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Abstract. Presently the interoperability of organizationsl agstems are based on exchanges
of products and services. Products are any motessrtangible things such as energy, goods,
documents and data; while services are actionsimeed by an actor for the profit of another.
Currently System Engineering standards like 1SO8B52re mainly focused on product
development and exchange. Consequently, this papeides foundation principles of service
engineering with description of terms and concdgesgycles for service offer, provision and
consumption; service usage for product developneerd;service provision based on tangible
products. Different examples show how these fotiodgrinciples can be applied through
concrete cases within different domains. As a agich, various challenges are presented to
express the need for research and standardizatimitias.

1 Issues and Stakes

The concept of service has been used in everyflayas well as in business and industry
domains for a very long time through various cotgdike public services, consulting and
services, in-service operation, etc.. One decadesagerging information and communication
technologies reused the term to dramatically tansfenterprise information systems and the
Internet. Web services were a buzz word for sevegealrs. After this period, as no real
engineering process and business logic were faneS8©A (service-oriented approach) is
dead” has been declared on blogs of the softwamemumity. Fortunately, more mature
thinking arose from the enterprise modeling domavith architecture frameworks —Like
DoDAF, MODAF, NAF, TOGAF- and engineering standardike CMMI for services—
which highlighted the concept of service as beirsg@ous paradigm for interaction between
organizations and systems. In particular the sefgrgentation is now widely adopted in the
Net-Centric Operation and Net-Centric Warfare apphes of the military domain [Ref. 2].
Presently and maybe for some time it is possiblesayp that products and services are
complementary inputs and deliverables of orgaroratand systems [Ref. 3]. The aims are the
increase of interoperability, and loosely coupledperation and collaboration for the interest
of each participant and also bringing the benefitsynergy.

The concept of service is currently poorly formetizeven if significantly used in
organizations:

* Atabusiness level, the service offer and senacel agreement are generally based on
commercial documents with very light technical ddiae consequence is that most of
the time the service provision is performed in astoeffort” manner.

* Atthe IT level, the state of the art is servicea@tion and execution within a software
functional scope. The concern is connectivity axchange of applications to insure a
functional flow with the major constraint of qualiof service. I.E. service-oriented
architecture (SOA) is generally achieved with agiion encapsulation within a “web
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service” technology approach and an IT infrastrieefroviding an “enterprise service
bus” (ESB) for connectivity and exchanges.

» At an information system level the most advanceatiices are the modeling of the
business process —but without any consideratia@owoiracts and a light description of
behavior— and automated software generation.

The main consequences of no real architecting amagineering process at the system level
are: a problem of governance, uncertainty of thebility of the service-orientation and
unpredictability of large scale service-orientedteyns.

2 Terminology around products, services and systems

Currently the INCOSE System Engineering Handboa [R ] describes a system engineering
project as being:

[V3.2.1, Tablel-1]: “a endeavor with start andigh criteria undertaken to create a product
or service in accordance with specified resources and requests

Regarding System Engineering process, quotatianbased on the ISO/IEC-15288[Ref. 5]
and underline that both product and service abetoonsidered. For example with acquisition:

Acquisition Process [V3.2.1, Section 6.1.1.1] Theppse of the Acquisition Process is|to
obtain a product oservice in accordance with the acquirer's requirements.

The handbook also describes that services maydtersyelements:

System [INCOSE]: an integrated set of elements, subsystems, enddfes that accomplish|a
defined objective. These elements include prodbatsiware, software, firmware), processes,
people, information, techniques, facilitissyvices, and other support elements.

This definition is close to the EIA 632 standarce{R 7] that assimilates the system to an

aggregation of products, such as physical itemmpoments, and software; but also possibly
non-tangible products such as services.

System [EIA-632]: An aggregation of end productd anabling products to achieve a given

purpose. NOTE-The term product is used in thisddethto mean: a physical item, such as a
satellite (end product), or any of its componentpéend products); a software item such as a
stand-alone application to run within an existingt®m (end product); or a document such as
a plan, or aservice such as test, training, or maintenance supporteguipment such as|a
simulator (enabling products).

