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Welcome to this presentation about the “Enterprise Semantic Web” — its uses, software, architectures
and the way it will change how enterprise information management is accomplished.
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@& Prelude

® Presentation Goals

— Straight Talk; No Hype!
— Education - what, why, how...
— Explain Value-drivers & ROI

Architectures

® Presentation Takeaways

— Ifyou're serious about data, you need to be
serious about ‘'semantic technology’

— The core enabling fechnologies and services are
available to you now — RDF, OWL & Core Services

X0

— Semantic Web technology is not perfect, it may 08
never be, but it is showing real value for enabling EQ)

. . O

an Enterprise Semantic Web CQ
€

-

The key takeaway from this presentation is that this technology base is (a) here today, (b) standards-
based, and (c) a powerful new way of getting control over large quantities of enterprise information.
Take the time to learn how these technologies can improve your job.
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@& Core Tenefts

® |nformationis power
— As always, for nations and businesses

® A change is required
— Collection rate outstrips understanding

® The change must be fundamental
— OO0, Java, RDB, XML, EAI (etc) aren’'t enough

® Perfect is the enemy of the good
— W3C standards aren't perfect, but ARE powerful

) network
inference

There are big things going on here. Historically, information has always been power — both for nation-
states and commercial businesses. But our ways of managing information are stone-age in
comparison to the rate at which we acquire new data. Something significant and fundamental must
change. XML and Java based systems are not the end-state of technology. While W3C standards are

not perfect, they offer the most viable path toward a fundamentally better way of managing
information.
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@ Agenda

® Semantics Backgrounder

® Enferprise Use Cases

— Technology capabilities
for the business

® Service Utilities

— New software components
for enterprise infrastructures

® Architecture Patterns

— Underthe hood look at how
they get the job done

® Conclusions

— Why is any of this important? Should you be skepftical?

Use Case

Service

Architecture

— Words of promise, words of caution — semantics

) network
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For the remainder of this presentation we will be breaking down the problem into discrete areas: a

backgrounderto frame a common starting point, business problems to be addressed by use cases,
solution architecture problems to be addressed by a services architecture, and semantic web design
problems to be addressed by component level architectures. Taken together, these solution areas

should provide you with the patterns required to start solving problems in your daily job.
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Semantics Backgrounder

Why are semantics imporiant?

What are semantics?

What is the Enterprise Semantic Web?
Why are rules and logics crucial?
Why do neat and scruffy people matter?
Isn’t this just Al all over again?

The first section addresses several background questions to frame the discussion in a common
context.
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= Information Overload

Q: In General, why are semantics importante

® Maintenance and Support of "Data
Meaning" is the largest, most expensive, and

fime-consuming portion of IT budgets

— Mars Climate Observer — Feet vs. Meters

- Y2K-"01" equals 1901 or 2001; What will happen on 1/1/00¢
— Product Hierarchies —Is my PDA a phone or a camera or both?

® Over $2008B is spent each year on integration
issues involving the meaning of data
(semantics)

— Classic “n-squared” problem is more severe at the dafa layer
- Data-to-data interfaces outhumber “pipes”
— Tightly-coupled = Briffle

. . . X0
® |[nformation growth is accelerating — FAST! 50
— 2002-2005 — more new data than all of history 3 -

- 5 exabytes of new digital data creafed in 2002 —enough for .5 'E)' 9
million new Libraries of Congress co

e

-
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@ [nfrastructure Complexity

Q: For business, why are semantics importante
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More particularly, for businesses, semantics are important because they can helpimpose a
manageable structure on top of an out-of-control infrastructure. Today’s popular approaches to the
same problem (EAI, XML, Ell, ETL, DW...) are not sufficient for long-term manageability. All these
approaches do is create more silos of difficult to understand data.
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® "Small Pieces Loosely Joined”

— Small Pieces: RDF Triples — data graphs

— Loosely Joined: OWL Models — concept
collections defined with precision

@ Fundamentally Different Than...
— XML - tfaxonomic tree structures

— Java - object structures (frames)
— RDB - two-dimensional/tabular structures

® From "Trees to Piles of Leafs”

— RDF Triples, collections of atomic data
— Ontologies are “views" into the whole
— “Strict” frees (XML) are not required

* Ontologies are multi-dimensional, with
formal, logically-sound, data semantics

= Craphs and Ontology

Q: How can the Semantic Web help¢

Some

Definitions

Semantics

Taxonomy
Schema

Ontology
Inference

. network
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So what’s different about semantic approaches? The W3C standards RDF and OWL have two
foundational characteristics that differentiate themselves from other technical approaches: (1) they
are based on graph data systems and (2) they can leverage “true” ontology formats with formal,
logically sound, semantics. Taken together, these languages fundamentally improve the way

meta/data relate to and evolve with IT systems.
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It's Business, not Social
Q: What is the Enterprise Semantic Web¢
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In the context of this presentation | am speaking about the “Enterprise Semantic Web” (ESW) — which
is @ more constrained version of the uber-Semantic Web vision. The ESW is concerned with how
OWL/RDF can reshape the enterprise information infrastructure, enable more effective master
reference data, and embody business rules and processes alongside data models. The ESW is
focused on linking graphs and ontology to traditional legacy formats like XML, RDB, ERP systems
and EAI platforms.
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= Math Matters

Q: Why are rules and logics cruciale

® \What if your

relational database

gave unreliable

query responsese

— Can pigs flye

— How many units did
you sell last quarter?

— Is this annual audit
report reliable?

Kirst-Order
Logic

Horn Logic
Programs

Description
Logic
Programs

(Negation As
Failure)

(Procedural ) <0
Attachments) ® |fthe dafaorruleis 009
3C

there, the query g0

ought to know ofit... €0

c

Sometimes people criticize the logical foundations of the Semantic Web. We believe that the
mathematical foundations of the languages are crucial to reliability, predictability, and performance. In
the same way that relational algebra enables quality RDBMS characteristics, the graph logics and
calculusthat underliethe Semantic Web are crucial to enterprise adoption. Over time, tool support
and education will make Semantics as easy to deal with as databases are today.

10
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= WO Sides of a Coin
Q: Why do scruffy/neat people mattere

@ Arfificial Intelligence (Al)
factions and levels

— "Neats” - theoreficians,
symbologists, proving truth

— "Scruffies” — engineers, Web
connectionists, getting a / Ontology '
job done /' Language

® Theory and practice |

meeting in the middle. ..

