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Abstra ct. In this paper we present DAML-S, a DAML+ OIL ontol ogy
for describing the propert ies and capabili ti es of Web Services. Web Ser-
vices { Web-accessible programs and devices{ are garnering a great deal
of interest from indust ry, and standards are emerging for low-level de-
script ions of Web Services. DAML -Scomplements thi se�o rt by providing
Web Service descripti ons at the applicat ion layer, describing what a ser-
vice can do, and not just how it does it. In thi s paper we describe three
aspects of our ontology: the service pro�l e, the processmodel, and the
service grounding. The paper focuses on the grounding, which connects
our ontol ogy wit h low-level XML -based descriptions of Web Services.

1 Services on the Semantic Web

The Semantic Web [2] is rapidly becoming a reality thr ough the development
of Semantic Web markup languages such as DAM L+OIL [9]. These markup
languagesenable the creation of arbitr ary domain ontologies that support the
unambiguous descripti on of Web content. Web Services [15] { Web-accessible
programs and devices{ are among the most important resources on the Web,
not only to provide information to a user, but to enable a user to e�ec t change
in the world. Web Services are garnering a great deal of interest from industry,
and standards are being developed for low-level descript ions of Web Services.
Languagessuch as WSDL (Web Service Description Language) provide a com-
munication level description of the messagesand protocols used by a Web Ser-
vice. To complement th is e� ort, our interest is in developing semantic markup
that will sit at the application level above WSDL, and describe what is being
sent acrossthe wires and why, not just how it is being sent .

We are developing a DAML+ OIL ontology for Web Services,called DAM L-S
[5], with the object ive of making Web Services computer-interpretable and hence
enabling the following tasks [15]: discovery , i.e. locating WebServices(t ypically
through a registr y service) that provide a particular serviceand that adhere to



speci�ed constraints; in vocat ion or acti vation and execution of an identi �ed
service by an agent or other service; in t eroperation , i.e. breaking down inter-
operabilit y barriers through semanti cs, and the automatic insertion of message
parameter translations between clients and services [10, 13,22]; comp ositi on
of new services through automatic selection, composition and interoperation of
existing services[15,14]; veri�cati on of service properties [19]; and executi on
moni tor ing, i.e. tr acking theexecution of complex or composite tasks performed
by a serviceor a set of services, thus identif ying failure cases, or providing expla-
nations of di� erent execution tr aces.To make use of a Web Service, a software
agent needsa computer-interpretable description of the service, and themeansby
which it is accessed. This paper describesa collaborativee� ort by BBN Technolo-
gies, CarnegieMellon Universit y, Nokia, Stanford University, SRI International,
and Yale Universit y, to de�n e the DAM L-S Web Services ontology. An earlier
version of the DAML-S speci�cation is described in [5]; an updated version of
DAML-S is presented at http://www.daml.org/se rvices/daml-s/2001/10/ .
In th is paper we brie
 y summarize and update this speci� cation, and discuss
the important problem of the grounding, i.e. how to tr anslate what is being
sent in a message to or from a service into how it is to be sent. In particular ,
we present the linking of DAML-S to the Web Services Descript ion Language
(WSDL). DAM L-S complements WSDL, by providing an abstract or application
level description lacking in WSDL.

2 An Upp er Onto logy for Services

In DAML+O IL, abstr act categories of entities, events, etc. are de� ned in terms
of classesand properties. DAML-S de� nesa set of classesand properties, speci� c
to the description of services, withi n DAML+O IL. The classServi ce is at the
top of the DAM L-S ontology. Service properties at th is level are very general.
The upper ontology for services is silent as to what the particular subclasses of
Servi ce should be, or even the conceptual basis for structuring th is taxonomy,
but it is expected that the taxonomy will be str uctured according to functional
and domain di� erences and market needs.For example, one might imagine a
broad subclass, B2C- tr ansacti on, which would encompass servicesfor pur-
chasing items from retail Web sites, tracking purchasestat us, establishing and
maintaining accounts with the sites, and so on.

The ontology of services provides two essenti al types of knowledge about a
service, characterized by the questi ons:

{ What does the service require of agents, and provide for them? Thi s is pro-
vided by the pro�l e, a class that describes the capabilities and parameters
of the service. We say that the classServi ce presents a Servi ceP r of il e.

