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Abstract Software requirements arrive in different 
shapes and forms to developlnent organizations. This is 
particularly the case in market-driven requirements 
engineering, where the requirements are on products 
rather than directed towards projects. This results in 
challenges related to making different requirements 
comparable. In particular, this situation was identified in 
a collaborative effort between academia and industry. A 
model, with four abstraction levels, was developed as a 
response to the industrial need. The model allows for 
placement of requireillents on different levels and sup- 
ports abstraction or break down of requirements to 
make them comparable to each other. The model was 
successf~~lly validated in several steps at a company. The 
results from the industrial validation point to the use- 
fulness of the model. The model will allow companies to 
ensure comparability between requirements, and hence it 
generates important input to activities such as prioriti- 
zation and packaging of requirements before launching 
a development project. 

Keywords Market-driven product-centered continuous 
requirements engineerillg + Requirements abstraction . 
Product management . Product strategy 

1 Introduction 

Market-driven incremental product development and 
delivery (release) is becoming increasingly commonplace 
in software industry [l, 21. Incremental product devel- 
opment is planned and executed with the goal of deliv- 
ering an optimal subset of requirenlellts in a certain 
release (version of a product that is distributed to 
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customcrs) [3]. The idea is to select what a release should 
contain (requirements), ivlzen it should be released (time) 
and at what cost (pertaining to the resources needed for 
designing and implementing a requirement) this should 
be achieved. The decision about which custolners get 
what features and quality at  what point in time has to be 
taken, i.e., making these activities a major determinant 
of the success of a product [4]. 

All activities described above, i.e., establishing u~lznl 
should be included in a release, 1vhe11 it should be re- 
leased and at what cost, are vitally dependent on the 
product requirements and that they are elicitedlcaught, 
analyzed and specified before any planning and devel- 
opment activity can commence. 

The situation is far more colnplex than the one pre- 
sented by the classical bespoke [3] development situation 
where elicitation could be targeted and concentrated 
mainly to the customer organization and stakeholders 
identified there. The development activity was initiated 
by, e.g., an order, which generally resulted in a project 
(maybe preceded by a pre-study) and then requirements 
engineering was initiated through this project. As illus- 
trated in Fig. 1, the situation in a market-driven devel- 
opment situation is different since the requirements flow 
is not limited to a development instance (e.g., a project), 
but rather continuous in nature, and the requireinents 
theinselves should act as the catalyst for initiating 
developlnent. 

In market-driven development, requirements are 
generally generated by multiple sources, both internal 
(e.g., engineers to management) and external (e.g., cus- 
tomers and partners). It can be everything from direct 
requests for added functionality from existing and/or 
potential customers to updates proposed by engineers 
working on the product. 

In addition, indirect requirenzents need to be caught. 
This can be everything from idea-like requirements 
caught by the marketing department during n 
competitor analysis or a market survey to infoma- 
tion gathered during product support and conveyed 
internally. 
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Fig. l Requirement's role in the develop~nent process 

As the sources of the requirements vary and the 
requirements themselves are both direct and indirect in 
nature it is not surprising that they come in different 
shapes and forms, at multiple levels of abstraction, and 
described on varying levels of refinement. 

In Fig. 1 this is depicted as requirenzents-initiated 
development, where all these types of requirements are 
input to a requirements engineering process, which has 
the capability of performing the needed refinement, 
analysis and negotiation, producing good enough 
requirements to initiate and drive development activities 
(e.g., projects) in a continuous manner, i.e., development 
is initiated when the requirements warrant it. 

The market-driven product development situation 
described above was identified during a cooperative 
software process improvement (SPI) venture in industry, 
performed at ~ a n a h e r  Motion Siirii AB (DHR). ~ h e i e  
was a need for adapting requirements engineering at 
DHR to a continuous process, moving from traditional 
project-initiated requirements engineering to require- 
~nents-initiated developnzent. This involved not only cre- 
ating a new way of working (e.g., how to specify 
requirements, what roles and responsibilities should be 
present, etc.), but also a new way of thinking (e.g., 
requirements are the basis for product development). 

The Product Managers (the ones charged with 
implementing the new way of working) were faced with 
the challenge of how to take care of the continuous 
incoming stream of requirements ranging from abstract 
to technically detailed. Based on this problem the 
Requirenzents Abstraction Model (RAM) was developed. 
This article presents the RAM, how it was created in 
close cooperation with industry and validated through 
feedback from professionals as well as how it was tested 
in a live project. 

Although the model was developed based on needs 
identified at DHR, the objective was for the model to be 
generally usable, i.e., the aim of RAM was to give pro- 
fessionals working with product planning/development 
(e.g., Product Managers) a requirements engineering 
model that helps them in their work. To this end RAM 
is modeled towards a product perspective, supporting a 
continuous requirement engineering effort, aimed at 
taking requirements of multiple types (abstraction level) 
as input, and offers a structure for the work-up of these 
requirements, i.e., breaking down abstract requirements 
into detailed ones and vice versa (see Sect. 4.3). 

The benefits of using RAM as a support in product- 
centered continuous requirements engineering can be 
summarized in four points: 

1. All requirements are compared to the product strat- 
egies, offering an assurance that requirements do not 
violate the overall goals set by the management. This 
offers the possibility to dismiss requirements early in 
the process, freeing up resources to work onlrefine 
relevant requirements that are in line with the prod- 
uct strategies. 

2. All requirements are broken down to an abstrac- 
tion level where they are good enough for initiating 
a development effort (project). This assures that the 
projects (whose aim it is to realize the require- 
ments) get good enough requirements to base their 
development efforts on (e.g., testable and unam- 
biguous). 

3. Work-up of requirements means that they are for- 
mulated on the same level of abstraction, and hence 
they can be compared and set against one another. 
The ability to compare requirements is a prerequisite 
to effective release planning and prioritization. 

4. All requirements can be followed through several 
levels of abstraction giving a richer understanding of 
each requirement, and thus better decision support 
can be obtained for all professionals, from manage- 
ment to developers. 

The article is outlined as follows. Section 2 offers an 
overview of related work. In Sect. 3 the background and 
motivation is presented, along with how it relates to 
both DHR and the general industry case. Section 4 of- 
fers an introduction and exemplification of the RAM, 
and Sect. 5 presents how RAM was evaluated through 
static and dynamic validation. Section 6 presents the 
conclusions. 

2 Related work 

The idea of market-driven incremental development is 
not new. An example of this is the IBM REQUEST 
technique presented in 1992 by Yeh [S]. Here arguments 
are put forward for the necessity of market-driven (i.e., 
listening to the customer) development and having 
mechanisms (prioritization) in place to select what 
requirements to develop. Recent research focuses on 



release plaillliilg from a perspective of what require- on different abstraction levels. Abstraction levels sub- 
ments to put forward takillg issues of, e.g., interdepen- sequently are used as a "motorH to facilitate work-up 
dencies between the requirements into account [4, 6, 71 (not flattening, i.e., forcing all requirements to one level 
when planning a release, as well as priority from the of abstraction) of requirements. Work-up is accom- 
customer perspective [g]. Dependencies, allocation to a plished by breaking down abstract requirements into 
certain release, risk, effort and priority are all factors detailed ones and vice versa (see Sect. 4.3). 
addressed by the Evohe inethod presented by Greer and This work-up facilitates initial analysis and refine- 
Ruhe [l ,  91. In the same manner the realization that ment of requirements to the degree of producing good 
requirements are often on different levels of abstraction enough requirements for project initiation, as well as 
and in varying stages of refinement has been recognized explicitly linking all requirements to product strategies 
in both industry and research [10, l I]. as a means to offer decision support for, e.g., manage- 

This is often used as a way of working ia industry ment. 
by having different requirements documents for differ- Requirements Abstraction Model does not assume a 
ent reasons, e.g., one aimed for market/manageinent starting point (e.g., starting with goals), but rather takes I where requirements are abstract and closer to visions what requirement is available as input and uses it as a 

) than actual requirements [Market Requirements Spec- base. Furthermore there is no choice of one abstraction 
ification (MRS)]. The MRS is later refined to product level, i.e., flattening all requirements depending on the 

i requiren~ents [Product Requirements Specification project type since the continuous requirements engi- 
~ (PRS)] by engineers and/or managers who interpret the neering is not project initiated rather product oriented in 

MRS to form actual requirements (that should be nature. In a product development situation there is a 
testable and unambiguous, although it may not always need for decision support on multiple levels before any 
be the case). The next step is to refine the requirements release planning and development activity can be 
by adding technical details and producing Technical undertaken (e.g., in project form). Through work with 
Requirements Specifications (TRS) based on the PRS. RAM, requirements on a high level of abstraction 
This offers a refinement of requirements from vision to (comparable to product strategy) and a low level of 
technical requirements, almost design, through a doc- abstraction (good enough as input to a project) are 
ument-oriented perspective where different people work available. In addition, as several levels of abstraction are 
on different documents interpreting requirement state- offered, a richer understanding can be obtained as to the 
ments along the way. The Product Manager's role may purpose of a requirement, its origin and so on, by 
span from actively participating in the work with high looking at requirements over the abstraction level 
level (MRS) to the next stage lower level (PRS) boundaries. 
requirements and planning for what requirements The fact that requirements are not flattened (forced 
should be allocated to what projects. Exactly what to the same level of abstraction), or put into one 
requirements are used as input to projects vary, as does repository (regardless of abstraction level), means that 
the abstraction level within most documents (MRS, requirements produced when using RAM offer the 
PRS and TRS). possibility for comparison of requirements against each 

