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In recent years many researchers have gone into investigating the complexity measure called
coupling, both before runtime (called static coupling) and during runtime (runtime/dynamic
coupling). This paper describes runtime/dynamic coupling metrics for object-oriented software
systems at four levels, called package-level, class-level, object-level and method-level. A new dynamic
coupling metric at method-level has been introduced. Some experimental data relevant to static and
dynamic coupling at class-level for two Java example programs has also been reviewed.

INTRODUCTION
In today’s software-oriented world, the key to success for a software application

is its regular performance appraisal that further demands certain measurement criteria
that can be effectively used to measure the working performance of a software
application. Software metrics measure different aspects of software complexity and thus
play an important role in analyzing and improving software quality (Rosenberg, 1995).
Previous studies have shown that they provide useful information on external quality
aspects of software such as its maintainability, reusability, reliability, fault proneness etc.
by relating them to important characteristics of object-oriented software such as size,
polymorphism, inheritance, coupling and cohesion.

Coupling measure has been defined as one of the most basic qualitative measures
for measuring the performance of software at design or implementation phase (Berard,
1993 and Briand, 1997). It is normally defined as the degree of interdependency among
modules. Coupling quantifies the external complexity of a class, i.e. how dependent a
class is on other classes. A low level of coupling is desired to be present within the
classes of an object-oriented program. The theory behind this measure contributes to the
external quality attributes of a software application, such as its maintainability,
reusability and testability (Basili, 1996). A number of coupling metrics along with other
metrics (Emam, 2001) have been designed for use in different phases of the software
development life cycle.

However, these static metrics are not capable of predicting the dynamic behavior
of a software application. This is because the behavior of a software application is not
only influenced by the complexity but also by the operational or runtime environment of
the source code (Mitchell, 2003a).

A recent research (Mitchell, 2003a) has indicated that useful information may be
obtained by measuring the dynamic complexity of software in its operational
environment. Thus it is possible to quantify the quality of a software product using a set
of dynamic metrics that are evaluated at runtime. These metrics by themselves can
provide us with useful information, and can also help to enhance the usability of
information obtained from static analysis. Working on the same lines, many researchers



have come up with some dynamic or runtime object-oriented software metrics in their
respective on-going researches.

Most of these metrics consist of dynamic coupling metrics that collect the vital
information to quantify coupling between the objects and methods in a program at
runtime. This paper describes dynamic coupling metrics at four levels of abstraction
namely:

 Class Level
 Object Level
 Method Level
 Package Level
This paper also studies one of the class-level dynamic coupling metrics called Class

Request for Service (CQFS) and proposes a new dynamic coupling measure.

REVIEW OF LITERATURE
Chidamber and Kemerer (1991, 1994) defined a static coupling metric for object-

oriented softwares known as Coupling Between Objects (CBO). They then related the
metric to the maintenance, testing and understandability of a design. The CBO measure
was originally defined as “a count of the number of non-inheritance related couples with
other classes”. This definition was later revised. For a class C, CBO is a measure of the
“number of other classes to which it is coupled”. They amended their previous definition
to include coupling due to inheritance, but provided no explanation for this.

Briand et al. (1997) studied a vast amount of available literature on coupling in
object-oriented systems and concluded that all the metrics at that time measured coupling
at the class level from static code. No measures of runtime object level coupling had been
proposed till that time.

Yacoub et al. (1999) defined a set of object-level dynamic coupling metrics
designed to evaluate the change-proneness of a design. The metrics were applied at the
early development phase to determine design quality. They used executable object-
oriented design models to model the application to be tested. The metrics were evaluated
for a number of different execution scenarios, and they extended the scenarios to have an
application scope.

Arisholm et al. (2002, 2004) defined and validated a number of object-level and
class-level dynamic coupling metrics and studied the relationship of these with the
change proneness of a system. They found that the dynamic coupling measurement did
capture additional properties to the static coupling metrics and were good predictors of
the change proneness of a class.

Mitchell et al. (2003a, 2003b, 2004a, 2004b, 2005) in their ongoing research, have
conducted a number of studies on the quantification of many run-time object level
coupling metrics for object-oriented (Java) programs. They have also statistically
analyzed the differences in the underlying dimensions of coupling captured by static
versus dynamic coupling metrics. The results indicated that the run-time metrics did
capture different properties than the static metrics alone.

