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The increasing technological dependency of the business sector requires that  investment  in  technical  systems,  and  mainly  in  software,  meet  their expectations.  As  software  is  a  strategic  tool  for  these  companies,  it  is imperative  that  they  function  in  accordance  with  their  requirements. 

Consequently,  the  importance  of  software  requirements  has  increased  for these companies and has become a means to anticipate which solutions they should  adopt.  As  such,  before  implementing  future  software  programs, priority  should  essentially  be  given  to  interpreting  and  understanding  the objectives,  needs  and  preferences,  and  even  the  beliefs  of  these  companies (customers) and end-users. 

Software  development  involves  at  least  as  much  communication  as computer  science,  but  educational  curricula  and  project  activities  are  often more  concerned  with  computer  science  rather  than  communication.  It  is sometimes not possible to understand that requirements elicitation is mainly a  challenge  of  human  interaction  that  is  not  yet  automatable  (Wiegers  and Beatty  2013).  Problems  often  inherent  to  the  difficulty  of  interpreting  and understanding needs, and translating them into well-specified requirements, are behind the cancellation of software projects. 

Requirements  analysis  is  a  critical  task  in  software  development,  which first requires studying the scope of the problem, with a view to developing a better  understanding  of  the  true  goals,  needs  and  preferences  of  customers and  end-users.  Unfortunately,  many  software  developers,  sometimes  well versed,  still  struggle  to  understand,  specify  and  manage  software requirements. In addition, many users either do not want to express their real 
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Although  requirements  were  partially  neglected  in  the  former  era  of software engineering, they have received greater attention in recent decades. 

Software  requirements  engineering  has  actually  become  its  own  field  of knowledge  with  its  own  stakeholders  and  activities  but  also  with  its  own concepts, techniques, tools and methods. It can be defined as a coordinated set  of  activities  for  exploring,  evaluating,  documenting,  consolidating, revising  and  adapting  the  objectives,  capabilities,  qualities,  constraints  and assumptions  that  the  future  system  (system-to-be)  should  comply  with, relative to the problems posed by the existing system (system-as-is) and the opportunities that new technologies make possible (Van Lamsweerde 2009). 

Its  importance  mainly stems  from the  role  played  by  good  requirements in achieving any successful  software.  However, although research in the field of  requirements  engineering  is  currently  very  active,  it  is  still  a  long  way from  reaching  state-of-the-art  maturity  in  software  engineering.  The  latter has  a  very  long  history  compared  to  the  former.  The  dominant  trend  in software engineering research has been to abstract programming constructs up  to  the  requirements  level,  rather  than  propagating  requirements abstractions down to the programming level (Mylopoulos et al. 1999). 

The first step that we take toward changing this situation in requirements engineering  is  based  on  carrying  out  a  diagnosis  of  its  main  causes.  We actually  consider  that  the  current  categorizations  of  requirements,  which constitute  the  backbone  of  requirements  engineering,  suffer  greatly  from ambiguity and lack of coherence. To date, according to Broy (2018), a well-defined  requirements  categorization  is  still  one  of  the  inadequately  solved challenges of requirements engineering. 

We  believe  that  this  inadequacy  is  mainly  due  to  the  absence  of  a reference framework for the definition of software elements and the software environment  to  which  the  requirements  refer.  In  fact,  given  the  enormous complexity of modern software programs, we believe that it is impossible to properly  identify  and  categorize  their  requirements  without  a  thorough understanding of the following elements: 

– software and its development and operation environments:  

- software:  composed  of  functions,  data,  user  interfaces  and  technical interfaces, 
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- necessary  development  environment:  consists  of  the  human  support (developers),  with  two  types  of  support,  software  and  hardware  –  the procedural  support  for  its  development  (development  activities)  and  the cognitive  context  of  its  development  (methods,  techniques,  artifacts  and tools), 

- necessary operation environment: consists of the human support (end-users),  with  two  types  of  support,  software  and  hardware  –  the  procedural support  for  its  operation  (operation  activities  of  the  encompassing  system) and the cognitive context of its operation (concepts, goals and rules); 

– factors  that  affect  software  as  well  as  its  development  and  operation environments:  

- quality factors such as usability, reliability, safety and portability, 

- compliance  factors  to  the  various  technological,  economic  and cultural constraints. 

We  are  thus  proposing  a  new  systemic  approach  to  categorization  and requirements modeling, named SMART (Systemic Approach to caTegorizing and  Modeling  Requirements),  which  takes  into  account  the  previous elements to provide the following:  

– at the conceptual level: 

- a  new  R2F  (requirements  reference  framework)  framework,  which makes it possible to precisely define all aspects related to the software and to its  development  and  operation  environments;  these  latter  constitute  the subjects  of  requirements  as  well  as  the  quality  and  conformity  factors  that affect them. This framework provides  a solid and necessary foundation for all  of  the  following  elements.  Our  hypothesis  is  that  these  other  elements cannot  be  established  in  a  systematic  way  without  a  logical  and  common frame of reference, 

- a new definition of requirements based on R2F, 

- a  new  hybrid  requirements  categorization,  combining  several taxonomies and scales, based on R2F; 
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– at the operational level: 

- a  novel  requirements  metadata  model,  grounded  in  RML 

(requirements metadata language) (Chikh 2017), enables the qualification of requirements using multiple predefined metadata categories, 

- a  new  multi-view  requirements  model  for  representing  all  possible categories of requirements. 

Both  of  these  models  are  based  on  R2F  and  on    hybrid  requirements categorization of the conceptual level. 

This  book  has  allowed  us  to  capitalize  on  our  long-term  hybrid experience  in  order  to  share  it  with  our  readers.  It  thus  represents  the culmination of no less than 20 years of experience; on the one hand, in the academic world, through master’s and doctoral courses (courses in software engineering  and  information  systems  and  more  particularly  in  software requirements engineering), the supervision of numerous doctoral theses and research  projects  as  well  as  the  publishing  of  several  research  articles  on requirements engineering-related topics; on the other hand, in the industrial world,  through  software  and  information  systems  development  studies  and projects, namely for national and international design offices, ranging from analysis and design to implementation and testing. 

The  book  is  intended  for  readers  with  various  profiles  and  needs: (1)  researchers  and  graduate  and  undergraduate  students  in  software engineering or related fields such as information systems, Business Process Management  (BPM)  and  Business  Process  Reengineering  (BPR)  to  further develop  their  theoretical  and  practical  knowledge  of  requirements; (2)  developers  such  as  analysts,  designers,  programmers  and  testers  to  be used  as  a  guide  in their software programming  projects;  (3)  customers and end-users to better understand and be understood by developers; and (4) all interested  readers,  both  novices  and  experienced,  in  order  to  satisfy  their scientific curiosity about software requirements. Finally, the author assumes a minimum prerequisite for reading this book, recommending that the typical reader  most  likely  has  followed  basic  teachings  in  software  engineering and/or information systems, or worked on a real requirements project. 

This book consists of two main parts. After this introduction, the first part is dedicated to a literature review and comprises the following four chapters: the first chapter presents a case study; the second chapter defines the concept 
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of  requirement  as  well  as  other  underlying  concepts;  the  third  chapter presents the scales of the requirements levels; and the fourth chapter presents the  requirements  taxonomies.  The  second  part  is  dedicated  to  the  new SMART  approach  and  comprises  the  following  four  chapters:  the  fifth chapter  which  is  dedicated  to  the  conceptualization  of  this  approach  by proposing a new requirements reference framework called R2F, and the new hybrid categorization that results therefrom; the sixth chapter is dedicated to operationalization  of  this  approach  by  proposing  a  requirements  metadata model  and  a  multi-view  requirements  model;  the  seventh  chapter  presents how  this  approach  can  be  used  through  different  scenarios;  and  the  eighth chapter  presents  the  evaluation  of  this  approach  by  comparing  it  with existing  approaches.  Finally,  the  conclusion  recalls  the  essential contributions of SMART and opens up some perspectives. 

Although one is supposed to follow the order of the eight chapters while reading the book, readers should know that they are free to read it as a whole or in part, in any order, according to their needs and preferences. 
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Case Study 

The  purpose  of  this  chapter  is  to  present  a  case  study  relating  to  B2B 

(business to business) e-commerce (EC) applied to books that will be used as a  basis  for  the  examples  presented  throughout  this  book.  The  online bookstore is a realistic case, easy to understand and fairly representative of software projects. We found inspiration in the features of existing software in this area. 

1.1. E-commerce 

E-commerce refers to transactions carried out electronically (Turban et al. 

2015).  EC  is  a  major  product  of  digital  technologies,  which  enables  the digitalization  of  products,  services  and  information.  It  can  be  complete  or partial depending on the physical or digital nature of its three main activities: orders and payments, order fulfillment and customer delivery. 

The main motivation behind EC is its ability to provide companies with a strategic advantage that is essential for them to be  more competitive. They can integrate distant and global markets to buy and sell at better prices and thus  increase  their  profits.  They  are  able  to  accelerate  time  to  market  to acquire a competitive advantage. They can improve the internal and external supply chain, as well as strengthen collaboration. 

EC  is  hampered  by  resistance  to  new  technologies,  fear  of  being defrauded,  integration  with  other  IT  systems  which  can  be  challenging, 
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Although  the  order  fulfillment  process  varies  from  seller  to  seller  and product  to  product,  it  typically  includes  the  following  steps:  payment  and inventory  verification,  preparation  for  delivery,  contacting  customers  and returning defective products. 

The reformulation of this process through:  

1) simplification  of  the  supply  chain  through  coordination  between  its different stakeholders; 

2) more accurate inventories; 

3) integration  of  new  information  technologies  (Radio-Frequency IDentification (RFID), Electronic Data Interchange (EDI), extra-nets, etc.); will enable it to be more profitable. 

Among the main types of EC transactions, we find B2B, B2C (business to customer) and C2C (customer to customer). 

Ignoring  the  laws  does  not  make  e-sellers  immune  to  a  lawsuit  or  an accusation  that  could  adversely  affect  their  relationships  with  customers. 

One  of  the  most  controversial  areas  of  EC  is  in  solving  international  legal problems. International trade organizations strive to reduce trade barriers in areas such as price regulation, customs, tax issues and regulations on product specifications. 

1.2. Web application for an e-book distributor 

In order to clarify the new SMART approach and make it more realistic, we  look  into  a  case  study  relating  to  B2B  e-commerce.  The  wholesale operation of an e-distributor to retail booksellers is the main focus. This case study will serve as a basis for all the examples employed in this book. 
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Publishers  can  sell  directly  to  booksellers  if  the  latter  are  large  buyers. 

However,  they  generally  prefer  to  use  intermediaries  (distributors)  to distribute their books to large numbers of booksellers. E-distributors collect information  about  hundreds  of  thousands  of  books  published  by  different publishing houses in their catalogs. While most of them sell at fixed prices, others offer quantity discounts, negotiated prices or organize auctions. 

The  chosen  case  study  refers  to  a  project  to  develop  a  new  application, called “e-lib”, for selling books online to booksellers, through a (fictitious) e-distributor named “mylib”. The latter buys scientific books from publishing houses and then resells them to retail booksellers through an online store. 

Implementing the “my-lib” online shop of the book e-distributor requires the construction of its website (application showcase), where the books are sold,  and  its  integration  with  other  existing  information  systems,  such  as 

“front-end”  for  taking  orders  and  “back-end”  for  the  execution  of  these orders. The store relies on an infrastructure supported by:  

1) the employees responsible for its operation; 

2) public policy and technical standards; 

3) marketing and advertising; 

4) security and payment logistics; 

5) business partners (banks, insurance companies, tax authorities, etc.). 

The online store includes the most common tools, namely, an electronic catalog, which can  also  be  personalized by booksellers  and  allows  them  to achieve efficient purchases; a search engine that helps booksellers to quickly find  books  in  the  catalog;  an  electronic  shopping  cart  to  store  the  selected books  until  payment;  electronic  auction  features  to  liquidate  surplus  book stocks;  a  payment  gateway  through  which  payment  arrangements  can  be made; a delivery center where delivery arrangements are made; a customer relationship  management  (CRM)  and  partner  relationship  management (PRM)  center.  The  key  to  user-friendly  navigation  for  booksellers  on  the e-distributor’s website is to provide a mental map of a potential bookseller. 

Purchase  decision  support  also  includes  tools  such  as  comparison  agents, recommendations,  trusted  verification  sites  and  social  networks,  such  as blogs  and  wikis.  These  are  used  for  advertising  to  customers  and  for collaboration with partners. 
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“e-lib” to ensure more efficient and more profitable online sales to a wider range of customers. The content of the specifications has been intentionally enhanced in order to cover the wide variety of requirements offered by the new SMART approach. 
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Concept of Requirements 

The purpose of this chapter is to define the notion of requirement and the underlying concepts. Developed by eminent academics and technicians, the definitions reflect the different points of view of the two antagonistic worlds of theory and practice. 

2.1. Requirements 

According to Westfall (2014), requirements can be defined as the “what” 

of a software product. They must be determined and approved by customers, users and suppliers of a software product before building the software. 

According to Hood et al. (2008), a requirement is a statement identifying a  capability,  a  physical  characteristic  or  a  quality  factor  that  delineates  a need for a product or process for which a solution will be sought. 

Somerville  defines  the  requirements  for  a  system  (in  the  sense  of software)  as  the  descriptions  of  what  it  is  intended  to  do,  the  services  it provides  and  the  constraints  of  its  operation.  These  requirements  reflect customers’ needs for a useful system, such as controlling a device, placing an  order  or  searching  for  information.  According  to  Somerville,  the  term 

“requirement” is not used harmoniously in software development projects. In some  cases,  it  designates  an  abstract,  high-level  statement  of  a  system service or constraint, and in others it represents a detailed formal definition of a function of the same system (Somerville 2016). 

In the following, Davis (1993) explains the reason for this difference:  

 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License 8     Systemic Approach to Categorizing and Modeling Requirements If  a  company  wishes  to  let  a  contract  for  a  large  software development  project,  it  must  define  its  needs  in  a  sufficiently abstract way that a solution is not predefined. The requirements must  be  written  so  that  several  contractors  can  bid  for  the contract, offering, perhaps, different ways of meeting the client organization’s  needs.  Once  a  contract  has  been  awarded,  the contractor must write a system definition for the client in more detail  so  that  the  client  understands  and  can  validate  what  the software  will  do.  Both  of  these  documents  may  be  called  the requirements document for the system. 

The IEEE 1220-1998 standard defines a requirement as a statement that identifies an operational, functional or design characteristic or constraint of a product  or  process,  that  is  unambiguous,  testable  or  measurable,  and necessary  for  the  acceptability  of  the  product  or  process  by  consumers  or internal quality assurance guidelines. 

Every  requirement  aspect  in  this  definition  is  explained  by  Hull  et  al. 

(2017) as follows:  

– Statement:  although  this  term  rather  brings  forward  the  textual expression of a requirement, the latter can also be represented in the form of a  table  such  as  Planguage  (Gilb  2005),  a  diagram  such  as  those  in  UML 

(OMG  2003),  a  formal  notation  such  as  Z  (Spivey  1989),  VDM  (Jones 1986),  LOTOS  (Paterno  and  Faconti  1992),  B-method  (Abrial  1996)  or domain-specific notations (Chaochen et al. 1991). The essential thing in this aspect  is  to  have  a  traceable  and  manageable  entity,  identified  as  a requirement. 

– Product  or  process:  comprehensive  solutions  include  both  products (objects built in response to requirements) and processes (procedures for the use of built objects). Requirements can therefore define both the process and the product. In addition, other requirements establish how the product should be developed, usually for quality control purposes. 

– Operational, functional or design characteristic or constraint: there are many  different  types  of  requirements.  Design  characteristics  cover performance, usability, safety, maintainability and many other qualities. 

– Unambiguous:  a  requirement  must  lend  itself  to  a  clear  and  unique understanding that is common to all parties concerned. 
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– Testable  or  measurable:  requirements  are  used  to  test  whether  the design  or  solution  is  acceptable.  To  this  end,  the  requirement  must  be quantified, thus providing a means of “measuring” the solution against it. 

– Necessary for the acceptability of the product or process: this highlights the multidimensional role that requirements play. They will be used to define what  needs  to  be  designed  and  developed,  and  also  to  define  how  the solution should be tested and accepted. They influence the early stages of the development process as well as the later stages during consumer acceptance or internal quality assurance directives: requirements originating from many sources, such as, but not limited to, customers, regulators, users and internal quality procedures. 

The  famous  IEEE  610.12-1990  standard  defines  a  requirement  as  (1)  a necessary condition or functionality for a user to solve a problem or achieve a goal; (2) a condition or capability that must be fulfilled or that should be present  in  a  system  or  system  component  to  satisfy  a  formally  mandated contract,  standard,  specification  or  other  documents;  or  (3)  a  documented representation of a condition or capability as in (1) or (2). 

Consequently, the requirements include not only the needs of users, but also  those  arising  from  general  organizational,  government  and  industry standards. Clearly, a requirement is a set of needs expressed by the user and various  other  stakeholders  (general  organization,  community,  government agencies  and  industry  standards),  which  must  all  be  met.  Ideally,  the requirements are design independent, showing “what” the system should do, rather than “how” it should be done. However, this is not always possible in practice.  That  is,  the  meanings  of  “what”  and  “how”  are  different  from person to person (Davis 1990). 

Other  synonyms  of  the  term  “requirements”  that  are  used  in  the  real world are needs, constraints, expectations and aspirations (Hull et al. 2017). 

Robertson and Robertson (2013) define a requirement as something that the product must do to support its owner’s activity, or a quality that it must have  to  make  it  acceptable  and  attractive  to  the  owner.  A  requirement  is created,  either  because  the  type  of  product  requires  specific  functions  and qualities, or because the customer rightly demands that this requirement be part of the delivered product. 
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According  to  him,  a  misunderstanding  between  the  two  will  have  very serious  consequences.  In  fact,  on  the  one  hand  achieving  the  goal  will  be difficult  to  prove  and,  on  the  other  hand,  the  goals  evolve  as  stakeholders change their minds and define goals with behavioral requirements. Laplante proposes  to  consider  a  goal  as  a  high-level  objective  of  a  company,  an organization  or  a  system  and  a  requirement  as  a  specification  of  how  the future system ought to achieve this goal. 

2.2. Statements of requirements 

Van Lamsweerde (2009) distinguishes between two types of statements: 

“descriptive” and “prescriptive”. 

Descriptive statements express the properties of the system that are valid regardless of system behavior. Such properties usually hold due to a natural law  or  a  physical  constraint.  Descriptive  statements  are  in  the  indicative mood. 

Prescriptive statements express desirable properties about the system that may  or  may  not  hold,  depending  on  how  the  system  behaves.  Such declarations must be implemented by the system components. These are in the subjunctive mode. 

The  distinction  between  descriptive  and  prescriptive  statements  is essential  to  requirements  engineering. In  contrast  to  descriptive statements, prescriptive  statements  may  be  subject  to  negotiation  or  to  searching  for other alternatives. 

2.3. Goals 

2.3.1.  Nature and definition of goals 

Goals capture the different objectives that the system under consideration should achieve. The fact that this role has been acknowledged by researchers in  requirements  engineering  has  led  to  a  new  research  avenue  on  the modeling  and  specification  of  goals,  and  a  reasoning  based  on  these  to  be adopted.  This  research,  directed  toward  different  applications,  such  as 
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requirements development and verification or conflict management, assumes many forms: informal, qualitative and formal. 

Zave  and  Jackson  define  a  goal  as  an  objective  that  the  system  under consideration  must  achieve.  Goal  formulations  then  refer  to  the  properties that ought to be ensured via the system (Zave and Jackson 1997). These are optative  statements,  in  contrast  to  indicative,  and  subject-delimited statements. 

Typically,  the  system  under  consideration  is  analyzed  within  its organizational, operational and technical framework. Issues are reported and opportunities are identified. High-level goals are then identified and refined to  address  these  issues  and  seize  opportunities.  The  requirements  are  then developed to achieve these goals. This natural practice has led requirements documentation standards to include a specific document section dedicated to the  goals  that  the  system  must  achieve  (ISO/IEC/IEEE  2018).  More specifically, for automated information systems, goals can be used to link the future software to the management context (Yue 1993). 

Van Lamsweerde (2001) states that goals: 

– can  be  formulated  at  different  abstraction  levels,  ranging  from high-level strategic concerns to low-level technical concerns; 

– cover  different  types  of  concerns:  functional  concerns  associated  with the services to be provided and non-functional concerns associated with the quality of service, such as safety, security, accuracy, performance, etc.; 

– refer to the current or future system. High-level goals often refer to both systems. 

According  to  Fickas  and  Helm  (1992),  the  future  system  is  essentially composite. It comprises both the software and its environment. It is made up of  active  agents  such  as  people,  devices  and  software.  Contrary  to  passive agents, active agents have a choice of behavior. Unlike requirements, a goal may  generally  require  the  cooperation  of  a  hybrid  combination  of  several agents to achieve it (Dardenne et al. 1993). A goal under the responsibility of a  single  agent  in  future  software  becomes  a  requirement,  whereas  a  goal under  the  responsibility  of  a  single  agent  in  the  environment  of  the  future software becomes an assumption. Unlike requirements, assumptions cannot  



 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License 12     Systemic Approach to Categorizing and Modeling Requirements be imposed by the future software. They will normally be satisfied by way of standards, regulations and legislation. 

2.3.2.   Benefits of goals  

Goals have many advantages for requirements. They make it possible to: 

– Verify the completeness of a requirements specification. It can actually be said that this specification is complete in relation to the goals if it can be proven  that  they  are  properly  accounted  for  by  the  requirements  described therein (Yue 1987). 

– Verify  the  adequacy  of  the  requirements.  It  can  be  said  that  a requirement is relevant to goals if its specification is used in the proof of at least one goal (Yue 1987). 

– Explain  and  justify  the  requirements  to  the  various  stakeholders,  in  a similar  way  to  design  goals  in  the  design  process.  A  goal-refinement  tree provides  traceability  links  from  high-level  strategic  goals  to  low-level technical requirements (Lee 1991). 

– Structure  complex  requirements  documents  for  increased  readability. 

This is made possible because of their tree-like structure, which constitutes a natural structuring mechanism (Van Lamsweerde 2001). 

– Investigate  the  many  alternatives  to  consider  during  the  requirements development  process.  Experience  shows  that  refining  alternative  goals provides the right level of abstraction which decision-makers can be exposed to in order to validate the choices made or to suggest further alternatives that were previously overlooked. The refinement of alternative goals is a means of exploring proposals for alternative systems (Van Lamsweerde 2001). 

– Manage  conflicts  between  several  points  of  view.  Goals  have  been recognized to provide the roots for detecting conflicts between requirements and possibly resolving them (Van Lamsweerde 2001). 

– Separate  stable  information  from  more  volatile  information  for  the management of changes in requirements. In fact, a requirement represents a particular  way  of  achieving  a  specific  goal.  The  requirement  is  therefore more likely to develop into another way of achieving the same goal than the goal itself. The higher a goal, the more stable it will be. The current system and  the  future  system  actually  correspond  to  alternative  refinements  of 
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common  goals  in  the  goals  refinement  graph,  and  therefore  they  can  be integrated into a single goal model (Van Lamsweerde 2001). 

– Identify  the  requirements  that  support  them.  Goals,  together  with scenarios, can be seen as essential tools that drive the systematic process of developing requirements (Van Lamsweerde 2001). 

2.3.3.  Sources of goals  

Sometimes, goals  are  explicitly stated  by  stakeholders or  in preliminary documents  available  to  requirements  engineers.  However,  goals  are  often implicit, such that their elicitation has to be triggered. Goals can be derived from several sources: 

– The  preliminary  analysis  of  the  current  system  allows  the  goals  to  be systematically  identified.  Such  an  analysis  usually  results  in  a  list  of problems  and  limitations  that  can  be  accurately  formulated.  This  list  of problems needs to be challenged in order to obtain an initial list of goals to be achieved by the future system (Van Lamsweerde 2001). 

– The  refinement  and  abstraction  of  a  preliminary  set  of  goals  and requirements,  already  validated  with  the  stakeholders,  make  it  possible  to derive many other goals. The point is to respectively ask “how” and “why” 

questions  about  the  goals  and  requirements  already  available  (Van Lamsweerde 2001). 

– The  resolution  of  conflicts  between  goals  or  obstacles  to  achieving goals results in identifying other goals. More sophisticated techniques have to be used for refining and abstracting goals, in particular through the use of scenarios (Van Lamsweerde 2001). 
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Existing Scales of Requirements 

The purpose of this chapter is to present a literature review on the most common scales of levels of requirements. Two levels are possible with the first  scale:  “user”  and  “system”.  Two  levels  are  possible  with  the  second scale:  “system”  and  “software”.  Finally,  four  levels  of  requirements  are possible  with  the  third  scale,  namely,  “goal”,  “domain”,  “product”  and 

“design”. 

3.1. “User–system” scale  

The  purpose  of  this  section  is  to  understand  the  two  levels  of requirements: “user” and “system” (Somerville 2016). 

3.1.1.  User requirements  

The expression “user requirement” is used to designate any abstract (raw) high-level  requirement  of  what  the  software  system  should  do.  This  is  a statement,  in  natural  language  in  addition  to  diagrams,  of  the  services  that the  system  is  supposed  to  provide  to  its  users,  and  the  constraints  under which it must operate. 