As result of the two latter quotations the
following meta-model can be formalized:

Product=
5035, System,
Equipment, Service

Frodictaggregaton

lea kind of £

Systems Engineering has to develop products

Producto nterest Alone [ Erabiing product in accordance with stakeholders’ needs. Each
"“-a.x_:‘_w__.lm - product-of-interest life-cycle can require
Furss| R i enabling-products for its viability.
Captures Systems
Heeds i These products may be systems of systems,

systems, Equipment or services.

Figure 1: Product definition including service
These definitions above are considered for theafetis document.
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Regarding definitions of the term service, the INEEDhandbook does not provide one.
However numerous definitions for the notion of saxexist in various fields. In particular, the

selection presented below shows that the term ss amployed on economy, quali
management, or software engineering.

The CMMI for services standard [Ref. 10] simpbfides that & service is an intangible,
non-storable produ€t A very simple and clear definition of the tersefvice” is also given by
the NATO Architecture Framework (NAF)[Ref. 8], evié this definition suffers from the fact
it does not distinguish between the supplied seraind the supplier’'s activity.

Service[NAF V3] = Function, capability or behavitinat is provided by a producer to
consumer.

The following ISO definition[Ref. 6] provides a meodetailed explanation highlighting th
the service provider activity is normally inter@add has to meet the customer expectation

ty

a

at

Service provided by a service provider to a custd®©-8402:1992:

The result generated by activities at the interflaeveen the supplier and the customer an
supplier internal activities to meet the customeeds.

Note 1: The supplier or the customer may be remteseat the interface by personnel
equipment.

Note 2: Customer activities at the interface whie supplier may be essential to the ser
delivery.

Note 3: Delivery or use of tangible products mayrfgart of the service delivery.

Note 4: A service may be linked with the manufacturd supply of tangible product.

d by

or

ce

The current version of the INCOSE Body of KnowlelRgf. 4] is close to this. Whereas t

he

OASIS SOA Reference Model [Ref. 11] assimilatesraise as a mechanism enabling access

to a desired capability.

Service [OASIS SOA reference model V1]: a mechatosemable access to a set of one
more capabilities, where the access is providedgusi prescribed interface and is exercig
consistent with constraints and policies as spedifhy the service description. A service
provided by one entity — the service provider -uee by others, but the eventual consume
the service may not be known to the service proadd may demonstrate uses of the ser

or
ed
2 IS
s of
vice

beyond the scope originally conceived by the peavid

All of the above definitions are compatible witlkethurpose of this paper.

3 Foundations for service

The main actors of an interaction using a serviee a
» The service consumer or user who is motivated laysgehen using the service.

* The service provider who performs a course of actm deliver the service to the
consumer. This action is expected to produce acetd fulfill, or at least contribute to,

the consumer’s goals.
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Uses Delivers

Consumer EL{ Service FFL{ Provider !]

Is motivated by Perfarms |V

s 'E b | l i
;Cuntlihmesto[mcummm Issues —— F

Figure 2: Main concepts of interaction with a service

However other stakeholders can be considered iara detailed interaction:

* As a participant, a mediator can be involved ingireparation or operational phase of a
service. His role is to facilitate the service matgion, for example with semantic or
syntax adaptation.

* As a non-participant, other parties may impact @yrbe impacted by the service
provision. For example:

0 A sponsor expects benefits of the service perfooman

0 An analysis service could be performed by a medatadratory for a doctor
with a patient blood sample. In this case the pai® not participating in the
analysis but is interested in the result.

Stakeholder |
[ 1 Iadal atdapted from

—1 P ST t | e [ “DASIS Referance Architecture for S04 V1.0
i |

[ 1
| Consumer | [aﬂuamh [ Provider |

'¥ Facilitates

Uses b Service < Delivers

Is impacted by! Impact p ™ "

Figure 3: Service stakeholders

Other main concepts often used to describe semieeaction are:

» The contract which is a moral, legal or normateierence expected to be known by all
the participants of a service interaction. It may may not be known by
non-participants and may be referenced in the ceimpact.

» The quality of service, which can be considered as:

0 Being expected by participants, when more or lessdlized in the contract
with possible hypotheses.
o Effective when evaluated during service monitoring.