Requirements on different levels of abstraction and at other on one or several abstraction levels. This is a 
varying levels of refinement are considered by some as prerequisite for later planning and prioritization activi- 
crucial input to the development in order to get a better ties. 
understanding of what should be developed and why 
[10]. The basic notion is that both the abstract (long- 
term overview) and the detailed (giving context and the 3 Research context: background and motivation 
short-term view) are important [12, 131, and the two 
used in combination offers a better understanding. The development of RAM was prompted by the in- 

The field of goal-based requirements engineering (see, creased pressure on product development organizations 
e.g., [14-161) focuses on the elicitatioll of goals that are to handle an escalating load of requirements coming in 
to become requirements at some point, working from to product management on varying levels of abstrac- 
the top down. Wiegers [l71 and Lauesen [l81 describe tion and detail. Moving away from ~roject-centered 
that requirements can be of different types pertaining to development (project-initiated requirements engineer- 
what they should be used for, not totally unlike the ing) towards product-centered development (require- 
industry view of dividing requirements of different types ments-initiated development) demands support for 
into documents, from goal (abstract natural language handling the incoming req~~irements. Giving product 
formulations [19]) to technical design like specifications, management a model for how to handle (and use) the 
The focus is on that requirements be specified on dif- requirements and their varying abstraction levels was 
ferent abstraction levels depending on usage, e.g., pro- the central motivation behind the development of 
ject type. RAM. 

The colltribution of the RAM is set around taking The need for a supporting model for handling and 
advantage of the fact that continuous requirements working with requirements in this context was also 
engineering means that requirements are caught/elicited explicitly identified during a software process assessnlent 



Table 1 Improvement issue package 1 

Issue-l: Absiracfion level a i d  contellts of reqtlirements 
Each requirement should be specified on a predefined level of 
abstraction with certain characteristics (attributes attached to it), 
enabling requirements to be cornparable and specified to a certain 
predefined degree of detail 

Issue-2: Roles and resporvibilities-RE process 
To avoid n~isunderstundings as well as avoiding certain tasks not 
being completed the roles and responsibilities of all project mem- 
bers should be clearly defined before projecl start 

Issue-3: Requirenzelzts upkeep rlz~ring and post project 
In order to keep the requirements up to date during and post 
project the requirements have to be updated as they change 

activity perromled at DHR [20]. The DHR case is used 
as an illustration of the problem and the needs described 
throughout this article. 

The DHR develops and sells software and hardware 
equipment for navigation, control, fleet management 
and service for automated guided vehicle (AGV) sys- 
tems. More than 50 AGV system suppliers worldwide 
are using DHR technologies and expertise together with 
their own products in effective transport and logistic 
solutions to various markets worldwide. The head- 
quarters and the R & D Centre are located in Saro, 
south of Gothenburg, Sweden. DHR has 85 employees. 
DHR is certified according to SS-EN I S 0  9001:1994 
(currently working on certification according to IS0  
9001:2000), but there have not been any attempts to- 
wards CMM or CMMI certification. 

The DHR has a wide product portfolio, as the ability 
to offer partners and c~~stomers a wide selection of 
general variants of hardware and supporting software is 
regarded as imnportant. Product Managers oversee 
development and new releases of products. 

The initiative for an extensive process improvement 
program was initiated by DHR in recognition of the 
importance of optimizing their product development, 
and especially the area of requirements engineering was 
targeted. The first step of the improvement program was 
to  perform an assessment activity to establish a baseline 
and identify possible improvement issues. 

3.1 Process assessment results 

During the process assessment conducted at DHR, in 
total nine major improveillent issues were identified 
and formulated (see [20] for detailed information). 
These nine issues were subsequently prioritized and 
packaged (according to dependencies and priority) 
into three separate iinprovenient packages to be ad- 
dressed in turn (see [21] for detailed inforil~ation). The 
RAM was primarily built not only to address the first 
of these three improvement packages, but also to 
prepare for the subsequent two (see Sect. 7). 
Improveinent issue package 1 coilsisted of three issues 

as can be seen in Table l.' Below, the issues are ex- 
panded upon and described to illustrate the state tlley 
were in at the initiation of the process improvemellt 
activity that started the creation of RAM. 

3.1 .l Abstraction level and contents of regtrirements 

Issue-l. It speaks to the need for looking over and estab- 
lishing how the requirements are specified regarding 
abstraction level and level of detail. During the process 
assessment, it was ascertained that requirements (obtained 
from multiple sources) were often specified on different 
levels of abstraction, and that some were detailed while 
others were not. This depended on several factors, e.g., 
who stated the requirement (source), who specified the 
requirement (experience and expertise) and to what extent 
the requirement was analyzed and refined subsequent to 
the initial draft. See Example 1 for an example. 

Example 1 Abstraction level and level of detail 

Issue-l and state of the art. Looking at the literature 
and previous studies conducted regarding the state of 
requirements engineering in industry the points de- 
scribed in Issue-I are not exclusive to the DHR case in 
any way. An example is the findings in context of the 
REAIMS Esprit project [22, 231. This is f~lrther sup- 
ported by the findings in [10,24-271, where certain issues 
were identified as general deficiencies in the requirements 
engineering process: 

* Analysis and negotiation (leading to good enough 
specification) 
Interpretation and structuring of requirements 

0 Testability and measurability (of the specified 
requirements) 
Reviews (of the requirements) 

0 Varying abstraction level of specified requirements 
leading to problems in, e.g., comparing requirements 

 he improvement issues "issue-id" have been altered from their 
original state for reasons of simplification. Title and description in 
Table 1 are unaltered. 



zssuc-2. This is related to there being an unanzbiguous 
and clear description of the responsibilities needed to 
support the requirenlents engineering process, as well as 
all explicitly defined structure for what these responsi- 
bilities entailed. The market-driven product develop- 
lllellt at  DHR made it necessary to elicit/catch 
requirements continuously, i.e., there was a need for a 
continuous requirements engineering process and roles 
to support the activities this involved, which partly lie 
outside of the traditional project-initiated requirements 
engineering process. 

Issue-2 and state oftlie nrt. The in~portance of making 
roles and subsequent responsibilities clear is not an issue 
reserved for requirements engineering, but pertinent in 
any organization involved in product developlnent [28, 
291, Roles and responsibilities needed to handle 
requirernents and, in essence, manage products often lay 
outside the focus of traditional quality assurance 
frameworks like CMM [30], since it is not a direct con- 
stituent of the developn~ent, rather an initiator of it. 

3.1.3 Reqziirements upkeep clzi~ing and post project 

Issue-3. It is about keeping requirements "alive" as long 
as they are relevant. Keeping requiren~ents updated is 
largely connected to Issue-2 (i.e., who has the responsi- 
bility to update requirements). The reasoning was that 
the req~urements s l ~ o ~ ~ l d  be used throughout the devel- 
opment cycle, i.e., initially for establishing what is to be 
done and why, later as a basis for validation (e.g., system 
test) and for purposes of possible reuse. Keeping 
requirements updated was deemed necessary in order for 
requirements to be usable over (and beyond) the entire 
development cycle. 

Isszle-3 oncl state of the art. There are ally number of 
reasons for keeping the requireinents up to  date during 
and post development. If changes are made to what is 
done and the requireinents are not updated the 
requirements do not reflect the end-result of the devel- 
opment activity. This can be a problem both technically 
and legally since the requirelnents cannot be used as a 
basis for, e.g., system test [31] or as a binding agreement 
(contract) between customer and developers [18]. 

In the case of DHR's continuous product develop- 
ment the requirements sources are many (see Fig. 1) and 
the custo~ner is not generally identifiable as one external 
customer, but rather the role of customer is taken by, 
e.g., the Product Managers. Thus, the requirements are 
the contract between the management (of which Product 
Managers are a part) and the projects designing and 
implenlenting new products/product versions. 

3.2 Motivation sunlmary 

Two mail? factors motivated the creation and evolve- 
ment of the RAM: (1) a direct need identified in industry 
and (2) a suitable model was not found in the literature, 
i.e., a model for contin~~ous requirements engineering 
catching and handling requirements on multiple levels of 
abstraction. 

Regarding the industry need (1) there was an ex- 
pressed interest to make the way of working with 
requirements market-driven and product-centered [32]. 
Utilizing product management and the multitude of 
requireinents gathered (from multiple sources, but more 
importantly on multiple levels of abstraction) by the 
organization to improve the product aligll~nent towards 
the needs of the market, the actual need for this type 
of model has become even more apparent after the 
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Fig. 3 RAM overview: 
continuous versus dedicated 
requirements engineering 

development of RAM. A different organization has 
shown an interest in applying the model to their orga- 
nization, due to which they experienced similar chal- 
lenges as DHR. 

The way of working with requirements was to reflect 
good practices identified in the state of the art, i.e., 
adopting appropriate good practices (see, e.g., [22, 23, 
331) in RAM. Moreover, aspects like repeatability and 
structure were seen as important, but only to the extent 
of offering a clear support-framework without being 
cumbersome and overbearing. The plan for achieving a 
process improvement was to develop a way of working 
with requirements based on the needs and experiences of 
the management, Product Managers and engineers. 

