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​INTRODUCTION
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This dissertation is an account of a research project aimed at understanding the problem of multi-model software process improvement and providing a Process Based Unification (abbre- viated as: PBU) framework for simultaneously using multiple software quality approaches. This chapter provides a generic introduction to the research field where the research problem is identified. First we review evolution of software process improvement in chapter 1.1, then terms used in this thesis are discussed in chapter 1.2, multi-model software process improve- ment is introduced in chapter 1.3 and related issues are presented in chapter 1.4.

	[image: ]
	 	[image: ]


[image: ]

1.1.  Process improvement
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A definitive goal in software quality assurance is to ensure and improve the quality of a soft- ware product. In developing products, resources implement processes, therefore quality of resources and processes have effect on the quality of the product (Tsui & Karam, 2007).

The process management premise in CMMI-DEV v1.3 says: “the quality of a system or product is highly influenced by the quality of the process used to develop and maintain it” and continues with: “The belief in this premise is seen worldwide in quality movements...” (CMMI Product Team, 2010a, p. 5).

In practice, due to the diversity and the complexity of software products, it is more difficult to measure and compare their quality than to measure/improve the quality of processes produc- ing them. Moreover, the software product can only be measured at the end of the develop- ment, which is late for making changes, while the quality of the process can be measured and improved during the development. Despite that the product quality improvement through pro- cesses may be indirect, a mapping between process and product oriented quality approaches can be developed in many cases (García-Mireles, Moraga, García, & Piattini, 2012) and a pro- cess improvement can be product focused (Bekkers, Weerd, Spruit, & Brinkkemper, 2010;

Solingen, 2000).

For further discussion on different views on software quality such as product, process and re- source oriented approaches see (Balla, 2001; Fenton & Pfleeger, 1997).

Similarly to CMMI, Balla suggests the following fundamental objects of software quality: product, resource and process quality (Balla, 2001). In this thesis from the three objects de- fined by Balla we focus on the process, however without neglecting the associated product and resource of software quality.


Table 1 – Evolution of software processes – a summary of Cugola and Ghezzi’s view


	
Approach


	
Example


	
Strength


	Weakness


	Lifecycle

models

	Waterfall model

	Well structured, clear

documentation

	Idealised processes


	





Methodologies

	JSD (Jackson Sys- tem Development),

JSP

	Based on experiences from previous projects

	Informal notation, increased paperwork


	Formal devel- opment

	Program develop- ment by stepwise

refinement

	Transforms specification to correct implementa-

tion

	Not scalable, applicable only for small programs


	





Automation

	SDEs (Software Development Envi-

ronment)

	Automation of some areas of software produc-

tion

	Requirements specification, design decisions cannot be au-

tomated


	Management (Process Ori-

entation)

	ISO 9001, CMMI, TSP, PSP

	Indirect assurance of quality products

	





Increased bureaucracy



In “Software Processes: a Retrospective and a Path to the Future”(Cugola & Ghezzi, 1998) Cugola and Ghezzi give a good summary of the main steps of software process evolution starting from the early 60’s. In Table 1 strengths and weaknesses of lifecycle models, method- ologies, formal development, automation, management (software processes) are shown.

According to (Cugola & Ghezzi, 1998; Fuggetta, 2000), after these approaches a new era came: process modeling and process programming. There are several process modeling initia- tives such as the development of PMLs (Process Modeling Languages), Little JIL (Osterweil, 1997, 2007), Oz (Oz and Oz Web – the first “decentralized” Process-centred Software Engi- neering Environment was developed at Columbia University), Endeavors, BPM or enterprise modeling (Wortmann & Kusters, 2007) in this field.

In 2009 the SPI manifesto was defined by software process improvement (SPI) researchers and practitioners stating core values and principles of the field (Korsaa et al., 2010). After more than a decade of Cugola and Ghezzi’s article on software process evolution, software process improvement is used in practice at software companies and is subject of research from multiple angles and views. Some of the emerging areas of software process improvement are:


-  Agile software process improvement (Chow & Cao, 2008; Dybå & Dingsøyr, 2008; Lin- ders, 2011),





-  Software process improvement in global environment, (Gray & Smith, 1998; Lanubile, Ebert, Prikladnicki, & Vizcaino, 2010; Portillo-Rodriguez, Vizcaino, Ebert, & Piattini, 2010),

-  Software process improvement at (very) small (Garcia, Graettinger, & Kost, 2005; Habra, Alexandre, Desharnais, Laporte, & Renault, 2008; Richardson, 2006) and medium enter- prises (Pino, García, & Piattini, 2007),

-  Software process improvement at start-ups (Blank, 2006; Cooper, Vlaskovits, & Blank, 2010; Ries, 2011) and

-  Multi-model software process improvement involving various approaches such as ISO/IEC/IEEE standards, various improvement frameworks, models, LEAN or agile methods (Heston & Phifer, 2010; SEI, 2008).


More and more organizations have to deal with several of these areas. In this thesis we focus on multi-model process improvement – the synergic usage of multiple process improvement standards, models, technologies and methods. In 1.2 we introduce fundamental terms used in this research, in 1.3 we introduce multi-model software process improvement and in 1.4 issues of the field will be introduced.
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1.2.  Fundamental terms
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In this chapter we clarify fundamental terms used in this research. This is needed because there is no consistent terminology used in the field of multi-model software process improve- ment. The lack of consistent terminology in multi-model software process improvement was also recognized by Pardo et al. and ontological discussions were published in (C. Pardo, Pino, García, Piattini, & Baldassarre, 2011).

When we use the term standard we refer to the materials officially standardized and published by standardization organizations. Such international standardization organizations are e.g. the International Organization for Standardization (ISO, 2010), Institute of Electrical and Elec- tronics Engineers (IEEE, 2010) or International Electrotechnical Commission (IEC, 2010).

We use the term model when we refer to a published material which calls itself a model, e.g. CMM, CMMI or TMM. The models or standards are not necessarily standardised although some of them are (e.g. SPICE is standardised as ISO 15504).

The terms methodology, method, technique and notation are defined by (Blokdijk & Blokdijk, 1987) as follows:

“Methodology means the science of method: a treatise or dissertation on method. A method is a systematic procedure, technique or mode of inquiry, employed by or proper to a particular discipline; or: a body of skills or techniques. A technique is a procedure or body of technical actions. ... A notation is a system of characters, symbols or abbreviated expressions used to express technical facts of quantities.”

The Merriam-Webster Online Dictionary (Merriam-Webster Inc., 1996) defines methodology

in a very similar way:


-  “a body of methods, rules, and postulates employed by a discipline: a particular proce- dure or set of procedures





-  the analysis of the principles or procedures of inquiry in a particular field”


The dictionary defines the method as:


-  “a procedure or process for attaining an object: as a (1): a systematic procedure, tech- nique, or mode of inquiry employed by or proper to a particular discipline or art (2): a systematic plan followed in presenting material for instruction b (1): a way, technique, or process of or for doing something (2): a body of skills or techniques

-  a discipline that deals with the principles and techniques of scientific inquiry

-  orderly arrangement, development, or classification : plan

-  the habitual practice of orderliness and regularity

-  a dramatic technique by which an actor seeks to gain complete identification with the in- ner personality of the character being portrayed.”


We use the term method as it is defined by (Blokdijk & Blokdijk, 1987) or for a published material which is recognized as a method (e.g. Agile methods).

In on-going research in the area of software process improvement, different terms are used for software quality approaches. Examples are: quality standard, quality assurance method, im- provement framework (M. C. Paulk, 2008), software process improvement (SPI) framework (Halvorsen & Conradi, 2001), quality model, improvement technology (Siviy, Kirwan, Ma- rino, & Morley, 2008a) and process improvement model (A. Ferreira & Machado, 2009) among others. In order to emphasize that each standard (e.g. ISO 9001 or ISO 12207), method and (improvement) technology framework (e.g. CMMI, SPICE) is a specific approach to software quality; we call each of them an approach.

An approach which is connected to quality is called quality approach. We also emphasize that we mainly focus only on the approaches which can be used to create/improve/maintain soft- ware specific processes. A quality approach which can be used in software industry is called software quality approach.

A (software) quality approach which mainly focuses on a process or more processes is called process-oriented (software) quality approach (abbreviated as po(s)qa). In this way we exclude quality approaches which are not primarily process-oriented. Such approaches could be prod- uct (e.g. ISO 9126 (ISO/IEC, 2001, 2003a, 2003b, 2004a) or IEEE 829-2008(IEEE, 2008a)) or

resource-oriented (e.g. People-CMM(Curtis, Hefley, & Miller, 2001)).

We call quality approach element (class) – an element of a quality approach (e.g. activity, arti- fact, role, chapter or requirement) and quality approach element instance the instance of a quality approach element. E.g. “prepare for review” can be an instance of “activity” element or a “project plan” can be an instance of the “artifact” element. We use the terms “quality ap- proach element” and “quality approach element class” as synonyms.

Multi-approach process improvement or multi-model process improvement (abbreviated as MSPI) mean process improvement based on multiple software quality approaches. According to our terminology, the first term would be more logical, but we use the latter one because it is getting emphasized in the field of process improvement (Apithanataveepa, 2008; A. L Fer- reira, Machado, & Paulk, 2010; Malzahn, 2008; C. J. Pardo, Pino, García, & Piattini, 2009; Salviano, 2009a; Siviy, Kirwan, Marino, & Morley, 2008e). These two terms have the same meaning.

In a research at SEI the term improvement technology is used with a very similar meaning to our quality approach, defined as follows:

“...we use the terms improvement technologies, technologies, or models somewhat inter- changeably as shorthand when we are referring in general to the long list of reference models, standards, best practices, regulatory policies, and other types of practice-based improvement technologies that an organization may use simultaneously.” (Siviy, Kirwan, Marino, & Mor- ley, 2008b).

In this research we call the multi-model problem the problem of the simultaneous usage of multiple quality approaches. We call multi-model initiative all the initiatives which are aimed at solving the multi-model problem. An initiative which solves the multi-model problem is called a (multi-model) solution. The output (or result) of a multi-model initiative is called a multi-model result.

For further terms and abbreviations used in this document see Terms and definitions and Ac- ronyms.
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1.3.  Multi-model software process improvement

[image: ]


Many different quality approaches are available in the software industry. Discovery of approx- imately 315 quality approaches of 46 different organizations has been reported by Moore (Moore, 1999). A picture of interrelations among 39 different quality approaches was pub- lished in (Sheard, 2001). For a view of quality approaches discovered by Sheard see Figure 1.

