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ABSTRACT
Classes are the fundamental concepts in the object-
oriented paradigm. They are the basic units of object-
oriented programs, and serve as the units of encapsula-
tion, which promotes the modi�ability and the reusabil-
ity of them. In order to take a full advantage of the
desirable features provided by classes, such as data ab-
straction and encapsulation, classes should be designed
to have a good quality. Because object-oriented systems
are developed by heavily reusing the existing classes, the
classes of poor quality can be a serious obstacle to the
development of systems.

This paper de�nes a new cohesion measure for assessing
the quality of classes. Our approach is based on the ob-
servations on the salient natures of classes which have
not been considered in the previous approaches. AMost
Cohesive Component(MCC) is introduced as the most
cohesive form of a class. We believe that the cohesion
of a class depends on the connectivity of itself and its
constituent components. We propose the connectivity
factor to indicate the degree of the connectivity among
the members of a class, and the structure factor to take
into account the cohesiveness of its constituent compo-
nents. Consequently, the cohesion of a class is de�ned as
the product of the connectivity factor and the structure
factor. This cohesion measure indicates how closely a
class approaches MCC; the closely a class approaches
MCC, the greater cohesion the class has.

1 Introduction

Object-orientation aims to model the real world as
closely to a user's perspective as possible. Classes
play an essential role in the object-oriented develop-
ment. Entities in an application domain are captured
as classes, and applications are built with the objects
which are instantiated from them. Classes serve as
a unit of encapsulation; that is, instances of a class
can be manipulated only through the interface de�ned
in the class. Therefore, the internal representation of
classes can be changed without a�ecting any clients as
long as the new representation conforms to the inter-
face. In other words, compatible changes can be made
safely on classes, which facilitates program evolution

and maintenance[9].

In order to take a full advantage of the desirable fea-
tures provided by classes, such as data abstraction and
encapsulation, classes should be designed to have a good
quality. Otherwise, classes of poor quality can be a se-
rious obstacle to the development of systems because
object-oriented systems are often developed by reusing
the existing classes.

Cohesion which originated from structured design refers
to the degree of connectivity among the elements of a
single module(and for object-oriented design, a single
class or object)[2]. Cohesion metrics is being used as
a metric which characterizes the quality of a module
and developers are using it as a design guideline; they
attempt to maximize the cohesion of the modules.

The notion of cohesion can also be applied to a class.
Many researches have de�ned the cohesion for classes or
abstract data types(ADTs)[3, 4, 5, 6, 7, 8]. However, the
previous approaches did not consider a few important
features of classes; they took no notice of the nature
of the special methods which inherently interact with
only a part of the instance variables, and they regarded
the number of the interactions among the members of
a class as the only dominant factor in determining a
cohesion.

We propose a re�ned cohesion measure based on our
observations on a few salient features of the class which
have not been considered in the previous approaches.
We note that the special methods which inherently in-
teract with only a part of the instance variables would
not reduce the cohesion of a class. In this point of view,
themost cohesive component(MCC) is introduced as the
most cohesive form of a class where the special meth-
ods are excluded. We also note that the cohesion of a
class depends on the connectivity of not only itself and
but also the constituent components. We propose the
connectivity factor to indicate the degree of the connec-
tivity among the members of a class, and the structure
factor to take into account the cohesiveness of its con-
stituent components. Consequently, the cohesion of a
class is de�ned as the product of the connectivity factor
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and the structure factor. The cohesion measure is de-
signed to indicate how closely a class approaches MCC;
the greater cohesion a class has, the closely the class
approaches MCC.

The remainder of this paper is organized as follows. Sec-
tion 2 provides an overview of current researches on a
cohesion measure for classes and describes their weak-
ness. Section 3 proposes a new cohesion measure, and
�nally, conclusion and future works are given in Section
4.

2 Related Works

Most of researches which de�ne a cohesion measure re-
garded the interactions between the methods and the
instance variables as the dominant factors in determin-
ing the cohesiveness of a class.

Briand[3] proposed Ratio of Cohesive Interactions(RCI)
as a cohesion metric. RCI is de�ned as the ratio of the
number of the actual interactions to the number of all
possible interactions.

