These notes were derived from the following texts:
[Pressman,R.S. Software Engineering, A Practitioners Approach, McGraw-Hill,]
[Ian Sommerville, Software Engineering, Addison-Wesley]

Software Metrics

"A quantitative measure of the degree to which a system, component or process possesses a given attribute"
[IEEE Standard Glossary of Software Engineering Terms, IEEE Software Engineering Standards, Standard 610.12 -1990, pp47-48.]

A Software metric is a measurement of some aspect or attribute of the software project, either of the software itself or of the processes involved in generating that software.  The act of measurement provides us with a quantitative value that allows us to know something about the object measured, something that we did not know before.  Creating methods of measuring the product and the processes involved in creating that product will give us a deeper understanding of what we're doing and, crucially, it will provide us with information telling us when we are producing high quality work or low quality work. These measurements can then be used to assist us in making strategic and tactical decisions as the project proceeds.

Software metrics are relevant to all aspects of a project. They are applied at the process and project level where the focus is upon effective project management, and they are also used to measure the quality of the software product as it is being engineered (the term used here is "technical metrics").  A software engineer collects measures and develops metrics so that indicators will be obtained. An indicator in this sense is a metric or combination of metrics that provide insight into the software process, the software project or the software product itself.  The indicator provides the insight that enables the project manager to make initial decisions and apply appropriate adjustments whilst controlling the project.

Metrics can be categorized in several ways.  Often commentators will separate metrics into two types, either control metrics or predictor metrics.  Control metrics (control of project/quality) are usually associated with software processes and projects; predictor metrics (predictors of quality) are usually associated with software products.  Examples of control or process metrics are average effort and time required to repair reported defects.  Examples of predictor metrics are the cyclomatic complexity of a module, the average length of identifiers in a program and the number of attributes and operations associated with an object in a design.


In order to be useful, a software metric must have three properties
· The internal attribute must be measured accurately  (e.g. time expended)
· A relationship must exist between what is measured and an external attribute (for example reliability of the product) of interest
· The relationship is understood, has been validated and can be expressed as a formula or model.

Software Process and Project Metrics

Recall, the software process is the series of predictable steps that helps us create timely, high quality software products. In order to improve this process (or indeed, any process) we need to consistently measure attributes of the process, develop a series of metrics (measurements) based on these attributes and then use these metrics to produce indicators that are then used in developing a strategy for improvement.  

How is the effectiveness of a software process measured?  The answer is, indirectly.  The measure of effectiveness is derived from metrics that are based upon measures of:

· errors uncovered before release of the software
· defects delivered to and reported by end users
· work products delivered by team (productivity)
· human effort expended
· time expended
· schedule conformance
· other measurements

For example project defect rates, effort, calendar times and other metrics can be collected to produce indicators that can be used to improve the software process.

Guidelines should be developed when collecting software process metrics.  These may include:
· Use of common sense and sensitivity when interpreting metrics data
· Provide feedback to those who collect metrics
· Don't use metrics to appraise individuals
· Work with teams to develop clear goals and identify the metrics that will be used to achieve them
· Don't use metrics to threaten teams or individuals
· Metrics that indicate a problem are not bad.  The highlight an area which needs to be improved
· Don't obsess on a single metric.

Once the use of common metrics have been accepted by the team, then more sophisticated methods can be used. In general, statistical and other quality management methods can be used to improve the process. 

Software process metrics are used to develop indicators that allow the team to gain insight into the effectiveness of a particular process, assess what works and what doesn't and undertake long term process improvement.
Ultimately, the collection of process metrics is used to derive indicators which enable an organization to modify its process in order to reduce the frequency of errors and defects.

If process metrics are used for strategic purposes, then project metrics are used for tactical purposes.  Project metrics and indicators are used by the project manager and the software team to adapt project work flow and technical activities.

Metrics are used initially in the estimation phase of a project. Metrics collected from past projects are used as a basis from which effort and time estimates are made for the current project.  This relies on a history of software projects and upon the type of projects engaged upon in the past.  Comparison with recorded metrics of past projects can be used to monitor and control progress of the current project.

As technical work progresses other metrics become important.  Production rates can be measured.  These include pages of documentation, review hours and delivered source code lines.  Also, uncovered errors are logged.  As the project progresses from specification into design, software product metrics (technical metrics-see later) are collected to assess design quality and to provide indicators that will influence the approach taken to code generation and testing.

