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1 Executive Summary 
Responsible partner: ULANC 

Contributing partner(s): SINTEF, INRIA, TIS 

In the present document we present the first part of the DiVA RE approach which mainly 
focuses on answering the question on what (requirements, their justification and context) to 
model, as well as  touches on the issue of how to restrict the proliferation of variants in 
requirements models. To address these questions, the DiVA RE approach proposes to: 

• construct a feature tree from the input requirements text, thus identifying specific 
requirements that need to be modelled, and refining this tree with variations and 
adaptation points;  

• recover the hard- and soft-goals related to the given requirements to provide a 
justification for them, and also to use a single goal-model for modelling the large set of 
potential variations; 

• analyse the resultant goal/feature tree to extract the relevant context and related 
variability and constraints which restricts the set of potential configurations. 

In addition, the overall DiVA perspective of core and aspect fragments is also applicable to the 
RE model, treating aspects as model fragments that encapsulate variability and can motivate 
run-time change. 

The present document consists of three core sections: first (section 2) briefly outlines the 
challenges for the RE for dynamic systems; section 3, which is the core of this document, 
presents the DiVA RE approach and illustrates it with a brief example taken from the CAS 
customer management system of D6.1; this is followed by an overview of how DiVA RE 
tackles the challenges discussed in section 2 (section 4), finally section 5 gives a brief summary 
of work related to the DiVA RE approach; the document is then summarised by section 6. The 
current document also contains 3 appendixes, which are papers published on this work and these 
are referenced from the core of the document, where needed, for more detail, thus reducing 
unnecessary duplication of detail in the document itself. 

2 RE Challenges for Dynamic Variability for Adaptive Systems  
The current document focuses on the issues related to adaptive systems with dynamic 
variability. 

An adaptive system is defined as a system that automatically takes the correct actions based on 
the knowledge of what is happening in the system, guided by the objectives and needs of 
stakeholders [11].  

A system with dynamic variability is then defined as an adaptive system that supports variability 
and commonality identification, representation, and use for run-time. 

In order to fulfil the requisites set by the definition of an adaptive system with dynamic 
variability, such a system must, as a minimum: 

1. Monitor its environment and its internal context to obtain the “knowledge of what is 
happening” and to take in the “guidance” from the stakeholders. In other words, it 
must demonstrate Context Awareness; 

2. Evaluate the available alternatives in order to identify the “correct action”. In other 
words, it must demonstrate ability for Alternative Configuration Selection, and 
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3. Execute the identified “correct action”. In other words the system must have the 
ability to Transit from its current state to the state that results from putting the 
correct actions in place. 

From the Requirements Engineering perspective, issues of context awareness, variability and 
alternative selection are most important. Traditionally, the support for transition of a system 
from one state to another is provided with via a toolset for formal methods-based analysis and is 
provided via workpackages 2-4 of DiVA project (not discussed any further in this deliverable). 

The current document focuses mainly on the first issue (i.e., context awareness). The issues 
related to the alternative configuration selection will be dealt in more detain in the dedicated 
deliverable: D1.4. 

2.1 The Context Awareness Challenge 
Context aware systems are often defined as systems that are able to detect sense, interpret, and 
respond to various attributes of the users and computing devises, and their local environment 
[26].  

Since the “real world” environment is densely populated by people, devices, infrastructures, 
physical/emotional environments, and their interactions, a context aware system has to observe 
and react to a vast variety of characteristics and their changes. It may need to monitor such 
diverse characteristics as, for instance, user/device location, proximity of users/devices to each 
other, time of day, weather, noise/light level in the environment, connectivity or devices, their 
battery levels, network information, availability of particular services, and so on. Thus, in order 
to develop a manageable requirements model for an adaptive system, one needs to identify the 
sufficient minimum of types of people, devices, environments, and interactions that are 
necessary for the functioning of the system to be. To facilitate this task requirements engineers 
may rely on already developed classifications for contextual information (e.g., [7, 28] ), domain 
knowledge, as well as user input. 

It should also be noted that in many cases it is not possible to directly access the attributes of 
interest either because they cannot be directly measured, or because they cannot be known in 
advance. For instance such attributes as current user activity or average daily noise levels in the 
environment cannot be directly measured. To get this type of information the requirements 
analyst must identify ways of accessing such attributes (e.g., using indirect clues on user 
location and mode of his hand-held device) as well as define procedures for (pre-) processing 
some row data into derived information (e.g., if a voice controlled system must be used in some 
environment, the data on noise levels at a given location may need to be collected for a few days 
to project the past average for the current day).  

A more serious problem arises when some vital attributes for system to be cannot be known 
ahead, for instance, if a system is designed to service mobile devices, it is not possible to know 
all types of mobile devices that would want to use the system as new types of such devices are 
constantly in development (e.g., iPods were not existent only a few years back). Thus, adaptive 
systems need to be able to handle incomplete information and some degree of uncertainty. 

Finally, the adaptation process itself must be represented as part of requirements for an adaptive 
system. For instance, if some specific events or changes in some monitored attributes should 
force the system to change, these events and boarder-line attribute values should be identified 
and recorded. These should, of course, be accompanied with the details of expected change 
itself. For instance, we can define a rule about a system designed to be used on a mobile phone, 
that if the status of a phone changes from “GUI mode” to “voice controlled” and the location of 
the use changes to “on street”, the status of user activity should change from “in office” to 
“driving”. To define this rule, we should be able to monitor the user mode (e.g., in office, 
driving, etc.) as well as the phone use mode (text message, voice controlled, etc.). 
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2.2 The Dynamic Variability Modelling Challenge 
Modelling variability in a system is a widely addressed problem. The challenge for modelling 
dynamic variability is mainly related to the trade-off resolution in performance optimisation on 
one side and handling the combinatorial explosion of variants on the other side.  

The challenge of combinatorial explosion of variants has so far been handled by identifying the 
variability and selecting a particular configuration before the system is delivered. In this case 
the problems and ambiguities could be resolved during the system build and via consultations 
with the end users. This, however, is not possible when a support for a significant context 
change and an adaptation in system variability is needed at runtime, for instance, when a change 
in system access must be supported which affects the previously existing properties (e.g., 
response time) etc. Presently there are two ways of handling this problem: by pre-calculating the 
properties, or by leaving such calculations to runtime.  

