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ABSTRACT

Product Service Systems (PSS) — a combination fhvace,
hardware and service elements — are an emergind tre the
market. Their development encounters differentidliffies,
amongst them the existence of dynamic
interdependencies. These cycles make the
requirements engineering (RE) for PSS even morepticated.

Up to now there is no integrated RE approach fos.PSn

important step in developing such an approach isntberstand
the effects of cycles on RE. In this paper the &yand their
causes are analyzed by an industrial case studierature

review, and by expert interviews. The contributadrthis paper
is twofold. First, a detailed explanation of cytlesauses
emerging in the development and RE of PSS is gawmh the
effects of the resulting cycles on RE are elabdragecond, a
list of requirements to RE for PSS is derived, Whiescribes
how the cycles can be managed adequately.

Keywords
requirements engineering, cyclic interdependenciegcle,
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1. INTRODUCTION

Differentiation from competitors is one of the mastportant
aspects for the success of a company. Customeisangtution
that solves their problems and provides advanttmgesem [2].
Thus, differentiation by physical technological guats
(tangible products) or services alone is not sigfficto assure
the fulfillment of customers’ and market's needsr ns it
adequate for long-term success [13, 37]. Therefuompanies
offer “a combination of goods and services thatiategrated
and customized to meet the idiosyncratic requirdmeri a
customer” [39]. That means companies offer comptaxtions,
referred to as PSS product service systems — or hybrid
products, consisting of integrated bundles of potsluand
services [23, 38]. The product can be either harewar
software, or a combination of both. Especially wafe plays a
major role in the realization of PSS, because gdsential for
innovative multi-functional systems [25]. Accordipgsoftware
has often the task to realize the integration afdvare and
services. Integration of different domains as patdsoftware
and service engineering in the development prooésBSS,
different lifecycles of PSS’ components, a high réeg of
technological integration, and a high level of onstr
integration characterize product service systents iafluence
their development, making it rather complex [10].

In the development of PSS requirements engine€Ri) plays
a vital role. RE is one of the most important afeb acritical
activities within a development process and is rdefi as
“gathering, documenting and managing requiremef@}’ A
successful RE is a precondition for the success thaf
development process [11]. Products need to be eddptthe
customer requirements, while they are becoming monaplex
and innovative [28]. Changes of requirements ip [shases of
the development are up to 100 times more costly thaing the
initial development steps, during the RE phasesB@fause of
the challenges of PSS described above the RE f& RS
especially intricate and complex [5, 7]. Thus, tbeerall
research question of our researchasv RE for PSS should look
like. Since the research alongside this research queistivery
extensive, this paper will focus on one speciaictcophe topic is



the influence of cyclic interdependencies on thguiements
engineering of PSS.

An important aspect in the development of prodacts services
is cyclic interdependencies (further callegtle. They lead to
iterations, bad coordination between the areashmedoin the
development process, permanent adaption and chafdsSS’
components and of the activities in the developnmotess
[20, 21]. Thus, the cycles cause increasing dewvedop time
and costs. The costs are increasing because thiédoadt
iterations in the development cause additional reffand

resource spending. For example, it is even posshdé the
product, which has been already built, has to belified

several times if the customers’ requirements hakanged.
These additional iterations cause time delays dls wigich may

have a negative impact on the customer satisfaction

Furthermore, supplemental consultation with thetauasr may
be necessary and can cause additional efforts storoer-side.

Due to the complexity and interdisciplinarity of ®She cycles
are especially challenging for PSS. One of thelehgés is
different lifecycles of the PSS’ components. Foaraple, the
hardware may be replaced by a new one within aftame in
which the provided services keep the same. Notteittting,
the modification of the hardware can lead to changkthe
services which have to be considered. Thus, sutdrefices in
lifecycles cause the need for coordination and aiies
adjustments of the PSS between different domains.

Many cycles arising during the development of P@&8ehtheir
roots in requirements engineering. Thus, the fatslp is to
understand the cycles during the RE of PSS profigumdchich
is the focus of this paper. For this purpose, tlates’ causes are
identified and then examined. For each cycle’s eaitsis
elaborated what cycle it is inducing in the RE. Tyeles are
inevitable in the RE, but they should be minimizadd
controlled as far as possible. Based on the insigtib cycles’

Phase 1

causes and their effects on the RE, we derivedst df
recommendations how the cycles in the RE for PSS lm
managed adequately.

