WELCOME! to the ISWCG2010 Tutorial
Web Rules:
Fundamentals, Applications, and Standard:

presented byBenjamin Grosof* and Mike Dean** ;
also authored by Michael Kifer***

*Vulcan Inc. ** Raytheon BBN Technologies *** Stony Brook University

INSTRUCTIONS! All participants, please:

- Downloadthetutorial slideset

at http://www.mit.edu/~bgrosé#ISWC2010RulesTutorial
Also at: http://silk.semwebcentral.org

- SIgNIN on the participants list (hard copy sheeth your
name, organization, email;
optionally also add your interests, homepage URL
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http://silk.semwebcentral.org/

Top-Level Outline of Tutorial

A. Introduction, Overview, and Uses
B. Concepts and Foundations
C. Conclusions and Directions

+ Appendix: References and Resources

Background Assumed:

Abasic knowledge of firsbrder logic, relational
databases, XML, RDF
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Outline of Part A. Intro & Uses

Overview of tutorial, and get acquainted

What are: Rules on the Web, Semantic Rules/Web/Tech

Uses and Kinds of rules
Commercial, web. Current, envisioned.
Requirements. Business value, IT lifecycle.
Strategic roadmapping of future adoption

Example Use Cases
E-commerce: pricing, ordering policies, contracts
E-science: ecological process, mechanics context
Trust: compliance, policies, e.g. financial services
Info integration, ontology mapping, business reporting

Processes: poliegased workflow, causal action effects,
Semantic Web Services

NB: (2.}(4.) are interleaved.
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Outline of Part B. Concepts & Foundations

1.

o0k wW

8.

9.

Overview of Logical Knowledge Representations
Logic Programs (LP) and its relationship to First Order Logic (FOL)
Rule-basedOntologies Description Logic, Description LP
SI LKGs Hyper LP: Putting 1t all
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metdeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
Rules in W3C Web Ontology Language (OVRL); via RIF

Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange

Semantics for Default Negation

Courteous LP, Argumentation Theories

Omnidirectional Rules, FOISoundness, Remedyi
Procedural Attachments to Actions, Queries, Bust, and Events

Production/Situated LP, Production Rules

Additional Features: Integrity Constraints, Inheritance, Lidpgor,
Equality,Skolemization AggregationPatatypes N Constr ai n
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Outline of Part C. Conclusions & Directions

1. More about Tools

2. ¢ 1 ncl. SI LK

3. Conclusions

4. Directions for Future research
Appendix: References and Resources

(General Discussion)
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Rough Schedule, Overall

~14:0014:30

~14:3015:45

~15:4516:15

~16:1517:40

~17:4018:00

Part A: Intro & Uses

Part B: Concepts & Foundations
Coffee Break

Part B, continued: Concepts & Foundati

Part C: Conclusions & Directions
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PART A. SLIDES
FOLLOW
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Outline of Part A. Intro & Uses

Overview of tutorial, and get acquainted

What are: Rules on the Web, Semantic Rules/Web/Tech

Uses and Kinds of rules
Commercial, web. Current, envisioned.
Requirements. Business value, IT lifecycle.
Strategic roadmapping of future adoption

Example Use Cases
E-commerce: pricing, ordering policies, contracts
E-science: ecological process, mechanics context
Trust: compliance, policies, e.g. financial services
Info integration, ontology mapping, business reporting

Processes: poliegased workflow, causal action effects,
Semantic Web Services

NB: (2.}(4.) are interleaved.
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Learning Goals for Tutorial

1. Overview of current state of logical KR theory,

applications, languages, standards, tools/systems
market

2. Relationship to Web and Semantic Tech, overall

3. Introduction to the research issues
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nNSemantico T

AiSemanticd in fAisemant
rul eso means:
I 1. Knowledgebased
é and e
I 2. Having meaning independent of algorithm and
Implementation
I Equipped with an interoperable conceptual abstractio
é Db a s dedlaraiiveknowledge representatiddR)
= Shared principles of what inferences are sanctic

from a given set of premises
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What are Rules on the We

x Convergencef three streams is well along the way

1. Using Web forinterchangef rules, even pr&Veb legacy kinds
A XML syntax for rules. Transcend organizational silos.
2. Rules working inWWeb contextusing:
A Web data, schemasntologies Web services, queries, databases
3. Rules usinggemantidknowledge representation (KR)
A Semantics are required for effective sharing of knowledge and tools

x Web asscopefor rule-basedstructured knowledge
I Enrich the Web as a knowledge platfairmqublic and intranets
I Collaborativek nowl edge acquisition (I
I Weblocated knowledge bases (KBs) and KR services