Zaidman et al. (2004) exposed the usage of dynamic coupling metrics in
analyzing the event traces of large scale industrial applications. They also devised a new
class-level dynamic coupling metric to measure software performance at runtime.



Hassoun et al. (2004) studied object-level coupling as it evolves during program
execution and proposed a dynamic coupling measure that takes object interactions into
consideration. They have experimented on a Java application. The measure can be used
to compare systems built on metalevel architectures with systems having no reflective
features yet, at the same time, exhibiting the same interface.

Research till date has suggested various runtime or dynamic coupling measures at
class-level or object-level. We move on to define the dynamic coupling metrics at the
package and method levels. Next we characterize various dynamic coupling metrics
according to the levels at which they work.

Measuring coupling at runtime provides us with the all important execution time
information of a software application that is far more useful than the static information
provided by measuring coupling from the static code. These metrics that can measure
coupling at runtime are called dynamic coupling metrics. These coupling metrics can
measure coupling between different sets of components of a software program.

DYNAMIC COUPLING METRICS AT VARIOUS LEVELS
The four levels of abstraction for dynamic coupling measures are: Class-level,

Object-level, Method-level and Package-level.

Class-level and Object-level Dynamic Coupling
Runtime or Dynamic Class-level Coupling measures the amount of method

dependencies among the classes implementing the methods of the caller object and the
receiver object. The class of the object sending or receiving a message may be different
from the class actually implementing the corresponding method. This fact can get clearer
with the following example.

FIGURE 1
Class-level and Object-level Runtime Coupling
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Consider four classes c1, c2, d1, d2 where c2 extends (inherits instance variables
and methods from) c1 and d2 extends d1. Let o1 be an object of c2 and o2 be an object of
d2 (Figure 1). Let object o1 send a message to object o2 calling method md() which
resides in d1. Now it might be happening, as is the case here, that the actual source of this
message generation was method mc() of class c1. Thus the actual message call originates
from method mc() of class c1 to reach method md() that class d2 inherits from class d1.
Thus we get Class-level coupling working between c1 and d1 and Object-level coupling
working between c2 and d2. This is because no objects of c1 and d1 were created at
runtime whereas c2 and d2 had their respective objects created at runtime.

Many class-level and object-level dynamic coupling measures have been
proposed over the past few years. We have shown these metrics packaged in different
sets as they belong to different research works. Table 1 and Table 2 display the various
metrics with their descriptions.

TABLE 1
Class-level Metrics

SET 1 [3]
Sr. No. Name of Metric Description
1 Runtime or Dynamic

Coupling between Objects
(CBO) for a class A.

Count of the number of couples with other classes at runtime

2 Degree of Dynamic
Coupling between a class A
and class B at runtime

Count of the amount of times a class A accesses methods or
instances variables from a class B as a percentage of the total
number of methods or instance variables accessed by A.

3 Degree of Dynamic
Coupling within a given set
of classes

Count of the amount of times methods or instance variables are
accessed outside each class as a percentage of the total number
of methods or instance variables accessed by these classes.

SET 2 [8]
Sr.No Name of Metric Description
Import Coupling Metrics
1 IC_CD Counts the number of messages sent from a class A during a

given scenario.
2 IC_CM Counts the number of different methods used by a class A to

send all the messages in a given scenario.
3 IC_CC Counts the number of distinct classes to which a class A has sent

messages in a given scenario.
Export Coupling Metrics
1 EC_CD Counts the number of messages received by a class A during a

given scenario.
2 EC_CM Counts the number of different methods used by a class A to

receive all the messages sent to it in a given scenario.
3 EC_CC Counts the number of distinct classes from which a class A has

received messages in a given scenario.
SET 3 [6]
Sr.No Name of Metric Description
1 Class Request For Service

(CQFS)
Counts the number of messages sent by a class to the other
classes or their objects during the execution of a program.

TABLE 2



Object-level Metrics
SET 4 [13]
Sr.No Name of Metric Description
1 Export Object Coupling

(EOC)
EOCx(oi w.r.t. oj): Percentage of the number of messages sent
from object oi to object oj with respect to the total number of
messages exchanged during the execution of the scenario (a
sequence of interactions between objects stimulated by input data
or events).

2 Import Object Coupling
(IOC)

IOCx(oi w.r.t. oj): Percentage of the number of messages received
by object oi and was sent by object oj with respect to the total
number of messages exchanged during the execution of the
scenario.

