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Today logistics and transport systems are complex and expensive, so it is necessary to use modern metric suits for their 
development process, which takes into account the characteristics of such systems. It is very important to choose a metric suite on 
the early development stages and the choice should be based on objective facts and experience.  

To choose the optimal metric suite it is necessary to use a technique that contains a number of steps. At each step, a specific 
criterion should be used to make a selection from the available metric suites. As long as the metric suite is chosen it is necessary to 
perform its improvement. To do so each metric in the suite should be considered separately and replaced if the analogous metrics 
provides a better criteria matching.  In the end we obtain the modified metric suite, which is optimal according to the requirements. 
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1. Introduction 
 

Modern logistics and transportation systems are complex and expensive, so it’s necessary to use 
modern metric suits for their development process, which takes into account the characteristics of such 
kind of systems. 

Among different groups of software metrics the suites of metrics for software design stage takes 
the essential part, including object-oriented and post-object-oriented design metrics. The total number of 
different metrics is extremely large, and they have different characteristics, as well as offer different 
approaches to measuring the quality of the systems. Metrics which are used to evaluate complex 
characteristics of systems and integrated into the groups called metric suites. As an example, one of the 
most commonly used metrics suite is Chidamber & Kemerer’s metrics suite [1]. 

During the initial stage of development, it’s necessary to have a technique that allows selecting a 
metric suite among of different suites. Also such technique should help to optimise the selected metric 
suite. In addition, such a choice should take into account the specific requirements for the logistics and 
transport systems. 
 
2. Selection of a Metric Suite 
 

To choose the optimal metric suite it’s necessary to use a technique that contains a number of steps 
and based on some criteria. The criterion can be expressed as scalar or vector value and can vary in 
accordance with the required characteristics of logistics and transportation systems. 

The algorithm for this technique consists of the following steps (see Figure 1): 
1. Determination of metric suites; 
2. Determination of criteria; 
3. Obtaining values of the criteria; 
4. Choice of the metric suite with the optimal values of the criteria. 

 
2.1. Determination of metric suites 
 

There are available several metric suites, which could be used at the software design stage: 
• Chidamber & Kemerer’s metrics suite [1, 2]; 
• Lorenz and Kidd metrics suite [1]; 
• Metrics for Object Oriented Design proposed by Fernando Brito e Abreu [1]; 
• Software Package Metrics proposed by Robert Cecil Martin [3]. 
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Let’s take a close consideration of the Chidamber & Kemerer’s metrics suite, as well as metrics 
suite proposed by Robert Cecil Martin. These metrics suites are considered in many publications, and the 
calculations of values for their metrics are implemented in several commercial products. 
 

 
 

Figure 1. Flowchart representation of metric suite selection algorithm 
 
2.1.1. Chidamber & Kemerer’s metrics suite 

 
This metric suite was proposed by Chidamber & Kemerer in 1994 [2]. The suite uses the class as a 

fundamental element of object-oriented system. The long usage experience of the suite has proved its 
efficiency and showed that it’s performed well. Its widespread use just confirms it.  

There are a number of works which examine and evaluate the proposed metric suite [1]. The 
results of such research have proved the relations between the metrics and such quality indicators as a 
project cost, reusability, maintenance complexity, etc. On the other hand, some of the metric in the suite 
are criticized and there are proposed various alternatives and modifications [4, 5, 6]. 

Chidamber & Kemerer proposed the following metrics [2]: 
• Weighted Methods Per Class (WMC) — number of methods defined in class; 
• Depth of Inheritance Tree (DIT) — maximum inheritance path from the class to the root class; 
• Number of Children (NOC) — number of immediate sub-classes of a class; 
• Coupling between Object Classes (CBO) — number of classes to which a class is coupled; 
• Response for a Class (RFC) — set of all methods that can be invoked in response to a message 

to an object of the class; 
• Lack of Cohesion of Methods (LCOM) — number of not connected method pairs in a class 

representing independent parts having no cohesion.  
 

