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Overview of this Document

This is a reference document for the SoaML Prdéitethe open source ModelDriven.org ModelPro
project. The SoaML (Service oriented architectdaleling Language) specification is an OMG®
standard for the design of services within a seraidented architecture. This document attempttack”
the SoaML specification as it is expected to emémgm the OMG Finalization Task Force but some
changes may be made in such finalization.

The goals of SoaML are to support the activitiesexice modeling and design and to fit into anralve
model-driven development approach. Of course, taerenany ways to approach the problems of service
design. Should it be taken from the perspective sdrvice consumer who requests that a serviceilie b
Should it be taken from the perspective of a serpiovider that advertises a service to those wéo a
interested and qualified to use it? Or, shoulcitdken from the perspective of a system design tha
describes how consumers and providers will intei@eichieve overall objectives? Rather than presume
any particular method, the profile accommodatesfalhese different perspectives in a consistedt an
cohesive approach to describing consumers requiresmaroviders offerings and the interaction and
agreements between them.

The SoaML profile supports the range of modelirguieements for service-oriented architectures,
including the specification of systems of servidas, specification of individual service interfacaad the
specification of service implementations. Thiséme in such a way as to support the automatic génar
of derived artifacts following an MDA based approac

Additional, related documentation may be found ohttp:www.ModelDriven.org/ModelProOf
particular interest will be the specification oétprovisioning and JEE Cartridge profiles that waith
SoaML. All ModelPro profiles are included in thiglédel Driven Profile”.
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SoaML UML Profile Specification

Executive Overview

Service Oriented Architecture (SOA) is a way ofarizing and understanding organizations, commumnitie
and systems to maximize agility, scale and interaipiéty. The SOA approach is simple — people,
organizations and systems provide services to ethelr. These services allow us to get somethimg do
without doing it ourselves or even without knowimgw to do it—enabling us to be more efficient and
agile. Services also enable us to offer our cdipiabito others in exchange for some value — thus
establishing a community, process or marketplabe. JOA paradigm works equally well for integrating
existing capabilities as well as creating and irdégg new capabilities.

A service is an offer of value to another throughedl-defined interface and available to a commynit
(which may be the general public). A service rissim work provided to one by another.

SOA, then, is an architectural paradigm for definow people, organizations and systems provide and
use services to achieve results. SoaML as deskitibihis specification provides a standard way to
architect and model SOA solutions using the Unifiballeling Language® (UML®). The profile uses the
built-in extension mechanisms of UML to define S@dncepts in terms of existing UML concepts.
SoaML can be used with current “off the shelf” UNtols but some tools may offer enhanced, SOA
specific.

An architectural and business focused approach to SOA

SOA has been associated with a variety of appreaahé technologies. The view expressed in this
specification is that SOA is foremost an approacsyistemsrchitecture, where architecture is a way to
understand and specify how things can best worstheg to meet a set of goals and objectives. Bste
in this context, include organizations, communit@®cesses as well as information technology syste
The architectures described with SOA may be busiaeshitectures, mission architectures, community
architectures or information technology systemsiggctures — all can be equally service orient€de
SOA approach to architecture helps vatharating the concerns of what needs to get done frohow it
gets donewhere it gets done owho or what does it. Some other views of SOA and “Web Serlieee
very technology focused and deal with the “bits bytés” of distributed computing. These technology
concerns are important and embraced, but are aatrtly focus of SOA as expressed by SoaML.

SoaML embraces and exploits technology as a meaas ¢nd but is not limited to technology
architecture. In fact, the highest leverage of leyipg SOA comes from understanding a community,
process or enterprise as a set of interrelatedcesrand then supporting tregtvice oriented enterprise
with service-enabled systems. SoaML enables business oriented and systemstediservices
architectures to mutually and collaboratively suppioe enterprise mission.

SoaML depends on Model Driven Architecture® (MDA®&b help map business and systems
architectures, the design of the enterprise, tdeblenologies that support SOA, like web serviges a
CORBA®. Using MDA helps our architectures to oulithe technology of the day and support the
evolution of our enterprises over the long termDMhelps withseparating the concerns of the business
or systemarchitecture from theimplementation and technol ogy.

! “Model Driven Architecture”, “MDA”. “CORBA”, “Unified Modeling Language”, “UML” and “OMG”
are registered trademarks of the Object Manage@emip, Inc.
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Top down and bottom-up SOA

SoaML can be used for basic “context independantcgs”. Such as common Web-Service examples like
“Get stock quote” or “get time”. Basic servicestis on the specification of a single service withregard

for its context or dependencies. Since a basidcgeis context independent it can be simpler andem
appropriate for “bottom up” definition of services.

SoaML can also be used “in the large” where wesaabling an organization or community to work more
effectively using an inter-related set of servic®sch services are executed in the context ofthiisrprise,
process or community and so depend on the seraich#tecture of that community. A SoaML services
architecture shows how multiple participants warggether, providing and using services to enable
business goals or processes.

In either case, technology services may be idedtjfspecified, implemented and realized in some
execution environment. There are a variety of apgines for identifying services that are supported b
SoaML. These different approaches are intendedgpcat the variability seen in the marketplace visess
may be identified by:

Designing services architectures that specify aroanity of interacting participants, and the service
contracts that reflect the agreements for how thind to interact in order to achieve some common
purpose

Organizing individual functions into service cagaieis arranged in a hierarchy showing anticipaisdge
dependencies.

Using a business process to identify functionabbdjiies needed to accomplish some purpose asasell
the roles played by participants. Processes anites are different views of the same system — one
focusing on how and why parties interact to provddeh other with products and services and the othe
focusing on what activities parties perform to pdevand use those services.

Regardless of how services are identified, thegcHjzation includes service interfaces. A seniigerface
defines any interaction or communication protocoltfow to properly use and implement a service. A
service interfaces may define the complete interfac a service from its own perspective, irrespecdf

any consumer request it might be connected torddtevely, the agreement between a consumer request
and provider service may be captured in a commnoiicgecontract defined in one place, and constngini
both the consumer’s request service interface lamgitovider’'s service interface.

Services are provided by participamtso are responsible for implementing and usingstheices.
Services implementations may be specified by methioat are owned behaviors of the participants
expressed using interactions, activities, statehinas, or opaque behaviors. Participants may ategdte
service implementations to parts in their inteistalicture which represent an assembly of otheiicerv
participants connected together to provide a coraelutions, perhaps specified by, and realizing a
services architecture.

Services may be realized by participant impleméonatthat can run in some manual or automated
execution environment. SoaML relies on OMG MDA teicjues to separate the logical implementation of
a service from its possible physical realizationssarious platforms. This separation of concerrti bo
keeps the services models simpler and more ressiberhanges in underlying platform and execution
environments. Using MDA in this way, SoaML archttees can support a varity of technology
implementations and tool support can help autorttetee technology mappings.

Key Concepts of Basic Services

A key concept is, of course, service. Servicesfingd as an offer of value to another party, eziibly
one or more capabilities. Here, the access todhéce is provided using a prescribed contractiand
exercised consistent with constraints and polia&specified by the service contract. A serviqgedvided
by a participant acting as tipeovider of the service—for use by others. The eventoasumers of the
service may not be known to the service providermay demonstrate uses of the service beyond the
scope originally conceived by the provider. [OARSI]
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Participants providing and consuming services

A participant is a provider and/or user of servicesome context. Participants may be people,
organizations, technology components or systenasticihants offer services through “Ports” via the
«ServicePoint» stereotype and request service®dn Rith the «RequestPoint». These ports reptesen
points where the service is offered or consumethbyarticipant.A participant can provide and use any
number of services. Participants that are implemented in informatiostegns are typically SOA enabled
components that plug into an application server.

The service point has a type that describes havseathat service, that type may be either a UMérfate
(for very simple services) or a Servicelnterfateeither case the type of the service point spes;if
directly or indirectly, everything that is neededriteract with that service — it is the contraetvbeen the
providers and users of that service.

Figure 1 depicts a “Productions” participant prangla “scheduling” service. The type of the seevport
is the UML interface “Scheduling” that has two agtgons, “requestProductionScheduling” and
“sendShippingSchedule”. The interface defines has@nsumer of a Scheduling service must interact
whereas the service point specifies that partidiffAaroductions” has the capability to offer that\dee —
which could, for example, populate a UDDI repositoNote that a participant may also offer other
services on other service points. Participant “Botidns” has two owned behaviors that are the nukslod
the operations provided through the schedulingiserv

winterfaces

Scheduling
+ requestProductionScheduling { customerInfo @ Customer, purchaseOrder : PurchaseCrder )
+ sendShippingSchedule { schedule : Schedule )

wParticipant=
Productions

#ServicePainks scheduling @ Scheduling

requestProductionScheduling sen dShippxingSche dule

Figure 1: Services and Service Participants
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Service Contracts

.- aamiiiad ==5erviceContract== — -
- Ordering Service T
o __ = o e S __ =3 e 55 _ ____________ "
! orderer : Orderer order processor : OrderProcessor h
k l— /
\
) P

Figure 2: Example ServiceContract structural diagran

A ServiceContract defines the terms, conditiongrfaces and choreography that interacting pagitip
must agree to (directly or indirectly) for the seevto be enacted - the full specification of av&gr which
includes all the information, choreography and ather “terms and conditions” of the service. A
ServiceContract is binding dyoth the providers and consumers of that service. besés of the service
contract is also a UML collaboration that is foais® the interactions involved in providing a seevi A
participant plays a role in the larger scope o€aviBesArchitecture and also plays a role as theiger or
user of services specified by ServiceContracts.

Service contracts are used in architectures winverene-way and “flat” nature of the UML interfaseniot
sufficiently expressive or when a services architecis going to be specified.

Each role, or party involved in a ServiceContraaefined by a Servicelnterface which is the typhe
role. A ServiceContract is a binding contract -dirigg on any participant that has a service poipétyby a
role in a service contract.

An important part of the ServiceContract is therelography. The choreography is a specificatiowludt

is transmitted and when it is transmitted betwesnigs to enact a service exchange. The choreograph
specifies exchanges between the parties — theaksats and obligations that go between the parfies
choreography defines what happens between thedmoand consumer participants without definingrthei
internal processes — their internal processes de twabe compatible with their ServiceContracts.

A ServiceContract choreography is a UML Behaviartsas may be shown on an interaction diagram or
activity diagram that is owned by the ServiceCartt(&igure 3). The choreography defines what rgost
between the contract roles as defined by theirseimterfaces—when, and how each party is plafiedr
role in that service without regard for who is papiating. The service contragparates the concerns of
how all parties agree to provide or use the serfva® how any party implements their role in thatsce

— or from their internal business process.

SoaML Profile Reference ModelDriven.org 7



| orderer : Orderer order processor : OrderProcessor

| 1: fulfillF‘urchaseOrder(purchase@rderﬂhl

alt
[ g 2 shipment=Scheduled(
[Elze]

P 3 orderRejected)

| |
[ [
Figure 3: Example choreography

The requirements for entities playing the rolea fBerviceContract are defined by Servicelnterfasesl
as the type of the role. The Servicelnterfaceifipedhe provided and required interfaces thaindeall of
the operations or signal receptions needed fordleeit types — these will be every obligation,etss
piece of data that the entity can send or recesvgaat of that service contract. Providing and gisin
corresponding UML interfaces in this way “connetiis dots” between the service contract and the
requirements for any participant playing a rol¢hat service as provider or consumer. Note thateso
“SOA Smart” UML tools might add functionality to lpe“connect the dots” between service contracts,
service architectures and the supporting UML classe

It should also be noted here that it is the exgtemt of SoaML that services may have communication
going both ways — from provider to consumer andsoomer to provider and that these communications
may be long-lived and asynchronous. The simplacept of a request-response function call or intfona
of an “Object Oriented” Operation is a degeneratgef a service, and can be expressed easilysby ju
using a UML operation and a CallOperationAction.atdition, enterprise level services may be comgos
from simpler services. These compound servicestimay be delegated in whole or in part to the maér
business process, technology components and partisi.

Participants can engage in a variety of contradéébiat connects participants to particular servimetract
is the use of aole in the context of a ServicesArchitecture. Eaofeta ServiceContract is used in a
ServicesArchitecture; there must also be a comp$Sanviceport on a participant — a ServicePoint or
RequestPoint. This is where the participant abtufers or uses the service.

One of the important capabilities of SOA is thatdh work “in the large” where independent entities
interacting across the Internet to internal depantisiand processes. This suggests that thenedy &
decompose a ServicesArchitecture and visualized®wices can be implemented by using still other
services. A participant can be further describgddinternal architecture, the participant arebitire.
Such an architecture can also use internal or maitservices, participants, business processestaed
forms of implementation. Our concern here is tovehow the internal structure of a service partaipis
described using other services. This is done fiipidg a participant ServicesArchitecture for participants
in a more granular (larger scale) services architeas is shown in Figure 4 and Figure 5.

The specification of a SOA is presented as a UMIdehand those models are generally considered to be
static, however any of SoaML constructs could asstvell be constructed dynamically in response to
changing conditions. The semantics of SoaML adependent of the design-time, deploy-time, or run-
time decision. For example, a new or specialized/iSeContractould be negotiated on the fly and

SoaML Profile Reference ModelDriven.org 8



immediately used between the specific Participaifitse ability of technology infrastructures to sapp
such dynamic behavior is just emerging, but Soalslih support it as it evolves.

Key Concepts of the Services Architecture

One of the key benefits of SOA is the ability t@ble a community or organization to work togetheren
cohesively using services without getting overlygled. This requires an understanding of how pgopl
organizations and systems work together, or cottiiepfor some purpose. We enable this collabmrati

shows how participants work together for a comnmyuoitorganization.

A ServicesArchitecture (or SOA) is a network oftdpant rolesproviding andconsuming services to
fulfill a purpose. The services architecture desithe requirements for the types of participants a
service realizations that fulfill those roles.

Since we want to model how these people, orgaoizatnd systems collaborate without worrying, for
now, about what they are, we talk aboutithles theseparticipants play inservices architectures. Arole
defines the basic function (or set of functiongit thn entity may perforim a particular context; in
contrast, a Participant specifies the type of &paat fills the role in the context of a speciiervices
architecture. Within a ServicesArchitecture, gaptnt roles provide and employ any number of sesii
The purpose of the services architecisr® specify the SOA of some organization, comryuor process
to provide mutual value. The participants spedifiea ServicesArchitectuggrovide and consume
services to achieve that value. The services @atihiremay also have business process to define the
tasks and orchestration of providing that valude $ervices architecture is a high-level view ofho
services work together for a purpose. The samécesrand participants may be used in many such
architectures providing reuse.