EXAMPLE  3.1.–   The e-lib software must generate monthly sales reports by book category such as kids’, comedy and science fiction books. 

[image: Image 2]
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The  term  “system  requirement”  is  used  to  designate  any  detailed, elaborate,  low-level  requirement  of  what  the  system  must  do.  It  is  a  more detailed  declaration,  in  formal  or  semi-formal  language,  of  the  functions, services and operational constraints of the software system. 

EXAMPLE 3.2.–  When books are sold both as e-books and as hardcopy, then separate sales reports must be generated for each of the two categories according to a specific template. 

3.2. “System–software scale” 

The  purpose  of  this  section  is  to  understand  the  two  levels  of requirements:  “system”  and  “software”  (Van  Lamsweerde  2009).  The  term 

“system” is used here to refer to the overall system, of which the software represents one of its components, such as an automatic braking system in an intelligent car, or an autopilot system in a modern aircraft. However, in the previous section, this term is used to refer to the software itself. 



Figure 3.1.  Phenomena of the future software, its environment and requirements (adapted from Van Lamsweerde (2009))  

Van  Lamsweerde  considers  that  the  requirements  engineering  process implies statements about the future system that differ in scope. In Figure 3.1, Van  Lamsweerde  explains  how  some  statements  can  refer  to  phenomena 
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belonging to the environment, without necessarily being shared with future software.  On  the  other  hand,  other  statements  may  refer  to  phenomena shared between the environment and the future software, that is, controlled by the software and observed by the environment, or vice versa. 

3.2.1.  System requirements  

Van  Lamsweerde  uses  the  expression  “system  requirement”  to  refer  to any  prescriptive  statement  to  be  applied  by  the  future  software,  as  a component of the system, possibly in cooperation with other components of the  system,  and  which  must  be  formulated  in  terms  of  environmental phenomena. 

System  requirements  must  be  understood  and  accepted  by  all stakeholders.  This  is  possible  due  to  their  formulation  in  terms  of  the terminology used by these parts. 

EXAMPLE  3.3.–   The sales system (the e-lib software, as well as other components such as stocks and delivery means) must allow bookshops to stock up on books under the best conditions. 

3.2.2.  Software requirements  

Van Lamsweerde uses the expression “requirement software” to refer to any  prescriptive  statement  to  be  applied  only  by  the  future  software,  and which must be formulated only in terms of phenomena shared between the software and the environment. 

Software  requirements  need  to  be  understood  and  employed  by developers. This is possible due to their formulation in terms of the software input/output variables in the terminology used by these developers. 

This level of requirements corresponds to the two levels of requirements 

“user”  and  “system”,  as  seen  in  section  3.1,  but  to  two  different  levels  of abstraction. 
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 1) The e-lib software must generate monthly sales reports by book category (kids’ books, fiction books, comedy books, science fiction books, novels, etc.).  

 2) If books are sold both as e-books and as hardcopy, then separate sales reports must be generated for each of the two categories according to a specific template.  

3.2.3.  Relationships between system requirements and software 

 requirements 

Van  Lamsweerde  uses  the  “four-variable  model”  to  identify  the relationships between the requirements of the two “system” and “software” 

levels as follows. 

This  model  (see  Figure  3.2)  includes  the  following  four  types  of variables: 

– The  monitored  variables  are  environmental  phenomena,  which  the software monitors by way of input devices such as sensors. 

– The  controlled  variables  are  environmental  phenomena,  which  the software controls by way of output devices such as actuators. 

– Input variables are data that the software receives as input. 

– Output variables are data that the software produces as output. 



Figure 3.2.  Four-variable model (adapted from Van Lamsweerde (2009))  
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As  can  be  seen  in  Figure  3.2,  input/output  devices  represent  special interface components between the control software and its environment. 

3.3. “Goal–design” scale  

The  purpose  of  this  section  is  to  understand  the  four  levels  of requirements:  “goal”;  “domain”;  “product”  and  “design”  of  the  “goal–

design” scale (Lauesen 2002). 

3.3.1.  Goal-level requirements  

These requirements express why the customer wants to spend money to acquire the product. 

EXAMPLE  3.5.–   The e-lib software should increase the turnover of the 

 “mylib” distributor by 5%, relative to book sales.  

3.3.2.   Domain-level requirements  

These requirements express the support of user tasks. 

EXAMPLE 3.6.–  The e-lib software must facilitate the payment operation for booksellers by offering different payment channels.  

3.3.3.   Product-level requirements  

These  requirements  express  a  function  to  be  provided  by  the  future product. This level of requirements corresponds, on the one hand, to the two levels of requirements, “user” and “system”, seen in section 3.1, but to two different abstraction levels, and, on the other hand, to the “software” level as seen in section 3.2.2. 

EXAMPLE  3.7.–   The e-lib software must generate monthly sales reports by book category (kids’ books, fiction books, comedy books, science fiction books, novels, etc.).  
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These requirements express the interface details of the future product. 

EXAMPLE 3.8.–  The e-lib software must provide the attached screenshots.  

Traditionally,  a  requirement  must  specify  what  the  system  should  do without  specifying  how.  If  we  specify  “how”,  it  initiates  the  design  phase and  it  is  then  possible  that  alternatives  that  are  better  than  those  initially devised are excluded. In reality, the distinction between the “what” and the 

“how” is not clear. The right choice depends on the specific situation. 

3.4. Discussion 

In this section, we discuss the scales presented earlier. 

In the “user–system” scale, a first-level requirement,  “user requirement”, designates  any  high-level  abstract  (raw)  requirement  of  what  the  system must  do.  On  the  other  hand,  a  second-level  requirement,  “system requirement”,  designates  any  detailed,  low-level  requirement  of  what  the system  must  do.  A  certain  inconsistency  should  be  observed  in  this  first scale. The first level is actually based on the notion of “user” role, while the second is based on the notion of system. 

Moreover,  in  the  “goal–design”  scale,  the  design  level  is  not  a  level  as such.  It  is  a  particular  form  of  the  product  level  that  focuses  on  the  user interface aspect. 
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Existing Taxonomies of Requirements 

The  purpose  of  this  chapter  is  to  present  a  literature  review  on requirements  taxonomies,  focusing  mainly  on  the  five  most  common  ones. 

The  first  taxonomy,  RPAD,  concerns  the  four  categories:  “requirements”, 

“domain  properties”,  “assumptions”  and  “definitions”.  The  second taxonomy,  KRSR,  concerns  the  four  facets  of  the  requirements:  “kind”, 

“representation”,  “satisfaction”  and  “role”.  The  third  taxonomy,  BNB, concerns  behaviorist  dichotomies.  The  fourth  taxonomy,  FS,  proposes  a systematic  classification  of  the  elements  of  requirements,  such  as components,  objectives  and  constraints.  Finally,  the  fifth  taxonomy,  FNF, concerns both the “functional” and “non-functional” types. 

Van Lamsweerde (2009) states that the different taxonomy requirements offer many advantages in requirements management and engineering: 

– The  requirements  categories  make  it  possible  to  characterize  more explicitly  what  they  refer  to,  beyond  their  general  definition,  as  normative statements to be applied by the future software. 

– The requirements categories make it possible to characterize them more semantically in terms of prescribed behavior: 

- Some requirements prescribe the desired behaviors. 

- Some requirements exclude the unacceptable behaviors. 

- Some requirements indicate the preferred behaviors. 

– The  requirements  categories  make  it  possible  to  differentiate  between confined and transversal concerns:  
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- Functional requirements tend to relate to unique functionality features. 

- Non-functional  requirements  tend  to  address  cross-cutting  concerns. 

The same requirement can restrict several units of functionality. 

– The requirements categories enable useful heuristics to be produced for requirements:  

- Some  heuristics  can  help  identify  requirements  that  have  been neglected. 

- Some  heuristics  can  help  uncover  conflicts  between  instances  of requirement classes that are known to be potentially conflicting. 

4.1.  “Requirement–domain  property–assumption–definition” 

taxonomy  

The  RPAD  taxonomy  distinguishes  between  four  types  of  statements: requirement, domain property, assumption and definition (Van Lamsweerde 2009). 

4.1.1.  Requirement  

A  requirement  is  a  prescriptive  statement  to  be  applied  by  the  future software, possibly in cooperation with other components of the system. It is formulated  in  terms  of  environmental  phenomena  or  only  in  terms  of phenomena shared between the software and the environment. 

The requirements refer to goals assigned to individual system agents. 

EXAMPLE  4.1.–   The e-lib software must generate monthly sales reports by book category (kids’ books, fiction books, comedy books, science fiction books, novels, etc.). 

4.1.2.  Domain property 

A  domain  property  is  a  descriptive  statement  about  the  universe  of  the problem.  It  is  supposed  to  hold  invariably,  regardless  of  how  the  system behaves, whether or not there is future software. Domain properties usually correspond to physical laws that cannot be broken. 
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EXAMPLE 4.2.–  A book (title) cannot appear multiple times in the same book order.  

4.1.3.  Assumption 

An  assumption  is  a  statement  to  be  satisfied  by  the  environment  and formulated in terms of environmental phenomena. Assumptions are usually prescriptive,  as  they  constrain  the  behavior  of  specific  environmental components. 

Unlike  requirements,  assumptions  cannot  be  applied  by  the  future software;  they  will  be  satisfied  through  standards  and  organizational regulations, physical laws, etc. 

Assumptions  refer  to  goals  assigned  to  individual  agents  in  the  system environment. 

EXAMPLE 4.3.–  A bookseller can only pay for a book order once it has been confirmed.  

4.1.4.  Definition 

Definitions  enable  domain  concepts  and  auxiliary  terms  to  be  given  an accurate,  comprehensive  and  agreed  meaning.  Unlike  statements  of  other types,  definitions  hold  no  truth  value.  It  makes  no  sense  to  say  that  a definition  is  satisfied  or  not.  However,  the  accuracy,  completeness  and adequacy of the definitions will need to be verified. 

EXAMPLE  4.4.–   A customer of the “mylib”    distributor refers to any bookseller who has a trade register authorizing them to carry out this activity.  

4.2. “Faceted” taxonomy 

The  KRSR  taxonomy  concerns  a  categorization  of  requirements according  to  four  different  criteria:  “kind”,  “representation”,  “satisfaction”, and  “role”.  According  thereto,  the  categorization  to  be  chosen  depends  on the objective of the categorization (Glinz 2005):  
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– If  the  objective  is  general,  its  categorization  is  based  on  the  “kind” 

criterion in order to differentiate, for example, a function requirement from a performance requirement. Table 4.1 summarizes the categories of the “kind” 

criterion. 

– If  the  objective  is  to  represent  requirements,  its  categorization  is  then based on the “representation” criterion in order to differentiate, for example, an  operational  requirement  from  a  quantitative  one.  Table  4.2  summarizes the categories of the “representation” criterion. 

– If the objective is to verify the requirements, its categorization is then based on the “satisfaction” criterion in order to differentiate, for example, a soft requirement from a hard one. Table 4.3 summarizes the two categories of the “satisfaction” criterion. 

– If the objective is to assign a role to requirements, its categorization is then  based  on  the  “role”  criterion  in  order  to  differentiate,  for  example,  a prescriptive  requirement  from  a  normative  or  presumed  “assumptive” 

requirement. Table 4.4 summarizes the categories of the “role” criterion. 

Nature 

Definition 

Function 

A function that a system must fulfill. 

Data 

A data element or data structure that must be part of the system state. 

A  requirement  relative  to  time  (points  in  time,  reaction  time  and  time Performance  intervals), speed, volume or throughput (volume per unit time). 

Specific 

Qualities  concerning  both  the  operation  properties  of  the  product  (for instance, reliability and usability) and managing the product (for instance, quality 

maintainability or portability). 

A design decision or design constraint imposed by a stakeholder (namely, Constraint 

an element that is not under the control of the system designers). 

Table 4.1.   Nature-based requirements categorization (adapted from Glinz (2005)) Representation 

Definition  

Operational 

Operations or data specification. 

Quantitative 

Measurable properties specification. 

Qualitative 

Goal specification. 

Declarative 

Description of a required characteristic. 

Table 4.2.  Representation-based requirements  

 categorization (adapted from Glinz (2005)) 

[image: Image 4]
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Satisfaction 

Definition 

Discrete 

A requirement is either fully satisfied or not satisfied. 

A requirement can be gradually satisfied, that is, the degree of satisfaction is Continuous  measured on an ordinal scale, at least. 

Table 4.3.  Satisfaction-based requirements categorization (adapted from Glinz (2005)) 

Role 

Definition 

Prescriptive  Properties that only concern the future system. 

Norms  in  the  system  environment  that  influence  the  design  and Normative 

implementation of the future system. 

Assumptive  Behavior of the actors that the future system cannot control. 

Table 4.4.   Role-based requirements categorization (adapted from Glinz (2005)) Figure 4.1.   Categorization of “faceted” requirements (adapted from Glinz (2005)) Figure 4.1 summarizes the faceted categorization proposed by Glinz. 

Table 4.5 applies “faceted” categorization to a given number of examples of software requirements. 
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Requirement categorization 

Nature: function  

The e-lib software should calculate the total sales for each  Representation: operational day. 

Satisfaction: discrete  

Role: prescriptive  

Nature: function  

The e-lib software must calculate the total amount 

Representation: operational  

including tax for a book invoice in accordance with the 

formula in use. 

Satisfaction: discrete  

Role: normative  

Nature: specific quality 

Representation: qualitative  

The e-lib software must be easy to use by casual users. 

Satisfaction: continuous  

Role: prescriptive  

Nature: performance  

The response time of a search for a book in  

Representation: quantitative  

the e-lib software should be less than 1 s on average. 

Satisfaction: continuous  

Role: prescriptive  

Nature: constraint  

The e-lib software must run on a PC with at least a  

Representation: quantitative  

1,000 MHz processor and 1 GB of RAM. 

Satisfaction: continuous  

Role: prescriptive  

Nature: given  

The bookseller must provide accurate data in all  

Representation: declarative  

input fields of the payment form in  the e-lib  

software. 

Satisfaction: discrete  

Role: assumptive  

Table 4.5.  Examples of requirements with their  

 categorization (adapted from Glinz (2005)) 

4.3.  “Behavioral  requirements–non-behavioral  requirements” 

(BNB) taxonomy 

The  BNB  taxonomy  concerns  behavioral  requirements  versus non-behavioral requirements. 

Broy  (2018)  bases  the  requirements  categorization  on  a  functional  and architectural  system  modeling,  including  both  logical  and  probabilistic behavioral  models.  In  contrast  to  traditional  categories,  in  which  a distinction is made between “functional” and “non-functional” requirements, he  suggests  using  the  dichotomies  of  behavioral  properties  versus  
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non-behavioral  properties,  to  then  structure  behavior  into  logic  versus probabilistic,  and  even  further  into  black  box  behavioral  views  (interface) versus  white  box  behavioral  views.  This  results  in  an  accurate  and  more consistent categorization of requirements. 

4.4.  “Fundamental  categories–secondary  categories”  (FS) taxonomy  

The FS taxonomy proposes, on the one hand, fundamental categories of requirements,  which  are  separate  from  each  other,  and,  on  the  other  hand, secondary  categories  that  form  subcategories  of  the  former  (Meyer  et  al. 

2019). 

4.4.1.  Fundamental categories 

Every  requirement  defines  a  property  of  one  of  the  fundamental categories described in Table 4.6. 

Category 

Definition 

The  property  according  to  which  the  system,  project  or  environment Component  

includes a certain part. 

A  project  or  system  objective,  in  terms  of  the  desired  effect  on  the Goal  

environment. 

Property of the results or effects of the operation of the system or some of Behavior  

its components. 

Task  

The property whereby the project includes a certain activity. 

Product  

The property whereby a task uses or produces a virtual material or object. 

An  environmental  property  that  may  affect  components,  objects, Constraint  

behaviors, tasks or products. 

A  property  whereby  a  component  is  fully  or  partially  responsible  for  a Role  

behavior or task. 

The property whereby the project, system or environment does not include Limitation  

a requirement of any of the above types. 

Lack  

A property that should have a requirement, but that does not have one. 

Meta-

A property of the requirements themselves. 

requirement  

Table 4.6.  Fundamental categories of requirements  

 (adapted from Meyer et al. (2019)) 
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These  categories,  which  represent  particular  cases  of  the  previous fundamental categories, are described in Table 4.7. 

Category 

Definition 

An actor  

A human component. 

A meta-requirement explaining the rationale behind a requirement A justification  

(of any kind) in terms of objective. 

A responsibility  

A human role. 

A goal defined as the need to overcome a negative property of the An obstacle  

environment. 

A functional behavior    Specifies the results or effects of the system. 

A non-functional 

Specifies  a  property  of  how  these  results  or  effects  are  to  be behavior  

achieved. 

A business rule  

A constraint resulting from organizational practices. 

A physical rule  

A constraint resulting from the laws of nature. 

An engineering 

A constraint resulting from human choices. 

decision  

An obligation  

Describing a property that the environment is known to exhibit. 

Describing  a  property  that  the  environment  may  or  may  not An assumption 

exhibit, but that the project may assume to hold for developing the system. 

An invariant 

Describing a property that is both an assumption and a behavior. 

Table 4.7.   Secondary categories of requirements (adapted from Meyer et al. (2019)) 4.5.  “Functional  requirements–non-functional  requirements” 

(FNF) taxonomy 

The FNF taxonomy concerns functional versus   non-functional requirements. 

4.5.1.   Functional requirements 

According  to  Glinz  (2007),  the  existing  definitions  of  functional requirements follow two threads that largely coincide. 

In  the  first  thread,  the  focus  is  on  functions:  a  functional  requirement specifies “a function that a system [...] must be able to achieve” (IEEE 1990); 

 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License Existing Taxonomies of Requirements     29 

“what  the  system  must  do”  (Somerville  2016);  “a  specification  of  what  the system  must  do  to  satisfy  the  fundamental  reasons  for  its  existence” 

(Robertson  and  Robertson  2013).  According  to  the  latter,  functional requirements should in principle be independent of any technology that will be used  for  implementing  the  system.  The  analyst  is  not  trying  to  develop  a technological  solution,  but  rather  to  provide  its  functional  specification.  The specification of the “how” remains the responsibility of the designer. Lauesen (2002) defines functional requirements as a specification of system functions such as data storage, computation, transformation and transmission. 

The  second  thread  emphasizes  behavior:  behavioral  requirements  are those  requirements  that  specify  the  system  inputs  (stimuli),  the  system outputs  (responses)  and  the  behavioral  relationships  between  them,  also known as functional or operational requirements (Davis 1993). 

Wiegers, Jacobson, Rumbaugh, Booch and Somerville seek to provide a summary: “a statement of an element of required functionality, or a behavior that  a  system  will  exhibit  under  specific  conditions”  (Wiegers  and  Beatty 2013); “a requirement which specifies an action that a system must be able to  perform,  regardless  of  physical  constraints;  a  requirement  that  specifies the input/output behavior of a system” (Jacobson et al. 1999); “statements of services  that  the  system  should  provide,  how  the  system  should  react  to specific inputs, and how the system should behave in particular situations. In some  cases,  functional  requirements  may  also  explicitly  state  what  the system should not do” (Somerville 2016). 

EXAMPLE  4.5.–   The e-lib software must generate every day, for each catalog, a list of the books that are sold, with their quantities. 

Finally, Somerville considers that domain requirements are derived from the  system  application  domain  rather  than  from  the  specific  needs  of  the system  users.  According  to  him,  these  may  be  new  full-fledged  functional requirements, constraints on existing functional requirements, or definitions of how particular calculations should be performed (Somerville 2016). 

4.5.2.  Non-functional requirements 

Robertson et al. (2013) define non-functional requirements as properties or qualities that software must exhibit in order to be acceptable to its owner and operator. They propose eight categories of non-functional requirements. 
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– Look and feel requirements describe the intention of the appearance of the software.  They  are  not  a  design  of  the  interface.  They  include  the  following possible appearances: (1) simple, to be easy to use; (2) comply with the other software  of  the  client;  (3)  attractive  to  children  or  another  specific  group; (4) innovative, appearing to be at the cutting edge of technology. 

EXAMPLE 4.6. –  The e-lib software must have a simple and innovative user interface.  

– Usability  requirements  describe  the  compliance  of  the  software  with users in terms of experience and usage preference. They can be translated in terms of “easy to use” and “easy to learn”. 

EXAMPLE  4.7.–   The e-lib software must be usable by sales agents with limited experience in the use of computers.  

– Performance  requirements  describe  the  following  aspects:  speed  to complete  a  task,  results  accuracy,  operator  safety,  volume  of  data  to  be stored,  allowed  ranges  of  value,  throughput  such  as  transaction  rate, efficiency  in  using  resources,  reliability,  availability,  fault  tolerance  and robustness, and scalability of the previous elements. 

EXAMPLE 4.8.–  The e-lib software must ensure 10,000 simultaneous users in its “front-end” client part.  

– Operational and environmental requirements describe what the software must do to properly operate within its environment, when the software needs to collaborate with partner software or access external databases. 

EXAMPLE  4.9.–   The e-lib software must collaborate with the banking software.  

– Maintainability  and  support  requirements  describe  to  what  extent  the software should be modifiable and what kind of support is needed. 

EXAMPLE  4.10.–   The e-lib software has to be easily portable for other operating systems.   

– Security  requirements  are  described  in  terms  of  three  aspects,  namely availability, confidentiality and integrity (Pfleeger and Pfleeger 2006) and a fourth aspect relating to auditing (Robertson and Robertson 2013). 

 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License Existing Taxonomies of Requirements     31 

EXAMPLE  4.11.–   The e-lib software must ensure that only authorized employees have access to the data.  

– Cultural  requirements  describe  specific  factors  that  could  make  the software  unacceptable  because  of  customs,  religions,  languages,  taboos, prejudice or almost any other aspect of human behavior. 

EXAMPLE 4.12.–  The e-lib software must offer a choice of the most common languages among customers.  

– Legal requirements describe software compliance with applicable laws. 

EXAMPLE 4.13.–  The e-lib software must ensure the UNCITRAL Model Law on Electronic Commerce from 1996.  

In  turn,  Lauesen  (2002)  proposes  the  following  categories  of non-functional requirements: 

– Data requirements specify what data the system should input, output or internally  store;  input/output  formats;  the  communication  state  and  the system state. 

EXAMPLE  4.14.–   The e-lib software must store all the data of booksellers relating to their identities, orders, invoices and payments.  

– Quality requirements specify the extent to which the system must fulfill its functions. How quickly should it respond? How easy should it be to use? 

How secure should it be against attacks? How easy should it be to maintain? 

EXAMPLE  4.15.–   The e-lib software should be easy to use by sales agents and should be organized in a way that minimizes errors. 

– The other deliverables include documentation, system installation, data conversion and user training 

EXAMPLE 4.16.–  

 1) The e-lib software must be delivered with its technical documentation to facilitate its maintenance. 
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– Managerial requirements specify management aspects such as delivery times, price, legal responsibilities or intellectual property. The specification of the development process to be used can also be included. They are often considered as contractual issues. 

Somerville  defines  non-functional  requirements  as  constraints  on  the services or functions  provided by  the  system. They include  time  constraints, constraints on the development process and constraints imposed by standards. 

Non-functional requirements often apply to the system as a whole, rather than to the individual functionalities or services of the system. In his opinion, these requirements,  as  their  name  suggests,  are  requirements  that  do  not  directly concern the specific services provided by the system to its users. They can be related  to  emerging  system  properties  such  as  reliability,  response  time  and storage  occupancy.  Alternatively,  they  can  define  constraints  on  the implementation  of  the  system,  such  as  the  capabilities  of  I/O  devices  or  the data representations used in interfaces with other systems (Somerville 2016). 

Figure 4.2 shows a categorization of non-functional requirements, in which the  three  main  categories  are  as  follows:  (1)  product  requirements  that  arise from  the  required  characteristics  of  the  software;  (2)  the  organizational requirements  originating  from  the  organization  developing  the  software  and (3) the external requirements that originate from external sources (Somerville 2016). 

– The  product  requirements  specify  or  constrain  the  behavior  of  the software. They relate to performance requirements on the speed of execution of the system, and the amount of memory it requires, reliability requirements that  define  the  acceptable  failure  rate,  security  requirements,  usability requirements and dependability requirements. 

EXAMPLE 4.17.–   

 1) The e-lib software must be available to all retail bookstores (7 days a week, 24 hours a day). The acceptable downtime should not exceed 5 minutes per day. 

 2) The e-lib software should be easy to use for sales agents and should be organized such that errors are minimized. 
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Sales  agents  must  be  able  to  use  all  the  functions  of  the  e-lib  software after 6 hours of training. At the end of this training, the average number of errors made by experienced agents should not exceed half an error per hour of software use. 

– Organizational  requirements  are  general  system  requirements  derived from  the  policies  and  procedures  of  the  client’s  and  the  developer’s organization. They concern the operational process requirements that define how  the  system  will  be  used,  the  development  process  requirements  that specify  the  programming  language,  the  development  environment  or  the process  standards  to  be  used,  and  the  environmental  requirements  that specify the system operation environment. 

EXAMPLE  4.18.–   Booksellers (customers of the e-lib software) must authenticate themselves using their trade register number.  

