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The development of software product lines (SPL) is a promising way to create competitive software for the modern IT -
market. Because of perpetual changes in user needs and the appearance of new software and hardware components for SPL,
maintaining a certain level of variability at all stages of their full life cycle (FLC) becomes an actual problem. One of the most
important stages is requirements engineering. To support this process it is advisable to utilize the methods of expert knowledge
elicitation and analysis. Based on the recognized multilevel approach to SPL engineering proposed by K. Pohl, the research
goal is to develop an approach to correct specification of variability features at the initial stages of SPL FLC. The analysis of
methods to extract and process the expert knowledge is carried out, their classification is presented, and the method of
repertory grid (RG) is chosen for the further usage. It allows analyzing and structuring expert knowledge in a multidimensional
information space and makes it possible to consider various contextual factors that affect relevant requirements for the target
SPL. The essentials of the RG method are considered and its formal description is elaborated. The examples of its usage in
designing “Smart House” systems which allow analyzing the technical, social and economic aspects of user requirements for
software and hardware variability at the conceptual design stage of these systems are considered. As the result, a possibility to
automate a process of a corresponding FODA-model creation is shown. That provides variability support at the next FLC
stages of such systems.
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Po3poOka miHiiffok mporpamumx mpoxykTiB (JIIIII) € mepcrneKTHBHMM HUIIXOM M CTBOPEHHS KOHKYPEHTHO3IATHOTO
nporpaMHoro 3abesnedeHHs Ha cydacHoMmy [T — puHKY. 32 yMOB mOCTIHHHX 3MiH HMOTpe6 KOPHCTYBadiB Ta IOSBU HOBHX
HpOrpaMHO-TEXHIYHMX 3ac00iB IS peali3alil TaKMX CHCTEM aKTyaJbHOI0 IPOOJIEMOIO CTae MOXIMBICTH 3a0e3leueHHs
MIEBHOTO PiBHS BapiabelbHOCTI MPOEKTHUX pillleHb Ha BCiX eTamax ix moBHOro >kutteBoro mukiny (IDKL[). Omgaum 3 HaitOinbIn
CKIAJHUX 3 HUX € eTal BU3HAUCHHA IOYAaTKOBUX BHMMOI KOPHCTYBadiB 10 MaWOyTHBOI CHCTEMH 1 Ul IiJABHIIEHHS
e(eKTUBHOCTI IIbOTO TPOLECY AOLIIBHO 3aCTOCOBYBATH METOAM BHSBICHHS Ta aHAJi3y EKCICPTHHUX 3HAHb y BiINOBIIHIN
npeaMeTHIH ob6macTi, Ui sKoi cTBoproeThess Ta um iHma JIIIII. B crarTi, Ha OCHOBI aHami3y 3araJbHOBHU3HAHOTO
GararopiBHeBoro migxoay 1m0 po3pobku JIIII, 3ampononoBanoro B po6orax K. ITosst (K. Pohl), chopmymnsoBana ocHoBHa
MeTa JOCIIUKEHHS: PO3pOOUTH MiIXiJ 10 KOPEKTHOTO BU3HAYEHHS BIACTHBOCTEH BapiaOenbHOCTI IITHOBOI CHCTEMH BXKE Ha
noyatkoBux erarnax il [DKII. J[nst mporo mpoBeaeHO aHami3 Ta 3alpONOHOBAHO KiIacH(DiKaIilo METOIIB BUIOOYTKY Ta 00pOOKH
eKCIIepTHUX 3HaHb, i JUIS IOJAIBIIOT0 3aCTOCYBaHHS MOTHBOBAaHO 00paHO MeTon moOynoBHu penepryapHux citok (PC). Bin
JIO3BOJISIE TIPOBOJHUTH aHAJ3 Ta CTPYKTYPYBaHHS €KCIEPTHUX 3HaHb y OaraToBUMipHOMY iH(opMamiiHOMY IPOCTOPI, IO AaE
MOXIJIUBICTh BPaXxOBYBATH Pi3HI KOHTEKCTHI YMHHUKH, SKi MOXKYTh BIUTUBATH HAa MHOXKHHY BiAMOBITHUX BUMOT 10 MaOyTHBOL
cucteMd. Po3riisgHyTI KOHLENTyalbHI 3acaaud Merony moOymoBu PC Ta 3amporoHoBaHe (OpManbHE TEOPETHKO-MHOKHHHE
BU3HAYEHHS 11 HOr0 OCHOBHHX CKJIAJI0BHX: €JIEMEHTIB, KOHCTPYKTIB Ta PeHTHHroBHX OLiHOK. Ha mpukianax 3 mpeaMeTHol
obuacti po3pobku cucreM «Po3ymHniT AiM» 3 BUKOPHCTAHHSAM TaKOTO IJIXOMy HaBeJeHI KOHKPETHI Npukiaau nodynosu PC,
SKi JO3BOJISIIOTH BPAaxOBYBAaTH TEXHIYHUM, COIiaIbHUHA Ta €KOHOMIYHHMH AacIeKTH BHMOT KOPHCTYBAdiB IOAO MiATPUMKHU
BapiabeIbHOCTI MPOrpaMHO-anapaTHOro 3abe3IeueH s Ha eTalli KOHIENTYaIbHOTO MPOeKTyBaHHS IIMX CHCTeM. B pesynbrarti
JOCII/DKEHHST TIOKa3aHa MOXIHBICTh peai3ailii aBTOMAaTH30BaHOTO Tpolecy moOymaoBu BigmorimHoi FODA-momenmi s
3a0e3MeyYeHHs BIacTUBOCTEH BapiabenbHoCTI Ha HacTynHUX etanax [DKL] cuctem mporo tumy.