Project metrics are used to develop indicators that will provide the software project manager with information to assess the status of an on going project, track potential risks, spot potential problem areas, adjust work flow or tasks and evaluate the team's ability to control quality of the software work products.

Project metrics provide two functions:
· To minimize development time by making adjustments to avoid delay and alleviate potential problems and risks.
· To assess project quality as the project progresses and indicate when the technical approach may need modifying to improve technical quality.

Since a project's external quality attributes, such as maintainability and reliability cannot often be measured directly, we take internal attributes, for example the length of the user manual or the program size in lines of code and relate it to the external attributes to obtain some meaningful information.  This is illustrated in diagram 1, overleaf. The product (technical) metrics described below are dealt with in the next section.

Model formulation involves identifying the functional form of the model (linear, exponential, etc) by analysis of collected data, identifying the parameters which are to be included in the model and calibrating these using external data.  Such model development requires significant experience in statistical methods - involve a professional statistician in this.
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Diagram 1: The relationships between internal and external software attributes. 


Product (Technical) Metrics

Product (technical) metrics are concerned with the characteristics of the software itself.  
There are two types, Dynamic metrics and Static Metrics.  Dynamic metrics are collected by measurements of the software in execution, whilst static metrics are collected by measurements made of the system representations, e.g. design, program, or documentation.

Static metrics have an indirect relationship with quality attributes of a system, whilst dynamic metrics, on the other hand, have a more direct link.

Common static metrics used to illicit information about the quality of a product are described in the table below.




	Software metric

	Description


	Fan-in/Fan-out
	Fan-in is a measure of the number of functions that call some other function.
Fan out is the number of functions that are called by another function.  A high value of fan-in suggests a high level of coupling - avoid too high a level of fan-in.
A high level of fan-out suggests a high level of complexity of the calling function.  This may hint at potential errors waiting to be discovered.

	Length of code
(LOC)
	This is a measure of the size of the program.  Generally, the larger the size of the code the more complex and error prone it will be. 

	Source Lines of Code (SLOC)
	Similar to LOC but excludes comments, blanks and multiline strings.

	Cyclomatic Complexity
	This is a measure of the control complexity of a module or program.  This may be related to program understandability. See later for details on calculating cyclomatic complexity.

	Length of Identifiers
	This is a measure of the average length of distinct identifiers in a program.  The longer the identifiers, the more likely they are to be meaningful and improve the understandability of code.

	Depth of conditional nesting
	This is a measure of the depth of nesting of if statements in a program.  Deeply nested if statements  are hard to understand and are potentially error prone (see cyclomatic complexity, above).

	Fog Index
	This is a measure of the average length of words and sentences in documents.  The higher the value for the Fog index, the more difficult the document may be to understand.

	Halstead
	This seeks to identify measurable properties of software and the relationships between them as computed from the source code. (see below)

	Maintainability Index
	Measures maintainability as a weighted formula of  Cyclomatic complexity, Halstead volume and SLOC.









Cyclomatic Complexity

Cyclomatic complexity is a software metric that provides a quantitative measure of  the logical complexity of a program .  It determines the number of independent paths in a program and it is therefore also used in testing to give an upper bound to the number of tests required to fully exercise all paths in a program.

An independent path is any path through the program that introduces at least one new set of  processing statements or a new condition.

Cyclomatic complexity has its roots in graph theory.  As a brief review of  flowgraph notation consider the flowchart (diagram 2) and its equivalent flowgraph (diagram 3) shown below and overleaf, respectively.
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Diagram 2: Flow chart equivalent of flowgraph in diagram 3.
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Diagram 3: Flowgraph equivalent of flowchart in diagram 2



A decision  is regarded as a simple TRUE or FALSE decision.  If compound logic is used then it must first be reduced to a combination of simple decisions. For example:
becomes
If a then
  procedure x
else
     if b the
         procedure x
     else
          procedure y
      endif
endif
If a OR b then
    procedure x
else 
 procedure y
endif












 and,




If a then
     if b the
         procedure x
     else
          procedure y
      endif
endif


If a AND b then
    procedure x
else
   procedure y
 endif


becomes






Notice in both cases the compound condition results in two simple conditions.


Cyclomatic complexity can be computed in one of three ways:

1.  The number of regions of the flow graph corresponds to the cyclomatic complexity.

2.  The cyclomatic complexity, V(G), for a flow graph, G, is defined as
			V(G) = E - N + 2,
where E is the number of flow graph edges 
and N is the number of flow graph nodes.