Chidamber[5, 6] proposed Lack of Cohesion in Meth-
ods(LCOM) as a measure of the relative disparateness
of methods in a class. LCOM is de�ned as the di�erence
between the number of method pairs without shared in-
stance variables and the number of method pairs with
shared instance variables. LCOM is an inverse measure
for cohesion; that is, the lower value of LCOM means
higher cohesiveness.

Li[8] de�ned LCOM as the number of disjoint sets of
methods which share at least one instance variable, and
Hitz[7] restated the Li's de�nition of LCOM in graph-
theoretic terms and proposed a linear mapping to dis-
criminate among the cases with LCOM = 1.

Previously, we[4] proposed abstraction as the most co-
hesive form of a class, and de�ned cohesion of a class
as the extent to which a class approaches abstraction.
However, without a quantitative measure for cohesion,
the cohesiveness of an individual class could not be de-
termined.

The previous approaches have the following problems
which lead to the inconsistent cases with our intuition.

� Previous works[3, 5, 6] do not take into account
some characteristics of classes. Special methods
such as accessor methods, delegation methods, con-
structor, and destructor are designed to show a
speci�c behavior, and they inherently interact with
only a part of the instance variables in a class.

An accessor method is designed to retrieve or up-
date an instance variable. Consequently, it inter-
acts with only one instance variable. In most of
the previous approaches, these accessor methods

considerably reduce the cohesion. The reference
to one instance variable causes LCOM to increase
because it increases the number of methods pairs
which do not share any instance variables. While
the number of possible interactions will increase by
the number of the instance variables, the number
of actual interactions increases only by one; thus,
RCI decreases sizably.

However, we believe that these accessor methods
should not reduce the cohesion, because they in-
herently reference only a part of the instance vari-
ables in a class; that is, the reference of one instance
variable is su�cient for them to complete their be-
havior(i.e., retrieving or updating the instance vari-
able). In addition, encapsulation does not allow in-
stance variables to be accessed directly. Therefore,
it is inevitable to use such accessor methods in or-
der to provide an access path for the instance vari-
ables. Even some object-oriented languages such
as Trellis/Owl generate them automatically.

A delegation method achieves its behavior by del-
egating a message to another class(i.e., invoking
a method in another class) and generally has one
interaction with the class. For example, when a
method slowDown in class Car is invoked to de-
crease the speed of a car, the behavior of the
method slowDown can be achieved by simply in-
voking a method activate to class Brake, a com-
ponent class of class Car, without performing any
other extra operation.

The constructor and the destructor in C++ may
not inherently access all of the instance variables.
The constructor and the destructor in a class may
access the only essential instance variables which
are required to initialize and deinitialize its in-
stances, respectively.

� The previous work[3] considers only the number
of interactions, not the pattern of the interactions
among the members of a class. This results in the
cases which are not consistent with our intuition
about cohesion.

For example, Figures 1 (a) and (b) show the in-
teractions among the members of classes A and B,
respectively. Both of them have the same num-
ber of possible interactions(i.e., 12) and actual in-
teractions(i.e., 6). According to the de�nition of
RCI in [3], they are said to have the same cohesion
value(i.e., 6

12
). However, these two classes show the

distinct patterns of the interactions; the interaction
graph of class A is connected, but that of class B is
disjoint. From the de�nition of cohesion, related-
ness among the members of a class, class A should
be considered more cohesive than class B. This dis-
crepancy originates from the fact that RCI depends



only the number of the interactions and does not
consider their pattern.

(a) Class A (b) Class B

instance
variable

method

interaction

Legend

Figure 1: Example 1

� They[4, 5, 6, 8] do not provide a normalized mea-
sure for comparing di�erent classes.

The original version of LCOM[5, 6] depends on the
number of methods(actually method pairs) and its
maximum value varies with the number of method
pairs. LCOM cannot be used to determine which
class is more cohesive because it does not o�er an
absolute measure. Actually, this problem was man-
ifest from the experiment performed by Basili[1],
where LCOMs of many classes are set to be 0, al-
though very di�erent cohesions are expected. For
example, consider Figures 21 (a) and (b) which
show the interaction patterns of two classes A and
B. The LCOM of class A(i.e., 1-0=1) is equal to
that of class B(i.e., 3-2=1). Intuitively, class B
should be more cohesive than class A because the
members of classB are connected, but those of class
A are not.