A services architecture has components at two devediranularity: The&ommunity services architecturie
a “top level” view of how independent participamtsrk together for some purpose. The services
architecture of a community does not assume orire@uny one controlling entity or process. The/gees
architecture of a community is modeled as collationastereotyped as <<ServicesArchitecture>>. A
participant may also have services architecturee-tbat shows how parts of that participant (e.g.,
departments within an organization) work togetiogpriovide the services of the owning participafhe
services architecture of a participant is showa B8L structured class or component with the
<<ParticipantArchitecture>> stereotype and freqglyems an associated business process.

A community ServicesArchitecturésee Figure 4) is defined using a UML Collaboration

==Servicesdrchitecture== -~
- Dealer Hetwork Architecture =

- . = Es:.Purchasing Service )

. - ,
4] Ly e TE—

| deater : Deater | =~ seller mifg : Manufacturer | b

/ s i J . T
=<camments=:= frorry

anguire
| | The purpose of the dealer network I |
architecture is to estaklish the financially
! | related services between dealers and | {
T T R manufacturers such that any desler can do = Tzhip:Ship ~ ~ y
5 e status : Ship Status ™ business with sy manufacturer. L B B 2,

S— - =

i — agent
ship mel shipper : Shipper g B "

e -

Figure 4: Example community services architecture vth participant roles and services
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The purpose of services architecture collaborasda illustrate how kinds of entities work togetlier
some purpose. Collaborations are based on theeptmof roles to define how entities are involvedhat
collaboration (how and why they collaborate) withdapending on what kind of entity is involved (eag
person, organization or system). As such, we agrilgat an entity “plays a role” in a collaboratiofihe
services architecture serves to define the reqanésof each of the participants. . The partidipales
are filled byparticipants with service points required of the entities that fill these roles amne then bound
by the services architectures in which they paréta.

A services architecture diagram can also spec#yatichitecture for a particular Participant. Within
participant, where there is a concept of “managéheists, a participant architectuitkistrates how sub-
participants and external collaborators work togetind would often be accompanied by a business
process. A Services Architecture (both community participant) may be composed from other services
architectures and service contracts. As showngdnrgi5, Participants are classifiers defined bgtthk

roles they play in services architectures (theigipent role) and the “contract” requirements ofiitees
playing those roles. Each participant type magym role” in any number of services architectaseyvell

as fulfill the requirements of each. Requirememéssatisfied by the participant having sengo@ts that
have a type compatible with the services they mrstide and consume.

=<Participart Architecture=»
ManufacturerComponemnt

. i— ST 5" e [ :.El.ccuuntiilg
. ot =
,:‘ : Imvoicing Service o et |
e e |
e notified
Saller [ JE |
1
., e e e
, -~ : Order Complete Service ';
“ e o e
* T
b ] i
" | notifier
~ I
- —

_:_Drdering Senvice

—
e e S

i | :Orderp ;
___AHrdet processor rderProcessing

Figure 5: Example Services architecture for a pargipant

Figure 5 illustrates the participant services aeature for a “Manufacturer”. It indicates thatsthi
architecture consists of a number of other pawicip interacting through service contracts. The
Manufacture participant services architecture waonkddlude a business process that specifies hove thes
participants interact in order to provide a purdmgservice. Note that other manufacturers mayghav
different internal participant architectures bull Wwave the same responsibilities and interfaceabén
services architecture. Separating the concertisedfinside” Vs. the “outside” is central to SOAdgood
architecture in general.

Service Interfaces

Like a UML interface, a Servicelnterface can bettiee of a service point. The service interface the
additional feature that it can specify a bi-direntl service — where both the provider and consuraee
responsibilities to send and receive messagesv@rde The service interface is defined from the

SoaML Profile Reference ModelDriven.org 10



perspective of the service provider using thremary sections: the provided and required Interfaites
Servicelnterface class and the protocol Behavior.

The provided and required Interfacesare standard UML interfaces that are realizedsediby the
Servicelnterface. The interfaces that are realgtify the provided capabilities, the messagaiswll
be received by the provider (and correspondinghy bg the consumer). The interfaces that are bged
the Servicelnterface define the required capabslitthe messages or events that will be receiveleny
consumer (and correspondingly sent by the providsmpically only one interface will be provided or
required, but not always.

The enclosed parts of the Servicelnterfaceepresent the roles that will be played by theneated
participants involved with the service. The rolattls typed by the realized interface will be plyy the
service provider; the role that is typed by thedusgerface will be played by the consumer.

The Behavior specifies the valid interactions between the prewihd consumer — the communication
protocol of the interaction, without specifying heither party implements their role. Any UML belav
specification can be used, but interaction and/égtiliagrams are the most common.

The contract of interaction required and providgatServicePoint or RequestPoint (see below) are
defined by their type which is a Servicelnterfamein simple cases, a UML2 Interface. A Servicetistee
specifies the following information:

e The name of the service indicating what it does @bout
* The provided service interactions through realir¢erfaces
* The needs of consumers in order to use the seiwioagh the used interfaces

* A detailed specification of each exchange of infation, obligations or assets using an operation
or reception; including its name, preconditionsstpmnditions, inputs and outputs and any
exceptions that might be raised

« Any protocol or rules for using the service or hoansumers are expected to respond and when
through an owned behavior

« Rules for how the service must be implemented byiders
e Constraints that can determine if the service bhasessfully achieved its intended purpose
« If exposed by the provider, what capabilities aseduto provide the service.

This is the information potential consumers woudea in order to determine if a service meets theads
and how to use the service if it does. It also Hjgscthe responsibilities of service providers shé@eorder
to implement the service.

Figure 6 shows a generic or archetype Servicebterfinterfacel is the provided interface defirthmy
capabilities, while Interface?2 is the required ifdaee defining what consumers are expected to do in
response to service requests. The Servicelntehiaséwo parts, partl and part2 which represent the
endpoints of connections between consumer regaadtprovider services. Partl has type Interfacel
indicating it represents the provider or servickesif the connection. Part2 has type Interfaceatithg it
represents the consumer or Request side of theecban.

SoaML Profile Reference ModelDriven.org 11



winterfaces «interfaces
Interfacel Interface2
+ capability { parameter | Message ) | Message [+ need ( parameter : Message ) : Message
b a7
" LIS

«Servicelnterface»
ServiceInterface

4T

partl : Interfacel

(3£]
part2 : Interface2

Protocol
E _ra-—--
5 @ > caabity |
e

| part2
=3
(4]
i
L

Figure 6: A generic service interface

The protocol for using the service is given in &wivity that is an owned behavior of the servinteiface.
This activity shows the order in which the actiofishe provided and required Interfaces must bledal

The consumer’s use of this service interface apbegider’s implementation must be consistent wiiis t
protocol.

Participants and Service Points

Participants represent software components, orgaois, systems or individuals that provide and use
services. Participants define types of organinatio

organizational roles or components by the roleg fiay in «Participant»
services architectures and the services they pecasid use. ‘ = IManufacturer
For example, the figure to the right, illustratelanufacturer 9’__]1

participant that offers a purchasing service. iBiggnts '

provide capabilities through Service points typgd b seervceroits plshager Rurhising

Servicelnterfaces or in simple cases, UML Interéatteat define their provided or offered capabditie

A service uses the UML concept of a “port” and @ades the interaction point where a classifierauts
with other classifiers (see Figure 7). A port iy a Servicelnterface, is known aseavgee point.
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winterfaces:
Shipping
+ requestShipping { customerInfo | Customer, shippinglnfo : Manifest ) |

|
o

«Servicelnterfaces

ShippingService

Shipping «specification:
shipper

orderer © ScheduleProcessing

| «ServicePoints shipping : ShippingServicd |

G|

shipping : Shipping ScheduleProcessing

wsE

"3~.|
«interfaces
ScheduleProcessing

+ w«signal processSchedule { schedule : Schedule )

Figure 7: Example Participant with a Service Port

A service point is the point of interaction on a Participant whargervice is actually provided or consumed.
On a service provider this can be thought of asdffer” of the service (based on the service ifaee). In
other words, theervice pointis the point of interaction for engaging participmim a service via its service
interfaces.

The Service Request

Just as we want to define the services provided jpgrticipant using a service point, we want toraef
what services a participant needs or consumesarficipant expresses their needs by making a rédouies
services from some other Participant. A requegeffed using a port stereotyped as a «RequestPaint
shown in Figure 8.

wParticipantm T L .
=] OrderProcessor RequestPoint+ invoicing | InveicingService
+ServicePoints purchasing : Purchasingl_ RequestPaint+ scheduling : Scheduling

g DRequestPoint» shipping : ShippingService

Figure 8: A Participant with Services and Requests

The type of a Request point is also a Servicelatesfor UML Interface, as it is with a Service porhe
Request point is the conjugate of a Service paoitthat it defines the use of a service rather ttgan
provision. As we will see below, this will allowsto connect service providers and consumers in a
Participant.

The OrderProcessor participant example, above, shioat it provides the “purchasing” service using t
“Purchasing” Servicelnterface and Requests a “shgipservice using the “ShippingService”
Servicelnterface. Note that this request is thgugmate of the service that is offered by a Shippsr
shown in Figure 7.
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By using service and request points, SoaML camddiow both the service capabilities and needs of
participants are accessed at the business or tathevel.

Capability

Service architectures and service contracts prawitemal way of identifying the roles played byrpes

or Patrticipants, their responsibilities, and hoestlare intended to interact in order to meet sobjective
using services. This is very useful in a “needsassembly context. However, when re-architecting
existing applications for services or building seeg from scratch, the Participants may not yetkmoln
these situations it is also useful to expressdces architecture in terms of the logical captés of the
services in a “Participant agnostic” way. Evenutjio service consumers should not be concerned with
how a service is implemented, it is important taabée to specify the behavior of a service or céipab
that will realize or implement a Servicelnterfacghis is done within SoaML using Capabilities.

Capabilities represent an abstraction of the ghilitaffect change.

They identify or specify a cohesive set of functiam resources that a service provided by one oe mo
participants might offer. Capabilities can be ubgdhemselves or in conjunction with Participatots
represent general functionality or abilities th&aticipant must have. Figure 11 shows a netwbrk
Capabilities that might be required to processraermcfor goods from a manufacturer. Such netwofks
capabilities are used to identify needed serviaed,to organize them into catalogues in order to
communicate the needs and capabilities of a searie®, whether that be business or technology éatus
prior to allocating those services to particulartiégants. For example, service capabilities cdagd
organized into UML Packages to describe capalsliiesome business competency or functional area.
Capabilities can have usage dependencies with Gtyeabilities to show how these capabilities are
related. Capabilities can also be organized intbitectural layers to support separation of conegthin
the resulting service architecture.

«Capability»
Order Processing

+ processPurchaseOrder(Party, Order) : ack

RN

«us,e» / \ «use»
s 1 \ N,
L / \ RN
/ \
«Capability» ! \ «Capability»
Inv entory Management /’ ‘\ Invoicing
1 \
+ retrieveltems() : Item(] «use» «use» + completePriceCalculation() : void
/ \

+ storeltem(ltem) : ack + initiatePriceCalculation() : void

1 \
/ \
1 \
1 \
\

N

/

/4

«Capability» «Capability»
Scheduling Shipping
+ requestProductionScheduling() : void + requestShipping() : void
+ sendShippingSchedule() : void

Figure 9: Service Capabilities needed for processinpurchase orders
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In addition to specifying abilities of Participantsie or more Capabilities can be used to speléy t
behavior and structure necessary to support acmterface. Figure 12 shows the Shipping Capgbili
realizing the Shipping Servicelnterface. Thuapability allows for the specification of a servigghout
regard for how thatservice might be implemented autsequently offered to consumers by a Participant
It allows architects to analyze how services al&ed and how they might be combined to form some
larger capability prior to allocation to a partiguParticipant.

«interface» «interface»
Shipping ScheduleProcessing

+ requestShipping() + requestProductionScheduling()

> 7

(.(LII%))
\ /
\ L
«Servicelnterface» «Capability»
ShippingService Shipping

+ requestShipping() + requestShipping()

Figure 10 - Servicelnterface realized by a Capabitly

Capabilities can, in turn be realized by a Paréinip When that Capability itself realizes a
Servicelnterface, that Servicelnterface will norijak the type of a ServicePoint on the Particiant
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shown in Figure 13.

«interface» «interface»
Shipping ScheduleProcessing

+ requestShipping() + requestProductionScheduling()

S 7

\ /
\ /
\ s
«use»
\ /
\ yi

«Servicelnterface» «Capability»
ShippingService Shipping

+ requestShipping() + requestShipping()

A

The Servicelnterface

I
I
I
I
I
typesthe ServicePoint :
1

«Participant»
Shipper

ScheduleProcessing D%-_ shippingOffice :

- ShippingService
Shipping (O—
<<ServicePoint>>

Figure 11 - The Shipper Participant realizes the Spping Capability

Capabilities may also be used to specify the pdrBarticipants. Figure 14 shows the Productions
Participant with two parts typed by Capabiliti€che productionOffice ServicePoint delegates recuest
the scheduler part that is typed by the SchedWiagability. This would normally indicate that the
Scheduling Capability realizes the SchedulingSer@ervicelnterface.
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«Participant»
Productions

«Capability»

L
scheduler : E_l O
Scheduling «delegate» <<SenicePoint>>

productionOffice :
SchedulingService

«Capability»
manufacturer :
Manufacturing

Figure 12 - Productions Participant with two partsspecified by Capabilities

Servicelnterfaces may also expose Capabilitiess iStdone within SoaML with the Expose Dependency.
While this can be used as essentially just thergevef a Realization between a Capability and a
Servicelnterface it realizes, it can also be use@present a more general notion of “providingeast to a
general capability of a Participant. Figure 15viies an example of such a situation.

«Servicelnterface» «Capability»
Orders Sales & Marketing

«Expose»

A

«Participant»
Manufacturer

Type Lol .I::l

Sales:Orders

Figure 13 - The Orders Servicelnterface exposing thSales and Marketing Capability

Each Capability may have owned behaviors that athods of its provided Operations. These methods
would be used to specify how the Capabilities mightmplemented, and to identify other needed
Capabilities.