2.1.2. Software Package Metrics 
 
This metric suite was proposed by Robert Cecil Martin for object-oriented software evaluation 

which is based on subsystem’s relationship analysis [3]. Project which contains strong dependencies 
between the subsystems require more effort in developing and maintaining. On the other hand, it’s 
impossible to avoid all dependencies. Robert Cecil Martin suggested the characteristics which can help to 
make system reusable, fault-tolerant and easy modifiable. 

To measure these characteristics he proposed a number of easily applicable metrics: 
• Afferent Couplings (Ca) — number of other packages that depend upon classes within the 

package; 
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• Efferent Couplings (Ce) — number of other packages that the classes in the package depend on; 
• Abstractness (A) — ratio of the number of abstract classes in the analysed package to the total 

number of classes in the analysed package; 
• Instability (I) — ratio of efferent coupling to total coupling; 
• Distance from the Main Sequence (D) — perpendicular distance of a package from the idealized 

line A + I = 1; 
• Package Dependency Cycles — packages participating in package dependency cycles. 
These metrics measure the project correspondence to the ideal models of dependency and 

abstraction. Such measures are based on certain standards which might not be applicable for every system 
and as a result can only degrade the quality of the system. 

The examination of this metric suite is important, since the suite is widely used for agile 
development, which is becoming more and more popular. 

 
2.2. Determination of criteria 

 

The evaluation and comparison of several metric suites isn’t an easy task. Therefore the criteria, 
which take into consideration the requirements for the metric suite, should simplify the problem. The 
selection of the criteria depends on many factors, and every solution might have different criteria. In 
general, such criteria selection is made by software engineers and should be based on some expert 
evaluations. 

For a criterion preference rule the maximization is used, where each criterion includes a 
combination of indicators. As long as not every indicator can be quantified or it might have different 
scales, we use a scale of correspondence for its evaluation. This scale has a range from 0 to 2, where 0 — 
no correspondence, 1 — average level of correspondence, 2 — full correspondence. The value of every 
indicator is chosen empirically. 

The weighting coefficients could be used in addition to preference rule. Weight coefficients should 
be chosen according to the specified requirements for the system. 

For the metric suits evaluation we use the following indicators: 
• Theory base and validation; 
• Usability; 
• Availability of tools; 
• Completeness; 
• Redundancy. 
Such indicators are chosen based on the requirements for logistics and transport systems as well as 

metric suite requirements for such systems. 
 

2.3. Obtaining values of the indicators 
 

It’s required to obtain values of the listed indicators for Chidamber & Kemerer’s metrics suite and 
Software Package Metrics. 

 
2.3.1. Theory base and validation 

 

Theoretical base, empirical validation and analysis of metric suites characteristics allow us to 
make a decision regarding the metric suite quality. 

 
Chidamber & Kemerer’s metrics suite 

 

In publication [2] Chidamber & Kemerer used the formal process of metric suite validation based 
on Weyuker’s properties. The Weyuker proposed properties for metric suite evaluation which includes: 
noncoarseness, nonuniquencess, design details are important, monotony, non-equivalence of interaction, 
interaction increases complexity. Chidamber & Kemerer conclude that all the metrics satisfy the majority 
of the properties prescribed by Weyuker. Only DIT and LCOM doesn’t fully comply with it. 

Since this metric suit almost completely corresponds to the indicator, the value of indicator C1C&K 
= 2. 

 
Software Package Metrics 

 

At the moment this metric suite hasn’t any theoretical base, however, there are still a number of 
works devoted to the empirical validation of this metric suite [3, 7, 8]. 

Since there is a lack of sufficient research, the value of indicator C1SPM = 1. 
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2.3.2. Usability 
 

By usability we mean the convenience of metric usage, i.e. the simplicity of their calculations. 
It’s obvious that the metrics that are easy to calculate could be understood easily. As a result they are used 
much wider. 