If the values of properties of interest and their dependencies are pre-calculated, the best value 
can be selected at runtime relatively easily. This approach, however, assumes that all possible 
runtime conditions can be clearly known and pre-evaluated statically, which is not always 
possible. 

The second approach is to model only the variability, their properties and dependencies, leaving 
the property value calculation for runtime. The drawback in this approach is in expected 
deterioration of system performance while the property calculations are carried out for all 
possible variants. 

2.3 The Alternative Configuration Selection Challenge 
The problem of alternative configuration selection for dynamically variable systems is twofold: 
First, it should be possible to evaluate a large number of variants against some configuration 
selection criteria; and secondly, it should be possible to select a safe evolution path from the 
current configuration to a new one. 

The criteria for alternative configuration selection can be modelled: 

(a) via event-condition-action like policies (e.g., if the response time exceeds 1 second add 
another database server),  

(b) via goal-based approaches, whereby a set of goals are modelled via goal graphs and an 
evaluation mechanism is used to calculate the value of each of the given configurations, 
allowing the configuration with the highest value to be selected; 

(c) via utility functions, where a utility value is assigned to each application variant 
calculated as a function of the applications’ properties, goals, and context. 

For the use of selection criteria (a) the assumed knowledge of all possible situations and their 
respective actions are needed before the system deployment. The goal and utility based criteria, 
on the other hand, bring up the problem of combinatorial explosion (and tradeoffs with respect 
to performance) as well as require user’s/analyst’s involvement in value assignment. 

The problem of a safe migration path selection requires that any change leaves the system in a 
consistent state.  

3 The DiVA RE Approach  
Currently, most RE approaches tend to expect a particularly formatted initial input requirements 
document. For instance, if one is to use a goal-based approach, the set of goals has to be 
provided; if one is to use the use cases approach, the documents must be structured with use 
cases, etc. Yet, the vast majority of requirements documentation is presently produced in natural 
language [23]. For this reason we committed to developing an approach that would support 
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identification and modelling of Dynamically Adaptive System (DAS )requirements from the 
initial input of the natural language documents. However, since our input documents do not 
presume a specific structure, we need to provide a framework for eliciting/representing the 
document content in a generic (input document structure independent) manner. To achieve this, 
we opted to utilise the “sense making” capabilities of the Natural Language Processing (NLP) 
technology. With this technology one can group chunks of arbitrarily structured text together 
based on their content, thus, which, from the requirements engineering perspective, mans 
putting semantically related requirements together. Nevertheless, such NLP techniques are not 
able to explain the rational of the grouped requirements (e.g., why should the give set of 
requirements be relevant for a system to be?). To address this shortcoming, and help better 
understand the intentions and utility of each group of requirements, we aim to elicit these 
intentions, which is directly supported via goal modelling techniques. 

With the above in mind, we have build the DiVA RE on top of the ArborCraft [34] tool 
(previously developed as part of the EC Ample project [1]) for deriving feature trees from the 
textual documents. DiVA approach builds on this feature extraction work by recovering the 
goal/softgoal models from the generated feature trees; providing support for identification of 
variability; context analysis; change locations, and alterative configuration selection. The DiVA 
RE process is depicted in Figure 1 below. 
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Textual 
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names
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Figure 1 : The DiVA RE Approach 

The process includes the following steps: 

1. Feature Tree Extraction from textual documents (step 1 supported via ArborCraft) 

2. Feature Naming and Refinement (step 2 manual refinement process); 

3. Recovering functional goal models from the feature trees, whereby the stakeholder-
relevant functionalities are recovered from the automatically constructed features, 
taking stakeholder intentions into account(step 3: manual refinement process); 
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4. Non-functional goal recovery and lexicon-based refinement for 
variability/context/adaptation points (step 4: supported via extended EA-Miner) 

5. Context modelling and constraint refinement (step 5: manual process supported by EA-
Miner clues) ; 

6. Finally, the requirements-level models are mapped to DiVA work-package 2 meta-
model, serving as the input into the next step of DiVA Methodology.  

It should be noted that the above discussed steps will not be performed sequentially, but may 
often be undertaken at the same time, and iteratively. For instance, steps 2 and 3 can often be 
interwoven, etc.  Below some more details of these processing steps are provided. Each step is 
also illustrated via the use cases taken from the customer relationship management industrial 
case study (see Figure 2) provided by the DiVA industrial CAS partner in D6.1.  

Scene 1: office work versus mobile work  

CRM user is connected to an application from within the company network from a 
trusted workstation. The application proactively informs the user about 
incoming telephone calls or emails, about contacts of other employees of the 
organisation to his relevant customers (e.g., calls from technical support) 
and any escalation state of a customer (e.g., after a complaint call of 
customer has been recorded or a trouble ticket for a customer has been filed). 
User checks out files relevant for the customer visit for offline use by 
loading them from applications file storage into the application's local 
offline file cache. This happens transparently for the user as offline file 
cache is an integrated service on trusted workstations (e.g., company 
laptops). After a while user logs off to prepare for visit at a customer's 
site. 

Once the customer is mobile (e.g. in his car), he can access the application 
through his mobile phone (voice control) or smartphone (mobile access). That 
is, the application dynamically changes UI to either voice control (if user 
only has a normal mobile phone available or is unable to use a graphical UI, 
e.g. while driving) or to smartphone access (reduced GUI, when user has 
smartphone or iPhone available). 

The application knows from user's calendar that user is currently mobile and 
needs to be notified about incoming priority calls, mails, or escalations on 
his mobile phone. That is, calls to the user's office phone number are 
automatically forwarded to the user's mobile phone, mails are pushed onto the 
user's phone or read via phone call etc. In order to cope with bandwidth 
limitations, the escalation priority (i.e. the strategy that ranking server 
uses to rank information) is adapted, e.g., only information concerning those 
customers whom are currently being visited by users or customers with high 
buying potential and open buying opportunities are being made available when 
mobile. For this purpose the ranking server adapts to the context change user 
is mobile. 

Another user cancels user's appointment with customer for the next day. The 
application sends notification to the user about the cancellation using 
available communication channels (phone, text message, email). The 
communication channel is dynamically chosen depending on the user's current 
context (use phone call, when user is in car; use text message, when user is 
in meeting, etc.) 