Alternatively, Servicelnterfaces may simply exp@apabilities of a Participant.
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The SoaML Profile of UML

==gtereotype== ==gterectype==
Participant Capability
==gterectype==
Agent
==stereotype== etaclass
Servicelnterface Interface
==stereotype==
=meta MessageType

DataType encoding : String

==metar
Signal

==stareotypes=
Collaboration

isStrict : Boolean = true

T ; ==stereotype==
Dependency Expose
==stereotypes= ==stereotypes=
ServicesArchitecture ServiceContract
==gtarectypes== ==gtarectypes==
RequestPoint ServicePoint
==stereotype==
=<=metar )
3 ConnectahbleElement
ConnectableElement -
connectorReqguired : Boolean [0..1] = true
izlsage : Boolean [0.1] = false
==metar ==stereotype==
Connector ServiceChannel
==gtarectypes== ==metar
Milestone Comment
progress | Integer
signal |0..1 walue (0.1
==stereotype==
Signal ValueSpecification CollaborationUse

izStrict : Boolean [0..1] = true

==gtarectypes== =zpetar ==stereotypes==
Property Property Attachment
izlD : Boolean encoding ; String

{

1

==stareotypes=
Consumer

==stareotypes=
Provider

Figure 14: SoaML Profile

I L ‘
- i el
Ll Class

SoaML Profile Reference
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Stereotype Descriptions

Agent

An Agent is a classification of autonomous entitiest can adapt to and interact with their envirentn It
describes a set of agent instances that have ésawonstraints, and semantics in common. Agants i
SoaML are also participants, providing and usingises.

Generalizes

e Participant

Description

In general, agents can be software agents, hardgars, firmware agents, robotic agents, humantage
and so on. While software developers naturallyktnhl T systems as being constructed of only softwa
agents, a combination of agent mechanisms migfaicinbe used from shop-floor manufacturing to waxrfa
systems?

These properties are mainly covered by a set @ agmects each focusing on different viewpoints of an
agent system. Even if these aspects do not dirappigar in the SoaML metamodel, we can relate tbem
SoaML-related concepts. Each aspect of an agenbmaxpressed as a services architecture.

Depending on the viewpoint of an agent systempuaraspects are prominent. Even if these aspectstdo
directly appear in the SoaML metamodel, we carntedlzem to SoaML-related concepts.

« Agent aspect— describes single autonomous entities and thebii#tes each can possess to solve
tasks within an agent system. In SoaML, the stgpeoAgent describes a set of agent instances
that provides particular service capabilities.

e Collaboration aspect— describes how single autonomous entities cotkgtbonithin the
multiagent systems (MAS) and how complex organireti structures can be defined. In SoaML,
a ServicesArchtiecture describes how aspects aftagteract for a purpose. Collaboration can
involve situations such as cooperation and conipetit

* Role aspect- covers feasible specializations and how theydcbe related to each role type. In
SoaML, the concept of a role is especially useithéncontext of service contracts. Like in agent
systems, the role type indicates which respontd#slian actor has to take on.

* Interaction aspect— describes how the interactions between autonsrantities or
groups/organizations take place. Each interacii@tification includes both the actors involved
and the order which messages are exchanged betiaesmactors in a protocol-like manner. In
SoaML, contracts take the role of interaction pcote in agent systems. Like interaction
protocols, a services contract takes a role cesht@eav of the business requirements which makes
it easier to bridge the gap between the processreagents and message exchange.

% For a further history and description of agengs; $ittp://eprints.ecs.soton.ac.uk/825/05/html/8ktztm,
http://en.wikipedia.org/wiki/Software_agent,

http://www.sce.carleton.ca/netmanage/docs/Agents@eis/ao.html.
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« Behavioral aspect- describes how plans are composed by complexai@ttuctures and simple
atomic tasks such as sending a message and spgdif§drmation flows between those
constructs. In SoaML, a Servicelnterface is a BetradClassifier and can thus contain
ownedBehaviors that can be represented by UML2 Beties in the form of an Interaction,
Activity, StateMachine, ProtocolStateMachine, ora@QpeBehavior.

« Organization/Group aspect— Agents can form social units called groups. dugrcan be formed
to take advantage of the synergies of its membessyting in an entity that enables products and
processes that are not possible from any singigithdl.

Attributes

No additional attributes.

Associations

No additional associations.

Constraints

The property isActive must always be true.

Semantics

The purpose of an Agent to specify a classificaibautonomous entities (agent instances) thatdapt
to and interact with their environment, and to $fyabe features, constraints, and semantics that
characterize those agent instances.

Agents deployed for IT systems generally shoulcehtére following three important properties:

e Autonomous - is capable acting without direct ex&intervention. Agents have some degree of
control over their internal state and can act basetheir own experiences. They can also possess
their own set of internal responsibilities and @eging that enable them to act without any
external choreography. As such, they can act ictiresaand proactive ways. When an agent acts
on behalf of (or as a proxy for) some person arghits autonomy is expected to embody the
goals and policies of the entity that it represemtsUML terms, agents can have classifier
behavior that governs the lifecycle of the agent.

« Interactive - communicates with the environment atiietr agents. Agents are interactive entities
because they are capable of exchanging rich fofrmeeesages with other entities in their
environment. These messages can support requesestices and other kinds of resources, as
well as event detection and notification. They barsynchronous or asynchronous in nature. The
interaction can also be conversational in natweh s negotiating contracts, marketplace-style
bidding, or simply making a query. In the Woodridignnings definition of agency, this property
is referred to asocial ability.

» Adaptive - capable of responding to other agentigaarits environment. Agents can react to
messages and events and then respond in a tinglgpgomopriate manner. Agents can be designed
to make difficult decisions and even modify theshhvior based on their experiences. They can
learn and evolve. In the Woodridge-Jennings dédinibf agency, this property is referred to as
reactivity andproactivity.

Agent extends Participant with the ability to béiag; participating components of a system. They a
specialized because they have their own threadmtfa or lifecycle. Another way to think of agens
that they are “active participants” in an SOA syst®articipants are Components whose capabilitids a
needs are static. In contrast, Agents are Paatit§owhose needs and capabilities may change iower t

In SoaML, Agent is a Participant (a subclass of Gonent). A Participant represents some concrete
Component that provides and/or consumes serviakssaronsidered an active class (isActive=true).
However, SoaML restricts the Participant’s classifiehavior to that of a constructor, not somethiag is
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intended to be long-running, or represent an “attiifecycle. This is typical of most Web Services
implementations as reflected in WS-* and SCA.

Agents possess the capability to have serviceRagdiests and can have internal structure and pohsy
collaborate and interact with their environment. Agrent's classifierBehavior, if any, is treatedtadife-
cycle, or what defines its emergent or adaptivealsigi.

Notation

An Agent can be designated using the Componentass{Classifier notation including the «agent»
keyword. Is can also represented by stick “agerghncon with the name of the agent in the vicinity
(usually above or below) the icon. (Figure 15) @&idhe stick icon is similar to the notation for UM
actors, except that it has a wizard hat shaped atoagated “A”.

«agent» «agent» @
Requester Requester

Requester
Figure 15: Agent notation.

Additions to UML2

Agent is a new stereotype in SoaML extending UMIdghfponent with new capabilities.

Attachment

A part of a Message that is attached to rather thatained in the message.

Extends Metaclass
Property

Description

An Attachment denotes some component of a messdgeh is an attachment to it (as opposed to a tlirec
part of the message itself). In general this islifety to be used greatly in higher level desigtiaties,

but for many processes attached data is impoeditferentiate from embedded message data. For
example, a catalog service may return general ptatktails as a part of the structured messaganages
as attachments to the message; this also allowsdenote that the encoding of the images is bi(esy
opposed to the textual encoding of the main me3saAf¢fachments may be used to indicate part ofiserv
data that can be separately accessed, reducimathesent between consumers and providers unlisss it
needed.

Attributes

e encoding: String [0..1] Denotes the platform enogdinechanism to use in generating the
schema for the message; examples might be SOAP-B&l iteral, ASN.1, etc.

Associations

No additional associations
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Constraints

No additional constraints

Semantics

In an SOA supporting some business, documents emgsent legally binding artifacts defining

obligations between an enterprise and its partedsclients. These documents must be definedinsta f
class way such that they are separable from the ilnassage and have their own identity. The can be
defined using a UML2 DataType or a MessageType.sBuatetimes it is necessary to treat the document as
a possibly large, independent document that isaxgéd as part of a message, and perhaps interchange
separately. A real-world example would be alllafde advertisements that fall out of your telephone
statement — they are attached to the messages(sathe envelope) but not part of the statement.

An Attachment extends Property to distinguish dttaents owned by a MessageType from other
ownedAttributes. The ownedAttributes of a MessageTmust be either PrimitiveType or MessageType.
The encoding of the information in a MessageTympecified by the encoding attribute. In distrilolteT .
systems, it is often necessary to exchange larggu@pdocuments in service data in order to support
efficient data interchange. An Attachment allowstjpms of the information in a MessageType to be
separated out and to have their own encoding amMdBviype, and possibly interchanged on demand.

Notation

Attachments use the usual UML2 notation for Datawith the addition of an «attachment» stereotype.

Examples

Figure 16 shows an InvoiceContent Attachment tdnkieice MessageType. This attachment contains the
detailed information about the Invoice.

wMessageTyper
InvoiceMessage

+ «id» invoiceld : String

+ «Attachment» content © InvoiceContent

Figure 16: The InvoiceContent Attachment

Additions to UML2

Extends UML2 to distinguish message attachments fsther message proprieties.

Capability

A Capability is the ability to act and produce aromme that achieves a result. It can. Specifyreege
capability of a participant as well as the speatfidlity to provide a service.

Extends Metaclass

Class

Description

A Capability models the ability to act and prodaceoutcome that achieves a result that may pravide

service specified by a ServiceContract or Serviegface irrespective of the Participant that migtavide

that service. A ServiceContract, alone, has n@deéencies or expectation of how the capabiliteaized
— thereby separating the concerns of “what” vswhoThe Capability may specify dependencies or
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internal process to detail how that capabilityrisyided including dependencies on other Capatslitie
Capabilities are shown in context using a servegetidencies diagram.

Attributes

No additional attributes.

Associations

* No additional Associations.

Constraints

No additional constraints.

Semantics

A Capability is the ability to act and produce aromme that achieves a result. This element alfowthe
specification of capabilities and services withagard for the how a particular service might be
implemented and subsequently offered to consumeasRarticipant. It allows architects to analypevh
services are related and how they might be combiméakm some larger capability prior to allocatitmna
particular Participant.

A Capability identifies or specifies a cohesive giefunctions or capabilities that a service preddy one
or more participants might offer. Capabilities ased to identify needed services, and to orgahiza
into catalogues in order to communicate the neadscapabilities of a service area, whether that be
business or technology focused, prior to allocatige services to particular Participants. Fongta,
service capabilities could be organized into UMIclages to describe capabilities in some business
competency or functional area. Capabilities carehsage dependencies with other Capabilities tav sho
how these capabilities are related. Capabilitiesrealize Servicelnterface and so specify how those
Servicelnterfaces are supported by a Particip@aipabilities can also be organized into architedtur
layers to support separation of concern withinrdsilting service architecture.

Each capability may have owned behaviors that athods of its provided Operations. These methods
would be used to specify how the service capatslithight be implemented, and to identify other eeed
service capabilitie€rror! Reference source not found.depicts the Capabilities that have been identified
as needed for processing purchase orders.

Notation

A Capability is denoted using a Class or Compométiit the «Capability» keyword.

Examples

For examples of Capability, s&eror! Reference source not found.andError! Reference source not
found..

Additions to UML2

Capability is a new stereotype used to describdécgecapabilities.

Consumer

The Consumer stereotype specifies an interfaceoaadsart as playing the role of a consumer in a
provider/consumer service.
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Extends Metaclass

Interface and Part (In a ServiceContract or Selwteeface)

Description

A typical service has a “Provider” and “Consumaer’tistinguish the role of the entity offering and
requiring a service, respectively. The consumpictlly initiates the interaction to request a sanand
the provider typically responds by either rejectihg service request or performing the service and
returning results according to the service contoadervice interface.

The consumer stereotype identifies an interfaceaarade in a ServiceContract or Servicelnterface as
playing the “Consumer” role. A Consumer interfacaynthen be used as the type of a RequestPoint.

Attributes

* No additional Associations.

Associations

* No additional Associations.

Constraints
A part typed by Consumer will have as its typergariface that is a Consumer.

A part that is a provider must be a part of a ergiontract or service interface.

Semantics

A port or RequestPoint may be typed by a consunterface to indicate that the classifier owning {nart
will be consuming the service specified. The comsuwill initiate a message requesting that theviglier
provides the service. The provider will eitherfpemn the service or indicate that they are unwglor
incapable of doing so as defined by the interfatiee service consumer is obligated to abide by the
contract specified in the ServiceContract or Setviterface related to the Consumer interface.

A part typed by Consumer will have as its typergariface that is a Consumer.

Examples
T B ==ServiceContract== ST _
- Ordering Service T~
_—— — = — = —— — = — e — e — e e — — == »
Fd
i — — | — e — - " p
1 ==2Consumers=x= o | ==Providers== ol |
b’ orderer : Ordererinterface | order processor : OrderProcessorinterface y,
“ | | | |
- e L = — - -
T 7 k| _
 — . e A==
g . \
type,
/ ype
|¢-

==Provider=s e

| ==Consumer=> |
OrderProcessorinterface |
|
I

Ordererinterface

|+_shipmem5-:hedu|edo

[+ordetRejectedr) ‘ +HulfilPurchazeOrder purchazeOrdet | Purchase Order Mag )
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CollaborationUse

CollaborationUse is extended to indicate whetherrthie to part bindings are strictly enforced ase.

Extends Metaclass

CollaborationUse

Description

A CollaborationUse explicitly indicates the abilid§ an owning Classifier to fulfill a ServiceConttar
adhere to a ServicesArchitecture. A Classifier m@ytain any number of CollaborationUses which
indicate what it fulfills. The CollaborationUse hadeBindings that indicate what role each parthia
owning Classifier plays. If the CollaborationUsesigct, then the parts must be compatible withrties
they are bound to, and the owning Classifier masthehaviors that are behaviorally compatible with
ownedBehavior of the CollaborationUse’s Collabanatiype.

Note that as a ServiceContract is binding on thgiS&ainterfaces named in that contract, a
CollaborationUse is not required if the types armpatible.

Attributes

e isStrict: Boolean Indicates whether this particdildfillment is intended to be strict. A value of
true indicates the roleBindings in the Fulfillmentist be to compatible parts. A value of false
indicates the modeler warrants the part is capatydaying the role even through the type may
not be compatible.

Associations

* No new associations.

Constraints

No new constraints.

Semantics

A CollaborationUse is a statement about the ahilitg containing Classifier to provide or use calitéds,
have structure, or behave in a manner consistehtthat expressed in its Collaboration type. Hris
assertion about the structure and behavior of tiaining classifier and the suitability of its {sato play
roles for a specific purpose.