– External  requirements  include  all  requirements  derived  from  external factors  to  the  system  and  its  development  process.  They  concern  the regulatory  requirements  that  define  what  needs  to  be  done  in  order  for  the system to be approved for operation by a regulator, such as a central bank, the legislative requirements that must be followed to ensure that the system operates  within  the  law,  as  well  as  the  ethical  requirements  that  guarantee that the system will be acceptable to its users and the general public. 

EXAMPLE  4.19.–   The software must apply customer privacy provisions, as indicated by the international business organizations. 

Glinz  (2007)  states  that  although  the  terminology  “non-functional requirements” has been used for several decades, there is still no consensus on what they are and how they should be documented. He divides the issues in the “non-functional requirements” category into three types as follows:  

– Definition  issues:  analysis  of  the  existing  definitions  of  these requirements  shows  both  terminological  and  fundamental  conceptual divergences.  Different  types  of  problems  can  emerge  in  these  definitions: (1)  lack  of  consensus  on  concepts;  (2)  ambiguity  of  some  terms; (3)  divergence  in  the  scope  of  non-functional  requirements;  (4)  explicit  or implicit exclusion of project and process requirements. 

– Categorization  issues:  analysis  of  the  existing  definitions  of  these requirements  also  shows  quite  divergent  concepts  for  the  categorization  of non-functional requirements. 
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– Representation  issues:  the  notion  of  non-functional  requirement depends on the representation. A second representation problem is the lack of  consensus  on  where  to  document  non-functional  requirements.  For example,  the  two  documentation  models  IEEE  830-1998  and  Volere (Robertson  and  Robertson  2013)  recommend  that  functional  and  non-functional requirements should be written in separate chapters. 



Figure 4.2.  Types of non-functional requirements (adapted from Somerville (2016)) 4.5.2.1.   Quality requirements 

Software quality is defined as a set of rules and principles to be followed during  development  in  order  to  design  a  product  that  meets  expectations (Abran et al. 2004). 

The most well-known quality models today are hierarchical models that identify  quality  principles,  starting  from  global  requirements  and  the  most general  principles  and  moving  down  to  the  metrics  that  allow  them  to  be measured  (Mordal  et  al.  2011).  Although  there  are  many  more  or  less standard  quality  models,  it  is  not  known  which  one  to  use.  The  answer  is simple:  none  of  them  gives  the  whole  truth,  but  they  can  be  used  as checklists. In some projects, a business standard must be followed, but even 

 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License Existing Taxonomies of Requirements     35 

in these cases, other quality models must be consulted to identify important or risk areas (Lauesen 2002). 

In this section, we present two standard models among the most common quality models. 

4.5.2.1.1. The FCM model by McCall and Matsumoto  

McCall  and  Matsumoto  at  the  U.S.  Air  Force  (McCall  and  Matsumoto 1980)  proposed  the  FCM  (Factors  Criteria  Metrics)  model  for  evaluating software quality. The list of the 11 main factors, which represents an overall external view of quality, is presented as a two-level taxonomy. The top level distinguishes  three  major  uses  of  the  software:  operation,  review  and transition. 

– Operation: this is the daily use of the software by end users:  

- integrity  and  security:  to  what  extent  the  system  handles  physical disruptions and prevents malicious access attempts; 

- correction: number of existing errors in the system; 

- reliability:  frequency  of  malfunctions  of  the  system  (MTBF,  mean time between failures) and percentage of time during which it is available; 

- usability:  learnability  of  the  system,  efficiency  in  the  execution  of daily tasks, etc.; 

- efficiency/performance:  how  quickly  the  system  reacts,  how  many resources it uses, how accurately it computes values and so on. 

– Review: this is software maintenance and extension: 

- maintainability: how easily can errors be located and repaired; 

- testability: how easy it is to test the system after a modification; 

- flexibility:  how  easily  can  the  system  be  expanded  with  new functionalities. 

– Transition:  this  refers  to  running  the  software  within  a  new  technical environment: 

- portability: how easily can the system be moved to a new software or hardware platform; 
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- interoperability:  how  easily  can  the  system  cooperate  with  other systems; 

- reusability:  how  easy  it  is  to  reuse  parts  of  the  software  in  other systems. 

These  factors  are  characterized  by  23  criteria  that  represent  the  internal vision of quality. Finally, the authors also proposed 300 metrics in order to measure these quality criteria. Flexibility, for example, could be measured as the  average  time  necessary  to  extend  the  product  with  a  new  feature.  The authors acknowledged, however, that such measures were unrealistic since it was impossible to define an average characteristic. 

4.5.2.1.2. Standard SQuaRE or ISO/IEC model 

ISO/IEC 2501n -

Quality model 

division

ISO/IEC 2503n -

ISO/IEC 2500n -

ISO/IEC 2504n -

Quality 

Quality management 

Quality 

requirements 

division

evaluation 

division

division

ISO/IEC 2502n -

Quality 

measurement 

division



Figure 4.3.   Organization of the SQuaRE series  

 of standards (adapted from ISO/IEC 2006) 
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The SQuaRE model comprises standards on software quality requirements and evaluation (Vanícěk 2006; Castillo et al. 2010). The organization of these standards into divisions is illustrated in Figure 4.3 as follows:  

– ISO/IEC  2500n  –  quality  management  division:  in  particular, ISO/document IEC 25 000, “Guide to SQuaRE”, is the framework document for the SQuaRE series, which provides an overview and user guides thereof. 

It  contains  the  SQuaRE  architecture,  terminology,  intended  users  and associated  parts  of  the  series.  It  presents  the  entire  SQuaRE  series  as  a collection of quality engineering instruments. 

– ISO/IEC 2501n – quality model division. 

– ISO/IEC 2502n – quality measurement division. 

– ISO/IEC 2503n – quality requirements division. 

– ISO/IEC 2504n – quality evaluation division. 

In this section, we only present the ISO/IEC 25010 (quality model) and ISO/IEC 25030 (quality requirements) divisions. 

 ISO/IEC 25010 standards 

According to the ISO/IEC 25010 standard, a quality model is defined as a set  of  quality  characteristics.  Their  relationships  provide  a  framework  for specifying  quality  requirements  and  for  evaluating  software  quality,  thus establishing  a  common  understanding and  terminology  of  software  quality. 

The  quality model  also proposes  three  different  visions  of  quality, namely, internal quality, external quality (see Figure 4.4) and operation quality (see Figure 4.5):  

– The  internal  quality  of  the  software  provides  a  “white  box”  view  and addresses the characteristics that are typically available during development. 

– The  external  quality  of the  software  provides  a  “black  box”  view  and addresses the characteristics that are related to its execution. 

– The software operation quality provides a “context” view and processes the  characteristics  that  are  related  to  its  application  context  within  its operational environment for the execution of user-specific tasks. 

Internal  quality  has  an  impact  on  external  quality,  which  in  turn  has  an impact on the operation quality. 
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Figure 4.5.   Quality operation model (adapted from ISO/IEC 25010 2007) ISO/IEC 25030 standards 

According  to  the  recently  adopted  SQuaRE  standard  on  quality requirements  (ISO/IEC  2006),  the  software  is  usually  integrated  into  a larger, more complex system. System and software requirements are closely linked, so they cannot be processed in silos. 

It  is  therefore  important  to  consider  software  quality  requirements  as  a significant part of the software requirements specification at an early stage. 

The ISO/IEC 25030 standard considers software quality requirements from a system perspective. They are categorized according to the quality model of the  ISO/IEC  25010  standard.  The  latter  is  a  hierarchy  of  characteristics, sub-characteristics and attributes (measurable elements). 

Attributes specify the software quality requirements in terms of measures and target values. The standard provides recommendations and guidance for specifying  these  requirements.  It  must  ensure  that  they  are  clearly  and precisely  stated,  in  line  with  the  needs  of  stakeholders,  and  that  they  are accurate, comprehensive, consistent, verifiable and measurable. 

The ISO/IEC 25030 standard establishes a guide for identifying software quality  requirements,  validating  the  completeness  of  the  requirements specification  and  identifying  quality  assurance  and  acceptance  criteria  for software. 
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The ISO/IEC 25030 standard focuses primarily on software requirements. 

According  to  the  categorization  that  it  presents,  the  software  requirements concern: (A) the software product  or (B) the software development process. 

The software product  requirements  include (a) the functional requirements, (b)  the  quality  (inherent  property  requirements)  and  (c)  management requirements (assigned property requirements). The functional requirements include  (1)  application-specific  requirements  as  well  as  (2)  functional requirements of the user. 

4.6. Other taxonomies  

In  this  section,  we  present  three  other  taxonomies  of  requirements  that exist in the literature, which are less widespread than the previous ones. 

4.6.1.   “Primary requirements–derived requirements” (PD) 

 taxonomy 

The PD taxonomy concerns the primary requirements versus the derived requirements. The first category of requirements originates directly from the stakeholders.  The  second  category  of  requirements  is  derived  from  the primary  requirements.  This  relationship  implies  that  an  analysis  has  been performed and that the derived requirement represents a need that can meet the intent of the primary requirement. 

A derived requirement is a requirement that is deduced or inferred from a set  of  requirements  in  a  particular  system.  The  higher  level  requirement  is called the  “parent  requirement”  while the requirement  derived  therefrom is called the “child requirement”. A derived requirement is typically identified during  the  elicitation  of  the  stakeholders’  requirements,  needs  analysis, business studies or validation (ISO/IEC/IEEE 2018). 
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4.6.2.  “Business requirements–technical requirements” (BT) 

 taxonomy 

The  BT  taxonomy  is  concerned  with  business  requirements  versus technical  requirements.  Concerning  the  business  requirements,  the  first category describes what needs to be delivered or achieved to produce value, such  as  increasing  profits  or  improving  customer  satisfaction.  These requirements are usually written by someone who understands the business process.  Not  all  of  these  requirements  need  to  be  translated  into  technical requirements,  as  they  may  not  be  satisfied.  However,  in  any  case,  they provide an overall idea of what should be in terms of the business. 

Concerning the technical requirements, the second category explains how the  software  is  supposed  to  do  it.  It  refers  to  requirements  that  have  a technical  basis,  such  as  the  need  to  support  a  particular  platform  or  the request  for  a  specific  interface  with  other  systems.  These  requirements describe how software should do something and are mainly a representation of how to achieve the given business requirements. Technical requirements must  be  written  by  a  technician.  These  requirements  mainly  explain  the architecture  of  the  software  and  its  interfaces  with  other  systems  and software. 

The  artificial  separation  between  the  two  categories  means  that technicians  are  ignored  in  business  questions,  and  managers  are  ignored in technical questions. Therefore, the main objective of jointly writing business and  technical  requirements  is  to  help  make  an  informed  decision  during software development (de Waal 2016). 

4.6.3.  “Product requirements–process requirements” (P2) 

 taxonomy 

The P2 taxonomy is concerned with product requirements versus process requirements. The first category, concerning product requirements, describes software  at  a  high  level.  It  meets  business  requirements  and  is  usually formulated in terms of the functionalities that the system must achieve. The second  category,  concerning  process  requirements,  describes  “how”.  It prescribes the processes that must be followed and the constraints that have to be complied with in order to produce the software (Aurum et al. 2005). 
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In  this  section,  we  discuss  the  taxonomies  presented  above  by  showing their  limitations.  We  start  with  some  taxonomies  that  present  some ambiguity and inconsistency. For example, in the first categorization (FNF), only  the  first  category  “functional  requirements”  is  more  or  less  well defined, where the emphasis is placed on either (1) the function, “a function that  a  system  [...]  must  be  able  to  achieve”  (IEEESTD  1990),  “what  the system must do” (Somerville 2016), “what the system must do to satisfy the fundamental  reasons for its existence” (Robertson and Robertson 2013), “a system function such as the capture, the computation, the transformation and the transmission of data”; or on (2) the behavior “the system inputs (stimuli), the  system  outputs  (responses)  and  the  behavioral  relationships  between them”  (Davis  1993).  However,  the  second  category,  “non-functional requirements”,  is  simply  defined  by  the  negation  of  the  first,  that  is, everything that is not functional is part of it. This makes its heterogeneous content difficult to analyze and manage. 

Moreover, other taxonomies, such as “KRSR”, can prove overly complex and  difficult  to  understand.  They  can  include  many  categorization  criteria and  categories  that  are  too  specific,  which  can  make  them  difficult  for analysts  to  use.  Others,  such  as  “BT”  and  “P2”,  are  too  rigid  and  do  not allow  the  requirements  to  be  adapted  to  the  specific  needs  of  a  given software development project. They may impose predefined categories that do not cover all real-world situations, limiting their usefulness. There may be redundancy  and  overlapping  issues  in  some  taxonomies  such  as  “FNF”, where  some  categories  or  sub-categories  overlap  or  repeat  themselves unnecessarily.  This  can  make  the  organization  and  categorization  of requirements confusing and can lead to duplication of effort. 

There  is  no  clear  standard  or  consensus  on  how  software  requirements should  be  categorized.  Consequently,  different  taxonomies  may  be  used  in different  organizations  or  industries,  making  it  difficult  to  compare  or consolidate requirements across different projects. Existing taxonomies can be difficult to update or evolve over time. Technological changes, evolutions in  software  development  practices  and  new  methodologies  can  make  some categorizations obsolete, thus the need for constant adaptation of taxonomies. 
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Eckhardt  (2017)  carried  out  a  detailed  analysis  of  how  professionals categorize  requirements,  explaining  the  rationale  and  the  impact  on  the overall  development  process,  and  then  analyzing  the  relevance  of  a categorization  based  on  a  system  model  as  well  as  the  problems  of categorizing requirements in practice. Finally, he presented an approach that integrates  such  a  categorization  of  requirements  into  future  development activities.  Broy  (2018)  further  states  that  the  characterizations  of  these categories often remain vague, inaccurate, and lack semantic consistency and uniformity. 
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Conceptualization 

The  aim  of  this  chapter  is  to  propose  a  new  approach  named  SMART 

(Systemic Approach to caTegorizing and Modeling Requirements), which is based on a holistic view of requirements. It consists of conceptualizing the requirements by considering all the parameters involved in their delineation. 

The  conceptualization  of  this  approach  means  here,  first  of  all,  the construction  of  a  representation  that  should  be  abstract  and  comprehensive of  the  subjects  covered  by  the  requirements  and  the  factors  that  influence them.  Then,  it  involves  proposing  a  definition  for  the  requirements  and  a hybrid categorization that facilitates its operationalization. 

5.1. A new reference framework  

In this section, we propose the requirements reference framework  named R2F  for  precisely  defining  all  the  elements  related  to  the  software  and  its two  development  and  operation  environments.  It  thus  consists  of  a two-dimensional  frame  of  reference:  (1)  the  first  dimension  concerns  the generic  subjects  of  the  requirements,  namely,  the  software  and  its  two development  and  operation  environments,  as  well  as  their  descendants; (2)  the  second  dimension  concerns  generic  requirements  factors  that  cover the following two aspects: quality and compliance. 





For a color version of all the figures in this chapter, see www.iste.co.uk/chikh/smart.zip. 
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Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License 48     Systemic Approach to Categorizing and Modeling Requirements Although  R2F  can  be  made  generic  enough  to  be  able  to  support  all requirements  in  general,  in  this  book  we  consider  its  application  to addressing  requirements  in  the  field  of  software  engineering  only.  This framework  will  then  be  employed  to  propose  a  better  definition  of requirements  and  a  hybrid  categorization  of  requirements,  which  combines several taxonomies and scales. 

5.1.1.   Dimension 1: requirements subjects  

This  dimension  concerns  the  generic  subjects  of  the  requirements,  which designate the parts of the future software to be described by the requirements. 

It  is  structured  in  the  form  of  a  hierarchy  of  subjects.  Here,  we  present  the complete  tree  structure  of  this  dimension,  the  first  level  of  which  consists of  the  following  three  main  subjects  (see  Figure  5.1):  (1)  “software”, (2) “operation environment” and (3) “development environment”. 

Software

Requirements 

Subjects

Development 

Operation 

Environment

Environment



Figure 5.1.   Dimension 1: requirements subjects  

In order to make this dimension extensible, an “other subject” descendant is  added  to  the  second-level  subjects:  (1)  “process  support”,  (2)  “human support”, (3) “software support”, (4) “hardware support” and (5) “cognitive context”  of  the  two  environments  “operation  environment” and 

“development  environment”.  Analysts  will  be  responsible  for  defining  this 
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new  subject  in  order  to  adapt  it  to  the  context  of  their  project.  This  new subject is not depicted in Figures 5.3 and 5.4 to avoid cluttering them. 

5.1.1.1.  The software subject 

The “software” subject concerns the future software. In our case study, it corresponds  to  the  “e-lib”  software.  This  is  mainly  the  software  itself  or possibly  one  of  its  following  versions  (possible  extensions),  for  which  the new requirements are to be described. 

This  subject  includes  the  following  four  first-level  descendants  (see Figure 5.2):  

– The  “function”  subject  concerns  the  functionalities  of  the  future software. 

– The “data” subject concerns the data to be stored by the future software, all functionalities combined. 

– The  “user  interface”  subject  concerns  the  user  interfaces  of  the  future software. 

– The  “technical  interface”  subject  concerns  the  technical  interfaces  of the future software, with other software. 

Function

Data

Software

User interface

Technical interface



Figure 5.2.   Software subject 

5.1.1.2.  The software operation environment subject 

The “operation environment” subject concerns the usage environment of the  future  software.  In  our  case  study,  it  corresponds  to  the  usage environment  of  the  “e-lib”  software.  We  present  below  the  complete  tree structure of this subject, the first level of which consists of the following five first-level descendants (see Figure 5.3): (1) “process support for operation”, (2)  “human  support  for  operation”,  (3)  “software  support  for  operation”, 
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– The  “process  support  for  operation”  subject,  which  concerns  the procedural operation support, identifies the operation activities of the future software.  It  includes  the  following  level  2  descendant:  the  “operation activity”  subject;  it  covers  the  different  operation  activities  of  the  future software.  These  are  the  operational  or  decision-making  activities  of  the domain or the whole system that the future software must support, such as delivery or invoicing (information system); assist, such as medical diagnosis; maintain  (business  system);  or  control,  such  as  the  automatic  braking mechanism in a car or autopilot in an airplane (embedded system). 

– The “human support for operation” subject, which concerns the human operation support, identifies the end-users of the future software. It includes the following level 2 descendants: 

- the  “internal  actor”  subject,  which  concerns  the  company’s  internal actors  (employees)  who  directly  use  the  future  software  in  the  context  of their work; 

- the  “external  actor”  subject,  which  concerns  actors  outside  the company, who interact directly with the future software, such as customers, suppliers and other partners; 

- the technical assistance agents, who may be internal or external actors, may  be  responsible  for  the  maintenance  of  the  future  software,  unless  the latter is fully autonomous. 

– The  “software  support  for  operation”  subject,  which  concerns  the software operation support, identifies the new software platform of the future software. It includes the following level 2 descendants: 

- the  “operating  system”  subject,  which  concerns  the  operating system(s) under which the future software must be run; 

- the  “other  software”  subject,  which  concerns  other  local  or  online software  or  databases  necessary  for  the  operation  of  the  future  software  in question,  which  can  be  coupled  with  it  through  the  technical  interfaces described in the “technical interface” subject from the “software” subject; 

- the  “existing  data”  subject,  which  concerns  the  existing  data  to  be recovered from the existing software into the future software; 
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- the “social media” subject, which concerns the media that will be used to share the best practices and user experiences of the future software, such as a blog, wiki or focus groups; 

- the  “documentation”  subject,  which  concerns  the  different  types  of documentation  delivered  with  the  future  software,  such  as  the  user  guide, technical documentation and marketing literature. 

– The  “hardware  support  for  operation”  subject,  which  concerns  the hardware  operation  support,  identifies  the  new  hardware  platform  of  the future software. It includes the following level 2 descendants: 

- the “computer” subject,  which concerns the computer and the server on which the future software will be installed. This includes a description of the elements such as the CPU required to run the future software; the storage unit  such  as  disk  and  magnetic  tape,  required  for  storing  the  data  of  the future software; the various input/output units of the future software, such as the  keyboard,  mouse,  scanner,  player,  audio/video  recorder,  screen,  printer and  touch  screen,  required  for  the  exchange  of  data  of  the  future  software with the outside world; 

- the “digital device” subject, which concerns other digital devices such as the sensor and the actuator, required by the future software; 

- the “networking” subject, which concerns the equipment necessary for the  computer  network,  such  as  the  hub,  switch,  router,  bridge,  gateway, modem, repeater and access point, required by the future software. 

– The  “cognitive  context  for  operation”  subject,  which  concerns  the cognitive operation context, identifies the concepts, goals and rules relating to  the  field  of  application  of  the  future  software.  It  includes  the  following level 2 descendants: 

- the  “concept”  subject,  which  concerns  the  concepts  underlying  the field of application of the future software; 

- the  “goal”  subject,  which  concerns  the  goals  underlying  the  field  of application  of  the  future  software  as  well  as  the  business  goals  that  the company  is  trying  to  achieve  with  the  future  software,  which  can  be translated into tangible gains; 

- the  “rule”  subject,  which  concerns  the  rules  underlying  the  field  of application  of  the  future  software,  such  as  the  physical  or  business  rules, applied by the functions of the future software. 
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Figure 5.3.  Software operation environment subject  
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5.1.1.3.   The software development environment subject 

The  “development  environment”  subject  concerns  the  development environment of the future software. In our case study, it corresponds to the development  environment  of  the  “e-lib”  software.  In  the  following,  we present  the  whole  tree  structure  of  this  subject,  the  first  level  of  which consists  of  the  five  first-level  descendants  (see  Figure  5.4):  (1)  “process support  for  development”,  (2)  “human  support  for  development”, (3)  “software  support  for  development”,  (4)  “hardware  support  for development” and (5) “cognitive context for development”: 

– The  “process  support  for  development”  subject,  which  concerns  the procedural development support, identifies the development activities of the future  software.  It  includes  the  following  level  2  descendant:  the 

“development  activity”  subject,  which  concerns  the  various  development activities  of  the future software  such  as  the  requirements  analysis  phase of the  future  software  through  the  elicitation,  analysis,  specification  and validation  activities;  the  overall  design  phase,  which  concerns  the construction  of  the  architecture  of  the  future  software;  the  detailed  design phase,  which  concerns  the  design  of  the  various  subjects  of  the  future software, such as the database and the user interface; and the implementation phase, which concerns code production for the future software. 

– The  “human  support  for  development”  subject,  which  concerns  the human  development  support,  identifies  the  different  categories  of developers. It includes the following level 2 descendants:  

- the “analyst” subject, which concerns the analysts who are involved in the analysis phase; 

- the “designer” subject, which concerns the designers who are involved in the two phases of overall and detailed design; 

- the  “programmer”  subject,  which  concerns  programmers  who  are involved in the implementation phase; 

- the  “tester”  subject,  which  concerns  the  testers  who  are  involved  in the test phase; 

- the  “other  developer”  subject,  which  concerns  the  other  actors  who are directly or indirectly involved in developing the future software. 

– The  “software  support  for  development”  subject,  which  concerns  the software development support, identifies the software engineering workshop 
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- the  “CASE  tools”  subject,  which  concerns  the  software  engineering workshop used in the development of the future software; 

- the “IDE” subject, which concerns the IDE used in the development of the future software; 

- the “library” subject, which concerns the libraries of reusable patterns or components, which must be combined with the first two subjects. 

– The  “hardware  support  for  development”  subject,  which  concerns  the hardware  development  support,  identifies  the  hardware  platform  for  the development  of  the  future  software.  It  includes  the  following  level  2 

descendants: 

- the “computer” subject, which concerns the computer and the server on  which  the  future  software  must  be  developed.  This  involves  describing elements such as the CPU to run the case tools and the IDE; the storage unit, such  as  disk  and  magnetic  tape,  required  for  storing  the  development artifacts  of  the  future  software  (code,  documents,  diagrams  and deliverables);  and  the  various  input/output  units,  such  as  keyboard,  mouse, scanner, audio/video player and recorder, monitor, printer and touch screen, required for exchange with the outside world; 

- the  “digital  device”  subject,  which  concerns  other  digital  devices, such as the sensor and actuator, required for the development of the future software; 

- the “networking” subject, which concerns the hardware necessary for the  computer  network,  such  as  the  hub,  switch,  router,  bridge,  gateway, modem, repeater and access point, required for the development of the future software. 

– The  “cognitive  context  for  development”  subject,  which  concerns  the cognitive  development  context,  identifies  the  different  methodological choices of the future software. It includes the following level 2 descendants: 

- the “architecture” subject, which concerns the architecture to be used in development, such as the “3-tier” architecture; 

- the “method” subject, which concerns the development method to be used, such as Merise, Remora and OMT; 
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- the “technique” subject, which concerns the development technique to be used, such as interview, observation and prototyping; 

- the “artifact” subject, which concerns the different artifacts to be used that will be produced during development, such as a class diagram, business diagram, sequence diagram or test plan. 



Figure 5.4.   Software development environment subject 
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This  dimension  concerns  generic  requirements  factors.  These  are potential  contingency  factors  that  condition  the  requirements  of  the  future software.  It  is  structured  as  a  hierarchy  of  factors.  In  the  following,  we present  the  whole  tree  structure  of  this  dimension,  the  first  level  of  which consists  of  the  two  main  factors  (see  Figure  5.5):  (1)  “quality”  and (2) “compliance”. 

