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Abstract vision changes the way people design software mgstas

well as how IT engineers provide services to thints:
Some IT companies, such as IBM, are pushing * How the nature of services influences software

research and education in Service Science. Thisiésto system design;

the transition of their business models from pradgc * What is the proper procedure for service
hardware and software to providing services, asl wsl engineering (to implement a software system
service-oriented vision changes the way peoplegdesi using engineering methodology for fulfill the
software systems. People believe that service é th needs);

common language between business developers and IT * How to bridge IT implementation to business
engineers and service bridges the gap between éssin requirements;

requirements and IT implementation. But peoplé dbl * What are the basic composite modules for a
not know clearly how to use the service relatediies in service-oriented system;

software system analysis and design. This papemgtts » The guidelines of service-oriented system design;
to explore this unknown topic. We want to reveal ho and

software can become a service and suggest guideiare * Reference architecture for service-oriented
analyzing and implementing service-oriented systems systems.

This paper discusses partially these problemstisgar
from analyzing the emerging of Service Science,
Management and Engineering (SSME) (Section 2),ate g
into the nature of services (Section 3). Then veeuss all
the nature of services influences service-oriersgstem
design (Section 4). Section 5 is a preliminary asion
on system engineering issues for service-orientstts1s.

1. Introduction

Service Science is promoted by many leading IT
companies, such as IBM and SAP. These companies hav
been changing their business models from producing
hardware and software to providing services. These
services can be consulting services, application o . .
management, system maintenance, etc. At the seme t 2- | T companiesin service economies and the
the concept of Service Oriented Architecture (S®ay  emerging of SSME
become prominent. Services can be regarded atheerig
level of abstraction than objects in object oriente The subject of service economies is often raised in
programming. A service can be implemented by araibj  discussions about SSME. We want to show in theyaisal
a group of objects, or even a business processeithis below how IT companies transform their business ef®d
concept, the system should be analyzed at thecservi and show the service opportunities IT companieshav
level, instead of the object level. People alsoeekphat We also want to compare the different scopes of 8
working at the level of services can bridge the gap SC and their relationships to Software Engineering.
between business development and IT realizatioough Post industrial countries have entered the sodalle
this promise is still to be realized, people haveented service economy era — where the service sectohds t
many open standards and their implementations droun largest component of their economies. This numker i
SOA to build real world systems. We can see thanhfa over 80% for US and over 70% for Canada. What does
software engineering point of view, a service-aieen  this mean to IT companies? Let's check the business

transformation in IBM in the recent years.



@ Services

O Software
@ Hardware
Other

1982

1988 1994 1998 2003

Figure 1. IBM movestowards providing services [1]

Many variations of service science research and
education exist today within the domains of manag@m
operations research and economics to name a fem. IB
introduced the new discipline Service Science,
Management and Engineering (SSME). According to
IBM, SSME is a multidisciplinary domain that invels
knowledge from Business  Administration and
Management, Economics and Marketing, Social Scignce
as well as Science and Engineering (Figure 3). This
discipline studies the concept of service and éisted
phenomena as a whole. Compared to the existingestud
SSME seeks to understand the complexities of bssine

IBM has three major businesses: hardware, softwareto-business services, while the existing studiexentrate
and services (Figure 1). The services component ha®n business-to-consumer services. Of particul@rést is

increased the most among the three (the top layer,
brown in color print). IBM is transforming its busiss
from producing hardware and software to provide
services. In 2005, services account for 53% of maes
and 35% of pre-tax income [2]. Figure 2 shows the
breakdown of these numbers. The major
opportunities for IBM are: Strategic OutsourcingOS
Consulting, Integrated Technical Services (ITS)siBass
Transforming Outsourcing (BTO), Application

services

the nature of the impact of technology, people mutess

on how services are defined and delivered [3]. Wikl
emphasize that SSME is also about technology
innovation, especially IT innovation to help delivegy
services.

