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Abstract. Cohesion is one of traditional and important software attributes. This could
be used to assess object-oriented class design. Several metrics have been proposed in
order to capture class cohesion in terms of connections among methods within a class.
These metrics are based on (1) the number of sets of connected methods, or (2) the
density of method connections within the class, but they do not consider sizes of sets
of connected methods. In this paper, two new metrics for class cohesion have been
proposed, which are focusing on sizes of sets of connected methods, with considering
strength of method connection. These proposed metrics are analytically verified using
a mathematical framework.

1 Introduction

Cohesion is one of software attributes representing the degree to which the components
are functionally connected within a software module[1]-[3]. This notion could be applied
to object-oriented software: An object class corresponds to a module, whose attributes and
methods correspond to module components. In general, highly cohesive class tends to have
high maintainability, reusability and reliability[4], so that class cohesion would be one of
criteria used for assessing class design. In order to measure class cohesion, several metrics
have been proposed : ‘Lack of Cohesion in Methods’ (LCOM)[5]-[8], ‘Tight Class Cohesion
(TCC)’, ‘Loose Class Cohesion (LCC)’[7], ‘Information flow-based Cohesion (ICH)’[9]; see
[4] for details of them. These metrics are based on (1) the number of sets of connected meth-
ods, or (2) the density of method connections within the class, but they do no consider sizes of
sets of connected methods. In this paper, two new metrics for class cohesion have been pro-
posed, which are focusing on sizes of sets of connected methods, with considering strength
of method connection. The proposed metrics satisfy the mathematical properties of cohesion
metrics proposed by Briand and others[10].

2 Models and Metrics

Preliminary to developments of metrics, we present several underlying definitions.



Definition 1 (binary relation on methods).
Given a class. LetM be the set of methods within the class. We define a binary relation

S : M ⇁ M as
S = { (u, v) ∈ M ×M | u invokesv } .

Then we define thereflective transitive closureS∗ : M ⇁ M as

S∗ =

{
(u, v) ∈ M ×M

∣∣∣∣ (u = v) ∨
(∨

n≥1
u Snv

) }
, (1)

whereSn = Sn−1◦S (n ≥ 2), andS1 = S. (“◦” indicates the composition of relations[11].)

Based onS∗, we represent indirect relationships between method and attribute, as well as
direct relationships between them.

Definition 2 (method accesses to attributes).
Given a class. LetM be the set of methods, andA be the set of attributes, within the class.

For anym ∈ M , a ∈ A, we define the following predicatesac, wr andre :

ac(m, a)
def⇐⇒ ∃m′ ∈ M s.t.[ (m S∗m′) ∧ (m′ accessesa) ] , (2)

wr(m, a)
def⇐⇒ ∃m′ ∈ M s.t.[ (m S∗m′) ∧ (m′ writes data ontoa) ] , (3)

re(m, a)
def⇐⇒ ∃m′ ∈ M s.t.[ (m S∗m′) ∧ (m′ reads data froma) ] . (4)

The predicateac considers not only direct access to attribute but also indirect access to at-
tribute via access-methods.wr andre are focusing on data-writing and data-reading through
attribute access. Using the above three predicates, we introduce two graph models.

Definition 3 (weak-connection graph).
Given a class. LetM be the set of methods, andA be the set of attributes, within the class.

We defineweak-connection graphas an undirected graphGw(V, E), whereV = M and

E = { {u, v} ∈ M ×M | ∃a ∈ A s.t. ( ac(u, a) ∧ ac(v, a) ) }. (5)

Definition 4 (strong-connection graph).
Given a class. LetM be the set of methods, andA be the set of attributes, within the class.

We definestrong-connection graphas a directed graphGs(V, E), whereV = M and

E = { (u, v) ∈ M ×M | ∃a ∈ A s.t. ( wr(u, a) ∧ re(v, a) ) }. (6)

When two or more methods access to one attribute, those methods seem to share the
attribute. The weak-connection graph represents attribute-sharings.

Furthermore, accesses to attributes include data-readings and data-writings. If a method
writes data onto an attribute, and another method reads data from the attribute, then a depen-
dent relationship might be occurred between the methods. Such relationship is emphasized
by the strong-connection graph.



public class C{
private int a1, a2;
public void m1(int x){ a1 = x;}
public void m2(int y){ a2 = y;}
public int m3(){ return a1 + a2;}
public void m4(){ m1(0);}

}

Figure 1: An example of class written in Java.

m1 m4 m2

m3

m1 m4 m2

m3

(a) Weak-connection graph for Fig.1 (b) Strong-connection graph for Fig.1

Figure 2: Weak-connection graph and strong-connection graph for the class shown in Fig.1.