Knrwuoei cnosa: excnepmui 3HAHHA, JNIHIIKA NPOSPAMHUX NPOOYKMIB, HCUMMESUU YUK, 8apiabenvbHicmb, Memoo
penepmyapHux cimox, cucmema «PosymHuii oimy.
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Paspaborka nuHeek mporpaMMHubix mnpoaykrtoB (JIIIII) - mnepcrneKTHBHBIH MyTh CO3JaHUS KOHKYPEHTOCIIOCOOHOTO
HNpOrpaMMHOT0 obecrieueHust st coBpeMeHHOro |T-peiHka. IlocTosiHHBIE M3MEHEHHs B NMOTPEOHOCTSIX IMOJb30BaTeNed M
HOsIBJICHUE HOBBIX cpenctB paspabotku JIIIII TpeOyroT obecriedenus CBOMCTB BapnabenbHOCTH Ha BCEX ATalax UX MOJHOTO
skusHenHoro 1ukna (DKL), Baxusim stanom ITKI] sBnsiercss aHanu3 HavadbHBIX TPeOOBAaHHA WM Ui MOJACPIKKH 3TOTO
mporecca peKOMEHIYETCsS MCIIONb30BaTh METOIBI 00pabOTKM SKCIEpTHHIX 3HaHWH. Ha ocHOBe aHamm3a MHOTOYpPOBHEBOTO
noaxona K. ITonst x co3manuto JIIIII ompenenena mens mcciemoBaHMs: pa3paboTaTh MOAXOA K KOPPEKTHOU CIIeNM(HUKALNN
BapualbenbHOCTH Ha HavyainbHbIX dtamax [DKL JIIIII. IlpoaHanmm3upoBaHBl METOIBI M3BJICUYECHHS H OOPaOOTKH SKCIEPTHBIX
3HAHMH, MPeTOKeHa MX KJIACCH(UKAIUS U Ul JaTbHEHIIero HCIIoIb30BaHus BEIOpaH MeTo penepTyapHbIx cetok (PC). On
MO3BOJISICT aHAJIM3UPOBAaTh M CTPYKTYPHPOBATh IKCIEPTHBIC 3HAHHS B MHOTOMEPHOM HH(GOPMAMOHHOM IIPOCTPAHCTBE U
YUYHUTBIBACT pasiinyHble GakTOphl, BaHsomUe Ha TpeboBanus k nenesoil JIIIII. PaccmoTpens! ocHoBbl MeToga PC, maHo ero
(dopMasibHOE OIpEeeNiCHHEe W MOKa3aHbl HMPHMEPBI €ro HCMOJIb30BaHHS Uil HMPOSKTUPOBAHHS CHCTEM «YMHBIH JIOM», 4TO
II03BOJIICT YYUTHIBATH TEXHUYECKUE, COLMATbHBIE U YKOHOMUYECKUE aCIeKThl TpeOOBaHUI Ioib30BaTeaell K H3MEHYMBOCTU
MPOTPaMMHOTO W aIMapaTHOTO OOECIeUeHHs] Ha STale KOHIENTYalbHOTO INPOEKTHPOBAHUS ITHMX CHUCTeM. B pesynbrare
MOKa3aHa BO3MOXKHOCTh AaBTOMATH3allMM TIIpoIlecca co3fgaHus cooTsercTBytomeid FODA-momenn, obecneunBaromei
MOAJEPKKY BApHAaTUBHOCTH Ha cienyronmx stanax IDKIL] Takux cucrem.