(a) Class A (b) Class B

Figure 2: Two classes with the same LCOMs

Although the abnormal behavior has been cor-
rected in the new version of LCOM[8], it still does
not discriminate the cohesiveness of classes which
have di�erent interaction patterns. According to
the new de�nition of LCOM, as long as members of
a class are connected by the interactions, LCOM =
1. Figures 32 shows two extreme cases with LCOM
= 1. Figure 3 (a) shows the least cohesive class and
Figure 3 (b) represents the most cohesive class. Al-
though LCOM = 1 for both cases, intuitively class

1The diagramatic notation is quoted from [7], where each Venn
diagram represents a method by the set of instance variables it
references.

2This graph notation is quoted from [7], where two methods
which share at least one instance variable are connected.

B should be more cohesive than class A because
class B has tighter interactions than class A.

Hitz[7] dealt with this problem by proposing a lin-
ear mapping function which de�nes a measure of
the deviation of a class from the least cohesive case.
However, the linear function also depends only on
the number of connectivity among methods, not its
pattern, which can produce an abnormal case men-
tioned above.

m1 m2 mn

(a) Class A

m1

m2

m..

mn

(b) Class B

Figure 3: Two extreme cases with LCOM = 1

3 Cohesion Metrics for Classes

In this section, we propose a cohesion metric for classes.
Our metric is de�ned based on the analysis of the pat-
terns of the interactions among the members of a class.
As a preparation for de�ning the metric, we present a
few basic de�nitions.

3.1 Basic De�nitions

De�nition 3.1 A method in class C is special, if it is
an accessor method, a delegation method, a constructor,
or a destructor in class C. A method is called normal
if it is not special.

For example, class Stack(see Figure 4) has three special
methods: Stack, �Stack and is Empty. The methods
Stack and �Stack are the constructor and the destruc-
tor, respectively and isEmpty is a delegation method
which checks the emptiness of the stack by sending a
message isZero to top, an object of class Natural.

Special methods inherently interact with a limited num-
ber of instance variables of the class to achieve their be-
havior completely. For example, the destructor �Stack
references only items to free the allocated space, and the
delegation method isEmpty interacts only with top. We
believe that such limited interaction of special methods
should not reduce the cohesiveness of class very much.
Therefore, we exclude the special methods in evaluating
the cohesion metric.

A reference graph is introduced to represent the inter-
actions with the normal methods in a class. Special



class Stack f
private:

int *items ;

Natural top ;

public:

Stack() f
top = 0 ; items = new int[MAX] ;

g
�Stack() f delete [] items ; g
int pop() f
if ( top > 0 )

return items[top��];
g
void push(int n) f
if ( top < MAX-1 )

items[top++] = n ;

g
int isEmpty() f
return top.isZero() ;

g
g ;

Figure 4: Class Stack

methods are excluded because they have no inuence
on the cohesion.

De�nition 3.2 A reference graph for class C,
Gr(C), is a directed graph G = (N;A) with

� N = Nv [ Nm, where Nv and Nm is the set of
instance variables and the set of normal methods
in class C, respectively.

� A = f(m; v) j m reads or updates v, m 2 Nm,
v 2 Nv g

For example, the reference graph for class Stack is de-
picted in Figure 5 which includes two normal methods
push and pop, and the interactions with them.

top items

push pop

Figure 5: The reference graph for class Stack

A class is the most cohesive when the members of a
class have the maximum connectivity among them; that
is, every normal method in a class interacts with all of
the instance variables in the class. Special methods are
excluded because they inherently reference only a part

of the instance variables, and have no inuence on the
cohesiveness.

De�nition 3.3 A reference graph, Gr = (N, A), is a
Most Cohesive Component(MCC) if each method
in M(Gr) has interactions with all of instance vari-
ables in V (Gr); that is, A = f(m; v) j m 2 M(Gr),
v 2 V (Gr)g, where M(Gr) and V (Gr) denote the set of
methods and the set of instance variables in Gr, respec-
tively.

According to this de�nition, the reference graph for class
Stack in Figure 5 is a MCC because push and pop ref-
erence both of the instance variables, items and top. A
reference graph which consists solely of instance vari-
ables or only methods, the reference graph with one
instance variable or one method is a MCC.