{ How does it work? The answer to thi s question is given in the model, a class
that describesthework
o w and possible execution pathsof theservice.Thus,
the class Servi ce is describedBy a Servi ceM odel

The Servi cePr of il e provides informati on about a service that can be used
by an agent to determine if the service meets its rough needs,and if it satis� es



constraints such as securit y, locality, a� ordabilit y, qualit y-requirements, etc. In
contrast, the Servi ceModel enables an agent to: (1) perform a more in-depth
analysis of whether the service meets it s needs; (2) composeservice descript ions
from multi ple services to perform a speci�c task; (3) coordinate the activit ies of
di� erent agents; and (4) monitor theexecution of the service. Generally speaking,
the Servi ceP r of il e provides the information neededfor an agent to discover a
service, whereasthe Servi ceM odel provides enough information for an agent
to make use of a service. In the following sections we discuss the servicepro�le
and the service model in greater detail, and intro duce the service grounding,
which describeshow agents can communicate with and thus invoke the service.

3 Service Pro�le

A service pro� le provides a high-level descript ion of a service and its provider
[23,24]; it is used to request or advertise services with discovery services and
capabilit y registr ies. Service pro� les consist of three typesof information: a de-
scription of the service and the serviceprovider; the functional behavior of the
service; and several functional attribu tes tail ored for automated service selecti on.

The pro�le includesa high-level description about the service and it's prove-
nance, which typically would be presented to users when browsing a service
registry (seeTable 1). The classActor is also de� ned to describe entiti es (e.g.
humans or organizations) that provide or request Web Services. Two speci�c
classesare derived from the Actor class; the Service-Requesterclass and Service-
Provider class, to represent the requester and provider of theservice respect ively.
Propert ies of Actor include physicalAddress , WebURL, name, phone, email , and fax .
Functional attr ibutes specify addition al information about the service, such as
what guarantees of responsetime or accuracyit provides, the cost of the service,
or the classi� cation of the service in some registry such as the NAICS [3].

Impli citl y, service pro� les specify the intended purpose of the service, be-
causethey specify only those functional behaviors that are publicly provided. A
book-selling service may involve two di�e rent functionalities: it allows clients to
browseits sit e to � nd booksof interest, and it allows them to buy the books they
�n d. The book-seller has the choice of advertising just the book-buying service
or may also advert ise browsing functionalit y. In the latter casethe service pub-
licizes the fact that agents may browse without buying a book. In contr ast, by
advert ising only the book-selling functi onality, the service discourages browsing
by requesting agents that do not intend to buy.

While service providers de�n e advertisements for their services using the ser-
vice pro�le, service requesters also use the pro�le to specify their needs and
expectations For instance, a provider might advertise a service that provides
quotes for a given ticker symbol, whereasa requester may look for a service that
reports current market prices and stock quotes. Servicesadvertise their pro� les
with Internet wide discovery services, such as Middle Agents [21] and other reg-
istri es (e.g. UDDI [25]), which then match service requestsagainst the advertised



Table 1. Descripti on Properti es and Funct ional Att ributes.

Descr iptio n Prop ert ies
serviceName The name of the service.
intendedPurpose A high-level descripti on of what constit utes (typical) successful

execution of a service.
textDescription A bri ef, human readable description of the service,summarizing

what the service o�ers or what capabili ties are being requested.
role An abst ract li nk to Actors involved in the service execution.
requestedBy A sub-property of role referring to the service requester.
providedBy A sub-property of role referring to the service provider.
Functio nal A t tribut es
geographicRadius Geographic scope of the service, either at the global scale(e.g.

e-commerce) or at a regional scale (e.g. pizza delivery).
degreeOfQuality Quali ty quali�cat ions, such as providi ng the cheapest or

fastest possible service.
serviceParameter An expandable li st of properties that characteri ze the execution

of a service, such as averageResponseTimeor invocationCost .
communicationThru High-level summary of how a service may communicate, e.g.

