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Abstract— We present a systematic means of designing service-most recent efforts targeting automatic composition [&], [
oriented systems. Because services are developed indepemity, [8], [9]. Business Process and Execution language for Web
with no prior knowledge about each other, there is only a limted Services (BPEL4WS) [10], now a standard for description
possibility that such services use similar message tempés, f iti f . ’ I to d b busi
initiate calls to any other service, or generate messages $opport 0 comeS| lon of services a C_)WS one to esqu ea USII‘.leSS
desired architecture configurations. As a result, construton of ~Process in terms of the behavior of other services. It pewid
service-oriented systems rely onintermediary services to pre- for coordination of services based on the actions. It assume
process, transform and route messages to appropriate lodahs. g single output message for each action. BPEL4WS does not
The paper suggests a systematic design for the intermediaser-  stter 5 construction approach but a description framework.

vices and construction of services-oriented systems usirzgreuse H b . ind dentlv desi édown
drive approach. The approach is founded on category theorya Owever, because Services are indepenaently designe

formal foundation for capturing and preserving structures. The —and deployed, it is a rare occurrence that the consumption of
approach supports parallel and incremental inter-connection of services is free of challenges. Challenges stem from lack of
services in a planned and reusable manner. compatibility both at the syntactic and semantic level. iEve
when they are compatible, there is usually need for interme-
diary services to ensure smooth coordination of servicels an

Service-Oriented Systems are constructed from indepéndaddress any additional concerns that may be necessaryitio ful
services that are composed and coordinated to satisfy a thet goal of the service-oriented system.
of functional and non functional requirements. The consume Focusing on service intermediaries is reasonable because
may be an end-user or another service. In service-to-codisuiihey have important responsibilities that include adagmtat
interactions, the behavior of the provider is predefined ar@ordination and general routine keeping such as logging. O
any adjustments are possibly on the side of the consumer. B@itegy is to make the coordination of services togeth#r wi
consumer can interact in any way that does not violate thsrubiesign and placement of service intermediaries more system
set by the provider. The key question we aim at answeringdgic and principled. Our intention is to provide systematic
how to transformndependenservices into a service-orientedsupport for direct messaging, and construction of inteliargd
system in a systematic manner. By systematic we mean a Wayvices that optionally involve the consumer.
that is reusable based on a set of principles and guidelirags t
provide a sound step-by-step methodology for putting servi A. Web Service SOAP Solution
oriented systems together.

In this paper, we propose a design approach that blends th&Veb services [11] rely on Simple Object Access Pro-
structure of services, the composition, coordinationdbsign tocol(SOAP) [12] as the messaging framework. Within the
and placement of intermediary services into a single form@OAP framework, direct messaging is supported through
framework that imposes a sound incremental methodologgyclic message processing as the SOAP envelop moves from
Our idea is to rely on category theory [1], [2] which inhetgnt node to node. Below we highlight the solution suggested by
preserves structure and provides tools for composition atie web services community.
incremental construction. Most previous approaches based The SOAP [12] distributed processing model assumes that
Finite State Machines [3], Petrinets [4], Process Algeldja [a SOAP message originates at an initial SOAP sender and is
emphasize description of service compositions rather thsent to an ultimate SOAP receiver via zero or more SOAP
design and construction. intermediaries. However, SOAP itself does not define any

Construction of service-oriented systems is a function obuting or forwarding semantics. It is anticipated thattsuc
composition and coordination of services. Because sesvidanctionality can be described as one or more features and
combine on the basis of what they offer, the process ekpressed as SOAP extensions or as part of the underlying
construction of service-oriented systems is the process pybtocol binding. A SOAP intermediaryis a node which
consuming services [3]. The importance of composition dbrwards a message to another SOAP node on behalf of the
services is reflected by the current interest in the subjétt winitiator of the inbound SOAP message. SOAP defines two