3.2 De�ning Cohesion

Our cohesion measure for classes is designed to incorpo-
rate our observations into its de�nition. We note that
not only the number of interactions among the mem-
bers of a class, but also its pattern, that is connectivity
among the members, a�ects the cohesiveness of a class.

Connectivity of Class members
We believe that the cohesiveness of a class varies de-
pending not only on the number of their interactions,
but also on the pattern of the interactions among mem-
bers of the class. More speci�cally, the connectivity of
the members of a class determines the cohesiveness; that
is, the more tightly connected the members of a class
are, the more cohesive it is.

For example, Figure 6 shows the reference graphs of
classes A, B, and C which demonstrate di�erent con-
nectivity. Gr(A) is already disjoint. Gr(B) can be de-
composed into two sub-reference graphs if either method
M2 orM3 is removed, and Gr(C) becomes disjoint when
both of the methods M2 and M3 are removed. In other
words, the members of classes A, B, and C are con-
nected by zero, one, and two method(s), respectively.
Therefore, it can be claimed that class C is more co-
hesive than class B, and class B is more cohesive than
class A.

V1 V2 V3

M1 M2 M3 M4

(a) Class A

V1 V2 V3

M1 M2 M3 M4

(b) Class B

V1 V2 V3

M1 M2 M3 M4

(c) Class C

Figure 6: Classes with di�erent connectivity



As shown in Figures 6, a class which is not MCC has
a subset of methods without which the members of the
class become disjoint. In fact, those methods actually
hold the members of a class together. Let's call the
minimum set of methods that can separate a reference
graph, Gr, the glue methods of Gr, Mg(Gr).

We introduce the notion of the connectivity factor in
order to represent how strongly the members of a class
are connected by the glue methods.

De�nition 3.4 The connectivity factor of a refer-
ence graph Gr, Fc(Gr), represents the strength of the
connectivity among the members, and is de�ned to be
the ratio of the number of the glue methods, jMg(Gr)j
to the number of the methods, jM(Gr)j.

Fc(Gr) =
jMg(Gr)j

jM(Gr)j
(1)

For example, all classes A, B, and C in Figure 6 have
four methods and their connectivity factors are 0

4
, 1

4
,

and 2

4
; because they have zero, one(M2 or M3), and

two(M2 and M3) glue methods, respectively. The con-
nectivity factor of class Stack in Figure 5, which is a
MCC, is 1(= 2

2
).

The value of the connectivity factor ranges from 0 to
1. The connectivity factor is 0 for a class which has no
connectivity, and 1 for a class which has the maximum
connectivity. As de�ned in Equation 1, the connectiv-
ity factor of a disjoint class is 0 because it has no glue
method, and the connectivity factor of a MCC is obvi-
ously 1 because all of the methods are also glue methods.
In case of a reference graph which consists of either in-
stance variables or methods, the connectivity factor of
the reference graph with either single instance variable
or single method is de�ned to be the maximum connec-
tivity(=1) while the reference graph with two or more
instance variables(methods) has the minimum connec-
tivity(=0). In addition, the connectivity factor of a class
reects how closely it approaches a MCC; the greater
connectivity factor the class has, the more closely it ap-
proaches a MCC. Therefore, the cohesion of a class can
be de�ned in terms of its connectivity factor.

Hierarchical Structure of Interaction Patterns
Each component of a class contributes to the cohesive-
ness of a class di�erently. Components which are not
MCC are apt to reduce the cohesiveness of a class to a
certain degree. Therefore, it is desired to incorporate
the interaction patterns of the components of a class in
de�ning the cohesiveness of a class.

We construct a structure tree for a class to analyze the
hierarchical structure of interaction patterns of a class.

The structure tree of a class describes how the class is
decomposed into its constituent components as the glue
methods are removed.

De�nition 3.5 The structure tree for a reference
graph Gr, Ts(Gr), is a tree T = (N, A) with the root
node (Gr, Mg(Gr)), where

� N = f(G i
r ;Mg(G

i
r )) j G

i
r � Gr, Mg(G

i
r ) is the

glue methods of G i
r g

� A = f( (G p
r ;Mg(G

p
r )); (G c

r ;Mg(G
c
r )) ) j G c

r is
one of the connected sub-reference graphs obtained
from G p

r by removing Mg(G
p
r )g

V1 V2 V3

M1 M2 M3

M4

V4 V5 V6

M5

Figure 7: The reference graph of class A

The structure tree for a reference graph can be con-
structed with the sub-reference graphs which are ob-
tained by removing its glue methods and the associated
interactions from the reference graph. This decomposi-
tion procedure is applied recursively to the sub-reference
graphs until each of them becomes a MCC. After all,
the structure tree of a class shows how a class can be
decomposed into a collection of MCCs.

