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ABSTRACT

Any decision regarding the maturity level of a process area in CMMI depends on the software metrics that are
collected and analyzed. However, it is not easy to identify the measurement objectives for each process area and
establish a measurement repository for an organization. Adopting a software measurement ontology (based on the
existing standards for metrics) which includes all aspects of the metrics from its objective to realization, this paper
presents a linkage framework to organize metrics in an effective manner within an organization. The framework provides
facilities to define measurement objectives, identify the measurements, fix the measurement approach and apply it to
the entities of the process or product. A prototype application is conceived to establish the proof-of-concept.
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1. INTRODUCTION

Historically, software quality assurance focused mainly on the final products such as deliverables, specifications
and plans. A greater awareness has set in, that the quality of a software product is determined by the quality of its
software development and maintenance processes. An effective approach to SQA is to monitor software activities
continuously throughout development life cycle to ensure the quality of the delivered product. This is facilitated
through many process frameworks such as CMMI, SPICE and ISO 9001 [1]. Software organizations apply one
or more such frameworks to deliver products better, faster and cheaper. These process frameworks consider
software measurement as a primary function to reach higher maturity levels. It plays a vital role to assess and
institutionalize software process improvement programs.

Capability Maturity Model Integrated (CMMI) today is a globally preferred tool for process improvement. It
depends on software measurement for each process area to validate if the goals of process areas are satisfied. Any
organization that adopts CMMI must ensure that measurements are aligned to the business objectives to provide
benefit, used regularly in order to justify the effort and cost, well defined in order for people to understand and
compare and communicated in an unbiased manner. This requires that each organization has a meaningful mapping
of software measurement to CMMI implementation. Using distinct ontologies for CMMI and Software
Measurement, goals of CMMI process areas can be mapped to information objective of software measurement
ontology. Software Measurement ontology handles separately all aspects related to measurement such as the
objective of measurement, method of measurement, metrics, entities, analysis model and the final interpretation.
This provides a measurement framework for an organization to define its own measurement system which can be
independently managed and which can also be applied for CMMI implementation.

Ontologies in Computer Science represent formal, explicit specification of a shared conceptualization [2].
Ontologies provide a common understanding of a domain that can be communicated between people and application
systems. Ontology presents a system of concepts (or classes) and their relations (or properties), where concepts
are defined and interpreted in a formal manner.
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Many ontology representation languages are proposed based on knowledge representation schemes from
first-order logic to frame-based structures. In the context of Semantic Web, RDF (Resource Description
Framework) with OWL (Web Ontology Language) is widely accepted as knowledge representation languages
[3]. OWL is a consolidation of its preceding languages. OWL provides a rich set of constructs to define classes
using class axioms, logical operations and property restrictions. Classes are linked to one another using ontology
properties namely object, data and annotation properties. Object properties define the relationship between
concepts. Data properties provide attributes to individual members and annotation properties describe the
characteristics of an instance of a class. Instances of ontology classes are called as the individuals that form the
class. When formal axioms are added to ontology concepts, they facilitate automated inferencing of new knowledge
from the existing knowledge. Ontologies serve as the backbone of our approach where the ontology for CMMI is
linked to ontology for software measurement. Ontology merging technique is used to connect both as a ‘view’.

2. LITERATURE REVIEW

Information needs, measurement constructs, and measurement procedures are combined into a measurement
plan. Execution of the measurement plan produces the information products that respond to the project
information needs [4]. The most important aim of software engineering is to improve software productivity
and quality of software product and further reduce the cost of software and time using engineering and
management techniques [5].

Although the process of measuring in software engineering has already been standardized in the ISO/IEC
15939 standard, where activities related to identifying, creating, and evaluating of measures are described, a
standard tailored measurement systems are desired [6].  

Semantic interoperability needs to be integrated to support the software measurement process, such as jointly
using tools for project management, quality assurance and process management [7].