After customer visit, the user checks into a hotel and accesses his 
application through a public terminal from within the hotel lobby. The 
application tries to discover locally available services (such as telephony 
via Skype, JaJah) and incorporates them if possible. The user tries to 
checkout a file. The application recognises that user is connected from public 
terminal and there is no local offline file cache available in this situation. 
Application notifies user about the situation. 
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Application knows from user's calendar or other information (such as location 
of network access point) about user's physical location. Application also 
knows that there is no following appointment on this day. As it is early 
afternoon, application looks up location-dependent information services, 
adapts user's dashboard view and incorporates information about local places 
of interest (sights, historical sites etc.), restaurants close to the hotel 
and cultural event on that evening. 

Once the user returns into his office, application recognises that user is 
connected to trusted network and synchronises modified files from offline file 
cache back into document store. Additionally, the normal working environment 
(telephony, email server, etc.) is restored. 

Scene 2: reconfiguration of the system due to heavy load  

The CAS PIA system consists of GUI server, application server and database. 
These three parts are put together via a connector-like mechanism. Calls 
between the subsystems can be made via different communication channels (Java 
method, RMI, web-service). The subsystem can be all on the same node or spread 
over several nodes. Each subsystem can be present only once or multiple times. 

A system can be started with only one node, which holds all three subsystems 
(GUI server, application server, and database). 

As more and more users log in, average time consumed in the system for a 
request exceeds a certain threshold, let's say one second. The system 
identifies the GUI server as the bottleneck. So it adds an additional GUI 
server on a different node. New users will automatically be connected to the 
second GUI server. 

Users who connect to the new GUI server do a lot of data mining, which leads 
to heavy load on the database server. System detects the new bottleneck and 
adds a new database server instance to the system. This means that the part of 
the system which monitors overall availability triggers the adding of the new 
database server instance, which is then used by the system. Only one of the 
database servers can do write operations, so maintaining contacts, documents, 
etc. is done by means of the first database server, while long running data 
mining operations are performed by means of the second database server. 

Some users use long running calculations on the application server. If the 
application server load exceeds a certain threshold, another application 
server is automatically added to the system.  

Currently, the re-configuration of the subsystems of CAS PIA is a manual 
process and cannot be done dynamically.  

Figure 2 : Adaptation from the CRM case study 

 

3.1  Feature Tree Extraction from textual documents  
The textual documents collected from the users/stakeholders are provided as an input to the 
ArborCraft toolset. ArborCraft is used to extract a feature tree from the provided text. The tool 
can take a single requirements document or a collection of documents to create, respectively, a 
single system or system family description. The tool produces a hierarchy of features, which are 
clusters of requirements. Here a “bottom up” aggregation algorithm is used: the leaf nodes are 
individual requirements, and each higher level node clusters the requirements with high 
similarity score (which is calculated using Latent Semantic Analysis techniques), thus building 
a tree. The specific details of the feature model extraction process are presented in [34]  (also 
attached in Appendix 1). (We do not detail this work in the present deliverable as it was 
conducted as part of AMPLE project [1].) 
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The initial feature model generated by ArborCraft for the requirements presented in Figure 2 is 
shown in Figure 3 below. 

 

Figure 3: the initial feature model generated by ArborCraft. 

 

3.2 Feature Naming and Refinement 
Once ArborCraft has constructed an initial feature tree, the requirements analyst needs to review 
the tree in order to name the leaves and clusters in the tree. Since the grouping of leaf level 
nodes to the higher level clusters is carried out in accordance with the ArborCraft’s text 
similarity measure, it is up to the requirements analyst to review and name the individual 
features, to ensure that they relate to the meaningful domain elements.  

During this process the analyst may also refine the tree structure by merging/splitting 
requirements and/or clusters. For instance, as shown in Figure 4 below some of the features 
presented previously in Figure 3 have been named. 

 

Figure 4 : Feature Naming 

3.3 Recovering functional goal models for the feature trees  
Due to using the above mentioned “bottom up” automatic feature tree construction techniques in 
ArborCraft, the higher-level intentions/goals of the stakeholders are not explicitly represented in 
this extracted feature tree. Yet, while feature models can reflect the set of available functions, a 
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system needs to be justified in terms of stakeholder needs and wishes. The models where 
dedicated nodes are used to represent the stakeholder intends/needs (both for functionality and 
non-functional properties) and these needs are further decomposed into finer-grained 
constitutes, are called goal models. Such goal models justify existence of all functional 
requirements (also called hard goals) and quality measures (also called soft goals) of a software 
system in terms of stakeholder intentions or domain characteristics. Thus, we consider a goal 
model to be the core of a software domain model, and its problem-domain-related variability 
(more on this is presented in [2]). Consequently, we consider building the goal model an 
essential part of the requirements analysis process. Thus, the next step in the DiVA RE process 
is recovering the goal model for the generated feature set.  

In this work we do no use any dedicated hard-goal notations. Instead, the high-level nodes in the 
feature tree that describe functionality are, by construction, formulated as functional goals. To 
recover these functional goals from the generated feature tree, the analyst needs to consider the 
intent and origin of each feature, by: 

• analysing as to why a given feature is present (e.g., it is needed to fulfil a part of 
requested functionality,  it is included as a backup in case of some possible failure, etc.). 
Such justifications may be sought from the users/stakeholders/system documentation/ 
environment review, etc.   

• and who/what (e.g., a stakeholder, the environment, the legislative regulations, etc.) has 
originated it,  

Thus, the analyst will be able to ensure that no redundant functionality is present, as well as will 
be able to better understand and refine the feature models. 

For instance, as shown in Figure 5, the features from Figure 3 have been aggregated into more 
general level goals/features in accordance with their common intents. For instance, the “Update 
While Mobile” and “Access While Mobile” features are both features that represent a particular 
side of a more general functionality related to supporting mobile access. This general 
functionality is then represented as a new feature called “Mobile Access” as shown in Figure 5. 
Similarly, the analyst detects that the “Add GUI Server” feature (Feature 8) is a function of the 
same level as “Add DB Server” and “Add Application Server”, and though the tool has placed 
this feature as a lower-level sub-feature, the analyst moves it one level up and discards its empty 
parent feature (Feature 12).   