Looking at the state of the art, there is a research 
being conducted in the area of continuous requirements 
engineering in a market-driven development situation, 
although many problems remain (as described above in 
combination with the improvement issues), and there is 
a lack of an appropriate model (2). Offering support for 
continuous product-centered requirements engineering 
that not only considers abstraction levels but also uses 
them prompted the explicit effort to develop RAM in a 
way suitable for organizations faced with certain issues, 
rather than tailoring the model towards one organiza- 
tion. 

3.3 Evolvement of the Requirements Abstraction 
Model 

Requirements Abstraction Model was developed in 
several stages as can be viewed in Fig. 2. Subsequent to 
the initial formulation RAM went through two major 
validations (Validations One and Two are seen as static 
validation) before it was deemed good enough to be 
tested in a live industry setting (dynamic validation). The 
static validution steps involved brainstormiag/interview 
sessions with product and Project Managers as well as 
discussions with representatives for development, system 
test and upper management. 

The dynamic validation consisted of using RAM for a 
real live requirements engineering effort. Both the static 
and dynamic validations had a fundamental impact on 
the model and are described in Sect. 5. 

The version of RAM presented in this article is 1.0 
(see Sect. 4), i.e., the model that evolved as a result of 
the validations. RAM v.1.0 was mainly aimed towards 

establishing support for the initial stages (specification, 
placement and work-up) of the continuous require- 
ments engineering performed by Product Managers. 
This is illustrated in Fig. 3 where two types of 
requirements engineering can be seen, continuous and 
dedicated. The continuous requirements engineering is 
considered a prerequisite for being able to deliver a 
subset of the total requirements to one or more devel- 
opment projects. 

4 RAM structure and supporting process: an overview 

This section describes the RAM'S structure and the 
supporting process developed as part of it. The gray 
example boxes in this section offer exemplification con- 
tinuously throughout the text. Examples are important 
when working with RAM since the model is example 
driven, i.e., relevant examples (regarding the require- 
ments engineering of the product in question) are 
important as a means to support training and use of 
RAM for continuous requirements engineering. Devel- 
oping relevant examples is a part of the model tailoring 
(see Sect. 4.5), as is ascertaining the number of 
abstraction levels appropriate and attributes needed for 
each requirement. The version of RAM presented in this 
article (Sects. 4.1-4.3) is based on the one developed at 
DHR and is an example of what RAM can look like. 
The examples are not specific to any domain or orga- 
nization, rather general in nature. This offers a general 
model exemplification and overview. The version of the 
model presented here is intended as a starting point for 
anyone wanting to tailor it for their specific organization 
and products. 

Requirements engineering using the model involves the 
following three basic steps, as can be seen in Fig. 4. The 
first step (Specify) involves specifying the initial (raw) 
requirement and eliciting enough information about it to 
specify a number of attributes. The second step (Place) is 
centered around what abstraction level the now specified 
requirements resides on and last (Abstraction) each 
requirement goes through a work-up. Each of these steps 
is described in further detail below. 

4.1 Action step one: Specify (elicit) 

In order to get a uniform way of specifying require- 
ments, four main attributes are to be specified manually 



REQUIREMENTS Examole 3 Reasonlbenefitlrationale 

i Fig. 4 RAM action steps 

l 

l in this initial step. The goal of this ste :p is to get an 
overview of the raw requirement to the extent of itbeing 
understood by the Product Manager performing the 
continuous requirements engineering. 
The four attributes are: 

1, Descriptio~z. The requirement description should not 
be inore than about five sentences and should be in 
broad strokes describing the central essence of the 
requirement. Example 2 offers examples of this 
attribute. 

Example 2 Description 

3. Re,strictio~~s/Risks. This attribute describes the restric- 
tions and/or risks with the requirement that is not obvi- 
ous in the description. It is possible to say that this 
attribute constitutes the negotiation space in the 
requirement. Example 4 offers examples of this attribute. 

Example 4 Restrictionslrisks 

4. Title. The title should reflect the contents of the 
requirement and should not be longer than five 

2. Reuson/Bene$t/RutionaZe. This attribute consists of Example offers examples of this attribute, 
two parts: WHY the requirement is specified and 
BENEFIT of the specified requirement. "Benefit" Example 5 Title 
should be seen in the context of the subject of the 
requirement being stated. If the subject is a user it 
should illustrate the benefit to him/her (see Exam- 
ple 3, Requirement B); if the subject is the product 
itself, e.g., in a non-functional requirement, the 
benefit should reflect the benefit from the require- 
ments perspective (see Example 3, Requirements A 
and C). 

As these four attributes have been specified, the next 
step is to ascertain the abstraction level of the require- 



ment in question. Additional attributes to be specified 
are described in Sect. 4.4. ( Organizational Strategies -) 

4.2 Action step two: Place i Product Strategies 
'j 
I 

RAM consists of a nuinber of abstraction levels (the 
driving motor of the model). This step involves analyz- 
ing what level a requirement is on and placing it on this 
level. Looking at Fig. 5, four abstraction levels can be 
seen, i.e., Product Level, Feature Level, Function Level 
and Conzpone~zt Level. (See Example 6 for exemplifica- 
tion of the placement of requirements on abstraction 
level described here.) 

Example 6 Placing example requirements 

Product Level (goal) 

Fig. 5 RAM abstraction levels 

The P1.0~1zict Level is the most abstract level. 
Requirements on this level are goal-like in nature, i.e., 
not fitting the normal definition of a requirement (e.g., 
testable and unambiguous [33]). Thus the use of the term 
"requirement" can be viewed as somewhat questionable 
in this case. Nevertheless, "requirement" is used for 
statements on all the four levels of abstraction. This is 
motivated by the fact that requirements in the model do 
not exist in isolation, but are always broken down to a 
level that is in line with the traditional meaning of the 
word "requirement" (see Sect. 4.3), as part of the RAM 
work-up. 

Product Level requirements are considered abstract 
enough to be comparable directly to the product strat- 
egies and indirectly to the organizational strategies. In 
the context of RAM, product strategies are, e.g., rules, 
long and short-term goals and visions pertaining to a 
product specified by the management. Product strategies 
are in other words what govern what is to be done 
(direction of the product) and what is not, depending on, 
e.g., targeted market segments, conlpetitor situation and 
SO on. 

The Feature Level is the next level in the model. 
The requirements on this level are features that the 
product supports. Feature Level requirements should 
not offer details as to what functions are needed in 
order for the product to support a feature; rather the 
requirements should be an abstract description of the 
feature itself. 

The Function Level is, as the name suggests, a 
repository for functional requirements, i.e., what a user 
should be able to do (actions that are possible to per- 
form), and also for non-functional requirements. The 
main criterion is that the requirement should be 
descriptive of what a user (or the system in the case of 
non-f~~nctional requirements) should be able to perform/ 
do. In general, Function Level requirements are detailed 
and complete enough to be handed over to a system 
designer for further evolution and finally be a basis for 



the design. Functional Level ~eq-Iirelnellt~ should strive RI: No recluire~nent lnay exist witlloLlt having 
to be testable and unambiguous. a conllection to the Product Level. 

The Conzpoizenl LCI~PI is the last level of abstractioll in 
RAM. Co~llponellt Level requirements are of a detailed R1 csul be met in one of the two ways: one or more 
nature depicting inforlnation that is closer to (or even new ~ ~ o r k - z i ~  reqz,iren.zszts are created or the require- 
examples of) knll~ something should be solved, i.e., on lnellt in question is linked to already existing 
the boundary of design infonnatiotl. The mail1 reason requirements 011 an adjacent upper level. In either 
for the existence OF this level is twofold. Many require- case, the original requirenlent is abstracted upward 
ments that conle fro111 internal sources (e.g., engineers) and can be colnpared (indirectly) to the product 
are on this level of ~ibstraction. The Component Level strategies, 
can also act as a possibility to break down Function In addition to abstraction, there may also be reason 
Level requirements into more detail and/or set limits to a for requirements to be broken down enough to act as 
F~ulction Level requirement. This last point is elabo- a basis for design (good enough for project initiation). 
rated upon in Sect. 4.3. For a requirerneilt to be detailed enough and on the 

In order for this RAM action step to be completed right level of abstractioi~ for this to be possible, 
(i.e., the initial placement of the requirement on every requirement (on Feature Level or higher) has to 
appropriate abstraction level), a ho111-to guide was be broken down to Function Level (testable and 
developed, as can be seen in Fig. 9 in Appendix. This unambiguous). This creates tlze second work-up rule 
guide operates on the principle of asking a series of (R2): 
questions and thus guiding the initial placement of the 
requirement. It should be noted that the how-to guide 
is only a part of the support material offered 10 the R2: All requirements have to be broken down 
professionals working with the requirements. Other to Function Level. 
support materials consist of, e.g., a list of multiple 
examples (of requirelnents on all abstractioll levels) Like in the case of R1 this can mean creating one or 
relevant to the requirements engineering of the product more work-up requirements on adjacent levels or linking 
in question. Example G offers exemplification of the the requirement in question to already existing require- 
placement of a requiren~ent on a certain abstraction ments on lower adjacent levels. Either is acceptable as 
level. long as the requirement(s) on lower levels satisfy the 

It is important to realize that the initial placement of upper level one. 
requirements as described in this section (and exempli- Satisfy in this case pertains to the issue of breaking 
fied in Example 6) is not an absolute, but a balance, down a high-level requirelnent (from, e.g., Feature 
where the requirements have to be weighed against the Level) to Function Level, where the requirements on 
examples and instructions in, e.g., the how-to guide. It is lower level together satisfy the original one to the 
imperative for the requirements engineers (Require- extent of giving a foundation good enough for the 
ments Manager) working with RAM to be consistent, initiation of realization (design) of the requirement. 
i.e., placing requirements of comparable abstraction The main reasoning behind this is that requirements 
levels on the same level and enforcing consistellcy over are meaningless if they cannot be delivered to a 
time. development effort (i.e., left on a too abstract level). 