These  factors  are  alternately  replaced  in  the  literature  by  related expressions  such  as  context,  conditions,  circumstances  and  constraints.  In this  book,  we  prefer  the  term  “factors”  to  highlight  their  effects  on  the subjects. 
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Figure 5.5.  Dimension 2: requirements factors  

5.1.2.1.  Quality factors 

These are the contingency factors, related to quality, which can affect the future software. We adopt the quality model of the ISO/IEC 25010 standard (see section 4.5.2.1.2), which includes the following factors (see Figure 5.6): 

“functional  adequacy”,  “performance”,  “interoperability”,  “usability”, 

“reliability”, “security”, “maintainability” and “portability”. 
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This quality model comprises eight factors, broken down into sub-factors. 

It also allows the user to hierarchically derive other factors. It thus attempts to cover all the quality aspects of interest for most software. 
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Figure 5.6.  Quality factors 

5.1.2.2.  Compliance factors 

These are the contingency factors, related to compliance, that can affect the  future  software.  We  propose  a  compliance  model  that  includes  the following  seven  factors  (see  Figure  5.7):  “management”,  “technology”, 

“economics”, “culture”, “social”, “politics” and “law”. Each of these factors can in turn be broken down into a set of sub-factors. This model is mainly inspired  by  the  work  on  non-functional  requirements,  presented  in  section 4.5.2, proposed by Robertson and Robertson (2013) and to a lesser extent by Somerville (2016) and Lauesen (2002). 
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Figure 5.7.  Compliance factors 
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In order to make this model extensible, a sub-factor “other” is added to the first-level factors. It will be the analysts’ responsibility to define this new factor to adapt it to the context of their project. This factor is not shown in Figure 5.7 to avoid cluttering it. 

5.2. New requirement definition  

We  use  the  elements  (subjects  and  factors)  of  the  R2F  requirements framework, proposed in section 5.1, to define a requirement. 

A  requirement  can  be  defined  as  an  unambiguous  and  measurable statement, which can be: 

– dependent on R2F: it corresponds to a statement structured according to a  predefined  model,  expressed  indirectly  by  users  through  the  analysts.  It represents:  

- a  need  for  operation  or  development  service  or  support,  associated with the generic requirement subjects of R2F, 

- a  quality  property,  associated  with  generic  requirement  subjects  and the eight generic R2F quality factors, 

- a compliance constraint, associated with generic requirement subjects and the seven generic R2F compliance factors; 

– independent  of  R2F:  it  is  an  unstructured  statement  (free  text), expressed directly by users or other stakeholders. It represents: 

- a need for operation or development service or support, 

- a quality property, 

- a compliance constraint. 

5.3. New scales and taxonomies of requirements  

We  use  the  elements  (subjects  and  factors)  of  the  R2F  requirements framework, proposed in the previous section, to categorize the requirements, in  particular  the  last  taxonomy  (E2)  that  is  essentially  based  on  this framework. 
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5.3.1.  “User–analyst” (UA) requirements scale  

We propose a first scale of UA requirements (see Figure 5.8), composed of the two levels “user” and “analyst”. It is based on the role of the author of the requirement, depending on whether they are the user or the analyst. 

User level

Analyst level



Figure 5.8.  “User–analyst” requirements scale 

5.3.1.1.   User level 

This  level  corresponds  to  the  “user  level”  of  the  “user  system”  scale proposed by Somerville (2016), described in section 3.1.1. A requirement of the analyst level reflects the (high-level) superficial vision that the user has of  the  future  software.  It  is  informally  (in  natural  language)  and spontaneously  expressed,  directly  by  the  user  or  another  stakeholder.  It corresponds  to  an  unstructured  (free  text)  statement.  Hence,  such  a requirement does not usually comply with a predefined template. 

5.3.1.2.   Analyst level  

This level corresponds to the “system level” of the “user system” scale, proposed by Somerville (2016), described in section 3.1.2. A requirement of the  analyst  level  reflects  the  analyst’s  in-depth  (low-level)  vision  of  the future  software.  It  is  formally  (mathematical  expression)  or  semi-formally (mixed  expression:  textual  and  graphic)  indirectly  expressed  by  the  user through the analyst, who acts on their behalf. It corresponds to a structured statement in accordance with a predefined template. 
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Several  analyst-level  requirements  can  be  derived  from  a  user-level requirement.  In  addition  to  knowledge  of  the  field  of  application  of  the future  software,  the  analysts  responsible  for  deriving  them  must  make efficient  use  of  knowledge  of  the  software  market,  which  can  be  acquired either from commercial documentation or from market research. 

In contrast to a user-level requirement, an analyst-level requirement must comply  with  a  predefined  generic  structure,  be  validated  by  the  various stakeholders,  in  particular  the  end  users  of  the  future  software,  and  be testable, thus enabling that future software be tested against it. 

In our course, we often use examples from outside the field of computer science to clearly explain the difference between a user requirement and an analyst requirement. We present two main examples, which relate to water consumption. The first example concerns a patient’s need for drinking water, and  the  second  concerns  the  need  to  fill  an  Olympic-size  swimming  pool with water for the purposes of high-level competition. 

EXAMPLE 5.1.– 

 1) We consider the patient’s need to drink (thirst) as a user requirement. 

 It represents a natural need of this patient, which here refers to the user, without any details or technical specifications on the water. On the other hand, it is assumed that the response to this need (to hydrate the person) must involve an intermediate level, in which a doctor (who corresponds to the software analyst) must specify the optimal quantity to drink and the water quality (mineral and organic composition) that the patient requires, according to their state of health. We thus consider the doctor’s latest specification as an analyst requirement.  

 2) We consider the need to fill the pool with water as a user requirement. 

 It represents a natural need of the managers of this swimming pool, which here refer to the users, without any detail or technical specification of the water. On the other hand, it is assumed that the response to this need (filling the pool with water) must involve an intermediate level, in which experts (who correspond to analysts) must specify the water quality in terms of temperature, hardness, alkalinity and pH, chlorine and bromine levels or salt content according to the standards in this area. We therefore consider the experts’ latest specification as an analyst requirement.  
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5.3.2.   “Business–system–software” requirements scale  

We propose a second scale of BS2 requirements (see Figure 5.9), which is made up of the three levels: “business”, “system” and “software”. This scale corresponds to the first three levels of the Lauesen scale: “goal”, “domain” and 

“product”  from  the  “goal–design”  scale  (Lauesen  2002).  We  actually consider that the fourth level of the latter scale, which relates to “design”, is simply a particular type of the “software” level, as we will explain below. 

Business level 

System level

Software level



Figure 5.9.   “Business–system–software” 

 requirements scale 

5.3.2.1.  Business level  

This corresponds to the “goal” level of the “goal–design” scale, which is described in section 3.3.1. Business-level requirements do not directly relate to the future software but rather to its usefulness to the owner company. The real  requirements  of  the  software  will  then  be  deduced  by  the  designers  as part of the solution. 

First,  the  goals  of  the  software  must  be  identified  in  light  of  the limitations  of  the  existing  software  and  the  opportunities  to  be  exploited. 

This  requires  a  thorough  analysis  of  the  goals,  their  ramifications  and  
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interactions. Finally, the point is mainly to link them with the strategic goals of  the  company  listed  in  the  “goal”  subject.  In  fact,  business-level requirements are the real requirements that the company seeks to satisfy. In fact, they are the only ones that will serve to justify the investment linked to the  future  software,  in  terms  of  added  value.  In  some  contexts,  this  added value is expressed in the form of financial gain to be provided, or financial loss to be avoided. 

The  responsibility  for  explicitly  implementing  these  requirements  in future software is thus left to the developers. They will be free to translate them  into  software-level  requirements,  as  part  of  their  design  work.  When software-level  requirements  are  defined  by  the  analysts  as  early  as  the analysis  phase,  they  will  invariably  restrict  the  threshold  of  the  solution proposed by the designers. In addition, the absence of the whole system and the  field  of  application  at  this  level  further  favors  the  designers  by  freeing them from a particular logic of operation. 

However, there is a great risk for developers and analysts, who approve these requirements, of not being able to comply with them. This is because their satisfaction does not only depend on the software aspect of the solution, but rather on other aspects such as the skills of the users, market stability and the economic situation of the customer. A smart and diplomatic way to get around this problem is to use business-level requirements: 

– at  a  specific  location  in  the  requirements  document,  such  as  the introduction  or  foreword,  for  the  purpose  of  gaining  the  customer’s  trust, without any commitment from the authors to the customer. In fact, only the requirements  contained  in  the  named  sections  of  this  document  formally represent the subject matter of the contract with the customer; 

– as  an  introduction  to  the  software-level  requirements,  which  allows them to be contextualized and better documented by their direct association with business goals. 

5.3.2.2.   System level  

This corresponds to the “domain level” of the “goal–design” scale, which is  described  in  section  3.3.2.  System-level  requirements  are  not  directly linked to the future software, but rather to its support of the system of which it  is  part.  They  specify  the  natural  needs  of  the  system  without  having  to consider their implementation at the software level. The real requirements of  
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The  system  can  here  correspond  to  (1)  a  particular  information  system: human resources management and sales; (2) an embedded system for a smart car or a modern aircraft; and (3) a decision support system (DSS). 

System-level  requirements  thus  express  decisional  or  operational activities  of  the  whole  domain  or  system  that  the  future  software  must support,  such  as  delivery  or  invoicing  in  an  information  system, decision-making in a DSS, or monitoring such as autopilot in an embedded system. 

Among  all  the  levels  of  the  BS2  scale,  the  system-level  requirements stand out for their realism and neutrality. In fact, by integrating them into the definition  of  the  specifications,  the  customer  avoids  giving  preference  to  a specific  supplier  or  developer.  This  makes  it  possible,  in  a  competitive situation, to offer equal opportunities to candidates for tender. 

Furthermore, the formulation of the specifications by the analysts, at the system level, prevents them from interfering in design activities, thus leaving more  freedom  to  the  designers  for  proposing  their  solutions.  Finally,  this formulation will allow a natural structuring of the requirements based on the field of application. This will facilitate their identification and verification by analysts, and their understanding and validation by the various stakeholders. 

The responsibility for explicitly implementing these requirements in future software  is  left  to  the  developers.  They  will  be  free  to  translate  them  into software-level  requirements,  as  part  of  their  design  work.  In  fact,  when  the requirements  of  the  software  level  are  defined  by  analysts  in  the  analysis phase, they will indirectly limit the threshold of the solution proposed by the designers. However, the presence of the field of application makes the task of developers easier and more realistic than in the business level. 

Finally, the analysts responsible for identifying these requirements must have sufficient knowledge of the system as a whole, which they can acquire either from the associated documentation or from the domain experts. 

It  should  also  be  noted  that  the  requirements  of  the  system  level  are different  from  the  system  requirements.  The  latter,  which  fall  outside  the scope  of  our  approach,  concern  the  system  itself,  in  which  the  software represents a subsystem. They are seen as part of requirements engineering, 
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which  is  included  in  systems  engineering.  In  contrast,  system-level requirements are seen as part of software requirements engineering, which in turn is included in software engineering. 

5.3.2.3.   Software level  

This corresponds to the “product level” of the “goal–design” scale, which is  described  in  section  3.3.3.  Software-level  requirements  relate  directly  to the  future  software.  In  contrast  to  system  requirements,  software requirements  can  be  used  maliciously  by  some  customers  to  favor  a particular vendor. Indeed, when defining the specifications, an unscrupulous customer  can  formulate  software  requirements  that  correspond  to  services exclusively offered by this supplier. 

The formulation of the specifications, in terms of software requirements, subsequently affects the freedom of proposal among the designers, reducing their design potential. 

Not  relying  on  any  domain  or  other  logic,  these  requirements  are  often formulated by the customer by copying the characteristics of similar existing software.  Consequently,  some  of  them,  which  prove  to  be  unjustified, redundant or even in conflict with others, become difficult to understand by the various stakeholders, be verified by analysts and be validated by the end users. 

In order to compensate for these shortcomings, we propose to frame the software-level  requirements  with  others  among  those  from  the  other  two levels  “system”  and  “business”.  In  the  first  case,  the  software-level requirements  need  to  be  associated  with  the  tasks  of  the  domain  that  the software aims to support. In the second case, they have to be associated with the business goals that the software aims to satisfy. This will allow them to be put into their natural operation context. 

However, as we pointed out at the beginning of section 5.3.2, we consider the  “design”  level  of  the  “goal–design”  scale  as  a  particular  type  of  the 

“software”  level  of  our  scale,  in  which  the  requirements  are  expressed  in terms  of  “how”.  But,  unlike  the  Lauesen  scale,  which  at  this  level  merely considers user interfaces, we extend this particular type to the four subjects of  the  R2F  frame  of  reference  related  to  software,  namely,  “function”, 

“data”, “user interface” and “technical interface”. 
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“data”  subject,  the  algorithms  for  the  “function”  subject  and  finally  the communication protocols for the “technical interface” subject. 

Normally,  software-level  requirements  should  not  interfere  with  design choices,  clearly  stating  how  to  develop  any  software  aspect.  However, design requirements can be useful in certain situations, such as: 

– subcontracting,  in  which  a  dialog  is  established  between  suppliers,  in the  event  that  the  main  software  developer  solicits  several  partners,  and wishes to: 

- ensure  consistent  support  for  the  design  of  a particular  aspect  of  the software, such as the database or human–machine interfaces. They can then resort  to  design  requirements  in  order  to  enforce  a  specific  design  logic, otherwise the resulting deliverables will be very heterogeneous and difficult to integrate, 

- maintain  control  over  the  design  used  by  other  subcontractors.  They can then resort to design requirements in order to enforce a common design logic, otherwise it will not be possible to follow the specific logic of each of the partners; 

– the  future  software  belongs  to  a  software  family.  The  customer  then wants the future software to be designed in a similar way to its predecessors in order to facilitate its integration into the family and to guarantee the end users  the  same  working  environment.  In  the  latter  case,  the  design requirements relate more specifically to user interfaces; 

– reinforcement  as  examples  of  software-level  requirements.  Design requirements can be used as examples of solutions that can be inserted into the software-level requirements; 

– design  requirements  can  also  be  used  in  certain  cases  to  impose  user logic  in  the  design  of  a  particular  software  aspect,  such  as  user  interfaces. 

This  last  situation,  which  may  be  acceptable  and  logical  in  the  case  of tailor-made  software,  quickly  becomes  absurd  in  the  case  of  a commercial-off-the-shelf (COTS) software. In this last example, imposing a specific interface is useless since the human–machine interface of the COTS 

software already exists and it is generally not an option to question it. 
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5.3.3.   “Endogenous–exogenous” requirements taxonomy 

We  propose  a  new  taxonomy  for  E2  requirements  (see  Figure  5.10), consisting  of  the  two  categories  “endogenous  requirements”  versus 

“exogenous  requirements”.  It  is  a  generalization  of  the  “functional requirements”  versus  “non-functional  requirements”  categorization  (see section 4.5). 

Endogenous 

requirements

Requirements

Exogenous 

requirements



Figure 5.10.  “Endogenous–exogenous” 

 requirements taxonomy 

An  exogenous  requirement  can  correspond  to  several  endogenous requirements,  while  an  endogenous  requirement  can  correspond  to  several exogenous requirements. 

5.3.3.1.   Endogenous category 

This consists of intrinsically describing a generic requirement subject (see section 5.1.1), identified from R2F (see section 5.1), by associating it with a specific  subject  suitable  to  the  future  software.  The  generic  subject  can  be chosen from the R2F subjects, depending on the desired level of refinement, starting from the highest level, comprising three main subjects, to the lowest level, comprising atomic subjects. 

This  structural  taxonomy  of  endogenous  requirements  (by  requirement subject) is shown in Figure 5.11. 
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Figure 5.11.   Structural categorization  

 of endogenous requirements 

5.3.3.2.   Exogenous category 

This  consists  of  extrinsically  describing  a  generic  requirement  subject (see  section  5.1.1),  by  applying  a  generic  requirement  factor  (see section  5.1.2),  identified  from  R2F  (see  section  5.1),  by  associating  them with  a  specific  subject  and  a  specific  factor  of  the  future  software.  The generic  subject  can  be  chosen  from  the  R2F  subjects,  according  to  the 
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desired  level  of  refinement,  going  from  the  highest  level,  composed  of  the three  main  subjects  (1)  “software”,  (2)  “operation  environment”  and (3) “development environment”, toward the lowest level, comprising atomic subjects. The generic factor can be chosen from the R2F factors, depending on the desired refinement level, from the highest level, comprising the two main  factors  (1)  “quality”  and  (2)  “compliance”,  toward  the  lowest  level, comprising atomic factors. 

Naturally,  the  whole  set  of  categories  of  potential  exogenous requirements cannot be obtained by a simple Cartesian product of the set of generic  requirements  subjects  with  the  set  of  generic  requirements  factors. 

The  reason  is  quite  simple:  many  combinations  are  not  applicable,  either because  they  are  of  no  interest,  or  because  they  are  meaningless. 

Consequently,  it  would  be  preferable  to  build  a  matrix  of  valid  exogenous requirement categories as a cross-referencing between subjects (in rows) and factors (in columns). The cells of this matrix, which correspond to an invalid cross,  will  be  inhibited.  Finally,  we  emphasize  that  valid  categories  of exogenous  requirements  do  not  present  the  same  interest  from  the  point  of view  of  the  importance  of  the  subjects  they  cover,  and  the  requirement factors they apply, on the one hand, and the specificity of the project under consideration, on the other hand. 
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Figure 5.12.   Taxonomy of exogenous requirements  

 by requirement factors category 

 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License 70     Systemic Approach to Categorizing and Modeling Requirements The new taxonomy of exogenous requirements is a generalization of that of  the  NFR  category,  which  is  very  common  in  the  software  engineering literature  (see  section  4.5.2).  In  the  SMART  approach,  the  exogenous requirements,  unlike  non-functional  requirements,  are  not  limited  to  the quality  aspects  of  the  future  software.  On  the  one  hand,  they  cover  many other aspects that concern both the software itself and its two operation and development environments; on the other hand, they apply all the exogenous factors including both the quality of the software and its compliance with its interdisciplinary environment. 

A  taxonomy  of  exogenous  requirements,  by  category  of  generic requirement factors, is shown in Figure 5.12. 

5.3.3.2.1. Quality category 

The  “quality  requirements”  category  is  a  subcategory  of  exogenous requirements, which is dedicated to covering the quality factors applicable to the  four  descendants  of  the  “software”  subject:  “function”,  “data”,  “user interface”  and  “technical  interface”.  The  NFR  category  understood  in  the sense of quality and defined in the existing typology (see section 4.5.2) is a subcategory  of  exogenous  requirements,  dedicated  to  covering  the  quality factors applied only to the “function” descendant of the “software” subject. 
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Table 5.1.  Matrix (quality factors–requirements subjects) 
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5.3.3.2.2. Compliance category 

The  “compliance  requirements”  category  is  a  subcategory  of  the exogenous  requirements,  which  is  dedicated  to  covering  the  compliance factors  applicable  to  the  three  subjects  –  “software”,  “operation environment”  and  “development  environment”  –  and  to  the descendants  of their respective trees according to R2F (see section 5.1). 
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Table 5.2.   Matrix (compliance factors–requirements subjects) 
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Figure 5.13.   Requirements taxonomy by nature 

This  taxonomy  of  requirements  is  based  on  the  nature  of  the  generic subjects  for  endogenous  requirements  and  the  nature  of  the  generic  factors for exogenous requirements (see Figure 5.13). It includes nine categories: 

– The  “functional  requirements”  category  concerns  the  functional endogenous  requirements  for  specifying  the  functionalities  of  the  future software.  It  corresponds  to  the  “function”  subject  derived  from  the 

“software” subject of R2F. 

– The  “data  requirements”  category  concerns  endogenous  data requirements  for  specifying  the  data  to  be  stored  by  the  future  software.  It corresponds to the “data” subject from the “software” subject of R2F. 
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– The  “interface  requirements”  category  concerns  endogenous  interface requirements  for  specifying  the  interfaces  of  the  future  software  with  its environment. It corresponds to the “user interface” and “technical interface” 

subjects derived from the “software” subject of R2F. 

– The  “procedural  requirements”  category  concerns  the  process requirements for specifying the operation activities of the system as a whole that the future software must support, and the development activities of the future  software.  It  corresponds  to  the  “process  support  for  operation”  and 

“process  support  for  development”  subjects  of  the  respective  “operation environment” and “development environment” subjects of R2F. 

– The  “people  requirements”  category  concerns  the  endogenous requirements of people for specifying the end users and the developers of the future  software.  It  corresponds  to  the  “human  support  for  operation”  and 

“human  support  for  development”  subjects  of  the  respective  “operation environment” and “development environment” subjects of R2F. 

– The  “technical  requirements”  category  concerns  the  endogenous technical  requirements  for  specifying  the  new  software  and  hardware platforms  of  the  future  software  as  well  as  its  software  and  hardware development  environment.  It  corresponds  to  the  “software  support  for operation”  and  “hardware  support  for  operation”  subjects  derived  from  the 

“operation  environment”  subject,  and  to  the  “software  support  for development”  and  “hardware  support  for  development”  subjects  from  the 

“development environment” subject of R2F. 

– The  “cognitive  requirements”  category  concerns  the  endogenous cognitive requirements of the two operation and development environments for  specifying  the  operational  context  (concepts,  goals  and  rules)  for  the former and the development context (methods, techniques, tools, models and tools)  for  the  latter.  It  corresponds  to  the  “cognitive  context  for  operation” 

and  “cognitive  context  for  development”  subjects  of  the  respective 

“operation environment” and “development environment” subjects of R2F. 

– The  “quality  requirements”  category  concerns  the  exogenous  quality requirements. 

– The  “compliance  requirements”  category  concerns  the  exogenous requirements relating to compliance. 

The latter taxonomy generalizes Glinz’s (2005) categorization, presented in section 4.2, which is based on the “kind” criterion. 
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In  this  section,  we  propose  a  new  categorization  of  requirements.  First, we  explore  the  different  possible  cross-references  of  the  three aforementioned categorizations, namely, the UA and BS2 scales, and the E2 

taxonomy, in order to identify the appropriate combination. 

The first cross-reference (see Table 5.3), which concerns the UA and BS2 

scales,  is  of  little  interest.  In  fact,  the  E2  categorization,  which  constitutes the core of the SMART approach, is not taken into account. We note in this cross-reference  that,  on  the  one  hand,  users  are  more  familiar  with  the requirements  of  the  “business”  and  “system”  levels  than  with  those  of  the 

“software”  level.  Even  more  precisely,  decision-making  users  are  more comfortable expressing the “business” level requirements, and operator users are more comfortable expressing the requirements of the “system” level. On the  other  hand,  analysts  are  more  familiar  with  the  requirements  of  the 

“software” level than with those of the “business” and “system” levels. 
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Software 

User 

Users (more familiar) 

Users (more familiar) 

Users (less familiar) 

Analyst 

Analysts (less familiar) 

Analysts (less familiar) 

Analysts (more familiar) 

Table 5.3.  Cross-referencing of the UA scale with the BS2 scale The second cross-reference (see Table 5.4) concerns the UA scale and the E2  taxonomy.  Unlike  the  previous  one,  this  cross-reference  refers  to  R2F 

through the E2 taxonomy. The two categories in the first column of the table, related  to  endogenous  and  exogenous  requirements  at  the  “user”  level,  can have several requirements subjects or factors at the same time. However, the other two categories in the second column of the table, related to endogenous and  exogenous  requirements  at  the  “analyst  level”,  can  have  only  one requirement subject or factor at the same time. 
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Table 5.4.  Cross-referencing of the UA scale with the E2 taxonomy 
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The third cross-reference (see Table 5.5) concerns the BS2 scale and the E2  taxonomy.  Like  the  previous  one,  this  cross-reference  refers  to  R2F 

through  the  E2  taxonomy.  The  requirements  of  the  three  categories  in  the first  row  of  the  table  correspond  to  the  “endogenous”  type  of  the  E2 

taxonomy,  all  levels  of  the  BS2  scale  combined.  The  requirements  of  the three  categories  in  the  second  row  of  the  table  correspond  to  the 

“exogenous” type of the E2 taxonomy, all levels of the BS2 scale combined. 

We  observe  that  in  the  two  categories  resulting  from  this  last cross-reference, related to the exogenous requirements of the “business” and 

“system”  levels,  the  specific  requirement  factor  (SF)  is  unknown.  It  is therefore left to the designers, who are free to specify it in order to satisfy the specific business goal or to support the specific operation activity (SS). 

Moreover, we also note that in the two categories resulting from this last cross-reference,  related  to  the  endogenous  requirements  of  the  “business” 

and “system” levels, the real requirement subject, related to the software and its  operation  and  development  environments  (SS),  is  unknown.  It  is  left  to the  designers,  who  are  free  to  specify  it  in  order  to  satisfy  the  specific business goal or to support the specific operation activity. 