what communication languageis used (e.g., KQML , SOAP).
serviceType Broad classi�ca tion of the service that might be described by

an ontol ogy of service types, such as B2B, B2C etc.
serviceCategory Categories de�ned withi n some service category ontology. Such

categories may include Products, Info rmati on Services etc.
qualityGuarantees Guarantees that the service promises to deliver, e.g. guarantee-

ing to provide a responsewithi n 3 minutes, etc.
qualityRating Industry -based rati ngs, such as the \Dun and Bradstreet Rat-

ing" for businesses.

pro�les, and identif y which servicesprovide thebest match7. Service requestsare
constructed as partial service pro� le descriptions, which can then be matched
to the pro�l es of advertised servicesstored in the registries using DAML+ OIL
subsumption relations. Advertisements and requests can di�e r sharply, in level
of detail and in the level of abstraction of the terms used. Matchesare generally
recognized whenever the service advert ised is subsumed by (is a particul ar case
of) the service descripti on requested.

The service representation of DAM L-S is much richer than the representation
provided by emerging standards such as UDDI or WSDL. UDDI's description
of a service does not include any capabilit y description, limiti ng it self to the
name, a pointer to the provider of the service and a port where to access the
service. In addition, UDDI allows services to refer to \T Models" that are used
to link a service to technical speci�cation s or to classi�cation schemes. There-
fore, it is possible to ask UDDI for all the services that have a WSDL scheme,
but not for all the services that provide a requested functionalit y. The WSDL

7 Despite repeated reference to UDDI, DAML-S, like research in Mul ti -Agent Systems
(e.g., [6,21,26]), may be used with a variety of di�eren t registri es and proto cols.



speci�cation de�n es and formats query interacti ons with a service, but does not
provide a model for the semantics of such exchanges. DAM L-S service pro� les
have similari ties wit h service description languagesemerging in the Multi-Agent
interaction community such as LARKS and OAA [12,24]. Those languages, like
DAML-S, focus on the representat ion of what the service doesrather than where
to � nd the service. DAML-S improveson thoseservice locating modelsby taking
advantage of DAM L+OIL ontologiesand its inferential capabili ties that greatly
enhancethe possibilit y for locating relevant services.

4 M odeling Servi ces as Pro cesses

Web Services are Web-accessible programs or devices. Their operation is de-
scribed in terms of a process model, which detail s both the contr ol structure
and data 
 ow structure of the service, i.e., the possible steps(t ypically initi ated
by messagessent by the client) required to execute a service. The processmodel
comprises subclassesand properties of the Pr ocessModel class.

The two chief components of the process model are the Process Ontology
which describes a service in terms of its inputs, outputs, preconditions, e�e cts,
and, where appropriate, its component subprocesses; and the Process Control
Ontology which describes each process in terms of its state, including ini tial
activation, execution, and completi on. A version of the Process Ontology is re-
leased in the current version of DAM L-S and can be used to support automated
Web Service invocation, composition and interoperation. The Process Contr ol
Ontology, which is useful for automated execution monitorin g, has not yet been
released. We have also de�n ed an ontology of resources, and a simple ontology
of time; they will be described in other publications.

We expect our process ontology to serve as the basis for specifying a wide
array of services. In developing the ontology, we drew from a variety of sources,
including work in AI on planning languages [8], work in programming languages
and distr ibuted systems [16,17], emerging standards in processmodeling and
work
 ow technology such as the NIST's Process Speci� cation Language (PSL)
[20] and the Work
o w Management Coalit ion e� ort 8, work on modeling verb
semantics and event structure [18], work in AI on modeling complex act ions
[11], work in agent communication languages[7,12] and Multi-Agent infrastruc-
ture[23], and � nally previous work on action-inspired Web Service markup [15].

The primary kind of enti ty in the Process Ontology is, unsurprisingly, a pro-
cess. The basic Pr ocess class has several associated properties. A process can
have any number of inputs, representi ng the information that is, under some
condition s, required for the execution of the process. It can have any number of
outputs, the informati on that the processprovides,conditi onally, after it s execu-
tion. Besides inputs and outputs, another important type of parameter speci� es
the parti cipants in a process. There can also be any number of preconditi ons,
which must all hold in order for the process to be invoked. Finally, the process

8 http: //w ww.aiim.org/w fmc



can have any number of e� ects, which are the side e� ects in the world that result
from execution of the program. Outputs and e�ects can have condition s asso-
ciated with them. The range of each of these properties, at the upper ontology
level, is Thi ng ; that is, left totally unrestricted. For most service applications,
more speci� c range restricti ons will be used, together with cardinalit y restric-
tions. We anticip ate that in many casesthe rangeof propert ies wil l be subclasses
of the classof well-formed formulae in a logical languagewhose ontology we can
de� ne in DAML+OIL.

