Chapter 3

1. Complexity Metrics for Object-Oriented Design

2. 
Interaction Level, Interface Size [Abbott, 1993], Operation Argument Complexity, and Attribute Complexity [Chen and Lu, 1993] are the four metrics chosen as measures of design complexity in this dissertation.  The reasons for choosing these metrics for this research are:

3. Literature search has shown that these four OO design metrics take advantage of the detailed information available at the design level in the OO paradigm, and hence are promising

4. To understand the complexity of a given OO design, one has to understand both the inter-class as well as intra-class related complexities.  While most of the OO design metrics that have been proposed (discussed in the previous chapter), focus on the inter-class complexity, very few metrics have been proposed to measure the intra-class complexity.  All these four metrics measure the intra-class complexity

5. All four metrics have been subjectively validated by comparing their values to experts’ judgments and have been found to perform well [Abbott, 1993; Chen and Lu, 1993].

These metrics are described in the following section.

3.1 Interaction Level


The fundamental basis for the Interaction Level and the Interface Size metric is the assumption that, the greater the interface the more scope for interactions, and interaction increases complexity.  This assumption is consistent with the notions of complexity suggested by various researchers.  Weyuker has developed a formal list of properties for software complexity metrics [Weyuker, 1988].  Interaction is one of these properties. (More discussion on these properties is provided in the Analytical Validation subsection).  Bunge defines complexity of an individual to be the “numerosity of its composition,” implying that a complex individual has a large number of properties [Bunge, 1977].  Using this definition as a base, the complexity of an object class can be defined to be the cardinality of its set of properties.  Abbott extends this notion further and defines the complexity to be a function of the interactions of its set of properties.  In the case of objects and classes, the methods and data attributes are the set of properties, and therefore complexity of a class is a function of the interaction between the methods and the data attributes.


Both Interaction Level and Interface Size are design-based complexity metrics.  They can be interpreted and used at different levels of granularity.  It can be as fine as the complexity of a method, or as coarse as the complexity of the overall design.


The concept of interaction level (IL) specifies the amount of interaction that can occur in a system/class/or a method.  For example, the IL of a method indicates the amount of interaction that can occur whenever a method is invoked.  To explain further, whenever a method is invoked its parameters are used for some internal computation along with some of the data attributes associated with the class to which that method belongs.  Also a value (object) may be passed back to the caller.  To understand the term ‘interaction’, we say that there is an interaction between two entities A and B if the value of entity A is calculated based on the value of the entity B, or vice versa.  In the context of the interaction level metric, if the value of some data attribute is calculated based on the value of one or more of the parameters, or vice versa, we say that there is an interaction betwen the parameters and the data attribute.  It is expected that higher interaction level correlates with increased difficulty in determining how to implement or modify a design.


As mentioned earlier this metric can be computed at varying levels of granularity.  This is illustrated by the following:

· the interaction level of a class is the sum of the interaction levels of its methods

· the interaction level of a design is the sum of the interaction levels of its classes


Both Interaction Level and Interface Size metrics use the concept of ‘number’ and ‘strength.'  For example the interaction level of a method depends on the number of interactions and the strength of interactions.  Strength of interaction is defined as the product of the interface sizes of the parameters involved in the interaction.  Section 3.2 discusses the interface size metric.  It is necessary to use both number and strength because they typically have an inverse relationship, in the sense, decreasing one increases the other and vice versa.  Also a great increase in either number or strength (of interactions) could increase the complexity.  Accordingly Interaction Level (IL) of a method is defined as:

IL = {K1* (number of interactions) + K2* (sum of strength of interactions)}


The constants used in the linear combination, K1 and K2 are tentatively set to 1 for simplicity and to balance the effect of the strength of interactions and the number of interactions.  They are however subject to revision as experience is gained with the metric.  This approach is consistent with assumptions made by other researchers in tentatively fixing a value for the constants in metric definitions [Chidamber and Kemerer, 1991].


It is to be noted that the Interaction Level metric is derived based on the number and the strength of the interactions “permitted” by the design.  These interactions may or may not actually occur in realizing the method.  For example, a parameter of a method may, upon implementation, be seen to interact with only one of the data members, not all of them.  Nonetheless, the design of the method has created the mechanism for these interactions to occur and hence “permits” them.  Whether or not all the interactions occur and how many times they occur is an implementation issue.  The presence or absence of the mechanism is a design issue and hence serves as an appropriate base for a design metric.
3.2 Interface Size


The concept of interface size gives a measure of the means for information to flow in and out of their encapsulation.  Some classes define many methods, perhaps many of which have complex signatures (i.e., parameter lists), provide abundant means for information to flow in and out of their encapsulation.  Other classes may provide few methods, many of which have simple signatures.  It is expected that larger interface size correlates with increased difficulty in comprehending how to select and correctly use the services provided by a class.  


