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1. Introduction

Semantics play an increasingly important role not only in web services bum als
information systems. Structured web service standards have addressed some key
challenges in terms of enterprise interoperability. Semantics lstesadards such as

RDF/S and OWL have matured to a point where wide proliferation appears inevitable.
These standards today offer facilities for building ontologies. However, in ordeeb
service based solutions to reach their full potential, platforms provided by métdle
vendors must take advantage of the semantic standards. This will allow many of our
customers to explicitly specify the semantics of their web services asdrfantics of

each service’s context. In our opinion, progress can be achieved when we can establish a
clear set of relationships between web services standards and semanticaraisedsst

These relationships can take the form of RDF/S and OWL/SWRL mappings or other
potential encoding approaches, but it is critical that such mappings are stzedlardi

Lacking those relationships, organizations will not be able to fully leverage thei
investments in web services. In figure 1, we show semantic based standartisestruc
based standards, and syntax based standards as we see them today [for an introduction,
see 10].
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Figurel. Standardsand Their Relationships

The line in bold font shows how Standards facilitate interoperability. For exawipe
XML became widely adopted, we achieved a boost on the interoperability scale.

One of MITRE’s primary roles is to advise and evaluate our customer’'siselet
technologies and designs. As a result we provide this position paper submission from our



customer’s adoption point of view. We have covered a limited set of topical deded re
to possible web service framework standards with a set of example ssdpact as a
discussion facilitation mechanism. These include annotation, orchestration, upper
ontologies, and cross-domain information sharing.

2. Annotations

The second boost to interoperability was achieved when XML Schema, SOAP, and
WSDL were standardized. To achieve the next boost in interoperability, we must
standardize on the mappings between the ontologies created in RDF/S and OWL and
XML schemas. This mapping is critical since it constitutes the annotatitiomslaps

that connect the structured documents with their ontologies. By doing this annotation,
organizations would also preserve ALL current investments in their XML schéfoa
justifications of these findings, we invite the interested reader to reviepublications

[1, 2, 3].

One prospective use of annotations with respect to ontologies, for example, could involve
the notion of labeled deduction [5]. An ontology assertion (expressed in RDF/S,
OWL/SWRL) or inference step is annotated with other logical informatiorato t

multiple logics exist and act over the same expression [4]. For each progeal |

assertion or deductive step, annotations exist. These annotations (labelshasivite
symbolically interpreted according to the logic they are expressionseztch step in the
primary assertion or deductive step. Typically, the annotations are expressagler

logics (say, propositional logics) than the primary assertion/deductjvéssig, a

predicate logic). The effect is therefore that the most computationstiynee-intensive
deduction using the logical assertions drives the inference, with the annotations
(expressing security, strength of belief, provenance information, etc.yeeped in less
expressive and therefore more efficiently executed logics (typigadbositional logics,
some of which can be implemented in bit-vector operations). The result is that a Modus
Ponens proof can simultaneously cause the composition of security and/or belief-
confidence annotations according to simpler logics, and propagate the annotations
through the ontological space. The labeled deduction framework thus makes the
annotations themselves interpretable symbolically and correlated with thatgem
assertions and proofs involving the ontology.

In a framework for semantic web services, one can imagine that a semansemwice

(driven by an ontology for that service) has a number of annotations, including contextual
information related to policies of various types (security, privacy/imteiéé property,

even supply-chain/partnering information), all of which have their own ontologies).
Labelled deduction may be a mechanism for simultaneous correlation of thaitimnot
information — semantically.

2.1 Scenario 1: Belief Statements For Online Identification

“John” logs onto his computer by typing in his userid and password. This information is
typically passed to a user authentication service on a corporate server. Johprsfiuser
which stores its access levels and preferences, allows him access to ésmuares

related sensitive information including payroll records, medical and benefitisels of



Company X’'s employees, and corporate strategy and planning documents. Prior to John’s
access to this information his identity must be established with a certdiofid®etief.

Company X’s policy is to allow access to some of this information if John issiitges

their system from inside their physical campus, and only allow limitedyreaky’

access to strategy information if he is logging in over an external cormethos, a

level of belief about John’s location is a critical element this scenario.