A CollaborationUse contains roleBindings that biedsh of the roles of its Collaboration to a péthe
containing Classifier. If the CollaborationUse &Strict=true, then the parts must be compatibté trie
roles they are bound to. For parts to be compatifitte a role, one of the following must be true:

The role and part have the same type,
The part has a type that specializes the typeeofdle,
The part has a type that realizes the type ofdle or

The part has a type that contains at least the dtidbutes and ownedOperations of the role. Inegah
this is a special case of item 3 where the parghdsterface type that realizes another Interface.
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Semantic Variation Points

Compliance between types named as roles in a coddibn use is a semantic variation point and el
determined by modelers or tools.

Notation

No new notation.

Examples

The examples in section ServiceContracts describer@ceContract and a ServicesArchitecture. A
ServiceContract is a contract describing the regémts for a specific service. A ServicesArchitexia a
Contract describing the requirements for the chgragohy of a collection of services or Participants.

Figure 17 shows a ShipingService Servicelnterfaaefulfills the ShippingContract collaboration.é'h
ShippingService contains a CollaborationUse thadi®ihe parts representing the consumers and grgvid
of the Servicelnterface to the roles they playhim $erviceContract Collaboration. The shipping fgart
bound to the shipping role and the orderer parsbisnd to the orderer role. These parts must be atinig
with the roles they play. In this case they clearky since the parts and roles have the sameltygeneral
these types may be different as the parts willroflay roles in more than one contract, or may have
capabilities beyond what the roles call for. THiewvas Servicelnterfaces to be defined that accéont
anticipated variability in order to be more reusalti also allows Servicelnterfaces to evolve tppart

more capabilities while fulfilling the same Ser@mntracts.

The ShippingService Servicelnterface does not tav&ave exactly the same behavior as the
ServiceContract collaboration it is fulfilling, theehaviors only need to be compatible.

«interfaces: «interfaces
Shipping ScheduleProcessing
+ requestShipping ( custormerInfo fustomer, shippinglnfo : Manifest ) + «signals processSchedule ( schedule | Schedule )
HLISERS
«Servicelnterfaces:
SiWppigservice
shipping : Shipping orderer : ScheduleProcessing
i + ]
shippingService
shipping: Shipping | orderer:ScheduleProcessing
| shipping: Shipping | | orderer:SchedulePracessng

1: requestShipping

I
|
1,1: processSchedue U

Figure 17: Fulfilling the ShippingContract ServiceContract
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Figure 18 shows a Participant that assembles amaects a number of other Participants in ordeultd!f
the Process Purchase Order ServicesArchitectuthidicase, the roles in the ServicesArchitectuee a
typed by either Servicelnterfaces or Participantsthe architecture specifies the expected intienact
between those Participants in order to accompbishesdesired result.

«specification, ParticipantArchitecture»
= |IManufacturer Architecture

«5ervicePoint» purchasing : Purchasing |

2

«Participant»
= |Manufacturer

+ServicePoint» invoicing | InveoicingService

e ™ 2
orderProcessor : OrderProcessor l | o =]
o | invoicer ; Invoicer

—+ReguestPoint» invoicing : Invo\cwngService}

. " i ing —t = |
«ServicePoint» purshaser : Pur:l’|as|m;7j rReguestFomt» schef;!yh_ng_. S:heduhng_‘_ ._b' Dl etams T Brotct

o
> i * '
+«ServicePoint» purchasing : Purchsing +ServicePoints scheduling ! Scheduling

|--'-TRequestPoint» shipping : ShippingService
i, ‘..\\ .
I =
=]
Lok = Q shipper : Shipper

«ServicePoints shipping : ShippingService

Figure 18: Fulfilling the Process Purchase Order Cotract

The orderProcessor part is bound to the orderPsocesle in the ServicesArchitecture. This part is
capable of playing the role because it has the ¢gpseas the role in the architecture. The invopt is
bound to the invoicing role of the ServicesArchitee. This part is capable of playing this role dese it
provides a Service whose Servicelnterface is theesas the role type in the ServicesArchitecture Th
scheduling and shipping roles are similar.

Additions to UML2
CollaborationUse extends UML2 CollaborationUsertdide the isStrict property.

Port

Extends UML Port with a means to indicate wheth@oanection is required on this ConnectableElement
or not

Extends Metaclass
Port

Description

ConnectableElement is extended with a connectoriRaEdjproperty to indicate whether a connector is
required on this connectable element, or the coimtgiclassifier may be able to function without tiyg
connected

Attributes

« connectorRequired: Boolean [0..1] =true  Indicatlether a connector is required on this
ConnectableElement or not. The default value is.tru
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Associations

* No additional Associations.

Constraints

No additional constraints.

Semantics

Participants may provide many Services and haveyrRaguests. A Participant may be able to function
without all of its Services being used, and it roayable to function, perhaps with reduced qualitfes
service, without a services connected to all oRégjuests. The property connectorRequired seti¢odn a
Port indicates the Port must be connected to at tg@e Connector. This is used to indicate a Semant
that must be used, or a Request point that musatisfied. A Port with connectorRequired set tedal
indicates that no connection is required; the doittg Component can function without interactingtwi
another Component through that Port.

More generally, when connectorRequired is setue, tthen all instances of this ConnectableElemerst m
have a Connector or ServiceChannel connected.iF ttie default situation, and is the same as UNIL. |
connectorRequired is set to false, then this imditation that the containing classifier is alddunction,
perhaps with different qualities of service, omgsa different implement, without any Connector
connected to the part.

Notation

No additional Notation.

Additions to UML2

Adds a property to indicate whether a Connectoedsiired on a ConnectableElement or not.

MessageType

The specification of information exchanged betwservice consumers and providers.

Extends Metaclass
DataType

Class

Description

A MessageType is a kind of value object that regmesinformation exchanged between participant
requests and services. This information consistiatd passed into, and/or returned from the invocatf
an operation or event signal defined in a serviteriace. A MessageType is in the domain or service
specific content and does not include header arathplementation or protocol-specific information.

MessageTypes are used to aggregate inputs, o@pditsxceptions to service operations as in WSDL.
MessageTypes represent “pure data” that may be cmicated between parties — it is then up to the
parties, based on the SOA specification, to intdrflris data and act accordingly. As “pure datassage
types may not have dependencies on the environheeatjon or information system of either partyhist
restriction rules out many common implementatiahtéques such as “memory pointers”, which may be
found inside of an application. Good design poasisuggest that the content and structure of messa
provide for rich interaction of the parties withautnecessarily coupling or restricting their bebawar
internal concerns.
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The terms Data Transfer Object (DTO), Service [atgect (SDO) or value objects used in some
technologies are similar in concept, though they i imply certain implementation techniques. AT
represents data that can be freely exchanged begsfress spaces, and does not rely on specifitidoc
information to relate parts of the data. An SD@ &andard implementation of a DTO. A Value Object
Class without identity and where equality is defify value not reference. Also in the business avot
areas of business where EDI is commonplace) tine Bicument is frequently used. All these concepts
can be represented by a MessageType.

Note: MessageType should generally only be appbddataType since it is intended have no identity.
However, it is recognized that many existing modkelsot clearly distinguish identity, either mixiddass
and DataType, or only using Class. Recognizing B@=aML allows MessageType to be applied to Class a
well as DataType. In this case, the identity impli®y the Class is not considered in the Message Thpe
Class is treated as if it were a DataType.

Attributes
e encoding: String [0..1] Specifies the encodinghaf message payload.

Associations

No additional associations

Constraints

MessageType cannot contain ownedOperations.
MessageType cannot contain ownedBehaviors.
All ownedAttributes must be Public

All ownedAttributes of a MessageType must be Priraifype, DataType or another MessageType or a
reference to one of these types.

Semantics

MessageTypes represent service data exchangeddmeserrice consumers and providers. Service data i
often a view (projections and selections) on infation or domain class models representing ther{ofte
persistent) entity data used to implement servaréigipants. MessageType encapsulates the inputisyts
and exceptions of service operations into a tyget@n direction. A MessageType may contain atiebu
with isID set to true indicating the MessageTypatams information that can be used to distinguish
instances of the message payload. This informattiay be used to correlate long running conversations
between service consumers and providers.

A service Operation is any Operation of an Intexfpoovided or required by a ServicePoint or
RequestPoint. Service Operations may use two diffgparameter styles, document centered (or message
centered) or RPC (Remote Procedure Call) cent&recument centered parameter style uses
MessageType for ownedParameter types, and the fpecan have at most one in, one out, and one
exception parameter (an out parameter with isExoeset to true). All parameters of such an openati
must be typed by a MessageType. For RPC style tipesaa service Operation may have any number of
in, inout and out parameters, and may have a rg@arrameter as in UML2. In this case, the parameter
types are restricted to PrimitiveType or DataTypleis ensures no service Operation makes any
assumptions about the identity or location of ahigsoparameters. All service Operations use cglisalue
semantics in which the ownedParameters are valeetstor data transfer objects.

Notation
A MessageType is denoted as a UML2 DataType withiihessageType» keyword.
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Examples

Figure 19 shows a couple of MessageTypes that maysed to define the information exchanged between
service consumers and providers. These Messagemgebe used as types for operation parameters.

«MessageType» «MessageTypes
o POMessage _ Invuice%esys%ge
1 [+ «Attachment» form : String 1 + «id» invoiceld ; String
+ «Attachment» content ; InvoiceContent
« .|, + Ccustomer 1 + po

Customer «dataTypes
+ customerId : String PurchaseOrder
+ «id=» name : Mame + «id# oid : String
+ address ; String + totalPrice @ Integer
+ creditScore ; Integer + priority ; Integer

Figure 19: MessageTypes in Purchase Order Procesgin

MessageTypes can have associations with other geessal data types as shown by the relationship
between POMessage and Customer — such associatiside aggregations.

Figure 20 shows two examples of the Purchasingfite it its processPurchaseOrder Operation. The fi
example uses document or message style parameters the types of the parameters are the
MessageTypes shown above. The second version uses'@bject Oriented” Remote Procedure Call
(RPC) style which supports multiple inputs, outpansl a return value. The choice to use depends on
modeler preference and possibly the target platf@ome platforms such as Web Services and WSDL
require message style parameters, which can beedréfam either modeling style. It is possible to
translate RPC style to message parameters inghsform, and that's what WSDL wrapped doc-literal
message style is for. But this can result in mar§DV messages containing the same information that
could cause interoperability problems in the ruetipatform.

Message-style
- parameter types

Document Style

«interfaces
Purchasing

+ processPurchaseOrder [ po @ POMessage, invoice @ InvoiceMessage )

__ RPC-style
L=="" parameter types

RPC Style e

«interfaces

Invoicing
+ initiatePriceCalculation { customerInfo @ Customer, purchaseCrder @ PurchaseCrder )
+ completePriceCalculation ( shippingInfo @ Manifest )

Figure 20: Document and RPC Style service operatioparameters
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The relationship between MessageTypes and the efdisifiers that act as their data sources is
established by the semantics of the service itbkelfv the service parameters get their data fromadom
entities, and how those domain entities are updaésedd on changes in the parameter data is the
responsibility of the service implementation.

Additions to UML2

Formalizes the notion of object used to represarg gdata and message content packaging in UML2
recognizing the importance of distribution in thmakysis and design of solutions.

Milestone

A Milestone is a means for depicting progress inawiors in order to analyze liveness. Milestones ar
particularly useful for behaviors that are longilas or even infinite.

Extends Metaclass

¢ Comment

Description

A Milestone depicts progress by defining a sighat is sent to an abstract observer. The signdasman
integer value that intuitively represents the antaimprogress that has been achieved when pasgioma
attached to this Milestone.

Provided that a SoaML specification is availablis ppossible to analyze a service behavior (a Epatit
or a ServiceContract) to determine properties efgfogress value. Such analysis results couldgoehat
the progress value can never go beyond a certaie vahis could then be interpreted as a measutigeof
potential worth of the analyzed behaviors. In ditres where alternative service behaviors are censt
as in Agent negotiations, such a progress measutazoald be a useful criterion for the choice.

Milestones can also be applied imperatively asifipation of tracing information in a debugging or
monitoring situation. The signal sent when the Btitbme is encountered may contain arguments that can
register any current values.

Progress values may be interpreted ordinally irsthese that a progress value of 4 is higher thaogress
value of 3. A reasonable interpretation would k& the higher the possible progress value, thebett
Alternatively the progress values may be intergreteminally as they may represent distinct reaahabl
situations. In such a case the analysis would lmeensider sets of reachable values. It wouldcaibi be
a reasonable interpretation that reaching a supefsalues would constitute better progress palgsis.
Attributes

» progress: Integer The progress measurement.

Associations
« signal: Signal [0..1] A Signal associated with thigestone

e value: Expression [0..1] Arguments of the signakwlthe Milestone is reached.

Constraints

No new constraints.

Semantics

A Milestone can be understood as a “mythical” SigAamythical Signal is a conceptual signal thasést
from the behavior every time a point connectechNlilestone is passed during execution. The siignal
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sent to a conceptual observer outside the systatistiable to record the origin of the signal, skgnal
itself and its progress value.

The signal is mythical in the sense that the sendfrsuch signals may be omitted in implementedesys
as they do not contribute to the functionality lé behavior. They may, however, be implementeldeifet
is a need for run-time monitoring of the progrefthe behavior.

Notation

A Milestone may be designated by a Comment witMdestone» keyword. The expression for the signal
and signalValue is the signal name followed byekgression for the signal value in parenthesis.

Examples
‘ orderer : Orderer order processor : OrderProcessor
I I
| 1: fulfilPurchazeCrderipurchazeCrder=] |
alt 11711
11 2 shipmentScheduled?) Dol i
- «Milestone
Order <1>
[elze]
3 orderRejected()
A D
| «Milestone
Order <0>

Figure 21: Milestones on Ordering Behavior

In Figure 21 we have taken the ordering behavimmfFigure 3 and added Milestones to show the
difference in worth between the alternatives. Aesdhat plays the role of order processor and ogjlgcts
order will be less worth than a seller that casti@wvn to provide the shipping schedule. The latiéir
reach the progress value 1 while the former wiliydoe able to reach progress value 0. In both ctwes
signal Order will be sent to the virtual observer.

Additions to UML2

Distinguishes that this is a concept that addsingtto the functional semantics of the behaviod aray
as such be ignored by implementations.

Participant

A participant is the type of a provider and/or ammsr of services. In the business domain a ppatiti
may be a person, organization or system. In tetesys domain a participant may be a system, apiplica
or component.