For example, consider a class shown in Fig.1. According to Defs.3 and 4, we obtain the
weak-connection graph and the strong-connection graph shown in Fig.2 :

ac(m1, a1), ac(m3, a1) and ac(m4, a1) are true, so that the edges{m1,m3}, {m1,m4} and
{m3,m4} are shown in Fig.2(a);

‘m4 invokes m1’, ‘m1 writes data onto a1’ and ‘m3 reads data from a1’, so thatwr(m1, a1),
wr(m4, a1) andre(m3, a1) are true. Thus the edges (m1,m3) and (m4,m3) are shown in Fig.2(b);

etc.

While the strong-connection graph is sensitive to directions of attribute accesses, the
weak-connection graph is insensitive to them. In other words, the weak-connection graph
seems to be optimistic about method connections, but the strong-connection graph looks pes-
simistic about them.

Using the weak-connection graph and the strong-connection graph, we propose two met-
rics for class cohesion.

Definition 5 (Optimistic Class Cohesion (OCC)).
Given a classC. Let M be the set of methods, andA be the set of attributes, within

C. Consider the weak-connection graphGw(V,E), whereV = M andE is in Eq.(5). Let
n = |M |.

For each methodmi ∈ M(i = 1, . . . , n), let Rw(mi) be the set of methods which are
reachable bymi onGw(V, E) :

Rw(mi) = { mj ∈ M | ∃mk1 , . . . , mkp ∈ M s.t.
{mks ,mks+1} ∈ E (s = 1, . . . , p− 1), mi = mk1 , mj = mkp , i 6= j }. (7)

We defineOptimistic Class Cohesion(OCC) for classC as

OCC(C) =





max
i=1,...,n

[ |Rw(mi)|
n− 1

]
, (n > 1),

0, (n = 1).
(8)



|Rw(mi)|/(n − 1) denotes the percentage of methods to be reachable bymi on the weak-
connection graph (‘−1’ means excepting itself).OCC is the maximum value of them. That
is,OCCquantifies the maximum extent of attribute-sharings among methods within the class.
For example, in the case of Fig.2,

Rw(m1) = {m2, m3, m4}, Rw(m2) = {m1, m3, m4},
Rw(m3) = {m1, m2, m4}, Rw(m4) = {m1, m2, m3}.

Thus|Rw(m1)| = · · · = |Rw(m4)| = 3. We can calculate asOCC = max[3/(4− 1)] = 1.0.

Definition 6 (Pessimistic Class Cohesion (PCC)).
Given a classC. Let M be the set of methods, andA be the set of attributes, within

C. Consider the strong-connection graphGs(V,E), whereV = M andE is in Eq.(6). Let
n = |M |.

For each methodmi ∈ M(i = 1, . . . , n), let Rs(mi) be the set of methods which are
reachable bymi onGs(V, E) :

Rs(mi) = { mj ∈ M | ∃mk1 , . . . , mkp ∈ M s.t.
(mks ,mks+1) ∈ E (s = 1, . . . , p− 1), mi = mk1 , mj = mkp , i 6= j }. (9)

We definePessimistic Class Cohesion(PCC) for classC as

PCC(C) =





max
i=1,...,n

[ |Rs(mi)|
n− 1

]
, (n > 1),

0, (n = 1).
(10)

|Rs(mi)|/(n − 1) denotes the percentage of methods to be reachable bymi on the strong-
connection graph.PCC is the maximum value of them. That is,PCCquantifies the maximum
extent of dependent relationships among methods within the class. This would be the maxi-
mum size of highly cohesive part of the class. For example, in the case of Fig.2,

Rs(m1) = {m3}, Rs(m2) = {m3}, Rs(m3) = {}, Rs(m4) = {m3}.
Thus|Rs(m1)| = |Rs(m2)| = |Rs(m4)| = 1 and|Rs(m3)| = 0. We can calculate asPCC =
max[1/(4− 1), 0/(4− 1)] = 1/3.

3 Analytical Evaluation of Metrics

Briand, Morasca and Basili have proposed a mathematical framework (BMB framework)
including properties to be satisfied by several types of software metrics[10]. The supported
types of metrics are ‘size’, ‘length’, ‘complexity’, ‘coupling’ and ‘cohesion’. Note that BMB
framework provide necessary conditions of software metrics, because the framework does
not include the all properties to be satisfied by those metrics.

In BMB framework, a software is represented by a graph model in which vertexes are
corresponding to software components, and edges are corresponding to coupling relationships
between the components. BMB framework have suggested the following four properties to
be satisfied by cohesion metrics. For the sake of convenience, we will write the cohesion of
classC asµ(C).

Property 1 : ∀C µ(C) ∈ [0, max] , wheremax is a positive constant number.