I. INTRODUCTION



different types of intermediariedorwarding intermediaries to explain how to compose thewlirectly without implying
and active intermediaries. changes in the original services. While composing seniitas
Forwardingintermediaries process the message accordingdervice-oriented environment, the following restricgaapply
only the rules specified in the SOAP message, whileatitve to the service-oriented approagl) services are consumed
intermediaries may undertake additional processing béyoas is’ and therefore we can not change the templates of
what is in the rules in the SOAP message. According to thiee messages they send or receii@. services operate in a
SOAP specification, it is expected that features provided lbgquest-response/client—serveanner. So a reply is always
active intermediaries are described in a manner that allowent to the requestor of the service.
such modifications to be detected by the affected SOAP nodes.
For example, aactiveintermediary may describe the process-
ing performed by inserting header blocks into the outbound Our work extends earlier work, including some parts that are
SOAP message that inform downstream SOAP nodes actimgst closely related to work in [16], [17], by allowing exiti
in roles whose correct operation depends on receiving susgparation of guarantees from outputs and creation ofedass
notification. The semantics of such inserted headers requiver action outputs. We also explicitly model replicatioh o
that either the same or other headers to be (re)insertedat sautputs which allows a larger set of architecture configura-
sequent intermediaries as necessary to ensure that thageestions. Our approach is also constructive; one can construct
can be safely processed by nodes yet further downstream. &olarger system by following a step-by-step methodology.
example, if a message with headers removed for encryptibhe approach is based on the notionsobrdinated activity,
passes through a second intermediary (without the origirgarantees (semantic implicatioahdpublic viewof services.
headers being decrypted and reconstructed), then inolicatlThe idea of guarantee is informally introduced in [3], [16].
that the encryption has occurred must be retained in thensecdt can also be related to triggers in [18]. Consider &h®p
relayed message. service in Fig. 1, which specifies actiomgetCatalog and
According to this specification, it is risky for a servicesubmitOrder Ideally these actions combine to perform the
integrator to rely onactive intermediary nodes that are notactivity sellltemwhich could result in an item bein§OLD
under his/her control. The likely situation is that actimer- or FAIL for some reasonSellltemis not considered as an
mediary nodes may turn out to beordination pointslesigned action but rather a coordinated activity becaugeit(is not
and controlled by the service integrator. Most of the workansparentlypresented to the useii)(it is entirely in terms
of a service-oriented engineer is to design and manage theother actions. By transparency we mean that a user does
coordination points. not invoke sellltem without being directly involved in other
During composition, the way messages synchronize is nisiermediary actions. The actiogetCatalogandsubmitOrder
trivial because some messages become internal to the conake thepublic viewof the shop service, because they are
posite service [13] while new messages may have to be intdirectly invoked by the consumer.
duced to complete the interaction. The way messages becomBormally, the expected results of a coordinated activity do
internal and those that become exposed by the compositd match (both imumberandtype the outputs of thactions
service is fundamental to the composition of services. iBervinvolved and this creates a source of behavior incompégibil
composition is a recursive problem because compositecegrvi[19], [20]. To mitigate this challenge, we create ‘classes’
can be exposed as new ‘atomic’ services whose coordinatemrdination over the outputs of actions. The outputs of an
behavior is concealed from the consumer. With this in mindgction are partitioned into sets that associate meaningyins
construction of service-oriented systems can be carriédnou of the coordinated activity.
anincrementalmanner. The rest of the approach is cast in a categorical setting
that preserves structure, presents a composition and ieoord
nation framework. The specific contributions of this paper
We use the example from Web services Interoperabiligre (i) structure for representing services and servignted
Organization [14], [15] with sequence diagrams in Fig.kystems. The structure is formal which implies there is a
The application being modeled is that of a Retailer offeringrecise and concise meaning associated to it. (i) We ptesen
Consumer electronic goods to Consumers; a typical B2Csystematic and incremental means of constructing larger
model. To fulfill orders the Retailer has to manage stodystems based on a categorical approach making the process
levels in warehouses. When an item in stock falls below raore planned and reuse driven (iii) We provide a criteria for
certain threshold, the Retailer must restock the item frben tdesign and placement of service intermediaries to complete
relevant Manufacturer’s inventory (a typical B2B model). | the process of service-oriented design. (iv) Finally wespré
order to fulfill a Retailer’s request a Manufacturer may hiave loose semantics for the core building blocks of servicerinte
execute a production run to build the finished goods. The@abawediaries.
scenario involves three simple services, the Shop, Wasshou One advantage with our approach is that it preserves the
and Manufacturer. Since, we can have many instances of eatiucture of services, which makes the process of constgict
service; the example is rich enough to demonstrate our flornsarvices incrementally reused and systematic. This approa
systematic design. Starting with these three services, ar@ wprovides for intermediate services (wrappers) that perfire