 

Figure 5: Functional Feature Model in ArborCraft 
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In reality this step is intertwined with the previous one (step 2) where feature model is named 
and refined. Since the feature aggregation into a higher-level node is based on the semantic 
similarity of the lower level nodes, the naming of the higher level nodes tend to enforce thinking 
in terms of higher level abstractions that aggregate the lower level nodes. This in turn makes the 
analyst to consider the intentions/functionality of these lower level nodes – a process similar to 
goal model construction, though the later focuses on decomposition, and so approaches this 
problem from the opposite direction.  Thus, part of the goal recovery work is intertwined with 
the higher-level feature naming process. 

This particular step, in turn, focuses on reviewing of the feature model so far, whenever 
possibly, getting user feedback and motivation for the present features, as well as defining the 
intentions behind the features as separately stated goals.  

 

3.4 Non-functional goal recovery and lexicon-based refinement 
While the previous step in this process was concerned with recovering the functional goals from 
the feature trees, this step turns to identification and representation of the non-functional, or soft 
goals. The soft-goal identification is supported by the EA-Miner tool [30], whereby lexicons for 
various non-functional concerns are built and used to identify the respective words in the textual 
requirements (see snapshot in Figure 6). While EA-Miner helps in identification of the potential 
soft-goal clues, it still remains a task for the analyst to determine whether or not a particular 
suggested soft-goal is relevant, as well as to incorporate it into the goal/feature model. The work 
on soft-goal incorporation is to some extended facilitated by its identification process, as the 
presence of the soft-goal related clue words (e.g., access for Security) in a specific requirement 
indicates that the given softgoal will likely affect the clue-carrying feature. However, the further 
analysis of the soft-goal’s affect on the higher-level nodes (encapsulating the given requirement, 
as well as the cross-contributions between this soft-goal and other soft- and hard-goals and 
requirements) needs to be considered. For instance, in our case study text EA-Miner has 
detected a number of soft goals, such as Security Soft Goal (triggered via terms such as trusted, 
log in/off, and access), Performance Soft Goal (triggered via terms such as bandwidth, 
threshold, and bottleneck), and Distribution Soft Goal (triggered via terms such as node and 
load). The analyst then has considered the relevance of these detected terms and their respective 
soft goals to be high enough to include them into the refined feature tree, as shown in Figure 6 
below. The analyst also needs to indicate if a particular soft goal should be maximised (e.g., 
Security), or minimised (e.g., Response time), as well as include the priorities of these soft 
goals, e.g., the priority of the Security could be high, and of Performance medium or low. This 
information is recorded as part of the soft goal properties and is further used in configuration 
selection work by the work package 2 tools (see D 2.1 for details). 
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Figure 6: EA-Miner lexicons and element identification 

A snapshot of EA-Miner and use of its lexicons is shown in Figure 6 below. In this figure the 
term “trusted” is shown as a potential soft goal. When this term is selected, the set of sentences 
of the input text where the give term or its synonyms are detected is shown on the left, while 
their relevant features are shown at the bottom of the panel. In this case the “trusted” term is 
detected in sentences 2, 5, and 24, which belong to features “Work at Company” and “Return to 
Office” respectively. 

 

 

Figure 7: Refined ArborCraft Feature Tree  
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In addition, the EA-Miner tool has been extended with dedicated lexicons for (i) variability; (ii) 
context; (iii) adaptation (some of these terms also appear in the snapshot shown in Figure 6 
above). The entries identified via these lexicons also need to be considered and incorporated 
into the goal and feature models. 

Variability: this lexicon contains a set of entries related to variability and commonality 
identification (see Fig. 8 below). For instance, in the extract presented in Fig. 2, it is stated that 
“customer… can access application through mobile phone … or smartphone…”.  The “or” word 
is flagged as a variability indicator. Variability identified in such a way is then included into the 
previously constructed goal and feature model. 

When a variability element is identified, and considered relevant for inclusion into the feature 
model, the analyst then needs to consider to which level of the feature model these should be 
propagated. This is because variability related terms will always be initially identified in the 
input text located at the leaf-level nodes, due to the hierarchical “bottom up” nature of our tree 
derivation algorithm. More detail and examples of this are presented in [34] attached in 
Appendix 1.  For instance, in our case study term “such” (also shown in Fig. 6) has been 
identified as an indication of variability. This term belongs to a sentence of the “Work from 
Untrusted Station” feature. However, by looking at the content of this sentence, the analyst 
detects that the current term refers to a number of various of services available to the user in 
general, and not directly to the feature where it appears. Thus, the analyst defines a new higher 
level context-related feature called “External Services” (as shown in Fig. 7) and adds Skype and 
JaJah as instances of such services. 

  <word content="all" sem="N5.1+" nfr="mandatory" /> 
  <word content="only" sem="DEXP" nfr="mandatory" /> 
  <word content="depending" sem="RGAR" nfr="mandatory" /> 
  <word content="each" sem="N6+" nfr="mandatory" /> 
  <word content="unless" sem="Z5" nfr="mandatory" /> 
  <word content="additionally" sem="N5++" nfr="mandatory" /> 
  <word content="include" sem="A1.8+" nfr="mandatory" /> 
  <word content="and" sem="Z5" nfr="mandatory" /> 
  <word content="also" sem="N5++" nfr="mandatory" /> 
  <word content="besides" sem="Z5" nfr="mandatory" /> 
  <word content="such" sem="Z5" nfr="variant" /> 
  <word content="variety" sem="A6.3+" nfr="variant" /> 
  <word content="subset" sem="N2" nfr="variant" /> 
  <word content="feature" sem="O4.1" nfr="variant" /> 
  <word content="following" sem="TSF" nfr="variant" /> 
  <word content="some" sem="N5" nfr="variant" /> 
  <word content="may" sem="DMOD" nfr="varinat" /> 
  <word content="preferred" sem="RMAL" nfr="varinat" /> 
  <word content="choose" sem="RMAD" nfr="varinat" /> 
  <word content="instance" sem="Z5" nfr="varinat" /> 
  <word content="period" sem="T1.3" nfr="varinat" /> 
  <word content="different" sem="RGAR" nfr="varinat" /> 
  <word content="type" sem="A4.1" nfr="varinat" /> 
  <word content="several" sem="N5" nfr="varinat" /> 
  <word content="like" sem="Z5" nfr="varinat" /> 
  <word content="or" sem="Z5" nfr="varinat" /> 
  <word content="etc" sem="Z4" nfr="varinat" /> 