Decomposition of a reference graph is not always unique
because a reference graph can be separated by di�erent
sets of glue methods. In that case, the set of glue meth-
ods which results in a higher cohesion for the children
is selected.

For example, Figure 8 depicts the structure tree for class
A shown in Figure 7. Class A has six instance variables
V1, V2, V3, V4, V5, and V6, and �ve methods M1, M2,
M3, M4, and M5. The reference graph of Class A can
be divided into two sub-reference graphs, G 1

r and G 2

r ,
by removing the glue method M4 along with its inter-
actions. G 2

r does not need to be decomposed further
because it is a MCC. However, G 1

r can be partitioned
into three sub-reference graphs, G 11

r , G 12

r , and G 13

r by
eliminating the methodM2. After decomposition, G 11

r ,
G 12

r and G 13

r become MCC.

We propose the cohesion of a class depend on the con-
nectivity factors of both itself and its components in
the structure tree. Existence of components whose con-
nectivity factor is less than 1 implies that cohesion of a



V1 V2 V3

M1 M2 M3

M4

V4 V5 V6

M5

V1 V2 V3

M1 M2

V4

M3

V5 V6

M5

V1 V2

M1

V3 V4

Gr
2

Gr
1

Gr
11

Gr
12 Gr

13

Gr(A)

Figure 8: The structure tree of class A

class may have to be rescaled because the class consists
of less cohesive components. For example, the cohesion
of class A will be reduced from the connectivity factor
1

5
, because class A consists of two components one of

which is not a MCC.

Therefore, the connectivity factor of a reference graph
needs to be calibrated by its structure factor in order to
take into account the cohesiveness of the components.
The structure factor for a reference graph indicates the
degree of the contribution of its components to the co-
hesion; the lower value of the structure factor means
that the reference graph has less cohesive components,
and thus its cohesion should be reduced. As a structure
factor we take the average cohesion of the children of
the reference graph.

De�nition 3.6 The structure factor for a reference
graph Gr, Fs(Gr) denotes the degree of the contribution
of the components to the cohesion and is de�ned to be
the average cohesion of its children in the structure tree.

Fs(Gr) =
1

n

nX

i=1

CO(G i
r ); (2)

where G i
r is one of the n children of Gr in the structure

tree.

The structure factor of a reference graph is recursively
de�ned in terms of its children; the structure factor of

a reference graph depends on the cohesion of its chil-
dren. The value of the structure factor ranges from 03

to 1. The structure factor has the maximum value of
1 when every child has the maximum cohesion, that
is MCC. The maximum value of the structure factor
means the class consists of the most cohesive compo-
nents, and therefore its cohesion should be equal to the
connectivity factor.

Therefore, the cohesion of a reference graph is de�ned
in terms of the connectivity factor and the structure
factor.

De�nition 3.7 A cohesion for a reference graph, Gr,
CO(Gr) is de�ned to be its connectivity factor, Fc(Gr)
calibrated by its structure factor, Fs(Gr).

CO(Gr) = Fc(Gr)� Fs(Gr)

= Fc(Gr)�
1

n

nX

i=1

CO(G i
r )

(3)

For example, the cohesion of class A can be computed
as in Figure 9; the cohesion of class A is 1

5
� 3

4
, where 1

5

is the connectivity factor of Gr(A), and
3

4
is the struc-

ture factor of Gr(A). The cohesion is reduced by the
structure factor 3

4
from its connectivity factor 1

5
.

In addition, the cohesions of classes A, B, and C in
Figure 6 are calculated as 0, 3

16
, and 1

2
, respectively,

and they are consistent with our intuition; the tighter
the members of a class are bound, the more cohesive it
is. The structure trees and the detailed calculations are
described in Appendix.

The de�nition of the cohesion of a class is consistent
with our intuition in the following respects.

� A class with disjoint interaction patterns has the
lowest cohesion because it has 0 connectivity factor.