Typically, R2 involves the creation of several work-up 
requirements being created. 

4.3 Action step three: Abstraction (work-up) An example of R1 and R2 can be viewed in 
Exanlple 7. Here the original requirenlent "C: Supyart 

Subsequent to the initial placement of the requirement .for. mzdtiple la~agunges" (placed on Feature ~eve l )  is 
on an appropriate abstraction level the work-up of the abstracted to Product Level (RI) through the creation 
requirement can commellce. This third step of RAM of a work-up requirement, "Usability irzternntio?zallJ"', 
involves abstracting andlor breakdown of a require- and broken down to Functional Level (R2) where 
ment, depending on the initial placelnent of the original three work-up requirements are created as a part of 
requirement. The work-up process involves creating new the breakdown. 
requirements (called ivork-up reqzliremelzts hereafter) on The breakdown to Componellt ~ e v e l  offers further 
adjacent abstraction levels or ]illking to already existing details to relatively IOW-level requirements and is often 
ones, depending on the situation. associated with suggestions of how to impleme~~t a 

This process takes place for several reasons. First, as requirement. This level is not mandatory in the pro- 
mentio~led before, one of the model's goals is for every cess of breaking down requirements. However, it 
requirement to be comparable the product strate- should be observed that it is not ullusual that several 
gies. Thus, every requirement (on Feature Level or of the incoming req~liremellts are on the Compo~lent 
lower) has to be abstracted up to the Product Level (see Level of abstraction, thus the level cannot be dis- 
Fig. 5) in order for this to be possible. This creates the carded. The need for the Conlponellt Level is illus- 
first work-up rule (RI): trated in the validation part in Sect. 5. In addition, the 



Example 7 Abstraction and breakdown of example requirement C: 
Support for multiple langunges 

sability internationally 

anguage during system 

Component Level can also act as clarification (refine- 
ment and/or limitation) to one or more Function 
Level requirements. An example of this can be viewed 
in Example 7, where a technical limitation pertaining 
to the user interface adds (and limits the possible 
solutions by adding a design element) to the require- 
ment on Function Level. 

As was the case in the previous step (initial placement 
of the requirement) a how-to guide was developed to aid 
in the work-up of requirements. This guide (see Fig. 10 
in Appendix) is example driven adhering to the two rules 
(R1 and R2) described above. It shows mandatory as 
well as optional work-up of the requirements. 

It should be noted that none of the RAM action steps 
is final, i.e., in some instances it is necessary to iterate (go 
back) and rethink the initial placement of a requirement 
(as the work-up offers an analysis that may change the 
perception of the original requirement). This can also 
involve eliciting additional inforination from the 
requirement's source if this is possible. 

During the work-up, it is important to stay true to the 
original requirement or rather the intention of it. The 
creation of new requirements as a part of the work-up 
should not stray too far from the initial intention of the 
original requirement and thus give rise to totally new 
requirements that are related to but outside the scope of 
initial intention. It is inevitable to create new require- 

ments (especially if the original requirement is on a high 
abstraction level) as the work-up is designed to create 
new relevant work-up requirements to the extent that 
they satisfy the original requirement. However, this is 
not the same as including new requirements based on 
"this might also be a good idea" philosophy, as this 
could give rise to a mass of new requirements. As the 
model (and the usage of it) is aimed at offering support 
to professionals, it is also very dependent on the same 
professionals pertaining to how well it works. A 
recommendation when performing work-up of original 
requirements is always to ask the question "is this new 
(work-up created) requirement really necessary in order 
to satisfy the original requirement"? If the answer is 
"yes" then there is no problem, but if there is uncer- 
tainty, the work-up should be stopped. 

This does not mean that good ideas pertaining to new 
requirements should be discarded along the way in any 
case, but they should not be a part of the work-up, ra- 
ther be specified as new original requirements on an 
appropriate level (and in turn get a work-up themselves). 

4.3.1 Reqziirements ~~vork-up: disczrssion 

Looking further into the process of work-up using 
RAM, several potential issues can be identified when 
applying the work-up rules. 

As mentioned before, no requirement may exist 
without having a connection to the Product Level (Rl). 
This can imply that new work-up requirements are cre- 
ated on upper levels using lower level original require- 
ments as a base. A potential issue during this activity is 
that an original incoming low-level requirement can give 
rise to (or be linked to) several requirements on a more 
abstract level. Two rules of thumb apply here, based on 
what was learned during the validations described in 
Sect. 4. First, staying true to the intention of the original 
requirement is a priority. Inventing new requirements 
from scratch outside what is needed to work-up an 
original requirement can result in overwork of require- 
ments at this early stage (product management). New 
requirements that are created as a part of the work-up 
process are separate requirements, but not original 
requirements. This distinction can seem somewhat trivial 
but it helps in keeping focus on expanding the meaning 
of the original requirements and the work-up of them 
instead of using the whole process as an excuse to create 
large amount of new independent requirements. Like all 
activities the requirements engineers, e.g., Product 
Managers, base this distinction on their expertise and 
judgment, and they must judge the impact not only on 
future development but also on product strategy. Sec- 
ondly, a new requirement that cannot be directly 
attributed to the work-up process, but still invented as a 
result of an original requirement idea, should not be 
dismissed, but rather stated as a new original require- 
ment (inventor is the source), and then subjected to 
work-up of its own. Work-up has to be seen as a part of 



the analysis, refinellzeilt and specification of require- 
ments, as well as a way to compare incomiilg require- 
ments to product strategies. 

Once the work-up is completed and there are distinct 
links from the original requirement upwards and 
downwards (if applicable) a requirement in the "chain" 
cannot be removed without considering the whole 
structure of the requireinelzts. For example, removing a 
requirement on Product Level would result in that all 
requirements linked under it must either be re-linked to 
another requirement on Product Level or all require- 
ments in the chain have to be deleted as well. 

The same coilsideration has to be taken when 
removing requirements on lower levels, i.e., removing a 
requirement on Function Level would delnand an ex- 
plicit decision stating that the above linked require- 
ment(~) can be satisfied after the removal (by other 
requirements linked to the Feature Level requirement in 
question) or the Feature Level requirement should also 
be renloved. Looking at Example 7, this would mean 
that the removal of, e.g., the Function Level requirement 
"Addition of lnngzlnges to the systenz" would demand 
that an explicit decision is made that functionality for 
adding new 'language sets' to the system should not be 
incorporated as a part of the feature of supporting 
multiple languages in the system. This in turn has 

implications. How should languages be added? Are 
some set of them just added manually at development 
and so on? The decision of when (in this case a Feature 
Level) a requirement is satisfied by lower level require- 
ments is also a judgment call, but an explicit decision has 
to be made all the way up to Product Level regarding 
adequacy and satisfaction. Ultimately management 
(both business and technical) has to decide if a certain 
chain of requirements are complete and within the 
product strategies or not. 

4.4 Additional structure and process: roles, attributes 
and rules 

As requirements are specified, placed and worked-up 
additional attributes are specified (in addition to those 
introduced in Sect. 4.1) for each requirement as 
applicable. Table 2 suminarizes the additional attri- 
butes with a short description linked to each. Under 
the comment colun~n there is an indication whether 
the attribute has to be specified (mandatory) or not 
(optional), as well as if it has to be specified manually 
or auto generated (assuming tool use). The subsequent 
sections elaborate regarding the attributes and their 
rationale. 

Table 2 RAM requirement's attributes (for attributes 1-4, see Sect. 4.1) 

Attribute title Description Comment 

5. Requirement Source This is a link to the source of the requirement. Mandatory (manual) 
This can be a physical person, document, group 
or meeting. The exactness depends on the 
information available 

6. Requirement Owner A link to the person who "owns" the requirement Mandatory (manual) 
and is responsible for the follow-up of the requirement. 
This person acts as the advocate of the requirement. 
This role is always held by an internal person in the 
product development organization 

7. Requirements Manager An identification of the Product Manager responsible Mandatory (auto generated) 
for the specification, placement and work-up 
of the requirenlent 

8. Relation/dependency One or several links to other requirements on the Optional (manual) 
same level of abstraction. This attribute's aim is to 
record important relations/interdependencies of different 
types between requirements. Every link can be augmented 
by an explanation in free-text 

9. State A requiremen1 in RAM can have different states giving Mandatory (manual) 
information of the status of the requirement, 
see Fig. 6 for details 

10. Reject reason If a requirements state is set to "Rejected requirement", Mandatory if requirement 
i.e., it is deemed out of scope in relation to the product is rejected (manual) 
strategies, then this attribute records the rationale 
of thi decision 

11. Due date This attribute's purpose is to ascertain that requirements Mandatory, auto set to 30 days 
are not forgotten, e.g., put as draft indefinitely. if nothing else i s  specified 
The manual usage of the attribute can be in the case 
of, e.g., customer deadline, etc. 