I1l. THE APPROACH

Il. EXAMPLE AND PRACTICAL SCENARIO
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Fig. 1. Sequence diagrams for Shop, Warehouse and Mangastuvices(Drawn initially as autonomous services withassumption of prior knowledge
between the services)

role of transforming, coupling messages and adaptation atlear view of the consumer and provider entities in therenti
services. process. Third, we would like to support the autonomy and
reactive nature of services as much as we can. Our key guiding
factor here is that services combine on the basis of what
In [18], [21], a category theoretical approach to servicehey provide independently but not on the basis of what they
oriented modeling is presented. Their categorical forzmagibn  offer to each other. For instance,needical service provider
is centered on the notion “coordination contract” whichythecan combine with amnsuranceservice provider not because
relate to their earlier work on software architecturesalar the two providers (directly) offer anything to each othaut b
Program Design and Reconfigurable distributed systems lgdlcause they produce an added valued wieglical insurance
coached in different categorical settings. As the nameestgg service when combined.
coordination interfaces are intended to coordinate systéia To support these concepts into the design of service-@tent
gebraic approaches proposed by [22] aim to capture coordiggsiems in a systematic manner, we use category theory [1].
tion in the co-span object. Our work is directed towardsg@iesi p categoryE consists of two classes, the members of the first
with emphasis on intermediaries and structure of services. ot which denoted by the letter, Y, ... — are calledobjects
In [16], a set of interface theories for web services ar@tryctures and the members of the second of which denoted
presented. The work emphasizes the interface theory WH{) the lettersf, g, ... — are calledarrows (morphismg Each
models for substitutability, compatibility and well-fosdness gy f is assigned an object asdomainand an object’
of interfaces. Well-formedness is also discussed in [3]. W& codomain indicated by writingf : X — Y. If ¢ is any
include these concerns through our conceptlasesover arow g : Y — Z with domainY, the codomain off, there
action outputs. is an arrowfg : X — Z called the composition of andg.
Other related work deals with issues of automatic contor each object” there is an arrowidy : Y — Y called the
position [8], [3], [9], [23] where the target is to find a Sefgentity arrow of Y. These notions are assumed to satisfy the
services and combine them to fulfill a request. A requegfjiowing identity and associativity axioms:

may be just a result/output or a service that exhibits a glvenf_z.dy — flidy.g = g, f(gh) = (fg)h for any arrowsf :

behavior. Although th_e_ major aim there is formal descrlp)tloX Y. Y S Zh: W
of automatic composition approaches, the models used form

a major part of construction and computational structures i Gl\_/etn tv¥o catt_egofr ']?SD ?nd E,ba Irl: r:jctorf(;r(t))mFD to Ef
our categorical setting especially tree-based structures consists of a pair of functions (both denoted by F),one from

In [6], [24] they deal with adaptation, replaceability anéhe clasfs of objecftsl,joéf) E{?} t?i?EOfE’ r?r;g tthe other from the
compatibility. In relation to these concepts, our approa&#ﬁss of afrows _0 0 that ak, such tha _
is not expressive enough especially in terms of behavioralf /: X =Y in D, thenF(f) : F(X) — F(Y) in E ;

adaptability at the level of service behavior. F(édX) = idp(x), for all objectsX of £
an

V. THE CATEGORICAL APPROACH F(gh) = F(g)F(h) for composeable arrows, g of D

The approach proposed here is guided by three principles.
First, the process of constructing a service-orientedesyss Morphisms preserve the structure of the objects. In softwar
the process of consuming services [3]. Second, in agreemengineering morphismg : X; — X5 in a suitable category
with [25], we want to keep the concept of service at the centare used to define (idefinement - specifies a way in which
of the construction (design) process. So, we would like &pkethe target object is a refinement of the source object, (i)

IV. RELATED WORK
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inclusion capturing legal transformations on objects to form The intention of the above definition is similar to idea
more complex objects. Inclusion morphisms specify part-af [27] where slot and slot morphisms are defined. The
relation (iii) interpretations- capture relationships betweerunderlying intension is to synchronize services on tyge
theories and can be used to model relationships betwesnoutput for each action. Therefore ea¢ia) defines the
abstract and concrete implementations éivhulations- target codomain of actiom andF'(a) is the actual message/value that
execution behavior of systems such as behavior of the staék.output by the action. Consider an actioSubmitOrderReq

With the categorical approach, suitable categories ard uskhe types of messages that it can output are seen as ‘vaiable
to represent the structure of different artifacts that maltkat can be changed by the action. Viewed in this perspective
up the target entity such as a service or service-orientdw slots of different actions are disjoint. Put in anothayw
system. The process of putting small services together into two actions can change the same slots. In other words, the
bigger services/systems is then based on standard ca@gonutput types of each action are unique.
techniques such alimits [26].