As mentioned earlier this metric can be computed at varying levels of granularity.  This is illustrated by the following:

· the interface size of a class is the sum of the interface sizes of its methods

· the interface size of a design is the average interface size of its classes

Interface Size (IS) of a method is defined as:

IS = {K3* (number of parameters) + K4* (sum of size of parameters)}


The size of parameters is computed using the values as shown in Table 3.1 below.  Abbott uses slightly different values than those shown in Table 3.1.  He assigns a value of 1 to real (float), whereas as per the table the real (float) is assigned a value of 2.  These changes were made to ensure uniformity in computing the other two metrics (Operation Argument Complexity, Attribute Complexity) which also use the same table.


The constants used in the linear combination, K3 and K4 are tentatively set to 1 for simplicity and to balance the effect of the number of parameters and size of the parameters.  They are however subject to revision as experience is gained with the metric.  This approach is consistent with assumptions made by other researchers in tentatively fixing a value for the constants in metric definitions [Chidamber and Kemerer, 1991].  

Table 3.1. Argument/Attribute Values
Type
Value

Boolean
0

Character or Integer
1

Real
2

Array
3

Pointer
5

Record, Struct or Object
6

File
10

3.3 Operation Argument Complexity

The Operation Argument Complexity (OAC) of a class is defined as [Chen and Lu, 1993]:

OAC = SYMBOL 229 \f "Symbol" P(i)

where, P(i) is the value of each argument (parameter) in each operation (method) in the class.  P(i) is evaluated from Table 1 shown above.  Summing up all P(i) in the class gives this metric value.

3.4 Attribute Complexity


The Attribute Complexity (AC) metric for a class is defined as [Chen and Lu, 1993]:

AC = SYMBOL 229 \f "Symbol" R(i)

where, R(i) is the value of each attribute used in the class.  R(i) is again evaluated from Table 1 shown above.  Summing up all R(i) in the class gives this metric value. 


Although both P(i) in the OAC metric and R(i) in AC metric derive their values from the same table, it should be noted that P(i) deals with parameters of a method, whereas R(i) deals with the attributes of a class.  In fact, this is the only difference between P(i) and R(i).

3.5 Example:

The following example demonstrates the computation of these metrics.  Let us consider a sample class “Quadrilateral” which has 8 float attributes (x1, x2, x3, x4, y1, y2, y3, y4) to store each of the four vertices.  Assume that this class has one method “hasVertex” which takes a point (two float variables x, y) as a parameter and returns a Boolean value to indicate if the point is inside the quadrilateral.  Accordingly, the class can be defined as below:

Class Quadrilateral 

Attributes:

float x1, y1;

float x2, y2;

float x3, y3;

float x4, y4;

Methods:

Boolean hasVertex(float x, float y) 

The interaction permitted in the class can be visualized as shown in Figure 3.1 below:
Based on the above information, and from Table 3.1, we can notice that,

The interface size of each float data attribute x1..x4, y1..y4 = 2 (from table 3.1)

The interface size of each float parameter x, y = 2 (from table 3.1)

The interface size of the Boolean Result = 0 (from table 3.1)
The strength of each interaction (involving parameter x or parameter y) 
= Interface size of a data attribute (2) * the interface size of x or y (2) 

= 4
The strength of each interaction which involves Result 
= Interface size of a data attribute (2) * the interface size of Result (0) 

= 0

The metrics for the class Quadrilateral can be computed as follows:

Interaction Level (IL) for the method ‘hasVertex’


= K1*(number of interactions) + K2*(sum of strength of interactions)



where K1 = K2 = 1

= 1*(number of data attributes * number of method parameters) + 1*(sum of strength of 8 interactions with parameter x, 8 interactions with parameter y and 8 interactions with parameter Result)

= (8*3) + ((8*4) + (8*4) + (8*0)) = 24 + 64 = 88

Therefore, IL = 88

Since, the class has only one method, therefore the IL of the class = 88.
Interface Size (IS) for the method ‘hasVertex’


= K3*(number of parameters) + K4*(sum of size of parameters)



where K3= K4 = 1


the method has 3 parameters, the size of parameter x = 2, the size of parameter y = 2, and the size of parameter Result is 0

Therefore, IS = 1*(3) + 1*(2+2+0)

Therefore, IS = 7

Since, the class has only one method, therefore the IS of the class = 7.

Operation Argument Complexity (OAC) for the class


= ( P(i) where P(i) is the value of each parameter in each method

= (value of parameter x + value of parameter y + value of parameter Result)

= (2+2+0) = 4

Therefore the OAC of the class = 4.

Attribute Complexity (AC) for the class


= ( R(i) where R(i) is the value of each attribute in the class


= (sum of value of data attributes x1..x4 and y1..y4)

= (2+2+2+2 + 2+2+2+2) = 16

Therefore the AC of the class = 16.
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Figure 3.1: Class Quadrilateral’s Interactions
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