3. CMMI ONTOLOGY

CMMI is a single, integrated and agile framework for guiding and appraising improvement activities in software
engineering, systems engineering, integrated product and process development and supplier sourcing. CMMI

Figure 1. CMMI v1.2 Model Components
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Product Suite provides the resources to evaluate the content of an organization’s processes and to improve its
process performance [8, 10]. The main components of CMMI Model v1.2 (as shown in Figure 1) are process
areas, goals, practices and work-products.

In the context of CMMI model, concepts of CMMI are expressed in OWL-DL using its class axioms (inclusion
and equivalence definitions), class descriptions (with constructors such as intersection, union, complement and
disjoint) and property restrictions. OWL-DL is an offshoot of the family of Description Logic, which is a derivative
of First Order Predicate Logic, offering high expressivity with sound and decidable reasoning facility. Thus, a
semantic conceptualization of CMMI model is realized using OWL.

The concepts and structure of any ontology is decided much by the purpose it has to serve. The required and
expected components of CMMI listed above, process areas, goals, and practices, form automatically the core
classes of CMMI ontology. Process areas are conceptualized under four categories of Engineering, Support,
Process and Project. Each process area is defined as ontology classes with the goals to be satisfied as the restricted
conditions under one of the four groups. Figure 2 gives the scheme of the developed ontology model. All process
areas under engineering are alone shown in the figure. The specific and generic goals needed to obtain maturity
levels from 2 to 5 are incorporated as subclasses. All goals are grouped as generic or specific concepts. To define
specific goals, concerning each process, separate process-related goal concepts are introduced. The actual
specifications of various goals, be it generic or specific related to various concepts are listed as individuals.

The ontology properties are used to link various process concepts in a meaningful and logical manner as per
domain understanding. Using the property <consistsof>, each maturity level class is defined. For instance maturity
level 2 (ML2) is defined as consisting of process areas namely Requirement Management (RM), Configuration
Management (CM), Project Planning (PP), Project Monitoring and Control (PMC), Measurement and Analysis
(MA), Supplier Agreement Management (SAM) and Process and Product Quality Assurance (PPQA).
<satisfiedbyGG> and <satisfiedbySG> are used to connect generic and specific goals with the respective process
areas. Specific and respective practices are linked to the respective goals using the property <achievedBy>. The
work products that are produced as a result of specific or generic practices are linked using two properties namely
<hasDirectEvidence> and <hasIndirectEvidence>. <fulfillsGoal> relates the practices with the corresponding goals
as an inverse of the properties <satisfiedbyGG> and <satisfiedbySG>.

Figure 2: Ontology Model of CMMI v1.2
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4. SOFTWARE MEASUREMENT ONTOLOGY

ISO 15939 defines an approach to software measurement. Basing on this, an ontology for software measurement
(SMO) is proposed by Alarcos Research Group [10]. It is organized around four main sub-ontologies: Software
Measurement characterization and objectives, to establish the context and goals of the measurement; Software
Measures, to clarify the terminology involved in the measures definition; Measurement Approaches, to describe
the different ways of obtaining the measurement results for the measures’ and Measurement, which includes the
concepts related to performing the measurement process as shown in Figure 3.

The “Software Measurement Characterization and Objectives” sub-ontology includes the concepts required to
establish the scope and objectives of the software measurement process. The main goal of a software measurement
process is to satisfy certain information needs by identifying the entities and the attributes of these entities. Attributes
and information needs are related through measurable concepts. The “Software Measures” sub-ontology aims at
establishing and clarifying the key elements in the definition of a software measure. A measure relates a defined
measurement approach and a measurement scale. Most measures may or may not be expressed in a unit of measurement,
and can be defined for more than one attribute. Three kinds of measures are distinguished: Base Measures, Derived
Measures and Indicators. The “Measurement Approaches” sub-ontology introduces the concept of measurement
approach to generalize the different “approaches” used by the three kinds of measures for obtaining their respective
measurement results. A base measure applies a measurement method. A derived measure uses a measurement function.
Finally, an indicator uses an analysis model to obtain a measurement result that satisfies an information need. The
“Measurement” sub-ontology establishes the terminology related to the act of measuring software. A measurement is
a set of operations having the object of determining the value of a measurement result, for a given attribute of an entity,
using a measurement approach. Measurement results are obtained as the result of performing measurements.