In DAM L-S, we disti nguish between atomic, simple, and composite processes:

1. Atomic processes are directly invokable (by exchanging messages wit h the
service), haveno subprocesses, and executein a singlestep, from theperspec-
tiv e of the service requester. (Th at is, the requester sends a single message,
and receivesback a singlemessage, in making useof the service.) Atomic pro-
cessesmust provide a grounding that enables a service requester to constr uct
an invocation messageand interpret a responsemessage.

2. Simple processes, on the other hand, are not directly invokable and are not
associated with a grounding. Like atomic processes, they can be conceived
as having single-step executions. Simple processes are used as elements of
abstract processes;a simpleprocessmay beused either to provide a view of (a
specialized way of using) some atomic process, or a simpli�ed representation
of some composite process (for purposes of planning and reasoning). In the
former case, the simple process is realizedBy the atomic process; in the latt er
case, the simple processexpands to the composite process.

3. Composite processesaredecomposable into other (non-compositeor compos-
ite) processes. Their decompositions are speci� ed using contr ol constructs
such as Sequence and I f-Then-Else (Table 2). Decompositi ons show,
among other th ings, the control str ucture associated with a composition
of processesand the input-output data
 ow of the composition.

A Composite Pr oce ss must have a composedOf propert y by which the control
structure of thecomposite is indicated, usinga Contr olCo nstr uct . Each con-
trol construct, in turn, is associated wit h an addition al property called compo-
nents to indicate the ordering and conditio nal execution of the subprocesses (or
control constructs) of which it is composed. For instance, the control construct ,
Sequence, has a components property that rangesover a Pr ocessCompo-
nent List (a list whose it ems are restricted to be Pr ocessCo mponent s, which
are either processes or contr ol constructs). In the process upper ontology, we
have included a minimal set of control constructs that can be specialized to
describe a variety of Web Services.

A process can often be viewed at di� erent levels of granularit y, either as a
primitiv e, undecomposable process (th e \black box" view) or as a composite
process (t he \glass box" view). When a composite processis viewed as a black
box, a simple processcan be usedto represent th is. In th is case, the relationship
between the simple and composite is represented using the expand property, and
its inverse, the collapse propert y.



Table 2. ProcessConstruc ts

Co nstruct Descrip tio n
Sequence Execute a list of processes in a sequenti al order
Concurrent Execute elements of a bag of processes concurrentl y
Split Invoke elements of a bag of processes
Split+Join Invoke elements of a bag of processesand synchronize
Unordered Execute all processesin a bag in any order
Choice Choosebetween alternat ives and execute one
If-T hen-Else If speci�ed conditi on holds, execute \Then", else execute \E lse".
Repeat-Until Iterat e execution of a bag of processesuntil a condition holds.
Repeat-While Iterat e execution of a bag of processeswhile a conditio n holds

The DAML-S ontology provides a set of distinguishedclassesand properties
for describing the content and capabilit ies of Web Services. The DAML+ OIL
languagein which it is speci� ed has a well-de�n ed semantics; however the ex-
pressive power of DAM L+OIL is not su�c ient to restrict DAM L-S to all and
only the intended interpretations. Recently , we have developed proposals for
both an model-theoret ic and an execution semanti cs for DAM L-S descripti ons.
[19,1]. One approach provides a model-theoret ic semant ics by describing the in-
tended interpretati on of DAML-S in a more expressive �r st-order logic language
[19]. To provide an operational semanti cs, the representati on is then translated
into a distrib uted operational semantics based on High-Level Petri Nets. This
allowed us to determine the complexity of important decision procedures (such
as reachabilit y and deadlock) for various subsetsof the DAML-S process lan-
guage. In our other approach [1], we usea functional core language to describe
DAML-S constructs. A (concurrent) interleaving strict operational semantics for
DAML-S is de� ned, which provides a formal basis for the DAM L-S execution
model. Together, these proposals allow us to translate DAML-S speci� cations
into an executable process model that can be used for simulati on, veri�cation ,
and composit ion of DAML-S-described services.