Extends Metaclass

Class
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Description

A Participant represents some (possibly concredgtymr component that provides and/or consumes
services — participants may represent people, agtons or systems that provide and/or use sesvige
Participant is a service provider if it offers avsee. A Participant is a service consumer if gsis service

— a participant may provide or consume any numbeervices. Service consumer and provider are roles
Participants play: the role of providers in somevises and consumers in others, depending on the
capabilities they provide and the needs they hawatry out their capabilities. Since most consunaerd
providers have both services and requests, Paatitip used to model both.

Participants have ServicePoint and RequestPoim$ pdrich are the interaction points where servares
offered or consumed respectively. Internally aipgrant may specify a behavior, a business prooess
more granular service contract as a Participanhifacture.

A Participant may have CollaborationUses that iattiavhat ServiceContracts, ParticipantArchitectures
and ServicesArchitectures it fulfills and may atkfine associated participant architecture. Thespdra
Participant, its services and requests as welttsesr properties, may be bound to the roles they ipla
these services architectures. A concrete Partitipay also realize any number of «specification»
Participants (see UML2.x specification keyword apécification components).

The full scope of a SOA is realized when the relathip between participants is described using\aces
architecture. A services architecture shows homigigants work together for a purpose, providimgl a
using services.

Attributes

No additional attributes.
Associations

Constraints
A Participant cannot realize or use Interfacesadiyeit must do so through Service and Requesttpoi

* Note that the technology implementation of a congmvimplementing a participant is not bound
by the above rule in the case of it's internal texdbgy implementation, the connections to a
participant components “container” and other imp@tation components may or may not use
services.

Semantics

A Participant is an Agent, Person, Organizatiorgadizational Unit or Component that provides and/or
consumes services through its Service and Requessplt represents a component that (if not a
specification or abstract) can be instantiateime execution environment or organization and cotaake
to other participants through ServiceChannels deoto provide its services. Participants may be
organizations or individuals (at the business [egekystem components or agents (at the I.T. Jevel

A Participant implements each of its provided sexvoperations. UML2 provides three possible ways a
Participant may implement a service operation:

Method: A provided service operation may be thegjgation of an ownedBehavior of the Participant.
The ownedBehavior is the method of the operatiohelithe operation is invoked by some other
participant through a ServiceChannel connectinégquest to this Participant’s Service, the metkod
invoked and runs in order to provide the servicey Behavior may be used as the method of an Operati
including Interaction, Activity, StateMachine, PwoblStateMachine, or OpaqueBehavior.

Event Handling: A Participant may have already rngrownedBehaviors These behaviors may have
forked threads of control and may contain AcceptiE&etion or AcceptCallAction. An
AcceptEventAction allows the Participant to resptmd triggered SignalEvent. An AcceptCallAction
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allows the Participant to respond to a CallEvehis®llows Participants to control when they arling
to respond to an event or service request. Contiitsthe method approach above for implementing a
service operation where the consumer determines weemethod will be invoked.

Delegation: A Participant may delegate a servica service provided by one of its parts, or toer.us

part of a participant may also delegate a RequesiRequest of the containing participant. Thigvedl
participants to be composed of other participantsomponents, and control what services and Resgjuest
are exposed. Delegation is the pattern often fmddgacy wrapping in services implementations.

SoaML does not constrain how a particular participaplements its service operations. A single
participant may mix delegation, method behavions| accept event actions to implement its serviées.
participant may also use different kinds of behatdaimplement operations of the same service or
interface provided through a service. Differema®te participants may realize or subclass the
responsibilities of an abstract participant.

Semantic Variation Points

Behavioral compatibility for a ComponentRealizatiera semantic variation point. In general, théonst
of methods implementing Operations in a realiziagtiRipant should be invoked in the same ordehasd
of its realized specification Participants if aByut how this is determined based on flow analysisat
specified.

Notation

A Participant may be designated by a «participatgreotype. Specification Participants will havéhbibe
«participant» and «specification» stereotypes.

Examples

Figure 22 shows an OrderProcessor Participant witiohides the purchasing Service. This service
provides the Purchasing Interface which has a siogpability modeled as the processPurchaseOrder
Operation. The OrderProcessor Participant alsdleggiests for invoicing, scheduling and shipping.
Participant OrderProcessor provides a method agtpiocessPurchaseOrder, for its processPurchdseOr
service operation. This activity defines the impégration of the capability.
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«interfaces «interface»
Purchasing InvoiceProcessing
+ processPurchaseCrder { customerInfor @ Customer, purchaseOrder : PurchaseCrder ) @ Invoice + «signal» processInvoice ( invoice : Invoice )

«Participants
= | OrderProcessor

iy |

RequestPoint» invoicing : InveicingService
blnvoiceProcessing
Inveicing
«ServicePoint» purchasing : Purchasing

RequestPoint* scheduling : Scheduling
Purchasingﬁ:] [L(E

cheduling

Scheduling
|: RequestPoint» shipping : ShippingService
jizﬁhipping
ScheduleProcessing
|\+/|
«interface»

ScheduleProcessing

processPurchaseOrder + «signal» processSchedule ( schedule : Schedule )
customerInfo : processPurchaseOrder invoice

purchaseOrder

Figure 22: The OrderProcessor Participant

Figure 23 shows a Shipper specification Participénth is realized by the Shipperimpl Participdtither
may be used to type a part that could be conneettite shipping Request of the OrderProcessor
Participant, but using Shipper would result in lesspling with the particular Shipperimpl
implementation.

wspecifications

Shipping

Shipper
«ServicePoints shipping : ShippingServic
ScheduleProcessing

R

wParticipant
Shipping £ | ShipperImpl

«ServicePaint: shipping : ShippingService :l []

ScheduleProcessing

Figure 23: The Shipper specification and the Shippémpl realization Participants

Figure 24 shows a Manufacturer Participant whiciin@ssembly of references to other participants
connected together through ServiceChannels in dodexalize the Manufacturer Architecture
ServicesArchitecture. The Manufacturer participssgs delegation to delegate the implementatiots of i
purchaser service to the purchasing service ofraei®rocessor participant.
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«specification, ParticipantArchitecture»
= |IManufacturer Architecture

«5ervicePoint» purchasing : Purchasing |

2

«Participant»
= |Manufacturer

+ServicePoint» invoicing | InvoicingService

‘,
g e |
T | invoicer ; Invoicer

--FP.emIestPoint» invoicing : Invo\cwngService}

orderProcessor | OrderProcessor

«5ervicePoint» purshaser : Pur:l’|as|m;7j ‘r:l -rReguestFomt» schef;!yh_ng_: S(heduhng_‘"’bl Dl etams T Brotct
= it

| f-
+«ServicePoint» purchasing : Purchsing +ServicePoints scheduling ! Scheduling

|--'-TR=qu=stPoint» shipping : ShippingService
i, ‘..\\ .
I =
=]
s = q shipper : Shipper

«ServicePoint» shipping : ShippingService

Figure 24: The Manufacturer Participant

Additions to UML2

Participant is a stereotype of UML2 Class or congmawith the ability to have services and requests.

Request points are introduced to make more expiieidistinction between consumed needs and prdvide
capabilities, and to allow the same Servicelnterfactype both. This avoids the need to createtiaddi
classes to flip the realization and usage depenelentorder to create compatible types for thagat the
each end of a connector. It also avoids havingttoduce the notion of conjugate types.

ParticipantArchitecture

Note: Participant Architecture is being deprecdiedhe SoaML Finalization Task Force in favor oiings
a “Services Architecture” diagram type for partaip architectures. However, the examples below lpeay
used in a services architecture diagram.

The high-level services architecture of a partiotghat defines how a set of internal and external
participants use services to implement the respditigis of the participant.

Extends Metaclass

Class or Component

Description

A ParticipantArchitecture describes how internatipgpants work together for a purpose by providamgl
using services expressed as service contractspdrtieipant architecture is a kind of serviceshdecture
(See ServicesArchitecture, below) for a particplarticipant. By expressing the use of services, the
ParticipantArchitecture implies some degree of kieolge of the dependencies between the particifants
the context of the containing participant.

A participant architecture is similar to a Servisezhitecture detailed below and the descriptioswth an
architecture is not repeated here. The only diffeis that a participant architecture is based on
structured classifier rather than a collaboratiod ean therefore for external ports that represent
interactions with external participants.
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A Participant may play a role in any number of gs¥s architecture thereby representing the role a
participant plays and the requirements that ealehplaces on the participant.

Attributes

No new attributes.

Associations

* No new associations.

Constraints

The parts of a ParticipantArchitecture must be dypy a Participant or Capability. Each participant
satisfying roles in a ServicesArchitecture or RgstintArchitecture shall have a port for each toieling
attached to that participant. This port shall hawgpecompliant with the type of the role used in the
ServiceContract..

Semantics

Standard UML2 Collaboration semantics are augmentddthe requirement that each participant used in
a services architecture must have a port compligthtthe ServiceContracts the participant provides
uses, which is modeled as a role binding to theofiseservice contract.

Example Participant Services Architecture

Many enterprise participants are made up of smahés that collaborate to make the enterprise work
When a patrticipant is “decomposed” it can contales for other participants that also provide asel u
services. In this way the services architecturestart with the “supply chain” represented as B2B
collaborations and drill-down to the roles withim @nterprise that realize that supply chain. Theices
architecture of such a participant is modeled esmaposite component with the «ParticipantArchitestu
stereotype.

==Participart Architecture==
ManufacturerComponent

e e e [ :.ﬂ_l.ccuuntiilg
. . =
,:‘ : Imroicing Service - = = pEyer |
il e —— 1
- notified
Seller !'_;“5 \
|
. = = = =
.Y - : Order Complete Service ':,
e e — —
* T
\_ )
” | notifier
S I
— —

_:_Drdering Sewiu:é_

-‘-\-—\_ o

; | :OrderP i
__ATrdet procezsar o G oo Tocessing

Figure 25: Participant’s services architecture
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The figure, above shows a participant’s servicebitecture. The “Manufacturer component” is congzbs
of “Accounting” and “Order Processing”. The “sellservice port on the Manufacturer component shows
the external responsibility of the manufacturerchhis then delegated to the accounting and order
processing parts. In participant architecturedfsae frequently services connected between irtesles

or between internal roles and external ports. “Oreler CompleteService” shows a service that isriml

to the Manufacturer while both the “InvoicingSer/iand “Ordering Service” are delegated from the
Manufacturer component to the internal participaat€ounting and OrderProcessing, respectively.

The business process of the manufacturer is thavimtthat may be associated with the participant’s
services architecture. Each role in the architectorresponds with a swim lane or pool in the fess
process.

Property

The Property stereotype augments the standard UtdpePty with the ability to be distinguished as an
identifying property meaning the property can bedu® distinguish instances of the containing Gliess
This is also known as a “primary key”. In the aiitof SoaML the ID is used to distinguish the
correlation identifier in a message.

Extends Metaclass
Property

Description

A property is a structural feature. It relatesmstance of the class to a value or collection tfesof the
type of the feature. A property may be designatedraidentifier property, a property that can bedus
distinguish or identify instances of the containalgssifier in distributed systems.

Attributes

e isID: Boolean [0..1] = false Indicates the propeartytributes to the identification of
instances of the containing classifier.

Associations

No additional associations.

Constraints

No additional constraints

Semantics

Instances of classes in UML have unique identitywtihis identity is established, and in what conhtex
not specified. Identity is often supported by ar@xion environment in which new instances are
constructed and provided with a system-suppliedtitiesuch as a memory address. In distributed
environments, identity is much more difficult to maae in an automated, predictable, efficient wde T
same issue occurs when an instance of a Classifist be persisted as some data source such dg &tab
a relational database. The identity of the Classifiust be maintained in the data source and szstehen
the instance is reactivated in some execution enment. The instance must be able to maintain its
identity regardless of the execution environmemwliich it is activated. This identity is often used
maintain relationships between instances, anddntify targets for operation invocations and events

Ideally modelers would not be concerned with instaidentity and persistence and distribution wdadd
transparent at the level of abstraction supposiryices modeling. Service models can certainlgrbated
ignoring these concerns. However, persistence etidbdition can have a significant impact on seguri
availability and performance making them concehas bften affect the design of a services architect
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SoaML extends UML2 Property, as does MOF2, withah#ity to indicate an identifying property whose
values can be used to uniquely distinguish instantéhe containing Classifier. This moves the
responsibility of maintaining identity from the wmtying execution environment where it may be difft

to handle in an efficient way to the modeler. Oft@portant business data can be used for idertiidica
purposes such as a social security number or psgabraler id. By carrying identification information
properties, it is possible to freely exchange imsts into and out of persistent stores and betseesices
in an execution environment.

A Classifier can have multiple properties with isdBt to true with the set of such properties capabl
identifying instance of the classifier. Compoundritifiers can be created by using a Class or DaaTy
define a property with isID=true.

Notation

An identifying property can be denoted using thealigroperty notation {isID=true} or using the
stereotype «id» on a property which indicates istDe.

Examples
Figure 19 show an example of both data and megsgpgs with identifying properties.

Figure 26 shows an example of a typical Entity/Reteship/Attribute (ERA) domain model for Customer
Relationship Management (CRM). These entities @prepossibly persistent entities in the domaid, an
may be used to implement CRM services such as gsowgepurchase orders. The id properties in these
entities could for example be used to create pgraad foreign keys for tables used to persist tieetities
as relational data sources.
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ity
Customer
+ customerId @ String
+ «id= name ; Mame
+ address @ String
+ creditScore @ Integer

w“clataTypes
Mame
+ «id# firstname : String
+ «id» lastMarme @ String

1 | + customer

wantitys
+ invoice Invoice

A wide invoiceld ;. String

+ purchaseorder | * +po|1
_ wentitys
wentity» Manifest
PurchaseOrder + po + manifest + «id» shipperld : String
+ «id» cid : String + shipperMame : String
+ totalPrice : Integer 1 1 + address : String
+ pricrity : Integer + phonemumber ; String

+ customerFirstMame ; String
+ customerLastMame : String
1 . + po Wity
+ schedule e
1|+ deliveryDate © String
+ «id poid : String

4
1

+ item «entity»
Item

* |+ name : String

+ guantity ; Integer

Figure 26: Example entities from the CRM domain moe!

Additions to UML2

Adds the isID property from MOF2 in order to fafzle identification of classifier instances in atdbuted
environment.

Provider

The Provider stereotype specifies an interfacearalpart as playing the role of a provider in a
provider/consumer service.