12. Version Records version on requirements level rather than document Mandatory (auto generated) 
level. Enables requirements' history to be viewed 

13. Date of creation Records the creation date of the requirement Mandatory (auto generated) 
14. Last changed Indicates when the last change was performed Mandatory (auto generated) 



4.4.1 Traceabilitj~ and role attributes 4.4.2 Process (nttribtltes) 

Attributes 5, 6 and 7 are linked to traceability issues, 
enabling (roles) people to be linked to a certain require- 
ment, ensuring that responsibilities are clear, not open to 
interpretation, on a requirement level rather than a 
doculllent level, to avoid issues like certain requirements 
being neglected or even overlooked entirely. 

As requirements are caughtlelicited from multiple 
sources, everything from a person to a market survey or 
a competitor analysis can be the official "source" of the 
requirement (in the latter two the sources are the re- 
ports/documents produced). This makes the role of 
Requireineat Owner important as this person is charged 
with the responsibility of seeing that the requirement is 
followed through on. A Requirement Owner is the 
representative of the Requirement Source when this role 
is silent, e.g., when the source is a survey or an external 
party like a group of customers. In some instances the 
Requirement Source and the Requirement Owner can be 
the same person (e.g., in the case of an internal engineer 
formulating the original requirement). 

The Requirements Manager's role is typically repre- 
sented by the Product Manager charged with the 
responsibility of actually working with the requirement 
throughout its lifecycle. During RAM action steps (see 
Fig. 4) the Requirements Manager can utilize resources 
needed, e.g., asking system experts and/or domain spe- 
cialists for input during the work-up of the requirement. 
The cooperation between the Requirements Manager, 
Owner and Source (when applicable) is especially 
important as they, respectively, possess different per- 
spectives and knowledge pertaining to the requirement 
in question. If a requirement is created as part of the 
work-up (a work-up requirement, not an original one), 
the attributes of the Requirement Source/Owner/ 
Manager are set to the Requirements Manager respon- 
sible for the work-up. 

State reflects how the requirement is handled in the 
product development organization and how it is set to 
different states reflecting the status. Figure 6 offers an 
overview of the different states. Looking at Fig. 6, states 
A, B and C are a part of RAM action steps (see Fig. 4) 
and the continuous (project-independent) requirements 
engineering and are basically about drafting the 
requirement. The work done associated with the three 
states is specified in further detail in Table 3 where each 
separate step and substep is described. Observe that 
states D (dependent on prioritization) and F (dependent 
on packaging into release packages) are addressed in 
future work (see Sect. 7). 

In RAM v.1.0 the possible states a requirement can 
exist in are A: Draft requirenzent, B: Rejected require- 
ment, C: Inconzpletelj~ specified and G: Refined require- 
ment. A requirement can reach states A, B and C during 
the continuous requirements engineering, i.e., the work 
done as part of RAM action steps. State G is, however, 
reached as the requirement in question is subjected to 
further refinement and validation during the dedicated 
req~~irements engineering. 

Dedicated requirements engineering is performed on 
a chosen subset of requirements after project initiation 
and involves refinement by the development project and 
system test departments to assure testability and un- 
ambiguity as well as completeness of the requirements. 

It should be noted that state B is dependent on the 
requirement being out of scope, i.e., that it is not in line 
with the product strategies. Generally the out-of-scope 
requirenlent is rejected offhand (and attribute 10: Reject 
reason is specified), but in some instances an alternate 
decision can be taken. If a requirement is considered out of 
scope but is important for any reason (e.g., an important 
customer is the source) an exception can be made. How- 
ever, this exception is an explicit action and has to be 

I ----------- 1 I --____ ----- 
I Pre-project project 
I (Conllnuoun RE) I (Dedicated RE) I 
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- 

Fig. 6 Requirement's states in RAM 



Tpblc 3 RAM state steps (see Fig. B) 

Step ID Slep description Substeps 

X-A The rec~uirement is caugliL/elicited ilnd drafted by the X-A-I: Spccify attributes 1-4 (Specify) 
Rei~uirerncats Maot~ger. The work is done by the X-A-2: Determine on which level 
Reiluirenients Manager who tltilizes relevtuit resources the original requirement is on (Place) 
if the need arises (e.g., Requirement Owner, experts and X-A-3: Specify all attributes on relevant level 
so on are important parties in this process) X-A-4: Abstract and/or breakdow~i the 

original requirement according to work-up 
rules RI and R2 (work-up) 

X-A-5: Validate requirement against 
Requiremeiit Owner and Requirement Source 

A-B During (or rather, 8s the requirement is abstracted) A-B-l: Coinpare requireinent (directly 
work-up the rctluirement i s  checked against product or indirectly) to product strategies. If the 
strategy. Recluireinents deeinecl as not in line with requirement is not in line wit11 strategy 
strategies are deemed out of scope and thus rejected i t  is rejected 

As a requirement i s  rejected, directly related requirements A-B-2: If a requirement is rejected for any reason 
(work-up requirements) on adjacent abstractioll levels arc created work-up requirements have to be evaluated 
either retnovcd as well or re-linked (enfolcing RI and R2) if they should also be removed. If all are removed, 

nothing further is needed. However if a work-up 
requirement is left on any level jt has to be re-linked 
to requirements above and/or beyond for the work-up 
rules RI and R2 to bc enforced 

A-C During validation agtiiiist the Requirement Source/Owner 
(X-A-5) the requirelnent 
can be deemed incomplete. This can be a result of, 
e.g.. incorrect initial placement, unsatisfactory 
work-up and so on 

approved by both the Requirements Manager and the 
Requirement Owner, as well as checked against upper 
management. The general rule is that all requirements not 
rejected should be in line with the strategies formulated for 
a product. Exceptiolis to this rule should be kept at a 
minimum in order to use the full potential of RAM. 

4.5 Model tailoring 

The basic elelnents of the RAM revolve around using 
abstraction levels, instead of flattening them (or dividing 
them illto separate documents), to work with require- 
ments. RAM action steps described in Sects. 4.1-4.3 
follow this ambition, and the use of attributes (Sect. 4.4) 
enables a requirements-oriented (not document-ori- 
ented) way of working. 

This does not mean that RAM was developed to be 
prescriptive in nature. One model fitting all types of 
products is not a realistic aim, not to mention differences 
between organizations. To this end, the model is intended 
to be a framework on which continuous requirements 
engineering can be based. Several things need to be ad- 
dressed prior to the model being set into operation in an 
organization. This can be seen as tailoring of RAM to fit 
a specific product (organization), as well as giving the 
adopting organization's representatives (e.g., Product 
Managers) a chance to acquaint themselves with RAM. 

Below an overview of the tailoring aspects is offered: 

* Abstraction levels (and usage of them) are a funda- 
mental part of RAM. However, the number of 
abstraction levels and the abstl.action degree of each 
level is not to be considered absolute. 

* The number of abstraction levels needed depends 
on the product and organization. To facilitate 
abstraction (to a level comparable to product 
strategy) and breakdown (to a level good enough 
for project initiation) different organizations may 
have different needs. Three levels may suffice in 
some cases where requirements are generally only 
caught/elicited on three levels; other organizations 
may have the need for five abstraction levels and 
SO on. 

* The same reasoning applies to the abstraction 
degree of each level. It is dependent on the number 
of abstraction levels used, i.e., the jumps between 
levels are greater if few levels are used and vice 
versa. 

* As a rule, two things determine the number of 
abstraction levels and the abstraction degree of 
these levels. First, the req~~irements caughttelicited 
can be used as an indicator (if requirements are 
typically caught on four levels this amount may be 
appropriate). Second, the need for work-up of the 
requirements, i.e., do four levels (instead of three) 
help in making the work-up of the requirements 
easier? This mainly pertains to the distance between 
the abstraction levels. 

m Example driven is a term used in the description of 
RAM. As different organizatiolls (products) are 
dependent on different vocabularies, domains, teclzni- 
cal terminology, traditions and needs in terms of, e.g., 
the number of abstraction levels and abstraction de- 
gree, relevant examples have to be developed. The 



examples are to illustrate most "common" situations 
encountered by the Product Manager charged with the 
job of performing the continuous requirements engi- 
neering. 
Attributes need to be reviewed and adapted to the 
needs of the organization. It is important to realize 
that perfect attributes are meaningless if they are not 
specified. A balance between benefit and cost has to be 
reached, and the benefit of specifying a certain attri- 
bute should be well anchored in the organization. 
Roles present differ from organization to organiza- 
tion. In some cases new roles may be needed, e.g., if 
no Product Manager or equivalent role exists charged 
with the continuous requirements engineering; in 
other cases already present roles can be redefined. This 
is not primarily to fit the model, but rather to fit the 
nature of the requirements-initiated development 
(market driven and continuous). 
Naming of abstraction levels, attributes, roles and so 
on should be adapted to fit the vocabulary of the 
organization. The main concern is that all parties have 
the same understanding of what is meant and a 
naming standard is used. 
Product Focus means that an organization with 
homogenous products (pertaining to the development) 
can work with the same version of RAM (tailored to 
their needs). If an organization has heterogeneous 
products (e.g., large organization with different types 
of products/product lines) several tailored versions of 
RAM may be beneficial, e.g., one for each "group/ 
type" of product. 
Support Material, e.g., how-to guides are a result of 
the other tailoring points described above. The num- 
ber of abstraction levels, abstraction degree, relevant 
examples and so on all govern how the guides are 
developed and what contents they have. 