Property 2 : Let G(V, E) be the graph model of a classC. ThenE = φ =⇒ µ(C) = 0.
Property 3 : Consider two classesC andC ′ whose models areG(V, E) andG(V, E ′), re-
spectively. ThenE ⊆ E ′ =⇒ µ(C) ≤ µ(C ′).
Property 4 : Consider two classesC1 andC2 whose models areG1(V1, E1) andG2(V2, E2),
respectively. LetC12 be a class whose model isG12(V1 ∪ V2, E12), whereE1 ∪ E2 ⊆ E12,
i.e., C12 is composed ofC1 and C2. Then (E1 ∪ E2 = E12) ∧ (E1 ∩ E2 = φ) =⇒
max[ µ(C1), µ(C2) ] ≥ µ(C12).

3.1 OCC

OCCsatisfies the above four properties. We now show the proof for the property 4 only, for
the lack of space; the proofs for the remaining properties could be derived from the definitions
of OCCandRw easily.

Proof for Property 4 :
Let C1 hasn1 methodsm1

i (i = 1, . . . , n1), C2 hasn2 methodsm2
i (i = 1, . . . , n2), andC12 has

n12 methodsm12
i (i = 1, . . . , n12), respectively. LetR1

w(m1
i ) be the set of reachable methods bym1

i
onG1(V1, E1), R2

w(m2
i ) be the set of reachable methods bym2

i onG2(V2, E2), andR12
w (m12

i ) be the
set of reachable methods bym12

i onG12(V1 ∪ V2, E12), respectively.
(i) Casen1 = n2 = 1 : From the definition and property 2,OCC(C1) = OCC(C2) = OCC(C12) =
0. Thus,max[OCC(C1), OCC(C2)] = OCC(C12).

(ii) Casen1 > 1 or n2 > 1 : This case may ben1 + n2 ≥ n12. Let n1 + n2− n12 = p (≥ 0). We will
describem1

n1−p+k = m2
k (k = 1, . . . , p), without loss of generality. In constructingC12 from C1 and

C2, we add no edge to their weak-connection graphs. Thus

R12
w (m12

i ) =





R1
w(m1

i ), (i = 1, . . . , n1 − p),
R1

w(m1
i ) = R2

w(m2
i−n1+p), (i = n1 − p + 1, . . . , n1),

R2
w(m2

i−n1+p), (i = n1 + 1, . . . , n12).

Sincen1, n2 ≤ n12,

|R12
w (m12

i )|
n12 − 1

≤ |R1
w(m1

i )|
n1 − 1

, (i = 1, . . . , n1), and

|R12
w (m12

i )|
n12 − 1

≤ |R2
w(m2

j )|
n2 − 1

, (i = n1 − p + 1, . . . , n12; j = i− n1 + p).

Thereby we get

max
i=1,...,n1

[ |R12
w (m12

i )|
n12 − 1

]
≤ max

i=1,...,n1

[ |R1
w(m1

i )|
n1 − 1

]
= OCC(C1), and

max
i=n1−p+1,...,n12

[ |R12
w (m12

i )|
n12 − 1

]
≤ max

i=n1−p+1,...,n12
(j=1,...,n2)

[
|R2

w(m2
j )|

n2 − 1

]
= OCC(C2).

From these,

OCC(C12) = max
i=1,...,n12

[ |R12
w (m12

i )|
n12 − 1

]

= max
{

max
i=1,...,n1

[ |R12
w (m12

i )|
n12 − 1

]
, max
i=n1−p+1,...,n12

[ |R12
w (m12

i )|
n12 − 1

]}

≤ max { OCC(C1), OCC(C2) } ,

for all classes such thatE1 ∪ E2 = E12 andE1 ∩ E2 = φ.



3.2 PCC

In the above proof, replace ‘OCC’ with ‘ PCC’, ‘ Rw’ with ‘ Rs’, and, ‘weak-connection graph’
with ‘strong-connection graph’, respectively. Then we can get the proof forPCC.

4 Conclusions and Future Works

We have proposed two metrics for class cohesion,OCC (Optimistic Class Cohesion) and
PCC(Pessimistic Class Cohesion). If two or more methods access to one attribute directly or
indirectly, those methods seem to share the attribute. Such sharing is a kind of connections
among methods.OCC quantifies the maximum extent of such connections within a class.
This would be the maximum size of cohesive part of the class.

When methods access to attributes, those accesses include data-readings and data-writings.
By focusing on such differences in accesses, we can consider dependent relationships among
methods, which would be strong connections among methods.PCCquantifies the maximum
extent of such dependent relationships within a class. This would be the maximum size of
highly cohesive part of the class.

According to BMB framework, we have showed thatOCC andPCC satisfy necessary
conditions of cohesion metrics.

The future works include the followings : (1) to study relationships amongOCC, PCC
and existing metrics using many experimental data; (2) to discuss the usefulness of BMB
framework in the software engineering discipline.
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