We claim that SSME is more of a management
discipline than an engineering one. In the SSMEnope
course offered by the IBM Almaden Research Cetiter,
definition of service is purely an economics corcéin

Management, and Maintenance. Through these servicessconomics and marketing, a service is the non-mahter

IBM provides full IT solutions, as well as b-2-blgions,

to its partners. For example, in SO, the other corgs
are able to build strategic partnerships with IBIEdM
manages and operates the applications and IT sydtem
these companies under a mutually beneficial agreeme
The outsourcing agreement may include the trardgf€F
employees and IT assets to IBM. IBM provides se&rvic
level assurances to ensure quality of service tesingtd

and measured.
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Figure 2. The servicebusinessin IBM [2]

In these services, customer value is created throug
reducing IT costs, improving IT service qualityppiding
the flexibility to transition and transform to thmext
generation of infrastructure and applications. Rart

equivalent of a good”. Therefore, the nature ofises is
analyzed in the contrast of goods (cf. Section 3).
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Figure 3. The scope of SSME [2]

The technology aspects of SSME (the shaded cincle i
Figure 3) can be called Service Computing (SC)6Im.
17], service computing is discussed as an emexgiogs-
discipline that covers the secience and technolofyy
effectively creating and leveraging computing and
information technology to model, create, operated a
manage business services. The core technology suite
includes SOA and Web services, business process
integration and business performance managemedt, an
service innovation methodology. We point out thé} [
lists service-oriented business consulting, busipescess
modeling, transformation and integration, and bessn

companies gain access to industry, business andPerformance management within the scope of SC.

technology experts and better focus on their core

competencies.

For software engineering, we need to adapt to éve n
demands and equip ourselves with the new knowladde



skills of SC. We need to study the new methodomdie
design systems and provide services to our clients.

3. The nature of services

In economics and marketing, a service is the non-

material equivalent of a good. It is further cladrhat a
service represents a process that creates bermsfits
facilitating either a change in customers, a changbeir
physical possessions, or a change in their intdagib
assets. We can give many examples of everydaycssrvi
where this is the case [3]: transportation (trajpianes,
delivery), hospitality (hotels, restaurants), istracture
(communications, electricity, water), governmentlige,
fire, mail), financial (banking, investments), etdénment
(television, movies, concerts), and professionaVvises
(education, medical care). People have studiedhhere
of services in contrast to goods in managemenneeie
Table 1 lists some of the properties often attebduto
services. We also know that these properties dapply
to all cases.

Table 1. Attributesto Services

Properties Examples Problematic in the
case of
Simultaneous Surgery Parcel transportation
production and
consumption
Customized Consulting, | Television, parcel
auto repair transportation, hotel
chain
Requires Hair dressing | Mail delivery
personal
presence
Impossible to Theater, Parcel transportation,
store airline auto repair
Labor intensive Consulting, | Airlines, resorts
retail
Intangible Education transportation, dry
Entertainment| cleaning

Normally services are provided at the same timg the= ..

are consumed. It is a coproduction process that tt
customer’s inputs are necessary. The positive ebatop
support this is surgery that the patient receitiesservice
when the doctor provides the service. But the regat
example is parcel transportation. Though the custom
gives the input of the service, the service is tate after
the customer’s involvement.

The coproduct process brings up the other attribute
Services are customized to the customer’'s needsn Fr
medical care to consulting, the experts tailor rthei
solutions to individual customers. Yet there are
standardized services, such as television andcesnin

hotel chain that they do not distinguish their oustrs’
individual needs. On the contrary, they want to
standardize their services to meet all kinds ofeo

As it is a coproduct process, the presence of the
consumer is normally necessary, e.g. hair dresdog.
some of the services take place without the invoket of
consumers, e.g. mail delivery.

Also from simultaneous production and consumption,
service is normally impossible to be stored. Bumso
exceptions are parcel transportation and auto reyere
the services can be queued and delivered withaydel

Services are normally labor intensive, e.g. comylt
and retail business. But by offering large scale an
standardized services labor usage can be reducgd, e
resort services.

The last attributed is intangible. It is uniquestrvices
in contrast to goods, because services can beedpfdi
people’s mind, e.g. education and entertainment, or
intangible asset, e.g. banking and legal servidas
services can also be tangible that they are apgiiedtly
to goods or other possessions, e.g. transportatiuh
drying cleaning.