Figure 8: Extract of Variability and Commonality Lexicon 

Context: a set of lexicons and rules dedicated to context identification can be used, each 
designed to capture a particular type of context clues. Currently, we use two lexicons – one 
dedicated to Device identification (e.g., mobile phone, smartphone, laptop, etc.), and one for 
Actor identification (e.g., user, manager, employee, etc.). These two sets of element are 
considered to be relevant for context, as they both motivate frequent context change (such as 
change in battery power, connectivity, location, etc.). For instance, from the extract presented in 
Fig. 2, such devices as mobile phone, smartphone, iPhone, and server are identified, as well as 
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such actors as customer and user. Each of these devices and actors will then need to have a 
device/actor profile completed whereby the properties and their border values are represented 
along with the rules that dictate particular use of the devices by actors (or automatic adjustment 
of devices)  depending on the values of their properties. For instance, as per the extract 
presented in Fig. 2, a mobile phone must be used via voice control interface when the user is 
driving.  Figure 9 gives and extract for the Devices lexicon. 

 <word content="server" sem="F1/S2mf" nfr="Device" /> 
 <word content="terminal" sem="M5/H1" nfr="Device" /> 
 <word content="smartphone" sem="Z99" nfr="Device" /> 
 <word content="iPhone" sem="Z99" nfr="Device" /> 
 <word content="phone" sem="Q1.3[i5.2." nfr="Device" /> 
 <word content="telephone" sem="Q1.3[i3.2.1" nfr="Device" /> 
 <word content="workstation" sem="Y2" nfr="Device" /> 

Figure 9: Extract of the Devices Lexicon 

More detailed context analysis will be carried out in the next step (step 5). At this point it 
suffices to note that the lexicon-based contextual element identification is also carried out as 
part of EA-Miner-supported text analysis. 

 

Adaptation: the lexicon for adaptation point identification was initially populated with words 
highlighted as “pointing to change” (e.g., dynamically, update, etc.) by the industrial partners. It 
has since been extended and is used to pinpoint parts in the requirements documents where 
adaptation is likely to be discussed. The terms pinpointed via this lexicon are treated as clues 
assisting in modelling context and state change: since these terms refer to an adaptation, they 
imply that some system context or the system itself will change from a current state into an 
updated one, which may, in turn, require some constraint/rule definition and/or checking. The 
constraint definition and checking activities can be partly carried out at this point, by looking at 
the content of the sentence where adaptation is described, or can be refined at the next step (step 
5). For instance, the term “adapted” may be detected in the text of Figure 2 in “to cope with 
bandwidth limitations the strategy that ranking server uses is adapted”, so a 
constraint on “to adapt strategy if bandwidth is low” can be noted at this point and refined later. 
At this point it is sufficient to note that the lexicon-based adaptation element identification is 
also carried out as part of EA-Miner-supported text analysis.  

This lexicon contains two types of entries related to change.  

The first set of words in this lexicon is words that are known to be related to adaptation, though 
their direct meaning may not be related to change. Examples of such words in the extract of Fig. 
2 are mobile, available, and service. This is because it is generally known that, for instance, 
mobility implies change from the computation system design perspective, since, at least the 
value of location of the mobile entity will change, which is often a significant factor in system 
design.    

The second set of words in the Adaptation lexicon is directly related to dynamic adaptation. 
Examples of such entries from the Fig. 2 text are changes and dynamically.  

When an Adaptation entry is identified in the input text, the analyst is advised to consider this as 
and indication of presence of some context that needs to be modelled and that could change as a 
result of an action or a previous context change. For instance, looking at the details related to 
the term mobile (using EA-Miner, as in Fig6), we can deduce that one location of the user that 
needs to be modelled is “in car” and his/her access mode to the system could be via “voice 
access” or “smartphone access”. Looking at the terms dynamically changes we deduce that 
context to be modelled is that the User Interface is via voice control mode if the device type is 
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phone or if the user is in driving mode; and it is via smartphone access if the device type is 
smartphone or iPhone.  

Similar to details from other lexicons, the identified adaptation term are also grouped into a 
separate feature: Adaptation, an extract of which is shown in Figure 10 below. 