" Resource |

~ IMBIEIRDENS " Description /
— Nuclear Power Framework/ £9
— Stealth Technology gg
— ...more great things 459
_____ an;)
=

Historically, the evolution of the Semantic Web can be characterized as the interplay between two
kinds of people — the neats and the scruffies. Oneis more concerned with the provability of the logics
of a language, while the other is concerned with how useful the languages are in practice. Both are
crucial to the success of a foundational technology. Like other great engineering achievements, the
balance of the two perspectives produces breakthrough technology.

11
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“Web-Effect” + Standards

Q: Isn't this just Al all over againe

"7 @ Ssshhhhhh!

- — OWL/RDF are atype of
' Al “Knowledge
Representation”

® Traditional Al

e — "Silos" of knowledge
T — Incompatible algorithms
i — Inconsistent “expertise”

Berere b w5 b sty

~ @ Semantic Web
i : s A Everything has a URI
;L ——Ee * Models, classes, data
- — Predictable semantics
* Std. Triples & Axioms

-,
) network
inference

So, isn’t all this just artificial intelligence with a new face? Not really. Two significant changes make
these technologies truly disruptive. First, the introduction of the URI as the primary linking
mechanism for the model, classes, relationships, and instances creates a “web effect” among your
information — which is dramatically unlike any previous Al technology. Second, the standardization of
formal semantics (the allowable relationships among data) means that common baseline can be put
in place.

12
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@ |op-Down/Bofttom-Up

Q: How do you operationalize this stuffe

Model R -
Ontologies = i
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Two general approaches are being taken towards adoption. Some people are starting “top-down” by
creating ontologies to be connected to IT systems at a later point. Other people are working hard to
convert legacy data of all types to a “triples” format; understanding that this gives them incredible
flexibility down the road. It is where the two meet in the middle that 1+1 can = 3. Significant new
information capabilities are at hand.
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Enterprise Use €

Concept-based Query
Smart Query
Information Mediation
Taxonomy/Rule Alignment
Information View Management
Smart Audit and Compliance
Process Orchesiration

The following use cases are by no means comprehensive, with respect to the total number of ways
semantic web technology can impact business, but these are representative of the sorts of business
areas that our customers are wanting realize tangible value.

14
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® Use Casese
@ Well...actually; "Capability Cases”

® Management, Query, Enforcement
— Manage information more efficiently
— Query information more effectively
— Enforce policies/rules/security with agility

@® Key Concepts:

— Querying via ontology beats SQL or Google
e ...for certain uses

- Managing metadata w/ontology is agile -58
» ...inference does the hard work for you gc
— Enforcing policies w/ontology is powerful 20
e ...model-driven and highly dynamic ng

People are putting the technology to practice in a variety of ways, which can be articulated by a series
of use cases. More appropriately, the following enumeration describes a set of capabilities that are
important to business. They can be summarized as improving the way people or machines can
manage, query, or enforce policies on top of enterprise data.
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Use Case

Concept-based Query

Actors

Human Agent, Software Agent,
Unstructured Information, Semi-
Structured Information, Structured
Information

Description

The ability fo issue queries about
concepfts, rather than string
matching.

Business Value

Finding the right information faster.

MMoftivation

Traditional, “boftom-up’ approaches
for searchrely upon symbol matching
algorithms, and in advanced cases,
latent semantic indexing fechniques.
These approaches cannot, by
themselves, salve problems that
require onfology or thesaurus to link
words fo synonyms and/or the
business concepts they belong fo.

Why OWL/RDF2

RDF — schemaless data

RDF - federated/webbed data

OWL - correct, predictable reasoning
OWL - "real” ontology (v. XML/RDB)
OWL —vendor independence

Search and Retrieval, Guided
Navigation, Portals, Federated Query.
Data Integration, Business Intelligence

T

Inference/

Classification

@& Concept-based Query

Business
Concept Information

Query

Ontology
Annotation

A:

\

6: Vehigles made iq UK? N

Triumph \ Motorcycle \Greot Britain
Austin —|ec1|-}-"___,‘_.\>.Ce-u-pe\ Varwick
Centurion Q Tank ) _kwifed Kingdom
Greeves ‘-——C—cre_-’ ‘___—illgbﬂd\
Bedford Truck

(Lowon D
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In traditional IT systems people have to query against a physical schema. The physical schema can
be confusing, mislabeled, and misused. A separate ontology layer can allow information architects to
create more intuitive information models, expose them to end users or machine interfaces, and
enable queries to be driven from the concepts, not the physical schemas.
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Use Case

Smart Query

Actars

Human Agent, Soffware Agent,
Unstructured Information, Semi-
Structured Information, Structured
Information

Description

The ability o derive implicit
knowledge from stated models in a
consistent and predictable way.

Business Value

Finding "hidden™ information and
rules. Doing so across federated
schemas w/minimal code.

Moftivation

Traditional search approaches can
only join disparate information using
lexical equivalencies. The most
sophisticated approaches (Google)
use proprietary lexical pattern
matchers fo defermine a subset of
possible associations. RDB
technology relies on manually
implementedjoins in the schema
and in functions/procedures.

RDF — atomic, portable instances
OWL - correct, predictable reasoning
OWL —solid theoretic underpinnings
OWL —vendor “plugability”

/ I_+ ’_f

Search and Retrieval, Federated
Query, Data Integration, Business
Intelligence, Risk Management

’@ Smart Query

Business
Information

Inference/
Classification

Q: What shipments are at risk?
A: COSCO #A345

2 Ontology o
e mm—— ’ N
-
\
H ized

Chinese
Melons

Vegetable
Products

network ™

inference

S Bolivian
ql."'----.. Grapes /( 4
Sel— .- N Hesn | .,
~ - -

The notion of a smart query is one where inferencing is done at query time to find the logical joins that
were not made explicit in the query. Unlike SQL, all joins needn’t be expressed on the query in order
to ensure that the appropriate matching results are found and returned in the query response.
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Use Case

Information Mediation

Actars

Software Agent, Unstructured
Information, Semi-Structured
Information, Structured Information

Description

The ability to mediate information
from different sources, formats, and
contextsinto relevant views.

Business Value

Getting what information you need in
the right format for consumption by
legacy systems.