3. Orchestration

Agility is a key term used by our customers today. They consider it the number one
characteristic of their future information technology (IT) enterprisethésame time

they are adopting web service technologies and looking for a way to looselg toog:
services into sequences of value-added business capabilities. Increasmagurity of

the orchestration standards is critical to progress in this area. Standards B&ELd\WV,
WSCI, and BPML are intended to reduce the complexity and explicitly encodenhboth t
physical requirements of these service-to-service interactionsnitysantracts) and the
business value of the overall service “chain”. Without a common set of standalds, eac
customer group will construct their own orchestration management approach. [Tims wi
turn result in a less than optimal enterprise management and enterprise euglutiona
environment.

OWL-S (and perhaps SWSL) takes a mostly reactive planning view of the sesanti
web services. The reactive planning view means that services and theirxcomple
compositions are generally viewed as a three-phase operation: planning, scheadling, a
execution. There is some set of objectives or goals that a developer or uséowants
achieve. This set might be viewed as the rationale for the desired web.senaamight
have multiple plans (various compositions of web services) that could achieve those
desired goals. A given plan is selected or composed from a library oryegistr
services/plans. That plan can be represented as a more-or-less conkpbeytasess
model, as Figure 2 depicts.
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Figure 2. Planning, Task, Process Representation




In this figure, the Task T is the plan that has been selected and instantiatedgste achi
some needed goals (rationale). T is complex and has multiple choreogragtesdfated
subtasks (sub-processes or services) that must eventually be scheduled ated:ekec

B, C, ..., N. Each of those subtasks has preconditions and postconditions that must hold,
as does T itself. Those preconditions and postconditions are properties that must hold
either prior to or posterior to the planning, scheduling, or execution of that task/subtask.
They are constraints on those phases of the complex service. Some examples of
preconditions (these are preconditions at the planning phase, i.e., only choose plans that
can provide guarantees that these constraints will be met; they can atstslered
postconditions that correlate in actuality with the planned preconditions):rtessl{this

needs to execute successfully within 1 day), cost (this needs to cost in total no more tha
$10Kk), availability/receiving (this needs to deliver its products to my latatidkron,

Ohio). Some examples of postconditions (in addition to precondition actual realizations)
quality (this executed with some demonstrable quality function, e.g., the ghategdre
delivered had less than a 5% defect rate), etc.

In this scenario, the plan of Task T has been selected, instantiated, scheduled, and
executed. Preconditions and postconditions apply at each task/subtask and at each phase
of the operation, where appropriate: planning, instantiation, scheduling, executian. Thes
conditions or constraints can range from necessary to optional, with any range of
gradations one desires, with any associated behavior at its violation (stepvtbe and

demand remuneration, throw adjudication to the user/service-requester, exgcute

preferred rule-set that handles constraint violations and exceptions, etc.)

3.1 Scenario 2: Agile Investment Tracking

Company X provides a real-time monitoring and alerting service for theld wate

stock market customers. They track each customer’s portfolio of investmentowaiae pr
a variety of alerting services globally. As customers changeitiveistment holdings and
as new messaging technologies proliferate, Company X’'s customers &xgetthe
same level of service regardless of the device, location, or current sizergnudestiof
their holdings. To accomplish this, Company X needs to have a highly flexible set of
information flows that can evolve with the changes in customer investments and the
changes in messaging technologies. If such a system rested on a web sengeefk,

it would be essential that the customer alerting services could adopt new dtributi
services as well as new feeder stock tracking sensor services.

4. Upper Ontologies

The idea of some limited upper ontology has been considered for a number of years [12,
13, 14, 15, 16, 17, 18]. Current work in this area focuses the encoding of non-domain
specific high-level concepts that allow an organization to conceptually aesectdies

from different fields. The scenario below contains one example. One of the fundamenta
“hard problems” with the standardization of an upper ontology or a way to define them, is
that basic assumptions regarding the nature or state of the world must be presusned. Thi
assumption set, no matter how generalized it is, will always fail to cover ciamein of
community of interests viewpoint. Therefore, it may be necessary to consieleofa

logically related or relatable upper ontology and reference ontology modukdsr@nce



ontology is an ontology that acts as a reference in a specific domain such @sanedi
against which ontologies within that domain can correlate/map), a so-cétlieel td-
theories approach. A lattice of theories simply means that in the large ocabkmace,
individual ontologies (considered as logical theories about domains) are telitally

at the macroscopic level in much the same way classes are related witintolagy at
the microscopic level, i.e., in terms of logical entailment relations. As tharge web
progresses, however, we expect that grounding distributed ontologies into reference
middle ontologies, and upper ontologies will be required, to facilitate more@recis
comparisons of their meanings.