Extends Metaclass

Interface and Part (In a ServiceContract or Semriteeface)

Description

A typical service has a “Provider” and “Consumaer’tistinguish the role of the entity offering and
requiring a service, respectively. The consumpictlly initiates the interaction to request a sanand
the provider typically responds by either rejectihg service request or performing the service and
returning results according to the service contoacervice interface.
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The provider stereotype identifies an interface amdle in a ServiceContract or Servicelnterface as
playing the “Provider” role. A Provider interfaceagnthen be used as the type of a ServicePoint.
Attributes

* No additional Associations.

Associations

* No additional Associations.

Constraints
A part typed by Provider will have as its type aterface that is a Provider.

A part that is a provider must be a part of a ergiontract or service interface.

Semantics

A port or ServicePoint may be typed by a proviaégiface to indicate that the classifier owning thart
will be providing the service specified for the pider. The provider will be the recipient of a reage
requesting that they provide the service. Theideywill either perform the service or indicatathhey
are unwilling or incapable of doing so as defingdhe interface. The service provider is obligatzd
abide by the contract specified in the ServiceGmtor Servicelnterface related to the Providesrface.

A part typed by Provider will have as its type aterface that is a Provider.

Examples
T B ==ServiceContract== ST _
- Ordering Service T~
_—— — = — = —— — = — e — e — e e — — == »
o
i — — | — e — - " p
1 ==C0nsumer== il | ==Pravider== ol |
b’ orderer : Ordererinterface | order processor : OrderProcessorinterface y,
“ | | | |
- e L = — - -
T = 7 k| _
_."_\_ . ———— i e ==
g | \
type,
/ ype
|- |
-4 :
| ==Consumer=> ‘ eFratErs y
_l?llrdererlnterface OrderProcessorinterface |
!:ipclﬂi':‘:gscigs%u'em ‘ +HulfilPurchaseCrder| purchaseCrder | Purchaze Order Msg ) i

RequestPoint
A RequestPoint models the use of a service byticipemt and defines the connection point throudictv
a Participant makes requests and uses or cons@emases.

Extends Metaclass
Port
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Description

A RequestPoint is interaction point through whiatoasumer accesses capabilities of provider senése
defined by Servicelnterfaces and ServiceContrétcitscludes the specification of the work requifeam
another, and the request to perform work by anoth&equestPoint is the visible point at which pdev
services are connected to consumers, and througih wiey interact in order to produce some reallavor
effect. A RequestPoint defines a capability thatesents some functionality addressing a needtrend
point of access to fulfill those needs in an exiecutontext. The need is defined by a Requestrownied
by a Participant and typed by a Servicelnterfacki@rface. The connection point is defined by & pa
whose type is the Servicelnterface defining thelsee

A RequestPoint may also be viewed as some neest of s2lated needs required by a consumer
Participant and provided by some provider Partitipghat has some value, or achieves some objexftive
the connected parties. A RequestPoint is distitguisrom a simple used Operation in that it maypine

a conversation between the parties as specifiebine communication protocol that is necessary tet me
the needs.

RequestPoint extends UML2 Port and changes howigedwand required interfaces for the and are
interpreted. The capabilities consumed througtRbguestPoint, its required interfaces, are derinad
the interfaces realized by the service's Servieefate. The capabilities provided by consumergdeioto
use the service, its provided interfaces, are ddrfvom the interfaces used by the service's
Servicelnterface. These are the opposite of theiged and required interfaces of a Port or Seraivg
indicate the use of a Service rather than a prawisf a service. Since the provided and requinéstfaces
are reversed, a request is tise of the service interface — or logically thenjugate type of the provider.

Distinguishing requests and services allows thees@arvicelnterface to be used to type both theuwrors
and provider ports. Any RequestPoint can conneahtoServicePoint as long as their types are
compatible. Requisition and Service effectivelyggRorts a direction indicating whether the capidsli
defined by a Servicelnterface are used or provided.

Attributes

No new attributes.

Associations

No new associations

Constraints
The type of a RequestPoint must be a Servicelmerda an Interface

The direction property of a RequestPoint must ibéoseutgoing

Semantics

A RequestPoint represents an interaction pointinovhich a consuming participant with needs intisra
with a provider participant having compatible cajtits.

A RequestPoint is typed by an Interface or Serviegface which completely characterizes specifiedse
of the owning Participant. This includes requirettifaces which designate the needs of the Paatitip
through this RequestPoint, and the provided inbeavhich represent what the Participant is wilkumgl
able to do in order to use the required capatslitiealso includes any protocols the consumindi¢ipant
is able to follow in the use of the capabilitiesotigh the RequestPoint.

If the type of a RequestPoint is a Servicelnterftiten the Request's provided Interfaces are teeféices
used by the Servicelnterface while it's requiregtifaces are those realized by the Servicelnterfadee
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type of a RequestPoint is a simple Interface, therrequired interface is that Interface and there
provided Interface and no protocol.

Notation
A RequestPoint may be designated by a Port wittee# «RequestPoint» keyword and/or an outgoing
arrow inside the RequestPoint.

Examples

Figure 27 shows an example of an OrderProcessticipant which has a purchasing Service and three
Requests: invoicing, scheduling and shipping thatraquired to implement this service. The
implementation of the purchasing Service uses dipalgilities provided through Services that will be
connected to these Requests.

OrderProcessor

[IRequasthnt» invoicing ¢ InvoicingService
[IRequasthntw shipping : ShippingService

[jRequasthnt» scheduling : Scheduling

«ServicePoints purchasing : Purchasing

id : String shippingInfo : Manifest schedule : Schedule

Figure 27: Requests of the OrderProcessor Participd

The invoicing Request is typed by the Invoicing$sxServicelnterface. The scheduling Request isdyp
by the Scheduling Interface. This is an exampla simple Request that specifies simply a list @dse It
is very similar to a Reference in SCA. See secHBervicelnterface for details on these service fates.
See section Service for examples of Participamtsgiovides services defined by these servicefades.

Additions to UML2

A RequestPoint essentially adds directions to UNPa?ts. The purpose of a RequestPoint is to clearly
distinguish between the expression of needs andffeeof capabilities. Needs and capabilities deéned
by required and provided interfaces respectivelML ports can do this by creating different types f
ports that express the needs and capabilities &yassand realizations. However this is often ineoment
as it requires the creation of additiosahjugate types to define compatible types for of connectable port
an each end of a connector. SoaML makes it cleathven capabilities are being provided or required
through a port so that the same type may be useéefiime both the usage of a service and its prowisi

ServicePoint

A ServicePoint is the offer of a service by onetipgrant to others using well defined terms, coiodis and
interfaces. A ServicePoint defines the connectimintthrough which a Participant offers its capitibi
and provides a service to clients.

Extends Metaclass

ConnectableElement
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Description

A ServicePoint is a mechanism by which a providatiBipant makes available services that meet the
needs of consumer requests as defined by Servckloges, Interfaces and ServiceContracts. A
ServicePoint is represented by a UML Port on aiéipaint stereotyped as a «ServicePoint», .

By referencing a service interface a ServicePomy mclude the specification of the value offered t
another, and the offer to provide value to anotAegervice port is the visible point at which comsr
requests are connected to providers, and througthwhey interact in order to produce some realdvor
effect.

A ServicePoint may also be viewed as the offeoofie service or set of related services provided by
provider Participant and consumed by some cons®asicipants that has some value, or achieves some
objective of the connected parties. A ServicePigidistinguished from a simple Operation in thahay
involve a conversation between the parties as pgdly some communication protocol that is neagssa
to meet the common objective.

The capabilities provided through the servicepitsvided interfaces, are derived from the interface
realized by the service's Servicelnterface andhéurtletained in the service contract. The capagsilit
required of consumers in order to use the serit&eequired interfaces, are derived from the faiees
used by the service's Servicelnterface. Theseharsame as the provided and required interfactseof
Port that is a generalization of ServicePoint .

Attributes

No new attributes.

Associations

No New associations.

Constraints
The type of a ServicePoint must be a Servicelnterta an Interface

The direction property of a ServicePoint must lmming

Semantics

A ServicePoint represents an interaction pointuglowhich a providing Participant with capabilities
provide a service interacts with a consuming pigdict having compatible needs. It represents agtahe
end of a ServiceChannel connection and the pointutih which a provider satisfies a request.

A ServicePoint is typed by an Interface or Serviteiface that, possibly together with a Service €ty
completely characterizes specific capabilitieshef producing and consuming participants’ respolitssi
with respect to that service. This includes progidderfaces which designate the capabilities ef th
Participant through this Service, and the requinéetfaces which represent what the Participartdsiires
of consumers in order to use the provided capeagslitt also includes any protocols the providing
Participant requires consumers to follow in the afstine capabilities of the Service.

If the type of a ServicePoint is a Servicelnterfaben the Service's provided Interfaces are tterfaces
realized by the Servicelnterface while it's reqditaterfaces are those used by the Servicelnterfatie
type of a ServicePoint is a simple Interface, tthenprovided interface is that Interface and therm
required Interface and no protocol. If the Serviterface or UML interface typing a service port is
defined as a role within a ServiceContract — theise port (and participant) is bound by the sercarand
constraints of that service contract.
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Notation

A Service may be designated by a Port with eitheBarvicePoint» keyword and/or an incoming arrow
inside the service port.

Examples

Figure 28 shows an invoicing service provided byramicer Participant. In this example, the Inveice
Participant realizes the Invoicing UseCase thatriless the high-level requirements for the service
provider and its services. The invoicing Servict/ped by the InvoicingService Servicelnterfacechhi
defines the interface to the service. See thewe&ervicelnterface for further details on this
Servicelnterface.

In\ru;lf"cing

wParticipants=
Invoicer

Invoicing
+5eryicePoint: invoicing : InvnicingSewi; |

InvoiceProcessing

€ D)

N
initiatePriceCalculation

' completePriceCalculation

Figure 28: The invoicing Service of the Invoicer Pdicipant

The Invoicer Participant has two ownedBehaviorg an Activity and the other an OpaqueBehavior which
are the methods for the Operations provided thrabghnvoicing service and model the implementatbn
those capabilities — no stereotypes are providedese are standard UML constructs..

Figure 29 shows an example of a scheduling Sepriceided by a Scheduling Participant. In this cése,
type of the Service is a simple Interface indiaativhat capabilities are provided through the Sexvand
that consumers are not required to provide anyhibijies and there is no protocol for using thevess
capabilities. SoaML allows Services type typed lsjmaple interface in order to support this commasec
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winterfaces

Scheduling
+ requestProductionScheduling ( customerinfo @ Customer, purchaseOrder @ PurchaseOrder )
+ sendshippingSchedule { schedule @ Schedule )

wParticipants
Productions

«ServicePaints scheduling : Scheduling

requestProductionScheduling | sen dShipr;ingSr.he dule

Figure 29: The scheduling Service of the ProductiaParticipant

Productions also has ownedBehaviors which are #thads of its provided service operations.

Additions to UML2

ServiceChannel

A communication path between ServicePoints and B&t§wints within an architecture..

Extends Metaclass

Connector

Description

A ServiceChannel provides a communication path eetnwconsumer Requests and provider services.

Attributes

No new attributes.

Associations

No new associations.

Constraints

* One end of a ServiceChannel must be a Requestitarthe other a ServicePoint in an
architecture.

* The Request and Service connected by a Service€hanust be compatible
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« The contract Behavior for a ServiceChannel mustdmpatible with any protocols specified for
the connected requests and Services

Semantics

A ServiceChannel is used to connect Requests cfurner Participants to Services of provider Pardicip
at the ServiceChannel ends. A ServiceChannel emablamunication between the Request and service.

A RequestPoint specifies a Participant’s needsedifePoint specifies a Participant’s servicesrefie
The type of a RequestPoint or ServicePoint is &iGanterface or Interface that defines the neeus a
capabilities accessed by a Request through Semsickthe protocols for using them. Loosely coupled
systems imply that services should be designed littihor no knowledge about particular consumers.
Consumers may have a very different view of whatdawith a service based on what they are trying to
accomplish. For example, a guitar can make a peéfitgtive paddle if that's all you have and youstack
up a creek without one.

Loose coupling allows reuse in different contextsluces the effect of change, and is the key enable

agile solutions through an SOA. In services mod&ésyiceChannels connect consumers and providdrs an
therefore define the coupling in the system. Thejate the dependencies between consuming and
providing participants to particular Request/sesvitteraction points. However, for services to bedl
properly, and for Requests to be fully satisfiedgBests must be connected to compatible Servités. T
does not mean the Request Point and Service Poisitimave the same type, or that their Servicelated
must be derived from some agreed upon ServiceQurasathis could create additional coupling between
the consumer and provider. Such coupling wouldef@mple make it more difficult for a service to keo

to meet needs of other consumers, to satisfy @iffiecontracts, or to support different versionthefsame
request without changing the service it is conrctde

Loosely coupled systems therefore require flexdoimpatibility across ServiceChannels. Compatibility
can be established using UML2 specialization/gdizaitéon or realization rules. However,
specialization/generalization, and to a lesserrgxgalization, are often impractical in environrnsewhere
the classifiers are not all owned by the same drgéion. Both specialization and realization représ
significant coupling between subclasses and reajiciassifiers. If a superclass or realized classges,
then all the subclasses also automatically chargle wealizing classes must be examined to seleaihge
is needed. This may be very undesirable if the lasbes are owned by another organization thattisreo
position to synchronize its changes with the prexsdf other classifiers.

A RequestPoint is compatible with, and may be cotetkto a ServicePoint though a ServiceChannel if:
e The Request and Service have the same type, aithaterface or Servicelnterface
e The type of the Service is a specialization orizatibn of the type of the Request.

« The Request and Service have compatible needsamadbitities respectively. This means the
Service must provide an Operation for every Openatised through the Request, the Request
must provide an Operation for every Operation ukeolgh the Service, and the protocols for
how the capabilities are compatible between theuRgigand Service.

* Any of the above are true for a subset of a Selviedgface as defined by a port on that service
interface.
Semantic Variation Points

Behavioral compatibility between Requests and $esvis a semantic variation point.

Notation

A ServiceChannel uses the same notation as a UMiohéxrtor and may be shown using the
«serviceChannel» keyword.
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Examples

Figure 30 illustrates a Manufacturer service Piaict that assembles a number of other Participants
necessary to actually implement a service as ayabple runtime solution. Manufacturer provides a
purchaser service that it delegates to the punsbasgrvice of its orderProcessor part. ServiceCélann
connect the Requests to the Services the Orders&mcreeds in order to execute.

«Participant»
= |Manufacturer

«ServicePoint= invoicing : In\rmc\ngSelvlce

=]
ofderProcessor | OrderProcessor .
. invaicer : Trvaicer
|— «RequestPomt» invoicing IHVU\UI‘IQSEI\IICE‘
!