We  propose  a  predefined  template  for  each  requirement  category, resulting from cross-referencing the BS2 scale with the E2 taxonomy. 
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Table 5.5.  Cross-referencing of the BS2 scale with the E2 taxonomy. GS: generic subject; SS: specific subject; GF: generic factor; SF: specific factor  
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– First, the requirements are categorized according to the UA scale. Next, the  requirements  in  each  “user  requirements”  and  “analyst  requirements” 

category are categorized according to the BS2 scale. 

– Second, the requirements of each of the six categories of requirements, resulting from the previous classification, are classified according to the E2 

taxonomy. 

– Third, the requirements of each  category of the 12  main  categories of requirements,  resulting  from  the  previous  classification,  are  classified according to a specific categorization of this category. 

Table  5.6  presents  all  the  possible  specific  categories  proposed  by  the new hybrid categorization approach of requirements. 

UA  BS2  E2 

Specific categorization 

User req. are unstructured req. which in practice do not refer to R2F 
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1  User, endogenous, software level req. 

2  User, exogenous, software level req. 

eq. 

er r

B 

1  User, endogenous, system level req. 

Us

2  User, exogenous, system level req. 

C 

1  User, endogenous, business level req. 

2  User, exogenous, business level req. 

Analyst requirements are structured req. which refer to R2F  

A  Analyst software level req. are revealed by analysts as direct requirements aiming at offering some need for service, user support, or development support, a quality property, or a compliance constraint 

1  – Software req. 

– Functional req. 

– Data req. 

– User interface req. 

– Technical interface req. 

Analyst req. 

– Operation req. 

– Process support for operation req. 

– Human support for operation req. 

– Software support for operation req. 

– Hardware support for operation req. 

– Cognitive context for operation req. 
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  – Development req. 

– Process support for development req. 

– Human support for development req. 

– Software support for development req. 

– Hardware support for development req. 

– Cognitive context for development req. 

2  – Quality req. 

– Functional adequation req. 

– Performance req. 

– Interoperability req. 

– Usability req. 

– Reliability req. 

– Security req. 

– Maintainability req. 

– Portability req. 

– Compliance req. 

– Management req. 

– Technology req. 

– Economics req. 

– Culture req. 

Analyst req. 

– Social req. 

– Political req. 

– Legal req.  

B  Analyst system level req. are revealed by analysts as indirect requirements aiming at supporting a given system activity. So, they are left to designers and developers to make them specific as a first step toward the solution 1  Analyst, endogenous, system level req. 

Same categorization as analyst, endogenous, software level req. (A-1) 2  Analyst, exogenous, system level req. 

Same categorization as analyst, exogenous, software level req. (A-2) C  Analyst business level req. are revealed by analysts as indirect requirements aiming at satisfying a given business goal. So, they are left to designers and developers to make them specific as a first step toward the solution 1  Analyst, endogenous, business level req. 

Same categorization as analyst, endogenous, software level req. (A-1) 

2  Analyst, exogenous, business level req. 

Same categorization as analyst, exogenous, software level req. (A-2) Table 5.6.  New hybrid categorization proposed in the SMART approach. 

 A: software level req.; B: system level req.; C: business level req.; 1: endogenous Req.; 2: exogenous Req. 
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Operationalization 

The  purpose  of  this  chapter  is  to  operationalize  the  SMART  approach. 

Operationalization  allows  us  to  shift  from  the  abstract  aspects  of  our approach to concrete aspects. In the context of our study, it can be defined as the  transformation  process  of  the  abstract  concepts  of  our  approach,  which are linked to the new reference framework,  and the new hybrid requirements categorization  into  two  operating  models  for  requirements  engineering  and management. 

Based  on  Requirements  Metadata  Language  (RML)  (Chikh  2017),  the first  model  can  be  used  to  qualify  requirements  according  to  several predefined  categories  of  metadata.  The  second  model,  which  concerns  the requirements  themselves,  allows  for  a  multi-view  representation  of  all  the categories resulting from the hybrid requirements categorization. 

6.1. New requirements metadata model  

In this section, we propose a scheme for the qualification of requirements. 

In recent years, requirements qualification, which has become an important issue, must be appropriately taken into account. It improves the productivity of  the  requirements  engineering  process.  Indeed,  the  intensive  use  of requirements  throughout  the  software  life  cycle  makes  it  very  strategic information.  Individual  requirements  act  as  fragments  of  information  that For a color version of all the figures in this chapter, see www.iste.co.uk/chikh/smart.zip. 
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Metadata  provides  the  context  for  finding,  analyzing,  verifying  and validating  requirements.  Without  these  metadata,  it  would  be  almost impossible  to  use  the  requirements  in  a  rational  way.  In  order  to  qualify requirements with metadata, certain vocabularies are needed. In this section, we present the structure of RML that we proposed in Chikh (2017) and that we  adapt  to  the  R2F  framework  and  the  hybrid  categorization  proposed  in the previous chapter. 

It corresponds to the building block of the metadata schema presented in Haslhofer and Klas (2010). 

The RML structure is primarily based on LOM, a standard that specifies the syntax and semantics of the metadata of learning objects, defined as the attributes  required  to  describe  a  learning  object  (IEEE  2002).  In  fact,  the RML  data  model  is  structured  as  a  hierarchy,  comprising  categories, aggregated  data  elements  and  simple  data  elements,  which  represent  leaf nodes.  Only  simple  data  elements  have  individual  values  defined  by  their corresponding value space and data type. All data elements are optional. A data element can contain a list of ordered or unordered values, rather than a single  value.  A  vocabulary,  which  is  a  recommended  list  of  appropriate values, could be assigned to certain data elements. 

Table  6.1  shows  the  basic  RML  schema  identifying  the  categories  and their  integrated  data  elements,  their  explanation  and  their  corresponding value  space.  The  “general”,  “life  cycle”,  “technical”  and  “annotation” 

categories  are  almost  similar  to  their  corresponding  categories  in  LOM. 

Nevertheless,  their  content  has  been  adapted  to  the  requirements.  Finally, the  three  categories  “specification”,  “traceability”  and  “taxonomy”,  which are highly field-dependent, have been completely reformulated to satisfy the requirements. The metadata for the latter categories is described below. 
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No. 

Name 

Explanation 

Value space/example 

This category groups the 

1 

General 

general information that 



describes the requirement. 

Possible codification of 

the identifier: 

UA level: U for user 

requirement, A for 

analyst requirement; 

+ BS2 level: B for 

1.1 

Identifier 

Requirement identifier. 

business, S for system, L 

for software; 

+ E2 category: D for 

enDogenous, X for 

eXogenous; 

+ Sequential number of 

the requirement. 

Primary natural language of 

English, French, Arabic, 

1.2 

Language 

the requirement. 

etc. 

Software project title or 

1.3 

Software project 



reference. 

Requirement appendix 

1.4 

Appendix 

URL; URI; bookmark. 

reference. 

This category describes the 

2 

Life cycle 

history and current state of the 



requirement. 

Requirement version number. 

It makes it possible to keep 

2.1 

Version 



track of all the possible 

versions of the requirement. 

Requirement completion 

2.2 

Status 

Draft; revised; valid. 

status. 

All contributions to the state of 

2.3 

Contribution 

the requirement during its life 



cycle. 

Elicitation; specification; 

Nature of contribution to the 

2.3.1 

Contribution role 

verification; 

state of the requirement. 

validation. 

Reference of the contributor to 

2.3.2 

Contribution actor 



the state of the requirement. 
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2.3.3 

Contribution date 



state of the requirement. 

This category describes the 

3 

Technical 

technical characteristics of the 



appendix of the requirement. 

Technical data type(s) of the 

MIME types or  

3.1 

Format 

appendix of the requirement. 

“non-digital”. 

This data element shall refer to 

3.2 

Size 

the size of the appendix of the 



requirement. 

This category describes the 

4 

Specification 

key semantic characteristics of 



the requirement. 

Data model; data 

Requirement style used to 

dictionary; data 

4.1 

Style 

represent its content in the 

expression; virtual 

appendix. 

windows; context 

diagrams; event list. 

Operational; quantitative; 

Requirement representation 

4.2 

Representation 

qualitative; 

according to Glinz (2005). 

declarative. 

Requirement role according to  Prescriptive; descriptive; 

4.3 

Role 

Glinz (2005). 

assumptive. 

Requirement satisfaction 

4.4 

Satisfaction 

Soft; hard. 

according to Glinz (2005). 

Requirement derivation. How 

Primary; interpreted; 

4.5 

Derivation 

the requirement was obtained? 

derived. 

1: requirement is 

Requirement granularity. The 

typically “atomic”; 

requirement may range from a 

2: requirement can 

high-level abstract statement 

include level 1 

4.6 

Granularity 

of a service to a detailed 

requirement; 

mathematical functional 

3: requirement can 

specification. 

include level 2 

requirement. 

Completely; partially; 

4.7 

Reusability 

Requirement reusability. 

no. 

4.8 

Priority 

Requirement priority. 

High; medium; low. 

4.9 

Risk 

Requirement risk. 

High; medium; low. 
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4.10 

Difficulty 

Requirement difficulty. 

High; medium; low. 

4.11 

Stability 

Requirement stability. 

High; medium; low. 

This category describes the 

relationships of the 

5 

Traceability 

requirement with other 



requirements, sources and 

artifacts. 

Reference link to another 

5.1 

Other requirement 



requirement. 

Other requirement 

Reference of the other 

5.1.1 



reference 

requirement. 

Alternativity; 

Relationship type of the 

dependency; refinement; 

5.1.2 

Relation type 

requirement with the other 

evolution; satisfiability; 

requirement. 

overlap; conflict; 

rationalization. 

Reference link to a 

5.2 

Source 



requirement source. 

Reference of the requirement 

5.2.1 

Source reference 



source. 

Regulation; contract; 

Type of the requirement 

5.2.2 

Source type 

standard; 

source. 

user. 

Reference link to a related 

5.3 

Design artifact 



design artifact. 

Reference of the 

5.3.1 

Artifact reference 

corresponding design artifact 



of the requirement. 

Class diagram; state 

Type of the corresponding 

machine  

5.3.2 

Artifact type 

design artifact of the 

diagram; sequence 

requirement. 

diagram. 

Requirement subject according 

5.4 

Subject 



to the reference framework. 

“Software”; “operation 

environment”; 

Generic requirement subject 

“development 

5.4.1 

Generic subject 

according to the reference 

environment” 

framework. 

subjects and their 

descendants. 
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5.4.2 

Specific subject 

according to the real software 



project. 

Requirement factor according 

5.5 

Factor 



to the reference framework. 

Generic requirement factor 

“Quality” and 

5.5.1 

Generic factor 

according to the reference 

“compliance” factors, 

framework. 

and their descendants. 

Specific requirement factor 

5.5.2 

Specific factor 

according to the real software 



project. 

This category provides 

comments on the use of the 

6 

Annotation 

requirement and information 



on when and by whom the 

comments were created. 

6.1 

Annotation entity 

Author of the annotation. 



Creation date of the 

6.2 

Annotation date 



annotation. 

Annotation content. It could be 

6.3 

Annotation description 

used for communication 



between stakeholders. 

This category is intended to be 

7 

Taxonomy 

used for classifying the 



requirement. 

Requirement level according 

7.1 

UA level 

User; analyst. 

to the UA scale. 

Requirement level according 

Business; system; 

7.2 

BS2 level 

to the BS2 scale. 

software. 

Requirement category 

7.3 

E2 category 

Endogenous; exogenous. 

according to the E2 taxonomy. 

Requirement nature. It 

7.4 

Nature 

represents a generalization of 

See Figure 5.13. 

the kind facet of Glinz (2005). 

Application domain of the 

Sales; manufacturing; 

7.5 

Application domain 

software project. 

accounting; car safety. 

Table 6.1.  Basic RML schema adapted to the R2F  

 framework and the hybrid categorization 
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 “Specification” 

– Style  (Metadata  4.1):  refers  to  the  style  used  to  represent  the requirement  such  as  a  data  model,  a  data  dictionary,  data  expression  and virtual windows for data needs such as context diagrams, the list of events and use cases for functional requirements. 

– Representation (Metadata 4.2): refers to the mode used to represent the requirement,  which can  assume one of  the following values: “operational”, 

“quantitative”, “qualitative” and “declarative”, proposed by Glinz (2005). 

– Role (Metadata 4.3): refers to the role played by the requirement, which can  assume  one  of  the  following  values:  “prescriptive”,  “descriptive”  and 

“assumptive”, proposed by Glinz (2005). 

– Satisfaction (Metadata 4.4): refers to satisfying the requirement, which can  assume  one  of  the  following  values:  “soft”  and  “hard”,  proposed  by Glinz (2005). 

– Derivation  (Metadata  4.5):  shows  how  the  requirement  has  been derived. It can assume one of the following values: “primary”, “interpreted” 

and “derived”. 

– Granularity (Metadata 4.6): the requirement can range from a service or constraint  high-level  abstract  declaration  to  a  detailed  mathematical functional specification. 

– Reusability  (Metadata  4.7):  it  is  interesting  to  analyze  which requirements within software projects are fully or partially reusable. In fact, while  generic  requirements  can  be  reused  without  any  modification,  more specific requirements may require efforts to adapt to the context. 

– Priority (Metadata 4.8): refers to the requirement priority in relation to the  customer,  which  can  assume  one  of  the  following  values:  “high”, 

“medium” and “low”. 

– Risk  (Metadata  4.9):  refers  to  the  estimated  technical  risk  of  the requirement,  which  can  assume  one  of  the  following  values:  “high”, 

“medium” and “low”. 
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– Difficulty (Metadata 4.10): refers to the estimated technical difficulty in implementing  the  requirement,  which  can  assume  one  of  the  following values: “high”, “medium” and “low”. 

– Stability  (Metadata  4.11):  refers  to  the  stability  (maturity)  of  the requirement  in  relation  to  the  customer,  which  can  assume  one  of  the following values: “high”, “medium” and “low”. 

 “Traceability” 

– Other  requirement  (Metadata  5.1):  makes  it  possible  to  link  the requirement  to  other  requirements  according  to  different  types  of relationships  such  as  alternativity,  dependency,  refinement,  evolution, satisfiability,  overlapping,  conflict  and  rationalization  (Ramesh  and  Jarke 2001). 

– Source  (Metadata  5.2):  refers  to  the  notion  of  pre-traceability relationships  (Gotel  and  Finkelstein  1994).  It  includes  the  relationships between requirements and the sources that have generated them, such as the regulation, contract, standard and software project. 

– Design  artifact  (Metadata  5.3):  concerns  the  notion  of post-traceability  relationships  (Gotel  and  Finkelstein  1994).  It  includes  the relationships between requirements and design artifacts, which are created in the  architectural  and  detailed  design,  such  as  the  class  diagram,  state machine diagram and sequence diagram. 

– Generic  subject  (Metadata  5.4.1):  refers  to  the  generic  requirement subject according to R2F. 

– Specific  subject  (Metadata  5.4.2):  refers  to  the  specific  requirement subject. 

– Generic factor (Metadata 5.5.1): refers to the generic requirement factor according to R2F. 

– Specific  factor  (Metadata  5.5.2):  refers  to  the  specific  requirement factor. 
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 “Taxonomy” 

– UA  level  (Metadata  7.1  in  RML):  refers  to  the  requirement  level according to the UA scale, as described in section 5.3.1. It can assume one of the following values: “user” and “analyst”. 

– BS2  level  (Metadata  7.2  in  RML):  refers  to  the  requirement  level according to the BS2 scale, as described in section 5.3.2. It can assume one of the following values: “business”, “system” and “software”. 

– E2  category  (Metadata  7.3  in  RML):  refers  to  the  category  of  the requirement according to the E2 taxonomy, as described in section 5.3.3. It can assume one of the following two values: “endogenous” or “exogenous”. 

– Nature (Metadata 7.4 in RML): refers to the nature of the requirement according  to  the  taxonomy  proposed  in  Figure  5.13,  and  described  in section 5.3.4. 

– Application  domain  (Metadata  7.5  in  RML):  refers  to  the  application domain  of  the  corresponding  software  project  such  as  sales,  purchasing  or accounting. 

Figure  6.1  shows  the  seven  categories  of  metadata  in  the  RML  base schema. 

Metadata  can  be  used  in  information  retrieval  and  in  calculating similarity  between  requirements.  In  order  to  simplify  the  use  of  the  RML 

language,  we  propose  a  minimal  application  profile,  called  “RML-bis”, covering  the  most  important  aspects  of  the  requirements  in  the  SMART 

approach.  RML-bis  is  composed  of  the  following  list  of  metadata, selected from the seven RML categories: 1.1 Identifier; 1.3 Software project; 1.4  Appendix;  2.2  Status;  4.1  Style;  4.2  Representation;  4.3  Role; 4.4  Satisfaction;  4.7  Reusability;  4.8  Priority;  4.11  Stability;  5.1  Other requirement  (5.1.1  Other  requirement  reference  and  5.1.2  Relation  type); 5.2  Source  (5.2.1  Source  reference  and  5.2.2  Source  type);  5.3  Design artifact  (5.3.1  Artifact  reference  and  5.3.2  Artifact  type);  5.4  Subject (5.4.1 Generic subject and 5.4.2 Specific subject); 5.5 Factor (5.5.1 Generic factor  and  5.5.2  Specific  factor);  7.1  UA  level;  7.2  BS2  level;  7.3  E2 

category; 7.4 Nature; 7.5 Application domain. Finally, it should be noted that some metadata are indicated during requirements elicitation, while others are 
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Figure 6.1.  Requirements qualification  

6.2. New requirements model 

In this section, we first propose a requirement structure, which is based on  the  R2F  framework  and  the  hybrid  categorization,    proposed  in  the previous chapter. Next, we propose a multi-view model of requirements that supports the representation of all possible categories of requirements. 
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The  new  requirement  structure  consists  of  the  following  triplet  (see Figure 6.2):  

– a  requirement  statement,  which  follows  a  corresponding  view  of  the requirement  model,  chosen  based  on  the  categorization  attributes  of  the requirement, namely, the category (endogenous or exogenous) and the BS2 

level of requirement, on the one hand, and the requirement priority, on the other hand; 

– a  requirement  descriptor,  which  contains  a  number  of  metadata elements  (attributes)  of  the  RML  language  presented  in  section  6.1,  and which characterizes several aspects of a requirement. The identifier, which is the most important descriptor attribute, is mandatory. It is used to uniquely designate a requirement, thus distinguishing it from other requirements; 

– a  fit  criterion,  which  specifies  how  the  software  successfully  satisfies this requirement. 

Statement

Requirement

Fit criterion

Descriptor



Figure 6.2.   Requirement structure 

In  turn,  the  requirement  statement  is  structured  in  the  form  of  the  next triplet (see Figure 6.3): 

– an  (optional)  introduction,  which  defines  the  context  for  justifying and/or introducing the requirement; 
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– a  (mandatory)  body,  which  represents  the  core  of  the  declaration, formulated  according  to  the  model  associated  with  it.  It  consists  of  the following five elements: (1) an instruction formula that changes according to the  priority  and  importance  of  the  requirement;  (2)  a  generic  subject requirement chosen from R2F; (3) a specific requirement subject introduced by the analyst; (4) a generic requirement factor chosen from R2F; and (5) a specific  requirement  factor  introduced  by  the  analyst.  Elements  4  and  5 

relate only to exogenous requirements; 

– an (optional) appendix, which contains the details of the statement in a well-defined  specification  language  (style):  informal  (natural  language), semi-formal (graphic) or formal (mathematical). 

Instruction formula 

Introduction

Generic subject

(Optional)

Body

Specific subject

(Mandatory)

Statement (model)

Appendix

Generic factor

(Optional)

Specific factor



Figure 6.3.   Requirement  

 statement structure 

The V6 multi-view model (six views), which consists of a view for each category,  is  proposed  by  the  new  hybrid  categorization  requirements approach  (Table  5.6).  More  specifically,  it  concerns  the  “analyst” 

requirements. In fact, the “user” level requirements do not generally follow a predefined model. 
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Table 6.2 shows the V6 multi-view model of the requirements: 

– The first three views of this model – DB, DSy and DSo – are related to the three levels of the BS2 scale of endogenous requirements. 

– The second three views of this model – XB, XSy and XSo – are related to the three levels of the BS2 scale of exogenous requirements. 

E2 

BS2 

View 

 ss DB:  The  “software_name”  software  (should/shall/must)  (ensure/require/ 

adopt)  the  necessary  (“GS  selected  from  R2F”)  to  satisfy  the  following Busine

“specific business goal_statement” business goal. 

 m DSy:  The  “software_name”  software  (should/shall/must)  (ensure/require/ 

adopt)  the  necessary  (“GS  selected  from  R2F”)  to  support  the  following Syste

“specific operation activity_statement” operation activity. 

EnDogenous 

DSo:  The  “software_name”  software  (should/shall/must)  (ensure/require/ 

adopt)  (“GS  selected  from  R2F”)  [“SS_name”]  [described  as  follows: Software 

“SS_statement”] [according to the model: “SS_model”]. 

 ss XB:  The  (“software_name”  software)/(“GS  selected  from  R2F”: 

“SS_name”)  (should/shall/must)  ensure  the  necessary  “GF  selected  from R2F”  to  satisfy  the  following  “specific  business  goal_statement”  business Busine

goal. 

 

nous

 

XSy:  The  (“software_name”  software)/(“GS  selected  from  R2F”: m

“SS_name”)  (should/shall/must)  ensure  the  necessary  “GF  selected  from R2F”  to  support  the  following  “specific  operation  activity_statement” 

EXoge

Syste

operation activity. 

XSo:  The  (“software_name”  software)/(“GS  selected  from  R2F”: 

“SS_name”) (should/shall/must) ensure “GF selected from R2F” as follows: Software 

“SF_statement”. 

Table 6.2.  New V6 requirements model 

Three alternative expressions characterize this model:  

– The  first  expression  “ensure”,  which  is  used  by  both  endogenous  and exogenous  views,  concerns,  for  the  former,  the  four  GS  of  R2F,  related  to 

“function”, “data”, “user interface”, and “technical interface”, comprised of the GS “software”, and for the latter, all the GF of R2F. 
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– The  second  expression  “require”,  which  is  used  exclusively  by endogenous  views,  concerns  the  four  GS  of  R2F,  related  to  “procedural support”,  “human  support”,  “software  support”  and  “hardware  support”, comprised of the two GS of R2F “operation environment” and “development environment”. 

– The third expression “adopt”, which is exclusively used by endogenous views,  concerns  the  two  GS  of  R2F,  related  to  “cognitive  context”, comprised  of  the  two  GS  “operation  environment”  and  “development environment”. 

The  expression  “according  to  the  model”,  specific  to  the  DSo  view,  is used by the design requirements, which are proposed in section 5.3.2. 

We  are  now  presenting  a  nomenclature  of  requirements  categories  that includes  all  the  categories  proposed  by  the  new  hybrid  requirements categorization  approach  (see  Table  5.6),  according  to  the  new  V6 

requirement model. 

This  nomenclature  is  limited  to  the  “analyst”  requirements.  The  

“user-level” requirements do not generally comply with a predefined model. 

The  categories  of  this nomenclature are first classified according to the E2 

(endogenous,  exogenous)  taxonomy,  and  then  according  to  the  BS2  scale (business, system and software). 

We present a set of cards in the Appendix that describe the categories of this  nomenclature.  Each  card  specifies  the  corresponding  requirements categories (see Table 5.6), the corresponding view of the V6 model with its version  adapted  to  the  previous  categories  and  finally  an  example  of  a requirement with its RML-bis descriptor.   

6.2.1.   Endogenous requirements 

The purpose of this section is to present the categories of the endogenous requirements through the three levels of the BS2 scale. 

A set of cards in the Appendix describes these categories in accordance with the three endogenous views of the V6 model (see Table 6.3). 
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Card 

BS2 

View 

numbers 

 ss DB:  The  “software_name”  software  (should/shall/must)  (ensure/

require/adopt)  the  necessary  (“GS  selected  from  R2F”)  to  satisfy 1, 2, 3 

Busine

the following “specific business goal_statement” business goal. 

 

DSy:  The  “software_name”  software  (should/shall/must)  (ensure/

m

require/adopt) the necessary (“GS selected from R2F”) to support 4, 5, 6 

the  following  “specific  operation  activity_statement”  operation Syste

activity. 

DSo:  The  “software_name”  software  (should/shall/must)  (ensure/

require/adopt) (“GS selected from R2F”) [: “SS_name”] [described 7–29 

as  follows:  “SS_statement”]  [according  to  the  model: 

Software 

“SS_model”]. 

Table 6.3.  New V6 requirements model – endogenous views 6.2.1.1.   Business-level requirements 

Endogenous  business-level  requirements  characterize  the  three  subjects 

“software”,  “operation  environment”  and  “development  environment”  and their descendants by linking them to the “goal” subject from the “cognitive context  for  operation”  subject,  which  itself  is  from  the  “operation environment” subject. 

Cards 1–3 provide adapted versions of the “DB” view of the V6 model using the “ensure”, “require” and “adopt” options, respectively. 

6.2.1.2.  System-level requirements 

Endogenous  system-level  requirements  characterize  the  three  subjects 

“software”,  “operation  environment”  and  “development  environment”  and their descendants by linking them to the “operation activity” subject from the 

“process  support  for  operation”  subject  itself  from  the  “operation environment” subject. 