* The service-level agreement (SLA) of the stakehslde interact under conditions
written in the contract.

Note: currently there is a lot of confusion betwéelea contract and the service-level
agreement. As example[Ref. 9]:

Contract [ITIL V3 Glossary] = A legally binding Agreement between two or muaeies.

Service Level Agreement (SLA) [ITIL V3 Glossary{Service Design) (Continual Service
Improvement) An Agreement between a Service Proaiitka Customer. The SLA describes
the Service, documents Service Level Targets, @auifes the responsibilities of the Service
Provider and the Customer. A single SLA may cowagtiple Services or multiple Customers.
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» Several other service-level protocols can alssmbreduced in service life-cycles, like
service-level objective and service-level speciiamato formalize expectations; and
service-level monitoring to control performance.

Stakeholder |

| | |

| Consumer Mediator E Provider n

¥ Facilitates
(SLA)

Approves

(SLA) Con . .
______ oo s g o Expected QoS |
44 References —
ExpressesW|
: ! Effective QoS !!
Usess | Service ! < Delivers
Modsl adapted from i .
CBELS Reference Architecturs for S04 W1 0 SLA= Service Level Agreement

Figure 4: Contract, agreement and quality of service

Two last concepts are generally useful in servie@agement infrastructures:

» Service repository: repositories host usable serdescriptions. They are filled by
providers to declare their service offers, and ireguby consumers looking for suitable
services.

» Service registry: registries are used to log a#isiper service and evolution of the
effective quality of service.

4 Life-cycles

The aim of service offer production is to developti@tegic business (often described by a
"business plan"), use patterns and service deliay prepare all the necessary capabilities to
make the service usable. It is preferable to tél@ua "capability” or ability, since service
employment conditions are partially known at thtage. In particular, "non-functional”
aspects (performance, security, dependability)rasdurce dimensioning can be specified in
developed service contracts.

The availability of a service offer is formalized the publication of an offer in a repository for
use by involved stakeholders, at least providedsusers / clients, but also authorities or agents
such as mediators. A special case is when a seoffee is produced by the provider.
Nevertheless the two distinct roles and activitiage to be considered.

Senvice offer

Repository/raglstry

Servica

Provision

Servics usage

Contract and/or agreement

Figure 5: Three life-cycles for a Service
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A service is set up when a provider and a usedlauslervice agreement on the use and purpose
of that service. This agreement may be more orfteasalized by a contract. The provider may
then adjust the service functionality, allocate ineans to fulfill the capabilities and perform
the service according to the quality (QoS) expedtethe operational context. During the
service preparation phase provider and user / owstanust implement their respective
operational process enabling the dialog betweericgeprovider / performer and the user in
order to ensure the service provision. This procassbe:

* Orchestrated by an external actor.

* Scheduled only by the bilateral and basic operatiohexchanges. This is called

choreography.

Driven by either the user or the provider in artliserver approach the process then proceeds
according to the schedule set up, achieving theqae specified in the contract or stopping the
exchange by the will of any of stakeholders (thevjater, a mediator or an agent, the user, the
customer, the orchestrator or any entity havin@@ritly to request termination.

4.1 Life-cycle representation

The life-cycle of a system reflects its evolutioreotime. In line with 1ISO-15288 and the the
INCOSE SE Handbook, a definition isfé-cycle: evolution of a system, product, seryice
project or other human-made entity from conceptiorough retiremeritand a high-level
structure is described in Table 1.

Table 1: Life-cycle stages defined by INCOSE
(SE Handbook V3.2.1, Table 3-1)

LIFE-CYCLE Purpose Decision Gates

STAGES

EXPLORATORY Identify stakeholders’ needs

RESEARCH Explore ideas and technologies
Refine stakeholders’ needs

CONCEPT Explore feasible concepts Decision Options
Propose viable solutions * Proceed with nex
Refine system requirements stage

DEVELOPMENT Crgate solution description . Proce_ed _and respond
Build system to action items
Verify and validate system e Continue this stage

PRODUCTION Produce systems « Return to preceding
Inspect and verify stage

UTILIZATION Operate system to satisfy userss Put a hold on project
needs activity

SUPPORT Provide sustained systeme  Terminate project.
capability

RETIREMENT Store, archive, or dispose of tTe
system

4.2 Service offer development life-cycle

The main phases for a service offer are:

* Exploratory research to at least capture the coiscand needs of actual or prospective
stakeholders (identification of use cases, cliemprospects, industrial equipment,
etc.); but also for market analysis and study angetition if the development is out of
a client request.