[image: image]
Figure 1 – A “framework quagmire” from 2001, Source: (Sheard, 2001)

After more than a decade of Sheard’s article, the situation is becoming even more complicated

with the appearance of new (and new versions of prior) quality approaches: see e.g. the review of 52 Software Process Capability/Maturity Models in (von Wangenheim, Hauck, Salviano, & von Wangenheim, 2010) or a review of developing maturity models in (García-Mireles, Ángeles Moraga, & García, 2012).

A number of differences among quality approaches exist. Some of the approaches, such as ISO 9001 (ISO, 2008) are not software specific, i.e. they define general requirements for an organization and they can be used at any company. Others such as Automotive SPICE (Auto- motive Special Interest Group (SIG), 2008) have been derived from a software specific ap- proach (ISO/IEC, 2004b), and can be used for improving specific (in this case automotive) processes. Some are created to improve development processes (CMMI Product Team, 2010a; FAA, 2001; Ibrahim, 2010; ISO/IEC/IEEE, 2008), others focus on services (CMMI Product Team, 2010b), and again others are related to particular processes such as software testing (TMMi Foundation, 2009) or resource management (Curtis et al., 2001).

Differences in structure and granularity also exist between quality approaches, e.g. both CMMI for Services and ITIL focus on services. However, while CMMI defines process areas, goals and practices, it does not define the concrete steps of the processes. ITIL contains very detailed descriptions and provides process flowcharts for guiding service implementations.

If we look for one process we can find its best practices and requirements in many quality approaches. Taking as an example the peer review process we can see that the whole idea of applying peer reviews in software development comes from Fagan (Fagan, 1976, 1986). Later, the concept of peer review has been widely applied by different parties, e.g. in CMM require- ments for a peer review process are represented as a key process area (M. Paulk, Weber, Cur- tis, & Chrissis, 1995), in CMMI for Development the peer review appears in specific goal levels (CMMI Product Team, 2010a), while in CMMI for Services the peer review is repre- sented as a specific practice (CMMI Product Team, 2010b). The peer review is also applied in many other quality approaches, in many different ways, such as SPICE (ISO/IEC, 2004b), ISO 12207 (ISO/IEC/IEEE, 2008) or IEEE 1028 (IEEE, 2008b). Software testing books also highlight the importance of peer reviews, describing it as a preliminary testing technique (Graham, Van Veenendaal, Evans, & Black, 2007; Hambling, Morgan, Samaroo, Thompson, & Williams, 2007; Morgan, 2010). Wiegers described how to “humanize” peer reviews, giv- ing recommendations and templates for process implementation (K. E. Wiegers, 2002a).

The problem of creating processes conforming to multiple quality approaches can also be rec- ognized in other areas, for example in configuration management, requirements management, requirements engineering or software project management among many others.

There can be various situations in which the usage of multiple quality approaches is needed (Mirna, Jezreel, Giner, A., & Tom´s, 2011; Siviy et al., 2008b), e.g. to strengthen a particular process with various aspects of multiple quality approaches, or to reach certification of the compliance to a number of standards.

Some of the typical situations as we identified them based on literature and practice are:


-  One typical case of using multi-model solutions is when the quality approach used by the organization does not contain full description of a selected process (e.g. the peer review process in CMMI Verification Specific Goal 2). CMMI contains the “what” part of the





process and not the “how”. Therefore, there is a need for using further quality approaches which contain the missing information for implementing/improving the process (Siviy et al., 2008b).

-  Another situation is when certifying multiple quality approaches is required (e.g. required by external parties). In this case one effective solution is the full mapping of quality ap- proaches (and processes) focusing on the requirements of quality approaches. If these ap- proaches (and the mapping of these approaches) are not covering fully the selected pro- cess, it might be useful to include specific parts of further approaches (Siviy et al., 2008b).

-  A green field case, when the organization decides freely about the quality approaches to use. Since there is no certification pressure on the company, the company can choose a (primary) quality approach to implement. The primary approach will be the quality ap- proach describing the selected process in the best way (fits best of company’s business goals and needs) and the missing parts could be completed from other approaches (Ap- ithanataveepa, 2008; Siviy et al., 2008b).

-  There are particular critical processes e.g. in the military, aviation systems or the closing of the water defence in the Netherlands which require as good as possible support for which multi-model SPI can be used (DTIC, 2008; NDIA, 2009).

-  Continuous improvement of software development processes would entail monitoring de- velopments in quality approaches and picking out those which can serve as a basis for in- teresting improvements (CMMI Product Team, 2010a; Hammer, 2002).


Given the existence of so many approaches which focus on processes, an organization has to take decisions. First of all it has to be decided which approaches have potential for the organi- zation. Consequently, the organization may need to use more approaches and the decision has to be made how the chosen approaches have to be used simultaneously.
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1.4.  Issues and solutions in multi-model software process improvement
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Despite that numerous software companies use more quality approaches simultaneously, they often struggle with interpreting them due to differences in structure, terminology, content and many other characteristics (Kugler, 2008; Siviy et al., 2008b). Tailoring multiple quality ap- proaches to the company’s needs is a time-consuming process and needs special expertise (Kasser, 2005; Kugler, 2008; Siviy et al., 2008b).

In multi-model (software) process improvement two major issues can be faced, which are usu- ally two consecutive steps:

(1)  selecting from multiple approaches (Balla, Bemelmans, Kusters, & Trienekens, 2001; Hal- vorsen & Conradi, 2001; M. C. Paulk, 2008) and

(2)  the simultaneous usage of chosen approaches (A. Ferreira & Machado, 2009; Siviy et al., 2008a, 2008e).

Since there are initiatives which focus on solving the first issue, we review them in this chap- ter and later we focus on the second issue – which we call the multi-model problem, and which will be addressed in this thesis.



Initiatives for the first issue: selecting from multiple approaches

Quality approaches can be classified on the basis of particular characteristics (e.g. based on orientation, on level of detail, on a specialization, on their results, on the authority of a process group using them etc.). Such classifications can help companies to choose among quality ap- proaches on the basis of their specific needs and wishes.

QMIM – An initiative for the classification of quality approaches is the QMIM framework (Quality through Managed Improvement and Measurement) (Balla, 2004; Balla et al., 2001). This framework shows how quality standards and quality models are connected to three dif- ferent types of quality objects, i.e. process, product and resource, and their specifications, i.e. definitions, quality attributes and metrics. The QMIM framework supports companies in se- lecting suitable quality approaches, e.g. standards and/or models, for the software quality problems they are confronted with.

Taxonomy based classification – In the same period that the QMIM framework has been developed a very similar idea has started to evolve, namely: the definition of taxonomies for the identification of the main characteristics of quality approaches, enabling comparison be- tween quality approaches in a structured and consistent way. An example is the taxonomy by Halvorsen and Conradi. They proposed 25 characteristics of quality approaches (so called “SPI Frameworks”) grouped in 5 categories (Halvorsen & Conradi, 1999, 2001). Halvorsen and Conradi’s taxonomy has been discussed and elaborated further, first by Paulk (M. C. Paulk, 2008) and subsequently by Ferreira et al. (A. L Ferreira et al., 2010). Another taxono- my was developed by Rahman et al. for comparing process improvement frameworks (Rah- man, Sahibuddin, & Ibrahim, 2011).

PrIME – Process Improvement in Multi-model Environments (PrIME) is a research project on multi-model process improvement launched in 2008 by the Carnegie Mellon Software En- gineering Institute (SEI, 2008). The project seems to be finished and results are published in 6 whitepapers (Siviy et al., 2008a, 2008b; Siviy, Kirwan, Marino, & Morley, 2008c, 2008d; Siviy et al., 2008e; Siviy, Kirwan, Marino, & Morley, 2008f). Among other outcomes, it sup- ports the idea of taxonomies; it defines a strategic classification taxonomy for quality ap- proaches. The classification helps companies in choosing from different quality approaches.

We call all these initiatives classifications of quality approaches. A classification of quality approaches supports companies in selecting quality approaches and in deciding on directions for improvement in accordance with the specific requirements of the company. Classifications describe important characteristics of quality approaches (e.g. with respect to their purpose, their application domain or their level of detail). Although comparison and selection is sup- ported by these classifications, the second issue – the simultaneous usage of multiple quality approaches – is not fully supported as it will be discussed in chapter 3. In the remainder of this thesis we focus on filling the gap identified: the simultaneous usage of multiple quality ap- proaches (which we refer to as the multi-model problem).
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RESEARCH APPROACH
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As we have discussed previously there are several initiatives for the first multi-model issue: selecting quality approaches for multi-model software process improvement. However, there is no widely accepted solution for the second issue: the simultaneous usage of the selected quality approaches. Current multi-model initiatives (as will be shown in chapter 3) suffer from one or more problems and do not provide a complete solution to the simultaneous usage of multiple quality approaches. This is mainly caused because quality approaches have differ- ences in structure, terminology, content and many other characteristics which make their sim- ultaneous usage a complex task. The lack of solution causes problems, e.g. in case of incom- plete quality approaches or in satisfying certification requirements (see for more details in chapter 1.3 and chapter 3).

In this chapter we will propose an approach to deal with this problem. The basic hypothesis is that by developing a reference process model we can deal with this problem. The existence of such a reference process model allows us to map individual quality approaches to this single reference process model. We will call this resulting model a unified process and a process that leads to this model a Process Based Unification (PBU) process. This leads to the following terminology:

The PBU concept – Our hypothesis is that mapping quality approaches to a process can pro- vide a multi-model solution. The task can be divided to decomposing quality approaches and mapping them to a single unified process. The concept of mapping quality approaches to pro- cess will be called the concept of Process Based Unification (PBU) or PBU concept. From now if we mention PBU it means the PBU concept.

A PBU process – In order to guide the practical implementation of the PBU concept, we need to provide a process. This process will be called PBU process. The PBU process relies on the PBU concept. The goal of the proposed PBU process is to provide practical guidance for the implementation of the PBU concept.

The PBU result – The PBU result consists of all the outputs of a PBU process.

The unified process – The key PBU result is a single, unified process, to which quality ap- proaches are mapped. In order to ensure that the unified process conforms to multiple quality approaches, elements of quality approaches will be mapped to process elements. For this mapping, decomposition of quality approaches into their elements is required.

The PBU framework – This consists of the PBU concept, the PBU process and the resulting unified process. In order to emphasize the coherence between the elements defined we will call the set of these elements a framework, since we do not just need to understand elements singly, but also their mutual relations.

A PBU process can facilitate the usage of multiple quality approaches, having a positive im- pact on the work of process experts and on the whole organization by providing a usable and sufficient tool to create or enhance processes on a multi-model basis, also keeping the tracea- bility and maintainability of processes to the source quality approaches. Companies using multiple software quality approaches can follow the steps defined in the PBU process and tai- lor their own software processes from different parts of different quality approaches. The re- sults achieved by applying the PBU framework to multiple quality approaches can be used in situations discussed in chapter 1.3.