Knrouesvle cnoga: sxcnepmmuvie 3naHus, IUHEUKA NPOSPAMMHBIX NPOOYKMOB, JHCUSHEHHBIU YUK, 8apuadenbHOCmb, Memoo
penepmyapuuix cemok, cucmema « Ymuulti 0omy.
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1. Introduction: Problem actuality and research goals

The current situation in Software Engineering (SE) is characterized by the growing number of
sophisticated methodologies, advanced methods and powerful tools aiming to develop software
products at a lower cost, in a shorter time, and accounting for their quality attributes. The development
of software product lines (SPL) is a highly promising way to create competitive software for the
modern IT - market. Because o of perpetual changes in user needs and the appearance of new software
and hardware components for SPL design and implementation, maintaining an appropriate level of
variability at all stages of their full life cycle (FLC) becomes an actual problem. The recognized
multilevel approach to SPL engineering within its FLC was proposed by K. Pohl [1], and its graphical
representation is shown in Fig.1.
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Fig. 1 The software products line engineering framework [3]

According to this engineering framework the FLC of any SPL includes a set of activities to produce
the appropriate project artifacts which are structured at the 2 logical levels, namely (see Fig.1):

(1) Domain Engineering Level (DEL) provides a reusable operational platform and, therefore, it
defines the commonality and the variability of future SPL components;

(1) Application Engineering Level (AEL) is responsible for the development of SPL-applications
from the operational platform established at the DEL.

Each of these 2 levels: the DEL and the AEL, has a similar sequence of the several ordered project
phases: Requirements Engineering, Design, Realization and Testing, and in the theory and practice of
the modern SE there are a lot of appropriate development methods and CASE-tools to support them
effectively [2, 3].

But at the DEL level there is a special project phase (see Fig.1): a phase of Product Management
which is closely interconnected with a phase of Domain Requirements Engineering. Its main goal is
eliciting and structuring all important user needs which have to be fulfilled by a target software product,
especially, in a SPL to be developed. It should be mentioned that this phase is the most uncertain and
weak-formalized one in FLC, and in order to support business analysts and software architects, who are
supposed to make the project decisions, some interdisciplinary approaches are to be used (see e.g. in
[4]). One of such approaches is a knowledge-based one [5], where a term knowledge can be formulated
accordingly to the recommendations of the System Thinking World Community [6], namely: a
knowledge is a collection of structured information objects and relationships, combined with
appropriate semantic rules for their handling in order to get new proven facts about a given problem
domain. That is why the main goal of the current research is to elaborate an approach to effectively
handling the knowledge on the Product Management / Domain Requirements Engineering phases
within SPL full life cycle (see Fig.1).

This paper is structured as follows: in the second section the variability issues for the one of
important modern technical domains: development of smart-house systems (SHS) are discussed; in the
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third section some approaches to expert knowledge handling are overviewed and classified, and the
method of repertory grid (RG) is chosen for the further consideration; in the fourth section the essentials
of the repertory grid method are presented and illustrated with the examples in the SHS domain, and in
the fifth section the usage of RG for building of a target feature-oriented model is shown. In the last
section the conclusions and application for the further works are discussed.