5 Groundi ng a Service to a Concr ete Reali zat ion

The grounding of a service speci�es the detail s of how to access the service {
details having mainly to do wit h protocol and messageformats, serialization,
tr ansport, and addressing. A grounding can be thought of asa mapping from an
abstract to a concrete speci�cation of thoseservice description elements that are
required for interact ing with theservice; for our purposes, the inputs and outputs
of atomic processes. Note that in DAML-S, both the ServicePro�l e and the Ser-
viceModel are conceived as abstract representation s; only the ServiceGrounding
dealswith the concrete level of speci�cation .

In DAM L-S, the abstract content of a messageis speci�ed, implicitly , by
the input or output properties of an atomic process. Thus, atomic processes,
in addit ion to specifying the primitiv e processes from which larger processes



are composed, can also be thought of as the communication primitiv es of an
(abstr act) processspeci�cation .

Concrete messages,however, are speci�ed explicit ly in a grounding. The cen-
tr al function of a DAM L-S grounding is to show how the (abstr act) inputs and
outputs of an atomic process are to be realized concretely as messages, which
carry those inputs and outputs in some speci�c transmittab le format. Industr y
is a long way towards adopting a concrete message speci�cation . As such, in
crafting our DAML-S grounding mechanism, we use Web Services Description
Language (WSDL), a part icular speci� cation language proposal that is repre-
sentative of e�orts in this area and that has strong industry backing.

WSDL \is an XM L format for describing network servicesas a set of end-
points operating on messagescontain ing either document-oriented or procedure-
oriented information. The operations and messages are described abstractly, and
then bound to a concrete network protocol and messageformat to de�n e an
endpoint. Related concrete endpoints are combined into abstr act endpoints (ser-
vices). WSDL is extensible to allow descripti on of endpoints and their messages
regardless of what messageformats or network protocols are used to communi-
cate" [4].

The DAML-S concept of grounding is generally consistent with WSDL's con-
cept of binding. Indeed, by using the extensibil it y elements already provided by
WSDL, along with one new extensibilit y element proposed here, it is an easy
matter to ground a DAML-S atomic process. In th is sect ion, we show how this
may be done, relying on the WSDL 1.1 speci�cation .

5.1 R elati onshi ps Bet ween DAML -S and WSD L

The approach described here allows a service developer who is going to provide
service descriptions for use by potential clients to take advantageof the comple-
mentary strengths of these two speci�cation languages. On the one hand (the
abstr act side of a service speci�cation ), the developer bene�ts by making useof
DAML-S' process model, and the expressivenessof DAM L+OIL's class typing
mechanisms, relati ve to what XML Schema provides. On the other hand (the
concrete side), the developer bene� ts from the opportunit y to reusethe exten-
sive work done in WSDL (and related languagessuch as SOAP), and software
support for message exchangesbased on these declarations, as de� ned to date
for various protocols and transport mechanisms.

We emphasize that a DAML-S/W SDL grounding involvesa complementary
use of the two languages, in a way that is in accord with the intentions of the
authors of WSDL. Both languagesare required for the full speci�cation of a
grounding. This is becausethe two languagesdo not cover the same concep-
tual space. As indicated by �gu re 1, the two languagesdo overlap in the area
of providing for the speci� cation of what WSDL calls \abstract types", which
in tur n are used to characterize the inputs and outputs of services. WSDL, by
default, speci�es abstr act types using XML Schema,whereasDAML-S allows for
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Fi g. 1. Mappi ng between DAML-S and WSDL

thede�n ition of abstract typesas(descripti on logic-based) DAML+OIL classes9.
However, WSDL/XS D is unable to express the semantics of a DAML+OIL class.
Similarly, DAML-S has no means,as currentl y de�ned, to express the binding
information that WSDL captures. Thus, it is natural that a DAM L-S/WS DL
grounding uses DAML+ OIL classes as the abstract types of messageparts de-
clared in WSDL, and then relies on WSDL binding constructs to specify the
formatting of the messages10.

A DAML-S/W SDL grounding is based upon the following thr ee correspon-
dencesbetween DAML-S and WSDL. Figure 1 shows the � rst two of these.

