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Abstract— Product service systems (PSS) are introduced by
many companies to increase their differentiation ad to
provide integrated solutions to customers. PSS arnategrated
solutions consisting of physical products, softwarand services
aiming at providing an individualized solution to acustomer’s
problem. The specific attributes of PSS lead to spiic
requirements for requirements engineering (RE). Thegoal of
this paper is to analyze to which degree the analigstechniques
of software engineering are suitable for PSS. We énefore
conducted a structured literature review of softwae
engineering techniques. The criteria for assessingthe
suitability of the techniques were based on the chacteristics
of PSS and the task of RE in the development procesf PSS.
We analyzed five textbooks and 144 scientific arties and
identified 27 groups of techniques. The result ishit there are
major gaps in techniques for RE for PSS. Two of temriteria
are not satisfied by any technique. Moreover, fortte majority
of tasks of RE multiple techniques have to be combed for
satisfying the criteria. In summary, the literature review shows
that the techniques of software engineering are lgely not
directly applicable to PSS.

Keywords- requirements engineering, product service system,
complex solution, technique.
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developed by product and software engineering (R& a
SWE) and services developed by service enginedBig].
The customer perceives them as being a single wtete
[4]. Such complex solutions are also called hyhmidducts

or product service systems (PSS) [5]. As softwamvides

all basic functionalities such as storage, proogssand
communication, it plays an important role, partigly in
providing innovative functionalities [6]. The foliang
example clarifies what a PSS is according to Bedkoet al.

[7]. The customer problem is the desire for a cmtstoom
temperature of 21 degrees. The contractor solves th
customer’s problem by offering a bundle of elemenish as
radiator (technological elements), control systeoft{vare)
and maintenance services. Thus, the customer does n
receive the elements separately but as a bundle.

PSS have special characteristics that result irtigpe
needs for the development and particularly the irements
engineering (RE) of them. At the center of the R88cept
is the enhancement of customer satisfaction [8] and
provisioning of an added-value for the customerntgpting
the solution to customer needs [1]. Due to the wadeye of
different stakeholders involved in PSS [9], it lsallenging
to manage the requirements of all of them. In otdeadapt
the PSS to customer needs and to integrate theimm bot
technically and organizationally into the valueatien

Companies today are challenged by strong competitioprocess of the customer [10], the requirements gimgr

which causes the need for differentiation. Theeddhtiation
by physical products or services alone is no lorsgéicient
to be successful in the market [1]. Customers n@anmtwheir
problems to be solved by an integrated solutiosteid of
purchasing single products and services [2]. Thapamies

from the environment of the customer must be captand
analyzed [11]. The needs to customize the PSS dcoh e
customer by understanding the special charactethef
customers’ environment [10] and the need to decemploe
PSS into loosely coupled modules that can be stdizeal

become “customer-centric’ and thus focus on offgrin and reused [4] require a comprehensive understgnoiin

solutions to customers’ problems instead of offgriingle
products and services [3]. These solutions consist
integrated bundles of technological elements (prtgju

customer needs and a domain-spanning management of
requirements.



For successful RE for PSS, adequate techniques ate be solved by negotiating between all stakehsld&he

needed. In practice as well as in the literatuteysjcal
products and services are developed separatelplfppugh
RE is done systematically in all domains, a comnaod
integrated approach is still missing [12-14]. Du® the
special characteristics of PSS, it is unclear wére#xisting

next step is making a comparison between customer a
concretized requirements in order to achieve a comm
understanding among all domains. The requiremeatthan
documented in a requirements specification thateseas
input for the following steps of the developmenbgess.

RE techniques are suited for PSS. In this paper RBuring the development, the RE has to manage the

techniques of software engineering are analyzeld seigard
to their suitability for PSS. In order to do so, a@nduct a
structured literature review according to Kitchemhaet
al. [15]. First, in section Il, the context of tidevelopment
process of PSS and the role of RE therein is expthiNext,
in section Ill, the research design is describdtk flesearch
question is defined and based on the context, lan@rocess
of selecting relevant literature is explained. Thiteria for
the analysis of the literature are then definedddétail. In
section |V the research results — the found liteeatand the
analysis thereof using the previously defined dete- is

requirements in order to ensure that the requirésnare
kept up to date. This includes change management of
requirements and providing traceability in ordebéoable to
assess the impact of changes of requirements oaer oth
requirements and solution components.