3 Object Request for Service
(OQFS)

Percentage of the total number of messages sent by an object oi to
all other objects.

4 Object Response for Service
(OPFS)

Percentage of the total number of messages sent to an object oi by
all other objects in the application during the execution of a
scenario.

SET 5 [8]
Sr.No Name of Metric Description
Import Coupling Metrics
1 IC_OD Counts the number of messages sent from an object A during a

given scenario.
2 IC_OM Counts the number of different methods used by an object A to

send all the messages in a given scenario.
3 IC_OC Counts the number of distinct classes to which an object A has

sent messages in a given scenario.
Export Coupling Metrics
1 EC_OD Counts the number of messages received by an object A during a

given scenario.
2 EC_OM Counts the number of different methods used by an object A to

receive all the messages sent to it in a given scenario.
3 EC_OC Counts the number of distinct classes from which an object A has

received messages in a given scenario.
SET 6 [20]
Sr.No Name of Metric Description
1 Dynamic Coupling

Metric(DCM)
(for an object P)

Measures the object’s “coupling” during a time period Δt, defined
as the sum over all program execution steps and the sum over the
total number of objects, coupled to P.

2 Dynamic Coupling
Metric(DCM)
(for a Complete System)

Sums the DCMs of all the objects in the system for a given time
period Δt.

Method-level Dynamic Coupling
Classes and objects are made up of methods or functions as their integral parts. As

classes and objects couple with other classes and objects, methods also couple with other
methods. Whenever a class (or an object of the class) sends a message to an instance
variable or a method of some other class or (an object of the class), the actual source of
the message is one of the methods residing in the calling class. So while classes or
objects are said to be coupled when they call resources from some other similar entities,
methods that are actual initiators of that call should also be coupled at the same time with
the methods of the other classes.

FIGURE 2



Method-level Runtime Coupling

Referring to Figure 1, when a request that is sent from c1 and processed by d1
makes c1 and d1 coupled at class-level during runtime, methods mc() and md() that are
actually initiating and processing the request must also be called ‘coupled at method-
level’ during runtime. Enhancing Figure 1, this method-level coupling is shown in Figure
2. We will be introducing a new method-level dynamic metric towards the end of this
paper.

Package-level Dynamic Coupling
In the programming languages like Java, classes are encapsulated inside packages,

which is the highest level in java program writing. Class-level coupling and object-level
coupling deals with the classes or objects coupling to other classes or objects that may be
residing in the same package or a different package. But these two levels don’t consider
the effect on those classes or objects being in same package or different packages.
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FIGURE 3
Package-level Runtime Coupling

Package-level is considerable during calculating dynamic coupling as the actual
source code classes are always divided into packages especially when we deal with large
scale Java applications. So when we have tens and hundreds of packages each carrying
some number of classes, it’s worthwhile to evaluate the extent of coupling among the
packages i.e. calculating coupling at package level.

In Figure 3, we have considered two packages A and B having different classes
and their objects at runtime. If a method ma1() from an object o1 residing in A calls a
method mb1() of Object o3 residing in B, A and B are said to be coupled at package-level
at runtime.

Out of these four levels, dynamic metrics have been found mainly at class-level
and object level. Figure 4 shows the different sets of metrics at their respective levels.

FIGURE 4
A Combined View of All The Four Levels.
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A NEW RUNTIME METRIC AT METHOD LEVEL
Class Request For Service (CQFS) metric measures export coupling at class-level.

CQFS counts the number of messages sent by a class to the other classes or their objects
during the execution of a program.

Let oi represent an object instantiated by class cx and oj represent an object
instantiated by class cy. Let O and C represent the object and the class sets respectively.
Here, M(oi,oj) represents the set of messages sent from oi to oj. Then CQFS metric is
given by

CQFS (cx) = 
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In calculating the CQFS metric, duplicate message sends are eliminated. Thus
even if a method is called more than once, only one message is added to the coupling
count for the class of that method. This has a severe drawback. Some interesting forms of
polymorphism are abstracted away, as calls to methods that have same names but
different types (or number) of arguments, are not counted separately.

Method Request for Service (MQFS)
We introduce a new measure to calculate the amount of message requests sent

from a method of a class (or object) to the methods residing in other classes (or objects).
We call this measure as Method Request For Service (MQFS). MQFS has been derived
from the CQFS metrics. We have defined MQFS metric as follows.