The unified process can provide an organization a solution for the multi-model problem by unifying structure, elements, content and terminology among others to one single process. It can enhance the usage of multiple process oriented quality approaches and thus can accelerate multi-model software process improvement. Users of the unified process do not need to un- derstand each quality approach, handle differences in their characteristics (e.g. granularity, structure, terminology) but they use a single approach which is a unified process. There can be three main levels of process descriptions: theoretical, organizational or project level (Bóka, Balla, Kusters, & Trienekens, 2006). Such a unified process could be used at all these three levels.

In chapter 2.1 the research approach (objective and methodology) and in chapter 2.2 the thesis structure are introduced.
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2.1.  Research objective and methodology
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As stated above, the basic hypothesis is that mapping quality approaches to a unified process can provide a multi-model solution. On the basis of this we can identify the research objective of the thesis.

Research objective: investigation whether the PBU concept can lead to an acceptable solu- tion for the simultaneous usage of multiple quality approaches, by designing a PBU process.

This means that the final objective can be formulated as a Y/N question, but the research has a strong design orientation, since we need to design a PBU process to validate the PBU concept. On this basis we can formulate the following research question:

Does the PBU framework provide a solution of sufficient quality for current problems of sim- ultaneous usage of multiple quality approaches?

The main research question can be broken down into several high level questions (H1-H5).




H1 How can we recognize a solution of sufficient quality for current problems of simultane- ous usage of multiple quality approaches?

H2 How can we design a PBU process that allows mapping of quality approaches to a unified process?


H3 How can we provide a proof of concept for the PBU framework? H4 How can we validate the PBU framework?

H5 What improvements can be made on the proposed PBU framework?

High level question (H1-H5) can be broken down into operational research questions (Q1- Q11).

To answer question H1, in research question 1 (called Q1) criteria are identified that represent a solution of sufficient quality. These are called MSPI criteria. Our assertion was that current approaches do not provide sufficient solutions. Given that we now have identified the charac- teristics of a sufficient solution we can now check whether this assertion is correct. This is done in research question Q2.

Designing a PBU process (H2) requires a number of preliminary steps. First we must under- stand options and limitations of the basic concept: we need to discover both elements of pro- cesses (Q3) and elements of quality approaches (Q4) and analyse if a mapping between them is indeed possible (Q5). On this basis we can design a PBU process (Q6).

After having designed a PBU process, in order to show that the PBU concept is feasible (H3) we will perform a case study in which we will apply the PBU process resulting in a unified process (Q7). Deviations in execution from the designed PBU process will be recorded. These will serve as an input for refinements on the PBU process (Q10).

Having provided a proof of concept we will validate the results (H4). Consequently, we need to show that the PBU framework satisfies the MSPI criteria (Q8). If it satisfies the MSPI cri- teria then it is a solution of sufficient quality. We also need to ensure and discuss whether the whole research was performed in a valid and reliable way (Q9). Q8 and Q9 are based on the PBU process as actually executed in the case study, including the deviations from the original- ly designed PBU process as identified in Q10.

Finally, we will identify lessons learned (H5) which will be discussed based on deviations from the PBU framework as they happened when the case study was executed (Q10) and re- quired extensions based on a comparison of case study results to MSPI criteria (Q11). The extensions identified by Q11 were identified after execution of the case study. As they are after the fact extensions they are not part of the analysis performed in Q8 and Q9.

Table 2 includes operational research questions developed based on the discussion above. For each of research questions we identify steps and for each step we define deliverables produced by the step. Deliverables are used to answer the research question.




Table 2 – High level, operational research questions, research steps and deliverables


	High level

question

	

Research question


	
Research step

	

Deliverable


	
Ch.


	
––––––––
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H1

	Q1 What criteria should a

multi-model solution satisfy?

	RS1 Identify MSPI criteria

	MSPI criteria based on

literature review

	3


	Q2 Do current MSPI initiatives satisfy the MSPI criteria?

	RS2 Review current MSPI initiatives based on MSPI

criteria

	Characterization of current MSPI initiatives based on

MSPI criteria

	
3


	






H2

	Q3 What is a suitable set of process elements to base the

unified process on?

	RS3 Identify process ele- ments required for mapping

	
Set of process elements

	
4


	Q4 What are the elements of quality approaches?

	RS4 Identify elements of quality approaches

	Structure and elements of a representative set of quali-

ty approaches

	
4


	Q5 Which characteristics of (a number of) current quality approaches further and/or hinder mapping of these ap-

proaches to a process?

	RS5 Identify options and limitations of mapping quality approaches to pro- cesses

	
Options and limitations of mapping quality approach- es to processes

	
––––––––
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4


	Q6 How can mapping of a set

of quality approaches to a unified process take place?

	
RS6 Design a PBU process

	
Design of a PBU process

	
5


	
H3

	Q7 How can we provide proof of concept for the PBU frame-

work?

	RS7 Perform a case study on the PBU framework

	Case study report on the application of the PBU

framework

	
6-8


	

––––––––
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H4

	Q8 Is the PBU framework adhering to MSPI criteria?

	RS8 Verify the PBU framework against MSPI

criteria

	Discussion of the PBU framework based on MSPI

criteria

	
9


	Q9 Which conclusions to va- lidity and reliability of the PBU framework can be drawn

from the research results?

	RS9 Investigate validity and reliability of the PBU framework

	Discussion of validity and reliability aspects of the PBU framework

	
9


	




H5

	Q10 What did we do different- ly in applying the PBU frame- work as compared to its origi- nal design?

	RS10 Modify the PBU framework based on RS7 (based on concrete experi- ences of the case study)

	Discussion of possible refinements of the PBU framework based on con- crete experiences of the

case study

	
––––––––
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10


	Q11 What omissions can we identify when comparing the results of applying the PBU framework to the MSPI crite-

ria?

	
RS11 Modify the PBU framework based on RS8

	Discussion of possible extensions of the PBU framework based on the comparison with MSPI

criteria

	
––––––––
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10



In the followings research steps (RS1-11) are discussed in more detail:

RS1: Identify MSPI criteria.

In order to investigate what will be included in MSPI criteria, various quantitative and qualita- tive research methods can be applied. One qualitative research method can be conducting

structured interviews with domain experts. As the multi-model software process improvement is an emerging field (C. Pardo, Pino, García, Piattini Velthius, & Baldassarre, 2011), finding real experts with considerable experience in solving the multi-model problem would be diffi- cult (Heston & Phifer, 2010). Similar problems could be faced when applying quantitative methods. Another solution is to assess current problems and initiatives based on literature on the problems of MSPI. As an emerging literature is available, we choose the systematic litera- ture review as the research instrument for identifying MSPI criteria.

In the MSPI literature several sources identify fundamental problems in using multiple quality approaches. However, there is no consistent basis on what criteria should an MSPI solution satisfy. In the literature review we will consider these literature sources as a starting point, then a systematic search and assessment of current problems will be performed which result in the MSPI criteria.

The PBU framework will be developed in accordance with the MSPI criteria identified. At the end of this research the resulting PBU framework will be verified if it satisfies the MSPI crite- ria. Thus the MSPI criteria will play an important role in the validation of the research. The MSPI criteria can also be used by other researchers to refine it, to develop it further or as a basis in developing new MSPI solutions.

RS2: Review current MSPI initiatives based on MSPI criteria.

The MSPI criteria resulting from literature review in RS1 gives the opportunity to assess cur- rent initiatives. If current initiatives do not satisfy the criteria identified, then the development of an MSPI solution is relevant.

In order to assess problems mentioned in literature we perform a systematic literature review on multi-model software process improvement. The systematic literature review gives a struc- tured result including of current problems and initiatives. Current initiatives will be assessed based on the MSPI problems identified.

RS3: Identify process elements required for mapping.

Identifying process elements is important because quality approach elements will be mapped to elements of the unified process. Without having process elements identified, the mapping is not possible.

Looking at literature we found that no uniquely accepted process description format (notation) exists. Processes are usually represented textually and/or graphically, but there are several options available. For textual representation some of the description formats include entry/exit criteria, risks or key success factors while others do not. For graphical notation there are again several choices such as BPMN, Petri Nets, various types of UML diagrams etc. Various pro- cess descriptions contain different elements; therefore external literature sources will be con- sidered in defining process elements. Since RS3 is a crucial point of this research, it will be performed in three iterations:


a)  Identify process elements based on literature – this iteration provides a preliminary basis for process elements.

b)  Refine process elements based on quality approach elements – In this research step we will analyse the structure and elements of process oriented quality approaches. Since these quality approaches are process oriented, they contain elements which describe processes.






The initial list of process elements identified in the first iteration (a) will be refined based on well-defined process related quality approach elements.

c)  Refine process elements based on a case study – we perform a case study on applying PBU framework which gives a practical feedback on what process elements can be used in describing a certain process. Experiences of the case study will be used in refining the pro- cess elements.


It is important to mention that our main goal is not to define a process modeling language but rather to identify those process elements which can be used in a mapping.

RS4: Identify elements of quality approaches.

In order to determine if the mapping of quality approach elements to process elements is pos- sible besides the identification of process elements, the analysis of quality approach elements is also needed. In order to do this we will analyse the structure and elements of a number of relevant quality approaches.

More than 300 quality approaches were identified in (Moore, 1999) and 52 Software Process Capability/Maturity Models in (von Wangenheim et al., 2010). Covering all quality approach- es is infeasible within the frame of this research. In order to overcome this problem we will choose 7 different quality approaches which represent a high variety of quality approach char- acteristics. These will include quality approaches released by important bodies of standardiza- tion such as ISO, IEEE, IEC standards, models from SEI CMU, a governmental quality ap- proach as well as a non-standardized quality approach. These approaches will be chosen so that they differ at least in the scope, content, terminology, granularity, structure, size and com- plexity (the characteristics current multi-model initiatives have problems to handle). In chapter 4 this will be discussed in more detail.

RS5: Identify options and limitations of mapping quality approaches to processes.

At this step we will discuss how quality approach elements identified in the previous step can be mapped to process elements. If semantic (meaning of elements) similarities between quali- ty approach elements and process elements are recognized we consider these can be mapped. Results of this research step will be used as a basis for developing the PBU process.

RS6: Design a PBU process.

The research is aimed at providing arguments for the basic hypothesis: the relevance of the concept of mapping several quality approaches to a unified process. To support this, a PBU process will be designed and in a case study an example of a unified process will be devel- oped. Design is an iterative process. In this thesis we will perform one full cycle of this pro- cess, starting with analysis, developing a first version, executing tests in a case study and lead- ing to assessment and refinement of the original version.

RS7: Perform a case study on the PBU framework.