<word content="adapt" sem="RAFM" nfr="Adaptation" /> 
<word content="adjust" sem="RAFM" nfr="Adaptation" /> 
<word content="advance" sem="RMOC" nfr="Adaptation" /> 
<word content="amend" sem="RAFM" nfr="Adaptation" /> 
<word content="alter" sem="RAFM" nfr="Adaptation" /> 
<word content="available" sem="A3+" nfr="Adaptation" /> 
<word content="change" sem="RAFM" nfr="Adaptation" /> 
<word content="choose" sem="RMAD" nfr="Adaptation" /> 
<word content="context" sem="O4.1" nfr="Adaptation" /> 
<word content="correct" sem="A5.3+/A2.1" nfr="Adaptation" /> 
<word content="currently" sem="TSO" nfr="Adaptation" /> 
<word content="depending" sem="RGAR" nfr="Adaptation" /> 
<word content="develop" sem="RAFM" nfr="Adaptation" /> 
<word content="discover" sem="RREP" nfr="Adaptation" /> 
<word content="dynamically" sem="RAFM" nfr="Adaptation" /> 
<word content="improve" sem="A5.1+/A2.1" nfr="Adaptation" /> 
<word content="incorporate" sem="A1.8+" nfr="Adaptation" /> 
<word content="locally" sem="N3.3-" nfr="Adaptation" /> 
<word content="look" sem="Q1.2" nfr="Adaptation" /> 
<word content="location-dependent" sem="Z99" nfr="Adaptation" /> 
<word content="mend" sem="A5.1+/A2.1" nfr="Adaptation" /> 
<word content="mobile" sem="RMOC" nfr="Adaptation" /> 
<word content="modernise" sem="TSO/RAFM" nfr="Adaptation" /> 
<word content="modify" sem="RAFM" nfr="Adaptation" /> 
<word content="mutate" sem="Z5/A2.2" nfr="Adaptation" /> 
<word content="progress" sem="A5.1+/A2.1" nfr="Adaptation" /> 
<word content="recognise" sem="RMAF" nfr="Adaptation" /> 
<word content="redraft" sem="Z99" nfr="Adaptation" /> 
<word content="refurbish" sem="H5/A2.1" nfr="Adaptation" /> 
<word content="reinstate" sem="I3.1/N6+" nfr="Adaptation" /> 
<word content="renew" sem="T2+/A2.1" nfr="Adaptation" /> 
<word content="renovate" sem="A5.1+/A2.1/H1" nfr="Adaptation" /> 
<word content="repair" sem="A5.1+/A2.1" nfr="Adaptation" /> 
<word content="replace" sem="RAFM" nfr="Adaptation" /> 
<word content="replenish" sem="RMOP/UNM" nfr="Adaptation" /> 
<word content="restore" sem="RAFM" nfr="Adaptation" /> 
<word content="return" sem="RMOC" nfr="Adaptation" /> 
<word content="revamp" sem="RAFM" nfr="Adaptation" /> 
<word content="revise" sem="RAFM" nfr="Adaptation" /> 
<word content="rewrite" sem="Q1.2/N6+" nfr="Adaptation" /> 
<word content="reword" sem="RCOT/UNM" nfr="Adaptation" /> 
<word content="rework" sem="RAFM" nfr="Adaptation" /> 
<word content="revise" sem="RAFM" nfr="Adaptation" /> 
<word content="runtime" sem="Z99" nfr="Adaptation" /> 
<word content="service" sem="S8+" nfr="Adaptation" /> 
<word content="substitute" sem="RAFM" nfr="Adaptation" /> 
<word content="swap" sem="S1.1.2+" nfr="Adaptation" /> 
<word content="transform" sem="RAFM" nfr="Adaptation" /> 
<word content="transmute" sem="RAFM" nfr="Adaptation" /> 
<word content="update" sem="TSO" nfr="Adaptation" /> 
<word content="vary" sem="RGAR" nfr="Adaptation" /> 

Figure 10: Extract of the Adaptation Lexicon 

It should be noted that, since the DiVA approach interprets adaptation as part of variability, it 
may be argued that the variability and adaptation lexicons serve very similar purpose and should 
be merged. However, from the perspective of semantics of the element identification and their 
respective modelling counterparts, these two have quite distinct identities: the variability 
identification part normally reflects and results in multiplicity/singularity of some features 
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and/or their combinations, while adaptation lexicon identifies points of change and normally 
results in rules/constraints imposed at the change point. 

 

3.5 Context modelling and constraint refinement  
In order to facilitate context modelling, it is necessary to identify what constitutes context for a 
given application. This task is to some degree facilitated via use of lexicons (as discussed in step 
4), whereby a set of relevant elements can be grouped into a separate lexicon, such as a lexicon 
for devices, user, etc. However, this is unlikely to represent the full details of the relevant 
context to be monitored. Moreover, we also need to be able to relate the identified context 
entities to the features/goals that are affected by this context. To fill in the gap of such 
contextual information modelling, we adapt the approach of Ali et. al [2, 3, 4] on context 
modelling for goal models, using the same principles for feature-related analysis. We use the 
context elements identified by the lexicon analysis to annotate the respective feature-tree nodes, 
then review each node and its related requirements to define the statements, facts, and 
conditions relevant for selection of a particular goal/feature brunch. A fact is a directly 
observable/testable evidence (e.g., light is on). While a statement cannot be directly observed, 
but can be broken into sub-statements or facts until some directly observation/testable evidence 
can be obtained to infer the truth of the statement (e.g., “user is driving” can only be inferred by 
indirect observations of user’s location, his phone mode, etc.). In addition the conditions that are 
necessary for given facts/statements to hold need to be analysed. More details on this is 
provided in [2] attached in Appendix 2. 

To demonstrate use of context modelling, we use the Access While Mobile sub-feature of the 
Mobile Access feature from Figure 7 (shown below in Figure 11).  

Figure 11 states that the Access While Mobile feature must be selected only when customer is 
mobile. Moreover, the Access via Mobile Phone feature must be selected only when the device 
used for access is a mobile phone or when the user is unable to use the GUI on his/her mobile 
device (e.g., when he/she is driving). Similarly, the Access via Smartphone feature should be 
used only if the user has a smartphone or iPhone and when the user can use the GUI, i.e., when 
he/she is not driving or otherwise occupied visually. 

Access via 
Mobile Phone

Access via 
Smartphone

Customer is mobile

Access Mode is Voice 
control IFF
Device is mobile phone 
OR user unable to use GUI 
(e.g., driving)

Access Mode is mobile 
access IFF
Device is (smartphone OR 
iPhone) AND user can use 
GUI (e.g., not driving)

Access 
While Mobile

 

Figure 11: the context refinement example 

Thus, from the above discussion we can elicit a set of context related details: access mode 
(voice control vs. mobile access) is defined by the type of used device and the ability of the user 
to use the GUI (the last one is in turn defined by the user’s current activity). While the type of 
device used for an access can be directly verified (i.e., is a fact in terms of Ali et al), the current 
occupation of the user cannot always be directly observed (i.e., it is a statement in terms of Ali 
etc al). Thus, we need to identify the indirect information from which the current activity can be 
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inferred. For instance, to infer that the user is driving, we need to observe that the user is in the 
car and either has the GUI mode disabled, or does not respond to the GUI events for over 10 
minutes (this time interval is a guesstimate, and other intervals may be tested out too). The more 
systematic refinement of the context analysis for features in Fig. 11 is presented in Tables 1 and 
2. 

Statement Refined 
Statement/Fact  

Refined 
Statement/Fact 

Context Available for 
Observation  

User is 
driving 

GUI mode disabled 
AND 

Observable fact Device mode check 

 User is in the car (vs. in 
the train) 

Speed of 
motion, 

Position on the 
map 

Speed check = (location 2 - 
location 1)/ time interval for 
moving from location 1 to 2. 

Position check via GPS: location 
correlated to map feature: street, 
rail track, etc. 