1. A DAML-S atomic processcorresponds to a WSDL operation. Di�e rent types
of operations are related to DAM L-S processes as follows:

{ An atomic process with both inputs and outputs corresponds to a WSDL
request-responseoperation.

{ An atomic process with inputs, but no outputs, corresponds to a WSDL
one-way operation.

{ An atomic process with outputs, but no inputs, corresponds to a WSDL
noti�c ation operation.

{ A composit e process with both outputs and inputs, and with the sending
of outputs speci� ed ascoming before the reception of inputs, corresponds
to WSDL's solicit-r esponseoperation11.

9 XML Schema prim it ives can also be used to de�ne DAML+O IL properties.
10 The DAML+O IL classes can either be de�ned withi n the WSDL types section, or

de�ned in a separate document and referred to from within the WSDL descripti on.
In the remainder of this exposition, we describe only the latter approach.

11 Since a composite processhas no grounding, thi s construct would be grounded indi -
rectly by meansof it s relati onship to a simple process(by the collapseproperty), and
hence to an atomi c process (by the realizedBy property), as ment ioned in Section
4. We are considering whether to create a new kind of atomic processin DAML -S,
which corresponds directly to the solicit -response operation.



2. The set of inputs and the set of outputs of a DAML-S atomic processeach
corresponds to WSDL' s concept of message. More precisely, DAM L-S inputs
correspond to the parts of an input message of a WSDL operation, and
DAML-S outputs correspond to the parts of an output messageof a WSDL
operation.
Note that WSDL allows (at most) one input, and (at most) one output
messageto be associated with an operation. This is in accord wit h a decision
made independently , in DAML-S, that a grounding must map all inputs to
(at most) a single message,and similarly for outputs.

3. The types (DAML+ OIL classes) of the inputs and outputs of a DAML-
S atomic process correspond to WSDL's extensible notion of abstract type
(and, as such, may be used in WSDL speci�cations of messageparts).

The job of a DAML-S/WS DL grounding is � rst, to de� ne, in WSDL, the
messagesand operations by which an atomic process may be accessed, and then,
to specify correspondences (1) and (2). Alth ough it is not logically necessary to
do so,we believe it will be useful to specify these correspondencesboth in WSDL
and in DAM L-S. Thus, as indicated in the following, we allow for constr ucts in
both languagesfor this purpose.

5.2 Grounding DA M L-S Services Wi th WSDL and SOA P

BecauseDAML-S is an XML-b ased language,and its atomic process declara-
tions and input /outp ut types already � t nicely with WSDL, it is easyto extend
existing WSDL bindings for use with DAML-S, such as the SOAP binding. In
th is subsection, we indicate brie
y how an arbitr ary atomic process,speci�ed in
DAML-S, can be given a grounding using WSDL and SOAP, with the assump-
tion of HTT P as the chosentransport mechanism.

Grounding DAML-S with WSDL and SOAP involves the constr uction of a
WSDL servicedescription wit h all theusualparts (message, operation, port type,
binding, and service constructs), except that the types element can normally be
omitted. DAML-S extensions are introduced as follows:

1. In each part of the WSDL message de�n itio n, the daml-property attr ibute
is used to indicate the fully-quali�ed name of the DAML-S input or output
property, to which this part of the messagecorresponds. From the property
name, the appropriate DAML range class { the class of object which this
messagepart wil l contain { can easily be obtained.

2. In each WSDL operation element, the daml-s-process attr ibute is used to
indicate the name of the DAML-S atomic process, to which the operation
corresponds.

3. Withi n the WSDL binding element, the encodingStyle attr ibute is given a
value such as
\h ttp ://www.daml.o rg/2001/03/daml+ oil.daml", to indicate that the mes-
sageparts wil l be serialized in the normal way for class instancesof the given
types, for the speci�ed version of DAML.