In investigating the feasibility of the PBU framework we can choose from several research instruments such as experiments, expert interviews or a case study. One advantage of the case study is that it gives the opportunity to practically, deeply and rigorously perform a PBU pro- cess and to understand issues faced during unification. A drawback of a case study compared to quantitative research methods is, that it is more difficult to ensure validity and reliability of results (Golafshani, 2003). However, for understanding if such a PBU framework is practical-

ly applicable, a case study is an appropriate choice since it will be performed within a practi- cal, real-life project.

The case study will answer if the PBU framework is indeed feasible and it will also provide inputs for refinement of the originally designed PBU framework.

RS8: Verify the PBU framework against MSPI criteria.

This research starts with the identification of an MSPI criteria based on a systematic literature review (RS1). As a result of the literature review problems and initiatives of MSPI are shown with a conclusion that no MSPI initiative satisfies the MSPI criteria. The PBU framework is intended to serve as an MSPI solution, therefore an assessment is needed on whether it satis- fies the MSPI criteria. In order to assess if the PBU framework adheres to MSPI criteria the following steps will be performed for each criterion:


a)  Problem definition – short reflection of the problem based on the MSPI criteria identified in research step 1-2. In RS1 we identify problems based on literature, here we include pos- sible problem refinements based on experiences of the case study.

b)  Satisfying the MSPI criteria in the PBU framework – discussion if the PBU framework satisfies the MSPI criteria or with which modifications are required to achieve.

c)  Satisfying the MSPI criteria in the case study – discussion if the current application of the PBU framework satisfies the MSPI criteria or which modifications are required.

d)  Conclusion – discussion of applying the PBU framework in other settings.


We will go through each criterion performing on each step defined above. We will always fo- cus on finding information on how the PBU framework and its application in the case study satisfy the MSPI criteria.

If the PBU framework satisfies the MSPI criteria, it means the main research objective is achieved and a solution of sufficient quality is provided for the multi-model problem. A solu- tion of sufficient quality in this case means an initiative which not just supports the usage of multiple quality approaches, but it also satisfies the MSPI criteria, thus handles important is- sues faced in MSPI. Some of the criteria can be supported on multiple levels. E.g. appraisals can be supported by ensuring traceability, but can also be further supported by tools. We will address levels and options of satisfying criteria where applicable. An MSPI initiative is con- sidered a solution if it satisfies each MSPI criterion. Where multiple criteria levels are present at least the lowest level should be achieved.

RS9: Investigate the validity and reliability of the PBU framework.

In order to understand if the PBU framework can be applied in practice we will apply it in a case study at RS7. Since we will use a qualitative research method to test the PBU framework in practice, its validity and reliability should also be discussed as part of the validation. Con- struct, internal, external and ecological validity and reliability will be discussed based on mul- tiple sources of the validation literature (Fisher, 2010; Gibbert & Ruigrok, 2010; Golafshani, 2003; Trochim, 2006; Yin, 2009).

RS10: Modify the PBU framework based on RS7 (concrete experiences of the case study). We can expect during the case study that deviations from the PBU framework will be deemed necessary or useful. Based on these deviations we will identify modifications of the original PBU framework. This step will be performed after the case study (RS7).

RS11: RS11 Modify the PBU framework based on RS8.

During the verification of the application of the PBU framework against the MSPI criteria we will identify omissions (RS8). Based on these omissions, we will define required extensions to the PBU framework.
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2.2.  The structure of this thesis
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In this chapter we discuss the structure of the remaining parts of this thesis (starting from chapter 3). Figure 2 gives an overview of the research process including the relation between research steps and thesis chapters. The figure is represented in Business Process Modeling Notation (BPMN), research steps are represented as subprocesses and tasks and chapters are represented as data objects. RS denotes research steps, RSn-m denotes the m. substep of the research step n., while RSo-ip denotes the iteration p. of the research step o. where applicable. Parts of early versions of chapters 1 and 2 were published in (Kelemen, Balla, Trienekens, & Kusters, 2008a; Kelemen, Kusters, & Trienekens, 2011; Kelemen, Kusters, Trienekens, & Balla, 2009).

Chapter 3

In chapter 3 we identify criteria for multi-model solutions (RS1) and analyse current initia- tives in multi-model software process improvement (RS2). Chapter 3 discusses first the cur- rent problems regarding the use of multiple software quality approaches. Subsequently, multi- model initiatives are categorized into three different groups, respectively: quality approach harmonization, quality approach integration and quality approach mapping. Based on an anal- ysis of the strengths and weaknesses of current multi-model initiatives in these three classes, we derive a set of criteria which can provide a basis for multi-model software process im- provement solutions.

A version of chapter 3 was accepted and published online in (Kelemen et al., 2011).

Chapter 4

In chapter 4 we identify process elements (RS3) and quality approach elements (RS4). Process elements are first identified based on literature then refined using results of analysing quality approach elements. Quality approach elements of 7 different quality approaches are identified. At the end of this chapter a mapping is provided between quality approach elements and the refined process elements (RS5). Results of this chapter serve as a basis for developing the PBU process. Chapter 4 is described according to research steps 3-5.

A version of chapter 4 was published in (Kelemen et al., 2008a).

Chapter 5

The literature shows that the current multi-model initiatives such as quality approach harmo- nization, quality approach integration and respectively the quality approach mapping do not provide a solution for the multi-model problem and do not satisfy the MSPI criteria (see chap- ter 3). Chapter 4 shows that a mapping between quality approaches and processes is possible so we can apply the PBU concept.
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Figure 2 – Research process

In order to make the PBU concept operational, we need a PBU process. In this chapter the focus is on designing the PBU framework and its core component: a PBU process (RS6). In this chapter we describe a PBU process.

A version of PBU concept which led to the development of chapter 5 was published in (Kele- men, 2009; Kelemen et al., 2009).

Chapters 6-8 are related to RS7 and are structured as follows:

Chapter 6

In order to practically validate the PBU framework, we used it in a real world case study. Chapter 6 presents the preparatory steps of the case study. Chapter 6.1 describes the approach of preparing for the case study. Chapter 6.2 describes the project in which the PBU framework was applied, chapter 6.3 presents the reasons for selecting a process, chapter 6.4 describes the selection of quality approaches to be used for creating a unified process and chapter 6.5 de- scribes the reasons of selecting a process representation format. In chapter 6.6 we discuss de- viations from the original PBU framework, in chapter 6.7 we present limitations and in chap- ter 6.8 we summarise results of preparation steps. These steps are performed according to the first subprocess of the PBU process presented in chapter 5.4.1.

Chapter 7

In chapter 7 we continue applying the PBU framework and activities of the second and third subprocesses of PBU process “Analysis of quality approaches” and “Deriving process from quality approaches” described in chapters 5.4.1.3 and 5.4.3 are performed within the case study. This chapter essentially shows how quality approach element instances of multiple quality approaches are identified, how these are mapped to process element instances and how a unified peer review process is developed.

Chapter 8

In chapter 8 the validation of the case study is described. This chapter is described according to the last subprocess of the PBU process “Validation” presented in chapter 5.4.4. This chapter mainly focuses on discussing how case study participants accepted the resulting unified pro- cess, including a discussion on what kind of validation was chosen, what steps were per- formed in order to validate the resulting unified peer review process.

Results of the case study (chapters 6-8) were presented on the Q-works workshop organized at IBM Budapest (Kelemen, 2010b) and at a monthly organized Benchmarking Conference in Szeged, Hungary (Kelemen, 2010a).

Chapter 9

According to RS8 and RS9, chapter 9 focuses on the validation of the research. In this chapter we verify the PBU framework against MSPI criteria (RS8), furthermore we also assess how valid and reliable the results obtained in the case study are (RS9).

Chapter 10

In chapter 10 lessons learned from the case study (RS10) and the comparison of the applica- tion of the PBU framework with MSPI criteria (RS11) will be presented. Discussion focus on the modifications needed on the PBU framework based on RS10 and RS11.


Chapter 11

The objective of this chapter is to present a number of issues that arose during the research and are relevant, but outside of the scope of the researched thesis. These include (1) guidelines for those are wishing to use the PBU process in their work, (2) a data model for further sup- porting maintainability of the PBU results and (3) preliminary results of quantitatively analys- ing a quality approach: the CMMI model.

A version of chapter 11 – analysing CMMI was presented in (Balla & Kelemen, 2011; Kele- men, 2011b).

Chapter 12

In chapter 12 (1) results achieved, (2) limitations of the results and (3) further work will be presented.

3.  IDENTIFYING CRITERIA FOR MULTI-
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MODEL SOLUTIONS1

In this chapter we analyse current initiatives in multi-model software process improvement and identify criteria for multi-model solutions. With multi-model we mean the simultaneous usage of more than one quality approach (e.g. standards, methods, techniques to improve software processes). This chapter discusses first the current problems regarding the use of multiple software quality approaches. Subsequently, multi-model initiatives are categorized into three different groups, respectively: quality approach harmonization, quality approach integration, and quality approach mapping. Based on an analysis of the strengths and weak- nesses of current multi-model initiatives in these three classes, we derive a set of criteria, which can provide a basis for multi-model software process improvement solutions.

The structure of this chapter is as follows: in 3.1 we briefly describe our research approach,

3.2 describes details of literature search, 3.3 highlights the main problems in the simultaneous usage of multiple quality approaches and 3.4 gives an overview of MSPI initiatives. In 3.5 the analysis and identification of the criteria for multi-model solutions are presented. 3.7 describes limitation of literature review and 3.8 ends with conclusions.

3.1.  Research approach

The objective of this chapter is to identify criteria for multi-model solutions. This will be based on answering the following questions:

Q1 What criteria should a multi-model solution satisfy? (We call these criteria MSPI criteria.) Q2 Do current MSPI initiatives satisfy the MSPI criteria?

In order to answer these questions we follow the research steps 1 (RS1) and 2 (RS2) presented

[image: image]
1 A version of this chapter has been published in (Kelemen, Kusters, & Trienekens, 2011).

in chapter 2.

The work is based on a literature review. This review has been executed using the guidelines from Kitchenham’s guide on performing systematic reviews (Kitchenham, 2004).

The resulting criteria can be used for the development of MSPI solutions.

Since the MSPI criteria are crucial for this research, research steps were broken down to re- search sub-steps:

	Literature search on MSPI – this step will serve as a basis for identifying current problems and initiatives of MSPI.

	Identifying problems of MSPI – based on literature search results, MSPI problems will be identified.

	Analysis of MSPI initiatives based on problems of MSPI – problems of MSPI provide the basis for assessing MSPI initiatives.

	Identifying MSPI criteria – MSPI criteria will be finalized based on problems and initia- tives discussed.