Our use of category theory is restricted to defining a
preserving the structure of services and providing a syatiem A service activity is coordinated over a setigibleactions.
means of constructing larger services from smaller sesvicBn actionis visible if it can be invoked directly by a consume
in an incremental and principled manner through pashout A visible action may invoke a series of other actions which
construction [2]. The morphisms that we target are theesfoieturn one of the expected outputs. Consider the activity

inclusion morphisms, that aim at expressing how smallggllitemwith possible outputSOLD or FAILED. An activity -
services become part of larger services. has no explicit inputs; they depend on the sequence of action

involved.

n%' Service Activity

V1. NOTATION FOR REPRESENTINGSERVICE ARTIFACTS

This section presents the general notation for represgntin<AMPLE 1 Below is an example of an activity

service artifacts such as messages and actions and their re'SeIIItem[SOLD FAILED]

lationships. The primitive artifacts are actions and aigs. getCatalogi<GetCatalogResp, submitOrder

Rules imposed on the relationship of these artifacts yieg n <GetCatalogFailed, Sellltem.FAILED)
artifacts such as service interfaces. From nowMﬁ,an_dM submitOrder< SubmitOrderResp, Sellltem.SOLD
are the sets_ of input and output messages respectivelyiand <BadOrder, Sellltem.FAILED,

a set of actions. <InvalidCode, Sellitem.FAILED.,

A The Actions <ConfigFault, Sellltem.FAILED-)

A service action is associated with a single input mes- In this activity, theGetCatalogaction has two possible out-
sage and zero or more output messages. Each output Pds. The first outputGetCatalogResfs coordinated with the
a guarantee associated with it. A guarantee is used to pagtionsubmitOrder The second outpubetCatalogFailechas
vide (i) evidence of occurrence of an action (i) semarfeen ‘interpreted’ to implyFAILED in terms of the coordinated
tic interpretation to create ‘classes’ of coordination dzhs activity. The idea behind the guarantees as used in thdeaisi
on the activity in which an action participates. Lé&l(a) to partition all action outputs into classes of the guaresief
represent the set of possible outputs of actionConsider the coordinated activity. This technique facilitates adtpn
the example of an actiosubmitOrder with input Submi- because the coordinated actions are able to account for all
tOrderReq and corresponding output and guarantee paifée behavior (outputs) expected by the coordinated agtivit
submitOrde¢SubmitOrderRelg={ <SubmitOrderResp, OK, Note that although this example is structurally similar hatt
<BadOrder, Fail>, <lInvalidCode, Fait-, <ConfigFault, used in [16], our approach is significantly different. First
Fault>}. The model assumes that only a single output the coordination is based on both actions and the different
possible at any given moment in time. However, the desi@ttputs associated with them. Secondly, explicit sep@mati
of intermediary services allows for replication of outptts Of outputs and guarantee/semantic implications allows one

coordinate more services using single output. Below ist@ form classes over the outputs of actions - a technique
formal definition of an action alphabets. that enforces adaptation of services to support coordinate

activities. In this example, the outputs of each action are

DEFINITION 1 The output alphabet of an actienis a pair Partitioned into two classes determined by the output of the
(M, F), where F is a total map fromM into O(a), where coordinated activity. Because the activiBellitemis coordi-
M is the set of actions that process messageAn action Nated over actions, th@etCatalogResputput is followed by
morphism for an actiom in M, denoted byfy, : A; — A, SubmitOrderwhich also determines its class/guarantee. The
is a total map such thaF; (a) = Fy(fu(a)) for all actions OUtputs of actionsubmitOrderhave the following classes:
ac M. SOLD{SubmitOrderResp FAILED:{BadOrder, InvalidCode,
ConfigFault. Although we have used outputs for clarity
The action alphabet and action morphism form a categoflyecause they have descriptive names), classes are foraed o
of actionsACT the correspondinguarantee/semantic implication
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action input output guarantee
submitOrder | SubmitOrderReq SubmitOrderResp OrderOk
BadOrder Fault
InvalidCode Fault
ConfigFault Fault
getCatalog | GetCatalogReq | GetCatalogResp | GetCatOk
TABLE |