1.  RESEARCH DESIGN

The steps of the literature review were plannedaiicg
to Brereton et al. [22]. The structure of the papas aligned
according to the guidelines for a systematic liteereview
proposed by Kitchenham et al. [15].

presented. The paper concludes with a discussiah an

outlook for further research.

II.  CONTEXT

A. Research Question

The goal of this paper is to analyze whether the
techniques for RE of software engineering are apple to

The development process of PSS consists of tasRSS. Therefore, the research question addresskis istudy

clarification, product conception and a developrsgecific
component design [16]. In the phase of task ctation, the
requirements are elicited and analyzed. Thensadiructure
of the product is developed which discerns betwsersical
and immaterial parts so that the requirements can
partitioned according to it. In the next phase oddoict
conception, the product structure is augmentedubgtfons
and their interdependencies, and the requirememnts
partitioned again. In the last phase, the developsgecific
component design takes place, in which the comgena
the PSS are developed by single domains.
Requirements engineering is seen as an importskitrna
the development process. It has the task of sysieatia
collecting the requirements for a product, and iessential
that the requirements are complete and correct RE]is a
critical phase in development [18] because wealase#s
this phase leads to project failures and to cdsnsive
changes during later phases [19]. The special ctaistics
of PSS, as explained in the introduction, make Rieeially
important to them [20]. In order to achieve an gn&ed

is:

“To which degree are the RE techniques of software
engineering suitable for PSS?”

First, this research question addresses whetheEa R

dechnique of software engineering is applicabl®&S. It is

further checked whether the specific charactesstc PSS
are handled by the technique in an appropriate prafie

acombination of these two factors describes theability of

the technique.

B. Identification of Relevant Research

For the literature review, we selected textbooksl an
articles that describe RE techniques in softwaggneering.
A first challenge is that the term “technique” iteo used
interchangeably with “method” and *“tool.” Since
commercially available tools are also evaluatedeisearch
studies, we will not evaluate them ourselves, &l on
literature dosing so. In order to analyze techrscfoe RE, it
is important to have a clear-cut definition of ‘heque.”
Therefore, the related terms “method” and “tooE defined

deve|0pment' all participating domains need to have and differentiate(_j from each other by _reVieyVingimB.bnS
common understanding of the customer's problem an@f these terms in both software engineering andhaoakt

should clarify whether the developed solution metbis
initial requirements.

In the following, the tasks of PSS (often also exll
“phases of RE") in the life-cycle of PSS are cladf
Thereby, we explain how the characteristics of PE&ence
the tasks RE has to accomplish. First, RE has termée
the sources of requirements and the suited tecbsidor
eliciting them. Next, the requirements are analyzedl
concretized, which means that the initial requiretee- in
the language of the customer — are translated tamget-
characteristics of the product, in the language tlué
developer [21]. The analysis has the task of asguhat the
requirements are not conflicting and that theypareritized
according to the importance for the customer. Gasfhave

engineering. Atool is an automatic way to support a part of
the development process [11]. According to Brinkgem
[23], Greiffenberg [24], and Nuseibeh and Easteskrd 1],

a methodis an approach that describes the conduction of an
entire development process or project. It provides
prescription of how to perform a collection of aittes.
Thus, a method provides a systematic approach wf tho
use different techniques. t&chniquecan be defined as a part
of a method that gives concrete and tangible instnos for
how to conduct the work of an activity. Brinkkemgd@s]
defines a technique as “a procedure, possibly vath
prescribed notation, to perform a development agtivT his
definition is relevant for our research.



As a starting point in selecting the relevant &tare,

considered. Therefore, the top five selling books RE
according to “amazon.de” and “amazon.com” (accessed

2) Analysis Criteria for Task “Requirements analysis
common textbooks on RE in software engineering wer@nd negotiation”

The RE has the task to concretize the requireme
initially elicited. The task ofconcretizationis part of the

nts

10.02.2010) were searched for RE techniques. Sice requirements analysis. According to Sommerville and

textbook usually describes several different teghes, for
each technique it must be decided if it is relevaht
technique is considered relevant if it describes haask of
RE (see sectionontex} is conducted.