» Conceptualization to formalize requirements, defiaad evaluate envisioned
capabilities.

* Development, to implement a solution in terms opamty and its integration in
representative or prospective operational envirarim@éntegration, verification, and
pre-validation).
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Preparation for in-service with service offer dehy towards the entities responsible
for publication, and possibly control, labeling #rdcertification by regulatory
authorities,

Provisioning, for adjustment of the solution to fite context of service delivery,
particularly to reflect the required quality of gee. This adjustment covers functional
and non-functional properties and allocated resesurc

Support for the correction of defects (for examp¥eh the treatment of functional
software bugs) and replacement of defective orlebsoneans.

Change management to update the service offerdier @0 meet the expectations of
active contracts associated with the offer and sttghe evolution of the service.
Offer retirement in two possible ways: either witdndal of the offer from publication
while keeping capabilities for other usage or tdiaposal of the offer.

Offer
in-service retiremnent )
= operalion )

Praparation for
T il

Figure 6: Service offer life-cycle

4.3 Service provision life-cycle
The main phases for service provision are:
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Exploratory research involving customers to anatheé needs. In each case, analysis
of the other involved stakeholders is also perfatrtee define a full specification of
expectations. This work would be anticipated anchglemented by market research
and competition. This phase may require the deveént of new service offers.

Note: If the consumer and the service requestorddferent, both are considered
stakeholders. The capture of their needs remaepribrity.

Conceptualization for the evaluation of usablersffer provision and formalization of
expectations. If necessary, there may also be a@estdor new offers and help by
third-party entities for mediation, scheduling ativity performance.

Contracting to establish a service-level agreenpassibly with the help of a mediator.
The contract expresses the mutual commitment ofstkeholders to technical
economic, legal, and other necessary clauses. mtepa of in-service operation
including sizing resources for activity and serveoehange. This step requires the
setting up of exchange protocols with the usedisagent consuming the service.



In-service operation for carrying out the acti\stigecessary to deliver the service with
the expected quality.

Support activities with observation, analysis okgible deficiencies in the service
provision and resource replacement when necessary.

Change management for service upgrades to meekpeetations of active contracts.
This may imply requests for changes in the suppéyservice which in turn may cause
a change in service offers, with a further itematimm conceptualizing to contracting
stages.

End of service when the service is completed, orvémious other reasons. Resources
and means are then made available for other uses.

Note: Provider and service performer may be different participants

Contracting

/’\\ e

Siltiteloii]

: Preparation for
In-Service
Service peﬁormk Resources and means
sizing

Figure 7: Service provision life-cycle

4.4 Service usage life-cycle
The main phases for the use of a service mirraettud service provision:
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Exploratory research involving stakeholders for #malysis of service supplies and
providers. Specification of needs can lead to aestjof new service offers.
Conceptualization for evaluation of service offeith respect to the expectations. If
necessary, there are specifications and requestghia-party help to perform
mediation, scheduling and usage.

Contracting to establish a service-level agreenmierdiccordance with the service
provider.

Note: In the contracting phase users are staketsyldithough they do not necessarily
take place in the negotiation.

Preparation of in-service operation including gizmesources and the setting up of
exchange protocols with the provider.

In-service operation for carrying out the acti\stisecessary to activate the service and
deliver the results.

Support for the observation and the reporting éécts in the service usage.

Change management to adapt the service usagehsitommitment expressed in the
contract. This may also imply requests for chanfy¢ghe service provision and/or
service provider; with a new cycle, from conceptzalon to the contracting phase.



* End of service when the service is completed onvarfous reasons, with resources
released.