The research question for this papehdv RE for PSS should
look like in order to be able to deal with cycleshe
contribution of this paper is twofold: (1) a lidteycles and their
causes emerging in the RE of PSS (2) a list ofirements for
the RE for PSS in order to make it cycle-oriented.

To analyze the cycles, an industrial case studyrésented. In
this case study, the development process of a R88lustry is
analyzed. Furthermore, the analysis relies on atensie
literature review with the goal to find cycles thatve already
been described in research literature. We also waied
qualitative expert-interviews to capture curreragpices in RE
in companies producing PSS, with special attertioemerging
cycles and their management.

2. RESEARCH METHODOLOGY

Our research was conducted in two phases. Thepliase can
be seen as a pre-study for the second phase. Hemcdirst

phase is handled in brief in this paper, and mooaris given

to the second phase. In figure 1 an overview ofpthases and
the single steps within the phases is given.

2.1 Phase 1

In phase 1 the development process of PSS mustdersiood
and the role of RE must be clarified. &tep 1a a literature
review about PSS was conducted in order to undetstiaeir
characteristics and their development process. ekiap focus
was laid on the RE of PSS and its integration ithe
development process. The selection of the liteeatelied on
high-quality journals and conferences of informatisystems
ranked as A-Journals and A-Conferences by the 8V[4]. All

in all 88 publications were included in the review.

Step 1a

Literature review about PSS and RE

Step 1b
Case Study about the development of
PSS with focus on RE

i Phase 2

i Step 2a

! Literature review about cycles in the
' development of PSS

1

i Step 2b

i Qualitative interviews about cycles in
! the development of PSS

1

I

Step 2¢
Literature review about RE in PE, SWE
and SE if they are appropriate for PSS
considering the cyclic interdependencies

Figure 1: Research Design



Then, instep 1h a case study about the development of PSS

was conducted in order to understand their devetopnin
practice. The design of this phase is aligned ategr to
Yin [42]. In this case study a large company of tiemical

industry producing PSS was analyzed between Julg an

November 2006 by interviewing employees of
departments. The result of phase 1 is a list ofadteristics of
PSS and of their development process. The inskgtitdyclical
interdependencies are a challenge in the developareh RE
was made here.

2.2 Phase 2

Phase 2 relies on literature reviews and a serfeexpert
interviews. They had a broader scope and were zethlyn
multiple steps. The results of the first analysi ot take the
cycles into account and have already been publisfibdse
precedent publications are summarized here in:short

¢ Within an empirical exploration of requirements ieregring
for hybrid products 15 expert interviews in indystvere
conducted and analyzed regarding the handling off&RE
PSS in practice [7].

¢ A literature review had the goal to examine thereuntr

three

the list of Luenendonk [26]. The interviews werariea out

between June and October 2008 and were guideddicgaio

the process steps of RE: requirements elicitat@oalyses and
negotiation, documentation and validation, chang@agement
and traceability [30, 41].

The result ofsteps 2a and 2lis a list of cycles’ causes arising
during the development process of PSS and havinggact on
RE. During the interviews the cycles of the literat review
were presented to the experts. Together with th@ynfound
cycles the experts categorized the cycles accortiingheir
causes. The criterion for choosing the categorias that all
cycles of one category should have the same ingra&E. The
categories developed in each interview, were cafeteld by
the researchers.

In thestep 2cwe analyzed the existing approaches for RE in the
product engineering, software engineering and eervi
engineering about their handling of cycles with theal to
understand if they were appropriate for PSS andtate the
requirements on a cycle-oriented RE for PSS. Foiitarature
review we included the domains that are involved tfe
development of PSS.

As described earlier, the literature review preserin this paper

practices of RE in the three domains involved ir th

; . relies on the same data as the reviews published in
development of PSS. It summarized these practices a

Berkovich et al. [5] and Berkovich et al. [8]. The research

evaluated them based on defined criteria [5].

¢ A similar literature review as described in [5] wakso
conducted in the product development and publisimed
Berkovich et al. [8]. The criteria for the evalwmtiof the
practices were further elaborated and the techsicare
described in more detail.