2. The application area and problem statement: variability issues in “Smart-house” system
(SHS) domain

In order to present our approach, we have decided to choose SHS which is rather complicated
problem area, because the solutions that are developed within this domain usually combine software
and hardware parts such as sensors, actuators, smart lighting systems, devices responsible for opening
of doors/windows, etc. (Fig. 2). Hardware parts are developed by different vendors and use different
protocols and, therefore, could require a lot of proprietary software applications. The system
development under these conditions has the following potential drawbacks:

1. SHS management complexity is increased,;

2. It becomes very complicated to implement some scenarios that interconnect devices
from different vendors;

3. A number of different applications is required in order to work with different parts of
the system.

It should be noted that most of the devices have quite similar functionality. For example, an alarm
system could send a notification to the messenger, and a water sensor could do the same. In the same
way some devices could share information about current conditions. That requires providing similar
settings for different devices.

.................. : Internet
(" amidity ) LN\ 3
i____Control ___{ \ Manager CLOUD
§ . ' | DATABASE I
Smart Home Server
_ PROCESORS MOBILE

APIs and SMART
ACTUATORS PHONE

DATABASE

...................

Fig.2 Modern SHS multi-level architecture [7]

There are the following SHS-specific features and problems:
- alot of interconnected hardware and software components;
- all components have a lot of specific features and parameters;
- components operate in real-time mode;
- operation environment is dynamic and changeable;
- SHS has several groups of users;
- hardware components developed by different vendors;
- different protocols for communication.

After analyzing some of the abovementioned problems it becomes possible to merge them into the
single integration problem at the software level. The main issue here is necessity to combine specific
components of different platforms into one control system, with the possibility of centralized
management of all kinds of equipment. The second issue can be expressed as the need to implement
support for variability (or adaptability) of properties of software components, basing on the permanent
presence of a set of different groups of requirements and their connection/dependence in the user group.
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Based on these conditions and in order to formalize analysis process and synthesis of the SHS
system structure, the corresponding initial domain model was built using the FODA notation [8], which
is shown in Fig. 3, where the problem part of the system (hardware modules) is outlined with a bold
line. The structure of this model contains corresponding sensors and actuators, and different
subsystems. Sensors and actuators are controlled by special control unit - "Hub", and system engineers
responsible for SHS maintenance, usually need a separate hub for each of the subsystems.

Smart
House
HASystem
O—_ O 0 —0
Google Amazon Xiaomi Yandex
A ZA ~ =~

Fig.3 Technological variability issues in SHS

According to this first vision of the FODA-model (Fig.3), the integration problem is the necessity to
use separate hub for each vendor, and, often, to use the proprietary applications to control the SHS
elements due to the lack of integration and implementation of these functions into some common
control system [8]. The second group is partially related to the first one, since a large amount of
duplication of different functionality appears at different levels of the system, from the user interface to
the devices themselves. When introducing variability support processes, the interface can be combined
into a single application, due to the integration of the functionality of the selected components into one
unit.

According to the problem mentioned above the main development objective is “How to design and
implement configurable and adaptable complex software and hardware solutions, taking into account
different users’ needs and system requirements?”’

One of the approaches that makes it possible to omit the problem described above and to reach
development objective is the SPL development [1, 3]. Any SPL includes methods for the variability
management, the main idea is to manage configuration within a product family, plan the product
development and elaborate a strategy for the further development.

The SHS SPL development process starts from the requirements elicitation and modeling the
features for SPL. Achieved results are used to determine the similarity and variability in the SPL and
define dependency in the system [8]. On the next stage of the SHS SPL modeling, previously defined
variable and non-variable components become part of the feature model that defines a functional
structure, similarity and reuse of the system elements. Dependencies and interfaces of such components
are defined on this stage as well.

After domain analysis is finished and conceptual feature model is elaborated, it is used for the
product development. The system architecture is build using variability components according to the
model.

3. Some approaches to handling of expert knowledge and the motivated choice of repertory
grid method

The concept of knowledge-based systems is focused on the processing of human knowledge that was
received as a result of the experts’ actions in the professional domain [9]. An example of expertise in
the SPL domain is the knowledge connected with the software architecture of such systems, conditions
and metrics that should be considered, as well as, possible design/architecture patterns.