	Assessing the hypothesis against MSPI criteria – As MSPI criteria are identified, we per- form a preliminary assessment if the PBU framework can theoretically meet MSPI criteria.


Table 3 summarizes research questions, research steps, sub-steps and the chapters in which the research steps are discussed.


Table 3 – Research questions, steps and related chapters



	Research question

	
Research step


	
Research sub-step (order)


	Chapter


	







Q1 What criteria should a multi-model solution satisfy?

	









RS1 Identify MSPI criteria

	RS1-1 Literature search on MSPI

	3.2


	RS1-2 Identifying problems of MSPI

	3.3


	RS1-4 Identifying MSPI criteria

	3.5


	RS1-5 Assessing the hypothesis against

MSPI criteria

	3.6


	Q2 Do current MSPI

initiatives satisfy MSPI criteria?

	RS2 Review current MSPI

initiatives based on MSPI criteria

	RS2-3 Analysing MSPI initiatives based on problems of MSPI

	





3.4



3.2.  Literature search

We performed a literature search with two goals: first to serve as input to RS1 of the research – identifying problems of MSPI, and also to serve as input to RS2 – looking for current initia- tives in using multiple quality approaches.

3.2.1.  Search space

The literature search had the same search space for both goals which included books, journals, conferences, theses, webpages, presentations and technical reports in the area of process im- provement, standardization, integrated models and multi-model software process improve- ment.

The literature search was conducted in a number of public electronic databases including IEEE, ACM, ScienceDirect, Citeseer and Google Scholar. Additional materials were gathered from non-public sources, e.g. from SEIR (CMU SEI Information Repository) which included reports on practical results of SPI. The World-Wide-Web was also searched for relevant webpages and presentations.

3.2.2.  Conducting the literature search

Choosing the right search terms is essential to the result of the literature search. For finding the most accurate keywords, we followed two steps:

	Well-known papers in the field were manually analyzed to collect suitable search terms, e.g.: (Balla, 2004; Halvorsen & Conradi, 2001; M. C. Paulk, 2008; Siviy et al., 2008b).

	Papers found during the literature search were processed using an open-source text mining tool, RapidMiner. All texts were tokenized to words; stopwords were filtered using an English dictionary and a specialized dictionary for filtering useless words (e.g. “page”). Tokens were also filtered by length excluding one letter words and then upper cases were transformed into lower cases. Later, different stemming algorithms were applied.


The application of basic text mining techniques helped us:

	To find close variants of the keywords found in articles analyzed previously (e.g. granular- ity – grain);

	To find all occurrences of different variants of keywords.


Keyword search – Our targeted field was the multi-model software process improvement. Search terms were combined by Boolean operators: combining terms of the main field by AND operator (e.g. “multi-model” AND “software process improvement”). The OR operator was also used between terms within the field. Different spellings and synonyms of search terms were applied as discussed previously. For example in the case of the term “multi- model”, the following terms were used: “multi-model”, “multimodel” and “multi model” and for the terms “software process improvement” also “SPI” was used. Identical search terms were applied to all databases mentioned in 3.2.1.

Search through references and manual search – In order to discover multi-model-based quality approaches – as an addition to keyword search – several quality approaches were checked (e.g. CMMI, SPICE, iCMM, Enterprise SPICE etc.). As another addition to the key- word-based search, references of relevant sources were checked manually, e.g. all references of (Siviy et al., 2008b).

Inclusion criteria – All materials of the final set were checked manually and all sources con- nected to multi-model software process improvement were included while irrelevant sources were excluded from the library.

Exclusion criteria – After checking samples of articles found in keyword search, similarly worded research fields were excluded using exclusion operators (“-“): e.g. publications con- taining the term “multi-model” in the field of process modeling were manually checked and in case of irrelevancy, sources were excluded by applying exclusion terms ( e.g. one such exclu- sion term was: -“multi-model view of process modeling“).

Sources addressing different research topics containing useless information (e.g. there were sources containing only references) and duplicates under different names were also excluded.

3.2.3.  Search results

Articles, technical reports, theses, methodologies, mapping documents, presentations, and quality approaches connected to MSPI were collected using the “Zotero” (Center for History and New Media, 2009) open source reference management tool. After applying exclusion cri- teria, a final set of literature sources has been developed which contains 58 articles and further sources, 78 in total (see the lists in Appendix A and Appendix B).

For RS1, problems of MSPI have been identified based on the final set of sources which are discussed in more detail in chapter 3.3. For RS2, an identification of MSPI initiatives has been performed (see the discussion in chapter 3.4).

Further details of the literature search are given in (Kelemen, 2011a). This includes the list of literature sources, the pure and stemmed wordlists (using the Porter and Snowball algorithms), wordlist summary, occurrences and variants of important search terms.

3.3.  Problems of MSPI

In this chapter we address problems of the simultaneous usage of multiple quality approaches as found in the literature search. As described in chapter 3.2.2, a variety of search terms was used to achieve these results. We found 6 problems listed below.

1.  The problem of recognizing and handling differences of source quality approaches (in terms of structure, granularity, terminology, content, size and complexity)

One of the main problems in multi-model environments is the difference in structure and ter- minology of the quality approaches and the difficulty of recognizing the similarities between them (Siviy et al., 2008a). As (Thiry, Zoucas, & Tristão, 2010) states: “besides that, the struc- ture of the models is not necessarily similar”, it is “difficult to establish relations without the previous and careful assessment of each one, and establishing the granularity to be adopted”. Misunderstanding the granularity



2.  The problem of traceability of multi-model results




3.  The problem of changeability of multi-model results


4.  The problem of the completeness of multi-model results


5.  The problem of supporting multi-model appraisals



6.  The problem of repeatability and documentation of the multi-model solution










3.4.  Multi-model initiatives


3.4.1.  Quality approach harmonization








Strengths
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3.4.2.  Quality approach integration





Strengths


Weaknesses
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3.4.3.  Quality approach mapping







Strengths


Weaknesses
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3.5.  ​Analysis


3.5.1.  Findings regarding multi-model initiatives


Here we summarize the findings related to current multi-model initiatives:


	Current initiatives can be categorized into three different categories:








	No current multi-model initiative fulfils all the criteria that we identified. Therefore we conclude that there is a serious need for a general multi-model solution.


3.5.2.  MSPI criteria



Traceability of multi-model results


Adaptability and expandability of multi-model results



Completeness of multi-model results


Appraisal support


Repeatability and clear documentation


3.6.  Assessing the hypothesis against MSPI criteria




1.  Handling the differences among quality approaches









2.  Traceability of PBU results


3.  Adaptability and expandability of PBU results





4.  Completeness of PBU results


5.  Appraisal support


6.  Repeatability of the PBU process


3.7.  ​Limitations







3.8.  ​Conclusion







4.  OPTIONS AND LIMITATIONS OF MAPPING QUALITY APPROACH ELEMENTS TO











4.1.  Research approach






	


	


	


	

	






	

	

	







	

	

	

	
	

	

	






	











4.2.  Quality approach mapping
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4.3.  Identifying process elements based on literature
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4.4.  Identifying quality approach elements




	ISO 9001:2008 Quality management systems – requirements (ISO, 2008),

	ISO/IEC 90003:2004 Software Engineering – Guidelines for the application of ISO 9001:2000 to computer software (ISO/IEC, 2004c),

	ISO/IEC/IEEE 12207-2008 – “Information technology - Software life cycle pro- cess”(ISO/IEC/IEEE, 2008),

	CMMI version 1.3 (CMMI Product Team, 2010a, 2010b, 2010c),

	IT Infrastructure Library (ITIL) v3 (TSO, 2007),

	IEEE 1028 -2008 IEEE Standard for Software Reviews and Audits (IEEE, 2008b),

	Structure of a peer review process description from Process Impact (Process Impact, 2010).




	CMMI for Development, Version 1.2,

	ISO 9001:2000 Quality management systems – requirements,

	ISO 9004:2000 Quality management systems – Guidelines for performance improvements,

	ISO/IEC  90003:2000  Software  Engineering  – Guidelines  for  the  application  of ISO9001:2000 to computer software,

	ISO/IEC 15939-2002 – “Information technology - Software measurement process” and

	ISO/IEC 12207-95 – “Information technology - Software life cycle process”.



4.4.1.  Structure of ISO 9001:2008 and ISO/IEC 90003:2004












	

	
	



	
	

	

	






	

	







4.4.2.  Structure of ISO/IEC/IEEE 12207-2008



Quality approach elements
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4.4.3.  Structure of CMMI







Quality approach elements
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4.4.4.  Structure of ITIL v3




Quality approach elements
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Refinements on the process element list:



4.4.5.  Structure of IEEE 1028 -2008








Quality approach elements



	



	






	







	

	

	

	
	

	


	
	

	



	



	






	







	






	




	







	










	







	











	
	

	

	
	

	


Refinements on the process element list:




4.4.6.  Structure of peer review process description of Process Impact





Quality approach elements
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4.5.  Refinements on process elements after identifying quality approach elements


Changes in the process elements:
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4.6.  Options and limitations of mapping quality approaches to processes





	






	








	







	









	









	







	


	
	






	
	
	
	

	

	










	

	










	

	






	










	







	






	

















	






	

	






	






	







	






	






	
	

	






	







	

	[image: ]


	


	[image: ]


	
	


	






	






	

	





[image: ]


	






	

	

	[image: ]


	


	
	






	


	

	[image: ]


	


	[image: ]


	

	





4.7.  ​Limitations






4.8.  ​Conclusion











5.  [image: image]
PROCESS BASED UNIFICATION3




5.1.  Research approach



















5.2.  Rationale of the subprocesses of a PBU process




	selection (of processes, quality approaches and process representation),

	analysis of quality approaches,

	deriving process from quality approaches and

	validation.



5.2.1.  Selection (of processes, quality approaches and process representation)


Rationale of activities of the “Selection (of processes, quality approaches and process representation)” subprocess:

	Selection of processes:



	Selection of quality approaches:



	Selection of a process representation format:






5.2.2.  Analysis of quality approaches




Rationale of activities of the „Analysis of quality approaches” subprocess:



5.2.3.  Deriving process from quality approaches











5.2.4.  ​Validation








5.2.5.  Loops in the proposed PBU process






5.3.  The representation format of the PBU process



A table for describing (sub)processes, including the following rows:

	“Process ID” – the unique identifier of the process;



	“Parent ID” –the process to which the subprocess belongs; The parent ID is 0 if the activi- ty belongs to the main process.

	“Process name” – the name of the process;

	“Process description” – purpose and goals to achieve by performing the process.

	“Entry criteria” – criteria need to be satisfied before starting the process.

	“Inputs” – data objects that serve as input for the process.

	“Outputs” – data objects that serve as output for the process.