The second phase has the goal to identify the €ychuses, to
further analyze the role of cycles in the developnpgrocess of
the RE and to analyze especially the role of theifrREandling
the cycles.

In step 2aa further literature review on cycles arising dgrthe
development of PSS (including also the RE) was uooted.
The goal of the literature review was to identifyclic

interdependencies and their causes in the develupnie

understand how they were handled and which implinatthey
had on the development and especially on RE. Titesature
review included (in addition to the literature 08%) the top-10
textbooks on product, service and software engingeand
design according to the sales ranking of amazon @mressed
on 07.02.09), as well as publications accordingthte WI-

list [1].

The results ofstep 2b present cycles’ causes based on the

qualitative expert interviews. These interviews avalso used to
categorize the cycles using expert opinion. A seoé semi-
standardized expert interviews was conducted, thi¢hgoal to
capture current practices in RE in companies produ®SsS,
with a special attention on the handling of cyctksing the

development. As described earlier, an analysispHraof these
interviews was already published in Berkovich et[@]. The

study design is summarized here in brief. In tharse of the
study 15 experts in companies involved in the dgwelent of
PSS were interviewed. Some companies were selbeealise
there were contacts to them; others were selectedrding to

o5

design is summarized here in short. The selectfalexbooks
relied partially on sales ranks on amazon.comjypapecialized
books on RE known to us were also included. In pebénd
service engineering RE is not seen as a speciptire. Thus,
for these domains general textbooks on developrmathods
were chosen. Additionally, conference papers andrngl

publications were selected according to the WI[i$tand a list
of high-quality journals available at our institufehe result of
this step is an analysis whether the cycles idedtibefore are
handled by the RE approaches adequately, if theadstfor the
handling of cycles used by these approaches am®gte for
PSS and which requirements must be fulfilled byeav rRE

approach for PSS to handle the cycles.

3. STEP 1A - LITERATURE REVIEW
ABOUT PSS AND THE REQUIREMENTS
ENGINEERING

3.1 Characteristics of PSS

In contrast to classical PSS consisting of a playsicoduct and
a service part, we also regard a combination ofwsoé and
service or of hardware, software and service aS& R, 10, 24].
The increasing importance of PSS has been showsebgral
studies. For example Sturm and Bading [35] asked116
medium-sized companies about the importance ofgiated
bundles of products and services and concluded 38a88%
assessed them as very important for the succetfeanarket. A
main driver in the development towards PSS is thareness
that a customer does not have an interest in auptad service
per se, but he wants his problems to be solved [23]

PSS consist of both material and immaterial compt:e
developed by different domains, leading to inteiginary
work and to the need for technological integratigh 23].
Interdisciplinary work means that different domaihave to



cooperate in the development process in order toeee a
comprehensive understanding of the problem to bhedoThe
technological integration means that the diffengatts of PSS
have to be integrated technically and organizatipndoth
between each other and into the value-creationegsoof the
customer [10]. PSS are regarded highly individeaif29], and
this individualization is especially important inulfilling
customer wishes.

3.2 Requirements Engineering in the context
of PSS

RE is generally understood as a cooperative, inemégth and

iterative process with the goal of identifying edtjuirements that
are relevant for the system under development, tinceaa

common understanding of the problem to be solvédden all

stakeholders, and then documenting these requitsritea form

that can be used in later development steps [31].

Both in practice and in literature the RE approacf@ PSS
manage the requirements to a PSS as a whole antegrated
way just insufficiently. Also the domains involveith the

development of PSS meet a challenge to gain a arapsive
understanding of the solution to be developed [SHdwever, it

has been realized that an integrated RE approaaiidwe

especially important for PSS, because of their derily and

interdisciplinarity [33]. Berkovich et al. [6] idéfied the most
important activities of RE for PSS (see Figure ajdd on the
role of RE in the lifecycle of PSS and on the défin of RE in

product engineering,
engineering (e.g. [3, 12, 17, 40]): requirementiitation,
analysis and documentation, negotiation, validatichange
management and tracing.