5. PROPOSED LINKAGE FRAMEWORK

Our developed CMMI ontology with the adopted SMO will have no significance if it does not find a practical
application. While CMMI ontology and SMO remain independent entities, a merging of these is done using a
bridge ontology. An ontology merging algorithm known as PROMPT [11] is used for this. A bridge axiom is used
to connect process area goals with information need of SMO. This method is preferred, instead of creating a new,
target ontology, so that both CMMI and SMO can be independent and be treated separately. The bridge ontology
merely provides a ‘view’ by merging both ontologies based on individuals in classes.

Figure 3: SMO Model
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The measurement need of Anadocs Software Company in Chennai which is in the process of obtaining CMMI
level 3 is taken for our case study. For each goal of CMMI process area, the corresponding information need for
measurement is fixed. According to the information need, the possible measurements are identified and linked
through our prototype tool. The tool provides an interface for the end users to update SMO and set its usage for
any CMMI goal. Further, applications can be developed to automate the process of Goal Satisfaction based on
the measurement obtained. Table 1 presents a few measurements defined for the organization with regard to
project management which are stored as instances of SMO.

Table 2 gives partial mapping between CMMI goals of different process areas and Information Need of
SMO. The existence of SMO gives conceptual clarity for measurement practitioners and quality assurance team.

Table 1

Information Need Attributes Base Measure Derived Measure Indicator

How good is the Effort Effort Estimation Estimated Hours Actual Effort Variance (%) 1. If Effort Variance Diff
Estimation planning in Hours > 15%, then the
a project? Project Estimation

Planning is
NEGATIVE.

2. If Effort Variance Diff
< 5%, then the
Project Estimation
Planning is
POSITIVE.

Has the project been on Task Duration No. of Tasks Planned Schedule Variance (%) 1. If Schedule Variance
schedule throughout? No. of Tasks Completed (in terms of Tasks) Diff > 15%, then the

Planned Schedule is
NEGATIVE.

2. If Schedule Variance
Diff < 5%, then the
Planned Schedule is
POSITIVE.

Have QA activities Defects No. of Defects before Defect Removal 1. If DRE < 95%, then
been efficient in defect delivery Efficiency (DRE) (%) the performance of
removal? No. of Defects after the project’s software

delivery process is NEGATIVE.

2. If DRE > 95%, then
the performance of
the project’s software
process is POSITIVE.

What is the average Effort Estimation This metric indicates Effort Distribution (%) Effort Distribution /
effort spent for the past the effort spent for the Percentage / Activities
six months projects for past six months projects
different activities? per activity

• Requirement
• Design
• Coding
• Testing
• Support/

Implementation
• Maintenance

How critical the defects Defects No. of Defects per Defect Distribution -
are? Defect Type wise Testing (%)
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The team can improve the set of measurements in an organization and use them to satisfy multiple needs. Like
CMMI, any other process framework can also be linked to the measurement system of the organization. This
framework will facilitate easier, reliable and practical measurement practices in any software organization.

6. CONCLUSIONS

CMMI ontology, presented in this paper, was developed using Protégé as the ontology editor [8]. The authors are
ready to share the ontology with any reader who is interested in experimenting it and make it more relevant to
software engineering community. Based on many iterations and experiment with multiple options, this ontology has
been developed. The validity of the ontology has to be shown by its output.

SMO has been adapted from the work of Alarcos Research group. They provide it as a set of guidelines for
measurement practitioners who may be confused by the terminology differences and conflicts in the existing standards
and proposals. Further, it provides a cohesive core set of concepts and terms over which their existing standards
could be integrated or new ones built. Our contribution in this paper is to take SMO beyond being a pure reference
model to an application model. It has been applied and linked to CMMI concepts to facilitate the automation of
process appraisal. A software tool is being developed to implement the merging and updating ontologies in a user-
friendly manner and to automate the process of CMMI appraisal. Specific axioms can be integrated so that the
rating of processes can be done for assessment and certification of process framework. This can emerge as an
extension of our work after testing the ontology with software projects of multifarious organizations.
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