	“Exit criteria” – criteria needed to be satisfied before exiting the process.


A table for describing activities, including the following rows:

	“Activity ID” – the unique identifier of the activity.

	“Parent ID” – for identifying the process to which the activity belongs;

	“Activity name” – the name of the activity;

	“Activity description” – textual description of the activity;

	“Inputs” – data objects that serve as input for the process.

	“Outputs” – data objects that serve as output for the process.

	“Roles/responsibilities” – roles and responsibilities for performing the activity.


A table for describing data objects, including the following rows:

	“Data object ID” – the unique identifier of the artifact.

	“Data object name” – the name of the artifact.

	“Data object description” – textual description of the artifact.


A table for describing roles and responsibilities, including the following rows:

	“Role ID” – the unique identifier of the role.

	“Role name” – the (name of the) role.

	“Responsibilities” – textual description of the responsibilities of the role. The PBU process representation is a combination of the above.


5.4.  A PBU process





5.4.1.  Selection (of processes, quality approaches and process representation)

	
	

	
	

	
	

	








	






	
	




	






	





	
	




	
	

	

	


5.4.1.1.  Select processes to be improved/created
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5.4.2.  Analysis of quality approaches
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5.4.3.  Deriving process from quality approaches

	
	

	
	

	
	

	












	








	
	

	






	





	






	




	
	







	
	

	
	

	
	

	








	





	
	

	






	

	






	





	
	

	

	






	
	

	
	

	
	

	






	


	
	


	
	




	

	






	
	

	
	

	
	

	






	


	






	




	
	

	

	






	
	

	
	

	
	

	






	



	
	



	
	

	
	

	

	


5.4.4.  ​Validation

	
	

	
	

	
	

	










	







	
	

	
	

	
	

	
	







	
	

	
	

	
	

	














	



	
	

	






	





	

	






	
	

	
	

	
	



	
	

	
	


	






	





	
	

	

	






	
	

	
	

	
	

	
	


	
	

	
	




	

	






	
	

	
	

	
	

	






	


	
	

	
	

	

	


5.4.5.  Roles and responsibilities





	
	

	
	

	
	







	
	

	
	

	
	



	
	

	






	







	
	

	
	

	






	







	
	

	
	

	
	



5.4.6.  Important data objects





	
	

	
	

	






	



5.5.  ​Limitations






5.6.  ​Conclusion
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PREPARING THE CASE STUDY4




6.1.  ​Approach






	Selecting a case study context and presenting the reasons of choice – not included into the PBU process, needed for the case study (chapter 6.2),

	Selecting a process to be improved / created – corresponds to activity 1.1 of the PBU pro- cess (chapter 6.3),

	Selecting quality approaches to be used in unification – corresponds to activity 1.2 of PBU process (chapter 6.4),

	Selecting a suitable process representation format – corresponds to activity 1.3 of PBU process (chapter 6.5),

	Understanding deviation from the PBU process – provides input for research step 10 Iden- tification of refinements on the PBU framework (chapter 6.6).


6.2.  Selecting the case context


6.2.1.  Guidelines for selecting the case context



	The case context should require the usage of multiple quality approaches.

	The case should provide enough freedom to use the PBU framework.

	The case should be a real industrial project.



6.2.2.  The Q-works project

Polygon – the company that launched the Q-works project




IBM Maximo – the software environment of the Q-works project



The Q-work project




6.2.3.  Analysing the project based on context guidelines



















6.3.  Selecting a process


6.3.1.  Guidelines for selecting a process






	The process should be part of CMMI (context-dependent),

	The process should be usable in multiple situations (reusable, context dependent),

	The process should be simple enough to be implemented quickly and be complex enough to provide basis for lessons learned in refining the PBU framework.



6.3.2.  Introduction to peer reviews








6.3.3.  Analysing the process based on process guidelines



















	has a number of all the important process components e.g. subprocesses, activities, roles, artifacts etc.,

	can be performed in many different ways,

	it is included in multiple quality approaches in many different ways.









6.4.  Selecting quality approaches


6.4.1.  Guidelines for selecting quality approaches



	the quality approaches should include the selected process,

	the set of quality approaches should provide enough information for developing the select- ed process,

	the set quality approaches should provide practically usable guidance on implementing the selected process,

	the quality approaches should be relevant and recognizable to the organization. In the next chapter we describe the search for quality approaches.


6.4.2.  Searching for quality approaches





	ISO-IEC-90003:2004 Software engineering — Guidelines for the application of ISO 9001:2000 to computer software,

	CMMI-DEV v1.2 (the case study was performed in 2010 before CMMI v1.3 was re- leased),

	CMMI-SVC v1.2,

	Enterprise SPICE (ISO/IEC 15504) PAM & PRM,

	FAA-iCMM v2.0,

	IEEE 1028:2008,

	ISO 12207,

	ISO 9001:2000,

	ISO/IEC 15939:2005,

	ITIL v3,

	Peer review process descriptions from Process Impact (Process Impact, 2010).



6.4.3.  ​Understanding the scope and analysing quality approaches based on quality approach guidelines













	Enterprise SPICE (ISO/IEC 15504) PAM & PRM (Process Dimension) – October 2009 – review phase (NO GLOSSARY accessible)

	ISO-IEC-90003:2004 Software engineering — Guidelines for the application of ISO 9001:2000 to computer software

	ISO/IEC 15939:2004 (no peer review related terms)

	Based on the definitions found in the selected quality approaches we decided to exclude several quality approaches from the list. Table 18 summarizes the quality approaches and the reasons of exclusion.






	
	

	

	







	

	


	






	


	






	


	
	

	
	

	
	

	






	




	CMMI-DEV v1.2,

	IEEE 1028:2008,

	Peer review process descriptions of Process Impact.




















6.5.  Selecting a process representation format


6.5.1.  Textual representation of quality element instances























	fully filled – a process could be (textually and graphically) described based on the table

	partially filled – further information (e.g. quality approach element instances) might be required



	
	

	
	

	
	
	



	

	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	





	


	



	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Explanation of mapping in Table 20



6.5.2.  Graphical representation





Modeling methods and architectures





Workflow patterns




6.5.3.  Selection of candidate process modeling languages













6.5.4.  ​BPMN



6.5.4.1.  Elements of BPMN
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6.5.4.2.  Diagram: BPD









6.5.4.3.  Storage format: WS-BPEL




6.5.4.4.  Storage format: XPDL, software support


6.5.5.  ​EPC


6.5.5.1.  Elements of EPC







6.5.5.2.  Storage format: EPML


6.5.5.3.  Software support


6.5.6.  UML activity diagrams


6.5.6.1.  Elements of UML activity diagrams




6.5.6.2.  Storage format: XMI


6.5.6.3.  Software support



6.5.7.  Comparison guidelines




















6.5.8.  ​Comparison


6.5.8.1.  Intelligibility




6.5.8.2.  Coverage of process elements identified
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6.5.8.3.  Ability of expressing workflow patterns




6.5.8.4.  Software support



6.5.8.5.  Portable format




6.5.8.6.  Widespread in different areas


6.5.9.  Selecting a process modeling language















	
	
	
	

	
	
	






	







	
	
	
	

	
	
	






	







	
	






	






	

	
	






	






	

	
	






	






	



6.6.  Deviations from the PBU process







6.7.  ​Limitations









6.8.  ​Conclusion
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EXECUTING THE CASE STUDY5



7.1.  ​Approach



	Analysis of the three selected quality approaches (chapters 7.2, 7.4 and 7.6),

	Deriving process from quality approach (chapters 7.3, 7.5 and 7.7),

	Creating a unified peer review process (chapter 7.8),

	Understanding deviations from the PBU process (chapter 7.9). Limitations are discussed in 7.10 and conclusion in 7.11.


7.2.  Analysis of quality approaches: first iteration




7.2.1.  Select a quality approach to analyse: CMMI


7.2.2.  Analyse characteristics of quality approach


Scope


Terminology – Peer reviews


















Granularity, size and complexity


7.2.3.  Identify quality approach element instances – content

Specific goals and specific practices













Subpractices and typical work products
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Roles


7.3.  Deriving process from quality approaches: first iteration


7.3.1.  Map quality approach element instances to process representation elements


Specific goals


Specific practices



Subpractices and typical work products


















	


	


	


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	
	
	

	
	
	

	
	
	



	


	


	


	
	
	

	
	
	

	
	
	


7.3.2.  Create/refine process
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Creating the process on subpractice level












Connecting data objects created from typical work products to activities




7.3.3.  Verification of the mapping


7.3.4.  Decision: Are further quality approaches needed?



7.4.  Analysis of quality approaches: second iteration


7.4.1.  Select a quality approach to analyse


7.4.2.  Analyse characteristics of quality approach: IEEE 1028

Scope



Terminology






	

	

	






	


	






	





	

	

	






	


	






	


	






	


	






	



	






	




Quality approach structure and elements


Granularity, size and complexity


7.4.3.  Identify quality approach element instances – content



Introduction to review


Roles and Responsibilities


Inputs and Outputs







	
	

	
	

	
	

	
	



Entry and exit criteria



Procedures, Data collection, Improvement


7.5.  Deriving process from quality approaches: second iteration


7.5.1.  Map quality approach element instances to process representation elements


Introduction to inspections


Roles and responsibilities


Inputs and outputs


Entry, exit criteria


Procedures, Data collection, Improvement








	


	


	


	
	
	

	
	
	

	
	
	


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


7.5.2.  Create/refine process





Introduction to inspections


Entry, exit criteria


Inputs, outputs


Procedures, Data collection, Improvement







Subchapters of the “Procedures” chapter


Typical decisions we made in creating the process
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7.5.3.  Verification of the mapping


7.5.4.  Decision: Are further quality approaches needed?


7.6.  Analysis of quality approaches: third iteration


7.6.1.  Select a quality approach to analyse



7.6.2.  Analyse characteristics of quality approach

Scope


Terminology – Peer reviews









Quality approach structure and elements






Granularity, Size and complexity



























7.6.3.  Identify quality approach element instances – content



Textual element instances


Entry, exit criteria


Work aids and deliverables



Roles and responsibilities


Phases, tasks, phase-task associations, task order and task-role associations


7.7.  Deriving process from quality approaches: third iteration


7.7.1.  Map quality approach element instances to process representation elements


Textual element instances



Roles and responsibilities


Work aids and deliverables






	


	

	




	


	










	











	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



7.7.2.  Create/refine process




Textual descriptions



Work aids and deliverables
















7.7.3.  Verification of the mapping


7.7.4.  Decision: Are further quality approaches needed?


7.8.  Creating the unified peer review process






7.8.1.  Mapping process elements


Subprocesses, Activities and Gateways



Process flow




Roles and responsibilities



Data objects


Data object - Activity relations


Entry and exit criteria


Textual elements


Mapping types







7.8.2.  Creating the process model

















7.8.3.  Verification of the mapping









7.9.  Deviations from the PBU process





















7.10.  ​Limitations






7.11.  ​Conclusion





8.  VALIDATING THE RESULTS OF THE CASE




8.1.  ​Approach
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8.2.  Choosing validation technique









	



	

	

	
	
	


	






	






	


	






	






	


	






	






	






	



	

	

	






	






	








	an iteration of walkthroughs on the preliminary results,

	an iteration of walkthroughs on the final result.





	walkthrough on the preliminary PBU results with the process experts,

	walkthrough on the preliminary PBU results with the whole Q-works team,

	walkthrough on the final PBU results with the process experts,

	walkthrough on the final PBU results with the whole Q-works team.