X = Semantic rules on the Web
I Standardization is a key activity currently. 1st wave just complet
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Semantic Web in context of Web

hazy still. Semantic Web Services

N

SemanticWeb techniques Web Servicesechniques

APIls on Web
Automated Knowledge
Bases (WSDL/SOAP, REST)
Rules (RuleML, RIF)

Two interwoven aspect
Ontologies (OWL, RDFS) XML Arogram: Web Service
Databases (SQL, SPARQL) 1 fData: Semantic Web

First Generation
Web
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SemanticWeb: concept, approach, pieces

Shared semantics when interchanging data.. knowledge

Knowledge Representatidaf. Al, DB) as approach to semantics
I Standardize KR syntax, with KR theory/techniques as backing

Web-exposedatabases relational and XML/RDF data/queries
i Challenge: shareadabase schemaia metadata

I RDF= ReBource Description Framewor ko W3C
Ontology= formally definedvocabulary

I OWL: iwWeb Ont ol o gMBCsdtamdamgiu a g e 0

A Taxonomic class/property hierarchy, properfjyue restrictions, decidable subset of FOL
I EXx.: Lions are a subcategory within felines
I Ex.: Every health care visit has a required copayment amount

Rules= if-then logical implications, facts~subsumes relational DBs

I RIF: AaRul e I nt er oM3@siagdard For mat 0
A Based on Logic Programs (LP) Knowledge Representation
A Based orRuleML (Rule Markup & Modeling Language) standards design
A Production rule languages
I Ex.: Any student who has abused printing privileges is prohibited from using color printers
I Ex.: AAA members get a weekend discount of 20% on suites, at hotel chain X
I Ex. : During the mitosis phase of an aninm

11/4/2010 Copyright 2010 by Vulcan Inc., Benjamin Grosof, Mike Dean, and Michael Kifer. All Rights Reserved. 13



Flavors of Rules Commercially Most
Important todayin E-Business

A E.g., in OO applications, DBs, workflows.

A Relational databases, SQWViews, queries, facts are all rules.
A SQL99 even has recursive rules.

A Production rule¢OPSS5 heritage): e.g.,
I Jess, ILOG, Blaze, Haley: rubased Java/C++ objects.
A EventConditionAction rules(loose family), cf.:
I business process automation / workflow tools.
I active databases; publisiibscribe.
A Prologiil ogi c programso as a full proc
A Lesser: other knowledgeased systems.
A Emerging: Semantibased technology

Above are nCurrently Commer ci
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CommercialApplicationsof Rules
todayin E-Business

AThere are many. An establ i:cs

I Expert systems, policy management, workflow, systems
management, financial & insurancec@nmerce, trust,
per sonal messagi ng, defens

I Far more applications to date than of Description Logic.
A Advantages in systems specification, maintenance, integratior

A Market momentum: moderately fast growing

I Fastinearhmi d 19800 s .

I Sl ow | ame-12980896 s

I Picked up again in | ate 199006s.
i Accelerating i n 20000s.
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Vision: Uses of Rules in BBusiness

A Rules are an important aspect of coming world of Interfetsiness:
rule-based business policies & business processes, for B2B & B2C.

I represent s e prbdects& servioegchpahiliies, bids; o f
map offerings from multiple suppliers to commuatalog

I repr es e nguedismtgreststiddss — matchmaking

I represent sales helpjstomer helgporocurementauthorization/trust
brokering,workflow.

i high level of conceptual abstractiagrgsier for noyprogrammerso
understand, specifyglynamically modify & merge

I executable but can treat as data, separate from code

A potentially ubiquitous; already widely used: e.g., SQL views,
gueries.