Since there are always positive and negative exasnpl
for the above attributes of services, what charaete
services is not these properties, but the proc&hs.
process of services in Figure 4 has two sets ofitfip
internal factors from the service provider and éixéernal
factors from the customer. The output of the sergcto
satisfy the needs of the customer. Please not&etliie
existence of an external factor is a constitutilenent of
services. Therefore, according this definition,nd&xd
software or music on CD is not a service. Serviaes
transformation processes which satisfy economiadsiee
and are performed upon customers or customers'sbjec
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Figure 4. The process of services

This paper, we do not discuss how to provide the
consulting services or the maintenance servicedig¢ats.
We want to explore how to design a software systsimg
service-oriented vision.



4. The nature of service-oriented software show that not all software systems are servicentete
systems systems. Only when software is in a form in which

processes comprising a service can be specified can

. . . . software be regarded as a SOS. A comparison betwee
Service Oriented Architecture (SOA) is a new SOS and 0O s?/stems is listed in Table 2 P

paradigm to design distributed systems. In SOAvises
are autonomous, platform-independent entities¢hatbe
described, published, discovered and loosely cauple
Services represent a higher level of function alssion

We can use current SOA techniques to implement a
SOS; however, current SOA is not a service-oriented
programming methodology. SOA is, rather, a higheel
) . . ) abstraction than OO programming with respect tustss
compared to quects in _object-orlent_ed programmidig. in analyzing and implementing SOS. At design tinve,
real world projects are in the domains of healtrecznd need to translate business request into XML foredatt

emergency response. SOA are used to build a Commor?nessages, e.g. SOAP or REST messages. The service

platform to mtegrat_e different data_1 sources andnest operations can be implemented as business processes
standalone app_llcat|0ns. Web SErvices can be regzad objects. The service operations are made avaitabthe
an implementation of SOA. Web services are based on outside world in the form of an interface descdptfile

set of W3C and OASIS open specifications: SOAP for (e.g. WSDL). At the execution time, the customagsds

communication, WSDL for service interface descapti o ; - :

S’ - X are satisfied by processing the received busiresgsests.
UDD_I for service p“b"s_h'ﬂg and index, BEPL for Web Using current SOA techniques, service innovation is
service process description. The advantages of Webpretty much like a remote procedure calls. Thereds

services_ are interopera_bility, functi_(_)n encapsuha_ti_and methodology to map business needs to messages that
abstraction, loose coupling, reusability and corapaiy. bring external factors to the SOS. This is donehat

Especially, its interoperability is based on adegptXML desian ti - ;

. _ gn time manually through designing the servités
and HTTP, th_e two techniques that are W|de_ly aamkpy process of business requests (within the messédges)
many -operating . systems and programming Iang_uagespretty much fixed. Customization promised by a meris
People are working on new specifications that el not achieved. This may provoke the study of service

aspects of a service-oriented architecture (e.gurie, engineering — how to design a SOS to process kasmine

semantics, etc). :
. . . needs directly and how to make the processes more
We define aService-Oriented System (SOS) as a flexible and a()j/aptable. P

software syste.m. _that provid.es services accordinghéo For us, OO system is lower in function abstractin.
our formal definition of service. We need tc_> knOW'?w . object itself is does not fulfill any customer neetf we
gakgs a sofrtlwark(_e jysftem.tl;)ecorrée a sesr\cl;(;ehdeflned "Nvant to make a OO system to fulfill a business neexl

ection 3. W at kind of attributes does a ¢ am_; need to translate the business request to paraieear—
can we build a SOS from the top (i.e. business, rthan SOA abstraction

requirements) down (i.e. decomposing the business
requirements into service modules)? These are the Tgple 2. Compare object oriented systems with service-