; ) i =1
TRequestPolnt» schefiuhng + Scheduling }__.I':" e e

«ServicePoint» purshaser ! Purchasing | a
9;1' i o=
T «ServicePaint» purchasing : Purchésing

LW
B

«ServicePoint» scheduling @ Scheduling

|—-TRequestPointx shipping : ShippingService

m shipper : Shipper = ‘
T |

«ServicePoint# shipping : ShippingService

Figure 30: The Manufacturer Participant

Additions to UML2

ServiceChannel extends UML2 Connector with moreigigesemantics for service and request
compatibility.

ServiceContract

A ServiceContract is the formalization of a bindexghange of information, goods, or obligationsateen
parties defining a service

Extends Metaclass

Collaboration

Description

A ServiceContract is the specification of the agrest between providers and consumers of a sergite a
what information, products, assets, value and abtgs will flow between the providers and consusar
that service — it specifies the service withoutaregor realization, capabilities or implementatioh
ServiceContract does not require the specificatiomho, how or why any party will fulfill their
obligations under that ServiceContract, thus priogdor the loose coupling of the SOA paradigm. In
most cases a ServiceContract will specify two r@pesvider and consumes) but other service roles may
be specified as well. The ServiceContract may algo a behavior that specifies the sequencingef th
exchanges between the parties as well as theirgsstate and delivery of the capability. The odne
behavior is thehoreography of the service and may use any of the standard BbHaviors such as an
interaction, timing, state or activity diagram.

Enterprise services are frequently complex andede&.g., placing an order within the context tdreg-
term contract). A ServiceContract may use othstateServiceContracts representing nested serascas
CollaborationUse. Such a nested service is peddramd completed within the context of the larger
grained service that uses it. A ServiceContraicigusested ServiceContracts is callecbanpound service
contract.

One ServiceContract may specialize another sepaogact using UML generalization. A specialized
contract must comply with the more general contbattmay restrict the behavior and/or operatiorsius
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A specialized contract may be used as a generédamtror as a specific agreement between spedfites
for their use of that service.

A ServicesContract is used to model an agreemewele@ two or more parties and may constrain the
expected real world effects of a service. Servicgfa@ts can cover requirements, service intemastio
quality of service agreements, interface and ctgragahy agreements, and commercial agreements.

Each service role in a service contract has a type&h must be a Servicelnterface or UML Interfacel
usually represents a provider or consumBre ServiceContract is a binding agreement on entities that
implement the service type. That is, any party that “plays a role” in a Servi@entract is bound by the
service agreement, exchange patterns, behavio¥landageType formats. Note that there are various
ways to bind to or fulfill such an agreement, botnpliance with the agreement is ultimately requiced
participate in the service. Due to the bindingeagnent, where the types of a service contractssé in a
ServicePoint or RequestPoint no collaboration ssequired.

The Service contract is at the middle of the Soaddiof SOA architecture constructs. The highegllis
described as a services architectures (at the contyrand participant levels) — were participants ar
working together using services. These servicesten described by a ServiceContract. The dethils
that contract, as it relates to each participaatauServicelnterface which in tern uses the messaige
types that flow between participants. The serematract provides an explicit but high-level viefitioe
service where the underlying details mat be hidateexposed, based on the needs of stakeholders.

A ServiceContract can be used in support of matgichitectural goals, including:

* As part of the Service Oriented Architecture (SOAgJuding services architectures, participant
architectures, information models and businessqa®es.

e Multiple views of complex systems

* A way of abstracting different aspects of servisaisitions

« Convey information to stakeholders and users cfelservices

» Highlight different subject areas of interest oncern

e Formalizing requirements and requirement fulfillmen

«  Without constraining the architecture for how thosguirements might be realized
« Allowing for separation of concerns.

« Bridge between business process models and SOAxswuU

e Separates the what from the how

* Formal link between service implementation anddtetracts it fulfills with more semantics than
just traceability

« Defining and using patterns of services
* Modeling the requirements for a service

* Modeling the roles the consumers and providers, playinterfaces they must provide and/or
require, and behavioral constraints on the protémolising the service.

e The foundation for formal Service Level Agreements
« Modeling the requirements for a collection of seeg or service participants

« Specifying what roles other service participantsexpected to play and their interaction
choreography in order to achieve some desiredtremiliding the implementation of a composite
service

« Defining the choreography for a business process
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Attributes

No new attributes.

Associations

No new associations.

Constraints

If the CollaborationUse for a Servicelnterface iseavices architecture has isStrict=true (the dgfaben
the parts must be compatible with the roles theybaund to. For parts to be compatible with a roftes of
the following must be true:

e The role and part have the same type,
e The part has a type that specializes the typeeofdte,
e The part has a type that realizes the type ofdhe or

e The part has a type that contains at least the dtributes and ownedOperations of the role. In
general this is a special case of item 3 wher@é#iehas an Interface type that realizes another
Interface.

Semantics

Each ServiceContract role has a type that must®eracelnterface or UML Interface. The
ServiceContract is a binding agreement on partitgpthat implements the service type. That is, @zaryy
that “plays a role” in a Service Contract is bolnydthe service agreement, interfaces, exchangerpait
behavior and Message formats. Note that thergaaieus ways to bind to or fulfill such an agreemdut
compliance with the agreement is ultimately reqiibee participate in the service as a provider or
consumer.

ServiceContract shares all the semantics of UMLRaBoration and extends those semantics by making
the service contract binding on the types of thesravithout a collaboration use being required. Any
behavior specified as part of a ServiceContratiiés a specification of how the parties that use th
service must interact. By typing a port with avB@Contract that is the type of a role in a Sex@ontract
the participant agrees to abide by that contract.

Where a Servicelnterface has a behavior and isusled as a type in a ServiceContract, the beha¥itat
Servicelnterface must comply with the service cacttr However, common practice would be to spexify
behavior in the service contract or service intfanot both.

Examples

In the context of services modeling, ServiceConsratay be used to model the specification for @ifipe
service. A ServicesArchitecture or ParticipantAtebiure may then be used to model the requirenfients
a collection of participants that provide and cansiservices defined with service contracts.

When modeling the requirements for a particulaviser a ServiceContract captures an agreement batwe
the roles played by consumers and providers o$éineice, their capabilities and needs, and thes rfigle

how the consumers and providers must interactrdles in a ServiceContract are typed by Interfdbas
specify Operations and events which comprise tloeedfgraphed interactions of the services.. A
Servicelnterface may fulfill zero or more Service@acts to indicate the requirements it fulfillst bvey

are usually one-one.

Figure 31 is an example of a ServiceContract. Tderer and order processor participate in the ecntr
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= ===erviceContract== ~
= Ordering Service

! | orderer : Orderer order processor : OrderProcessor b
’ /
: &

Figure 31: The Ordering Service Contract

The service contract diagram shows a high levesitiess view” of services but includes Serviceltegs
as the types of the roles to ground the busine=ss i the required details. While two roles arevsh in
the example, a ServiceContract may have any nupflrefes. Identification of the roles may then be
augmented with a behavior. Real-world servicegygieally long-running, bi-directional and
asynchronous. This real-world behavior shows tifi@mation and resources that are transferred leatwe
the service provider and consumer.

| orderer : Ordererinterface order processor : OrderProcessorinterface
I |
| 1: fulfilPurchaseOrder(purchazeOrder=) |

LA 0_
alt
[l » 2 shipment=cheduled)
[elze]
« 2 orderRejected()

| |
[ [
Figure 32: Ordering Service communication protocol

The above behavior (a UML interaction diagram) shewhen and what information is transferred between
the parties in the service. In this case a flliichaseOrder message is sent from the orderee torder
processor and the order processor eventually respwith a shipment schedule of an order rejected.

The service interfaces that correspond to the abpes are:
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= ==ServiceContract== o

. Ordering Service -
_ ——— = = — = — - — = — - - — — = - — — = — = — — = =
- T
i —— R e p
1 L orderer : Ordererinterface () | | order processor : OrderProcessorinterface () | |
b -— =l = 4
= 7 N -
= -
— o ,-" L - =
Fo—— IS
we! .
pe
/ \ype
P Yo
| ==CONEUMEr == { ‘ eFraiere ~1
suanrarinie fuce OrderProcessorinterface |
l:ipéiT§Q§§2§?JU|EdEJ ‘ HulfilPurchazeCrder| purchazeCrder | Purchase Order b ] | I
|

Figure 33: Service interfaces that correspond to #above

As service interface is covered in detail the exateon is not repeated here. Note that the abeméce
interfaces are the types of the roles in the Sefmtract shown in Figure 33.

The following example illustrates compound services

T ==ServiceCortract== =
= Purchasing Service ey
B T Thae peen  .omsep oo aimace e s e BN ROl L e e T U L,
-~ e e s
/ = :Ordering Service ~
orderar i 4 \
--------- — ™ — __ Ohdebprocessor
uyer:: Hiye ’V = seller : Seller |
e e e e S —— o 4
o < :Ilnwoicing Service — Ivaicer Y.
~ L 4 o
T — — -
™ e SISl == -
S _— - ™
-

Figure 34: Compound Services

Real-world services are often complex and madef ginpler services as “building blocks”. Using
services as building blocks is a good design pattethat it can decouple finer grain serves anéarthem
reusable across a number of service contracter Biain services may then be delegated to intexctats
or components for implementation. Above is an eplamf a compound ServiceContract composed of
other, nested, ServiceContracts. This pattecoismon when defining enterprise level
ServicesArchitectures — which tend to be more cemphd span an extended process lifecycle. The
purchasing ServiceContract is composed of 2 masuar ServiceContracts: the “Ordering Service” and
the “Invoicing Service”. The buyer is the “ordéref the ordering service and the “invoice receivafrthe
invoicing service. The “Seller” is the “Order pessor” of the ordering service and the “invoicefrtte
invoicing service. ServiceContracts may be nesiathy level using this pattern. The purchasingise
defines a new ServiceContract by piecing togethesd other two services. Note that it is commaan in
compound service for one role to initiate a sulviserbut then to be the client of the next — thieneo
expectation that all the services must go the sdinreetion. This allows for long-lived, rich and
asynchronous interactions between participantsserace.
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Note: A compound ServiceContract should not be wsed with a service that is implemented by calling
other services, such as may be specified with eicientServicesArchitecture and/or implemented with
BPEL. A compound ServiceContract defines a moaagjar ServiceContract based on other
ServiceContracts.

i =z=Servicelontract=» = T
e Purchasing Service ey
.l G N e e e O P TR R AR SRR T T e s s o oo e o i, 47
# R e b
v - i 0Ordering Service ~ \
/ arderer \ J \
........ e N ™ — __Ditder processor
l r huyer: Buyer ’V = seller : Seller I'j
ll' L T et
- 3 o T e — | B
% Payer = o T
o = i Ilnvoicing Service INvaIcer V.
~ \ / "
. i e M — o
~ - -
e - e
T, = —_—
=ztervicelrterfaces== J_ | =zzervicelrterface:=
Buyer |__| : Orderer - OrdetProcessor [_I Seller
] Al
| [ | :InvoiceReciever ¢ Irevoicer |

Figure 35: Service Interfaces of a compound service

A compound service has service interfaces withsp@dch port representing its role in the largerice
contract. The above example shows the Servicefawtescorresponding to the buyer and seller in the
purchasing service, a compound service. Notethigaseller has two ports, each corresponding todles
played in the ordering service and invoicing sezvitikewise, the buyer has two ports corresponting
the roles it plays in the same services. Thests poe typed by the Service Interfaces of the spording
nested services. The purchasing service spetifiesthese classes work together and defines the
behavioral specification required for each.

When a compound service is used it looks no diffetlean any other service in a services architectimus
hiding the detail of the more granular servicehia high-level architecture yet providing traceapili
through all levels.

Notation

A ServiceContract is designated using the Collaimranotation stereotyped with «serviceContract» .

Additions to UML2

ServiceContract is a UML collaboration extende@ dsnding agreement between the parties, designed
explicitly to show a service as a contract thah@ependent of but binding on the involved parties.

Servicelnterface

Defines the interface to a Service Point or RegBegtt and is the type of a role in a service cmitr
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Extends Metaclass

Class or Interface

Description

A Servicelnterface defines the interface and resbdities of a participant to provide or consume a
service. It is used as the type of a Service ouBsgPoint. A Servicelnterface is the means focifgag
how a participant is to interact to provide or aame a Service. A Servicelnterface may include djgeci
protocols, commands and information exchange byghwactions are initiated and the result of the real
world effects are made available as specified tifindhe functionality portion of a service. A
Servicelnterface may address the concepts assbeidte ownership, ownership domains, actions
communicated between legal peers, trust, busina@sséctions, authority, delegation, etc.

A Service point or Request point or role may beet/py either a Servicelnterface or a simple UML2
Interface. In the latter case, there is no protassbciated with the Service. Consumers simplyketbe
operations of the Interface. A Servicelnterface mmiap specify various protocols for using the fioal
capabilities defined by the servicer interface sipriovides reusable protocol definitions in differe
Participants providing or consuming the same Servic

A Servicelnterface may specify “parts” and “owneghaviors” to further define the responsibilities of
participants in the service. The parts of a Seiwierface are typed by the Interfaces realizedviged)
and used (required) by the Servicelnterface anesemt the potential consumers and providers of the
functional capabilities defined in those interfacBise owned behaviors of the Servicelnterface $paow
the functional capabilities are to be used by coress and implemented by providers. A Servicelnterfa
therefore represents a formal agreement betweesuomer Requests and providers that may be used to
match needs and capabilities.

A service interface may it's self have service poir request points that define more granulariceswthat
serve to make up a larger composite service. dltogs “enterprise scale” services to be composeh f
multiple, smaller services between the same parti@ernal to a participant connections can bearfad
the entire service or any one of the sub-serviésying delegation of responsibility for specifiarts of
the service contract.

A Servicelnterface may fulfill zero or one Serviaefracts by binding the parts of the service cattia
the Servicelnterface. Fulfilled contracts may defihe functional and nonfunctional requirementsliier
service interface, the objectives that are intertddek fulfilled by providers of the service, ahe tvalue to
consumers. In all cases the specification of #ri€eContract and the Servicelnterface may nahbe
conflict.

Note: There is somewhat of a stylistic differenedéween specifying service roles and behavior inside
service interface or in a service contract. Inggehthe service contract is used for more involsexvices
and where a service architecture is being defindiile “standalone” service interfaces may be used f
context independent services. However there isssmvarlap in specification capability and eitheboth
may be used in some cases.

Attributes

No new attributes.

Associations

* No new associations.

Constraints

All parts of a Servicelnterface must be typed leyltiterfaces realized or used by the Servicelnterfa
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A Servicelnterface must not define the methodsfor its provided operations or signals.