MQFS (mk) =
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Here,
M(mk(oi),ml(oj)) = set of messages sent from kth method (mk) of ith object (oi) of class cx to

lth method (ml) of jth object (oj)of class cy

Because MQFS is defined at method level, it considers all the methods including
those exhibiting polymorphism. But it surely eliminates duplicate method calls from one
particular method mk to another method ml.

RESULTS
We are in process of building a runtime metric-collection tool called DynaMetrics.

This tool has the ability to evaluate some of the above mentioned metrics. DynaMetrics,
at this point, can evaluate some class-level and method-level runtime metrics for Java
programs only. Figure 5 shows a brief snapshot of DynaMetrics tool at work. Some of the
runtime metrics currently supported by DynaMetrics, are:

 Runtime or Dynamic CBO for a class



 Runtime or Dynamic CBO for two classes
 Runtime or Dynamic CBO for a given set of classes
 Class Request for Service

FIGURE 5
DynaMetrics Tool - Snapshot

DynaMetrics was used to evaluate these runtime class-level metrics and their static
counterparts for one java sample programs. The program contained 10 classes (called A,
B, C, D, E, F, G, H, I, J). The metric values obtained are shown in Table 3.

Table 3 not only shows the runtime metric values at class-level, but it also clearly
shows the differences between static metric values and their respective runtime metric
values e.g. CBO for class A before runtime and after runtime. Static CBO metric used
here is identical to the Chidamber and Kemerer CBO metric (Chidamber, 1991).

TABLE 3
Data Collected for Example Code Carrying 10 Java Classes

Metrics Static Values
(Before Runtime)

Dynamic Values
(During Runtime)

RCBO for a
Class

A 3 3
B 2 2
C 2 2
D 2 2
E 2 2
F 2 1
G 3 1
H 3 3
I 2 1
J 2 0

RCBO for two
Classes
(classes selected

A, B 28.6% (2/7) 22.2 % (2/9)
B, C 50.0 % (1/2) 80.0% (4/5)
C, D 0.0 % (0/4) 0.0% (0/6)
D, E 0.0% (0/2) 0.0% (0/5)



at random) E, F 0.0% (0/3) 0.0% (0/3)
F, G 0.0% (0/2) 0.0% (0/3)
G, H 0.0% (0/5) 0.0% (0/1)
H, I 0.0% (0/5) 0.0% (0/3)
I, J 0.0% (0/3) 0.0% (0/2)

RCBO for All Classes 77.8% (28/36) 81.1% (30/37)
CQFS A 4 4

B 2 2
C 2 2
D 2 2
E 3 3
F 2 1
G 4 1
H 3 3
I 3 2
J 2 0

Studying these differences at various levels, it can be traced out what code areas in
static code need an alteration and at what level of abstraction. For example, in Table 3, it
is observed that class J is never invoked or in other words, none of class J’s methods are
accessed at runtime. Thus, class J can be called a useless class for this program as it is
never called upon. So it can either be deleted or some class might be made to access it.
Thus dynamic metrics can affect the design of a software in a positive way as it can give
the qualitative measure of a software system.

SCOPE FOR FUTURE RESEARCH
There is a lot of statistical work needed in this area. This work not only includes the

validation of runtime metric values, but also inventing some means to use the differences
in static metric values and their respective dynamic metric values to improve the software
performance. Working on these lines, we have currently following tasks on hand:

 Extending the set of new dynamic metrics
 Extending DynaMetrics to support C++ programs as well
 Formulating the improvement of software using the differences between static

metrics and their dynamic counterparts
 Statistical validation of Runtime Metrics

CONCLUSIONS
The process of improving the performance of software should involve looking at

the static code at different levels of abstraction and then working at each level to provide
the overall performance improvement. The same then can be done at runtime. Obviously
it all starts from the method-level, as the actual class-invoking/object-invoking or
package-invoking code is residing at the lowest level i.e. the method-level. Method-level
is followed by object-level that is actually working as a messenger between message-
level and class-level entities. But the overall structure of a software code is handled by
classes and packages i.e. at class-level and package-level (in the case of Java code).

So collecting the metric data at these levels should be done both before runtime
and during runtime. The differences in the metric data can then be used to make
necessary alterations at various levels in static code. We suggest that for most of the
metric values these differences should be as small as possible.
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