The difficulties in the knowledge elicitation process result from the following factors:

1. The influence of the experts’ experience or their personal opinion in the selected
domain;
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2. Absence of the theoretical methods to describe expertise;
3. Difficulty in the verbal expression of the knowledge.
Therefore, the main task could be formulated in the following way: to develop a control system that
would facilitate the automated process of expertise elicitation.
Systems that could be used for knowledge elicitation could be classified by the expert methods used
as follows [9]:
1. Systems based on Decision Trees;
2. Systems based on the psychological methods, such as Repertory Grid, Cluster Analysis,
Multidimensional Scaling;
3. Systems that use models and methods for solving specific problem - Problem-Solving
Methods;
4. Systems based on Case-Based Reasoning;
5. Inductive methods of knowledge elicitation, in which knowledge of expertise domain
can be represented by examples;
6. Systems with combined methods and approaches for knowledge elicitation.
This classification is represented in Fig. 4:

Expert Methods

Problem Solving Inductive methods
] Methods of knowledge

elicitation
e r e n e ]
Psychological Case-Based Systems with
Methods 1 Reasoning combined methods

Repertory Grids Multidimensional
: : & Scaling

Cluster Analysis

Fig.4 The classification of the expert methods based on their review given in [9]

We will overview some of these methods more closely.

Decision Trees method is the most commonly used and often applied to solve the problem of
classification in machine learning. It is relatively simple method of data formalization that represents
data as a directed acyclic graph consisting of nodes with rules and edges.

Repertory Grid method is an interview method based on Personal Construct Psychology theory
initially designed by George Kelly. In some cases, this method is used together with a cluster analysis
for the most effective handling of the expert knowledge. It is used to study personal and interpersonal
systems of meaning, conceptual human structure (cognitive inclinations) in terms of interpersonal
relationships by classifying a set of certain elements (e.g., other people) in terms of personal
constructions [10]. The repertoire grid consists of the following components: elements, concepts and
mechanisms that connect these elements and structures. The main idea of this method of identifying
expert knowledge is to compare some elements according to the given characteristics.

Problem-Solving Methods are used to extract expert knowledge, build the appropriate database,
identify missing knowledge and add/correct the database basing on the method of heuristic
classification [9]. The problems solving method (heuristic classification) is performed in the following
way:

1. Allocates for each failure or problem an explanation or possible alternatives;
2. Defines information for differentiation of these alternatives;
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3. Select an approach to resolve the problem and plan the implementation of the best
alternatives.

In this way the knowledge elicited from experts comes as a response to failures and complaints to be
resolved. Thus, a multilevel network of problems and possible explanations is formed [9].

Case-Based Reasoning methods are based on the previous experts’ problem solving practice and
consist of the following stages [9]:

1. Eliciting one or more cases from expert practice;

2. Reusing and revising past knowledge and applying it to the new model, as well as,
adapting it to the new situation in some cases;

3. Elicited knowledge is organized with a set of tables in order to consider all possible
alternatives of reasoning and present the information as set of rules.

Inductive methods use a set of examples to represent knowledge about the expert domain. Such
methods automatically build hypotheses about the connections and patterns of the studied domain.
Inductive methods are classified according to the following criteria [9]:

- inductive rules learning,
- data-driven learning,

- model-driven learning,
- heuristic-based learning.

Systems that use a combination of different methods and approaches are the most powerful for
expert knowledge elicitation, because shortcomings of one method are compensated by the advantages
of others. However, such systems are often difficult to manage and maintain. There are following stages
in such methods: knowledge extraction, task decomposition, information processing, step-by-step
testing, data types integration, etc. [9].

For the further research the Repertory Grid Method is chosen, and its advantages for this purpose are
discussed below.

4. Essentials of the repertory grid method: conceptual approach, formal definition and
knowledge structured analysis with the examples in SHS domain

The main idea of the method of repertory grid (RG) is based on the assumption that a cognitive
thinking of experts in some problem domain can help to decrease the process complexity and developer
efforts by requirements engineering, especially, to determine appropriate variability features for the
software products to be developed [10,11].

Any RG is built as a matrix of some dimension (usually, not higher than 3x3) with different contexts
(represented as matrix columns) that influence system functionality in any way, and its characteristics
(structured as matrix rows), that can vary depending on a specific problem domain. According to this
vision an appropriate RG includes 3 sets of basic components (below they are shown on the example of
SHS domain):

- aset of elements: they can be defined based on any domain expert interview which has
to be divided into some semantic objects to be presented as RG columns, e.g.: “Smart TV,
“Smart light sensors” ...);

- aset of constructs: they have to reflect the alternative variable features of RG elements,
and they are placed in the RG rows depending on the appropriate context, e.g. “Smart TV
should be turned on / turned off”); “Windows should be opened/ be closed”, ...,

- a set of possible rating values: to evaluate the behavior of the system under the
influence of certain elements the evaluation scale is defined (usually in the range from 1 to 5)
where the lowest number of range represents the left bipolar construct, and the highest number
of range is the right bipolar construct, e.g. the element “Smart TV should be turned on (the
value of 1) or turned off (the value of 5), depending on a given context.