Regarding journal articles, we decided to seardh
publications in A-journals and A-conferences actoado
WiI-list [25], as well as in the “Requirements Erggning
Journal” of the years 2003 to 2010. An initial sélen of the
publication was done by automatically searching tloe
publications for the following key words: “requirems
engineering,” “stakeholder,” “requirements [docutation
OR elicitation OR verification OR validation OR ¢embility

LI

OR management OR specification OR analysis]” and

“[customer OR  functional OR non (-) functional]
requirements.” For each resulting article, we mépua

Sawyer [27], the goal of the requirements analysisto
establish an agreed set of requirements which argplete
and consistent.” In the context of PSS, the stakiens
express the requirements to the whole solutionthart they

alare concretized and partitioned according to theglsi

domains which have to realize the requirementsréfbee,
the RE must provide techniques to perform the aiglin
order to get the solution-requirements in the lagguof the
developer [28]. The analysis techniques shouldsteda the
requirements into the “language of developers”tsd they
can be realized by the domains. These techniquesldsh
assign the requirements to the related domains

It is necessary to be able to identify conflicenitify
their causes, and then resolve them [29]. Conflietsveen
requirements mean that requirements are contragietach

decided whether it was relevant for analysis. As foother [11]. In single domains there are technicaesilable

textbooks, a technique is considered relevant deicribes
how a task of RE (see sectiocontex} is conducted.

C. Data Analysis Method

The techniques found in the literature were analyioe
their suitability for RE for PSS in this study. general, a
technique is suited for PSS if it describes hovask tof the

for finding and resolving conflicts, but in the ¢exrt of PSS,
the challenge is to find conflicts between the nemuents of
different domains. Because of the different natafethe
domains’ requirements, it is difficult to identifize conflicts,
e.g., conflicts between requirements for softwamd a
requirements for services are very challengingind.fThe
negotiation techniques should be able to detectrasdlve

RE (see sectiooontex} is conducted, whereby the technique ihe conflicts between the initial requirements asgecially

must be able to handle the special characteristicBSS.
Because the single tasks of RE are very differ@riroper
set of criteria was developed for each task. Infétlewing,
for each task of RE a subsection is introduced dkatribes
the criteria of the respective task.

1) Analysis Criteria for Task “Requirements elicitatio

The task of requirements elicitation is to identdi
requirements of all stakeholders. In the contexP88, this
is especially challenging because of the differature of
stakeholders and the resulting interdisciplinaritirerefore,
the techniques must enable theer-domain communication
in order to get all requirements without neglectangertain
domain.

Another common challenge in elicitation is to alget
implicit requirements from the stakeholders. Whéditang
requirements for PSS, the stakeholders do not kabigh
parts the solution will consist of, and thus theypress
requirements to the solution as a whole. The requénts to
the services offered in conjunction with the saatare then
usually neglected. This means that the requiremientbe
services are only implicitly stated [26]. Thus, teehniques
must be able to catcimplicitly expressed requirements to
services

Another important issue for the elicitation in tbentext
of PSS is that the PSS has to be integrated itsybtem
landscape and the business processes of the custeona
successful integration, it is necessary to elicite t
requirements from the value-creation process#s the
customer. This includes the identification of rele/sources
of requirements and the elicitation of the requieals.

inter-domain requirement conflictbetween requirements
belonging to the domains
negotiation, the techniques for prioritizing reguirents
according to their importance for the stakeholdmes also
necessary. According to their importance for thet@mer,
the requirements must Ipgioritized without overrating one
domain
3) Analysis Criteria  for
documentation and management”
The requirements documentation has the task togeassu
complete, unambiguous, traceable, and continuamsding
of requirements [30]. The documentation technigslesuld
cope with the domain specific characteristics

Task “Requirements

of

involved. Apart from the

requirementsof PSS. First, the requirements to services

include a resource-, process-, and result-dimensith
different characteristics. The resource dimensieacdbes
requirements to the resources used by the solptiovider,
such as human resources. The process dimensioribéssc
the requirements of the process of conducting theice,
and the result dimension describes the desiredomécof
the service. These dimensions describe the immbteture
of service requirements [31]. The documentatiomhnéepies
must be able to capture these different forms
requirements. Second, the requirements to prodiessribe
characteristics and attributes of physical systevhi;h need
to be documented.