STATIC REPRESENTATION OF ASHOP SERVICE (ADAPTED FROM[15])

The classes/guarantee of outputs connected to other sctigpecific activity. A service-oriented system may be coatéd
are determined by the final actions that they invoke. Sinte perform several activities.
outputs of actions may be connected to other actions inA coordinated activityhas the following conditions
different ways, there is need for a mechanism of evaluating (i) It has set of possible outcomes. For example for the
guarantees. The connection can be sequential or in parallel shop service we shall define an activitgllitemas having
Parallel connections have two variations, one as alteati  two possible classes of outcomgSOLD, FAIL.
options and the other as complementary options. We use (ii) An activity has apublic viewpart and a detailedo-
the symbolsnN,U and & to represent sequential, parallel  ordinated part The public view of the activity is defined

alternatives and parallel complements respectively. Térey only in terms of actions that are directly accessible and
evaluated as follows invoked by the consumer.
(i) For each action that takes part in any activity, its
e (G1 N G2 = G2 the guarantee of the last action possible output is partitioned over the set mftcomes
e G1(G2UG3) = G1 if G2 or G3 imply G1 otherwise of an activity. The idea is for each output of an action,
take G2 or G3 we need to know its implication in terms of the activity
e G1(G2 W G3) = G1 if both G2 and G3 imply G1 outcomes.
otherwise take G2 or G3. (iv) During incremental design, two actions from the same

public view must not violate any order imposed by the
service for that public view.

The service structure consists of a collection of actions, condition (i), ensures that we separate betwesordinated
input messages and output messages. activitiesand actions defined by the service. The inputs of the

activity are determined by the different inputs of the attio

DEFINITION 2 A service signature is defined as follows jnyolved. Condition (i), ensures that coordinated atit are
transparent to the user. This is further enhanced by réstic
that all activities map their outputs to those of the cocatial
activity. Condition (iii), ensures that adaptability ofreee is
built within the framework, by accounting for the behavidr o
EXAMPLE 2 The signature of the shop service can bBCtiOns in terms of the activities it coordinates.
represented as follows The idea .behlnd condition (iii) of part|t|on|ng guarante_es
of synchronized outputs over activity outputs is to provide

VIl. SERVICE STRUCTURE

MT  :set of input messages
M©  :set of output messages
A :a set of actions

M! = {SubmitOrderReq, GetCatalogReq a simple technique for establishing a ‘subtype’ relatigpsh

M© = {SubmitOrderResp,BadOrder, InvalidCode, between an activity and actions that synchronize at differe

ConfigFault, GetCatalogRe$p points. In a ‘subtype’ relation, to avoid unexpected outesm
A= {getCatalog, submitOrdér all behaviors (outputs and methods) of the subtype must
be accounted for [28]. Therefore, the guarantee mapping

DEFINITION 3 A service signature morphism between outputs of actions and outputs of coordinatedictiv
h = (MI,MP, A1) —(ME, MP, As) is defined as tuple ensures that any extra outputs by synchronized activitees d
< hr,ho,ha > defined as follows not introduce any extra behavior that was not anticipated by

the coordinated activity.

Condition (iv) is to ensure that if a service participates in
the same activity more than once, it must ensure that new
actions are inline with the relative ordering(specified hg t

A Service-Ori 4s S instance) between the action and actions already involMed.
- Service-Oriented System Structure minimizes potential deadlocks.

The notion of design used is based on the concept of
coordinated activities. We perceive a service-orientestesy DEFINITION 4 A service-oriented system signature is
as a connection of various services coordinated to perforndefined as a paird(, A) with morphismsk = (®;,4;) —

hr M{—>M21
ho M10—>M20
ha :Alg)AQ
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(2, Az) such thathe : 1 — @2, ka : Ay — Az such that gS:tliI:taetgl[oSg(()iSétl(::A;tLa'IEo%]Resp submitOrder