Having completedtheWSDL servicedescripti on, a W sdlGr ound ing object
is constructed (in the DAML-S speci� cation), which refers to speci�c elements
with in the WSDL speci�cation , using the following properties:

{ wsdlReference: A URI that indicates the version of WSDL in use.
{ otherReferences: A list of URIs indicating other relevant standards employed

by the WSDL code (e.g., SOAP, HTTP , MIME ).
{ wsdlDocuments: A list of the URIs of the WSDL document(s) that give the

grounding.
{ wsdlOperation : The URI of the WSDL operation corresponding to the given

atomic process.
{ wsdlInputM essage: An object contain ing the URI of the WSDL messagedef-

inition that carries the inputs of the given atomic process, and a list of map-
ping pairs, which indicate the correspondencebetween particular DAM L-S
input properties and part icular WSDL messageparts.

{ wsdlOutputMessage: Similar to wsdlInputMessage, but for outputs.

6 A Short Walk Thr ough DAML-S

In this �n al section, we walk through a small DAM L-S example12. Here we
restrict ourselves to illustr ating some aspects of the process model and how
they relate to the service grounding. Our walk-through utili zes the example
of a �ctitiou s book-buying service, CongoBuy. This service is actually a col-
lect ion of smaller Congo programs (e.g., LocateBook, PutIn Cart, etc.), each
Web-accessible and composed together to form the CongoBuy program.

For a complete speci� cation of DAM L-S, please refer to the DAM L-S ref-
erencedocument13. DAM L-S comprises several ontologies in the DAML+O IL
(March 2001) markup language.Thr oughout th is example, we will refer to the
pro�l e ontology14 and the process ontology15. Theseontologiesde�n e classesand
propert ies that form the foundation of a service description. To describe a par-
ticul ar service, we specialize these classes and properties by creating subclasses
and subproperties speci� c to the service.

Step 1: Describ e Ind ividual Progr ams The �r st step in marking up a
Web Service is to describe the individual programs that comprise the service. It
is the processmodel that providesa declarative descripti on of a program's prop-
erties. The processmodel conceives each program as eith er an atomic process,
simple or composite process. A non-decomposable Web-accessible program is
described asan atomic process. An atomic processis characterized by it s abilit y
to be executed by a single (e.g., http ) call, that returns a response.

An example of an atomic process is the LocateBook program that takes as
input the name of a book and returns a description of the book and its price, if
the book is in Congo's catalogue. The simplest way to proclaim LocateBook an
atomic process is using the subClassOf construct as follows.
12 A more detailed example can be found at http: //w ww.daml.org/serv ices.
13 http: //w ww.daml.org/serv ices/dam l-s/2 001/10/dam l-s.html
14 http: //w ww.daml.org/serv ices/dam l-s/2 001/10/Pro�le. daml
15 http: //w ww.daml.org/serv ices/dam l-s/2 001/10/Pro cess.daml



<daml:Class rdf:ID="LocateBook">
<rdfs:subClassOf rdf:resource="& process;#AtomicProcess"/>

</daml:Class>

Associated with each processis a set of properties. Using a program or function
metaphor, a process has parameters to which it is associated. Two types of
parameters are the DAML-S properties input and (condition al) output , which
are de�n ed in the process ontology.

An example of an input for LocateBook might be the name of the book. We
proclaim this using the subPropertyOf construct.

<rdf:Property rdf:ID="bookName">
<rdfs:subPropertyOf rdf:resource ="&process;#input"/>
<rdfs:domain rdf:resource="#Loca teBook"/>
<rdfs:range rdf:resource="&xsd;# string"/>

</rdf:Property>

Inputs can be mandatory or optional. In contrast, outputs are generally condi-
tional. For example, when you search for a book in the Congo catalogue, the
output may be a detai led descripti on of the book, if Congo carries it, or it may
be a "Sorry we don't carry." message.Such outputs are characterized as condi-
tional outputs. To describe a conditional output , the rangeof output is a class
called ConditionalOutput , which is a subclassof Thing . ConditionalOutput in
turn has two properties: the conditi on coCondition , and the output coOutput .
An uncondition al output has a zero cardinalit y restriction on its condit ion. An
example of a condition al output is bookDescription, which is an output condi-
tional upon the book being in the Congo catalogue. If the book is not in Congo's
catalogues,then the output is a messageto this e�ec t 16.

As above, we can proclaim the condition al outputs of LocateBook by special-
izing our processontology using subClassOf and subPropertyOf . Rather than
provide the markup here, we il lustrat e the relations in Figure 6.