Motivation

Traditional EAL Ell, B2B approaches
rely on outdated data formats (XML,
RDB, OO), which result in brittle, high-
effort master reference data. Older
formats are merely strucure, not
ontology. Additionally, clder
metadata formats are unsound,
incomplete and require ad hoc
customizations that don't age well
over asustainment lifecycle.

Why OWL/RDF2

RDF — schemaless instance cache
RDF/OWL - easily federated

OWL — powerful domain modeling
OWL - vendor “plugability”

Integration, Mefadata Management,
Portals, Federated Query, Data
Warehousing, Business Intelligence

Information
Mediation

Inference/
Classification

A: 16

———

Mapping &
Modeling

< Product

’_4

Unit Sales

@ |nformation Mediation

UP Code

’_4

~ Volume

o — -

OWL

Inference

<0UPC name="X2">
<QTY>13</QTY>

<UPC name="Z">
<QTY>13</QTY>
<,/UPC>

Legacy

) network
inference

Information mediation is the use of ontologies to overlay disparate IT systems, thereby allowing for a
centralized place to retrieve heterogeneous data. Ontologies are a powerful approach because they
can capture higher-level business domains and still link them to the more confusing physical data
schemas underneath.
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Use Case

Taxonomy/Name/Rule Alignment

Actars

Data architect, Metadata analyst,
Software Agent, Legacy data
schemas

Description

Knowing what you know. Building
master reference data for [T alignment
across programs, organizations and
soffware product families.

Business Value

Reduced taxonomy and business rules
maintenance for complex IT
environments.

Motivation

Approaches that do not use ontology
— XML repositaries, Thesaurus
approaches, and RDB data
dictionaries — are exfraordinarily
difficult to monitor, evolve, and
perform “what-if” scenarios with. Even
small changes require schema
rebuilding, query reformulation, and
application re-coding.

Why OWL/RDF2

RDF - schemaless repository

RDF — RDB style fransactions

OWL - powerful domain modeling
OWL - "evolvable™ taxonomy
OWL - classification business rules

ERP term alignment, Financial
Reporting, Regulatory Compliance,
Identity Management, Portals, Business
Intelligence & Analytic Reporting

AP

Information

Classification

Management

Q: What products are type X?
A: #OU, #321, #12N, #34D

t
Business EF‘:ﬂ

@& Taxonomy/Rule Alignment

P *"'\
4 \
/ Family A \
e — = - / \
"'. ﬁ"\.\ . ! ? \
f/ Family Zed j«—— eq“li’valent Line X 158
I Line Foo ——/'I./:'_' 4 D C
\ I ! E
. ! 109
~o [#21 ] L EAER Ch
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Many organizations have significant problems managing vocabularies and names. These problems
can surface in companies with many different product lines, or companies that need to share master
reference data across different software platforms in a highly consistent manner. Ontologies provide
for a highly adaptive way of managing these vocabularies and rules because inference engines can

dynamically reclassify data and rules depending on the context of who is issuing the query.
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& Multi-level Security/Views

Use Case Information View Management

Actors Data architect, Metadata analyst,
Security controller, Software Agent,
Legacy data schemas e

Description Use a distinct model-based paolicy
layer foridentifying profiles and /
access privileges to federated data.

Inference/
Classification

Business Value Reducedreliance on hard-coded
security permissions layers; enabling
more agile, yet fully secure,
information dissemination — especially
for federated data.

Moftivation Authorization technigues — used to Q: Who can See Comp data?

create secure data views — typically .
require a large degree of coding and A_ Sa I Iy
integrafion because of the need fo

secure data at the smallest atomic
level. In homogenous environments

thisis usually not a problem, but the Unclassified hasReadA ccess
challenge becomes exponentially

difficult in heterogeneous systems.

OWL — mulfidimensional permissions L Classified Y
)
OWL - "evolvable” security ‘? — O
OWL —closed loop guarantee | hasRead&ccess—r O
, : Joe Highly confidential 3C
Portals, Business Intelligence & ! e q')
Analytic Reporting, Service-Oriented hasReadAccess T
Architecture fine-grained data Sally -
security \ G.)
=

In complicated security environments, with multiple realms, groups, privileges and fine-grained
restrictions on individual pieces of data — ontologies are a perfect solution. The adaptive
reclassification of small parts of the model, along with the ability to apply classification rules based on
knowledge of groups or user identification, allows an inference engine to present filtered views of
information in response to queries. Perhaps most importantly, the DL type of inference can guarantee
correctness — a closed loop of security with no back-doors into the information (for a given ID).

20
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Use Case

Audit and Compliance

Actors

Regulatory controller, Auditor, Data
architect, Metadata analyst, Software
Agent, Legacy data schemas

Description

Implement mathematically correct
and provable compliance policies
[HIPPA, SOX, etc.) on legacy dafa.

Business Value

hMore reliable and consistent audit
procedures.

Motivation

Although most modern compliance
regulations are primarily procedural in
nature, most have a distinct IT
information audit requirement. Older
integration technologies cannot
enforce business policy in a global
manner because infegrations are
inherently fragmented.

Why OWL/RDF2

OWL —strict semantics for policies

OWL —federated, yet global

OWL - accurate, repeatable inference
OWL —policies linked to strategies

Financial Reporting, Regulatory
Compliance, Identity Management,
Partals, Business Intelligence & Analytic
Reporting, Sarbanes Oxley, HIPPA

Secure Audit/Compliance

Business
Information

Inference/
Classification

Policy
Annotation

Mapping/
Modeling

Q: Where are my SOX policies?

T network
inference

~

With the increasing attention these days to audit, compliance, and other financial and health care
requirements, it is worth pointing out that the combination of the previous two use cases
“Taxonomy/Rule Alignment” and “Multi-Level Security” can be used effectively as a baseline for
reporting capabilities. In other words, the combination of adaptive information views plus guaranteed
correctness of queries (according to the ontology) provide an ideal foundation for audit and
compliance reporting.
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Use Case Process Orchestration

Actors Integration architect, Business Process

Analyst, Software Agent, Web Services

Allow soffware and services fo
coordinate long-lived and complex
business fransactions by using the
semantics of an interface description.

Description

Business Value Less infegration overhead for complex

system-to-system interactions.

Moftivation Integration with classic EAI Ell and
Web Services sfill require hard-coded
scripts fo manage multi-step
fransactions. For environments,
parficularty B2B, where services may be
fransient, this creates a vast barrier fo
efficient connectivity.