� A class with the maximum interaction pattern has
the highest cohesion because it has 1 connectivity
factor.

� The cohesion of a class is proportional to the con-
nectivity of the class members, that is, the connec-
tivity factor. CO(C) � Fc(Gr(C)) is evident from
the Equation 3.

� When each component of a class has maximum co-
hesion, the cohesion of the class is equal to the con-
nectivity factor of its reference graph. On the other
hand, children with a connectivity factor less than

3Actually, the structure factor can not be 0 because each of
the children has cohesion greater than 0.
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Gr(A)
1

5

1

2
(CO(G 1

r
) + CO(G 2

r
)) = 1

2
( 1
2
+ 1) = 3

4

1

5
� 3

4
= 3

20

G
1

r

1

2

1

3
(CO(G 11

r
) + CO(G 12

r
) + CO(G 13

r
)) = 1 1

2
� 1 = 1

2

G
2

r

2

2
1

G
11

r

1

1
1

G
12

r
1 1

G
13

r
1 1

Figure 9: Cohesion of Class A

1 will reduce the cohesion of the class, and the de-
gree of reduction depends on how far components
deviate from MCC.

For example, consider classes A, B, and C in Fig-
ure 10. all of Gr(A), Gr(B), and Gr(C) have the
connectivity factor c1( obviously, c1 < 1 ). The ref-
erence graph of class A has two components with
maximum cohesion. Therefore, the cohesion of
class A is equal to the connectivity factor of Gr(A)
because the structure factor Fs(Gr(A)) is 1.

Suppose c2 is greater than c3. Then, class B should
be more cohesive than class C, because Gr(B) has
a more cohesive component than Gr(C). This
turns out from the calculation; the structure fac-
tor of class B, Fs(Gr(B)) =

1

2
(c2 + 1), is greater

than that of class C, Fs(Gr(C)) =
1

2
(c3 + 1), and

consequently, the cohesion of class B, CO(B) =
c1 �

1

2
(c2 + 1), is greater than that of class C,

CO(C) = c1 �
1

2
(c3 + 1).

c1

1 1

(a) Class A

c1

c2 1

1 1

(b) Class B

c1

c3 1

1 1

(c) Class C

Figure 10: Examples for cohesion

4 Conclusion and Future Works

In this paper, we proposed a new cohesion measure for
classes which is based on the observations on the salient
features of classes which have not been considered in the
previous approaches.

First, the special methods have no e�ect on the cohe-
siveness of a class. Therefore, the cohesiveness of a
class can be de�ned on the reference graph which in-
cludes the only interactions with the normal methods.
A class is de�ned to be most cohesive, called most co-
hesive component, if it has all the possible interactions
with the normal methods. This maximal cohesiveness
is obviously reasonable and corresponds to the previous
approaches.

Second, the interaction pattern of a class, not the in-
teraction number is an important factor on the cohe-
siveness of the class; the more strongly the members of
a class are connected, the more cohesive. Connectiv-
ity factor was proposed to indicate the degree of the
connectivity among the members.

Third, the connectivity factor needs to be calibrated by
the structure factor in order to take into account the
cohesiveness of components. The structure factor indi-
cates the degree of the contribution of the components
to the cohesion of a class. Therefore, the cohesion of a
class is de�ned to be scaled from its connectivity factor
by the extent to the components are deviated from the
most cohesive form, MCC.

The proposed cohesion measure can be used to evaluate
the quality of classes in object-oriented systems such as
error-proneness[1] and maintainability[8]. In addition,
our cohesion measure can help developers to design a set
of classes quality, because our cohesion can be calculated
by the information which can be determined at design
stage. Empirical evaluation of our cohesion measure
remains future works.

Appendix
The structure trees of classes A, B4and C in Figure 6
are shown in Figure 11.

Their cohesions are calculated as follows.

4Among the methods M2 and M3, the method M3 is selected
because it will result in higher structure factor.
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(a) Class A

V1 V2 V3

M1 M3M2 M4

V2 V3
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M4
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(b) Class B

V1 V2 V3

M1 M3M2 M4

V3

M4

V2

V1

M1
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1(C)

Gr
2(C)

Gr
3(C)

Gr(C)

(c) Class C

Figure 11: Structure trees for classes A, B, and C
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