Cards 4–6 provide adapted versions of the “DSy” view of the V6 model using the “ensure”, “require” and “adopt” options, respectively. 
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Endogenous  software-level  requirements  characterize  the  three  subjects 

“software”,  “operation  environment”  and  “development  environment”  and their descendants, describing them directly. 

6.2.1.3.1. Software requirements  

Software  requirements  describe  the  intrinsic  aspects  of  the  future software.  They  consist  of  the  following  four  categories  of  requirements: (1) functional, (2) data, (3) user interface and (4) technical interface. 

Cards 7, 9, 11 and 13, which concern “function”, “data”, “user interface” 

and “technical interface”, provide adapted versions of the “DSo” view of the V6 model using the “ensure” option. 

Cards  8,  10, 12  and  14,  which  concern  the  design  aspect  of  “function”, 

“data”, “user  interface”  and  “technical  interface”,  provide  adapted  versions of the “DSo” view of the V6 model using the “ensure” and “according to the model” options. 

 Design requirements  

As  we  pointed  out  at  the  beginning  of  section  5.3.2,  we  consider  the 

“design”  level  of  the  “goal–design”  scale  as  a  particular  type  of  the 

“software”  level  of  our  scale;  more  specifically  software  requirements,  in which  requirements  are  expressed  in  terms  of  “how”.  However,  unlike  the Lauesen  scale,  which  at  this  level  merely  considers  user  interfaces,  we extend this particular type to the four software aspects, namely, “function”, 

“data”, “user interface” and “technical interface”. 

In  fact,  we  consider  that  software  requirements  become  design requirements when they include choices involving design elements, such as screenshots for the “user interface” subject, database schemas for the “data” 

subject,  algorithms  for  the  “function”  subject  and  finally  communication protocols for the “technical interface” subject. 

 Functional requirements  

These  involve  identifying  and  specifying  the  functions  of  the  future software, for example by specifying a list of their names. 
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 Design-type functional requirements 

A design-type functional requirement, which reflects a particular case of a  functional  requirement,  is  expressed  in  the  form  of  an  algorithm  or  any other design model. 

 Data requirements  

These involve identifying and specifying all the domain data to be stored by the software, regardless of their function, by specifying a list of names of the type entities (classes) of these data. 

 Design-type data requirements 

A design-type data requirement, which reflects a particular case of a data requirement,  is  expressed  in  the  form  of  a  database  schema  or  any  other design model. 

 User interface requirements  

These  include  identifying  and  specifying  the  human–machine  interfaces of the future software by specifying a list of names of these user interfaces. 

These  requirements,  which  can  also  be  considered  as  a  particular  case  of functional  requirements,  have  the  specificity  of  focusing  on  the communication  aspect  of  the  future  software  with  the  user.  It  can  also  be said  that  they  consist  of  specifying  the  functions  of  the  future  software whose main mission is only to interact with the user, either in consultation mode, in update mode in the broad sense of the term (creation, modification or deletion) or in hybrid mode. It would then be interesting to also specify the  link  with  the  requirement  to  which  they  are  related.  It  should be  noted that while these requirements can be provided in the form of screenshots. In this  case,  they  correspond  to  “design-level”  requirements  (Lauesen  2002) described in section 3.3.4. 

 Design-type user interface requirements 

A design-type user interface requirement, which reflects a particular case of  user  interface  requirements,  is  expressed  in  the  form  of  a  screenshot  or any other design model. 

 Technical interface requirements 

These  involve  identifying  and  specifying  the  interfaces  of  the  future software  with  other software  by  specifying a  list  of  names of  the technical 

 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License 96     Systemic Approach to Categorizing and Modeling Requirements interfaces of these other software programs. The distinct specificity of these requirements, which can also be considered as a particular case of functional requirements,  is  that  they focus  on  the  communication  aspect  of  the  future software  with  other  software.  It  can  also  be  said  that  they  consist  of specifying functions of the future software whose main mission is merely to exchange with other software in either direction. It would then be interesting to also specify the link with the requirement to which they are related. 

 Design-type technical interface requirements 

A  design  requirement  for  a  design-type  technical  interface,  which  is  a particular  case  of  the  technical  interface  requirements,  is  expressed  in  the form of a communication protocol or any other design model. 

6.2.1.3.2. Operation requirements  

The  operation  requirements  describe  the  aspects  of  the  future  software related  to  its  operation.  They  consist  of  the  following  five  categories  of requirements: (1) operation procedural support, (2) operation human support, (3)  operation  software  support,  (4)  operation  hardware  support  and (5) cognitive context of the operation process. 

Cards 15–18, which concern the subjects related to the operation support of  type  “process”,  “human”,  “software”  and  “hardware”,  provide  adapted versions of the “DSo” view of the V6 model using the “require” option. 

Cards  19–21,  which  concern  the  subjects  related  to  the  operation cognitive  context,  namely,  “concept”,  “goal”  and  “rule”,  provide  adapted versions of the V6 model “DSo” view using the “adopt” option. 

 Operation procedural support requirements 

These  involve  identifying  and  specifying  the  operation  activities  of  the whole  system  that  the  software  must  support,  assist  or  drive  by  specifying their list. 

 Operation human support requirements  

These involve identifying and specifying the profiles of the different end users (employees and external actors) by specifying a list of their categories. 

 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License Operationalization     97 

 Operation software support requirements  

This  involves  identifying  and  specifying  the  new  software  platform required  to  run  the  software  by  specifying  the  list  of  potential  operating systems, the list of databases, the list of other software, the existing data in the  current  software  (for  the  transition),  the  list  of  social  media  and  the documentation list. 

 Operation hardware support requirements 

This  involves  identifying  and  specifying  the  new  hardware  platform required  to  run  the  software  by  specifying  the  list  of  computers  (servers) with  their  hardware  configuration  (CPU,  storage  units  and  input/output units), the equipment  necessary for  the computer  network,  as  well  as  other digital  devices  (sensors,  actuators  and  other  devices)  required  by  the software. 

 Cognitive context requirements of the operation process 

The operation cognitive context requirements, which are not requirements in the strict sense, consist of the following three categories of requirements: (1) concepts, (2) goals and (3) rules. 

Domain concepts requirements  

These  involve  identifying  and  defining  the  concepts  of  the  underlying domain  of  the  future  software  by  specifying  a  list  of  names  of  these concepts. 

Business goal requirements  

These  involve  identifying  and  defining  the  business  goals  that  the company is trying to achieve through the different systems implemented, and which  can  represent  tangible  gains  by  specifying  a  tree  structure  of  these business goals. 

Business rule requirements  

These involve identifying and defining the business rules to be applied by the  future  software  by  specifying  a  list  of  these  business  rules  or  the functions they support. These are not requirements as such. 
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Development  requirements  describe  the  aspects  of  the  future  software related to its development. They consist of the following five categories of requirements: (1)  development procedural support,  (2)  development  human support,  (3)  development  software  support,  (4)  development  hardware support and (5) cognitive context of the development process. 

The  five  categories  of  development  requirements  are  illustrated  with examples that are consistent with the DSo view of the V6 model. 

Cards 22–25,  which  concern subjects  related  to  development  support  of 

“process”,  “human”,  “software”  and  “hardware”,  provide  adapted  versions of the “DSo” view of the V6 model using the “require” option. 

Cards  26–29,  which  concern  subjects  related  to  the  development  of cognitive  context,  namely,  “architecture”,  “methods”,  “technical”  and 

“artifacts”,  provide  adapted  versions  of  the  “DSo”  view  of  the  V6  model using the “adopt” option. 

 Development procedural support requirements 

These  involve  identifying  and  specifying  the  various  recommended activities of its development cycle such as analysis, general design, detailed design and implementation. 

 Development human support requirements 

These  involve  identifying  and  specifying  the  different  categories  of developers  of  the  future  software  –  analysts,  designers,  programmers  and testers – by formulating a list of their categories. 

 Development software support requirements 

These  involve  identifying  and  specifying  the  new  software  platform needed  for  software  development  by  specifying  the  CASE  (Computer Aided  Software  Environment)  tools,  the  IDE  (Integrated  Development Environment), the programming language required by the developer for the development of the software or any other development software. 
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 Development hardware support requirements  

These  involve  identifying  and  specifying  the  new  hardware  platform required  for  software  development,  identifying  the  computer  with  its hardware  configuration  (CPU,  storage  units  and  input/output  units)  as  well as other digital devices (sensors, actuators and other devices) required for the software development. 

 Cognitive context requirements of the development process 

The development cognitive context requirements consist of the following four categories of requirements: (1) architecture, (2) methods, (3) techniques and (4) artifacts. 

Architecture requirements 

These involve identifying and specifying the recommended choice of the future software architecture, such as MVC, 3-tier and SOA. 

Methods requirements  

These  involve  identifying  and  specifying  the  recommended  choice  of methods for the development of the future software, such as Merise, Remora and OMT. 

Techniques requirements  

These  involve  identifying  and  specifying  the  recommended  choice  of development  techniques  for  the  future  software,  such  as  interviews, observation and prototyping. 

Artifacts requirements 

These involve identifying and specifying the recommended choice of the different  development  artifacts  of  the  future  software,  such  as  class diagrams, activity diagrams, sequence diagrams or test plans. 

6.2.2.   Exogenous requirements 

The purpose of this section is to present the categories of the exogenous requirements through the three levels of the BS2 scale. 

 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License 100     Systemic Approach to Categorizing and Modeling Requirements A  set  of  cards  in  the  Appendix  describe  these  categories  in  accordance with the three exogenous views of the V6 model (see Table 6.4). 

BS2 

View 

Card numbers 

 ss XB:  The  (“software_name”  software)/(“GS  selected  from R2F”: “SS_name”) (should/shall/must) ensure the necessary 

30 (Quality) 

“GF  selected  from  R2F”  to  satisfy  the  following  “specific 31 (Compliance) 

Busine

business goal_statement” business goal. 

 

XSy:  The  (“software_name”  software)/(“GS  selected  from 

m

R2F”: “SS_name”) (should/shall/must) ensure the necessary 

32 (Quality) 

“GF  selected  from  R2F”  to  support  the  following  “specific Syste

33 (Compliance) 

operation activity_statement” operation activity. 

XSo:  The  (“software_name”  software)/(“GS  selected  from 

34–41 (Quality) 

R2F”:  “SS_name”)  (should/shall/must)  ensure  “GF  selected  42–48 (Compliance) Software 

from R2F” as follows: “SF_statement”. 

Table 6.4.  New V6 requirements model – exogenous views 6.2.2.1.   Business-level requirements 

Exogenous  business-level  requirements  characterize  the  three  subjects, 

“software”,  “operation  environment”  and  “development  environment”  and their descendants, by linking them to the “goal” subject from the “cognitive context  for  operation”  subject  that  itself  derives  from  the  “operation environment”  subject.  They  concern  the  application  of  the  requirement factors on these subjects. 

Cards 30 and 31, which concern quality and compliance factors, provide adapted  versions  of  the  “XB”  view  of  the  V6  model  using  the  “ensure” 

option. 

6.2.2.1.1. Quality requirements 

Exogenous business-level requirements, related to quality, consist of the following  eight  categories  of  requirements:  (1)  functional  adequation, (2)  performance,  (3)  interoperability,  (4)  usability,  (5)  reliability, (6) security, (7) maintainability and (8) portability. 
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6.2.2.1.2. Compliance requirements 

Exogenous business-level requirements, related to compliance, consist of the  following  seven  categories  of  requirements:  (1)  managerial, (2)  technological,  (3)  economic,  (4)  cultural,  (5)  social,  (6)  political  and (7) legal. 

6.2.2.2.   System-level requirements 

Exogenous  system-level  requirements  characterize  the  three  subjects 

“software”,  “operation  environment”  and  “development  environment”  and their descendants by linking them to the “operation activity” subject from the 

“process  support  for  operation”  subject  that  itself  derived  from  the 

“operation  environment”  subject.  They  concern  the  application  of  the requirement factors to these subjects. 

Cards 32 and 33, which concern quality and compliance factors, provide adapted  versions  of  the  “XSy”  view  of  the  V6  model  using  the  “ensure” 

option. 

6.2.2.2.1. Quality requirements 

System-level  exogenous  requirements,  related  to  quality,  consist  of  the following  eight  categories  of  requirements:  (1)  functional  adequation, (2)  performance,  (3)  interoperability,  (4)  usability,  (5)  reliability, (6) security, (7) maintainability and (8) portability. 

6.2.2.2.2. Compliance requirements 

System-level  exogenous  compliance  requirements  consist  of  the following 


seven 

categories 

of 

requirements: 

(1) 

managerial, 

(2)  technological,  (3)  economic,  (4)  cultural,  (5)  social,  (6)  political  and (7) legal. 

6.2.2.3.  Software-level requirements 

Exogenous  software-level  requirements  characterize  the  three  subjects 

“software”,  “operation  environment”  and  “development  environment”  and their descendants directly describing them. They concern the application of the requirement factors to these subjects. They include both software quality and its compliance with its interdisciplinary environment. 
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Software-level exogenous requirements, related to quality, consist of the following  eight  categories  of  requirements:  (1)  functional  adequation, (2)  performance,  (3)  interoperability,  (4)  usability,  (5)  reliability, (6) security, (7) maintainability and (8) portability. 

Cards 34–31, which concern quality factors, provide adapted versions of the “XSo” view of the V6 model using the “ensure” option. 

 Functional adequation requirements 

These  requirements  involve  specifying  the  degree  to  which  the  future software provides the functions that satisfy the expressed and implicit needs under specified operating conditions. The concerned requirement  subject is 

“function” from the “software” subject. 

 Performance requirements  

These  involve  specifying  the  performance  of  the  future  software  with respect  to  the  resources  employed  under  determined  conditions.  The concerned requirement subject is “software” or each of its descendants. 

 Interoperability requirements  

These  involve  specifying  the  degree  to  which  the  future  software  can exchange  information  with  other  software  and/or  perform  its  functions, while sharing the same hardware and software environments. The concerned requirement subject is “software” or each of its descendants. 

 Usability requirements 

These involve specifying the degree to which the future software can be used to achieve the identified goals effectively, efficiently and satisfactorily, within  a  specified  context.  The  concerned  requirement  subject  is  “user interface” from the “software” subject. 

 Reliability requirements 

These  involve  specifying  the  degree  to  which  the  future  software performs the specified functions, under specified conditions, for a specified period of time. The requirement subject concerned is “software” or each of its descendants. 
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 Security requirements 

These involve specifying the degree to which the future software protects information and data, such that people or other software have access to them that  corresponds  to  their  authorization  level.  The  concerned  requirement subject is “software” or each of its descendants. 

 Maintainability requirements 

These  involve  specifying  the  degree  of  effectiveness  and  efficiency  to which  the  future  software  can  be  modified  by  the  authorized  persons.  The concerned requirement subject is “software” or each of its descendants. 

 Portability requirements 

These  involve  specifying  the  degree  of  effectiveness  and  efficiency  to which the future software can be transferred from one hardware or software environment  to  another,  or  from  one  use  to  another  (reusability).  The concerned requirement subject is “software” or each of its descendants. 

6.2.2.3.2. Compliance requirements 

The  software-level  exogenous  requirements  concerning  compliance consist  of  the  following  seven  categories  of  requirements:  (1)  managerial, (2)  technological,  (3)  economic,  (4)  cultural,  (5)  social,  (6)  political  and (7) legal. 

Cards  42–48,  which  concern  compliance  factors,  provide  adapted versions of the “XSo” view of the V6 model using the “ensure” option. 

 Managerial requirements 

These  involve  specifying  the  managerial  requirements  which  concern, among other things, the following terms:  

– payment  terms  relating  to  the  R2F  “Payment”  compliance  factor, specifying a threshold that must not be exceeded; 

– delivery  terms  relating  to  the  R2F  “Delivery”  compliance  factor, specifying,  for  example,  in  the  case  of  the  software  itself,  a  list  of deliverables,  one  executable  code,  source  code,  user  documentation, technical  documentation,  commercial  documentation  and  the  type  of delivery (partial or total); 

 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License 104     Systemic Approach to Categorizing and Modeling Requirements 

– training  terms  relating  to  the  R2F  “Training”  compliance  factor, specifying, for example, the purpose of the training, the concerned users, the level of qualification sought after as well as the prerequisites; 

– testing  terms  relating  to  the  R2F  “Testing”  compliance  factor, specifying the types of tests to be performed and the test sets to be used (real or fictitious data); 

– installation terms relating to the  R2F “Installation”  compliance  factor, specifying  the  installation  deadline  and  who  is  responsible  for  the installation (the user with or without assistance, and the developer); 

– transition  terms  relating  to  the  R2F  “Transition”  compliance  factor, which concerns  the  transition from the  old software to  the future software, specifying the data from the old software to be converted to the new format, who is responsible  for conversion and the type of transition (direct, a period of simultaneity). 

 Technological requirements 

These involve specifying the technological requirements which concern, among other things, the following terms: 

– trending  terms  relating  to  the  R2F  “Trending”  compliance  factor, specifying, for example, the new technological trends to be considered in the deployment  of  future  software,  such  as  cloud  computing,  grid  computing, distributed  computing,  cluster  computing,  time-sharing  computing, client-server computing, peer-to-peer computing and mobile computing; 

– standard  terms  relating  to  the  R2F  “Standard”  compliance  factor, specifying  the  new  standards  and  protocols  to  be  considered  for  the development  of  the  future  software,  such  as  Universal  Design,  Discovery and Integration (UDDI), Web Service Description Language (WSDL), Web Services  Inspection  Language  (WSIL),  SOAP  and  Web  Services Interoperability (WS-I). 

 Economic requirements 

These involve specifying the economic requirements concerning, among other things, the following terms: 

– cost terms relating to the R2F “Cost” compliance factor, specifying the costs of developing and using the future software; 
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– income  terms  relating  to  the  R2F  “Income”  compliance  factor, specifying the expected income from the use of the future software. 

 Cultural requirements 

These involve specifying the cultural requirements which concern, among other things, the following terms: 

– appearance  terms  relating  to  the  R2F  “Look  and  feel”  compliance factor, specifying the intended appearance, simplicity and the formal nature of the interface of the future software; 

– language  terms  relating  to  the  R2F  “Language”  compliance  factor, specifying the language of the user interfaces and printed reports used by the future software; 

– belief terms relating to the R2F “Believe” compliance factor, specifying the values, preferences and taboos used by the future software; 

– ethical terms relating to the R2F “Ethic” compliance factor, specifying the use of cookies and other technical options used by the future software; 

– currency  terms  relating  to  the  R2F  “Currency”  compliance  factor, specifying the different currencies used by the future software; 

– metrics  terms  relating  to  the  R2F  “Metric”  compliance  factor, specifying the different units of measurement used by the future software; 

– format  terms  relating  to  the  R2F  “Format”  compliance  factor, specifying  the  different  formats  of  dates,  hours,  telephone  numbers  and amounts used by the future software. 

 Social requirements 

These involve specifying the social requirements which concern, among other things, the following terms:  

– cooperation terms relating to the R2F “Cooperation” compliance factor, specifying the collaborative work with the future software; 

– sharing  terms  relating  to  the  R2F  “Sharing”  compliance  factor, specifying file sharing between users with the future software. 
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These  involve  specifying  the  political  requirements  which  concern, among other things, the following terms:  

– adhesion  terms  relating  to  the  R2F  “Adhesion”  compliance  factor, specifying the adhesion of syndicates to the future software; 

– conflict  resolution  terms  relating  to  the  R2F  “Conflict  resolution” 

compliance  factor,  specifying  the  resolution  of  conflicts  between stakeholders of the future software. 

 Legal requirements 

These  involve  specifying  the  legal  requirements  which  concern,  among other things, the following terms:  

– intellectual  property  terms  relating  to  the  R2F  “Intellectual  property” 

compliance factor, specifying the intellectual property of the future software; 

– regulation  terms  relating  to  the  R2F  “Regulation”  compliance  factor, specifying the regulation aspects related to the future software; 

– legislation  terms  relating  to  the  R2F  “Legislation”  compliance  factor, specifying the aspects of existing laws (internal or external to the company) related to the future software. 
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Usage 

The  purpose  of  this  chapter  is  to  present  the  objectives  of  the  SMART 

approach and illustrate its use with scenarios by type of engineering activity. 

We use the term “element” below to refer to an R2F GS or GF. 

7.1. Objectives  

Through R2F and its V6 model, the SMART approach aims to support:  

– analysts or requirements engineers to better: 

- elicit  the  new  “analyst-level”  requirements  by   ex nihilo  creation, reusing  existing  “analyst-level”  requirements  or  reusing  requirements patterns, 

- specify  the  new  “analyst-level”  requirements  in  accordance  with  the V6  model  views,  specific  to  each  category  of  requirements,  and  to  the nomenclature tree that may be preceded by the natural tree structure of the software application domain, 

- analyze the “analyst-level” requirements: completeness analysis, first in  terms  of  coverage  of  the  generic  and  specific  R2F  elements,  by  the  

“user-level” requirements and then in terms of coverage of the latter by those at  the  “analyst-level”;  consistency  and  conflict  analysis;  multidimensional analysis whose goal is to know the distribution of requirements according to different criteria extracted from R2F and the new categorization, 

- validate the “analyst-level” requirements, 
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- qualify  the  requirements:  metadata  qualification  and  multi-criteria research,  qualification  of  relationships  with  other  requirements  and  other artifacts of the future software; 

– developers on the one hand and customers on the other hand to: 

- increase  their  collective  knowledge  of  software  requirements,  with R2F, V6 and the concepts associated with them, 

- standardize  their  narrative  using  a  simple,  precise  and  unified vocabulary. 

7.2. Usage scenarios 

In  order  to  facilitate  the  use  of  the  SMART  approach  and  to  encourage requirements  reuse,  we  attach  to  each  category  of  requirements  in  the nomenclature  typical  requirements  that  represent  patterns  for  the requirements of that category. These patterns are either designed by experts in the field or extracted from the literature. A library of patterns is provided for this purpose. 

Some  pairs  of  categories  in  the  nomenclature  also  exhibit  potential dependencies  between  their respective  requirements,  such  as  the two  pairs: technical  interface  requirements  versus  operation  software  support requirements,  and  functional  requirements  versus  business  rules requirements. 

Other pairs of categories in the nomenclature also exhibit potential links of  natural  conflict  between  their  respective  requirements,  such  as  the  pair: usability requirements versus security requirements. 

Furthermore,  the  requirements  from  previous  projects  are  associated  in two ways. First, they are linked to the categories of the UA  and BS2  scales, as well as the E2 and by-nature taxonomies, through their qualification using the  corresponding  metadata  from  RML-bis  (7.1  UA-level,  7.2  BS2-level, 7.3 E2 category and 7.4 Nature). Second, they are linked to the generic and specific  elements  of  R2F  via  their  qualification  through  the  corresponding metadata  from  RML-bis  (5.4.1  Generic  subject,  5.4.2  Specific  subject, 5.5.1 Generic factor and 5.5.2 Specific factor). 
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We plan to use the SMART approach through several potential scenarios that translate the core requirements engineering and management activities. 

7.2.1.   Elicitation activity 

We  present  two  different  scenarios  that  illustrate  how  the  SMART 

approach is used in the elicitation activity:  

– In  the  first  scenario,  the  SMART  approach  aims  to  support  the elicitation  process,  from  scratch  or  by  re-using  similar  requirements,  of  a new  “analyst-level”  requirement,  to  meet  a  “user-level”  requirement.  The analyst first chooses the appropriate category of the new requirement in the nomenclature, from which they discover the generic element(s). The specific R2F  elements,  which  are  included  in  the  scope  of  application  of  the  new software  and  correspond  to  the  category  and  generic  elements  of  the  new requirement,  are  then  automatically  extracted.  The  analyst  chooses  from among  them  the  specific  elements  of  the  new  requirement,  either  by adoption  or  by  adaptation  of  the  former  to  the  new  context.  These  are specific elements of similar requirements belonging to previous projects. If no choice is possible, the analyst then proceeds to create specific elements of the new requirement from scratch. 

– In  the  second  scenario,  the  SMART  approach  aims  to  support  the elicitation process by reusing typical requirements (requirement patterns) to meet  a  “user-level”  requirement.  The  analyst  first  chooses  the  appropriate category  of  the  new  requirement  in  the  nomenclature,  from  which  they obtain  a  list  of  typical  requirements  (requirement  patterns)  specific  to  the application area, which can be adapted as they wish to the new context, more particularly the specific elements. 

7.2.2.  Specification activity 

We present a scenario that illustrates the use of the SMART approach in the  specification  activity:  in  this  scenario,  the  SMART  approach  aims  to support  the  specification  process  for  a  new  “analyst-level”  requirement. 

Considering  the  first  elicitation  scenario,  a  first  draft  can  be  generated  on demand,  according  to  the  view  corresponding  to  its  category  in  the  V6 

requirements  model.  Analysts  can  then  adopt  this  version  or  customize  it according  to the context of their project. Then, regardless  of the elicitation 
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7.2.3.  Analysis activity 

We present three different scenarios that illustrate the use of the SMART 

approach in the analysis activity:  

– In  the  first  scenario,  the  SMART  approach  aims  to  support  the completeness  analysis  process  of  the  “user-level”  and  “analyst-level” 

requirements.  First  of  all,  R2F  is  automatically  reduced  to  the  specific elements,  which  fall  within  the  new  scope  of  application.  The  analyst  can further refine it according to the context of the new software. The coverage rate  of  these  elements  by  the  “user-level”  requirements,  as  well  as  the coverage  rate  of the  latter  by the  “analyst-level”  requirements,  can  then  be automatically  calculated.  Therefore,  the  specific  elements,  which  are  not covered at all or not sufficiently, are highlighted in order to be considered in the elicitation of additional “user-level” requirements. Similarly, “user-level” 

requirements that are not covered at all or not sufficiently are highlighted in order  to  be  taken  into  account  in  the  elicitation  of  new  “analyst-level” 

requirements. 