RDF - federated query graphs
OWL - "evolvable™ taxonomy

s -
-

’@ Process Orchestration

AP

Business
Information

Process
Management

Mapping &
Modeling

Inference/
Classification

Q: Resolve invoice status?
A: Fulfilled

OWL — machine actionable - -~
OWL - purpose built agent Ic,mg‘ucnge 5
Semantic We Services, Sefiice Fulfillment % G-)
Oriented Architectures, {ervice Grids, 0 O
Business Process ."-‘-".cmodement v C
Business to Business frasactions, Order g
Business Activity Monitaying Ledger 'a'j 9
' — i
\ Co
) ~ Lifecycle Invoice E
T~ - I =

Under the banner of “Semantic Web Services,” much work is being done to realize the vision of
automatic business process coordination. While not fully a reality today in any commercial tools,

many testbeds have proven important capabilities that show how autonomous agent can
automatically discover and collaborate with previously unknown services. This is the first step in an

important network capability for tomorrow.
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Service Utility Che’rypes

Metadata Repository
Mediation Engine
Registry Service
Process Engine

The following section begins to define some key service utilities that can be deployed within the
context of an SOA, to deliver the use case values discussed in the previous section.
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@ “Semantic” Service Utilities?

® Enable enterprise use cases/capabilities

® A rose by any other name...
— Utility Computing, Service Grid; Grid Computing
— Network-Centric Enterprise Services

— Enferprise Nervous System
- ...¢

® Key Concepts:
— Service-based (SOA/Web Services)
Transient utilities (addressable remote functions)

_ X0
— Autonomic (capable of automated interaction) 08
— Loose-Coupling (protocols AND data) %q)
— Adaptive data interfaces (graph-based ontology) ch)
Y—
c

Now that we’ve explored some of the use cases, you might be wondering what kind of software can
actually make these come to life. Semantic software tools have been evolving lock-step with Web
Services. The combination of the two forces is exponential. Today, services are emerging that are
SOA capable software utilities that can enable the use cases discussed in the last section. The vision
has been around for awhile under different names, but the capabilities and goals have remained
consistent.
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@& Metadata Repository

Metadata repositories are transaction safe,
workflow-capable locations for storing
enterprise vocabularies, taxonomy,
names, content blobs in a highly t

interconnected manner. | Manage & Secure )\
‘A A

® Metadata repositories are services
— They may be used in applications or middleware

® Metadata repositories are “master references”

— Master reference data is metadata, rules, and
operational data that can be referenced from all
enterprise systems reliably — knowing that they contain
up-to-date and accurate data from other sources.

® Metadata repositories are semantics aware
— RDF triples and OWL axioms improve meaning

® Metadata repositories unify organizations

— Data from different sources, times, and contexts can
be centrally managed, linked to legacy systems, and
provide a common local for rules and vocabularies.

Unlike any of the other services described in this section, the metadata repository’s core function is
to persist available data and documents. Envisioned as an RDF data store, the graph-based nature of
RDF provides unparalleled flexibility in the creation and maintenance of service-based information. In
contrast to XML and RDB persistence approaches, the core data model need not be rigidly defined or
require complicated XPath style navigation methods.

25
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& Mediation Engine

Mediation engines are tools that can
dynamically output data in different
formats and syntax that comply to o T‘ o
disparate schema types. They enable 7 | NN

. Mediation
automated data transformation. J

(restructure format)

® Mediation engines are services
— They may be used in applications or middleware

I
I
I
I
I
« Mediation engines work with structureddata |
I
I
I
I
\

— Unstructured and semi-structured data must firstbe
bound to a schema priorto creating the mediation
maps: text extraction and annotation

® Mediation engines let business agree to

disagree about schemas and data NG = "
— Use your own XML, relational or OO schemas
® Mediation engines enable interoperability of

data from many format types
— Automated transformation, any-to-any, is possible

~

The mediation engine’s responsibility is to get information from line of business Web services and
reclassify — using inference — the data into an appropriate format and context for the
requesting/receiving application. Core to this service are XML to OWL mapping/annotation conversion
facilities, using this component and a pre-process text to XML indexing service, unstructured text may
be handled via mediation as well.
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Reqistry Service

Semantic registries provide a federated

registry for the semantics of schemas,
ontologies, and applications — they will
become the DNS for application
semantics.

Registries are services
— They may be used in applications or middleware
Semantic registries are smart directories

— Registries are a neutral place to register information
about services, applications, schemas etc.

Semantic content registries use OWL and/or
RDF for internal metadata and inference

— Better, standard, data and knowledge representation
Semantic content registries enable discovery

— With inference, discovery of new content and services
willbe as easy as issuing an ad-hoc query

1

,[Loo kup & Discover]\

/ | \

I tX

[Register Ontologiesl

\_/__i_ _7

== = =

|
|
|
|
!
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@ Process Engine

Process engines orchestrate multi-step and
long-lived transactions by intelligently

Start Process

determining which services to use and P— T_ E_ _
.
/ N

how to collaborate with them in order to
fulfill a business request

[ Orchestration ‘
| (execute process) )

® Process engines are services
— They may be used in applications or middleware

® Process engines act on workflow/procedures
— Aprocess engine can interpret a process model and
interoperate with annotated web services
® Process engines use OWL ontologies
— Better, standard, data and knowledge representation for
process models as well as interface descriptions
® Process uses Mediation, Repository, Registry

— Process engines use registry for finding services,
mediation for transforming data, and repository for
storing process models

[
|
|
|
|
|

Still in early phases of research, the process engine would provide a multi-step execution
environment for ontology-driven processes and long-lived transactions. Although there is much
shared vision for the kinds of capabilities provided for in a process engine, the industry has yet to
consolidate around a single approach, instead, multiple approaches — including OWL-S, WSMO, and
BPEL — have wide followings.
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Enterprise Data in Various Structures

The service utilities act in unison, as federated SOA utilities, that can be called independently of one
another, or in multiple steps to accomplish a business goal or use case. They all share an XML
based exchange doctrine of WSDL interfaces and SOAP transport protocols.