Another important task of RE is the managementef t
requirements, which has the task of ensuring thecurrent
state of the requirements is available at all timidgs aspect

of



is important because requirements change througtieeut

were categorized according to the categories ofeideb

development process by increasing knowledge abloait t und Easterbrook [11]. Table Il shows the results.

product, not only by changing customer wishes,dist by
technical constraints [28, 32]. In order to achighese
characteristics, it is necessary to providgeceability, which
is defined as “the ability to describe and folldve tlife of a
requirement, in both a forwards and backwards tioet
[33]. In the context of PSS, the traceability tages should
enable capturing the requirements sources
interdependencies,
interdependencies between requirements
domains, as well as within one domain.

of

IV. RESULTS OF THE STUDY

After the description of the search results, wesene the
results of the analysis. Similar to the analysiteda in
section C, the results are structured accordirthadasks of
RE. For each task a subsection is introduced disgrihe
fulfillment of each criteria of the respective tagkue to the
large number of journal articles found, we will ragscribe
each of them. They were structured into categoges; for
each category some journal papers are cited exéippla

A. Search Results

The five top-selling books on RE were the following
Lamsweerde [34], Sommerville and Kotonya [35], Hatlal.
[21], Pohl [19], and Aurum and Wohlin [28]. EachtbEse
books describes techniques for all tasks of RE thnsl each
book was included in all categories. The journalckas
found in the search mostly handled one specificctop RE
and were categorized according to the analysieriit
Table | shows the analyzed textbooks and articles.

TABLE I. NUMBER OF ANALYSED TEXTBOOKS AND ARTICLES
Elicitation Analysis and Documentation and
Negotiation Management
Textbooks | 5 5 5
Journal 36 71 37
articles

B. Requirements Elicitation

The requirements elicitation is “all about learnitige
needs of users, and communicating those needsstensy
builders” [36]. We analyzed 36 articles and thet-teooks
described in the chapter “Research Methodologyt ere
handling the requirements elicitation. The techegfound

The traditional techniques (e.g., interviews, \entt
survey, and analysis of existing documents) aralfle, but
their results strongly depend on the qualificatioh the
performing person (e.g., [17, 35]). When applyirgese
techniques it is important to be aware of the goabe
achieved [37]. They are partly suited for elicitimgplicit

ancequirements [38]; however, it must be ensured that
and they have to explicitly aete “right” questions are asked in order to support iheer-
differerdomain

communication and the identification of
requirements from the value-creation process.

The “Group elicitation” techniques (e.g., brainstorg,
focus groups and workshops) augment the traditional
techniques by using group-dynamic effects in elimn
sessions (e.g. [21, 39]), and are thus able taifgemplicit
requirements. They are able to identify the reaquéets for
the value-creation process, provided that the right
stakeholders are taking part in the group sessions.

Prototyping is a specialized technique which isduse
increase the stakeholders’ understanding of passibl
solutions. Prototypes can be used for visualizatiod are
therefore able to increase the inter-domain unaedihg.
However, prototypes are only useful for concepé dan be
realized in some form. Especially for servicess ikinot the
case because they are of immaterial nature. Aldoeva
creation processes and the integration of PSS ih&
customer’s processes cannot be visualized usirigtgping.

The model-driven techniques (e.g., goal-oriented
approaches) “provide a specific model of the tyge o
information to be gathered and use this model teedthe
elicitation process” [40]. Since each domain muestble to
understand the goals of other domains, these gebsido
not provide the possibility of supporting the intkymain
communication. Additionally, they can only be useclicit
implicit requirements if the stakeholders are fémilwith
them.

The cognitive techniques (e.g., protocol analysexd
sorting, and repertory grids) use approaches fa th
communication  with  stakeholders  using  visual
representations of requirements (e.g. [17]). Thegpsrt the
inter-domain communication and identification of piiit
requirements. For the elicitation of the value-tioem
requirements, it is necessary to focus on the agpects and
to select the right stakeholders.

TABLE II. ANALYSIS OF TECHNIQUES FOR THE REQUIREMENTS ELICITADN (OWN ILLUSTRATION)
Techniques - N . -
Traditional »Group elicitation” . Model-driven Cognitive Contextual
] h Prototyping h ] )
- techniques techniques techniques techniques techniques
Criteria
Identification of implicitly expressed
requirements ‘ . 0 O . O
Identification of requirements from the value-
creation process O O O 0 O O
Inter-domain communication O . O O . O
@ completely met Q) partly met O ot met



The success of the contextual
ethnography, observation, and introspection) depéandely
on the skills of the performing expert (e.g. [1IThey are
suited for eliciting the value-creation requirenserib a
certain degree. It is necessary that suitable t&ins for
observations exist and that the requirements anass the
“right” questions.