	Process experts: Since the unified peer review process was the first process we imple- mented in the Q-works project, process experts wanted to use lessons learned from creat- ing the peer review process later during the development of further processes. All process experts were involved in creating processes in the Q-works project. They started their work after the development of the unified peer review process, using multiple quality ap- proaches and the process modeling language chosen for representing the unified peer re- view process. Therefore they were interested to see:









	Users: As the goal of the Q-works project was to implement CMMI-conform processes, the Q-works implementation team was interested to understand:









8.3.  Apply validation


1.  Walkthrough on the preliminary PBU results with the process experts



2.  Walkthrough on the preliminary PBU results with the whole Q-works team



3.  Walkthrough on the final PBU result with the process experts



4.  Walkthrough on the final PBU result with the whole Q-works team



5.  Additional step: using lessons learned in the development of further processes in Q- works project








8.4.  Analyse results and perform refinement


1st simplification:





2nd simplification:












8.5.  Decision: Are there further processes to be improved?


8.6.  Deviations from the PBU process


8.7.  Refinements on the process elements


8.8.  ​Limitations




8.9.  ​Conclusion






9.  VALIDITY AND RELIABILITY OF THE




9.1.  ​Approach


	Is the PBU framework adhering to MSPI criteria? (Q8)

	Which conclusions to validity and reliability of the PBU framework can be drawn from research results? (Q9)



	Verify the PBU framework against MSPI criteria (RS8)



	Investigate validity and reliability of the PBU framework (RS9)



	Traceability of PBU results,

	Adaptability and expandability of PBU results,

	Completeness of PBU results,

	Appraisal support,

	Repeatability of the PBU process.



	Handling the differences in terminology,

	Handling the differences in granularity,

	Handling the differences in structure and elements,

	Handling the differences in content,

	Handling the differences in size and complexity.






















	understand concepts of validity and reliability in the context of our research,

	discuss validity and reliability according to their meaning in our research.












9.2.  Repeatability of the PBU process

9.2.1.  Understanding issues of repeatability

First iteration: at literature review (chapter 3.3 and 3.5)



Second iteration: before designing a PBU process (chapter 3.6)



Third iteration: after performing the case study




	the process (what should be performed in order to achieve the multi-model results),

	results achieved (multi-model results),

	how results were achieved, what decisions were taken.



9.2.2.  Ensuring repeatability

Repeatability in the PBU process



Repeatability in the case study





9.2.3.  Conclusion – ensuring repeatability in other settings

















9.3.  Traceability of PBU results

9.3.1.  Understanding the issue of traceability

First iteration: at literature review (chapter 3.3 and 3.5)


Second iteration: before designing a PBU process (chapter 3.6)


Third iteration: after performing the case study





9.3.2.  Supporting traceability

Traceability in the PBU process





Traceability in the case study



9.3.3.  Conclusion – ensuring traceability in other settings





9.4.  Adaptability and expandability of PBU results

9.4.1.  Understanding issues of adaptability and expandability

First iteration: at literature review (chapter 3.3 and 3.5)


Second iteration: before designing a PBU process (chapter 3.6)



Third iteration: after performing the case study






9.4.2.  Supporting adaptability and expandability

Adaptability in the PBU process:



Adaptability in the case study:


Expandability in the PBU process:


Expandability in the case study:




9.4.3.  Conclusion – ensuring adaptability and expandability in other settings





9.5.  Completeness of PBU results

9.5.1.  Understanding issues of completeness

First iteration: at literature review (chapter 3.3 and 3.5)


Second iteration: before designing a PBU process (chapter 3.6)



Third iteration: after performing the case study








9.5.2.  Ensuring completeness

Ensuring completeness of the PBU results in the PBU process:








Completeness of the PBU results in the case study:



















	



	

	
	


	






	


	






	








Sufficiency of information in the case study
















9.5.3.  Conclusion – ensuring completeness in other settings







9.6.  Appraisal support

9.6.1.  Understanding issues of supporting appraisals

First iteration: at literature review (chapter 3.3 and 3.5)



Second iteration: before designing a PBU process (chapter 3.6)



Third iteration: after performing the case study



9.6.2.  Supporting appraisals

Appraisal support in the PBU process:





Appraisal support in the case study:




9.6.3.  Conclusion – ensuring appraisal support in other settings





9.7.  Handling differences in terminology of quality approaches

9.7.1.  Understanding issues of terminology

First iteration: at literature review (chapter 3.3)


Second iteration: before designing a PBU process (chapter 3.6)




Third iteration: after performing the case study










9.7.2.  Handling the differences in terminology

Handling the differences in terminology in the PBU process








Handling the terminology in the case study








	


	

	
	


	
	

	
	








9.7.3.  Conclusion – handling terminology in other settings












9.8.  Handling differences in granularity of quality approaches

9.8.1.  Understanding issues of granularity

First iteration: at literature review (chapter 3.3 and 3.5)


Second iteration: before designing a PBU process (chapter 3.6)


Third iteration: after performing the case study










9.8.2.  Handling the differences in granularity

Handling granularity in the PBU process




	


	



	










	


	
	

	
	




	


	



	










	


	






	


	






	


	










	


	












	


	










	


	






	




Handling granularity in the case study




9.8.3.  Conclusion – handling granularity in other settings





9.9.  Handling differences in structure and elements of quality approaches

9.9.1.  Understanding issues of difference in structure and elements

First iteration: at literature review (chapter 3.3 and 3.5)


Second iteration: before designing a PBU process (chapter 3.6)



Third iteration: after performing the case study










9.9.2.  Handling the differences in structure and elements

Handling structure and elements in the PBU process:



Handling structure and elements in the case study:




9.9.3.  Conclusion – handling structure and elements of other quality approaches




9.10.  Handling differences in content of quality approaches

9.10.1.  Understanding issues of differences in content

First iteration: at literature review (chapter 3.3 and 3.5)


Second iteration: before designing a PBU process (chapter 3.6)



Third iteration: after performing the case study

















9.10.2.  Handling the differences in content

Handling content in the PBU process





Handling content in the case study





9.10.3.  Conclusion – handling differences in content of other quality approaches





9.11.  Handling differences in size and complexity of quality approaches

9.11.1.  Understanding issues of size and complexity

First iteration: at literature review (chapter 3.3 and 3.5)


Second iteration: before designing a PBU process (chapter 3.6)




Third iteration: after performing the case study










9.11.2.  Handling the differences in size and complexity

Handling size and complexity in the PBU process





Handling size and complexity in the case study




9.11.3.  Conclusion – handling size and complexity in other settings





9.12.  Validity and reliability








	understanding the research criteria,

	discussing research criteria for the PBU framework.


9.12.1.  Ecological validity

Understanding ecological validity








	


	
	



	
	






	





	
	

	


1.  Environment of developing the unified process





2.  Feedback environment







9.12.2.  Construct validity

Understanding construct validity in qualitative research



Construct validity of the research


	Thick descriptions and chain of evidences




	Review by case study participants



	walkthrough on the preliminary PBU results with the process experts,

	walkthrough on the preliminary PBU results with the whole Q-works team,

	walkthrough on the final PBU results with the process experts,

	walkthrough on the final PBU results with the whole Q-works team.



9.12.3.  Internal validity

Understanding internal validity


Internal validity of the research



9.12.4.  External validity

Understanding external validity




External validity of the research



	Is mapping possible in broader scale?

	Can MSPI criteria be satisfied in broader scale?








	






	

	


	

	
	

	


	
	



	Mapping other quality approaches to a unified process

	Developing other processes using the PBU framework


Mapping other quality approaches to a unified process




Developing other processes using the PBU framework


Satisfying MSPI criteria in other settings


9.12.5.  ​Reliability

Understanding reliability




Reliability of the research







9.13.  ​Limitations




9.14.  ​Conclusion






10.  LESSONS LEARNED FROM THE CASE



10.1.  ​Approach




	deviations from the PBU process identified at the end of case study chapters 6-8,

	requirements identified during the analysis of adherence to MSPI criteria in chapter 9. Lessons learned and refinements will be discussed in chapters 10.2-10.6.






	Searching and understanding the definitions of the process to be implemented (based on a deviation),

	Creating separate process models (based on a deviation),

	Using the separated process models in creating the unified process (based on a deviation),

	Verification of the mapping (based on a deviation),

	Documenting decisions (based on a MSPI criteria requirement).



10.2.  Searching and understanding the definitions of the process to be implemented

Deviation from PBU process


	selecting the context,

	searching and understanding the definitions of the process.





	a search for definitions,

	the analysis of definitions and

	selecting the definitions needed (definitions of review, peer review, inspection).


Lesson learned



Refinement on PBU process


10.3.  Creating separate process models

Deviation from PBU process


	creating separate process models,

	using the separate process models in creating the unified process,

	verification of the mapping.





Lesson learned


Refinement






	
	

	
	

	
	

	






	


	
	

	
	

	

	


10.4.  Use separate process models in creating the unified process

Deviation from PBU process





Lesson learned


Refinement







	
	

	
	

	
	

	






	


	






	




	
	




	

	


10.5.  Verification of the mapping

Deviation from PBU process


Lesson learned


Refinement


10.6.  Document decisions

MSPI criteria requirement




Lesson learned


Refinement




10.7.  ​Limitations




10.8.  ​Conclusion
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REFLECTIONS TO THE RESEARCH

11.1.  ​Approach





11.2.  Guidelines for applying the PBU framework



11.2.1.  ​If certification is not required use those elements of quality approaches that you need most



11.2.2.  Make the “Analysis” subprocess independent (if possible)


11.2.3.  Order the mapping: start from the finer grained elements





11.2.4.  Identify quality approach elements according to their importance



11.2.5.  Use a tool




11.3.  A data model for enhancing maintainability of PBU results







Reasons for a data model

	Entities and their relations can be stored in tables as we did in the case study or in a more structured and easier accessible way e.g. in XML or a database. More structured and easier accessible storing of data is important in any system when the amount of data and their re- lationships is high and multiple views of the same data are needed. In our case such multi-






	A data model also can make clear what interrelations are among important entities. This helps us understanding how core entities can be defined and what the relations between them are.






	identifying requirements of a data model based on MSPI criteria (what should be done),

	developing an entity-relationship diagram based on requirements (how should be done).