– In  the  second  scenario,  the  SMART  approach  aims  to  support  the consistency  analysis  process  of  a  given  “analyst-level”  requirement. 

Requirements  for  the  same  software,  whose  categories  show  a  dependency on the category of the new requirement, and whose specific elements are the same as its own, are automatically extracted. The analyst can then manually analyze the consistency of the new requirement with the latter. 

– In the third scenario, the SMART approach aims to support the analysis process of conflicts between a given “analyst-level” requirement and others. 

Requirements  for  the  same  software,  whose  categories  conflict  with  the category of the new requirement, and whose specific elements are the same as  its  own,  are  automatically  extracted.  The  analyst  can  then  manually analyze  the  existence  of  conflicts  between  the  new  requirement  and  the latter. 
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7.2.4.  Validation activity 

We present a scenario that illustrates the use of the SMART approach in the  validation  activity:  in  this  scenario,  the  SMART  approach  aims  to support the validation process of a new “analyst-level” requirement against 

“user-level” requirements which allowed its derivation, and its other sources of  information.  All  of  these  requirements  and  sources  are  automatically extracted  based  on  the  metadata:  5.1  Other  requirement  (5.1.1  Other requirement  reference  and  5.1.2  Relation  type  (derivation))  and  5.2  Source (5.2.1  Source  reference  and  5.2.2  Source  type)  of  the  RML-bis  language. 

After this validation, the 2.2 Status life cycle metadata is set to “VALID”. 

7.2.5.   Qualification activity 

We  present  two  different  scenarios  that  illustrate  how  the  SMART 

approach is used in the qualification activity:  

– In  the  first  scenario,  the  SMART  approach  aims  to  support  the qualification process for a given “user-level” requirement. The qualification of  this  requirement  by  the  RML-bis  language  is  achieved  through  general metadata  such  as  1.1  Identifier  and  1.3  Software  project;  traceability metadata such as 5.1 Other requirement (5.1.1 Other requirement reference and  5.1.2  Relation  type),  5.2  Source  (5.2.1  Source  reference  and  5.2.2 

Source  type),  5.4.1  Generic  subject,  5.4.2  Specific  subject,  5.5.1  Generic factor  and  5.5.2  Specific  factor;  and  taxonomy  metadata  such  as  7.1  UA level, 7.2 BS2 level, 7.3 E2 level, 7.4 Nature, and 7.5 Application domain. 

These metadata are the first version of the requirement descriptor and will be used  in  the  structured  multi-criteria  search  for  “user-level”  requirements. 

They can later be supplemented with other metadata as needed. 

– In  the  second  scenario,  the  SMART  approach  aims  to  support  the relationship  qualification  process  of  a  given  “user-level”  or  “analyst-level” 

requirement with the other requirements and development artifacts by using the  following  metadata:  5.1  Other  requirement  (5.1.1  Other  requirement reference  and  5.1.2  Relation  type)  and  5.3  Design  artifact  (5.3.1  Artifact reference and 5.3.2 Artifact type) of the RML-bis language. 
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Evaluation 

The  objective  of  this  chapter  is  to  evaluate  the  new  SMART  approach through comparison with the main existing approaches. 

We  analyze  its  respective  adequacy  with  these  different  approaches through the tables that follow. 

We  show  how  this  new  approach  reconsiders  all  existing  categories  by adopting, adapting or extending them to new categories. 

8.1. Comparison with Somerville’s approach 

Table  8.1  compares  SMART  with  Somerville’s  approach  (Somerville 2016). 

We note that in SMART, the concept of “system requirement” has been replaced  by  “analyst  requirement”  as  opposed  to  “user  requirement” 

(role-based categorization). 

In addition, the concepts of “functional requirement” and “non-functional requirement”  have  been  extended,  respectively,  to  the  concepts  of 

“endogenous requirement” and “exogenous requirement”. 
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Corresponding categories in SMART 

User req. 

User req. 

System req. 

Analyst req. 

Endogenous req./software level req./operation req./cognitive context for operation req.: 

Domain req. 

– concept definitions; 

– goal definitions; 

– business rule definitions. 

Functional req. 

Endogenous req./software level req./software req./functional req. 

Non-functional req.  Exogenous req./software level req. 

Performance req. 

Exogenous req./software level req./quality req./performance req. 

Usability req. 

Exogenous req./software level req./quality req./usability req. 

Security req. 

Exogenous req./software level req./quality req./security req. 

Reliability req. 

Exogenous req./software level req./quality req./reliability req. 

Operational process  Endogenous req./software level req./operation req./process support req. 

for operation req. 

Development process  Endogenous req./software level req./development req./process req. 

support for development req. 

Endogenous req./software level req./operation req.: 

– human support for operation req.; 

Environmental req.  – software support for operation req.; 

– hardware support for operation req. 

Regulatory req. 

Exogenous req./software level req./compliance req./law req. 

Legislative req. 

Exogenous req./software level req./compliance req./law req. 

Ethical req. 

Exogenous req./software level req./compliance req./law req. 

Table 8.1.  Comparison with Somerville’s approach  
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8.2. Comparison with Lauesen’s approach 

Table  8.2  compares  SMART  with  Lauesen’s  approach  (Lauesen  2002). 

We  consider  that  the  “design”  level  in  Lauesen’s  approach  is  a  particular case  of  the  software  level  in  SMART,  as  explained  in  section  5.3.2. 

Therefore,  the  software-level  requirements,  which  are  considered  to  be design  requirements,  simultaneously  relate  to  user  interface,  technical interface, function and data requirements. Their design aspect is due to the fact that they are expressed in terms of design elements such as screenshots for user interfaces, database schemas for data, algorithms for functions and finally communication protocols for technical interfaces. 

Existing categories 

Corresponding categories in SMART 

Goal level req. 

Business level req. 

Domain level req. 

System level req. 

Product level req. 

Software level req. 

Endogenous req./software level req./software req: 

– user interface design req.; 

Design level req. 

– technical interface design req.; 

– functional design req.; 

– data design req. 

Managerial req. 

Exogenous req./software level req./compliance req./management req. 

Other deliverables  Exogenous req./software level req./compliance req./management req. 

Quality req. 

Exogenous req./software level req./quality req. 

Functional req. 

Endogenous req./software level req./software req./functional req. 

Data req. 

Endogenous req./software level req./software req./data req. 

Table 8.2.  Comparison with Lauesen’s approach  

8.3. Comparison with Robertson’s approach 

Table 8.3 compares SMART with Robertson’s approach (Robertson et al .  

2013).  In  SMART,  Robertson’s  “look  and  feel  requirements”  category  is considered to be dependent on the cultural factor. 
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Corresponding categories in SMART 

Exogenous req./software level req./compliance req./culture 

Look and feel req. 

req./look and feel req. 

Usability req. 

Exogenous req./software level req./quality req./usability req. 

Performance req. 

Exogenous req./software level req./quality req./performance req. 

Endogenous req./software level req./operation req.: 

Operational and 

– software support for operation req.; 

environmental req. 

– hardware support for operation req. 

Exogenous req./software level req./quality req./maintainability req. 

Maintainability  

Endogenous req./software level req./operation req.: 

and support req. 

– software support for operation req.; 

– hardware support for operation req.; 

– human support for operation req. 

Security req. 

Exogenous req./software level req./quality req./security req. 

Cultural req. 

Exogenous req./software level req./compliance req./cultural req. 

Legal req. 

Exogenous req./software level req./compliance req./law req. 

Table 8.3.   Comparison with Robertson’s approach  

8.4. Comparison with Van Lamsweerde’s approach 

Existing categories 

Corresponding categories in SMART 

Requirement 

Endogenous req./software level req./software req. 

Endogenous req./software level req./operation req. 

Assumption 

Endogenous req./software level req./development req. 

Endogenous req./software level req./operation req./cognitive context Domain property 

for operation req./rule definition. 

Endogenous req./software level req./operation req./cognitive context Definition 

for operation req./concept definition. 

Endogenous req./software level req./operation req./cognitive context Goal 

for operation req./goal definition. 

Table 8.4.  Comparison with Van Lamsweerde’s approach   
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Table  8.4  compares  SMART  with  Van  Lamsweerde’s  approach  (Van Lamsweerde  2009).  In  SMART,  all  the  concepts  of  Van  Lamsweerde’s approach  have  been  grouped  under  the  broad  concept  of  endogenous requirement. 

8.5. Comparison with Glinz’s approach 

Existing categories 

Corresponding categories in SMART 

Function 

Endogenous req./software level req./software req./functional req. 

Data 

Endogenous req./software level req./software req./data req. 

Performance 

Exogenous req./software level req./quality req./performance req. 

Specific quality 

Exogenous req./software level req./quality req. 

Constraint 

Exogenous req./software level req./compliance req. 

Table 8.5.   Comparison with Glinz’s approach  

Table  8.5  compares  SMART  with  Glinz’s  approach  (Glinz  2007).  In SMART,  Glinz’s  different  categories  related  to  the  “kind”  facet  have  been replaced  by  the  corresponding  subcategories  in  the  endogenous  and exogenous  categories.  The  three  facets  “representation”,  “role”  and 

“satisfaction”  have  been  replaced  by  new  metadata  from  the  RML  

language: the “representation” corresponds to metadata 4.2, the “role” facet corresponds  to  metadata  4.3  and  the  “satisfaction”  facet  corresponds  to metadata 4.4. 

8.6. Comparison with Meyer’s approach 

Table 8.6 compares SMART with Meyer’s approach (Meyer et al. 2019). 

All  of  Meyer’s  concepts  have  a  correspondence  in  SMART,  with  the exception of: 

– the  five  fundamental  categories:  “limit”,  “lack”,  “meta  requirement”, 

“justification”,  and  “obstacle”,  which  we  do  not  consider  requirements  as such; 

– the three derived categories: “obligation”, “assumption” and “invariant” 

which are  only translated by a categorization by nature  of  the fundamental 

“constraint” category. 
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Corresponding categories in SMART 

Component 

R2F/dimension 1/subject. 

R2F/dimension 1/operation environment/cognitive context for 

Goal 

operation/goal. 

R2F/dimension 1/software: 

Behavior 

– function; 

– user interface; 

– technical interface. 

R2F/dimension 1/software/development/process support for 

Task 

development/development activity. 

R2F/dimension 1/software/development/cognitive context for 

Product 

development/artifact. 

Constraint 

R2F/dimension 2/compliance. 

R2F/dimension 1/operation environment:  

– software support for operation; 

– hardware support for operation; 

– human support for operation; 

Role 

R2F/dimension 1/development environment:  

– software support for development; 

– hardware support for development; 

– human support for development. 

Limit 

None. 

Lack 

None. 

Meta-requirement 

None. 

R2F/dimension 1/operation environment:   

– human support for operation. 

Actor 

R2F/dimension 1/development environment:  

– human support for development. 

Justification 

None. 

R2F/dimension 1/operation environment:  

– human support for operation. 

Responsibility 

R2F/dimension 1/development environment:  

– human support for development. 
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Obstacle 

None. 

Functional behavior  R2F/dimension 1/software/function. 

Non-functional 

R2F/dimension 2/quality. 

behavior 

R2F/dimension 1/operation environment/cognitive context for 

Business rule 

operation/rule. 

R2F/dimension 1/operation environment/cognitive context for 

Physical rule 

operation/rule. 

R2F/dimension 1/operation environment/cognitive context for 

Engineering decision  operation/rule. 

Obligation 

None. 

Assumption 

None. 

Invariant 

None. 

Table 8.6.  Comparison with Meyer’s approach 
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In this book, we have approached software requirements from a holistic perspective in order to better understand their nature, structure and usage. On the  one  hand,  we  have  therefore  identified  the  subjects  relating  to the future software and its development and operation environments, which they  ought  to  cover  (requirements  subjects),  and,  on  the  other  hand,  the quality  factors  that  affect  them,  as  well  as  the  compliance  factors  with  the various  multidisciplinary  environmental  constraints,  which  condition  them. 

Indeed,  it  is  unacceptable  for  analysts  to  continue  to  ignore  the  natural complexity of the requirements, focusing in particular on the functional and non-functional  needs  of  the  software,  often  considering  for  the  latter  only software  quality.  Their  resulting  specifications  thus  present  ambiguous  and poorly  structured  content,  which  other  developers  and  stakeholders  often find difficult to use. 

Current  categorizations  of  software  requirements  suffer  from  a  high degree of ambiguity and inconsistency, mainly due to the lack of a common and  clear  reference  framework  for defining  relevant  software  elements  and environmental factors. This book revolutionizes the traditional approach by proposing  a  new  systemic  approach  to  requirements  categorization  and modeling,  called  SMART  (Systemic  Approach  to  caTegorizing  and Modeling Requirements). This novel systemic approach provides: 1) at  the conceptual  level, a  new reference framework, finally departing with divergent interpretations, through precise definition of the elements of the  software  and  the  environmental  factors.  This  framework  provides  an essential basis for all other components of this approach, a new definition of requirements, as well as a new hybrid categorization of requirements; 
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The SMART approach was designed to be an excellent reference in terms of definition, categorization, qualification, structuring and representation of requirements,  both  for  staunch  IT  specialists  and  for  professionals  in  other sectors  such  as  business  process  management,  organization  and  change management. 

It takes into account all the requirement categories proposed by existing approaches,  adopting  them,  adapting  them  or  extending  them  to  new categories. 

By adopting this new approach, professionals will be able to improve the clarity, accuracy and relevance of their  specifications, thus  maximizing the success of their software projects. 

Finally,  we  strongly  recommend  the  integration  of  SMART  into requirements  engineering  and  management  through  its  adoption  by  their different  models,  methods  and  techniques.  To  this  end,  we  would  like  to indicate that a first prototype of a  requirements  management tool based  on the SMART approach is under construction. 
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Cards Relating to the Nomenclature  

of the Categories of Requirements 

Card 1 

 

Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Business level req./Software req./Functional req. 

•   Endogenous req./Business level req./Software req./Data req. 

•   Endogenous req./Business level req./Software req./User interface req. 

•   Endogenous req./Business level req./Software req./Technical interface req. 

 

Corresponding view of the V6 model:  DB view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  ensure  the  necessary (Function/Data/User  interface/Technical  interface)  to  satisfy  the  following  business  goal: 

“specific business goal_statement”. 

  

EXAMPLE.   The  “e-lib”  software  must  ensure  the  necessary  function  to  satisfy  the  following 

business goal: increase the turnover of book sales. 

RML-bis descriptor:  

1.1 Identifier: R1    

4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Function 







5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Business 

7.3 E2 category: Endogenous 

7.4 Nature: Functional 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Business level req./Operation req./Process support for operation req. 

•   Endogenous req./Business level req./Operation req./Human support for operation req. 

•   Endogenous req./Business level req./Operation req./Software support for operation req. 

•   Endogenous req./Business level req./Operation req./Hardware support for operation req. 

•   Endogenous req./Business level req./Development req./Process support for development req. 

•   Endogenous req./Business level req./Development req./Human support for development req. 

•   Endogenous req./Business level req./Development req./Software support for development req. 

•   Endogenous req./Business level req./Development req./Hardware support for development req. 

 

Corresponding view of the V6 model:  DB view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  require  the  necessary (Process/Human/Software/Hardware) support for (Operation/Development) to satisfy the following business goal: “specific business goal_statement”. 



EXAMPLE. The “e-lib” software must require the necessary human support for operation to satisfy the following business goal: increase the turnover from book sales. 

RML-bis descriptor:  

1.1 Identifier: R2 



4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Human support for operation 





5.5.1 GF: N/A 

7.1 UA level: Analyst            

7.2 BS2 level: Business 

7.3 E2 category: Endogenous  

7.4 Category: People 

7.5 Application domain: Library 
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Card 3 

 

Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Business level req./Operation req./Cognitive context for operation req. 

•   Endogenous req./Business level req./Development req./Cognitive context for development req. 

 

Corresponding view of the V6 model:  DB view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  adopt  the  necessary (Concept/Goal/Rule)/(Architecture/Method/Technique/Artifact) to satisfy the following business goal: “specific business goal_statement”. 

  

EXAMPLE.  The “e-lib” software must adopt the necessary rules to satisfy the following business goal: increase the turnover from book sales. 

RML-bis descriptor:  

1.1 Identifier: R3 



4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Rule 









5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Business   

7.3 E2 category: Endogenous 

7.4 Nature: Cognitive 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./System level req./Software req./Functional req. 

•   Endogenous req./System level req./Software req./Data req. 

•   Endogenous req./System level req./Software req./User interface req. 

•   Endogenous req./System level req./Software req./Technical interface req. 

 

Corresponding view of the V6 model:  DSy view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  ensure  the  necessary (Function/Data/User  interface/Technical  interface)  to  support  the  following  operation  activity: 

“specific operation activity statement”.   

  

EXAMPLE.   The  “e-lib”  software  must  ensure  the  necessary  data  to  support  the  following operation  activity:  searching  for  a  book  in  the  catalog  can  be  done  on  the  basis  of  more  or  less accurate references. 

RML-bis descriptor:  

1.1 Identifier: R4    

4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Data 









5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: System          7.3 E2 category: Endogenous  

7.4 Nature: Data  

7.5 Application domain: Library 
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Card 5 

 

Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./System level req./Operation req./Process support for operation req. 

•   Endogenous req./System level req./Operation req./Human support for operation req. 

•   Endogenous req./System level req./Operation req./Software support for operation req. 

•   Endogenous req./System level req./Operation req./Hardware support for operation req. 

•   Endogenous req./System level req./Development req./Process support for development req. 

•   Endogenous req./System level req./Development req./Human support for development req. 

•   Endogenous req./System level req./Development req./Software support for development req. 

•   Endogenous req./System level req./Development req./Hardware support for development req. 

 

Corresponding view of the V6 model:  DSy view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  require  the  necessary (Process/Human/Software/Hardware)  support  for  (Operation/Development)  to  support  the following operation activity: “specific operation activity_statement”. 

  

EXAMPLE.  The “e-lib” software must require the necessary software support for development to support the following operation activity: searching for a book in the catalog can be done on the basis of more or less accurate references. 

RML-bis descriptor:  

1.1 Identifier: R5 



4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Software support for development 



5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: System 

7.3 E2 category: Endogenous  

7.4 Nature: Technical 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./System level req./Operation req./Cognitive context for operation req. 

•   Endogenous req./System level req./Development req./Cognitive context for development req. 

 

Corresponding view of the V6 model:  DSy view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  adopt  the  necessary (Concept/Goal/Rule)/(Architecture/Method/Technique/Artifact)  to  support  the  following operation activity: “specific operation activity_statement”. 

  

EXAMPLE.   The  “e-lib”  software  must  adopt  the  necessary  technique  to  support  the  following operation  activity:  the  search  for  a  book  in  the  catalog  can  be  done  on  the  basis  of  more  or  less accurate references. 

RML-bis descriptor:  

1.1 Identifier: R6 



4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Technique  







5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: System 

7.3 E2 category: Endogenous  

7.4 Nature: Cognitive 

7.5 Application domain: Library 
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Card 7 

 

Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Software req./Functional req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  ensure  “Function” 

[“Function_name”], described as follows: [“Function_statement”].    

EXAMPLE.   The  “e-lib”  software  must  ensure  the  function:  “customer  delivery”,  described  as follows: prepare the delivery of booksellers who are solvent or have already made their payments. 

RML-bis descriptor:  

1.1 Identifier: R7    

4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Function 

5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software 

7.3 E2 category: Endogenous   

7.4 Nature: Functional 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Software req./Functional req./Design Functional req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  ensure  “Function” 

[“Function_name”],  described  as  follows:  [“Function_statement”],  according  to  the  model: 

[“Function_model”]. 

EXAMPLE.  The “e-lib” software must ensure the function: “New customer registration”, according to the model: the sequence diagram of this function (in appendix). 

RML-bis descriptor:  

1.1 Identifier: R8    

4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Function 

5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software          7.3 E2 category: Endogenous   

7.4 Nature: Functional 

7.5 Application domain: Library 
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Card 9  

 

Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Software req./Data req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  ensure  “Data” 

[“Data_name”], described as follows: [“Data_statement”]. 

EXAMPLE.  The “e-lib” software must ensure the data: “book, customer, order, invoice”, described as  follows:  book  (title,  authors,  ISBN);  customer  (name,  address,  telephone,  email  address);  order (date, book titles and quantities); invoice (date, book titles, price, quantities, amount). 

RML-bis descriptor:  

1.1 Identifier: R9    

4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Data 









5.5.1 GF: N/A 

7.1 UA level: Analyst 

7.2 BS2 level: Software 

7.3 E2 category: Endogenous   

7.4 Nature: Data 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Software req./Data req./Design Data req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  ensure  “Data” 

[“Data_name”], described as follows: [“Data_statement”], according to the model: [“Data_model”].  

EXAMPLE. The “e-lib” software must ensure the data: “book, customer, order, invoice”, according to the model: the relational schema of the database (in appendix). 

RML-bis descriptor:  

1.1 Identifier: R10    

4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Data 









5.5.1 GF: N/A 

7.1 UA level: Analyst 

7.2 BS2 level: Software  

7.3 E2 category: Endogenous   

7.4 Nature: Data 

7.5 Application domain: Library 
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Card 11 

 

Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Software req./User Interface req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  ensure  “User  interface” 

[“User interface_name”], described as follows: [“User Interface_statement”]. 

EXAMPLE.  The “e-lib” software must ensure the user interface: “detailed consultation of a book resulting from the search” described as follows: provide a detailed view of each sold book, consisting of  its  image,  which  the  visitor  can  enlarge,  its  price  and  availability,  comments  from  its  readers (former customers), its detailed table of contents, as well as extracts from its chapters. 

RML-bis descriptor:  

1.1 Identifier: R11   

4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: User interface 







5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software 

7.3 E2 category: Endogenous   

7.4 Nature: Interface 







7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Software req./User Interface req./Design User Interface req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  ensure  “User  Interface” 

[“User interface_name”], described as follows: [“User Interface_statement”], according to the model: 

[“User Interface_model”].  

EXAMPLE.  The “e-lib” software must ensure the user interface: “reduced consultation of a book resulting from the search” according to the model: the screenshot (in appendix). 

RML-bis descriptor:  

1.1 Identifier: R12   

4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: User interface 







5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software 

7.3 E2 category: Endogenous   

7.4 Nature: Interface 







7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Software req./Technical interface req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted version: The “software_name” software (should/shall/must) ensure “Technical interface” 

[“Technical interface_name”], described as follows: [“Technical interface_statement”].  

EXAMPLE.   The  “e-lib”  software  must  ensure  the  technical  interface:  “exchange  with  the  CRM 

(Customer  Relationship  Management)  software”  described  as  follows:  the  “e-lib”  software  needs specific information about the CRM software such as the solvency of a bookseller before proceeding with its delivery. 

RML-bis descriptor:  

1.1 Identifier: R13   

4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Technical interface   





5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software 

7.3 E2 category: Endogenous  

7.4 Nature: Interface 







7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•     Endogenous req./Software level req./Software req./Technical  interface  req./Design  Technical       interface req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted version: The “software_name” software (should/shall/must) ensure “Technical interface” 

[“Technical interface_name”], described as follows: [“Technical interface_statement”], according to the model: [“Technical interface_model”].  

EXAMPLE.   The  “e-lib”  software  must  ensure  the  technical  interface:  “exchange  with  the compatibility  software  (Customer  Relationship  Management)”  according  to  the  model:  the communication protocol (in appendix). 

RML-bis descriptor:  

1.1 Identifier: R14   

4.2 Representation: Operational 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Technical interface   





5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software 

7.3 E2 category: Endogenous   

7.4 Nature: Interface 







7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Operation req./Process support for operation req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted version: The “software_name” software (should/shall/must) require “Process support for operation”, described as follows: [“Process support for operation_statement”].  

EXAMPLE.  The “e-lib” software must require process support for operation described as follows: the purchase process begins with a bookseller’s access to the “mylib” e-distributor’s website, his/her possible registration, his/her connection and access to the online catalog. Electronic catalogs can be very  large,  hence  the  usefulness  of  a  multi-criteria  search  for  books.  The  search  for  a  book  in  the catalog can be done on the basis of more or less accurate references. The bookseller places the chosen books in a virtual basket. They then visit a checkout page, where a delivery option is selected, such as the  delivery  time  (1  day,  3  days,  1  week,  etc.).  Finally,  a  payment  option  is  selected,  such  as  the payment  method  (credit  card,  PayPal,  check  after  billing,  etc.).  After  verifying  all  the  details,  the bookseller submits the order. 

RML-bis descriptor:  

1.1 Identifier: R15    

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Soft 

5.4.1 GS:  Process support for operation   



5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software 

7.3 E2 category: Endogenous  

7.4 Nature: Procedural 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Operation req./Human support for operation req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted version: The “software_name” software (should/shall/must) require “Human support for operation”, described as follows: [“Human support for operation_statement”].  