C. Requirements analysis and negotiation

For the topic of requirements analysis, we analyéd
conference and journal papers on requirements sinadynd
25 papers on requirements negotiation, in additmrihe
books on RE. The various modeling technigues usefE

techniques (e.ggover requirements to the services. But only tiggtirements

of the resource- and result-dimension can be aedlysing
these techniques. The activity diagrams represmnises of
actions, whereas interaction diagrams describertbgsage
exchange between actors and the system [42]. Tixese of
diagrams are able to describe the sequences ohacind
interactions between actors. Therefore, they cansee for
software, hardware and for the process-dimension
services. The class diagrams
perspective, and state charts describe stateg afyftem and
transitions between them.

of

represent a structu ral

These diagrams are useful to model certain kinds of

requirements and are therefore suitable for theretization

were seen as a part of the analysis because mgdeliaf requirements, but they are not able to divide th

requirements forces a deep understanding of théjn [E2en

requirements according to domains. The initial

though each modeling technique focused on differenipproach of Akao [43] has been adapted for PSS nables

aspects, we evaluated each technique for its ditifator
PSS. Table Il and IV show the results of the asialy

the translation of initial requirements into chaesistics of
products [44]. All of these techniques are notahlé for the

The data flow diagrams are used to model a funation modularization, but the SCORE-method of Bohmanalet

perspective of the system-to-be [35], and are foereable
to concretize the requirements, but the diagranmsatabe
used to divide the requirements according to dosnaimd to
consider the different dimensions of services. dsses
describe interactions between external actors lamdystem
in a structured way [41] and help to think abow flolution
in an abstract way, one that is independent of ssipke
technical solution. In this way, they allow it téepwise
concretize the requirements until they can be assigo a
domain. Entity relationship diagrams describe stnad
aspects of the system-to-be [21]. They are usedatdel the
data that is processed by the solution withoutinigliabout a
technical solution. This helps to concretize andnpiete
requirements and to assign them to the domainsbstegep.
Both the use case and entity relationship diagrerable to

[4] was developed for that.

For the identification of conflicts and the resaat of
these, other techniques were found in the
Interviewing techniques [45] help to find confling
requirements of different stakeholders, especidipse
caused through non-formal representation. Becafisket
generality they are also able to find conflicts wastn
different domains, but the completeness of founnflicbs
depends solely on the interviewers’ abilities. Thegvide
no guidelines to resolve the conflicts. Formal teghes,
such as model checking [46, 47], discover confiict®rmal
specifications. However, only some special types
requirements can be represented formally, and oaiain
types of conflicts can be found in this way. Coniguar
techniques, such as interaction matrices [29], elpheck

TABLE III. ANALYSIS OF TECHNIQUES FOR THE REQUIREMENTS ANALYSI®WN ILLUSTRATION)
Techniqueg Entity- -
Data-flow . . Activity Statechart Class
h Use Cases | Relationship . ] . QFD
o diagrams ] Diagrams Diagrams Diagrams
Criteria Diagrams
Concretization of requirements O ‘ . ‘ O O O
Assign the req. to the domains O . O O O O 0
@ completely met Q) partly met O ot met

TABLE IV.

NEGOTIATION (OWN ILLUSTRATION)

ANALYSIS OF TECHNIQUES FOR THE IDENTIFICATION AND REOLUTION OF CONFLICTS BETWEEN REQUIREMENTSREQUIREMENTS

Techniques Interviewing Formal Comparison | Competing negotiation Collaborative Decision
Criteria techniques techniques techniques techniques negotiation techniques techniques
| © © | o O o O
witou overaingone doman | O O O ® ® ©
@ completely met @ partly met QO notmet

QFD

liteeatur

of



requirements against each other, but they do riet bélp in
resolving conflicts. Apart from the structured caripon of
requirements, they do not offer help
requirements of different domains. Competing nexjiotn
techniques representing the classical negotiatitim affers,
counter-offers and voting [28] are suited to resatenflicts
between different domains. Collaborative negotiatio
techniques, such as the WinWin approach [48],drfirnd a
satisfying result for every stakeholder, whereasisien
making techniques, such as the feasibility che&}, [#y to
find the best requirements solution appropriate ctst,
complexity and risk.