The requirements elicitation has the task of gatlgeall goals,
wishes and requirements from the stakeholders. nQuthe
requirements analysis the initially elicited regnients are
refined and concretized. In this step the initeduirements are
“translated” into the language of the developershsd they can
be used by the single domains. The requirementdysisia
includes also the search for conflicting requiretseiboth
between initial and concretized requirements andwden
concretized requirements belonging to the diffedemhains. The
purpose of requirements negotiation is to resoleaflicts
regarding requirements between stakeholders. Tingregnents
documentation has the task of documenting all reqents
according to documentation standards [41]. The irements

< Requirements Elicitation

< Requirements Analysis

Requirements Negotiation

Traceability

Requirements Documentation

Change Management

Requirements Validation

Figure 2: RE Activities and Iterations for PSS accaling to
Berkovich et al.[6]

software engineering and ecervi
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validation has the task of assuring that the requénts actually
represent the vision of the stakeholders. Thetlastphases —
change management and tracing — are done during
development process. The traceability refers to gbiity to
follow the life-cycle of a requirement and to asstte impact of
changes of requirements.

4. STEP 1B — CYCLES FOUND IN AN
INDUSTRIAL CASE STUDY

In order to understand the development of PSS actjme we
analyzed a company of the chemical industry. Fuytiee
describe the parts of the case study that staglation to the
cycles. The PSS of this company consisted of maimbyparts,
according to which the company was organized: (Wifeering
division: construction of gas processing plants@2as division:
supplying gas to customers.

In greater detail, the first division develops bathstomer-
individual facilities and standardized facilitiesged on serial
production. The reason for offering standardizedilifees is the
cost-advantage. These facilities are cheaper, layt mot fully
meet customer requirements. The second divisioreroff
customers a supply of gas. Depending on the cirtamoss and
requirements of the customer, a solution is pravyitieat may
consist of pipelines, transport of gas by truckscanstruction
of plants at the customer’s side. This second idinisrders the
required engineering work from the first one. Adiflly,
services for already existing facilities are offkrelike
maintenance, installation, training and initial g®n. The
customers of the company simply acquire the serVigss
supply” and are unconcerned about how the gasadsght to
them. The contractor then constructs the neceéaaitities and
operates them.

In the development of the gas facilities, a coreoftr
development of hardware and software takes placen® this

development process cycles can be observed. Thaeenigg

division is exclusively concerned with chemical ggsses and
their implementation by hardware. All software depenent for

control software is outsourced. The first step wistarting a
software development is to define the concretizgfiirements
which can be realized by the domains. During thetre@ting

phase a solution is iteratively developed. Due he tost-
pressure, the processes and also the softwareljaged during
construction and operation of the facility (seeure3).

In this way, experiences can be transferred todthelopment.
However, during the development some developmepsshave

oExternal Change
of the Hardware

Hardware Component

@Change of the Software @ change of the Hardware

Software Component

Figure 3: Cycle in the in the development of gas &lities
caused by a concurrent development of hardware and
software

the



Stakeholder

Initial
Requirements

Requirements Analyst

Concretized
Requirements

Developer

Figure 4: Cycle in the development of gas facilitecaused
by misunderstandings between the RE and the
development

to be repeated because of changing requirementeetithe RE
plays a major role in handling the cycles. For astreffective
handling of cycles, the RE should be able to ptedcles and
give the possibility to avoid them.

During the development also another type of cyclasw
observed. When the development is starting, theialni
requirements are captured in a specification dootmehen
these requirements are concretized and a more spreci
specification is created. This detailed specifmatis given to
the developers as the basis of their work. Durifm t
requirements validation of the concretized requanta as well
as during the realization of requirements by theetipers,
variations and inconsistencies were found. Theg teaa rework
of the requirements specification, which createdtiple cycles
between initial stakeholders, requirements analysisd
developers (see Figure 4).

5. STEP 2A AND 2B — CYCLES’ CAUSES
INFLUENCING REQUIREMENTS
ENGINEERING

In this section the results of the expert intengeamd literature
reviews are described. In our description of theles; we
describe causes for cycles and group them in caesyof

similar causes (see Table 1). For each group, deiscribed
which RE activities are iteratively repeated andrfca cycle
consequently, if the cycle’s cause emerges.

Cycles in Literature —The cyclic dependencies within and
outside of the development process are a challefoge
companies to overcome. According to Langer et2dl],[a cycle
is characterized by “a repeated succession ofairadcurrences
and of results initiated by them, such as sub-pee® artifacts,
developments, etc., and the succession of diffeseatirrences
within one sequence, e.g., the innovation procesHie
development of PSS marked as very complex is affedty
dynamic cyclic behaviors [21].