 
Chidamber & Kemerer’s metrics suite 

 

The calculation of the metrics WMC, DIT, NOC and CBO are quite simple, so such calculations 
can be performed based on static models of a system. RFC calculating requires slightly bigger effort and 
could be done based on dynamic model of software system. LCOM metric is the most complex in the 
suite. This is because there are available a number of different modifications of the metric. Also the 
calculation requires some knowledge regarding the private data and some internal dependencies which 
may not be available at the design stage. 

As long as there are no any significant weaknesses from the usability point of view, the value of 
indicator C2C&K = 2. 

 
Software Package Metrics 

 

The calculating of metrics Afferent Couplings, Efferent Couplings, Abstractness can be done 
using static models of a system. Such calculations aren’t complex. Instability and Distance from the Main 
Sequence are kind of derivatives from the first three metrics. Such values obtaining shouldn’t cause any 
difficulties as well. Package Dependency Cycles may require additional details in the static model of the 
system. 

Since the calculation of metrics for a given suite doesn’t cause major difficulties, the value of 
indicator C2SPM = 2. 

 
2.3.3. Availability of tools 
 

Automated tools could significantly simplify the usage of metrics. This is especially useful for 
large projects where manual computation requires huge effort. 

There are a number of tools available that allow obtaining the values of metrics automatically. In 
the Table 1 are listed the most popular metric tools and the level of coverage for each metrics suite. 
 
Table 1. Metrics suite coverage level by the metric tools 
 

Tool Vendor Languages Chidamber & 
Kemerer’s metrics suite 

coverage 

Software Package 
Metrics coverage 

Essintial Metrics Power 
Software 

C++, Java Full suite - 

SDMetrics SDMetrics C++, Java WMC, DIT, NOC, CBO, 
RFC 

Ca, Ce, A, I, D 

Understand Scientific 
Toolworks 

C++, Java, C#, 
etc. 

Full suite Ce 

JDepend - Java - Full suite 

Ndepend Ndepend C# LCOM Ca, Ce, A, I, D 

Eclipse metrics - Java Full suite Ca, Ce, A, I, D 

 
Chidamber & Kemerer’s metrics suite 

 

Although the metric suite is supported by a large number of tools, there are some issues in the 
obtained results. In the publication [8] are listed the values obtained by different tools. These results 
indicate that different tools have a different interpretation for some of metrics, so the values are different. 
Based on that, the value of indicator C3CK = 1. 

 
Software Package Metrics 

 

As long as there are enough tools which allow to obtain the metric suite’s values, the value of 
indicator C3SPM = 2. 
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2.3.4. Completeness 
 

This indicator evaluates how well a metric suite cover the characteristics of the system. We are 
interested mostly in evaluation of object-oriented systems, so completeness evaluation should be based on 
the characteristics of object-oriented systems. 

Different researches show that the metric suites should cover the following characteristics of static 
UML models: 

• Interfaces; 
• Attributes; 
• Methods; 
• Generalization; 
• Aggregation, Association, Dependencies. 
The details regarding UML characteristic coverage by each metric suite are provided in table 2. 
 

Table 2. UML characteristic coverage by the metric suites 
 

Relationships Scope
 

Suite 

Interfaces Attributes Methods 
Generalization Aggregation, 

Association, 
Dependencies 

Chidamber & 
Kemerer’s metrics suite 

- LCOM 
(explicitly) 

WMC, LCOM 
(explicitly) 

NOC, DIT CBO, RFC 

Software Package 
Metrics 

A - - - Ca, Ce 

 
Chidamber & Kemerer’s metrics suite 

 

Chidamber & Kemerer’s metrics suite reflects well the characteristics of object-oriented systems. 
The metric suite contains metrics which evaluate the number of methods (WMC), inheritance (NOC, 
DIT), external relations (CBO, RFC). In addition, the metric LCOM indirectly consider attributes and 
methods. Based on that, the value of indicator C4CK = 2. 

