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Effect of slice scope on data slice-based class cohesion metrics
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Abstract: This paper suggests that a single class rather than
methods should be used as the slice scope to compute class
cohesion. First, for a given attribute, the statements in all
methods that last define the attribute are computed. Then, the
forward and backward data slices for this attribute are generated
by using the class as the slice scope and are combined to compute
the corresponding class data slice. Finally, the class cohesion is
computed based on all class data slices for the attributes.
Compared to traditional cohesion metrics that use methods as the
slice scope, the proposed metrics that use a single class as slice
scope take into account the possible interactions between the
methods. The experimental results show that class cohesion can
be more accurately measured when using the class as the slice
scope.
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lass cohesion denotes the degree to which elements in a
Cclass belong together. It is believed that classes with
high cohesion are easier to comprehend, maintain, modify,
and reuse. Indeed, high cohesion within a class has been an
important design goal when developing classes. However,
since the fuzzy concept of cohesion is elusive, it is difficult
to evaluate the cohesion of a class in practice. Therefore,
much effort has been made to develop cohesion metrics in
the last decade.

To date, more than twenty class cohesion metrics have
been proposed'''"'. Chidamber and Kemerer proposed a
well-known cohesion metric LCOM ( lack of cohesion in
methods) ™™'. LCOM is an inverse metric; i. e. , a class with a
high LCOM value means a low cohesion. Bieman and Kang
proposed two cohesion metrics, TCC( tight class cohesion)
and LCC(loose class cohesion)'”. Briand et al. proposed a
unified framework for cohesion measurement in object-ori-
ented systems'*’. These cohesion metrics can only be used in
the detailed design and implementation phases, as they are
based on method-attribute reference information. Bansiya et
al. proposed CAMC( cohesion among methods in a class) .
CAMC is based on method signatures in a class and hence
can be used in the analysis and overall design phases. Based
on CAMC, Counsell et al. proposed NHD( normalised Ham-
ming distance) and SNHD( Scaled NHD) """ . Marcus et al.
proposed C3 (the conceptual cohesion of classes) based on
information retrieval techniques™ .

Unlike previous work, Ott and her colleagues used data
slices to quantify class cohesion'''"*'. Program slicing is a
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program analysis technique introduced by Weiser in 1979
and has been widely applied in program understanding, de-
bugging, testing, maintenance, and metrics'”. In 1984,
Weiser used program slicing to define coverage, overlap, and
tightness metrics''*. Longworth found that these metrics can
be adapted to measure module cohesion'"”’. Bieman et al.
used data slices to measure functional cohesion''® . Ott et al.
used data slices to measure class cohesion'’”. To measure
the cohesion of a class, Ott et al. first computed class data
slices for each attribute in the class, and then used data to-
kens common to class data slices as the basis to compute
three metrics: strong data cohesion, weak data cohesion, and
data adhesiveness. For a given attribute, the corresponding
class data slice is generated by a two-step approach: 1)
Compute a method data slice for this attribute in each meth-
od in this class;2) Concatenate all method data slices to ob-
tain the class data slice. This two-step approach assumes that
methods in a class are independent. However, such is not the
case in a real class. Consequently, class cohesion cannot be
accurately measured. To address this problem, the class rath-
er than individual methods should be used as the slice scope
when computing a class data slice. Our results show that
class cohesion can be more accurately measured when using
the class as the slice scope.

1 Data Slice-Based Class Cohesion Metrics

For a statement s in a program and a variable v defined or
used in s, the backward slice consists of all statements and
predicates that might affect the value of v in s, and the for-
ward slice consists of all statements and predicates that
might be affected by the value of v in 5. To date, many algo-
rithms have been developed to efficiently compute both in-
tra-procedural and inter-procedural slices'” .

In 1994, Bieman and his colleagues introduced the con-
cept of data slices to measure functional cohesion'". For a
function f and an output variable v of f, Bieman et al. first
found the statement s that satisfies the following conditions:
1) v is defined in s; and 2) Any statement in the path from s
to the exit statement does not define v. In the following, s is
called a FinalDef statement. Once such a FinalDef statement
s is found, a backward slice of s with respect to v, BS(f, s,
v), is computed. Then, for each statement ¢ in BS(f, s, v), if
v is defined in ¢, then a forward slice FS(f, ¢, v) is computed.
After that, BS (f, s, v) and all such forward slices FS (f, ¢,
v) are combined to obtain a metric slice MS(f, v)""*. Final-
ly, the data slice of f with respect to v, MDS (f, v), is de-
fined as the sequence of all data tokens(i. e. variable and
constant definitions and references) in the statements and
predicates in MS(f, v). Note that only intra-procedural sli-
cing is used to compute MDS(f, v) . For SumProduct shown
in Tab. 1, the data slices corresponding to Sum and Prod
are'"":
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MDS(SumProduct, Sum) =n,+Sum, +i, -Sum, -0, -, -1, -
iyn,-i,~Sum, -Sum, - i,