NOTES

-
L

Utility Specitications

Separation of “semantic” concerns

available)

available)

owl)

efadarg edidrno Req O
Key APIs | cbXML, JAX-R, Query (XQuety, UDDI, ebXML OWL-S, WSML,
OWL-API, proprietary), XML BPEL
proprietary results
Transactions | Request/Reply Request/Reply Request/Reply Publish/Subscribe
AC'D P'JD”Sh,-“SUDSCHDe Query_bqsed Reques‘”‘Rep|y
Object-based Query-based ACID
Input | Management Query Query Management
APIs APl/invocation
Quiput | Objecisand XML Documents | Pointers/URIs Mulfi-step
Documents actions and
(XML, OWL, RDF) confirmations
Uses (other | Mediation, Metadatq, Metadata Registry,
services) | Reqistry Reqistry Mediation,
Metadata
Maturity | Medium (COTS Medium (COTS Low (COTS w/out | Low (COTS w/out

OWL/WSML)

) network
inference

In summary, the different utilities accomplish different goals by exploiting different interfaces. The

interface defines their function. Not all of these services have the same maturity level, some are quite
advanced, while others are still needing foundational research and development.
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Component
Architecture P@ti

RDF Database

RDF Facade

OWL Knowledge Base
OWL Facade

OWL Instance Store
Hybrid Fidelity Reasoning

Now that we’'ve gone through some core use cases, and seen how SOA service utilities can bring the
use cases to life, it is time to peek under the covers at the different architectures that can be
employed to build any one of the given service utilities.
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@& Architecture Patternse

@ Build your own utilities
— (orbuy COTS tools that use these patternsl)

® How many ways to “skin a cate”
— Proprietary (algorithms and data formats)
— RDF (data and some inference)

— OWL (powerful, correct inference)
— Hybrid (right tools for the job)

® Key Concepts:
— New "kinds" of architecture layers and tradeoffs

X0

— Mapping and wrapping (your legacy systems) 08
- Separate data from ontology (different uses) %9
— Understand your challenges and needs! 0
-

So far we've discussed use cases and service utilities, you might be wondering how all of this stuff
works operationally. Behind the scenes these utilities can be implemented in different ways, using
RDF and OWL to play to different strengths. There is no “one best way” to build RDF and OWL
solutions today, but there are patterns emerging, the following section addresses these patterns.
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Key Capability:

* Schemaless
* (Organic)
* Federation

Key Drawback
« Conversion

)

Manifest subject
|
Query + ) uniquelD predicate
Simple Inference e
Triples 8AM2 object
_________ datafidelity = = = = = = & {8
; ror . .. " o | ,:'-1 > ,_,.T e O
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The RDF database is one of the most mature patterns in the software space, having been around in
early implementations since the 2000 timeframe. The core pattern is to mimic the capabilities of a
traditional database management system, with a different underlying data representation — triples.
Today, mature RDF databases will come with complete ACID support, federated query, and an array
of management facilities that let a DBA work with RDF data.
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@& RDF Database (2)

Name: RDF Database

What: A database system with a native RDF triples graph format at its
core. May include traditional database management system
utilities such as a query interface, import/export, schema
support, and session management. Advanced capabilities may
include basic inferencing, federation, optimizations, and
clustering.

Solution: Use directed graphs as a better data format for frequently
changing, or complexly-related data. RDF databases are
characterized as “schemaless” because they may grow
organically. Directed graphs federate easily because schemas
need not be ‘aligned’ for heterogeneous queries.

0

Variations: “Triplesbase,” “Graph management,” gC
Implementations: Sesame, Kowari, RDFdb, RDF Gateway, @Semantics "5 9
Maturity: [Commodity, Mature, Evolving, Prototype, Research] CHQ
-

An RDF database can be an ideal way to persist rapidly changing data that may have unforeseen
formatting requirements.
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Key Capability:
* Federated

* (Query)

» Organic/Graph

Key Drawback
» Simplistic

Map
RDF/S )

.

————————— data fidelity

Enterprise Data in Various Structures

)

) network
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The RDF fagade is similar to the RDF database, but leverages traditional RDB technology for the

actual persistence of RDF data. It can be used in two primary ways (1) to provide an RDF interface
layer over a greenfield relational database system such that the Fagade layer maps closely to the

actual physical table space, or (2) to provide an RDF interface layer over a legacy database with

more complicated mappings between the RDF graph layer and the legacy relational table structure.
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@ RDF Facade (2)

Name: RDF Facade

What: A brokering system that enables (a) a mapping between
relational DB schema and RDF/schema and (b) a SQL queryto
be generated to the underlying legacy database. Thus,
relational sources may be federated and annotated as if they
were RDF graph-based systems.

Solution: Federating graph based systems may prove to be much
simpler due to different algebra for distributed query. Linking in
a federated system is performed using shared predicates or
subjects across different physical implementations. This
approach takes advantage of the URI “web-effect” of RDF data.

X
Variations: “Triplesbase,” “Graph management,” 58
Implementations: Kowari, D2RQ/D2R-Map (Jena extensions), @Semantics? 3 =
Maturity: [Commodity, Mature, Evolving, Prototype, Research] "5 9
-
AL
L

An RDF facade can be a simple way to normalize legacy systems into a graph-based data
environment and provide a simpler way to federate information across multiple database
implementations.
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OWL Knowledge Base (1)

Key Capability:

- Data Values
* (Inference)
* Powerful

Key Drawback

- Scalability

Query +
" TermInference (TBox) and
Data Inference (ABox)

)

Ifif};\ SON
—= )|~ B, | wsbDL/
(— T XML
A | Mapping &
.{Transform
_________ o
50
aBmxuYl [§F 5w | &
Enterprise Data in Varlous Structures ‘59
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e
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Like the RDF database, the OWL knowledge base pattern is quite mature for a semantic web
standard. The knowledge base concept is similar to a database concept, but operates with a far richer
set of data relationships, and can thus provide built-in inference during query time to find information
easier and allow users to find links in information without having to be deeply intimate with the data

models.
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@& OWL Knowledge Base (2)

Name: OWL-DL Knowledge Base
What: Atraditional “knowledge base” in the KR sense — built-in

inference and rich data structures allow for discovery of implicit
knowledge in the system. A complete OWL KB uses both “tbox”
and “abox” containment for concepts and instances
respectively. An OWL KB provides a rich formalism for
changing business data and rules, greater design precision
allows for more flexible query and data structures.

Solution: An in-memory, query-able, graph system for (a) schema
concepts and (b) data values stores data/metadata as
description logics — algorithms implemented as “chaining-rules”
or “tableaux” can deduce new facts from stated models/data.