 GUI mode disabled  
AND 

Observable fact 

 

Device mode check 

 Does not respond to 
phone message within 
10 minutes of the event. 

Observable fact 

 

Time interval between event 
occurrence and (non-) response 
time 

 
Table 1: Context analysis for the “User is driving” feature  

 

Statement Refined 
Statement/Fact  

Refined 
Statement/Fact 

Context Available for 
Observation  

Unable to use 
GUI 

GUI mode disabled  OR Observable fact Device mode check 

 Does not respond to 
phone message within 
10 minutes of the event. 

Observable fact 

 

Time interval between event 
occurrence and (non-) response 
time 

Table 2: Context analysis for the “Unable to use GUI” feature  

Thus, from the above analysis we have identified that: 

1. To use the Mobile Access mode of the device, the user must: 

a. have smartphone or  iPhone (verify via device type check); 

b. AND have the GUI mode of the device enabled (verify via mode check); 

c. AND respond to the GUI event within the specified interval, e.g., 10 minutes 
(verify via time count between event arrival and non-response). 

2. To use the Voice control mode of the device, the user needs to: 
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a. Have simple mobile phone, smartphone, or iPhone (verify via device type 
check); 

b. AND be otherwise engaged (e.g., driving), i.e., 

i. Have the GUI mode disabled  

ii. OR Not respond to GUI event for over 10 minutes. 

Moreover, we have also derived a mechanism for identifying if the user is currently driving by 
observing his/her location, speed, and phone mode (the last one is relevant as the user can be 
also a passenger in the car, which would not prevent him/her from using other modes of the 
device), and response latency. All these elements provide input into the dynamic feature 
requirements selection/feature model configuration process. For instance, by forming a rule like: 
if the “GUI disabled” mode is detected on smartphone/iPhone, then the Voice Access model 
should be activated, etc. 

3.6 Mapping to DiVA meta-model 
Having carried out the above discussed analysis, we need to pass on the prepared information 
into the further architecture and design process of the DiVA approach. 

To accomplish this, we have worked though a case study example and derived a set of semi-
automatic mapping rules, which use the DiVA meta-model as the reference for transformation 
from requirements artefacts into the architectural/design ones. The brief summary of these rules 
is presented in Error! Reference source not found. below.  

These rules serve as basis for converting the details presented in the ArborCraft feature model to 
that of the DiVA meta-model as used in the DiVA studio toolkit of work-package 2. The 
conversion of all details currently recorded in the ArborCraft into DiVA meta-model is 
supported via a dedicated Eclipse plug-in.  

However, it should be noted that these rules and the mapping process is continuously evolving, 
as more examples are worked through, and/or more automation support is devised. 

Feature Model Element DiVA Meta-Model Element 

Leaf features  Complex Variant, Atomic Variant 
First non-leaf feature (from the bottom of the 
tree) 

Candidate dimensions (Dimension) 

Context information attached to any features 
as a constraint (need to check for duplicates)  

Enumvariable if the constraint has multiple 
values a BooleanVariable if the constraint 
has only a single variable. 

Constraints on the feature model which relate 
to Context information. Intra-feature 
constraints are needed when multiple 
contexts are specified within a single feature. 
Inter-feature constraints are constructed by 
analysing the relationship between siblings 
and the parent feature. 

Rule 

Constraints on the feature models which 
relate to variants of non-context features 
(constraints specified in terms other than 
Context information) 

Constraint  
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Properties added to any feature in the feature 
tree where the name of the property is the 
same as the name of the feature. 

Property 

Values of the Property artefacts (where the 
property equals the name of the feature). 

PropertyValue 

Each variant shall give details about its level 
of relevance to some PropertyPriority 
(deferred for now) 

PropertyPrority 
(When a certain property, e.g., Security is 
named “important”, only the variants with 
adequate levels of that property shall be 
considered as viable configuration options 
(e.g., only options for medium and high 
Security variants).) 

Mandatory features BaseModel  
 
Table 3: Mapping of feature/goal model elements to the DiVA meta-model. 

3.7 Relating the Requirements Models to DiVA Metamodel 
As discussed in section 2, the models constructed and analysis conducted as part of DiVA 
Requirements Engineering work is provided as an input into the adaptation model for DiVA 
architecture and design construction (done within work-packages 2,3 and 4). To facilitate the 
mapping process a number of direct links and mapping rules are established. Thus, for instance, 
a set of pre-defined templates for modelling context elements (such as devices, users, qualitative 
properties of softgoals etc.) are directly defined as variants of context in DiVA Studio toolset.  

 
Figure 12: Mapping from DiVA RE to DiVA metamodel. 

The qualitative properties of softgoals (such as bandwidth for Performance, etc.) are modelled 
as context variables in DiVA Studio toolset. The context and related change identified by 
review of the Adaptation terms are mapped to the Rules of the adaptation model. The leaf nodes 
of the feature trees derived by EA-Miner and ArborCraft are mapped to Variants with the higher 
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level features of these trees representing respective Dimensions in the Adaptation meta-model, 
etc. This is done by simply exercising the RE to Architecture mapping plug-in, as shown in Fig. 
12 above. 

 

4 DiVA RE Way of Handling the Challenges of Dynamic 
Variability for Adaptive Systems  

Section 2 outlined challenges for RE of dynamic variability in adaptive systems. The following 
sub-sections summarize how the proposed DiVA RE approach handles these challenges.  

4.1.1 DiVA RE Directions for Handling Context Awareness  
In the DiVA approach a set of semi-automated information gathering and modelling techniques 
are provided to support handling of the context awareness challenge: 

• A toolset (ArborCraft and EA-Miner) is used to extract the initial system models form 
the textual requirements, helping to resolve the “what to model?” question (see section 
2); 

• A goal-based analysis is used to facilitate elicitation of the source and causes of 
problem-related variability (see section 3);   

• A dedicated Devices and Users lexicons are provided for identification of relevant 
devices and users for the given system. A set of additional lexicons on per-
domain/project basis can also be provided (see section 3); 

• A context modelling technique is utilised to elicit and analyse the relevant contexts for 
the system-to-be (see section 3 and appendix 2). 

• A dedicated Adaptation lexicon is provided for identification of change points in the 
system documentation. More adaptation-related constraints and rules will also emerge 
from the context modelling process mentioned above (see section 3). 