Comprehensive List of Cycles Causes— This section
categorizes all causes of cycles based on thetliber review
and interviews into seven major categories. Eactegcay
describes the causes for the cycle, gives an exanmpid
explains the implications for the requirements ragring.

Category 1 Availability and maturity of technologiesrhis
category contains the causes for cycles that had® twith the
availability of new technologies. They were ideetif in the
literature review, for example, Dodgson et al. [14]a new
technology emerges on the market, it is possibleige it to
realize components such as hardware, softwareraiceeof the
PSS.

An example of such a cycle is the introduction @i®/, which
offers the possibility of restructuring the comnuation
infrastructure (hardware and software) of solutionsder
development (http://www.msnbc.msn.com/id/635487%2kased
on 27.04.09). If a component or a part of it islizeal by new
technology, the concretized requirements can chafipese
changes can have an impact on the customer reqntsrof the
overall product and on other concretized requirgsjeand thus
have to be analyzed. It must also be checked whétleenew
technology realizes all requirements that wereized! by the
old one. Further, new conflicts due to changed retired
requirements may emerge and need to be considered.

If, for example, a new technology is available a&mbuld be

Table 1. Categories of Cycles’ Causes

Nr. Category of Cycles’ Cause Causes of Cycles

1 Availability and maturity of technologies e new software technology / product technology / iserv
technology emerges on the markets

2 Competitive trends ¢ product is no longer required by the customer

rivalry product is more attractive for the customer
service is no longer required
new market trend is observed

Different lifecycles of hardware / software | *

hardware / software is out-dated

Change of customer-requirements » change of customer-requirements
5 Financial cycles on the capital market e product has to be released immediately to the mesto
e price of the product has to be reduced
6 Development cycles * hardware / software / service cannot be realized
¢ integration of domains’ results failed due to dations
* internal stakeholders change the requiren
7 Legislative cycles ¢ laws/ standards change

o067



Requirements Elicitation

I\

Requirements Analysis

Requirements Negotiatio

=

Requirements Documentgtion
) | | |

Requirements Validation \

N4

Figure 5: Cycle in the RE caused by Availability and
maturity of technologies”

used in the PSS, then the following steps are egdawithin the
RE. Therefore, it is necessary, to check if theuiregnents
emerging from the new technology are conform to tie
requirements. First, the requirements emerging ftbm new
technology are collected. Then, they are analypeccdnflicts
with the existing requirements. If conflicts aregent, they have

to be solved by discussion between all stakehalders
Furthermore, the usual activities of RE are exatuseich as
documentation, and validation. Figure 5 shows tlide in the
RE exemplarily.

Category 2 Competitive trendsThe causes for this category of
cycles were found in the interviews and the literatreview, for
example, Fuchs and Apfelthaler [15], Spath et @4][and
Hauschildt and Salomo [16]. These cycles have towitt
product management and market trends.

If a PSS or a service is no longer needed by tistomer, it
means that the customer-requirements have changed.

Given that the customer is interested in the oV@ralduct, the
new customer-requirements have to be elicited dre RE
process has to be repeated, but still reusing ltheequirements
as much as possible.

If new market trends are observed, the customedshéa be
consulted as to whether he wants to integrate themthe PSS.
Integrating them would mean adding new customer
requirements and refining them to correspondingcietized
requirements.

If a rivalry product seems more attractive for tustomer since

it has better characteristics than the conside®8, Bhe rivalry
product has to be analyzed (for example Benchmgrkin
techniques [40]) and new requirements need to beede
Particularly  quality requirements and attractivenes
requirements can have an influence of the competiti
advantage [27].

Category 3 Different lifecycles of hardware and software:
These causes of cycles were found in the literatevew, for
example, Pahl et al. [27], Lavagno and Passero@¢ [Phe
components of PSS have different life-cycles [8f ¢us if one
component of a PSS (hardware, software and sengam)t-of-
date, it has to be replaced. Thereby, new detadgdirements

068

Requirements Elicitation

Requirements Analysis

Requirements Negotiatio

ion
| |

Requirements Validation \

N\

Figure 6: Cycle in the RE caused by Change of
customer-requirements

Requirements Document

!¢ 0 7 7

can emerge within the development, which have dectbn
customer requirements.