50

Variations: DL-Inference Engine, DLDB gC
Implementations: Network Inference Cerebra, Racer Systems, Pellet, FaCT "qj 9
Maturity: [Commodity, Mature, Evolving, Prototype, Research] CHU;)
-

The OWL knowledge base uses “description logics” (DLs) as the core data formatting approach. DLs
provide the foundation upon which a correct and reliable form of inferencing can be done on both
schema concept relations and instance data relations. The interface to a knowledge base typically
has two core styles: a query interface, and an object access interface. Taken together, a declarative
query access layer and an object-oriented layer provide both applications and services the ability to
interact with richly formatted data.
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Key Capability:
* Inference
* (Implicit Data)

Key Drawback
» Schema-only

» Correct/Reliable

’@ OWL Facade (1)

Query +

Transform

{ Mapping &

QBRRDLE

Enterprise Data in Varioﬂé_étructures
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The OWL fagade is an optimized implementation of the OWL knowledge base that leverages
taxonomic, or schema, level inferencing only. This optimization improves overall performance and
provides a clean separation of instance and schema level processing so that external instances (in
XML or RDB formats) can be easily retrieved by generating query plans from the results of inferencing

over the ontology.
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@& OWL Facade (2)

Name: OWL Facade
What: A method to layer OWL ontology “over” existing software

systems to expose one or more views into the underlying data.
The OWL fagade may reliably re-present the system’s data,
possibly with additional metadata, for exposure and query via a
third-party inference system.

Solution: Annotate OWL models with additional metadata that links
model concepts to physical legacy source data. For example,
annotate an ontology concept to a column in a database or a
tag-set within an XML schema in a Web Service. Then use an
inference engine to deduce “answer sets” from the model and
retrieve external instance data values.

0

Variations: “‘OWL External Instance Retrieval” g =
Implementations: Network Inference Cerebra, CYC-KB? ) 9
Maturity: [Commodity, Mature, Evolving, Prototype, Research] CHQ
-

Quite mature compared to other Semantic Web software approaches, the OWL fagade is supported
with COTS tools and can be plugged into an XML based SOA messaging layer to provide mediation
services.
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OWL Instance Store (1)
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The OWL instance store is a middle ground between the complete OWL knowledge base and the
OWL fagade. The key advantage with the instance store is that it can operate on large numbers of

instances with minimal performance impact, but it sacrifices some of the reasoning power on those
instances.
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Name:
What:

Solution:

Variations:

Maturity:

Implementations: Network Inference Cerebra, UMan. iStore,

& OWL Instance Store (2)

OWL Instance Store

In recognition of the scalability limitations of “abox” instance
reasoning for in-memory inference engines, the instance store
uses formal equations to preclassify instance data into a
persisted format (relational or RDF). Then, more optimized
gueries may be issued to vast quantities of classified OWL
instance data.

Reasoning with databases. Instance data is preclassified via an
inference, where assertions are stored within a DB, along with
taxonomic information from the ontology, thus reducing the
reasoning complexity (best case) to pure “tbox” — assuming
relations among instances are not present (aka: role-free).

“Synthetic ABox Reasoning”

[Commodity, Mature, Evolving, Prototype, Research]

. network
inference

In the instance store approach, data is “preclassified” into a persistence store, then retrieved as

needed based upon specialized algorithms to draw inferences based upon the preclassified stored

relationships.
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Stillmore of a research topic than an off-the-shelf solution, a hybrid reasoning system will make use
of different entailment levels — reasoning power — at runtime to optimize given transactions for an

appropriate balance between speed and reasoning power.
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@ Hybrid Fidelity Reasoning (2)

Name: Hybrid Fidelity Reasoning
What: A hybrid approach to reasoning on semantic web data; in

recognition that different queries will necessitate different levels
of entailment, or reasoning. Generally speaking, the capability
should be in place to sacrifice performance for power, or
deductive power for performance within a federated knowledge
system.

Solution: The collection of previous patterns, in a shared architecture,
with a common query fagade layered in front. The query facade
should allow developers the capability to “select” an inference
power/performance or execute an “anytime algorithm” that
gives answers progressively, as more inference completes.

50

Variations: Anytime Reasoning, (related: Approximate Entailment) gC
Implementations: Various research, university testbeds "5 9
Maturity: [Commodity, Mature, Evolving, Prototype, Research] CHQ
-

The envisioned approach can take two forms, (1) the requesting application or service can specify a
reasoning level at query time to suit its needs or, (2) special algorithms may be employed to self-
optimize based on available knowledge about data complexity, results size, and query entailment
requirements.
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@ Hybrid Fidelity Reasoning (3)

All things being equal, a query with greater entailment will always
be less performantthan the same query with less entailment.

Query Entailment -

Performance Deducible Facts at QL}ery Time
and Scalability “
> FOL

. inference
OWL using approaches
~ in-memory ~b

OWL using
instance ™~
store DB

ABox

LY

Standard

RDF subsumption I
inference

LN
SQL with
data warehouses

& data marts
-

L]

By

. _network
inference

*Note: pure rules systems, with no standard semantics, can run the whole spectrum

The overall pattern to be aware of with reasoning systems is that the greater power of entailment
(deduction/induction of pertinent relationships among data) the less optimal the performance. In some
ways the industry is still in debate about the most appropriate levels of power that is optimal, but
ongoing facts about performance requirements are generating balance and realism in the solutions
which are being deployed today.
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@ Paftern Summary

OWL OowlL -
Dq1§1[:3|::se FaR[z:Fde quu::le Instance Knowledge ;:;2“’:;
¢ ¢ Store Base
Core Data | RDF Graphs | RDF Graphs | OWL OWL OWL RDF & OWL
Format Concepfts Concepfs Concepfts (all)
& DB Data & Instances
Inference | Simple Simple OWL “TBox" | OWL “TBox" | OWL “TBox | RDF & OWL
il Subsumption/ | Subsumption/ L
Capability custom RDF custom RDF & Som? & ABOX
“ABox™
Performance | High - High - DB High —DB Medium— Low-OWLIin- | Variable
(billions & quality + RDF quality + OWL | OWL “TBox™ memaory
léGST] inference inference for concepts “TBox" and
and data "Abox"
(100's millions) | (millians)
Schema | RDF/S RDF/S OWL-DL OWL-DL OWL-DL RDF/S &
Federation OWL-DL
Data | RDF Triples RDF Triples RDF Triples RDF Triples RDF Triples RDF Triples
Federation viaRDF/S viaOWL-DL | viaOWL-DL | viaOWL-DL | viaOWL-DL
mappings mappings mappings mappings or RDF/S
Maturity | High Medium High Medium High Low
(evolving) (prototype) | (evolving) (prototype) | (evolving) (research)