4.1 Scenario 3: In-Store Product Classifications versus External Ordering
from Suppliers

Company X’'s has a set of in-store product identification classificat@tghey use to
organize their chain of facilities and their supply ordering system. Withingtores they
have electronics goods and a set of these are consider personnel entertgstemast s
However these items come from a variety of vendors who all have their own
classification taxonomy that benefits their own marketing agendas. In seg® ca
Vendor Y does not want to compete with Vendor Z, so they have labeled their MP3
playing video capturing widgit as an exercise environment device. Venddrafas a
similar device, although theirs is less expensive due to only a still fraregeap
capability, is sold as a personnel consumer product. In this situation, the owners of the
chain of consumer stores have to map their inventory and store space allocatibat to w
appear to be different types of products. But are they really?

Business-to-business (B2B) electronic commerce has this problem. §slijotiescribe

the situation. If the semantics of products and services that transcend individlogjscat
are to be captured, ontologies are required. In fact, in the representation of sapply ch
semantics, distinct nodes of the supply chain have to use different portions ofvihatrele
set of domain ontologies. An example: a chemical manufacturer of variouscalemi
occurs early in a supply chain. Those chemicals are represented in an ontology of
chemistry that has properties such as the physical properties of distimit&lse their
combinational properties, and purity of the chemical product. However, another node in
the supply chain may be a manufacturer of paints and coatings. The paint andcoating
manufacturer will use a similar chemical ontology, but now the ontology has to represe
that manufacturer’s desired functional properties, including viscosity;rgdleicting
capability, drying-time of the coating.

5. Cross Domain Information Sharing

It is our experience that most of our customers have a number of different business
operations, many of which use their own semantic definitions. These are often rooted in
historical developments of those sub-business organizations and their functional role
within the enterprise as a whole. While the majority of the information in thegardte
communities’ remains internal, there are specific cases where crossidofoanation
sharing must occur and thus semantic translation.



5.1 Scenario 4: Privacy Rights Enforcement

Company X has a set of in-store customer tracking technologies that help tberatass
trends in overall sales to specific customers or groups of them. This infonmsa#

valuable commodity and at this time only limited legal restriction exieeswit comes to
sharing the information with other business. Last week, Bank of Global Trust, who
finances Company X proposed a significant loan interest rate reduction fa@grx

would share their customer information on specific product purchases, amounts, etc. This
is sometimes called Level 2 purchasing information around Company X. Whilght mi

be interesting to argue the rights of the consumer, Company X is out to make a profi
these days given lagging sales. The only question is how will they traimsate t

customer information into the semantics that the bank has specified. What does a
purchase event mean? Do you have to include the product category or just the bar code
number and how will all the group/trend information be rolled up.

We anticipate that a set of mappings between at least two distinct ordolaljieave to

occur. In the general case, those mappings will in fact constitute an irtegnaiiology,

i.e., an ontology in its own right. One of the problems in fact with older style common
models (in the Department of Defense world, policy 8320 constituted a common model
mandate) was that semantic distinctions were obliterated and dispaeateatigns,
applications, and databases were shoehorned into a common model that did not represent
the semantic distinctions that were necessary for them to make to trifnesalstisiness.

6. Some Recommendations

1. Research has shown that an upper ontology for Web services is needed. For example,
OWL-S Service Profile. This should include conditions and constraints on Web
Services, as a well as RDF/S and OWL links to attach an instance of this Webé ser
ontology to domain and contextual ontologies. Note we are not necessarily intent on
standardizing OWL-S as a whole. This upper ontology for web services may in turn
need to be grounded in an upper ontology or set of upper ontology modules, to
situate its meanings.

2. RDF/S and OWL mappings from WSDL to ontologies are needed. This can take the
following form: A WSDL can have a corresponding ontology. Then, RDF/S and
OWL links can be used to map the ontological representation of WSDL to other
ontologies. However, we are also aware of other approaches that implement this
mapping by using the extensibility feature of WSDL. Both of these approaeyes m
be acceptable to us.