 
Software Package Metrics 

 

Metrics from this suite have a fairly narrow focus. They evaluate mainly the relationships between 
objects/packages and the stability of the package by evaluating the number of abstract classes and 
interfaces. Therefore, the value of indicator C4SPM = 1. 

 
2.3.5. Redundancy 

 

In our case, the redundancy is the existence of several metrics which measure the same or similar 
characteristics of the system. Let’s use the correlation coefficient to determine the redundancy, which 
determines the closeness of the linear relationship between variables (metrics).  

The empirical data of cargo transport fleet management system were used to obtain correlation 
values. 

 
Chidamber & Kemerer’s metrics suite 

 

Table 3 shows the correlation values for the metrics in the system. 
 

Table 3. Correlation coefficient values for the metrics 
 

  CBO NOC WMC RFC DIT LCOM 
CBO 1 -0.02144 0.570007 0.237647 0.126227 0.364266 
NOC -0.02144 1 0.155889 -0.03971 -0.16163 -0.05677 
WMC 0.570007 0.155889 1 0.236418 0.091223 0.249562 
RFC 0.237647 -0.03971 0.236418 1 0.910849 -0.19671 
DIT 0.126227 -0.16163 0.091223 0.910849 1 -0.28036 

LCOM 0.364266 -0.05677 0.249562 -0.19671 -0.28036 1 
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The values of correlation coefficient indicate that for this system there is a significant relation 
between CBO and WMC. Also there is a very close relation between the metrics RFC and DIT. 

Since most of the metrics in the suite do not correlate with each other, the value of indicator C5CK = 2. 
 
Software Package Metrics 
 

Table 4 shows the correlation values for the metrics in the system. 
 

Table 4. Correlation coefficient values for the metrics 
 

  Ca Ce A I D 
Ca 1 -0.15545 -0.80704 0.370458 0.767875 
Ce -0.15545 1 0.285002 -0.18804 -0.22956 
A -0.80704 0.285002 1 -0.65272 -0.87742 
I 0.370458 -0.18804 -0.65272 1 0.652026 
D 0.767875 -0.22956 -0.87742 0.652026 1 

 

The values of correlation coefficient show that the system has a significant number of metrics 
related to each other. For instance, metrics Ca and A, Ca and D, as well as A and D have a high 
correlation. Metrics A and I, as well as I and D have a significant relation. Part of such relations can be 
explained by the fact that couple of the metrics in this suite is derived from others. 

As long as the correlation between the metrics are more noticeable, the value of indicator C5SPM = 1. 
 

2.4. Summary 
 

The above described metric suites aimed of measuring the quality of the product. The main idea of 
the both metric suites is in the evaluation of individual classes and the relationships between them. The 
difference is in the way how they make such evaluation. Software Package Metrics provides some 
generalized assessment. But Chidamber & Kemerer’s metrics suite provides statistics that help to a 
developer making a decision regarding the product quality. 

The total values of the indicators for the metric suites are presented in table 5. 
 

Table 5. The values of the indicators for the metric suites 
 

Indicator Chidamber & Kemerer’s 
metrics suite 

Software 
Package Metrics 

Theory base and validation 2 1 
Usability 2 2 
Availability of tools 1 2 
Completeness 2 1 
Redundancy 2 1 
Total 9 7 

 

The indicator values analysis for the metric suites lead us to the conclusion that Chidamber & 
Kemerer’s metrics suite is more appropriate according to the requirements. 

 
3. Metric Suite Optimisation 

 
After the metric suite is chosen it’s necessary to perform its improvement. To do so each metric in 

the suite should be considered separately, analogous metrics should be determined and compared against 
the original metric. After such comparisons, the decision should be made regarding the original metric 
replacement with the analogous one. After these steps we obtain the modified metric suite which is 
optimal according to the requirements. 