Now we consider the usage of RG method for the handling of expert knowledge in the SHS
development domain (see in section 2), basing on the approach elaborated in [N]. For this purpose, we
propose a set-theoretical formalization of the RG — framework, therefore any RG can be represented as
a tuple:

RG = {E,C,R}, 4.1)

where E, C, and R are the set of elements, set of constructs and set of rating values, respectively.
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As already mentioned, any RG is a special kind of matrix, and due to its multi-dimensional structure
it is possible to represent some different aspects of an initial problem domain. Another advantage of RG
method is a good visualization of expert knowledge handling. In the case of SHS development (as a
typical social-technical system) these aspects (or dimensions) can be defined as [11]:

- social aspects (SHS has to be a user-friendly solution),
- economical aspect (project expenses should be reasonable for SHS owners),
- environmental aspect (any SHS has to be eco-friendly).

Taking into account these aspects the appropriate problem space (PS) for the conceptualization of

user requirements can be specified using RG method, as shown in Fig. 5.

Feature Model

Problem
Space..-~"

=
Environmental Context

Social/User Context
o

W

Users
Fig.5 The conceptual scheme of RG method usage [11]

To continue our approach to formalization of the RG method, we can represent this space as a subset
of the Cartesian product for the three sets defined in (1), namely:

PS(RG) SEXCXR (4.2)

At the stage of SHS domain research stakeholders are user experts and the processes of knowledge
elicitation, RG creation and complexity analyzation are accompanied by domain experts and knowledge
engineers.

Given the fact that the above-mentioned aspects determine when and under what conditions one or
another system function(s) should be used, RG can help to identify the impact of the selected
function(s) on the behavior of the whole system, to reflect the commonality and variability between
them.

From the interviews of domain experts in SHS design in terms of social context it is possible to
elicit:

- elements: «Sleeping», «Not at homey, «Leaving house», «Reduce the expenses» ...,

- constructs: «Temperature should be/doesn’t be lowery, «Soft music can be/needs not to
be playedy, «Light should be turned on/off», « Windows should be opened/closedy...;

- rating Values: in range of [1...5].

Fig. 6 represents the created RG based on elicited elements, constructs and rating values from users’
interviews.
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Similar features for “Sleeping” and Similar features for “Not at home” and
“Getting in bed” “Leaving house”

10090 80 70 60 50 40
L L L 1 1 1 1

Temperature should be lower (in summer) Temperature doesn't need to be lower (in summer}

Soft music can be played 2 5 5 5 Soft music needs not o be played

Light should be turned on 5 5 5 5 Light should be turned off

Windows should be opened softly 5 5 5 FIll Windows need to be closed

Dendrogram Grid: Uers's requiments based on socialfuser context - Client:User

Fig.6 The structured knowledge analysis with usage of RG method

Through the elicited SHS properties and created RG dendrogram it is possible to analyze the
common and variable points and reveal the complexity of the system. First, the estimations received
from the interviews are analyzed. As shown on the Fig. 6, the construct “Light should be turned
on/Light should be turned off” gets 5 for any context. This rating means that for all proposed contexts,
function of “turned on light” is useless as it will never be used. The analysis of estimations for other
elements occurs similarly. Thus, with RG dendrogram it is possible to determine which functions in the
particular context are relevant and which are unnecessary.

Next step of RG dendrogram analysis is detection of common and variable aspects. Based on the
given RG, common features will exist for “Sleeping” and “Getting to bed” as they both, due to the
context of “Temperature should be lower/ Temperature doesn’t need to be lower”, “Light should be
turned on/Light should be turned off” and “Windows should be opened softly/Windows need to be
closed”, have the same rating values. Likewise, common features can be identified for “Not at home”
and “Leaving house” as both of these contexts have the same rating value for all constructs. The
variable point of this particular RG would be the function “Soft music can be played/Soft music needs
not to be played” for the social context of “Sleeping”, as the exact functionality that should be used
during this time is depends on the user attitude or other possible circumstances.