Mote! usericonsumer and requester/customer may be different participants

Conceptdevelopmen

(service and provider
selection)

Contracting
EECCENN  _  In-service = ik J
.n—m-/ oparation
s Praparation for
in-service
Usericonsume r\

Figure 8: Service provision life-cycle

5 First attempt at Service Engineering

Service engineering is considered here from twepmstives whether the service is considered
as a contributing product, or conversely, as a yrbaf interest. These two points are
presented below.

5.1 Use of Services within Product Engineering

The supplied services can be used as a paradigmneadction at various levels:

» Services brought by systems towards organizatiosspport of functional processes.

» Services exchanged between organizations. Thisvalldhe necessary interactions
between operational processes to satisfy the abgscof these organizations or those
of an upper organization,

» Services exchanged inside a system or inside arnmaftion system to realize a
functional continuity,

* Services exchanged between systems of systemarfctidnal couplings in the aim of
achieving one or several emergent effects. It tesfiom these exchanges the
constitution of systems of systems of an upperrorde

In all these cases, the interactions can be molessrformalized and contractualized between
the stakeholders. No hypothesis is made here odetpeee of automation, or computerization
of the interaction in a service form. The qualitgurance of the service will be more or less
satisfactory depending on the rigor of managemedtcd the execution of the service.

The characteristic of the engineering including/ees to build a product is that it uses these
services by taking into account the performancethadjuality of the services without being
concerned by the tangible products supporting tlseseices. In other words, the specific
global engineering of the product does not havesde’ the internal implementation of the
service. If necessary, the supplier of a servicg aange this implementation as long as the
service contract is respected (for maintenancereagor instance).
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Another interest of this engineering approach iallow the choice of services and associated
suppliers for a given use case. This may be negessallow the consumer to adapt himself
easily to a problem of obsolescence of serviceo@ loss of provider. This also allows the
choice of services with a better flexibility, (pddg at any time), in order to optimize various
criteria (performance, costs, safety, security,) etc

This is possible particularly if the engineeringnde based on logics of directories of services
with suppliers and services varied in number araiges. On the other hand, the difficulty is
that each elementary particular configuration (®es; suppliers, consumers) will have to be
globally tested. The phases of integration, vetfan, validation and qualification (IVVQ)
must be applied on each of these cases.

A tendency observed in fully-dynamic architectuset® perform these phases increasingly “in
the fly”. This would assimilate to a functionalégration (or shrinkage) with the possibility of
aft return if the integration step is unsuccesskhis requires accommodating variation of the
operational efficiency in the time without compraeing the expected outcome of the system.
Thus this approach will be limited for a long timethe critical systems.

5.2 Use of Products within Service Engineering

The different engineering processes that enabl@ith@uction of a service offer, the service
itself and the consumption of the service involiresdevelopment or acquisition of functional
and structural means for these purposes. In phatithis requires the establishment of:

* An exchange infrastructure, possibly involving tlee of mediation and performance

agents,

» The functions and process enabling the exchangerwuices,

» The functions and activities enabling the provisobithe service,

* The resources supporting these functions and aesvi
The development or acquisition of these structaral functional means can follow current
well-known engineering processes, for example 8@ $tandard 15288. However during the
design independence must be guaranteed between:

* The service definition and those of the needed mselae. as far as possible service

definition must not reference needed means.

» Provider means and consumer ones.
It must be noted that the engineering of the méasspport the services can involve products
which are themselves services. This is the casen e means interact, at least partially,
through the exchange of services to assure a agsdérvice. A dependence of services may
therefore result.
One of the difficulties of the engineering of sees is to avoid cyclic dependences among the
services. This problem is well known in the funofb integration of systems and
organizations, and is just as difficult to resaivéarge developments.

An example of cyclic dependence of services ismgivereunder:

- Service A depends on service B.

- B depends on C.

- C depends on A.

This case here is simple and may be easily avoittets not necessarily the same in
architectures of several hundreds or thousandsrefces, the functional outline of which is
evolutionary in the time and especially when thiegnation is performed “in the fly” as
mentioned previously.
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6 Examples
The following three examples illustrate the cona#ervice in various domains.

6.1 Example 1: Services within Enterprise Information Systems

The information system architectures have evohambiaing new modes of cooperation and
collaboration within and among enterprises. Thusemrise information systems have
gradually evolved to sustain business networks therefore appropriate for companies to
create opportunistic relationships with their partnquicker than their competitors to remain
competitive.