3. Itis important that semantic web technologies be applied to any dataicesenthe
web. Towards this, simple input/output standards that would allow the mappings of
semantic translations to be consumed by a web service (that is servidglagade
between communities, for example) would be very helpful.

4. The future web service framework standards should allow polymorphic reasoning on
the contents of an ontology. This may entail contextual reasoning and the automated
transition (coercion) of semantics from one context to another.

5. Semantic constraints (preconditions and postconditions) on web services will be
necessary. A standard rule/constraint language grounded in the symbols of asitologie
that support web services will be necessary.



References

[1] Sabbouh M., DeRosa J. 2004. Using Semantic Webribéatjies to Integrate Software Components.
Proceedings of the Third International Semantic \@ebference (ISWC 04), Hiroshima Japan;
Semantic Web Services Workshop.

[2] Sabbouh M., Pulvermacher M. 2004. Wedding the Wb Example of a Services and Semantics
Marriage that Works. Proceedings of the 8th Wdtldti-Conference on Systemics, Cybernetics and
Informatics, 2004, Orlando Florida, USA

[3] Sabbouh M., DeRosa J. 2005. Using Semantic Webribéatjies to enable interoperability of
disparate information systems. Forthcoming.

[4] Obrst, Leo, Deborah Nichols. 2005 Context and gfiels: Contextual Indexing of Ontological
Expressions. Submission to Context and Ontologieskghop, AAAI 2005, Pittsburgh, PA, 2005.

[5] Gabbay, Dov. 1996. Labelled Deductive Systems;diries and Applications. Vol 1: Introduction.
Oxford University Press.

[6] Stoutenburg, Suzette; Leo Obrst; Deborah Nichigspn Peterson; Adrian Johnson. 2005. Toward a
Standard Rule Language for Semantic Integratich@DoD Enterprise. W3C Workshop on Rule
Languages for Interoperability, 27-28 April 2005a8tington, D.C.

[7] Pulvermacher, Mary; Leo Obrst; Salim Semy; and SeZ&toutenburg. 2005. Perspectives on
Applying Semantic Web Technologies in Military Doims MITRE Technical Report.

[8] Obrst, L, S. Semy, M. Pulvermacher. 2004. Uppeno@gly Distinctions for Use in U.S. Government
and Military Domains. Submission to the Third Im&tional Conference on Formal Ontology in
Information Systems, FOIS-04, Torino, Italy, Noveamid-6, 2004.

[9] Semy, S., M. Pulvermacher, L. Obrst. 2004 TowaedUke of an Upper Ontology for U.S.
Government and Military Domains: An Evaluation. NRE Technical Report 04B0000063,
September, 2004. Submission to Workshop on Infdomdhtegration on the Web (IIWeb-04), in
conjunction with VLDB-2004, Toronto, Canada, Auf)-Sept. 3, 2004.

[10] Daconta, M., L. Obrst, K. Smith. 2003. The Semawieb: The Future of XML, Web Services, and
Knowledge Management. John Wiley, Inc., June, 2003.

[11] Obrst, L., H. Liu, R. Wray. 2003. Ontologies forr@orate Web Applications. Atrtificial Intelligence
Magazine, special issue on Ontologies, Americarogigsion for Artificial Intelligence, Chris Welty,
ed., Fall, 2003, pp. 49-62.

[12] Descriptive Ontology for Linguistic and Cognitiveineering Websitattp://www.loa-
cnr.ittDOLCE.html

[13] Evaluations of Candidate Common Upper Ontolodiég;//suo.ieee.org/SUO/Evaluations/

[14] General Ontology Languagettp://www.ontology.uni-leipzig.de/Objectives.html

[15] Masolo, C., Borgo, S., Gangemi, A., Guarino, Nir&hari, A. WonderWeb Deliverable D18
Ontology Library (final), December 31, 2003

[16] Niles, I., Pease, A. Towards a Standard Upper @gtolin Proceedings of thd“nternational
Conference on Formal Ontology in Information Syst€fOI1S-2001), Chris Welty and Barry Smith,
eds, Ogunquit, Maine, October 17-19, 2001.

[17] OpenCyc Selected Vocabulary and Upper Ontolbtty;//www.cyc.com/cycdoc/vocab/upperont-

diagram.html
[18] OpenCyc Websitehttp://www.opencyc.org/