5. The proposed approach to building of a target FODA-model for variability management

To continue our research of the usage of RG method in handling the expert knowledge output for
effective variability modeling in SPL development, we propose to consider the requirements
specification in the form of a user story (UrS). The UrS is a special form which represents initial user
requirements in semi-structured notation [12], where the following syntax is to be used for user needs
specification in a natural language:

UrS => {Asa < “User'srole” >, want < "Action” > so that <”Goal” >}, (5.1)

where the definitions “User’s role”, <”Action”>, and “Goal” are the appropriate textual
descriptions (usually a simple sentences) given in terms of a target problem domain.
The UrS approach is a recognized way to exactly describe the domain specifics in agile-software

development, where possible changes in user requirements must be taken into account. With respect to



BicHuk XapkiBcbkoro HauioHanbHOro yHiBepcuTteTy imeHi B. H. KapasiHa
22 cepig «MaTtemaTnyHe mogentoBaHHs. [HchopmaLliiHi TexHonorii. ABTOMaT30BaHi cuctemu ynpasniHHs», Bunyck 47, 2020

our target problem domain: SHS development, some possible examples of UrS can be represented as
follows:

UrS1: {As a “SHS Renter”, | want “Light to be turned off “ so that ““l can sleep/leave the house”},
UrS2: {As a “SHS Owner”, | want “Temperature to be lower” so that “l can cut the expenses”},

UrS3: {As a “SHS Installer” T want “Types of sensors to be less” so that “l can reduce time to
configurate”},

If now we compare the semantical meanings of the definitions {“User’s role”, <”Action”>, and
”Goal”’} used in the general syntax form (3) with respect to their examples in UrS1I, UrS2, UrS3...,
with the components of RG represented in formula (1), it makes clear, that the definition { “User’s
role’’} corresponds to the elements of a set E, and the definitions {< ”Action”>} and {”Goal”’} match
to the elements of a set C respectively. In the formal way it can be defined as two mapping rules p and u
accordingly, and represented as:

p: E >{“User’srole”},u: C 2 {< "Action” >,”Goal"} (5.2)

It has to be mentioned that in recent publications about UrS technique the possibility of their usage
for conceptual domain modeling is emphasized [12, 13], and there are already some CASE-tools to
support a mapping of UrS to appropriate domain models, e.g. to FODA-models [1,4]. That is why it is
possible to consider the sequential usage of the formal definitions for RG and UrS given in (4.1, 4.2) —
(5.1, 5.2) as a description of a structured information base for the elaboration of a computerized
procedure to construct a target FODA-model. The example of such a model for SHS development is
shown in Fig. 7, as the structured description of technological variability features to be provided in the
target system (in comparison with its initial vision given in Fig. 3).
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Fig.7 The example of a variability model in FODA-notation for SHS development

To implement an appropriate computerized procedure to automated creation of a target FODA-
model using RG methods for expert knowledge handling it is also necessary to apply some CASE-tools
for supporting this process [15], and the GridSuite is one of such tools. [16].

6. Conclusions and further work

In this paper the actual scientific and technical problem: the development of software product lines
(SPL) with respect to variability issues at all stages of their full life cycle (FLC) is considered. One of
the most important stages in FLC is the requirements engineering, and to support this process it is
advisable to utilize the methods of expert knowledge elicitation and analysis. The review of some
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methods to extract and to process of expert knowledge has been carried out, their possible classification

has been offered, and the method of repertory grids (RG) has been chosen for the further usage. The

essentials of the RG method are considered and its formal definition is elaborated. The examples in the
domain of smart house systems using this approach is considered which allows analyzing the technical,
social and economic aspects of user requirements for software and hardware variability at the

conceptual design stage of these systems. As the result, a possibility to automate a process of a

corresponding FODA-model creation that provides an automated variability support at the all FLC

stages for SPL has been shown.

For the next step we are going to develop the appropriate information technology to support the
proposed approach using some already available CASE-tools and our own software solutions to be
elaborated.
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