Details pertaining to the tailoring of RAM are con- 
sidered outside the scope of this article. However, it 
should be noted that a tailoring effort of RAM is 
underway at present, which is a prelude to the test and 
implementation of RAM in a second organization faced 
with a situation similar to the one identified at DHR. 

4.6 Requirement Abstraction Model: summary of the 
action steps 

Product Managers are offered a model to handle 
requirements on multiple levels of abstraction in a con- 
tinuous requirements engineering environment and a 
structured framework for how to work-up these require- 
ments. The main steps of RAM are summarized below: 

1. Specify initial attributes (attributes 1-4) to form a basic 
understanding of the requirement and ascertain its 
abstraction level. This is generally done by the 
Requirements Manager (Product Manager) in cooper- 
ation with the Requirement Owner (and the Require- 
ment Source when applicable) (see Sects. 4.1 and 4.4). 

2. Place the requirement (see Sect. 4.2) on an appro- 
priate abstraction level (using product-relevant 
examples; see Sect. 4.5 and the how-to guide in Fig. 9 
in Appendix). 

3. Work-up (see Sect. 4.3) the requirement by specifying 
additional requirements (called work-up require- 
ments) on adjacent abstraction levels until work-up 
rules R1 and R2 are satisfied (using product-relevant 
examples; see Sect. 4.5 and the how-to guide in 
Fig. 10 in Appendix). During work-up, attributes 1-4 
are specified for the new work-up requirements. As 
the work-up is being completed additional attributes 
need to be specified (see Sect. 4.4). 

During work-up it may be necessary to rethink the 
initial placement of the original requirement and reini- 
tiate work-up. 

5 RAM: validation 

This section offers a presentation of the evolutionary 
development of RAM as it was validated in industry 
against an organization faced with the improvement is- 
sues described in Sect. 3. 

The validation is divided into two main parts, static 
and dynamic (see Fig. 2). The static validation consists of 
reviews and walkthroughs of RAM, and the dynamic 
validation consists of a live industry requirements engi- 
neering effort where the model was put through its phases. 

5.1 Static validation 

As RAM was developed it was considered important 
to get input from all stakeholders involved in product 
management and requirements engineering, as well as 
the ones using requirements as input to their work. 

The first step was to identify relevant general roles at 
DHR and their relation to the requirements engineering 
process. The roles identified were project centered, as the 
organization was largely centered on development pro- 
jects (i.e., project-initiated requirements engineering) at 
the time of the model's development. This also meant 
that the roles were not directly compatible with the ones 
described by RAM (see Sect. 4.4). 

Below the identified roles are listed. The roles were to 
some extent influenced by the roles identified during the 
process assessment activity performed earlier at DHR 
[20] (see Section 3.1): 

(A) The Product Manager role was new to the DHR 
organization (<  l year). The role's responsibilities 
were centered on product coordination and product 
(release) planning, as well as development project 
coordination. The Product Manager was considered 
responsible for a product and answered to upper 
management. 

(B) The Orderer had the task of being the internal owner 
of a certain project, i.e., having the customer role and 



applic~tble thc oficiul contact with an external 
custoiner and/or pcvtncr, This role is responsible for 
the official signing-on when it colnes to thc require- 
ments, Le., he/sl~e places an order, 
The Prc,$ec/ Mctnagcr h i s  Ihc tr:rditional role of 
managing the projcct, resources, planning and fol- 
low-up. As far as sequirenlents are concerned, the 

anager is responsible for the requirenlents 
eering performed, the requirements specifica- 

written and signcd off by the System Engineer, 
e System Enginaer is the technical person 

onsible for n project, It is also important to 
gnize that the Systcnl Engineer has the official 

lity for the rcc~rrirements specification in a 

eloper is a representative for the developers 
(e.g., programmers) in a project, the ones actually 
implementing the requirements. The developers use 
the requirements specification. 

(F) The System Test role can be described as the tra- 
ditional role of system test. This role is officially 
present during initial project meetings and is a part 
of the verification of the requirenlents specification. 

(G) Upper Managemelzt was identified as a crucial 
stakeholder since executive power to a large extent 
resided here. This role also represented the process 
owners, as well as the ones actively participating in 
the creation of product strategies. 

In addition to the two official static validations de- 
scribed above it should be noted that the development of 
RAM was conducted on-site and that unofficial discus- 
sions and feedback were co~nmonplace from multiple 
sources not limited to, but sometimes including, the roles 
and interview subjects that participated in the official 
validations. 

5. I .  I Srntic validation irnpnct and lessons learned 

Static Validation One mainly influenced RAM pertaining 
to size and complexity. The initial designs of RAM were 
considered too ambitious in terms of how requirements 
were specified (e.g., more attributes pertaining to relations 
and dependencies). It led to a larger model demanding 
further details in the specification. There was a view 
amongst the Product Managers that too rigorous de- 
mands would result in either the model being not used (at 
least not as intended) or that too much time would go into 
specifying details that were never used (even if potentially 
beneficial). It was realized that simplifying the model 
pertaining to what was specified in relation to a require- 
ment also dulled the requirement in question. This trade- 
off was considered and the general view was that it was 
better to have a model (requirements) that was good en- 
ough and used than a larger more complete model that 
was considered too cumbersome. 

In addition, the usability of the model was debated 
Static Valiclation One involved eliciting feedback/ and the consensus was that the example-driven nature of 

input regarding RAM froin the following roles: the model was important as far as usability was con- , 
cerned. Product-centered relevant examples of specifi- (A) Product Manager (two persons interviewed) cation, placement and work-up were considered (B) Orderer (one person interviewed) 
necessary and, in combination with abbreviated how-to 

(C) Project Manager (two persons interviewed) guides (see Appendix) enhanced the usability of the (D) System Engineer (one person interviewed) model substantially, especially in comparison to just 
Static Validation Two involved eliciting feedback/ offering, e.g., a list of rules describing RAM. 

input regarding RAM from the following roles: The structure and rules of RAM were considered 
important to get a repeatable and comparable continu- 

(E) Developer (one person interviewed) ous requirements engineering process that produced 
(F) System Test (one person interviewed) requirements on a level of detail that was predetermined 
(G) Upper Management (one person interviewed) and not ad hoc. The ability to compare requirements 

The division of roles between the two static valida- 
tions was deliberate. Static Validation One was centered 
on the initial formulation of the model, and cooperation 
with roles working with requirements (elicitation, anal- 
ysis, management and so on) was considered crucial. 
Static Validation Two was centered on the input to and 
output from the model (what the model needed, e.g., 
product strategies, and what the model produced, e.g., 
requirements good enough for project initiation). 
Developers and System Test were in the position to give 
input as to, e.g., when a requirement was good enough 
for project initiation, testability and so on. Upper 
Management was directly involved with product strate- 
gies, as well as the process as a whole. 

Both validations were carried out in the form of 
unstructured interviews [34] in the offices of the inter- 
view subjects and lasted between 1 and 2 h each. 

(directly or indirectly through work-up requirements) to 
product strategies was considered very beneficial as it 
would be possible theoretically to dismiss some 
requirements offhand if they were considered to be out 
of scope. The main risk identified in this scenario was 
that product strategies had to be present and explicit in 
order for this to work, 

Static Validatiorz Two mainly influenced RAM per- 
taining to process-related issues. This validation can be 
divided into two main parts: RAM-prodzlced requirenlents 
and RAM generalprocess. RAM-produced requirements 
was the part discussed at length with the Development 
and System Test roles and involved how to ascertain 
that RAM-produced requirements (on Function/Com- 
ponent Level) passed to development (input to initial 
design) were refined enough, unambiguous and testable. 
These aspects were used as input to the validation with 



upper n~anagement regarding RAM general process and 2. Was it possible to use requirements directly from the 
gave rise to a division of RAM requirements engineering model for the intended purposes, i.e.. 
into two main parts: a coi?tii?uous (pre-project) part and 
dedicated (during project) part. Figure 3 illustrates this. 

To ensure testability and to get a pre-design review of 
all requirements a testability review was proposed. It 
meant creating test cases based on the requirements and 
thus getting an indirect review of testability and (to a 
large extent) completeness and refinement. The creation 
of test cases based on the requirements was not adding 
any work effort to the development as this was to be 
done in any case, but usually at  a much later stage (i.e., 
as implementation is close to completion). 

The testability review was not deemed possible to 
perform during the continuous part, but was placed in 
the dedicated part of the process. The main reason for 
this was not to waste effort on requirements not yet 
planned for development, i.e., only the Function/Com- 
ponent Level requirements allocated to a project would 
be subjected to the review. 

This meant that testability could not be assured for 
all Function/Component Level requirements in RAM 
requirements "repository", but rather only for the ones 
prioritized enough to be allocated to a project. A 
requirement on Function/Component Level should 
strive to be testable, but no formal review would be 
conducted until project allocation (i.e., performed dur- 
ing the dedicated part) was set as a general rule. 