In general, if it is discovered that a hardware software

component is out-dated, all requirements affectgdthose

components have to be determined. This can be bpnssing

classical traceability techniques. Then, it hasbé& analyzed
whether these requirements change when the olechaéatdy is

replaced, and the potential effects on other requénts have to
be analyzed. All this information is collected agigen to the

developers in order to give them the possibilitgézide which
next steps have to be taken.

An example for such cycles is ATMs, where the caaHding
hardware had to be replaced due to new standarderédit
cards (http://www.stern.de/wirtschaft/geld/8719h@accessed
on 20.04.09). Also, the software had to be modijfigdich was
not easily possible because the operating systesmnwdonger
supported by the supplier.

Category 4 Change of customer-requirementhe customer-
requirements can change during development and ofise
product [19, 31]. In such cases it is importantctarify the
impacts on concretized requirements, on the alrefmigloped
system, and on the environment. The change of astmer-
requirement can also have an impact on other cestom
requirements.

This cycle can occur during development time as agduring
the use of the PSS. If the customer requiremerasigd) the
elicitation of requirements has to be done, in ptdeelicit all

changes requirements. Then, they are analyzed laeuked for
contradictions to existing requirements. In the uisgments
negotiation, the contradictions have to be resolvitkn, the
new requirements are documented and validated.eAsan see,
all phases of the requirements engineering areategen this
cycle. It is shown exemplarily in Figure 6.

Category 5 Financial cycles on the capital markeThese
cycles were identified in the literature reviewr fexample,
Fuchs and Apfelthaler [15]. The cycles in this gaty can have
the consequence that the product must be immegliatleased



to the customer or that the price of the product ka be
reduced. In both cases it is necessary to decidichwh
functionality of the product can be abandoned thie® the
necessary savings or the necessary delivery-tioregxample
the imitations of the iPod. After the release &f tRod, several
competitors forced their products under developrt@move to
an immediate market release.

In the case that the price of a product has teetlaged, the RE
has to reprioritize all requirements. In order to o, the
requirements analysis has to be redone, becausen whe
prioritizing the requirements, the interdependemciztween
them have to be regarded. The reprioritization bk t
requirements and the omitting of low prioritizedesmecessitate
the repetition of the requirements negotiation ealdation.

Category 6 Development cyclesfhese cycles were identified
by the interviews. These cycles occur when it ipassible to
realize a component (hardware, software, servict)eoPSS.

If a component cannot be realized, it has to bédédcwhether
the affected customer-requirement can be changeshether
the functionality can be realized by another congmn

If the integration of the partial solutions expees major
problems, the implications for the customer-requeats have
to be determined, and the requirements possiblye Havbe
changed.

The change of requirements by internal stakeholdars also
cause cycles. It has to be analyzed whether théoroes-
requirements are affected by these changes andherhet
coordination with the customer is necessary.

Category 7 Legislative cyclesThese cycles emerge when a law
or standard that is relevant for the PSS chandessel changes
are typically known in advance and it can be planhfoe them.
If such a change emerges, first all new requirembate to be
elicited. Then, the new requirements are incorgaranto the
existing specification. That makes it necessargewly execute
the requirements analysis; in order to check whézfuirements
are affected and to find and resolve newly origidatonflicts.
Then, the requirements negotiation and validatiamehto be
repeated. As a last step, the effects of the clramjethe
requirements on the already build parts of the R&& to be
analyzed.

An example of such a cycle is the change of thes legarding
the system for managing the unemployment payments i
Germany. After a major amendment of the law, thetesy had

to be changed by 2005-01-01 (http://www.mid.de/
fileadmin/documents/pdf/Anwenderberichte/Sonderkdrecov
_0307_MID.pdf accessed on 18.04.09).

6. STEP 2C — CYCLE-ORIENTED
REQUIREMENTS ENGINEERING

The cycles described in the previous section havingact on
the RE of PSS. In order to effectively handle thegdes, the
RE has to support certain activities and exhibittaie

characteristics. The objective of this sectionoismalyze which
characteristics and activities are needed and gesaswhether
existent RE approaches are capable of implemetiiem.