) network
inference

There are many ways to understand the various semantic web architectures evolving in the industry
today. This chart attempts to highlight some of the key differences, implications, and maturity among

the various patterns. There is no single best approach, but for your specific needs, there are very

likely better and worse choices to consider.
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Logical
Architecture

Thus far we have examined different physical architectures, but without a solid logical information
architecture no business solution would come to fruition.
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f® Logical Architecture (1)

Decouple crifical business IP from the
software that executes the logic

voucher

rues Folicres
& KFeguianors

Ledger

Journal
Voucher

SR NN L BT OO DN O e O P s e
rapidly inrevate applications and VWeb sorvices
across 1 I and monts

5{/5lh eSS5 > ni C-'\J‘M.F.“yl;nm

comprohensive sulle of products, services, and

. Jine
l/bc“ab(/mes fools designed 1o Nep you Mmanige your data centor - N1 Grid Provisioning Sorver Blades Cdamon
&8 il wore a single syslém = N1 Grid Sarvice Pravisioning Syslem

= N1 Grid Consolo
- arie 0

= Operating Systems = Linux
Sun delivers the most powoerful, opon oparating = Solaris Oporating Systom
gyaloms on the markel, running on thae most popular, = Trustod Solnnis Oporanung Systam
fowast cost hardware platforms avaitable : : GJ
— O
- 20
Technical | .
Support qc') 1.
- —

Ontologies are not magic. They need to be deployed in sound engineering discipline with distinct
separation of concerns. The core pattern emerging for a logical architecture is to separate the nuts-
and-bolts data schema (for describing legacy sources) from the business vocabulary (for describing
the domain independent of legacy IT) from the rules and policies that constrain the domain (for
capturing businessrules). Taken together, these layers enable a data architect to create a master set
of enterprise information — and link it to “real” IT data sources.
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Once these three layers of ontology concerns are deployed, they can be reasoned with, managed,
and queried to fulfill different business objectives.
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® SOA

- Inthe
confext of an
SOA, XML
should
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basis for
transport -
not
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® XML

— XML may be
mapped fo
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& |ogical Architecture (3)
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The previous two slides look at the logical architecture independent of implementation, this slide
attempts to show how concerns may be separated within an SOA. XML should be the message

transport structure, while OWL/RDF are the metadata which encapsulates the semantics of given
XML messages — thus enabling a global view into heterogeneous XML data.
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Cconclusions

To Use or Not to Use?
Tradeoffs and Caution
Stay Tuned for a Wild Ride...

In this last section, we will step back and look at the overall trends and provide some words of caution
about adopting these technologies.
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<0

+ Automotive Supply Chain 00

+ FElectronics & CPG Supply Chain 3 L

=0

— Life Sciences g i

¢ Process Automation / Risk Analysis “ﬂ_J

-
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@& |ndustries in Need

® Pqain Killerse

Oftentimes, there is a short-term need that predicates a fast, “stop the
bleeding,” type approach. Usually custom, one-off solutions are chosen
because they are known quantities — at the cost of significant long-term
issues like TCO and inflexibility.

Penicilline
Certdin industries are experiencing decades long systemic pain that
software “pdain-killers” can no longer help with. These industries are in

need of solufions that solve the roof of the problem —not the surface
“bleeding.”

— Defense Industry
+ Neftwork-Centric Enterprise Services (NCES)
* Department of Homeland Security (DHS)

- Manufacturing
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@ ROI Value Drivers

® New Information Capabilities

— What: Doing something that you haven't done
before to provide the business new value.
Such As:

e Linking annual risk strategies to live data inspection
* Assembling SOA service integratfions faster

e Testing realtime “what-if" financial scenarios

e Securing XML SOA payload with no code

@ Total Cost of Ownership (reduction)
— What: Doing what you are already doing, but
doing it more efficiently at less operational cost.
— Such As:
* More productive infegration maintenance staff
* More productive naming/metadata staff

. _network
inference

Generally speaking, the value drivers for this technology base come in two forms (1) new capabilities
and (2) TCO reduction. Today, as the technology is still early, many are finding value in developing
new information capabilities. Others, committed to reducing long term maintenance problems, are

driving programs intended to reduce long term TCO.
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& Some Figures

@ Caveat Emptor...
— "There’s lies, damn lies, and ROI predictions”

® Proven ROl Potential*

— 20-90% reduction in labor hours, cycle time,

inventory levels, operating cost, development
time, and development cost

— 2-50x improvements in quality, service levels and
productivity

— 20-80% reduction in total cost of ownership
- 3-12month positive return on investment
— 30-300x positive ROl over 3 years

.- - - ()
— Mitigatedrisk, reduced vulnerability to fraud, 50
liability or litigation 3C

=0

(O

co

Y—

.. "TopQuadrant market research leveraging Gartner, IDC, Forrester and Giga E
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@& Uptake Momentum

® Commercidl

— Audi, General Motors, Cisco Systems, Fed-Ex,
France Telecom, Nokia, Fujitsu, Hitachi, NEC, Unisys,
Pfizer, General Electric...

@ Federal
— Federal CIO, SICoP, Navy, Army, DLA, EPA, NCI,
DHS, CBP, NGA, MoD, NATO + other foreign federal
® \endors/Systems Integrators

— Oracle, IBM, Microsoft, Adobe, Hewlett Packard,
WebMethods, CGEY, BearingPoint, SAIC,

Lockheed Martin, SRI, MITRE, Booz Allen Hamilton %8

. =

® Standards Bodies %Q
- W3C, OMG (MDA), OASIS (DCML, ebXML), ISO CHQ

C

Further evidence of the value of these technologies can be found in organizations who are working
with them. This partial list of adopters has been culled from public resources and demonstrates that
many thought leaders are seeing the potential of RDF, OWL and semantic technologies.
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Trainers are available: <0
Software Vendors (Network Inference, @Semantics, etc.) 08
TopQudrant — Dedicated RDF and OWL training E )

(O
-
AL
56 .E

@ NO Free Lunch

THE BAD NEWS:
TRAIN YOUR PEOPLE!