The algorithm for this technique consists of the following steps (see Figure 2): 
1. Determination of criteria; 
2. Take i-th metric; 
3. Determination of metric alternatives; 
4. Obtaining criteria values for every alternative; 
5. Replacing the metric with the alternative if alternative’s criteria values are more optimal; 
6. If it isn’t the last metric in the suite then take the next metric (return to step 2). 
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Figure 2. Flowchart representation of metric suite optimisation algorithm 
 
3.1. LCOM metric 

 

Let’s make an improvement for one of the metric from Chidamber & Kemerer’s metrics suite. 
Perhaps the most criticism in this suite was subjected to LCOM metric. Various studies have shown a lot 
of it weaknesses, so it should be used carefully. For instance, completely different classes can have the 
same value and often this metric very poorly reflects the cohesiveness of the class [6]. 

For these reasons there were proposed different variations and alternatives of this metric. In [1, 4, 5, 6, 
9] are presented the following LCOM alternatives: 

• LCOM1, LCOM2, LCOM3, LCOM4, LCOM5; 
• Connectivity (Co); 
• Unified Cohesion (Coh);  
• Tight class cohesion (TCC); 
• Loose class cohesion (LCC); 
• Information-flow-based cohesion (ICH). 
As long as there are so many alternatives, it’s reasonable to determine the most appropriate metric 

which satisfy well the requirement of the system. 
 

3.2. Determination of LCOM alternatives 
 
Due to the fact that many of these metrics are computed in a similar way, let’s select the most 

characteristic of them which are listed below: 
LCOM1 – this metric was introduced by Chidamber & Kemerer in 1991 [10]; 
LCOM2 – this metric also known as LCOM and was introduced by Chidamber & Kemerer in 1994 
[2]; 
LCOM4 – LCOM modification where value calculated as the number of connected vertices in 

undirected graph [5]; 
LCOM-HS – LCOM modification proposed by Henderson-Sellers [4, 9]; 
LCOM% – LCOM modification used in Understand Metrics tool and expressed in per cent. 
 

3.3. Determination of criteria 
 
For the metrics evaluation we use the following indicators: 
• Usability; 
• Availability of tools; 
• Correlation with the cluster. 
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3.4. Obtaining values of the indicators 
 
It’s required to obtain values of the listed above indicators for each metric. 
 

3.4.1. Usability 
 

Similarly as for metric suite selection, by usability we mean the convenience of metric usage, i.e. 
the simplicity of their calculations. Let’s examine a calculation algorithm for each metric. 

 
LCOM1 

 

The initial metric defined by Chidamber & Kemerer, later it was replaced by LCOM2. The value 
of the metric is the number of pairs of methods in the class using no attribute in common. 

 
LCOM2 

 

Classical metric from Chidamber & Kemerer’s metrics suite, it is also known as LCOM and has 
the following formula: 

⎭
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where: 
• P – number of pairs of methods without shared instance variables; 
• Q – number of pairs of methods with shared instance variables. 
 

LCOM4 
 

For this metric calculation an undirected graph should be constructed, where the vertices are the 
methods of a class, and there is an edge between two vertices if the corresponding methods share at least 
one instance variable or one method explicitly uses another one. The result of the metric equals to the 
total number of edges between vertices. 

 
LCOM-HS 

 

Henderson-Sellers revise the LCOM metric to normalize it for the number of methods and 
variables that represent in the class, so they proposed the following definition [4]: 
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where: 
• m – the number of methods in the class; 
• a – the number of variables; 
• μ(Aj) – the number of methods of the class accessing a particular variable. 
This metrics takes its values in the range [0-2]. 
 

LCOM%  
 

It’s a variation of LCOM metric where the value is expressed as a percentage. At first stage the 
metrics calculates what percentage of class methods use a given class instance variable. Next the average 
percentages for all of that class’s instance variables is calculated and subtracted from 100%. 