The designation of inputs and outputs enables the programs/services that
we are describing in DAML-S to be used for automated Web Service invocation.
In order to enable the programs/services to be used for automated service com-
position, we must additio nally describe the side-e� ects of the programs, if any
exist. To thi s end, me must describe the precondition and (conditi onal) e�ect
propert iesof our program. They aredescribedanalogously to inputs and outputs.

Step 2: Descr ibe the Grounding for Each A tomi c Pro cess
Here, we relate LocateBook to its grounding, LocateBookGrounding. Since

LocateBook is a class, we need to say: \Ev ery instance (i.e., invocation, or
use) of th is class has an instance of the hasGrounding propert y, with value
LocateBookGrounding." The hasGrounding propert y isde�n ed in Process.daml .

<daml:Class rdf:about="LocateBook">
<daml:sameClassAs>

16 For many nont rivial applicat ions, the range of the output will be rest rict ed to sub-
classesof logical well-formed formulae.
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Fi g. 2. A Conditi onal Ouput for LocateBook in DAML-S

<daml:Restriction daml:cardinality= "1">
<daml:onProperty rdf:resource= "#hasGrounding"/>
<daml:hasValue rdf:resource="# LocateBookGrounding"/>

</daml:Restriction>
</daml:sameClassAs>

</daml:Class>

The following is an example of a DAML-S Grounding Instance. The \exam-
ple.com" URIs (...#FindBook , ...#LocateBookInput , etc.) refer to constr ucts
in the corresponding WSDL document (not shown here).

<grounding:WsdlGrounding rdf:ID="Loc ateBookGrounding">
<grounding:wsdlReference rdf:res ource="http://www.w3.org/TR/2001/NOTE-wsdl-20010315">
<grounding:otherReferences rdf:p arseType="daml:collection">

"http://www.w3.org/TR/2001/NOTE-wsd l-20010315"
"http://schemas.xmlsoap.org/wsdl/so ap/"
"http://schemas.xmlsoap.org/soap/ht tp/"

</grounding:otherReferences>
<grounding:wsdlDocuments rdf:par seType="daml:collection">

"http://example.com/congo/congobuy. wsdl"
</grounding:wsdlDocuments>
<grounding:wsdlOperation

rdf:resource="http://example.com//lo catebook.wsdl#FindBook"/>
<grounding:wsdlInputMessage

rdf:resource="http://example.com/loc atebook.wsdl#LocateBookInput"/>
<grounding:wsdlInputMessageParts rdf:parseType="daml:collection">

<grounding:wsdlMessageMap>
<grounding:damlsParameter rdf: resource=#bookName>
<grounding:wsdlMessagePart

rdf:resource="http://example.com//lo catebook.wsdl#BookName">
</grounding:wsdlMessageMap>
... other message map elements ...



</grounding:wsdlInputMessagePart s>
<grounding:wsdlOutputMessage

rdf:resource="http://example.com/l ocatebook.wsdl#LocateBookOutput"/>
<grounding:wsdlOutputMessagePart s rdf:parseType="daml:collection">

... similar to wsdlInputMessagePart s ...
</grounding:wsdlOutputMessagePar ts>

<grounding:WsdlGrounding>

Spaceprecludes inclusion of steps 3, 4, and 5 of our walk-thr ough. Step 3 is to
describe compositions of the atomic processes. For example, we might describe
the composite process CongoBuyBookwhich is a composition of LocateBook,
PutInCart , etc. Step 4 is an optional step, in which we can describe a simple
process for our service. Last, but certainly not least is the pro� le description,
which we perform in Step 5. The pro� le descript ion provides a declarative ad-
vertisement for the service. It is partiall y populated by the process model, if one
exists, and thi s is why it is the last step of our servicedescripti on.

7 Concl usion

In thi s paper we have presented DAML-S, an upper ontology for describing Web
Services,written in DAML+O IL. Threeaspects of DAM L-S werepresented: the
service pro� le, the process model, and the service grounding (with focus on the
last one). Service grounding is critical to the successful deployment of DAML-S,
since it provides the connection between our Semant ic Web approach and the
emerging industry standards for Web Service description (e.g. WSDL), demon-
stratin g that DAML-S is complementary to the mainstream industr y e�orts.
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