This requirement of reactivity must then be respeah the short-lived collaborations of the
organizations with a high level of interoperabilitp addition, the life-cycle of information
technology objects (management applications, ojperasystems, middle-ware, servers,
networks, etc.) is increasingly short. Thereforehdectures have to face technology
obsolescence efficiently.

If one considers that each company has its owratipeal and managerial autonomy, through
its business processes and its functional domamgnterprise architecture (EA) of services
will offer a neutral "space of collaboration™ in igh there is a repository of services such as for
example: architecture patterns (such as Tele-Manage Forum Operational Map and
Information Framework, etc.), methodologies (SUSIS®MA, etc.), core services evaluation
(CMMI for service), principles of governance (eQOBIT, ITIL etc.), reference system data,
etc.. Thus, enterprise application integration (E#ld later enterprise service bus (ESB) have
become very effective infrastructure foundationsuetain collaborative services. They have
notably contributed to resolve problems of (sentaatid syntactic) interoperability between
applications, but also problems of applicationgnétion in both heterogeneous and distributed
information systems.

In these new service-oriented architectures:

* The definition of a service can be developed inddpatly from the applications and
stored in enterprise or extended-enterprise repisit Standard descriptions of the
service interface and protocol are now availabtetlics purpose (l.e. WSDL, XML,
WS-*). These definition and publishing activitiesriespond to the service offer cycle
described in section 4.2.

* In accordance with the service provision life-cydescribed in section 4.3, service
implementation is sustained by one or several egiptins according to the defined
quality of service. These applications are devedapeused to perform actions in order
to provide the expected results and interact withdervice consumer via the defined
service interface and protocol. Different exampdéenterprise information system
services are given in Table 2.

* For usage, according to the life-cycle describedection 4.4, the service is searched
for in a repository. When suitable the applicattan bind to a selected service, activate
it and get the expected result.

* Optionally, a mediation mechanism can be insertetivéen the consumer and the
provider —in the interface functional chain— towskate or adapt the syntax or semantics
of the protocol, exchanged parameters and/or gesult

» Additional features can be provided by the infrastinre to monitor and adjust the
quality of service via service configuration or nbga of provider.
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Table 2 : Example of Enterprise Information System services

Consumer Service Provider Action Result/Expectation
HR Application | Data Request | Data-warehouse HR data HR dashboard
(functional Master Data presentation
service) Management | via Web
Services
Solution Proposal upload Proposal Reception of a| Proposal storage
provider (business requester proposal as
service) answer of a
request for
proposal
Enterprise Product tracking Manufacturing | XML file Product tracking
Resource (technical Enterprise exchange during
Planning service) System manufacturing
6.2 Example 2

The GMES/GMOSAIC project is a Security Pilot Projemder the Seventh Framework
Programme of the European Community. It aims tovide support to the definition and
implementation of security related core servicesgl on geo-localized datasets owned by the
European Space Agency (ESA). Datasets are capbyredlitary and civilian satellites, and
used to provide thematic services towards the cs@munity. The latter includes scientists,
institutional users, governmental and non-goverrialeagencies, involved in support of
intelligence and early warning and of crisis mamaget operations. Three service segments
may be distinguished. Each relies on its own servapository: (i) Ground segment service
repository to manage and control satellites thatlpce spatial data (i) processing & data
storage service repositories to manage and prapessl datasets as of inputs to thematic
service production, and (iii) thematic data servegository filled in by GMOSAIC providers
for the benefit of the user community.

EU security companies are themselves security@@oansumers; they consume core services
(maps & reports) to provide value added serviceshieir own users. Service setup is enabled
by two service agreements: (i) between users amitegorovider, (ii) between the latter and
spatial dataset owners (.LE. ESA).

The thematic service offer life-cycle matches Fegg@;, based on thematic scenarios and
requests respecting EU intervention policies fgioeal crises. At setup, service provision is
negotiated among selected contributors (providews lauilding blocks) that fit requested
guality and timeliness, and validate products pigatheir publication on the portal.