 
Results 
 

Since the computational cost for all the metrics are similar (it is necessary to determine the 
relations between the methods or method and attributes) the indicators have the following values: 

C1LCOM1 = C1LCOM2 = C1LCOM4 = C1LCOM HS = C1LCOM% = 1. 
 

3.4.2. Availability of tools 
 

In the Table 6 are listed the information regarding the tools that provide the calculation of different 
LCOM variations. 
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Table 6. LCOM variations support by different tools 
 

Tool Vendor Supported LCOM type 
Essintial Metrics Power Software LCOM2 
Understand Scientific Toolworks LCOM% 
Ndepend Ndepend LCOM HS 
Eclipse metrics - LCOM2, LCOM HS 

 

We can see that there are no automated tools that calculate the metrics LCOM1 and LCOM4. 
Thus, the values of indicator are the following: 
• C2LCOM1 = C2LCOM4 = 0; 
• C2LCOM2 = C2LCOM HS = C2LCOM% = 2. 
 

3.4.3. Correlation with the cluster 
 

To determine this indicator the set of objects of the considered transport system was split into the 
three following clusters: 

• Classes with low cohesion; 
• Classes with mean cohesion; 
• Classes with high cohesion. 
Table 8 shows the correlation between the LCOM variations and the clusters variable for the 

considered system. 
 

Table 8. The values of the correlation between the LCOM variations and the cluster variable 
 

 Cluster 
LCOM1 0.5878015009 
LCOM2 0.6375499653 
LCOM4 0.251728185 
LCOM HS 0.7276782418 
LCOM% 0.558340097 

LCOM-HS has close relation with the cluster variable, thus C4LCOM HS = 2. 
Metrics LCOM1, LCOM2, LCOM% has significant relation with the cluster variable, so the value 

of indicators C4LCOM1 = C4LCOM2 = C4LCOM% = 2. 
LCOM4 doesn’t have a significant relation with the cluster variable, so C4LCOM4 = 0. 
 

3.5. Summary 
 

In table 9 are listed all values of the indicators for the metrics. 
 

Table 9. The values of the indicators for the metrics 
 

Indicator LCOM1 LCOM2 LCOM4 LCOM-HS LCOM% 
Usability 1 1 1 1 1 
Availability of tools 0 2 0 2 2 
Correlation with the cluster 1 1 0 2 1 
Total 2 4 1 5 4 

 
The indicator values analysis for the metrics lead us to the conclusion that metric LCOM-HS is the 

most appropriate according to the requirements. 
 

4. Conclusions 
 
In this paper the technique that allows making a decision regarding metric suite selection for 

logistics and transportation software is proposed. The technique consists of several steps where at each 
step a specific criterion should be used to make a selection from the available metric suites. There may be 
used several different criteria indicators for a metric suite like completeness, usability, availability of 
tools, etc. Such indicators should be changed in accordance with the required characteristics of logistics 
and transport systems. 

As long as the metric suite is chosen it’s necessary to perform its improvement. To do so each 
metric in the suite should be considered separately, analogous metrics should be determined and 
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compared against the original metric. After the comparisons, the decision should be made regarding the 
original metric replacement with the analogous one. In the end we obtain the modified metric suite which 
is optimal according to the requirements. 

For efficiency and usability evaluation of the proposed technique a series of experiments and 
empirical research were performed. During the experiments Chidamber & Kemerer’s metrics suite and 
Software Package Metrics were used. The experiment showed that Chidamber & Kemerer’s metrics suite 
is more suitable according to the defined requirements. 

During metric suite improvement step LCOM metric were analysed, and several alternatives were 
proposed. The results of this experiment showed that LCOM-HS has the best fit according to the 
requirements. 

The results indicate that the proposed technique is applicable for metric suite selection for logistics 
and transport systems development process. 
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