THE GOOD NEWS:

DBA’'s may already know most of this stuff...
Object-Oriented analysts have a BIG head-start...

Tools are available:

Modeling — GUI driven, Visio-based, Ratfional-based, efc.
Inference — Java based, C++, App Server based, efc.

Rules — GUI driven, J2EE integration, .NET components, efc.

Database — RDF databases, open source, friples stores
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@ So What Now?e
PROTOTYPE

Choose a desired capability

Select a Portdl, Integration, or Repository program
Choose yourtools

Model the domain problem, business rules, and logic
Implement

STRESS TEST

Push "real” data type and volume into the system
Execute multiple test/use cases

DEPLOY £0
Architect scalabllity, fallover, and load balancing gc
Train the end users 20

CO
€
£

Like any new capability or emerging technology, a key prototype program should be identified to test
the objectives of the technology. Depending on the desired capabilities — to improve a portal
environment, create a change resilient integration, or a more flexible metadata service — choose a
focal point and test the technology. Typical experiences with COTS supported semantic technologies

are that a 6-9 week prototype can prove out important capabilities and provide tangible business
value.
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@& Postscript

— Straight Talk; No Hype!
— Education - what, why, how...
— Explain Value-drivers & ROI

Architectures

® Presentation Takeaways

— Ifyou're serious about data, you need to be
serious about ‘'semantic technology’

— The core enabling fechnologies and services are
available to you now — RDF, OWL & Core Services

— Semantic Web technology is not perfect, it may
never be, but it is showing real value within the
enterprise — an Enterprise Semantic Web

® Presentation Goals

. _network
inference

In conclusion, the time is now to start examining semantic technologies to solve your pressing IT
information problems in more cost-effective and long-term manner.
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Questions?e

Jetf Pollock

Viee Presi@ent, TeCRIRSIESESN
jeff.pollock@networkinference.com

Please feel free to contact me with any follow-up questions or comments regarding this presentation.
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= "WVHO WE ARE

Company Facts
25+ New customers since 3.x Release
USA HQ in California; Regional offices (menio park. soston, carizbad)

8.115M Series-B Funds; Raised in January 2004

Top VCs | Led by Nokia and Palomar Ventures

4 Contributing Business Partners (seaing roint, Lockheed mariin, saic, ainetiq)
5 Industry Standards Involvement (ow., ror, swat, ebxmi, voo))
25 Man-years spent developing our core technology
<0
24 Expected annual savings in man-years at major accgg
§0
&
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“Pocket” Defi
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Inference?
Logic With Less Code

Deduce implicit facts on explicit data at runtime. Get more application

knowledge with less coding. Keep your business knowledge in models,
not algorithms. Maybe learn a few new things too...

The leader of atour is also A
<owl:Property rdf:l[):.=|ec|der-->/ member of it

<rdfs:subPropertyOf A member of a golf tour is a golfer
rdf:resource="member” /> .
</owl-Property> Therefore, the leader of a golf tour is

a golfer

<owl:Class rdf:ID="Golfer">
<owl:equivalentClass>
<owl:Restriction>

<owl:onProperty ] | type
rdf:resource="member"” /> Tiger Woods

<owl:someValuesFrom v
rdf:resource="Golf Tour" /> leader — 0
</owl:Restriction> 00
</owl:equivalentClass> 3 %
</owl:Class> PGA e DY
co
[V
62 E
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& Ontology?

® Many definitions:
- Vague - "a specification of a conceptualization”

— Narrow - "the explicit meaning of terms in a
vocabulary and relations between those terms”

Vocabulary | + = Taxonomy/Schema

Constraints, XQ
Taxonomy | + Relationships, = Ontology 60
C
Rules 3
20
Co
Y—
L

Ontology — in the context of this presentation — is just data structure plus constraints, relationships,
and rules.
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NOTES

A Little Ironic...

Q: What are semanticse

“I don’t know what you
mean by ‘glory,”” Alice said.

Humpty Dumpty smiled
contemptuously. “Of course
you don’t—till I tell you. I
meant ‘there’s a nice knock-
down argument for you!””

“But ‘glory’ doesn’t mean ‘a nice knock-down
argument,”” objected Alice.

~ “When I use a word,” Humpty Dumpty said, in ¢
-rather scornful tone, “it means just what I chose it

' to mean —neither more nor less.”

\

\ Lewis Carroll, Through The Looking-Glass

) network
inference

In an industry obsessed with meaning, there is some small irony in the multi-faceted ways that people
use the term “semantics.” At this conference alone, you will probably hear dozens of definitions.



NOTES

& Semanticse (OWL Formal)

Constructor DL Syntax Example

intersectionOf Cym...0C, | Human Male

unionOf Cy L., Cy, | Doctor L Lawyer

complementOf = —Male

oneOf {T1...%n} {john, mary}

allValuesFrom YP.C YhasChild.Doctor

someValuesFrom S “hasChild.Lawyer

maxCardinalitv <nP < 1hasChild

. . Axiom DL Syntax Example

minCardinal _ .
subClassOf C1 C Cy Human C Animal 1 Biped
equivalentClass Cy =0y Man = Human 1 Male
disjointWith Ch1 C =Cy Male C —Female
samelndividualAs {1} = {22} | {President_Bush} = {G_W_Bush}
differentFrom {1} C —{z2} | {john} C —{peter}
subPropertyOf PCH hasDaughter C hasChild N0
equivalentProperty P=h cost = price 5 O
inverseOf P, =Py hasChild = hasParent™ 3 c
transitiveProperty PtCP ancestor® C ancestor =0
functionalProperty TCLIP T C <lhasMother 86
inverseFunctionalProperty | T C <1P~ | T C <1hasSSN™ HE

In the context of OWL, the term “semantics” actually has a formal meaning — semantics are the
allowable, and formal, relationships you can build between concepts, data, and relationships. This
chart shows the foundational class constructors and axioms that comprise OWL semantics.
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' 4

~'network
inference '

Questions?e

Jetf Pollock

Viee Presi@ent, TeCRIRSIESESN
jeff.pollock@networkinference.com

Please feel free to contact me with any follow-up questions or comments regarding this presentation.
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