4.1.2 DiVA RE Directions for Dynamic Variability Challenge  
In the DiVA approach the following mechanisms are provided for handling of the dynamic 
variability challenge: 

• Using the context modelling approach adapted in DiVA [2] we can clearly model the 
context interdependencies and specify ahead of runtime which specific context states 
are stimulating (needed for given goals/features); required (imposed by the given 
goal/feature); and quality-related based on their contributions to the soft-goals, or their 
sub-features (see Appendix 2). Thus, an additional set of constraints limiting the space 
for variability is provided;  

4.1.3 DiVA RE Directions for Configuration Selection Challenge  
In the DiVA approach the following mechanisms are provided to support handling the 
configuration selection challenge: 

• Each system to be is considered as consisting of a “core” part and a set of aspects. The 
core comprises the essential and necessary set of functionality (and non-functional 
characteristics) always present within the system. The aspects comprise of the set of 
dimensions (e.g., optional functionality, flexible set of non-functional characteristics) 
which can be included or excluded into the configuration with the core. Thus, the 
reasoning space for configuration variability is reduced from reasoning about each 
possible feature separately, to a smaller number of sets of characteristics; 
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• DiVA uses the goal-based approach, but unlike traditional explicit number assignment 
step, it uses the “high, medium, low” value assignment, thus reducing the value 
assignment effort. The actual configuration selection is carried out with support of 
DiVA studio toolset. 

 

5 Related Work on Dynamic Variability Management During RE 
Phase 

5.1.1 Brief Summary of Related Work on Context Awareness 
The awareness of the context is normally represented via the impact that specific context 
factors have on the requirements of a system. Such context factors, including non-functional 
requirements [9, 13, 14, 20, 25, 29, 31, 32, 33], obstacles [19], and user preferences [14] are 
often represented as goals or softgoals for goal-based approaches. Some contextual 
information, such as system users can be modelled as actors [6, 15, 16, 17, 24]  in use-case 
based approaches; multiple devices in the system can be represented via parameterisation 
options in feature-based approaches [18]; and influential environmental factors, such as 
company policy, can be represented as separate viewpoints in viewpoint-based approaches 
[22].    

 

5.1.2 Brief Summary of Related Work on Modelling (Dynamic) Variability 
• In GORE approaches (e.g., [9, 13, 14, 20, 25, 29], etc.) variability in problem domain 

and potential solutions can be modelled as OR-decomposition of goal/softgoal graphs. 
Similarly, preferences [14] and obstacle [19] variability can be modelled as OR-
decomposition of goal/softgoal graphs. In [14] variability in user skills is modelled as a 
user profile vector. In [20] goals are described as action-verbs for which variability in 
frame elements  is elaborated, assisted via linguistic analysis [10] and corpus 
linguistics [5]. Here the background variability of Agent characteristics, Location 
Characteristics (in sense of context), and Object Characteristics (in sense of things) is 
also defined for facts that vary in the environment where fulfilment of goals is 
attempted. 

• In Feature-based RE Chen et. al [8] identify variability as a set of optional features 
which are included/excluded into the feature models of several applications of a given 
domain. In other work [18] variability is identified by analysing the uses (by the role 
they play)  of the system to be and the context of each use; noting the environmental 
differences; identifying the assumptions on which the target domain is based. Here the 
parameterised functionality, optionality and alternative selection are also used in 
feature models; as well as generalisation in feature models and entity-relationship 
diagrams.  

• Use cases [17] generally model a variability with some actions explicitly marked as 
optional via <variant> stereotype. In [24] variability is identified by reviewing 
occurrence of some (primitive) requirements in a number of domain applications. 

• In NAPLES approach [21] dedicated lexicons (i.e., lists of words related to the 
variability semantics, such as or, alternatively, etc.) are build for variability 
identification. 
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5.1.3 Brief Summary of Related Work on Configuration Selection  
• For all GORE approaches a goal graph evaluation mechanism is available, whereby 

weights are assigned to each node and goal satisfaction is calculated as the sum of 
satisfied sub-goals. In [20] a tool helps to assess variability combinations in 
accordance with constraints, thus producing a set of valid configurations. In  [12, 13] 
the choice of alternative configurations is specified in adaptation policies, upon 
observation of pre-defined (combination of) events. 

• In all feature-based approaches (e.g., [8, 18]) the and/or/mandatory/optional 
characteristics of features support modelling of alternative feature configurations. In 
FODA alternative configuration modelling is supported via feature composition rules 
(requires, excludes) and a configuration correctness can be validated with a dedicated 
tool. In [8] , though not explicitly discussed, the alternative feature models can be 
derived by alternative clustering of textual requirements.  

• In use case-based approaches [17] alternative configurations are represented via 
alternative decision models. Selection of a particular configuration is statically defined 
by the users in line with their current needs. Dynamic evaluation and selection of 
configurations is not supported. 

6 Conclusions and Future Work 
In the present document we have presented the first part of the DiVA RE approach. As 
discussed above, in order to support development of systems with dynamic variability, a 
requirements analyst needs to understand (a) what (requirements, their justification and context) 
to model and (b) how to restrict the proliferation of variants in requirements models. In addition, 
the analyst needs to understand (c) how to select the best possible configuration of requirements 
models for the run-time context.  The first question is the main focus of the present document 
we: 

• construct a feature tree from the input requirements text by utilising the ArborCraft tool, 
thus identifying specific requirements that need to be modelled, and refining this tree 
with variations and adaptation points;  

• recover the hard- and soft-goals related to the given requirements to provide a 
justification for them, and also using a single goal-model for modelling the large set of 
potential variations; 

• analyse the resultant goal/feature tree to extract the relevant context and related 
variability and constraints which restricts the set of potential configurations; 

• in addition, the DiVA perspective of core and aspect fragments is also applied to the RE 
model, treating aspects as model fragments that encapsulate variability and can motivate 
run-time change. 

The last above listed question (c) is currently mainly addressed via work in work-package 2 on 
model simulation, based on inputs provided by the current work.  

To further the present work, we will next integrate support for composing dynamic variability 
into the requirements models (as per D1.3), as well as for early configuration and trade-off 
consideration (as per D 1.4). 