11.3.1.  Identifying requirements for a data model






	


	



	
	
	Element instances of different versions of quality approaches,

	Process instances,

	Mapping of quality approach element instances to process element instances.



	







	
	



	





	quality approach elements (type level),

	quality approach element instance (instance level). For requirement 2 identified in Table 39:

	textual and graphical process model elements (type level),

	textual and graphical process model element instances (instance level). For requirement 3-4 identified in Table 39:

	mapping quality approach element instances to process element instances.



11.3.2.  A data model









































11.4.  Strategies for quantitative analysis of quality approaches7







11.4.1.  Complexity analysis


Understanding cross-references in CMMI









11.4.1.1.  Searching for cross-references in CMMI


Search space


Search terms







Search results



11.4.1.2.  Complexity analysis: understanding cross-references in CMMI























11.4.1.3.  Preliminary results


11.4.2.  Text mining applied on quality approaches

11.4.2.1.  Steps of a basic text mining



	Selecting relevant document to be analysed

	Analysing relevant documents









	Understanding results




11.4.2.1.  Understanding focus of quality approaches with text mining

	Selecting and filtering relevant document parts to be analysed



	Analysing relevant documents















11.4.2.2.  Preliminary results













11.5.  ​Limitations







11.6.  ​Conclusion
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CONCLUSION AND FURTHER WORK



12.1.  ​Contributions


























12.1.1.  MSPI criteria (Q1-Q2)






12.1.2.  Options and limitations of mapping quality approaches to processes (Q3-Q5)









12.1.3.  A Process Based Unification (Q6)






12.1.4.  Case study on the PBU framework (Q8)











12.1.5.  Adhering to MSPI criteria (Q8)


12.1.6.  Validity and reliability of the research (Q9)



	external validity overlaps applying MSPI criteria in other settings,

	MSPI criteria/repeatability of PBU process overlaps reliability.



	the PBU framework was applied in its natural environment (ecological validity),

	the PBU process was defined as objective and well-considered set of activities and were used instead of subjective judgements (construct validity),

	the logic of activities were discussed as well as deviations from the process (internal valid- ity),

	the PBU framework can be applied in case of other processes and other quality approaches (external validity),

	the same PBU result can be achieved when the PBU process is repeated by other research- ers (reliability).


12.1.7.  Refinements on the PBU framework (Q10-Q11)


12.2.  Limitations of the contributions


MSPI criteria


Options and limitations of mapping quality approaches to processes





A Process Based Unification


Case study on the PBU framework


Adhering to MSPI criteria



12.3.  Further work


12.3.1.  Developments related to MSPI criteria



12.3.2.  Development of software tools


12.3.3.  Further support and testing of the refined PBU framework


12.3.4.  Quality approach improvement
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Appendix D. Peer review definitions in process oriented software quality approaches


	
	
	
	

	
	
	
	

	
	



	
	


	
	
	
	

	
	



	
	


	

	

	
	


	
	
	
	

	

	

	
	


	
	
	
	


	
	
	
	


	

	

	


	



	
	
	
	


	
	
	
	





	
	
	
	

	

	

	
	


	



	
[image: ]



	
	


	

	

	
	


	


	

	
	


	

	

	
	


	






	




	
	


	


	
	
	

	

	
	
	


	

	
	
	




	
	
	
	

	
	
	
	


	
	
	
	


	

	

	
	


	
	
	
	

	








	








	
	










	


	

	
	


	

	
	
	





	
	
	
	

	
	
	
	


	

	

	
	


	
	
	
	


	

[image: ]



	

[image: ]



	
	





	


	

	
	


	



	

	
	


	
	
	
	


	

	

	
	


	

	

	
	




	
	
	
	

	
	
	
	


	
	
	
	


	

	

	
	





Appendix E. IEEE 12207 requirements for software audits and peer reviews
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Appendix F. Peer Review requirements of FAA-iCMM v2.0





































































Appendix G.ISO 9001:2000 review requirements
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Appendix H.Quality approach element instances in CMMI





Appendix I. Quality approach element instances in IEEE 1028
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Appendix J. Quality approach element instances of Process Impact


	


	
	


	







	
















	











	
	
	


	
	

	

	









	


	Components that use new technology, techniques, or tools

	Key architectural components

	Complex logic or algorithms that are difficult to understand but must be accurate and optimized

	Mission-, security-, or safety-critical components with dangerous failure modes

	Components having many exception conditions or failure modes

	Exception handling code that cannot easily be tested

	Components that are intended to be reused

	Components that will serve as models or templates for other components

	Components that affect multiple portions of the product

	Complex user interfaces

	Components created by less experienced developers

	Code modules having high complexity

	Modules having a history of many defects or changes





	











	




	

	The author of any predecessor document or specification

	Someone who must base their subsequent work on the work product

	Peers of the author

	Anyone responsible for a component to which the work product interfaces




	







	
	
	


	
	



	

	
	
	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	




	







	










	
	
	


	
	



	

	





	
	
	
	
	







	
	

	
		Missing (something needs to be there but is not)

	Wrong (something is erroneous or conflicts with something else)

	Extra (something unnecessary is present)

	Usability

	Performance

	Non-defect issue (question, point of style, suggestion, clarification needed)



	
		Major (could cause product failure or cost significantly more to correct in the future)

	Minor (non-fatal error, cosmetic problem, annoyance, or a workaround is available)
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Appendix K.Peer review role definitions in quality approaches
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Appendix L. Process elements created based on CMMI element instances
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Appendix M. Process elements created based on IEEE 1028 element instances
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Appendix N. Process elements created based on Process Impact element instances


	
	
	
	


	
	
	

	






















	






	






	

	

	






	







	






	






	






	

	
	







	
	
	

	

	

	


	
	
	

	

	
	


	
	
	
	






	

	

	
	
	

	






	

	

	
	
	

	

	

	


	






	






	






	
	






	

	







	
	
	
	






	






	

	






	






	






	

	






	






	









	


	
	
	


	
	
	

	






	






	






	

	






	






	







	






	






	

	






	
	







	


























	








	








	

	






	






	









	






	






	

	






	
	







	
	
	

	






	






	

	
	
	

	






	






	

	






	






	

	






	






	







	






	






	

	






	






	







	






	






	

	






	
	












	


	
	
	


	
	
	

	






	
	
	

	






	

	

	






	






	

	

	

	







	


















	
	
	

	






	
	

	
	
	

	






	

	

	






	






	






	






	

	







	






	






	

	






	

	







	






	






	






	

	
	







	












	






	






	

	






	






	







	






	






	

	






	






	







	






	






	
	






	

	



	


	
	
	


	
	
	

	






	






	






	






	

	






	







	
	
	

	






	






	

	






	






	
	






	
	




	

	
	

	
	
	

	
	
	

	
	
	

	
	
	


	
	
	


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	
	
	

	
	
	



Appendix O.A peer review process in BPMN based on CMMI
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Appendix P. An inspection process in BPMN based on IEEE 1028-2008














































Appendix Q.A peer review process in BPMN based on Process Impact
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Appendix R. Mapping of the unified process to source quality approaches
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Appendix S. The unified peer review process model
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Appendix T. Meetings related to the development of the unified peer review process















	


	






	






	







	






	


	






	


	

	






	






	







	






	








	

	







	
	






	
	







	

	






	

	







	
	
	
	



	


	






	






	







	
	






	



	

	








	










	

	








	












	














	

	









Appendix U. The unified peer review process in IBM Maximo environment
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Appendix V. A data model for enhancing maintainability of PBU results





Appendix W. Graphical representation of CMMI- DEV cross-references
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Appendix X. Most frequent words in CMMI v1.3


	






	


	



	


	
	

	
	
	

	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	

	


	
	


	
	
	
	


[image: image]
TERMS AND DEFINITIONS



	
	

	
[image: ]



	


	

	


	

	


	

	


	

	


	

	


	
[image: ]



	


	

	



	
	

	
	

	
	


	
[image: ]



	


	

	

	

	

	

	

	

	

	

	

	
	

	

	


	
	

	
	

	
	

	
[image: ]



	


	

	



	
	

	

[image: ]



	


	

[image: ]



	


	

	



[image: image]
​ACRONYMS


	


	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



	


	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


[image: image]
​REFERENCES






























































































































































































































[image: image]
​SUMMARY

PROCESS BASED UNIFICATION FOR MULTI-MODEL SOFTWARE PROCESS IMPROVEMENT











[image: image]
​SAMENVATTING

PROCES GEBASEERDE UNIFICATIE VOOR HET VERBETEREN VAN MULTI- MODEL SOFTWARE PROCESSEN










[image: image]
CURRICULUM VITAE





d2d_images/chapter_title_above.png





d2d_images/chapter_title_corner_decoration_left.png





d2d_images/cover.jpg
Process Based Unification
for Multi-Model
Software Process Improvement





d2d_images/chapter_title_corner_decoration_right.png





d2d_images/image054.png
crapar s

s

rrs

S

Ox

Ox

g1z

v

Introduction

—y

Researcn
approsch

L2

Uterature review

RS1: Identity Crent NPT
O s o ks O
Preiminary ndings ot eaa to PoU
Ty TSy | [Reve rene T
O e et rocesy
Foring oproaches. clements i
[
e
Perorm » case study o the POU ramenork
o7
et e
Volige resuts
O] eiriitine eaiatne 0
case swdy cose tudy. ety
RS3-i3: RS10: Modify the| BN vartry the
Refine process Fal e PR
e il o

sy ooy ]
v o K6

Tdentity relections tothe research

Guidelines for [» dats moce o] e or
O a5 it B iy O
soonthes

Conclusion and

Roriher work

(S resesrn st





d2d_images/chapter_title_below.png





d2d_images/image015.png





d2d_images/image063.png





d2d_images/image001.png





d2d_images/image027.png
PoopleCMM _psp DOD.STD.

Tera

- wimmzZ ¥ oo YA popsto
o CBAIe— M ¥, ,,,5.\\\‘2'53
gon 7N

ISONEC )

MisTo,
2 || s =
15939+ x i | l
Y L

Rl a mea F ) *hsToote
six

v ks, ™o
1508+

— Obsolete * Not released

Integrating ++ Based on CBA, PI, SAM, and others
—— supersedes + Version 2 also based on many others
—» Basedon

> Usesreferences






d2d_images/image049.png





d2d_images/scene_break.png