In addition to the division of the requirements engi- 
neering into two parts, upper management identified 
product strategies as an important factor in the context of 
performing requirements engineering with RAM. The 
general view was that the creation of explicitly defined 
product strategies would allow better co~ltrol over prod- 
uct development, as well as tie development efforts (pro- 
jects) closer to the goals for the product (and indirectly the 
organization). 

5.2 Dynamic validation 

As a candidate model (RAM v.0.9, see Fig. 2) was 
completed, it was set to be tested in a live development 
situation (referred to as ~lynunzic validation hereafter). 
The idea was to use the model for actual require~nents 
engineering in order to validate its components (e.g., 
attributes) and to check if the model was scalable to a 
real developnlent situation. This involved validating 
several aspects of RAM: 

1. Absbraction levels 

(a) On what abstraction levels did requirements 
actually come in, and what sources produced what 
requirements (pertaining to abstraction level)? 

(b) Did the work-up create any problenls with, e.g., 
too many new requirements (i.e., work-up 
requirements) created as a result of work-up? This 
aspect was largely linked to the scalability of 
RAM. 

- 
Were Product Level requirements comparable to 
product strategies? 
Did the Function Level (together with corre- 
sponding Component Level) requirements ol'fer 
enough material for a development project to 
perform dedicated requirements engineering? 

3. Usability, i.e., was RAM easy and intuitive enough to 
use practically? 

The main factor limiting the effectiveness of the dy- 
namic validation was the difficulties of actual performing 
continuous requirements engineering over a long time 
period, as the dynamic validation was limited in time alld 
scope. This meant that the "continuous" part was not 
really tested, i.e., only one development project was to be 
initiated as a result of the requirements engineering per- 
formed during the dynamic validation. Following a 
continuous product-centered requirements engineering 
view (as intended when using RAM and described in, e.g., 
Fig. I )  the dynamic validation would have to be per- 
formed over a much longer period elicitinglcatching 
requirements continuously and initiating several devel- 
opment projects as needed (based on the requirements). 

However, the consensus at DHR was that a limited, 
but nevertheless real, test of RAM would produce a 
clear indication as to the applicability of the model to 
solve the problems described in Sect. 2, as well as answer 
the questions posed above (see questions 1-3). 

Looking at the process of dynamic validation the 
Product Manager's role (at DHR) corresponded to the 
Requirement Manager's role in RAM (see Sect. 4.4). 
Two persons in cooperation conducted the actual 
requirements engineering work performed with RAM, 
i.e., the normal Requirements Manager role of RAM 
was divided during the validation between a DHR 
Product Manager (driving the work) and the researcher 
(collection/support). In reality, the researcher's role was 
not only collection, but also cooperation and collabo- 
ration to some extent. The main idea was for a profes- 
sional in industry to use RAM in a requirements 
engineering situation, and by doing so involve other 
parts of the organization described by RAM, e.g., 
Requirement Owner and Requirement Source, and also, 
e.g., system experts and developers as needed to com- 
plete the tasks. The guarantee for scalability of RAM 
resided in this fact, i.e., that seasoned professionals used 
the model for a real requirements engineering effort and 
could estimate scalability based on their experience. The 
researcher's role was to support and help in the work. 

The dynamic validation (requirements engineering 
effort) was centered on the development of a new small 
product needed a t  DHR. It was set up to be as close to a 
real market-driven continuous requirements engineering 
effort as possible (but focused in length). Figure 7 illus- 
trates the set-up. Requirements were caught /elicited 
from lnultiple sources, both internal and external. Each 



lenls a~gineering during dynamic validation 

ent was specified, placed and worked-up in turn, of requirements 011 each abstraction level, For example, 
condition for the dynamic validation was when 6% of the requirements came in (were placed) on Product 

ere were adequate requirements in RAM repository for Level, and the two sources (Customer and Management) 
one development project to be initiated. In a continuous had an equal (50% each) share of these requirements. 
requirenlents situation the requirements engineering with As the dynamic validation was a limited test-run of 
RAM would never stop, but continue initiating proj nd the organization had limited infrastructure to 
after project over time as the requirements came in. requirements sources, some grouping was neces- 

During the dynstltic validation, the dedicated part of sary. The grouping is based oil general source, e.g., the 
the requiremenls engineering (performed in the project) group "Developers" is populated by all requirements 
was largely omitted as the aim was to validate RAM v.0,9 elicitedlcaught from the development department regard- 
(supporting the Product Manager during the continuous less of, e.g., who the developer was. In the same way, the 
part); however, a number of testability reviews were per- "Management" group consists of requirements from all 
formed. The motivation for this was to check Function/ management sources (whether it was upper or middle 
Component Level requirements (as they were delivered to management). The Partner group was elicited indirectly 
the development project) for tes tnbility, completeness and through the marketing department, as direct access was 
ambiguity since the formal review ensuring these aspects limited, as was the case in most Customer group cases. 
was moved to the dedicated requisements engineering (see The distribution over the abstraction levels was rela- 
Sect. 5. l. l, Static Validation Two). tively even except for the Product Level. This was not 

The role of Requirement Source was represented by a surprising as the Product Level only holds relatively ab- 
diverse group of different internal stakeholders with stract requirements and not statements such as "the 
varying agendas, Some of these internal stakeholders product should support" which was the most common 
(primarily marketing and sales personnel) represented type (as indicated by 37% at Feature Level). The abstract 
external parties during the dynamic validation (as they nature of requirements on the Product Level means that 
often are pertaining to the ''norrnalYY case in everyday in reality the requirements will result in many more 
work). requirements on lower levels when they are broken down. 

On the one hand, this means that the percentage figures 
52.1 Dynamic validation: lessons learned are not comparable, On the other hand, the inability to 

compare between different levels of abstraction is one of 
Below, each of the questions posed in Sect. 5.2 (i.e., the main motivations for the development of the model. 
questions 1-3 with sub-questions) is discussed based on Most of the requirements came in on Feature Level, 
the experiences from the dynamic validation of RAM. not testable or broken down enough for development, but 
Looking at the requirements engineering performed, 78 feature focused, as were the Custon~er and Management 
original requirements were elicitedlcaught before Product groups that dominated this abstraction level. There was a 
Management considered a development effort possible. limited introduction of requirements from both the 

1(a). AS the original requirements came in, the dis- Partner and Developer groups on Feature Level as well. 
tribution over abstraction levels was diverse, as can be The Developer group stated most of the requirements 
seen in Fig. 8. In the center of Fig. 8 the incoming on Function Level and had a fair share on Component 
requirements' distribution over abstraction levels can be Level as well. This is not surprising, as developers 
viewed as percentages of the total amount of require- generally are perceived as more hands-on and not prone 
merits. In the left side ~f the figure the sources (grouped) to abstract non-verifiable statements. The Partner group 
of the requirements can be seen, along wibh a percentage consisted of requirements where the source could be 
indicating their relaGve contribution of the total amount derived to industry partners that used DHR's products 



Fig. 8 Requirements 
distribution over sources and 
abstraction levels 

as components in their own products. The partners' high 
level of technical expertise and insight into DHR prod- 
uct's technical detail probably led to their high repre- 
sentation on Component Level. 

It should be noted that the Management group has 
relatively high representation on low abstraction levels. 
This might be because many management representa- 
tives are experienced engineers, well versed in technical 
aspects and have been with the organization for a large 
number of years. 

With regard to the distribution, it was seen as bene- 
ficial that RAM supported varying levels of abstraction 
for initial placement of requirements since incoming 
requirements varied a great deal regarding abstraction 
level. The alternative was to put all requirements into 
one single repository, regardless of abstraction level, as 
was largely done prior to RAM. 

l(b). The total number of requirements after work-up 
was about twice as many as the original requirements, 
i.e., for every original requirement in average one work- 
up requirement was created. The original requirements 
that came in on Product Level (6%) were relatively few 
in comparison, but resulted in the creation of several 
work-up requirements, more so than original require- 
ments coming in on lower levels of abstraction. That is, 
the product impact of the requirements on high 
abstraction levels (Product Level) was substantial even if 
the amount of original requirements coming in on this 
level was relatively low. 

The main issue with creating work-up requirements 
(new requirements as a result of work-up) was knowing 
when to stop. Satisfying the work-up rules (R1 and R2) 

was not the real problem. The main challenge was to 
avoid inventing new and not completely relevant 
requirements. Relevance in this case was staying true to 
the original requirement and only performing the work- 
up that was necessary to satisfy it. The Product Manager 
felt that it could be easy to lose focus and create addi- 
tional requirements that were semi-relevant, e.g., adding 
functionality that could be "good to have", but was not 
sought after when looking at the original requirement 
and the Requirement Source. 

The main experience from the work-up was that stay- 
ing true to the original requirements was very important 
and probably a matter of experience in using RAM. The 
doubling of the total amount of requirements as a result of 
work-up was not considered a problem since the benefits 
outweighed the costs. The benefits were not only com- 
parison to strategies and producing good enough 
requirements for development, but also that the work-up 
process itself gave a better overview of the requirements 
and allowed for a better holistic view. In addition, the 
increase in effort, despite the creation of work-up 
requirements, was considered moderate in comparison to 
the requirements engineering performed before the use of 
RAM. In conclusion, the work-up (i.e., abstraction and 
breakdown) of requirements was considered beneficial 
since it implied analysis, refinement and completion of 
requirements in a structured way. 

