteen. Table 3 summarizes our observations
about relations between failures and their possible causes.

4. Conclusions and Future Work

We reported two case studies that evaluated the effec-
tiveness of UML model-based test adequacy criteria. The
study also gave insights into the test case generation pro-
cedure. The systems used in the study were comparatively

Table 1. Test Results for WebC System

Test Criteria Number of Test
Cases

Number of Faults
Detected

Cond, EML, AMP 7 3
AEM 3 2
GN 3 3
CA, FP N/A N/A
Total 13 8

Table 2. Test Results for Poker System

Test Criteria Number of Test
Cases

Number of Faults
Detected

Cond, EML, AMP 12 5
AEM N/A N/A
GN 2 0
CA, FP N/A N/A
Total 14 5

Table 3. Faults and Probable Cause

Detected Faults Probable Cause
Message to null object Order of messages, missing

conditions
Use of a variable before ini-
tialization

Order of messages, incom-
plete models

Inconsistency between class
and interaction diagrams

Missing create or call message

Incorrect message sequence
number or missing messages

Missing messages, missing
conditional branch

Missing messages (as com-
pared to use case descriptions)

Missing call message, incom-
plete models.

smaller and simpler than real-world systems. We are plan-
ning similar studies on complex systems. We are also work-
ing on building an exhaustive repository of system failures
and faults that cause them. We are investigating the types of
faults targeted by each criterion.
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