guestions we want to discuss in this paper. oriented systems
Object Oriented Service Oriented
4.1. Service-oriented systems vs. object-oriented Design Define object Translate business
systems Stage statics (classes, requests into XML
attributes, formatted messages;
Currently most software systems are implemented in constraints); Translate service
object-oriented programming languages (OO langyages Define object operations into
OO languages have the features of encapsulatiop, relations; service interfaces;
inheritance, modularity and polymorphism. In an OQ Define object Implement service
runtime environment, the state of an object caddfimed dynamics; operations as
as an assignment of values to its properties, hiyt loy Implement business business processes ¢r
invoking external methods (or functions) of anemjcan logic inside objects; objects;
the state of an object can be changed. Execution | Objects call each | Services send
A service in the form of software should be a pssce | time other and change | messages to invoke
that takes in internal and external factors, hawicse their states; each other;
operations and fulfills customer needs. The externa System status are | Business requests afe
factors are the information about the customer estyu changed; processed;
The internal factors are the resources and theiings Customer needs are
from the service provider. Service operations ciaig satisfied ,|

the inputs and create the desired outputs. We want



4.2. What makes a SOS?

The elements in the process of services in Figuaee4
the necessary conditions for a service from theeweics
point of view. We consider that similar conditiomake a

software system becomes a SOS. We present the

following hypotheses. We believe these hypothesesld

be true for any SOS.

Hypothesis 1: the software uses both external and internal
factors for service operations (coproduction).

4. SOS does not necessarily mean customization.
Though accepting external factors gives the
possibilities that SOS can deliver highly
customized services, this is not necessary for a
SOS to do. Currently, many business processes
are standardized for all the customer requests.

5. System engineering for SOS

Since SOS is a new schema to develop software

Hypothesis 2: the software system satisfies the needs of systems, we need a set of new methodology to amalyd

the customer.
Hypothesis 3: the software system has a process to fulfill
the business requests.

From hypothesis 1, external factors are necessarg f

SOS. The customer inputs can be simply a customer

order. The importance of the condition is that skevice
process can only start when there is a triggerorgition
from the customer. This also suggests a SOS to/anal
customers and their objectives in order to probeéer
services. The internal factors of a SOS are theuress
and facilities that the service provider puts itite SOS.

As a service system, a SOS satisfies some neetis of

develop such kind of systems. We propose some eof th
issues related to system engineering for SOS.

Service Analysisand I dentification

Services are designed on the business level ntten
IT-level. Services are supposed to be a commorukyey
between the business developers and the IT engineer
Services should satisfy customer’s needs. Sendnebe a
composite business process. Then start from cust®me
needs, how do we identify services? Or in anotherdy
how do we group/partition the functions/requirensento
services? Here are some preliminary ideas inspingd

customer (hypothesis 2). As a service system, the[11]:

satisfaction of the customer depends on the pecrepf

the services and the perception can be individual.

Different people may give different evaluation dfet
services. The criteria of QoS are mostly objectheasure
of the quality of service. We can see that theemirQoS
mostly is determined by the internal factors of @SS
Some people have proposed customer satisfactidye to
included into QoS [10].

We can see that the service is a process that sdbep

inputs, execute the operations and produces output

(hypothesis 3). The service operation itself can ae

process composed by other services. This probably

provides the flexibility of a SOS.

Besides the above hypotheses, the following prazert

also characterize a SOS.

1. SOSis a Sdf servicee A SOS is an automatic
system that runs without human intervention.
Therefore, it is a self-service for its user.

2.  SOS can handle demand fluctuation easily. As
service cannot be stored, how to handle needs
fluctuation is not easy. In traditional service
system, the service capacity may be exhausted so
that the demands at the peak time may not be
processed in time. SOS can handle this easier
than traditional service system. The software
service can easily be duplicated and deployed in
more servers at peak time.

3. SOS can handle tangible goods as well as
intangible assets and information.

1. Balance between small and big granularity. If a
service too small, the orchestration logic can be
too complex. And communication overhead can
be heavy. If a service is too big, that means big
parameter list and multiple purposes. It can
increase the complexity to implementation and
reduce the reusability of services.

2. Group the repeated invocation patterns into a
service. If functions A and B are detected to be
used together in various cases, grouping them
into a service means this service can be shared
by multiple business processes. Therefore, the
reusability of this service is increased.

3. Satisfy customer’'s needs. It is different from
objects (cf. Table 2). Services ices. One entity
that can be called service should satisfy
customer’s needs.