D. Requirements documentation and management

Regarding the documentation of requirements,
analyzed 10 papers in addition to the books onRible V
shows the results of the analysis. Story technigsiesh as

Formal specification techniques which rely on arfar
model of the system to be built in order to docutreear-

in handlingcut requirements. For services where no such madel

available, this technique is not applicable, wherdar
certain types of physical products, such modelsaaadable.
However, a full coverage of all physical producisnion-
existent. Table V shows the results of the analysis

To analyze traceability techniques, 27 journakches and
conference papers were reviewed. Textual referenoes
hyperlinks are used to describe the relations batweput-
and output artifacts. Using these techniques, eatfact
directly refers to its predecessors and successors,thus
applicable to all types of requirements. Tracegpitiatrices

describe the relations between requirements, and

Weequirements or components of the system in a agpar

matrix. They are also applicable to all types afuieements.
In traceability-graphs, the vertices representeats and the

play scripts [50], are used to document functionaledges relations between the artifacts. This tecknig also

requirements by describing the interaction betweka

product and the user in natural language. The reants to
services, as well as the required physical chaiatits of

products, cannot be formulated in this way. Forethtt
specification techniques define a structure to wiga
requirements documents in natural
Therefore, it is possible to define a structure taiming

applicable to all types of requirements. Table Rbws the
results of the analysis.

V. RELATED WORK
One part of the related work in the literature foEsion

languages  [19kassifying and categorizing techniques for alksasf RE.

Jiang et al. [52] present a methodology for thdyaigand

chapters for the service requirements and physicalgiection of RE techniques. They developed critimiathe

requirements. However, the requirements themsélses to
be documented in natural language without furthiédance.

analysis of techniques, and evaluated the techsiqoe

expert workshops. We used this methodology forcsede

Standardized language techniques, such as Partiplss specific criteria. Hickey and Davis [18, 36kgEnt a

Reductive Paraphrase [51], offer a well-definedjlaage to
avoid misunderstandings. These techniques can plkedp
for describing the initial and the concretized fiegments.
For service requirements, these techniques onlyigeo
minor benefits because it is not possible to defineexact
language covering all possible customer wishes. ther
requirements to the physical characteristics ofipets, it is
possible to define a standardized language, cayeaih
requirements.

method for effective selection of RE techniquessjrecific
projects. Bickerton und Siddiqgi [53] developed anfiework
for the classification of RE techniques, based goothesis
on organizational development. Macaulay [54] presarset
of techniques that was developed based on identifie
requirements of a project. Other studies focus amyone
special activity of RE; for example, Browne and Ram
[55] focus on the selection of techniques for thguirements
elicitation. Their approach is based on a cognithadel. In

TABLE V. ANALYSIS OF TECHNIQUES FOR THE REQUIREMENT®OCUMENTATION (OWN ILLUSTRATION)
Techniques e i ——
Story Formatted specification Standardized Formal specification
Criteria techniques techniques languages techniques techniques
Document the different dimensions of service requements O O O O
Document requirements to characteristics and attrilotes of
physical products O O ‘ O
. completely met O partly met QO notmet
TALBE VI. ANALYSIS OF TECHNIQUES FOR THE TRACING OF REQUIREMEI'IS(OWN ILLUSTRATION)
Techniques ) - .
Criteria Textual References Hyperlincs Traceability Matrix Graphs
Traceability . . . .
@ completely met Q) partly met O notmet



contrast to our work, these papers present metbolysfor
classifying or selecting techniques, without adyuapplying
them on specific techniques. Furthermore, thistedlavork
is limited to RE for software only. The papers fsiog on
the selection of techniques often provide listsezhniques,
without analyzing them. The major difference fromro

requirements elicitatiomone of the six groups of techniques
fulfill all criteria: one criterion is not coveredy any
technigue and the other two are only covered byrtimerity

of techniques. It is important for PSS to cover itiglicit
requirements of services. Some techniques of sodtwa
engineering offer general methods that are abtmtso. The

research is that the related work does not make thelicitation of requirements from the value-creatpyocess of

connection to PSS and they only examine each tegbrfor
just one phase of the RE-process. In contrastgoalrwas to
provide an overview of techniques for RE for PSS.