Users can subscribe to the portal, discover egigimoducts (1'to 4’) and/or request additional
products (1 to 6), according to their profile. Ass¢o service products is managed according to
signed agreements (SLA), which respect regulatimsEuropean data policies.
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Figure 9 : GMES/GMOSAIC system overview

Table 3: Overview of the GMES/GMOSAIC services

O

174

Consumer Service Provider Action Result/Expectatior
Non-Gov Sub scribe to | GMOSAIC Add subscriber | Notification of
agency thematic Portal to subscriber list subscription
Non-gov Request GMOSAIC Provide EO data Contingency plan
agency portal on region in preparation map
Crisis
Thematic Request data set EO data Grant access to| Geolocalized data
service provider provider EO data to establish
thematic map
Scientist Critical asset | GMOSAIC Grant access to| Critical asset
map request portal thematic evolution map
historical data
Gov Agency Border map GMOSAIC Grant access to| Border maps to
request portal border maps manage Crisis
Sec company Rapid GMOSAIC Grant access to| Correlate events t
geospatial portal regional map | update intelligence
reporting map products
Security user Request Sec business | Grant access to| Provide up-to-date
regional reports| portal intelligence intelligence
reports products
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6.3 Example 3: Medical practice

When a health hazard occurs several cases mayrappe
* The patient may estimate that the situation is sestous and choose to consult a
generalist doctor.
» He/she may consider that an emergency consultetioeeded in a hospital.
It can be considered that the patient is seleaingedical service, as presented during the
CIGI-2011 conference [Ref. 12].

In these two cases the diagnosis may lead to thileeent prescriptions:

* A treatment which can be pharmaceutical, surgreat, period, etc..

* A request for further investigation with “in vivadr “in vitro” analysis made by a
laboratory.

» Or areferral to a medical specialist.

In these cases also laboratory analysis and sgt@ahsultancy can be considered as services
by the generalist. In the case of a service dedydyy the laboratory the doctor makes the
diagnosis and prescription; while these are diygmtkformed by a specialist. Table 4 provides
the service list for this simple medical scenario.

Regarding the life-cycles described in sectiorod gikample with the medical laboratory:

» The service offer corresponds to all necessarpretio make the laboratory services
defined, known and available. This includes attleéas definition of the range of
medical services proposed on the market; acquisdiod maintenance of facilities;
personnel recruitment, training and management.

* The service provision comprises mainly patient wele or sample reception, request
analysis, action planning and personnel managenaetign performance and result
delivery.

* The service usage begins with laboratory selediipthe doctor or the patient. Then
either the patient goes to the laboratory to gentiedical service; or samples are taken
by in the doctor surgery and sent to a laborafoe further service result is provided
to the patient and/or the prescription author.

Table 4: Overview of medical services

Consumer| Service Provider | Action Expectation
Consulting | Generalist «  Anamnesis or physical"Classical”
doctor examination prescription
Patient » Diagnosis
Consulting | Emergencys Anamnesis or physicalPrescription with
doctor examination possible immediate
« Diagnosis additional actions.
“in vivo” | Imaging Image capture andMedical imaging
., | analysis center processing
Generalist = pra— : : :
In vitro” | Laboratory| Sampling and analysis Analysis results
or :
emergenc analy_S|s_ . —
doctor Specialist | Medical » Anamnesis or physicalPrescription
consultation| specialist examination
» Diagnosis elaboration

14/15



7 Conclusion

Systems engineering reference documents, like 15288 and INCOSE SE Handbook, focus
primarily on the product or system and make themagsion that services are simply a kind of
product.

This paper goes beyond this assumption, and preVidlanajor concepts for service as an
interaction paradigm; (ii) basic principles of emggring services; and (iii) a description of
life-cycles for offer, provision and usage of seed. Examples show, through case studies,
how these principles can be applied in various dosna

Services are therefore expected to be used to gupperactions at multiple levels among
organizations, systems of systems, systems, produstib-systems, etc. Nevertheless,
substantial effort is still required before systengineering standards can integrate proposed
life-cycles.

Furthermore, research should put the focus on tymardics of service-based system
engineering, as far as the integration, verifigatigalidation, qualification and acceptance
processes of services are concerned.
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