® is the service signature anl is a set of activities. <getCatalogFailed, Séllltem.FAlLE:B)

submitOrder{<SubmitOrderResp, shipGoasls
<BadOrder, Sellltem.FAILED,

The morphisms in definition 4 are inclusion morphisms and .
<InvalidCode, Sellltem.FAILED,

they establish the classes of the coordinated activity dshee <ConfigFault, Sellitem.FAILED)

outputs on which services synchronize. The above structura shipGoods<§<ShipGo’odsResp, Sellltem.SOLD
representation is similar to that used in BPEL4AWS [29] also <ConfigFault, Sellitem.FAILEB)

used in [30]. Examples of service representation are gimen i Fig.2. Shop, Warehouse and Manufacturer Configuration

the next section.
The structure is Fig.2 can be equivalently represented as a

tree structure with actions as nodes and outputs as branches
VIII. COMPLETE EXAMPLE CONSTRUCTION A node with many branches is translated into an intermediary
service.
Table 1l shows the actions and outputs of the warehouse
WH and ManufacturerMF whose specifications are given !X. INTERMEDIARY SERVICES AND SYSTEMATIC DESIGN

below We have already expressed the importance of intermedi-
ary services in the construction of service-oriented syste
WH= M'= {ShipGoodsRef Service intermediaries serve a role similar to adaptors and
M@ = {ShipGoodsResp, ConfigFa}ilt message brokers [32]. Adapters may intermediate between
A= {shipGood$ other applications rather than services. We limit our scope
A= o service intermediaries to mediating between services.
We propose basic building blocks for the intermediaries
MF= M!'= {POSubmi} which form most of the implementation for service-oriented
M9 = {ackPO,POFault,ConfigFaylt systems that rely on third party services. We thereforekthin
A= {submitPQ that once the construction of intermediaries is handled in a
A= o principled manner, then we have a systematic means of design

To combine the shop and warehouse in the coordinatdy Service-oriented systems. The categorical constmsti
activity sellitem we use a shared objec@ki) which identifies above give a ‘specification’ _of service |ntermed|_ar|es, chhi _
the actions, output and guarantees. Use of shared objé@@’ pe_mpleme_nted_ as a sm_glt_e centrally coordinated servic
(cospan) is standard technique[31] to construct new coeabir®" SPIit into multiple intermediaries.
objects through pushout construction. A. Primitive Intermediary Services
Intermediary services serve bothfasvardingandprocess-

CH1 = MI = {U} . X
ing nodesin sense that they ensure that messages forwarded

M© = {Sold,Faileg : : &
A= {a are in th_e format _expected by the next service. Specifically,
A o intermediary services pre-process messages and then route
them to their destinations. In this design, an intermedienge
The morphismsf andg may ask to receive the response or be sent to another interme-
[ : u — SubmitOrderRegSold — {SubmitOrderResgpFailed — diary service. The combined collaboration of the interraggdi
{BadOrder, InvalidCode, ConfigFagita — {submitOrde}, services together with other nodes (predefined servicdiglede

g : u — ShipGoodsRegSold — {ShipGoodsRegp Failed — a service-oriented system architecture. We generalizeethr
{ConfigFault, a+~ {shipGood$ . The corresponding categoricalprimitive intermediary servicesfForwarder, Replicator and
diagram is given below. The pushout f8f is given in Fig.2 Joinerthat can be used to build any architecture of a service-
(because of space, only the coordination part is presested)oriented system.

e Forwarder. receives a message from one node, pre-
process it and forwards it to another node
e Replicator receives a message from a single node, pre-

Fig. 2. Categorical diagram : Shop, Ware house, Manufacture process it into multiple messages that are sent to different
nodes
is the pushout construction of the sh8pl and the warehouse ~ ® Joiner. receives a message from multiple sources, pre-
WH, followed by an incremental composition of thel F’ process and then sends to a single node

which leads toS”, the the coordinated structure shop, We capture the above primitives in a systematic manner us-

warehouseand manufacturer The combined structure o’ ing the categorical framework. They can therefore be exddnd

is given in Fig. 2. The structure & is similarly constructed to any number of messages.

using appropriate actions. In the following subsections, we provide loose semantics
for the forwarder, replicatorandjoiner intermediary services.
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action [ input | output | guarantee
WARE HOUSE SERVICE
shipGoods| ShipGoodsReq | ShipGoodsResp Ok

Configrault | Fault
WARE HOUSE CALLBACK SERVICE
submitSN | SNSubmit ackSN orderOk
CallbackFault Fault
ConfigFault Fault
errorPO ProcessPOFault| ackPO submitPOFault
ConfigFault Fault