VI. CONCLUSION

the customer is hardly supported by the techniqiiés
methods of software engineering are only partlyliagple to
it. The need to support the inter-domain commuitoat
when eliciting requirements is only addressed by tw
techniques. Imequirements analysionly Use Cases fulfill

This paper has analyzed RE techniques of softwardll criteria. For the concretization of requirengntise

engineering for their suitability for PSS. Firdtettasks of
RE and the special characteristics of PSS that bhavee

Cases, Entity-Relationship-Diagrams, and Activitizfams
can be used. The task of assigning the requiremerttse

regarded were explained, after which the method foflomains participating in the development of a PS$rily

selecting and analyzing the literature was presefiier each
task of RE, a set of proper criteria was develojpedssess
the suitability of the techniques. For each taskR&f, the
results of the study describe the degree to whivh t
techniques available for it satisfy the predefingiteria.
Since several publications present variations &f shme
technique, in the analysis these techniques weoepgd
accordingly. In the following, we summarize the cloisions
from this study, discuss the implications, and necend
further research in this area.

A. Discussion

The overall result of this paper (see Table VIRBhat the
techniques are very unequally suited for PSS.

addressed by Use Cases. The need for action ragattu
partitioning of requirements to the domains is el
high; the majority of techniques do not suppodtitll. Out
of six groups of technique, none supports both the
identification of conflictsaand their resolution by prioritizing
the requirements. For the identification of confljoonly the
simplest technique is applicable, and to be abfntbthese
inter-domain conflicts, all requirements must bewpared to
each other. In order to resolve the conflicts irtveare
engineering, two groups of negotiation techniques a
available that are also applicable in the contéRSS.
Regarding requirements  documentation service
requirements are a major challenge. None of thea fou

Iranalyzed groups of techniques is fully suitabl@lécument

TABLE VII. OVERALL RESEARCHRESULTS(OWN ILLUSTRATION)
RE-Process- Criteria Techniques met Criteria
Phase Completely met Partly met Not met
Implicit requirement 3 3 0
identification
Requirements Value-creation-process 0 5 1
Elicitation requirement identification
Inter-domain
communication 2 3 0
Concretization of
requirements 3 4 0
Requirements As&gr:jthe req. to the 1 2 4
: omains
analysis and - :
2 Inter-domain requirements|
negotiation L AL 1 2 3
conflict identification
Prioritizing Requirements 2 1 3
w/0 overrating one domain
Traceability 4 0 0
. Document the different
Requirements : . .
) dimensions of service 0 2 2
documentation .
requirements
and Document requirements tg
management characteristics and attributgs 1 2 0
of physical products




the service requirements. Half of the techniquegspett it  [3]
partly. These techniques propose standardized dayaguand
structures for specification documents that cap.hebr the
documentation of characteristics and attributegplofsical
products, one of the analyzed techniques can b& (0$8s
technique proposes a standardized scheme for eeqeriits
that can be adapted to physical characteristiggraducts.  [5]
The challenge ofequirements traceabilitis fully solved by

the analyzed techniques. All techniques are comiglet
applicable to PSS because of their general nature. 6]

(4]

B. Implications and Future Work (7]

Although the single domains involved in the
development of PSS have developed mature technigues
RE, it has still been largely unclear whether they suited
for PSS. We have presented an analysis which eealRE
techniques of software engineering regarding theifs]
applicability for RE for PSS. Our goal was to fiaditable
techniques for the different phases of the RE-m®c&he
result is that there are some major gaps. Out ef tédm o]
criteria defined for the RE techniques, two are safsfied 10
by any technique. Moreover, for the majority ofkeasf RE,
multiple techniques of software engineering have bt
combined for satisfying the criteria. Summing upe study
shows that the techniques of software engineeriadgagely
not directly applicable to PSS. However, the coratiom of
different techniques and the adaptation of them rbay [12]
promising for future work. To enable a purposefld Rr
PSS in the future, our future research aims atldpirg a
catalogue of techniques with selection criteriat thelp to

[11]

assemble an adequate set of techniques for indilvjzoject [13]
constellations. Thus, our immediate further redeandll
include the analysis of techniques from product sexbice
engineering. [14]
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