MDS( SumProduct, Prod) = n, -Prod, -i, -Prod, -1, +i, -1, -
iy*n,-i,*Prod, -Prod, * i,

Tab.1 Data slice profile for SumProduct

Sum  Prod SumProduct
2 2 1 void SumProduct(int n, * Sum, * Prod);
2
1 1 3 int i;
2 4 # Sum =0;
2 5 # Prod =1;
5 5 6 for(i=1;i<n;i+ +){
3 7 # Sum = * Sum + i;
8 # Prod = % Prod * i;
9 }
3 10 }

Ott et al. computed class cohesion based on the concept
of class data slices'"® . For each attribute @ in a class c, the
corresponding class data slice CDS( ¢, a)is computed using a
two-step approach: 1) For each method m in ¢, compute
MDS (m, a); 2) Generate CDS (c, a) by concatenating the
data tokens obtained from all method data slices with respect
to a,i. e. CDS (¢, a) = MDS(m,, a) MDS(m,, a) ... MDS
(m,, a), where m, is the i-th method in ¢ and n is the num-
ber of methods in c¢. For example, consider the Java class
Stack shown in Tab. 2, the class data slice with respect to
size can be computed as follows:

MDS( Stack, size) = size, -s, -array, - size,
MDS(IsFull, size) = top, -size,
MDS( Size, size) = size,
MDS (IsEmpty, size) = MDS( Vtop, size) =
MDS( Push, size) = MDS(Pop, size) =/

Therefore,
CDS( Stack, size) =size, -5, -array, -size, -top, - size, -size,

Tab. 2 shows the data slice profile for Stack when individ-
ual methods are used as the slice scope. The class slice ab-
straction of a class ¢, CSA(c¢), is defined as the set of all
class data slices; i.e. CSA(c¢) = {CSD(c, a) \ a is an attrib-
ute in c}. Furthermore, if a data token lies on more than one
class data slice in CSA(c¢), it is called a “glue” token. If a
data token lies on all class data slices in CSA(c¢), it is called
a “super-glue” token. For a class ¢, G(CSA(c)) and
SG(CSA(c)) are respectively the set of all “glue” tokens
and the set of all “super-glue” tokens in c.

Based on the concepts of glue and super-glue tokens, Ott
et al. defined three class cohesion metrics; SDC( strong data
cohesion), WDC(weak data cohesion), and DA( data adhe-
siveness) :

_ | SG(CSA(0)) |
SDC(c) = | tokens(¢) |

_ lG(csacep |
WDC(c) = | tokens(c) |

| {s € CSA(c¢) | s containing d} |

DA(C) - de G(CSA(c))
| tokens(c) | x | CSA(c) |

where tokens(c) is the set of all data tokens of class c. SDC

is the relative number of super-glue data tokens in a class c,

WDC is the relative number of glue data tokens in a class c;

and DA is the distribution of glue data tokens in the class

data slices. All the three metrics have a value between 0 and

Tab.2 Data slice profile for Stack: individual methods
used as slice scope

Array Top  Size Class Stack
1 public class Stack {
2 private int[ ] array;
3 private int top;
4 private int size;
5
6 Stack(int s) {
2 2 7 size = s;
2 2 8 array = new int[ size];
2 9 top =0;
10 }
11
12 public boolean IsEmpty() {
2 13 return top = =0;
14 }
15
16 public boolean IsFull() {
2 2 17 return( top = = size);
18 }
19
20 public int Size() {
1 21 return size;
22 }
23
24 public int Vtop() {
3 3 25 return array[top —1];
26 }
27
28 public void Push(int item) {
1 1 29 if(IsFull())
30 System. out. println( “Full
Stack. ”);
31 else
3 3 32 array[ top + +] =item;
33 }
34
35 public int Pop() {
1 36 if(IsSEmpty() )
37 System. out. println (“Empty
Stack. ) ;
38 else
1 39 - —top;
3 3 40 return array[top +1];
41 }

42 )
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1 and a larger value represents a higher cohesion. Among
these metrics, DA is the most accurate one. SDC, WDC,
and DA of the class Stack are computed as follows:

SDC( Stack) =0
WDC( Stack) = % =0. 696

16 x2

DA(Stack) = 23 %3

=0.464

2 Effect of Slice Scope on Cohesion Metrics

In section 2, the class data slice with respect to an at-
tribute is obtained by concatenating all individual method
data slices with respect to this attribute. This approach as-
sumes that methods in a class are independent. However, it
is not true in a real class when considering the following two
cases:

o Constructors are not independent from other methods.
Constructors are special methods in a class and are often
used to initialize attributes that will be referenced by other
methods. When an object of the class is created, one con-
structor will be implicitly or explicitly invoked. In other
words, it is the first invoked method in the class. For exam-
ple, Stack(int s) is a constructor in Stack and is used to ini-
tialize size, array, and top. All the other methods in Stack
cannot be invoked prior to Stack(int s).

e Invoking methods and invoked methods are not inde-
pendent. It is common that one method calls other methods
to implement its function in a class. For example, in Stack,
Push(int item) calls IsFull() and Pop() calls IsEmpty().

The assumption that methods in a class are independent
may affect the accuracy of class data slices. Considering ar-
ray in Stack, according to Ott et al.’ s approach, CDS
(Stack, array) does not include the data tokens in statement
17. However, statement 17 may affect the return value of Is-
Full, which may further affect whether statement 32 will be
executed (in Push). Note that array is defined in statement
32. Therefore, in theory, the data tokens in statement 17
should be included in CDS( Stack, array) . Similarly, accord-
ing to Ott et al.’ s approach, CDS( Stack, top) does not in-
clude the data tokens in statement 7. However, since the con-
structor Stack(int s) is the first invoked method, it may af-
fect the return value of IsFull( ), which may further affect
whether statement 32 will be executed(in Push). Therefore,
CDS( Stack, top) should contain the data tokens in statement
7.

It is clear that the inaccuracy of class data slices may re-
sult in an incorrect measurement of class cohesion. To ad-
dress this problem, we suggest that the class rather than an
individual method be used as the slice scope when compu-
ting class data slices. More specifically, for a given attribute
a, we first find all FinalDef statements with respect to a in
all methods, and then use the class as the slice scope to ob-
tain the corresponding class data slice. Tab. 3 shows the data
slice profile for Stack when the class is used as the slice
scope. Compared to the data slice profile shown in Tab. 2,
we can see that:

Tab.3 Data slice profile for Stack: the class used
as slice scope

Array Top  Size Class Stack

public class Stack {

2 private int[ ] array;
3 private int top;
4 private int size;
5
6 Stack(int s) {
2 2 2 7 size = s;
8 array = new int[ size] ;
2 2 9 top =0;
10 }
11
12 public boolean IsEmpty() {
2 13 return top = =0;
14 }
15
16 public boolean IsFull() {
2 2 2 17 return( top = = size) ;
18 }
19
20 public int Size() {
1 21 return size;
22 }
23
24 public int Vtop() {
3 3 25 return array|[top —1];
26 }
27
28 public void Push(int item) {
1 1 1 29 if(IsFull() )
30 System. out. println( “Full
Stack. ) ;
31 else
3 3 3 32 array[ top + + ] =item;
33 }
34
35 public int Pop() {
1 36 if(IsEmpty())
37 System. out. println( “Empty
Stack. ") ;
38 else
1 39 - —top;
3 3 40 return array[ top +1];
41 }
42}

e CDS ( Stack, array) includes four more data tokens,
i. e., two data tokens in statement 9 and two data tokens in
statement 17;

o CDS( Stack, top) includes two more data tokens, i. e.,
two data tokens in statement 7;

o CDS( Stack, size) includes four more data tokens, i. e. ,
one data token in statement 29 and three data tokens in state-
ment 32.
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As a result, the number of super-glue tokens increases
from O to 8 and the number of glue tokens increases from 16
to 18. As can be seen, the metric values of SDC, WDC, and
DA also have significant changes.

SDC( Stack) = % =0.348

WDC( Stack) = 18

53 =0.783
DA( Stack) = % -0.638

3 Conclusion

Methods in a class are assumed to be independent in data
slice-based class cohesion metrics. However, this assumption
is not true in a real class. As a result, class cohesion cannot
be accurately measured. To address this problem, this paper
uses the class rather than individual methods such as the
slice scope to compute class data slices for data slice-based
cohesion metrics. The results show that class cohesion can
be more accurately measured when using the class as the
slice scope. We have implemented an Eclipse plug-in that
uses static slice information to compute data slice-based co-
hesion metrics for Java classes. In future work, we will con-
duct experiments on open-source software to study whether
the slice scope affects the fault-proneness predictability of
data slice-based cohesion metrics.
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