3. The cyclomatic complexity, V(G), for a flow graph, G, is also defined as
			V(G) = P + 1,
where P is the number of predicate nodes contained in the graph, G.

As an example, referring to the above flowgraphs:
1. The flow graph has 4 regions
2. V(G) = 11 edges - 9 nodes + 2 = 4
3. V(G) = 3 predicate nodes +1 = 4.

Remember, the predicate nodes must be simple, not compound.

McCabe suggests an upper figure of 10 for the cyclomatic complexity of a program, since testing all paths becomes difficult after this.  Also more than 3 nested if statements can cause confusion in understanding the logic of a module.  This might introduce logical errors in the design and result in an increase in unpredicted errors  (see the technical metric “depth of conditional testing, in the previous table).





Halstead (see Wikipedea)
This seeks to identify measurable properties of software and the relationships between them as computed from the source code.

For a given problem, Let:
· η1 = the number of distinct operators
· η2= the number of distinct operands
· N1= the total number of operators
· N2= the total number of operands
From these numbers, several measures can be calculated:
· Program vocabulary: η = η1 + η2
· Program length:N=N1+N2
· Calculated program length: 
· Volume: 
· Difficulty : D=
· Effort: E=DxV
The difficulty measure is related to the difficulty of the program to write or understand, e.g. when doing code review.
The effort measure translates into actual coding time using the following relation,
· Time required to program: T E/18 seconds
Halstead's delivered bugs (B) is an estimate for the number of errors in the implementation.
Number of Delivered bus: =B =   or more recently B = 
Maintainability Index

The Maintainability Index measures maintainability as a weighted formula of  Cyclomatic complexity, Halstead volume and SLOC. This is an evolving approach, not a standard.  Several variations exist, for example

The original formula:

 

The software Engineering Institute’s version:

)

That used by Visual Studio:

MI =

Where V is the Halstead Volume
G is cyclomatic complexity
L is SLOC
C is percent of comment lines (in radians, believe it or not!)

Views on the efficacy of these metrics is often debated.

Object-Oriented Metrics

•	Number of scenario scripts (NSS)
•	Number of key classes (NKC)
•	Number of support classes (e.g. UI classes, database access classes, computations classes, etc.)
•	Average number of support classes per key class
•	Number of subsystems (NSUB)


Use Case-Oriented Metrics

•	Describe (indirectly) user-visible functions and features in language independent manner
•	Number of use case is directly proportional to LOC size of application and number of test cases needed
•	However use cases do not come in standard sizes and use as a normalization measure is suspect
•	Use case points have been suggested as a mechanism for estimating effort


WebApp Project Metrics

•	Number of static Web pages (Nsp)
•	Number of dynamic Web pages (Ndp)
•	Customization index: C = Nsp / (Ndp + Nsp)
•	Number of internal page links
•	Number of persistent data objects
•	Number of external systems interfaced
•	Number of static content objects
•	Number of dynamic content objects
•	Number of executable functions


[bookmark: _GoBack]Arguments for Software Metrics

1. If you don’t measure you have no way of determining any improvement
1. By requesting and evaluating productivity and quality measures software teams can establish meaningful goals for process improvement
1. Software project managers are concerned with developing project estimates, producing high quality systems, and delivering product on time
1. Using measurement to establish a project baseline helps to make project managers tasks possible


Baselines

1. Establishing a metrics baseline can benefit portions of the process, project, and product levels
1. Baseline data must often be collected by historical investigation of past project (better to collect while projects are on-going)
1. To be effective the baseline data needs to have the following attributes:
1. data must be reasonably accurate, not guesstimates
1. data should be collected for as many projects as possible
1. measures must be consistent
1. applications should be similar to work that is to be estimated


Metrics for Small Organizations

1. Most software organizations have fewer than 20 software engineers.
1. Best advice is to choose simple metrics that provide value to the organization and don’t require a lot of effort to collect.
1. Even small groups can expect a significant return on the investment required to collect metrics, if this activity leads to process improvement.


Establishing a Software Metrics Program 

1. Identify business goal
1. Identify what you want to know
1. Identify subgoals
1. Identify subgoal entities and attributes
1. Formalize measurement goals
1. Identify quantifiable questions and indicators related to subgoals
1. Identify data elements needed to be collected to construct the indicators
1. Define measures to be used and create operational definitions for them
1. Identify actions needed to implement the measures
1. Prepare a plan to implement the measures.