2(a). As the requirements were abstracted upwards, it 
was possible to compare most of the requirements to the 
product strategies. It should be noted that some of the 
product strategies were not in place prior to 
the requirements engineering (as the product was new to 



the organization, this was rather expected), However, Thus, the model is also indirectly a risk mitigation 
the benefit was that explicit decisions had to be made tool, 
during the requirements engineering as to what The rnaterial produced by using RAM was considered 
requiremellts were to be dismissed and wht~t were not. more than adequate, as well as offering it on an even level, 
This activity can be seen not only as a "reverse engi- i.e., as the requirements were specified and worked-up in 
neering" of product strategies, but also as  he creation the same way, most requirements were ec~uallyrefin~d and 
(or rather explicit specification) of product strategies conlparable (on the same level of abstraction). 
that are lacking, ~lsing requirements as a roadnzap to The potential problems wit11 the model were *lot di- 
what is needed, Either way, as the strategic decisions rectly associated with RAM, but rather the infrastructure 
were made they offered the possibility to dismiss needed to support RAM. This included issues mentioned 
requirements that were out of scope at an early stage and before, e.g., product strategies, and also issues such as 
keeping resources spent on irrelevant requirements at a adequate tool support and organizational infrastructure 
minimum. (traceability to original requirement source) and so on. 

The main concern for tlze rnaiiagentent was for a need Looking at the dynamic validation as a first live run 
to establish routines for creating and re-creating (e.g., of RAM, the overall usability of the model was con- 
adding to/reformulaling) product strategies continu- sidered more than adequate by the Product Manager 
ously, as needed, to support the continuous require- using RAM, as were the results produced by RAM. 
ments engineering. A lack of these routines was not a 
direct problem during the dynamic validation as the 
scope of the requirenlents engineering effort was limited 6 Conclusions 
and did not influence critical core prodlxcts. 

2(b). As the requirements engineering come close to its The RAM was developed in response to direct needs 
stop condition (adequate requirements for project initia- identified in industry and the lack of an appropriate 
tion) a requirements review was performed in order to model to address these needs. The goal was to offer 
assess if the requirements on Feat~lre Level and Compo- Product Managers a model supporting the ability to 
nent Level were good enough for use in a project and handle and work with requirements on multiple levels of 
dedicated requirements engineering, In total ten require- abstraction in a continuous product-centered require- 
ments were reviewed on Feature Level (chosen by ran- ments engineering effort. This meant going from, e.g., 
dom). Three of these were considered as testable and one repository where all requirements were kept, 
unambiguous right away, The other seven were in need of regardless of abstraction level, to a structure mirroring 
some additional work before testability could be assured. the reality of the requirements coming in. 

During the review, all ten requirements were consid- RAM enforces work-up rules that abstracts and breaks 
ered good enough as input to the dedicated requirements down requirements as needed, offering requirements on 
engineering. There was adequate material present (look- several levels of abstraction reflecting the needs of a 
ing at the entire abstraction chain) to continue the work development organization, Product Level requirements 
of refinement and completion before the design stage. can be compared to product strategies, in an attempt to 

The input to the project planning effort was also dismiss out-of-scope requirements at an early stage. 
improved as all requirements were broken down to a Function and Component Level requirements (needed for 
level where greater accuracy regarding resource cost project initiation) effectively assure that developers are not 
could be achieved, especially in comparison to having a burdened with requirements too abstract for development. 
mix of abstract and detailed technical requirements as a In addition, working with the model gave a homogenous 
basis for project planning and initiation. refinement and analysis of requirements and the effect that 

It should be noted that some communication with the several issues, normally left to projects, were caught early 
Product Manager and minor refinement (reformulation) on. This mitigates the risk of some problems creeping into 
of requirements would have been necessary if the development and caught only after the development effort 
requirements should have been good enough in terms of (e.g., project) was planned and initiated. 
being unambiguous and testable. This was deemed as As requirements engineering is an integrated part of 
acceptable and considered a substantial improvement development the effective use of RAM is dependent on 
over previous input to projects. certain infrastructure being in place; this pertains mainly 

3. The overall impression of using RAM was posi- to explicitly formulated product strategies, whose exis- 
tive. The action steps of specification, placement and tence cannot be taken for granted. As part of the benefit is 
work-up were performed without much trouble and dependent on this fact it could be considered a drawback; 
supported by relevant examples, but rather intuitive. however, it should also be noted that the abstraction of 
AS the dynamic validation was the first attempt to requirements can trigger explicit questions, challenging 
actually use RAM there were of course some problems, management to refine product goals and strategies to re- 
maillly pertaining to coming up with relevant examples flect the needs of the development organization. 
and figuring out strategy-related issues. However, the All parties working with development (management 
lnodel helped in raising a number of issues early in- in particular) can compare req~~irements, as they are 
stead of leaving more uncertainties to development, homogenous regarding abstraction level and are not 



forced to decide between an abstract requirement and a The non-prescriptive, adaptable nature of the model 
detailed one as, e.g., planning and prioritization activi- is based on the assumption that a perfect niodel and way 
ties are performed. of working cannot be specified, not even for one orga- 

As part of its development, RAM was validated in nization with homogenous products, since the products 
industry through both static validations, getting feed- and needs of the organization may change over time. 
back from professiollals working with requirements RAM can be tailored to satisfy the needs of different 
engineering and product development, and through dy- organizations and products. In the same way, it can be 
namic validation, giving a seal live test-run of the model. modified over time to reflect the current situation of a 
The validations were performed to assure that the model development organization, supporting the collection of 
compIied with the needs of the industry. requirements over time and product's life cycle. 

During the validations it was ascertained that 
requirements did come in on different levels of abstrac- 
tion, and that specification, placement and work-up 7 Future work: RAM validation and evolution 

were feasible in a real live requirements engineering sit- 
uation. The usability of the model was premiered in its RAM v.1.0, as described in this article, was aimed at 

development and was partly assured during the static assuring that requirements be specified on multiple 

validation and tested during the dynamic validation. abstraction levels in a repeatable and homogenous way, 

As RAM is not prescriptive in nature, but rather enabling, e.g., Product Managers in early requirements 

adaptable and example driven, tailoring towards a prod- engineering efforts. This was considered a prerequisite for 

uct (or organization) may be required prior to use in order subsequent activities, i.e., requirements estimation, risk 

to develop support materials like guides and relevant analysis, prioritization and packaging of requirements 

examples. The main stakeholder pertaining to the model is taking, e.g., coupling between requirements into consid- 

the Requirements Manager (e.g., a Product Manager), eration. The next phase that will be undertaken in the 

and as the model should be tailored to support the work validation and evolution of RAM can be described as a 

performed, not only the work performed must adhere to two-step process. First, a controlled empirical evaluation 

work-up rules, but also the consistency regarding in a lab environment will be performed. This evaluation 

abstraction levels is critical and how requirements are will be designed to further test the concepts behind RAM 

handled in relation to these rules. The main point is not in an experimental setting, prior to industry trials. The 

having a certain requirement of a certain abstraction on a goal for this evaluation will be to give important feedback 

partic~dar level, but rather having all requirements of a regarding the usability and usefulness of RAM without 

certain abstraction on the same level. This (i.e., adequate spending valuable industry resources, but nonetheless 

usage of the model) is abtained through supporting users enabling further improvements on the model's concepts, 

with guides, relevant exanlples and explicitly formulated identification of potential weaknesses and collection 

product strategies, and also through training in model metrics regarding the usage of RAM. All information 

usage prior and during model iniplementation in an gathered during this lab evaluation will be used as input to 

organization. Issues such as the number of abstraction the next step, the tailoring and large-scale piloting of 

levels needed are up to the organization in question and RAM in industry. The present plan is for RAM to be 

their particular case and are a part of the tailoring. tailored to, and subsequently piloted in, two organiza- 

Requirements specified using RAM were based on tions, Danaher Motion Saro AB and ABB Automation 

attributes validated against industry professionals and Technology Products. Data, both qualitative and quan- 

were considered adequate in amount and detail per- titative, gathered during the pilots will act not only as 

taining to fulfilling the functions needed. The usability decision support material for further model improve- 
was premiered in the models' development, but not at ments, but also as input to the organizations when con- 

y the expense of substantially lowering the quality of the sidering the full scale adoption of a tailored version of 
requirements produced. This was assured through the RAM in their product planning and development process. 

validity reviews performed. In addition, the natural evolution of RAM will con- 

As stated earlier, RAM presented in this article was tinue, incorporating explicit support for requirements 

designed with Product Managers in mind, supporting estimation, risk analysis, prioritization and packaging of 

them in their requirements engineering effort towards requirements into development instances. The work name 

producing requirements good enough for planning for this endeavor is RAM v.2.0. Requirements engineering 
activities, giving detailed abstraction as well as a big closer to and within projects will be incorporated. The goal 
picture view. However, it was also developed with will be to create one usable and flexible lightweight model 
engineers (developers) in mind, controlling the abstrac- that covers requirements engineering activities performed 

tion level and refinement of requirements handed over to not only during product planning and management activ- 

projects. The motivation for RAM was to address needs ities, but also within and post projects, thus effectively 

identified at DHR, the same needs that were later con- addressing most of the issues identified in industry (see, 
firmed by a second (independent) develowment oreani- e.g., Improvement Package Two and Three in [21]). 
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