[eT51¢]

Results of the Literature Review— RE is widely accepted in
product engineering and is integrated in the ergging
processes. The handling of requirements is, howeoften
limited to the first phases of the development [7he
requirements are mostly documented in lists, arghgbs are
then documented within those lists. In softwareiregring, RE
is applied throughout the development process [Bil¢ontrast
to product engineering, the management of requinésrduring
the development is more advanced: changes are @ntead
more carefully and methods for carrying out impaalyses of
changes are available. Because service engineeirgll a
relatively young discipline, there is a generakla€ systematic
approaches [18]. Some process models of serviceesring
mention RE but without offering techniques.

Requirements for a Requirements Engineering Approac

As described in the research design, requirementiset RE of
PSS — without cycles perspective — can be foun@JinBased
on the same data basis as in [7], we developedtiauiali
requirements to the RE of PSS, in order to makeydle-
oriented.

The main requirements to RE for PSS without cyclerdation
are summarized here: The first aspect is that adowated RE
process for all components of PSS has to be esitaloli The
requirements for the different domains cannot bigitedl,
analyzed, etc., separately. Second, because dfiingdifferent
domains in the development process, the interdiseiy work
needs to be improved. Third, the customer-integmatis
essential for successful RE and needs to be imgrove

The requirements to the RE process that were dkfieen the
needs of handling the cycles are described inldetae. Table 2
gives an overview of the requirements and the sythat they
were derived from. Each requirement is described medetail:

Requirement 1Examination of the influence of a cycle on the
RE: If cycles arise, it is necessary to provide a meétlior
determining whether the cycle has an influence loan RE.
Scenario techniques [32], which are used to matelactions,
are suited for this purpose. By modeling the irdgoa of the
cycle and the development process, the influence lca
detected.

Requirement 2: Iterative REII identified categories of cycles,
except category 5, cause the requirements’ chaggsoven
concept of handling changes of requirements is tarative
approach. If a requirement is changed, the entitgpRcess or
some activities of it can be repeated [34].

Requirement 3: Tracing from customer- to concretize
requirementsThe cycles of categories 1, 3, 5, 6, and 7 catise a
first the change of concretized requirements, whjleles 2, 4
and 7 cause at first the change of customer-regeinés and
then of concretized requirements. It is necessagnalyze the
impact on concretized requirements if customerirequents are
changed, and vice versa. A possibility for trackisgch
interdependencies is the implementation of tradigabiln
software engineering, Sommerville and Sawyer [32foduce
traceability to enable tracing of requirements. c€ability
matrices are a further means for implementing ahitéy [19].
For PSS, it must be considered that the concreteggirements
concern different domains [7]. The concretized negnents of



Table 2. Requirements for RE to be cycle-oriented

Nr. | Requirements for RE

Cause for this requirement

Cycles involved

1 Examination of the influence of a cycle on the¢ Cycles exist in the development process all
RE
2 Iterative RE Requirements can change during the 1,2,3,4,6,7
development process due to reasons
3 Tracing from customer- to concretized Customer requirements can change 1,3,56,7
requirements and vice versa Concretized requirements can change 2,4,7

4 Interdependencies between concretized
requirements

On changes, interdependent requirements canl, 2, 3, 4, 6, 7
also change.

Identifying requirement conflicts

On changes, manflicts may emerge.

1,2,3,4,6,7

Reuse of requirements

After changes, alreadyrdented requirement 1, 2, 3, 4, 6, 7
can be reused.

Defining a validity period of requirements

Prawsty known changes must be regarded

Prioritization of requirements

Selection of imjaart requirements.

2,5

each domain are documented using different notaiteord are
not easily understandable by different people.

Requirement 4: Interdependencies between conaodetize
requirements:If a concretized requirement is changed, further
changes of concretized requirements can be triggdteis
important to redo the requirements analysis for dffected
requirements, which can be determined by meansacéability.

In the case of PSS, these traceability and anatystbods have

to support the distribution of the concretized iiegments over
the domains. Because the requirements in these ideraae
documented differently, special methods have taldesloped.
For example, there is no formal way of defininguiegments to
services [7, 18]. Thus, a method has to be devdldpe
establishing the traces between concretized remeines of
different domains. If customer requirements arenged, an
analog process and corresponding methods havepmbigled.