Semantics

A Servicelnterface defines a semantic interfaca 8ervice or Request. That is, it defines both the
structural and behavioral semantics of the semémessary for consumers to determine if a seryjmedt
by a Servicelnterface meets their needs, and feswmers and providers to determine what to dorty ca
out the service. A Servicelnterfadefines the information shown in Table 1.

Function

Metadata

An indication of what the service does or is abou

The Servicelnterface name

The service defined by the Servicelnterface thit
be provided by any Participant having a Service
typed by the Servicelnterface, or used by a
Participant having a Request typed by the
Servicelnterface

wilhe provided Interfaces containing Operations
modeling the capabilities.

As in UML2, provided interfaces are designated
using an InterfaceRealization between the
Servicelnterface and other Interfaces.

Any service interaction consumers are expected

tdRequired Interfaces containing Operations mode

provide or consume in order to use or interact withthe needs.

Service typed by this Servicelnterface

As in UML2, required interfaces are designated
using a Usage between the Servicelnterface and
other Interfaces.

ing

The detailed specification of an interaction
providing value as part of a service including:

Its name, often a verb phrase indicating what &sd

Any required or optional service data inputs and
outputs

Any preconditions consumers are expected to mg
before using the capability

Any post conditions consumers participants can
expect, and other providers must provide upon
successful use of the service

Any exceptions or fault conditions that might be
raised if the capability cannot be provided for son
reason even though the preconditions have been

Each atomic interaction of a Servicelnterface is
modeled as an Operation or event reception in itg
Dprovided or required Interfaces.

From UML2, an Operation has Parameters defini
:étts inputs and outputs, preconditions and post-
"conditions, and may raise Exceptions. Operation

Parameters may also be typed by a MessageTyp

met

Any communication protocol or rules that determ
when a consumer can use the capabilities or in w
order

n&n ownedBehavior of the Servicelnterface. This
Ha¢havior expresses the expected interaction bety
the consumers and providers of services typed b
this Servicelnterface.

The onwedBehavior could be any Behavior
including Activity, Interaction, StateMachine,
ProtocolStateMachine, or OpaqueBehavior.

veen
y
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Function

Metadata

Requirements any implementer must meet when
providing the service

This is the same ownedBehavior that defines the
consumer protocol just viewed from an
implementation rather than a usage perspective.

Constraints that reflect what successful use of th
service is intended to accomplish and how it wou
be evaluated

2 UML2 Constraints in ownedRules of the
IdServicelnterface.

Policies for using the service such as security an
transaction scopes for maintaining integrity or
recovering from the inability to successfully
perform the service or any required service

d Policies may also be expressed as constraints.

Qualities of service consumers should expect an
providers are expected to provide such as: cost,
availability, performance, footprint, suitability the
task, competitive information, etc.

1 The OMG QoS specification may be used to mod
qualities of service constraints for a
Servicelnterface.

el

A service composed of other services as a
composite service

Service point or request point ports on the servic
interface.

1%

Table 1: Information in a Servicelnterface

The semantics of a Servicelnterface are essentialgame as that for a UML2 Class which
Servicelnterface specializes. A Servicelnterfacenfdizes a pattern for using interfaces and classes
the parts of a class’s internal structure to mauatekfaces to services.

Participants specify their needs with Request ganid their capabilities with Service points. Segsiand
Requests, like any part, are described by the& tybich is either an Interface or a Servicelnterfac
request point may be connected to a compatiblei@&epoint in an assembly of Participants through a
ServiceChannel. These connected participants arpdatts of the internal structure of some other
Participant where they are assembled in a contex@dme purpose, often to implement another service
and often adhering to some ServicesArchitecturevi@Channel specifies the rules for compatibility
between a Request and Service. Essentially thegoangatible if the needs of the Request are méhéy
capabilities of the Service and they are both stradly and behaviorally compatible.

A Servicelnterface specifies its provided capab8ithrough InterfaceRealizations. A Servicelntegfaan

realize any number of Interfaces. Some platfornec

ifigemodels may restrict the number of realized

interfaces to at most one. A Servicelnterface djgscits required needs through Usage dependeaces t
Interfaces. These realizations and usages aretosktive the provided and required interfaces exdjiest

and service ports typed by the Servicelnterface.

The parts of a Servicelnterface are typed by tterfaces realized or used by the Servicelnterfabese
parts (or roles) may be used in the ownedBehatoirsdicate how potential consumers and providérs o
the service are expected to interact. A Servicelite may specify communication protocols or bebiai
rules describing how its capabilities and needstinesised. These protocols may be specified usipng a

UML2 Behavior.

A Servicelnterface may have ownedRules determiaesticcessful accomplishment of its service goals.
An ownedRule is a UML constraint within any namespasuch as a Servicelnterface.

Semantic Variation Points

When the ownedRules of a Servicelnterface are ateduto determine the successful accomplishment of
its service goals is a semantic variation pointwHibe ownedBehaviors of a Servicelnterface areuatat
for conformance with behaviors of consuming andvjgliog Participants is a semantic variation point.
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Notation

Denoted using a «servicelnterface» on a Classterféte.

Examples

Figure 36 shows an example of a simple Interfagedhn be used to type a Service or Request. Fhis i
common case where there is no required interfadenarprotocol. Using an Interface as type for aviger
point or Request point is similar to using a WSDirtPype or Java interface as the type of an SCA
component’s service or reference.

==mervicelrterface==
| Statusimerface

I+getStatus( WazrvhillMumber © String 3 : String

Figure 36: The Statusinterface as a simple servidaterface

Figure 37 shows a more complex Servicelnterfacedbes involve bi-directional interactions betwdla
parties modeled as provided and required interfandsa protocol for using the service capabilithes.
specified by UML2, Invoicing is the provided intacke as derived from the interface realization.
InvoiceProcessing is the required interface asvddrirom the usage dependency.

The invoicing and orderer parts of the Servicefatsr represent the consumer and provider of thécger
That is, they represent the Service and Requett ppbthe endpoints of a ServiceChannel when thécee
provider is connected to a consumer. These partasad in the protocol to capture the expected
interchange between the consumer and provider.

The protocol for using the capabilities of a sesyiand for responding to its needs is captureain a
ownedBehavior of the Servicelnterface. The inva@i@arvice Activity models the protocol for the
InvoicingService. From the protocol we can see ithisibte PriceCalculation must be invoked on the
invoicing part followed by completePriceCalculati@nce the price calculation has been completed, th
consumer must be prepared to respond to processén\bis clear which part represents the consuaner
provider by their types. The providing part is tgig®y the provided interface while the consuming sar
typed by the required interface.
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«interfaces
Invoicing

winterfaces
InvoiceProcessing

+ initiatePriceCalculation { custormerInfo @ Customer, purchaseCrder

' PurchaseCrder )

+ «signals processInvoice ( invoice @ Invoice )

+ completePriceCalculation { shippingInfo @ Manifest )

wuser -7

«Servicelnterface»
InvoicingService

BE

orderer | InvoiceProcessing

‘ invoicing ; Invoicing

T3]

invoicingService

' arderer |

! invaicing

| processinvoice |e !

| initiatePriceCalculation |

—

| completePriceCalculation ||

Figure 37: The InvoicingService Servicelnterface

A Servicelnterface may have more than two partikatohg a connector between the consuming and

providing ports may have more than two ends, aietingay be more than one connection between the port

as specified for UML2. Usually services will be &iy, involving just to parties. However,
Servicelnterfaces may use more than two partsaeigee more flexible allocation of work between
consumers but such services may be better speeiftach ServiceContract.

Figure 38 shows another version of the Shipping8er8ervicelnterface that has three parts instéadm
A new part has been introduced representing thedsdér. The orderer part is not typed in the exampl
because it provides no capabilities in the seriiterface. The protocol indicates that the ordders not

necessarily have to process the schedule; a segmadicipant can be used instead. This allowsvibrd

involved in the ShippingService to be divided amangumber of participants.
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«interfaces «interfaces
Shipping ScheduleProcessing
+ requestShipping ( customerInfo Customer, shippingInfo : Manifest ) + «signals processSchedule | schedule @ Schedule )
W ELISER
«Servicelnterfaces
Shinpigservice
=
shipping : Shipping orderer ; ScheduleProcessing
+
shippingService
shipping: Shipping | orderer:ScheduleProcessing
shipping: Shipping | | orderer: ScheduleProcessng

] |
1: requestShipping |

1.1: processSchedue

Figure 38: Another version of the ShippingServicelgpporting additional parties

Figure 39 shows an example where aCustomer invibkeequestShipping operation of the shipping
service, but aScheduler processes the schedukeisTipdssible because the Servicelnterface sepahate
request from the reply by adding the scheduler. jiaig the combination of both ServiceChannels tha
determine compatibility with the shipping servioef just one or the other. That is, it is the camakibn of
all the interactions through a service port thatehto be compatible with the port’s protocol, natle one.

Figure 40 Shows a different version of the OrdeBinigsystem where aCustomer both requests the sippin
and processes the order. This ServiceChanneldssalil since this version of aCustomer follows the
complete protocol without depending on another.part
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«Participants» < tPoints tor  Shipp aParticipants
= |Customer equestFaints requestor : SNipping Shipping = |Shipper

[:I C «ServicePoint» shipping : ShippingService

[ |

ScheduleProcessing

«Participants»
= | OrderingSubsystem

+RequestPoint» reguestor : Shipping

=]
aCustomer © Customer
ashipper : Shipper
= efvicePoint» shipping ; ShippingService
ascheduler : Scheduler

«ServicePoint* scheduler | ScheduleProcessing

«Participant»
= |Scheduler

[‘:Er(;icePnint» scheduler : ScheduleProcessing

Figure 39: Using the shipping Service with two Consgners

ScheduleProcessing

wParticipants
= | Customer

L +ReguestPoint* requestor : ShippingService

Shipping

«Participant
= |0OrderingSubsystem

«RequestPoint: requestor | ShippingService

21

aCustomer : Customer ashipper : Shipper

«#ServicePaint* shipping : ShippingService

Figure 40: Using the shipping Service with one Counsner

Additions to UML2

Defines the use of a Class or Interface to defieetype of a Request or Service point.
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ServicesArchitecture

The high-level view of a Service Oriented Architeetthat defines how a set of participants works
together, forming a community, for some purpos@toyiding and using services.

Extends Metaclass

Collaboration

Description

A ServicesArchitecture (a SOA) describes how pigrdicts work together for a purpose by providing and
using services expressed as service contractsxessing the use of services, the ServicesArdhitec
implies some degree of knowledge of the dependsit@aveen the participants in some context. Eaeh u
of a service in a ServicesArchitecture is represgibty the use of a ServiceContract bound to thesrof
participants in that architecture.

Note that use of a ServicesArchitecture is optidmelis recommended to show a high level view of lao
set of Participants work together for some purpdsthere as simple services may not have any
dependencies or links to a business process, eistegervices can often only be understood in etnte
The services architecture provides that context—aag also contain a behavior—which is the business
process. The participant’s roles in a servicehiggcture correspond to the swim lanes or pooss in
business process.

A ServicesArchitecture may be specified externallp a “B2B” type collaboration where there is no
controlling entity or as the ServicesArchitectuf@a@articipant - under the control of a specifitity
and/or business process. A “B2B” services architectises the «servicesArchitecture» stereotype on a
collaboration and a participant services architectises the «ParticipantArchitecture» stereotype.

A Participant may play a role in any number of s@s architecture thereby representing the role a
participant plays and the requirements that ealehplaces on the participant.
Attributes

No new attributes.

Associations

* No new associations.

Constraints

The parts of a ServicesArchitecture must be typed Barticipant or capability. Each participantsging
roles in a ServicesArchitecture shall have a pmrefich role binding attached to that particip@hts port
shall have a typeompliant with the type of the role used in the ServiceCaxttr

Semantics

Standard UML2 Collaboration semantics are augmentgdthe requirement that each participant used in
a services architecture must have a port comphihtthe ServiceContracts the participant provides
uses, which is modeled as a role binding to theofiseservice contract.
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Examples

==Servicesbrchitectures»= " e

e Dealer Hetwork Architecture = .
P e e e e - e T _____t _________ -,‘\
~ — ps:Purchasing Service — .
-~ { 3 %
~ - ~
v X S e B S— = - .
dealer : Dealer | =5 sellerf mifg : Manufacturer B
/ i . | = |_ = — | ;| \
| enguird ==camiment=: frorry
| | The purpose of the dealer network I |
) architecture is to establizh the financially
! | related services between dealers and | /
i e T manufacturers such that any desler can do — “ship:Ship  — ¥
A -~ status : Ship Status ™ business with sy manufacturer. ; £ e E 2,
B r. r P
™ = e P
g = S t e
LT -~ agen &
~ - ship info | shipper : Shipper g o
. | X -~
. -

Figure 41: Services architecture involving three pdicipants

The example (Figure 41) illustrates a servicesitacture involving three participants (dealer, rafgl
shipper) and three services (Purchasing Servidp, 8htus and Ship). This services architectuosvsh

how a community of dealers, manufacturers and shgpan work together — each party must provide and
use the services specified in the architecturghey do, they will then be able to participatehis
community.

This “B2B” SOA specifies the roles of the partiegldhe services they provide and use without spiegjf
anything about who they are, their organizatiotraicture or internal processes. No “controller” or
“mediator” is required as long as each agreesdaé#nvice contracts.

By specifying a ServicesArchitecture we can underdthe services in our enterprise and commuriities
context and recognize the real (business) depereetiat exist between the participants. The peud
the services architecture may also be specified@smment.

Each participant in a ServicesArchitecture musiehayort that is compatible with the roles playedach
ServiceContract role it is bound to.
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oS ==5ervicesArchitectures= -

- Dealer Hetwork Architecture T
-
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. ~ = ps:Purchasing Service ~— . !
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/ ... = i — e L
| dealer : Dealer  [huyar; sellerl™ mfg : Manufacturer \
\ |

\ | T F
. I ==Ccomment== £
~ | The purpoze of the dealer network | v ¢

e type architecture is to establizh the financially —
e f related services between dealers and e o
~ manufacturers such that any dealer can do o+ -
T Al huziness with any manufacturer, e
| e — e |
il W
==Participant== ==Participant=>
Dealer Manufacturer
[] :Buyer  Seler [ |
Y| B

Figure 42: Abbreviated service contract

The diagram in Figure 42 depicts an abbreviateda®econtract with the participant types and tipairts
(the red dependencies are illustrative and showyihe of the roles). Note that the participantshelaave a
port corresponding to the services they particijrate
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