EXAMPLE.  The “e-lib” software must require human support for operation, described as follows: three  customer  order  agents;  two  customer  billing  agents;  two  CRM  and  PRM  service  agents;  two inventory  agents;  one  marketing  agent;  one  CRM  and  PRM  service  manager;  one  sales  department manager;  one  inventory  department  manager;  one  accountant;  one  application  administrator;  one database administrator, etc. 

RML-bis descriptor:  

1.1 Identifier: R16    

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Soft 

5.4.1 GS:  Human support for operation   



5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Endogenous   

7.4 Nature: Procedural 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Operation req./Software support for operation req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  require  “Software  support for operation”, described as follows: [“Software support for operation_statement”].  

EXAMPLE. The  “e-lib”  software  must  require  software  support  for  operation,  described  as follows:  potential  operating  systems:  Windows,  Linux;  other  software:  Mycompta  accounting software; documentation: online software help. 

RML-bis descriptor:  

1.1 Identifier: R17    

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Soft 

5.4.1 GS:  Software support for operation   



5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software    

7.3 E2 category: Endogenous  

7.4 Nature: Technical 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Operation req./Hardware support for operation req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted version: The “software_name” software (should/shall/must) require “Hardware support for operation”, described as follows: [“Hardware support for operation_statement”].  

EXAMPLE.   The  “e-lib”  software  must  require  hardware  support  for  operation,  described  as follows: servers, namely the database server and the application server; processing unit – 8th- to 10th-generation Intel®/Core i (7/9) series processor of 4 GHz or more, with 32–128 GB DIMM memory; hard  disk:  SSD 3 x  480  GB  or  more,  with  RAID  X  configuration; digital  tape  drive  with the  same capacity as the total disk space; 17’ flat panel display with an integrated video card of 1 GB or more; A4 (210 mm × 297 mm), two-sided and A3, PCL6e or later and Postscript, 12–16 ppm, 600 dpi laser printer compatible with the operating system; DVD+/−RW; PC scanner, from leading brands (Canon, Futjitsu, Epson, Brother); network hardware – one or more network cards supported by the installed network, with a capacity of 100/1,000 Mbps for optimal performance; other digital equipment: bank smart card readers. 

RML-bis descriptor:  

1.1 Identifier: R18    

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Soft 

5.4.1 GS:  Hardware support for operation  



5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Endogenous    

7.4 Nature: Technical 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Operation req./Cognitive context for operation req./Concept     definitions  

 

Corresponding view of the V6 model:  DSo view 

 

Adapted version: The “software_name” software (should/shall/must) adopt “Concepts”, described as follows: [“Concepts_statement”].  

EXAMPLE. The “e-lib” software must adopt the concepts described as follows: electronic contract 

–  definition  1;  data  encryption  –  definition  2;  commercial  robots  –  definition  3;  digital  signature  – 

definition 4. 

RML-bis descriptor:  

1.1 Identifier: R19    

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Hard 

5.4.1 GS:  Concept   







5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Endogenous  

7.4 Nature: Cognitive 

7.5 Application domain: Library 













 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License 142     Systemic Approach to Categorizing and Modeling Requirements Card 20 

 

Corresponding categories of requirements in Table 5.6:  

•     Endogenous req./Software level req./Operation req./Cognitive context for operation req./Goal      definitions 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  adopt  “Goals”,  described  as follows: [“Goals_statement”].  

EXAMPLE.   The  “e-lib”  software  should  adopt  the  goals  described  as  follows:  get  into  the international market of online wholesale bookstores; create new sales opportunities; and expand sales from classic books to electronic books (e-books). In fact, since everything that can be digitized can be easily delivered online, the delivery of e-books has become a real success story. The advantages of e-books  include:  they  can  be  read  on  multiple  portable  devices,  including  tablets;  they  make  the search  for  books  easier  and  less  cumbersome  for  booksellers;  they  make  it  possible  to  reach  more geographically  dispersed  booksellers;  they  make  it  possible  to  reach  more  business  partners (publishing  houses);  they  increase  employee  productivity;  they  provide  24/7  coverage;  they  reduce billing errors; accelerate processing; they reduce the length of the trading cycle; they improve service quality;  they  reduce  storage  costs  by  reducing  storage  levels;  they  reduce  administrative  costs  by eliminating  paper;  they  enable  electronic  data  interchange  (EDI)  so  as  to  receive  orders  from booksellers electronically, and send them electronic invoices, etc. 

RML-bis descriptor:  

1.1 Identifier: R20    

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Hard 

5.4.1 GS:  Goal 









5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Endogenous   

7.4 Nature: Cognitive 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•     Endogenous req./Software level req./Operation req./Cognitive context for operation req./Rule      definitions 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  software  “software_name”  (should/shall/must)  adopt  “Rules”,  described  as follows: [“Rules_statement”].  

EXAMPLE.  The “e-lib” software must adopt the rules described as follows: book price calculation formula -  ………………….; price  discount calculation formula - ………………….; tax  calculation formula - …………………. 

RML-bis descriptor:  

1.1 Identifier: R21    

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Hard 

5.4.1 GS:  Rule 









5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Endogenous  

7.4 Nature: Cognitive 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Development req./Process support for development req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted version: The “software_name” software (should/shall/must) require “Process support for development”, described as follows: [“Process support for development_statement”]. 

EXAMPLE.   The  “e-lib”  software  must  require  process  support  for  development,  described  as follows: analysis, general design, detailed design, implementation, installation and testing. 

RML-bis descriptor:  

1.1 Identifier: R22    

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Soft 

5.4.1 GS:  Process support for development 



5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Endogenous   

7.4 Nature: Procedural 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Development req./Human support for development req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted version: The “software_name” software (should/shall/must) require “Human support for development”, described as follows: [“Human support for development_statement”].  

EXAMPLE.   The  “e-lib”  software  must  require  human  support  for  development,  described  as follows: two analysts, one design architect, one design engineer, two programmers and one tester. 

RML-bis descriptor:  

1.1 Identifier: R23    

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Soft 

5.4.1 GS:  Human support for development 



5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Endogenous    

7.4 Nature: People 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Development req./Software support for development req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  require  “Software  support for development”, described as follows: [“Software support for development_statement”].  

EXAMPLE.   The  “e-lib”  software  must  require  software  support  for  development,  described  as follows:  case  tools:  IBM  Rose;  IDE:  Eclipse;  programing  language:  Java  and  JSP-compatible services, current Java programming standards (CSS2, AJAX, Java and JavaScript). 

RML-bis descriptor:  

1.1 Identifier: R24    

4.2 Representation: Declarative   4.3 Role: Assumptive 

4.4 Satisfaction: Soft 

5.4.1 GS:  Software support for development 



5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Endogenous   

7.4 Nature: Technical 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Endogenous req./Software level req./Development req./Hardware support for development req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted version: The “software_name” software (should/shall/must) require “Hardware support for development”, described as follows: [“Hardware support for development_statement”].  

EXAMPLE.  The “e-lib” software must require hardware support for development, described as follows, a computer with: processing unit: 8th- to 10th-generation Intel ®/Core i (7/9) serial processor of  4  GHz  or  higher  with  32  GB  to  128  GB  DIMMs;  hard  drive:  3  ×  480  GB  SSD  or  larger,  with RAID  X  configuration;  17’  flat  panel  display  with  an  integrated  video  card  of  1  GB  or  more; OS-compatible  laser  printer,  A4  (210  mm  ×  297  mm),  double-sided  and  A3,  PCL6e  or  newer,  and Postscript, 12–16 ppm, 600 dpi; DVD+/−RW; PC scanner. 

RML-bis descriptor:  

1.1 Identifier: R25    

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Soft 

5.4.1 GS:  Hardware support for development 



5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Endogenous   

7.4 Nature: Technical 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•     Endogenous req./Software level req./Development req./Cognitive context for development        req./Architecture req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  adopt  “Architecture” 

[“Architecture_name”], described as follows: [“Architecture_statement”].  

EXAMPLE.  The “e-lib” software must adopt the architecture: three-layer, described as follows: the first  layer  corresponds  to  the  human–machine  interface  that  will  appear  on  the  customer’s  machine with  a  web  browser.  The  second  layer  corresponds  to  the  various  types  of  processing  that  will  be supported  by  the  application  service.  The  third  layer  corresponds  to  the  data  storage  that  will  be supported by the database server. 

RML-bis descriptor: 

  

1.1 Identifier: R26    

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Hard 

5.4.1 GS: Architecture 







5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Endogenous   

7.4 Nature: Cognitive 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•     Endogenous req./Software level req./Development req./Cognitive context for development       req./Method req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  adopt  “Method”  [“Method _name”], described as follows: [“Method _statement”].  

EXAMPLE.  The “e-lib” software must adopt the method: Design By Contract (DBC). 

RML-bis descriptor:  

1.1 Identifier: R27   

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Hard 

5.4.1 GS:  Method   







5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Endogenous   

7.4 Nature: Cognitive 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•     Endogenous req./Software level req./Development req./Cognitive context for development       req./Technique req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  adopt  “Technique” 

[“Technique_name”], described as follows: [“Technique_statement”].  

EXAMPLE.  The “e-lib” software must adopt the technique: prototyping. 

RML-bis descriptor:  

1.1 Identifier: R28    

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Hard 

5.4.1 GS:  Technique 







5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software    

7.3 E2 category: Endogenous  

7.4 Nature: Cognitive 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•     Endogenous req./Software level req./Development req./Cognitive context for development       req./Artifact req. 

 

Corresponding view of the V6 model:  DSo view 

 

Adapted  version:  The  “software_name”  software  (should/shall/must)  adopt  “Artifact” 

[“Artifact_name”], described as follows: [“Artifact_statement”].  

EXAMPLE.   The  “e-lib”  software  must  adopt  the  artifacts:  use  case  diagram,  class  diagram, sequence diagram, state machine diagram and activity diagram. 

RML-bis descriptor:  

1.1 Identifier: R29   

4.2 Representation: Declarative 

4.3 Role: Assumptive 

4.4 Satisfaction: Hard 

5.4.1 GS:  Artifact   







5.5.1 GF: N/A 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Endogenous   

7.4 Nature: Cognitive 

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Business level req./Functional adequation req. 

•   Exogenous req./Business level req./Performance req. 

•   Exogenous req./Business level req./Interoperability req. 

•   Exogenous req./Business level req./Usability req. 

•   Exogenous req./Business level req./Reliability req. 

•   Exogenous req./Business level req./Security req. 

•   Exogenous req./Business level req./Maintainability req. 

•   Exogenous req./Business level req./Portability req. 

 

Corresponding view of the V6 model:  XB view 

  

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)/ 

(should/shall/must)  ensure  the  necessary  Functional/Adequation/Performance/Interoperability/ 

Usability/Reliability/Security/Maintainability/Portability”  to  satisfy  the  following  business  goal 

“specific business goal_statement”. 

  

EXAMPLE. The  “e-lib”  software  must  ensure  the  necessary  security  to  satisfy  the  following business  goal:  the  use  of  CRM  and  PRM  depends  on  information  from  booksellers  and  other partners, such as publishers, to improve sales services. Thus, customers and partners of the “my-lib” 

e-distributor  must  know  that  their  data  are  being  collected;  they  must  give  their  permission  for  the data to be collected; they have to know how the data are used and ensure that these data are not shared with other parties. 

RML-bis descriptor:  

1.1 Identifier: R31    

4.2 Representation: Qualitative 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Software 

5.5.1 GF: Security 

7.1 UA level: Analyst  

7.2 BS2 level: Business  

7.3 E2 category: Exogenous   

7.4 Nature: Quality  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Business level req./Management req. 

•   Exogenous req./Business level req./Technology req. 

•   Exogenous req./Business level req./Economics req. 

•   Exogenous req./Business level req./Culture req. 

•   Exogenous req./Business level req./Social req. 

•   Exogenous req./Business level req./Politics req. 

•   Exogenous req./Business level req./Law req. 

 

Corresponding view of the V6 model:  XB view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”) (should/shall/must)  ensure  the  necessary  “Management/Technology/Economics/Culture/Social/ 

Politics/Law” to satisfy the following “specific business goal_statement” business goal. 

  

EXAMPLE.   The  “e-lib”  software  must  ensure  the  necessary  language  to  satisfy  the  following business goal: the “mylib” e-distributor wants to expand its network of customers to Africa and Asia. 

RML-bis descriptor:  

1.1 Identifier: R32    

4.2 Representation: Qualitative 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Software 

5.5.1 GF: Culture/Language 

7.1 UA level: Analyst  

7.2 BS2 level: Business  

7.3 E2 category: Exogenous   

7.4 Nature: Compliance  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./System level req./Functional adequation req. 

•   Exogenous req./System level req./Performance req. 

•   Exogenous req./System level req./Interoperability req. 

•   Exogenous req./System level req./Usability req. 

•   Exogenous req./System level req./Reliability req. 

•   Exogenous req./System level req./Security req. 

•   Exogenous req./System level req./Maintainability req. 

•   Exogenous req./System level req./Portability req. 

 

Corresponding view of the V6 model:  XSy view 

  

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”) (should/shall/must) 

ensure 

the 

necessary 

“Functional 

adequation/Performance/ 

Interoperability/Usability/Reliability/Security/Maintainability/Portability”  to  support  the following “specific operation activity_statement” operation activity. 

  

EXAMPLE.   The  “e-lib”  software  must  ensure  the  necessary  security  to  support  the  following operation  activity:  the  sales  system  must  verify  a  customer’s  credit  card  or  accept  electronic payments for books, such as PayPal. 

RML-bis descriptor:  

1.1 Identifier: R33   

4.2 Representation: Qualitative 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Software 

5.5.1 GF: Security 

7.1 UA level: Analyst  

7.2 BS2 level: System  

7.3 E2 category: Exogenous   

7.4 Nature: Quality  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./System level req./Management req. 

•   Exogenous req./System level req./Technology req. 

•   Exogenous req./System level req./Economics req. 

•   Exogenous req./System level req./Culture req. 

•   Exogenous req./System level req./Social req. 

•   Exogenous req./System level req./Politics req. 

•   Exogenous req./System level req./Law req. 

 

Corresponding view of the V6 model:  XSy view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”) (should/shall/must)  ensure  the  necessary  “Management/Technology/Economics/Culture/Social/ 

Politics/Law” to support the following “specific operation activity_statement” operation activity. 

  

EXAMPLE.   The  “e-lib”  software  must  ensure  the  necessary  delivery  to  support  the  following operation activity: the bookseller chooses a delivery option such as the delivery time (1 day, 3 days, 1 week, etc.). 

RML-bis descriptor:  

1.1 Identifier: R34    

4.2 Representation: Qualitative 

4.3 Role: Prescriptive 

4.4 Satisfaction: Soft 

5.4.1 GS: Software 

5.5.1 GF: Management/Delivery 

7.1 UA level: Analyst  

7.2 BS2 level: System  

7.3 E2 category: Exogenous   

7.4 Nature: Compliance  

7.5 Application domain: Library 

















 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License 156     Systemic Approach to Categorizing and Modeling Requirements Card 34  

 

Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Software level req./Quality req./Functional adequation req. 

  

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”) (should/shall/must) ensure “Functional adequation” as follows: “Functional adequation_statement”. 

  

EXAMPLE.  The “e-lib” software must ensure functional adequation as follows: meet 98% of the explicit and implicit expectations of its users. 

Fit  criterion:  Number  of  positive  software  validation  tests  equal  to  98%  of  the  overall  number  of tests (the goal of these tests is functional validation, not error detection). 

RML-bis descriptor:  

1.1 Identifier: R35    

4.2 Representation: Quantitative  4.3 Role: Prescriptive 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Functional adequation 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Exogenous   

7.4 Nature: Quality  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Software level req./Quality req./Performance req. 

 

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”) (should/shall/must) ensure “Performance” as follows: “Performance_statement”. 

  

EXAMPLE.   The  “e-lib”  software  must  ensure  performance  as  follows:  support  more  than  1,000 

simultaneous connections. 

Fit criterion: Number of simultaneous connections >1,000. 

RML-bis descriptor:  

1.1 Identifier: R36    

4.2 Representation: Quantitative  4.3 Role: Prescriptive 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Performance 

7.1 UA level: Analyst  

7.2 BS2 level: Software 

7.3 E2 category: Exogenous  

7.4 Nature: Quality  

7.5 Application domain: Library 































 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License 158     Systemic Approach to Categorizing and Modeling Requirements Card 36  

 

Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Software level req./Quality req./Interoperability  

 

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”) (should/shall/must) ensure “Interoperability” as follows: “Interoperability_statement”. 

  

EXAMPLE.  The “e-lib” software must ensure interoperability as follows: the database should be standardized to be readable using free and open-source software. 

RML-bis descriptor:  

1.1 Identifier: R37    

4.2 Representation: Qualitative 

4.3 Role: Prescriptive 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Interoperability 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Exogenous  

7.4 Nature: Quality  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Software level req./Quality req./Usability req. 

  

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)  (should/ 

shall/must) ensure “Usability” as follows: “Usability_statement”. 



EXAMPLE.   The  “e-lib”  software  must  ensure  usability  as  follows:  at  any  time,  the  bookseller  can consult contextual help pages, as well as execute a search through help pages. A guided tour will also have to be proposed to new visitors. 

RML-bis descriptor:  

1.1 Identifier: R38    

4.2 Representation: Qualitative 

4.3 Role: Prescriptive 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Usability 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Exogenous   

7.4 Nature: Quality  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Software level req./Quality req./Reliability req. 

 

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)  (should/ 

shall/must) ensure “Reliability” as follows: “Reliability_statement”. 

  

EXAMPLE. The  “e-lib”  software  must  ensure  reliability  as  follows:  the  average  number  of transactions between failures must be greater than 500,000, or the mean time between failures (MTBF) must be greater than 3 years. 

RML-bis descriptor:  

1.1 Identifier: R39    

4.2 Representation: Quantitative 

4.3 Role: Prescriptive 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Reliability 

7.1 UA level: Analyst  

7.2 BS2 level: Software 

7.3 E2 category: Exogenous   

7.4 Nature: Quality  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Software level req./Quality req./Security req. 

 

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)  (should/ 

shall/must) ensure “Security” as follows: “Security_statement”.   

  

EXAMPLE.   The  “e-lib”  software  must  ensure  security  as  follows:  the  protection  measures  of  the 

“mylib”  e-distributor  include  encryption  –  data  are  sent  in  an  encrypted  manner  to  guarantee  the security and confidentiality of the exchanges. Inputting of the credit card number by the customer must be  carried  out  in  a  secure  manner,  by  encrypting  the  HTTP  transfer,  through  the  SSL  protocol,  the storage of databases of former thieves and the sharing of information with other e-sellers. 

RML-bis descriptor:  

1.1 Identifier: R40    

4.2 Representation: Qualitative 

4.3 Role: Prescriptive 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Security 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Exogenous  

7.4 Nature: Quality  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Software level req./Quality req./Maintainability req. 

  

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)  (should/ 

shall/must) ensure “Maintainability” as follows: “Maintainability_statement”. 

  

EXAMPLE.  The “e-lib” software must ensure maintainability as follows: the maintenance time of the software per year does not exceed 1 day. 

RML-bis descriptor:  

1.1 Identifier: R41    

4.2 Representation: Quantitative 

4.3 Role: Prescriptive 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Maintainability 

7.1 UA level: Analyst  

7.2 BS2 level: Software 

7.3 E2 category: Exogenous   

7.4 Nature: Quality  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6: 

•   Exogenous req./Software level req./Quality req./Portability req. 

 

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)  (should/ 

shall/must) ensure “Portability” as follows: “Portability_statement”. 



EXAMPLE.   The  “e-lib”  software  must  ensure  portability  as  follows:  the  “e-lib”  software  can  be transferred from a Windows environment to Linux and vice versa. 

RML-bis descriptor:  

1.1 Identifier: R42    

4.2 Representation: Declarative 

4.3 Role: Prescriptive 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Portability 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Exogenous   

7.4 Nature: Quality  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6: 

•   Exogenous req./Software level req./Compliance req./Management req. 

  

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)  (should/ 

shall/must) ensure “Management modality” as follows: “Management modality_statement”. 

  

EXAMPLE.  The “e-lib” software must ensure training as follows: The recommended training modules are: 

1) Database Administration: this module is intended for two pre-selected “mylib” computer technicians who will manage the “e-lib” application database. The training should cover: 

- database installation  

- physical structure of the Oracle DBMS 

- database administration and optimization 

2)  Application  Server  Administration:  this  module  targets  two  other  selected  “mylib”  computer technicians  responsible  for  maintaining  and  managing  the  application  server  used  for  the  “e-lib” 

deployment. The training should cover: 

- physical structure of the application server components 

- application server administration and maintenance. 

RML-bis descriptor:  

1.1 Identifier: R43    

4.2 Representation: Declarative 

4.3 Role: Normative 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Management/Training 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Exogenous   

7.4 Nature: Compliance  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Software level req./Compliance req./Technology req. 

 

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)  (should/ 

shall/must) ensure “Technology modality” as follows: “Technology modality_statement”. 

  

EXAMPLE.  The “e-lib” software must ensure trending as follows: Web 2.0, Client-Server Computing and Web services. 

RML-bis descriptor:  

1.1 Identifier: R44    

4.2 Representation: Declarative 

4.3 Role: Normative 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Technology/Trending 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Exogenous   

7.4 Nature: Compliance  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6: 

•   Exogenous req./Software level req./Compliance req./Economics req. 

 

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)  (should/ 

shall/must) ensure “Economics modality” as follows: “Economics modality_statement”. 

  

EXAMPLE.  The “e-lib” software must ensure cost as follows: the development cost, including human, software and hardware support for development, must not exceed 10 million DZD. 

RML-bis descriptor:  

1.1 Identifier: R45    

4.2 Representation: Quantitative 

4.3 Role: Normative 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Economics/Cost 

7.1 UA level: Analyst  

7.2 BS2 level: Software 

7.3 E2 category: Exogenous   

7.4 Nature: Compliance  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Software level req./Compliance req./Culture req. 

 

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)  (should/ 

shall/must) ensure “Culture modality” as follows: “Culture modality_statement”. 

  

EXAMPLE.   The  “e-lib”  software  must ensure  ethics  as  follows:  the non-use  of  cookies without  the consent of the bookseller. 

RML-bis descriptor:  

1.1 Identifier: R46    

4.2 Representation: Declarative 

4.3 Role: Normative 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Culture/Ethic 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Exogenous   

7.4 Nature: Compliance  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Software level req./Compliance req./Social req. 

 

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)  (should/ 

shall/must) ensure “Social modality” as follows: “Social modality_statement”. 



EXAMPLE.   The  “e-lib”  software  must  ensure  cooperation  as  follows:  several  booksellers  can cooperate in the same order to take advantage of quantity discounts. 

RML-bis descriptor:  

1.1 Identifier: R47    

4.2 Representation: Declarative 

4.3 Role: Normative 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Social/Cooperation 

7.1 UA level: Analyst  

7.2 BS2 level: Software  

7.3 E2 category: Exogenous   

7.4 Nature: Compliance e  

7.5 Application domain: Library 
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Corresponding categories of requirements in Table 5.6: 

•   Exogenous req./Software level req./Compliance req./Politics req. 

 

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)  (should/ 

shall/must) ensure “Politics modality” as follows: “Politics modality_statement”. 

  

EXAMPLE.   The  “e-lib”  software  must  ensure  conflict  resolution  as  follows:  any  conflict  must  be resolved  in  a  peaceful  manner  through  dialog,  putting  the  interest  of  the  company  above  all  other considerations. The parties most concerned by the software will have to be given preference. 

RML-bis descriptor:  

1.1 Identifier: R48    

4.2 Representation: Declarative 

4.3 Role: Normative 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Politics/Conflict resolution 

7.1 UA level: Analyst  

7.2 BS2 level: Software 

7.3 E2 category: Exogenous   

7.4 Nature: Compliance  

7.5 Application domain: Library 































 Downloaded from https://onlinelibrary.wiley.com/doi/ by ibrahim ragab - Oregon Health & Science University , Wiley Online Library on [01/05/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License 170     Systemic Approach to Categorizing and Modeling Requirements Card 48 

 

Corresponding categories of requirements in Table 5.6:  

•   Exogenous req./Software level req./Compliance req./Law req. 

 

Corresponding view of the V6 model:  XSo view 

 

Adapted  version:  The  (“software_name”  software)/(“GS  selected  from  R2F”:  “SS_name”)  (should/ 

shall/must) ensure “Law modality” as follows: “Law modality_statement”. 

  

EXAMPLE.   The  “e-lib”  software  must  ensure  legislation  as  follows:  the  warranty  of  the  “e-lib” 

software  must  cover  a  3-year  period  of  use  (extendable)  with  a  maintenance  agreement  as  part  of  a service contract. 

RML-bis descriptor:  

1.1 Identifier: R49    

4.2 Representation: Declarative 

4.3 Role: Normative 

4.4 Satisfaction: Hard 

5.4.1 GS: Software 

5.5.1 GF: Law/Legislation 

7.1 UA level: Analyst  

7.2 BS2 level: Software 

7.3 E2 category: Exogenous   

7.4 Nature: Compliance  

7.5 Application domain: Library 
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