4.  Services suggested by industry standards (e.g.
CIDX, RosettaNet).

Analyze service experiences for SLA and QoS.
Keep it in mind that Quality of Service (QoS)
depends on the customer’'s perception of
services. It can be different to different people.
Service experience in an important indicator
when designing services. Further, it is important
to determine Service Level Agreement (SLA).
Analyze business context, such as organization
structure, roles, and business processes.



There are existing methodologies in
engineering to acquire user requirements. We asal o
investigate if these methodologies can be appbesiQS.

Service Definition and M odeling

This is a step to define the technical aspects of

services, such as interfaces of services and oiters
among services. Services are the fundamental hgildi
blocks for SOS. We need to identify, specify andlire
the right services. We need to model the followiBgyes.
Please see Table 3 for more details.

* Service functions

*  Service provider

e Service non-functional aspects

Table 3. Service Definition and M odeling

Attributes Details
Service Service operations Interface name
functions Interface parameters
Service operation | e.g. WSDL
description
Location e.g. SOAP service
end point
Interactions With other services
Processes For process
implemented service
Service Business e.g. UDDI entry
provider information
Non- QoS
functional | Policy
Aspects Security/Privacy
SLA

Table 3 is just a very rough consideration on how t
model services. People already see that servicegdshe
in different types and implemented in differenttpats.
Though not knowing what kind of patterns or tengdat
the services should follow, people have proposédrdnt
solutions in their realization of SOS.
We can imagine that we need to have multiple servic
types and each follows a special kind of desigrepas.
In [12], the services are in the following types:
e Application Service
* Business Service
+ Control Service
» Coordinator Service
« Entity-centric Business Service
» Hybrid Service
» Integration Service
* Process Service
* Task-Centric Business Service
This classification probably will not be followedy b
industrial companies. But it reveals the fact tthiéferent

software types of services can be designed for fulfillingpecial

kind of tasks.

In other industrial products, services are mixethwi
objects. SAP has the following types for their emtise
services system [11]:

e Business objects

» Service interfaces

* Process models

» Business scenario and business process objects
* Mapping objects

Though it is still an open question about desigrihmey
proper types of services suitable for all kindpafblems,
people agree that there are some common princtples
follow:

1. Well defined based on open standards. Following
industrial  standards  can improve  the
interoperability and reusability of services.

2. Capable for loosely coupling.

3. With the appropriate granularity and correct
abstraction level.

4. Correspondent to the demands of the business
processes.

A Very Simple Reference Architecturefor SOS

External factor Process Service perception
analysis adaptation analysis

Business process mogelmgﬁ
and execution engine

|

User

interface

services

Figure5. A very simplereference ar chitecture for SOS

According to the issues we discussed in this paper
propose a very simple reference architecture foiS SO
(Figure 5). It is centered by a business procesdeliny
and execution engine. The services can be conné¢acted
the execution engine via a service bus. Though many
systems use other architectures other than sehiise
such as hubs or one-to-one interfaces, servicehasists
advantages to build complex and large scaled sgstam
we have discussed through the paper about theenafur
services and SOS, we need to have functions to ke
SOS more qualified to provide services to the austs.
Therefore, the modules like external factor analysi
process adaptation and service perception are pedpo
We consider these are the functions needed for 8. SO



How to realize these modules are out of the scépki® [11] SAP, “Enterprise Service Design Guide”,

paper. www.sap.com/platform/netweaver/pdf/BWP_ES_Design_
Compared with other existing reference architecture Guide.pdf.

our simple architecture illustrates the demandamfro [12] Thomas Erl, SOA: Principles of Service Design

service-oriented vision. It does not include otfeatures Prentice Hall, July 2007.

that are possibly necessary to build a system se@urity

features. The main purpose of this reference actite

is to inspire people to study service-orienteduess.

6. Conclusions

This paper discusses several interesting topictee!
to how service science can influence service-osint
software system design and development. Startiom fr
the nature of services from a management scieniog¢ @o
view, we want to reveal how software can become a
service and suggest guidelines for analyzing and
implementing service-oriented systems. We want to
inspire people to work on this direction in orderhuwild
efficient, reliable and adaptive service providsajtware
systems.
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