CallbackFault Fault
MANUFACTURER SERVICE

submitPO | POSubmit ackPO Ok
POFault Fault
ConfigFault Fault
TABLE I

WARE HOUSE, CALLBACK AND MANUFACTURER SERVICES

1) Forwarder Semantics:Below we give the general 3) Joiner SemanticsThis a general structure of a joining

structure of a forwarding intermediary service. intermediary service.
FWD= Ports= {in,out} JNR= Ports= {ing,...,in,,out}
M'={y} M' = {y1, . yn}
M° = {u} M° = {u} _
A= [m:=in(y) A = [for(i= 0 to n)
u := transform(m) do _
out(u)] m; = in;(y;)
An action can lead to different outcomes; we shall assign an od
output location (port) for each possible outcome assatiate u := transform(ma, ..., mn)
with an input message. The transformation function remisse out(u)]

the pre-processing needed by the service integrator s@th th as expected, a joiner intermediary service does the opposit

there is syntactic compatibility with the providers to be inof the replicator. It receives information from multipleusoes
terconnected. The transformation may involve renaming tA@q then combines it into a single output.

message, pre-processing of message components or rerhoval 0

message components to ensure syntactical compatibility w'i3 P £l diarv Servi
the next service provider. . Placement of Intermediary Services

¢ The next logical question is to identify ‘positions’ where t
place intermediary services. As a general rule, internmgdia
services are needed wherever there is a link between actions
of different services. In practicdorwarding, replication and

2) Replicator SemanticsBelow is the general structure o
a replicating intermediary service.

RPL= Ports= {in,outy, ..., out,}

M= {y} join serv_ices_ could be offered by the same node, managed by
MO = {up, ., un} the service integrator.
A= [m:=in(y) An output slot may be assoqlated W|_th more th.an one
for(i =0 to n) action at the same time or at different times. In thls case,
do the slot value has to be replicated and synchronized with

u; == transform(m) different actions._ In the coordinz_ited structure suc_h fsoimitl
out(u;) appear assubmltOrder<<Subm|t(_)rderRe_sp, (sh|pGood$1
od ] shipGoods2}) where the output is coordinated with several
other actions. In this example, two warehouses are involved
For a single input message, it transforms it into multBecause we do not assume message templates to match, syn-
ple messages to be sent to different service providers. T¢t@onization points are modeled using service intermetiar
transformation may involve simple renaming of messages @ne-to-One synchronization point is modeled bfpavarder,
which exact copies are reproduced or it may involve pr&®ne-to-Many is modeled by a replicator. The typing of mes-
processing of message components or removal of messagge templates/envelops is not fixed in that the intermgdiar
components to ensure syntactical compatibility with thgaa services can transform between different message tersptate
service providers. satisfy service interfaces.
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X. CONCLUSIONSAND FUTURE WORK

Smooth coordination of services is faced with three intefr,; \s.

related concerns afompatibility, adaptabilityandreplaceabil-
ity. The key questions are if two services ammpatiblesuch

that one carreplacethe other and if not what is required to

(23]

[15]

adaptthe services such that they work together. Our design
approach considers a service-oriented system as a cohecte]

of activities where coordination of different services isvad

at performing a given activity with a set of possible outceme

[17]

To deal with adaptability, we explicitly separate servicgS8l

outputs fromsemantic implication orguarantees. Semantic[19

implications provide means of coordinating activities 1ove

actions with several outputs. It answers the question, dbes

an action output imply in terms of the coordinated activity? [20]
other words, outputs of service actions classified in terms o
the expected result of the coordinated activity. The owstpdft [21]

an activity provide classes over the outputs of actionslimwm
in a particular activity.

[22]

We have provided a layout for a systematic methodology for

constructing service-oriented systems. The approactiresal 23

some of the compatibility issues through its constructiaseul

[24]

on the notion of activities and guarantees that are used to

form classes over action outputs. We plan to provide a m

C. Ba, M. H. F. Alves, and M. A. Musicante, “Composing warvices
with pews: A trace-theoretical approach,” HCOWS 2006, pp. 65-74.
“Supply chain management use case model,” http:
Ihww.ws-i.org/SampleApplications/SupplyChainManamgat/
2003-12/SCMUseCases1.0.pdf, 2003.

“Sample application supply chain management &echire,”
http://www.ws-i.org/SampleApplications/SupplyChaiaivagement/
2002-11/SCMArchitecture-0-11-WGD.pdf, 2002.
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