Requirement 5: lIdentifying requirement conflict&¥hen

concretized requirements are changed, new conflietsveen
changed and unchanged requirements can emergeh \ahéc
very important to analyze and resolve. Requiremdntend 5
support the identification of conflicts by providirtraceability
between requirements; however, the main problemthis

identification of conflicts. A common method is formalize

requirements by modeling them, e.g., modeling witle cases
[19, 36]. Such mechanisms for identifying conflittave to be
adapted for the three involved domains, and thetifieation of

conflicts between the two different domains mustpossible.

The identification and resolution of conflicts beem customer-
requirements can be done analog. Conflicts betveestomer
requirements have to be resolved by establishetiadst e.g.,
workshops [3].

Requirement 6: Reuse of requiremerifghen the customer-
requirements and the concretized requirements ehdsge
requirement 2) it is necessary to reuse alreadyinebf
requirements. By reusing requirements, time andscoan be
saved [32]. The reuse can be supported by documgenti
interdependencies between requirements and byatvdite.
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Requirement 7: Defining a validity period of reqrrents:The

legislative cycles (category 7) lead to previousipwn changes
in the system on a previously known date. Hencis, jfossible
to take into consideration these changes duringlévelopment
by specifying not only how each requirement habedalefined,
but also in which period of time it is valid.

Requirement 8 Prioritization of requirements: Cycles of
categories 2 and 5 lead to a reduction of the edfesolution.
Therefore, it is important to define priorities forquirements
which specify how important a certain requirementfar the
customer [28]. Based on these priorities, a degisio the
reduction of the functionality can be taken. In tevelopment
of PSS it is important to find a prioritization whi takes into
account the different domains. Thus, the initidbgtization of
the customer-requirements has to be transferredth®
concretized requirements.

7. CONCLUSIONS AND THE OUTLOOK
FOR FUTURE RESEARCH

In this paper a variety of research steps have pessented that
were performed in order to understand the roleyofes in the

RE of PSS and to derive requirements for the REydle in the

development process covers a sequence of eventhanesults
like sub processes, artifacts, etc. Such cyclesptioate the

planning of development processes and are prohieniat

conjunction with high time- and cost-pressure.

A main contribution of this paper is a compreheesiist of

causes of cycles derived by literature reviews axgpert

interviews in industry. This way, the causes fag ttycles and
the implications of them on the RE were identifidthe list of

cycles comprises seven categories of differentstypiecycles

and explains the causes of the cycles. It is intErg to see that
the cycles’ causes appear on different stageseofi¢hvelopment
and have both company-internal and external causes.

Although cycles appear also in classic requirementgneering
processes of the single domains, in the contexXP®8§, they
have even graver implications. Therefore, a spdmaldling of
the cycles in the RE of PSS is necessary. It wasoly



surprising for us that most of the identified cycleave a direct
effect on the requirements for the PSS. Thus, Her ffective
management of these cycles, the prerequisites toelee laid in
RE.

The second part of the study addresses what areeegemts
engineering needs to provide in order to enablecffective

handling of cycles. Eight requirements to a requests

engineering for PSS were derived and are desciibatktail.

Because the cycles emerge during the developmengreat

challenge is to deal with changing requirementsinduithe

development process. This finding is reflected ihe t
requirements to the RE which are largely concemigd impact

analyses of changing requirements and tracealidéiyes. The
list of requirements to the RE does only compripectic

requirements staying in relation with cycles an@&P%o achieve
this, all initially identified issues were comparedknown RE
approaches in the three domains relevant to PS#i8yneans
only unsolved issues have been recorded in the dfst
requirements. Surprisingly, these issues — suctraagability

and change management — are already known to esqents
engineering research, but not addresses adequBtechieve a
cycle-oriented RE it is therefore necessary to ouprthese
topics of RE.

In our future research the results of this papér lvé used to
develop a cycle-oriented requirements engineeriog HSS.
First, the requirements to the RE approach wilife®rporated
into a process model for RE that describes theviies of RE.

The process model has to regard the requiremeasepted in
this paper in order to be cycle-oriented. By thecetion of the
activities of RE, a specification is created or aristing

specification is modified and adapted. Becauséhefdycles, it
is challenging to maintain a specification consistend avoid
that its complexity is growing over time. Therefoeestructure
for the specification will be developed that addess these
problems.
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