A Rules incommunicating applicatione.g., embedded intelligent agents.

11/4/2010 Copyright 2010 by Vulcan Inc., Benjamin Grosof, Mike Dean, and Michael Kifer. All Rights Reserved. 16



Semantic Rules: Differences from Rules ir
t he 19800s [/ EXQpE

A Get theKR I’Ight (knowledge representation)
I More matureresearch understanding
I Semanticsndependent of algorithm/implementation
i Cleaneravoid general programming/scripting language capabilities
|
|
|

Highly scaleablg@erformancgbetter algorithms; choice for interoperability
Highly modularwrt updating; use prioritization
A Highly dynamig scaleablaulebase authoringlistributed, integration, partnering

A LeverageWeb esp. XML
I Interoperable syntax
I Merge knowledge bases

A Embeddable

I Into mainstreansoftware development environments (Java, C++, GiFt)ts own
programming language/system (cf. Prolog)

A KnowledgeSharing intra- or inter enterprise
A Broaderset of Applications
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Value of Rules as form of KR

A Rulesas a form of KRKnowledge representatipare
especially useful

I relativelymaturefrom basic research viewpoint

I good forprescriptivespecificationgvs. descriptive)
A a restricted programming mechanism
I Integrate well into commerciallpnainstream

software engineering, e.g., OO and DB

A easily embeddable; familiar
A vendors interested already: Webizing, application development too

A = Identified as part ofission of the W3CSemantic
Web Activity, in about 2001
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Declarative Logic Programs (LRheCore KR
| n t o d a virtladingthe SdmantieWeb

ALP is the core KR of structured knowledge management today

ADatabases
ARelational, sestructured, RDF, XML, objéented
ASQL, SPARQXQuery
AEach fact, query, and view is essentially a rule

ASemantic Rules ~ :
ARule Interchange Format (FBEP -Core WS\_, M
ARuleMistandards design, including SWRI

ASemanti©ntologies “/ RUIE
ARDF(S) Realize your Knowledge
AOWERL (= the Rules subset). E. g

AThe Semantic Web today is mainly based on LP KR
Aé and thus essentially equival ent
AYou might not have realized that!
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0820056W3 C Semant i1 ¢ Sadardizati® Step<

Trust

Candidate design: Proof

RuleML =

E“'j I?'/larklijp 2 Logic
odeling Language framework

g S
DLP = ] =
Description OWL HUIES E %
Logic : ~RuleML me)}
e E DLP bit of OWL/Rul kel ™
RDF Schema

RDF Core
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Updated: 10-2010 SemanticWe b n St a c k

Candidate designs Trust
for Rule extensions:

RIF = SILK, ASP, FOL

Rule Interchange
Format (W3C)

BLD = Basic Logic Dialect Lﬂglc FLD

Proof

FLD = Framework for Logic Dialects

framework ol 5
. RIF =SBl &
Rule Profile OWL HUles T -
= Horn FOL expressible = %, E
=~ Horn LP expressible e L
(ie., DLP++) S OWL RL P
E.g.,axiomatizevia a
~70 RIF-BLD rules RDF Schema

Unicode
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Overview of Key Languages & Standard

1. Database Queries & Facts are Rules
U SQL; W3C SPARQL & RDFalsoXQuery& XML -Schema
2.  W3C Rule Interchange Format (RIF)
0 -BLD, -Core: Basic LP (no defaults or actions)
U -FLD: Framework for extensions (defaults & much mor
0 -PRD: Production ruledgcks modetheoretic semantigs
3. RIF Precursor: Rule Markup/Modeling LanguageilleML)
0 Main focus is LP, with extensions; FOL too
0 SWRL functionfree Horn; predecessor to RBLD
U SWSL for Web Services modeling; related: WSML
4. Rules in and foontologiesand ontology languages
0 W3C OWL-RL, RDF Schema
5. SILK: Hyper Logic Programs advanced expressiveness
6. 1SO Common Logic (successor to KIF): FOL (wiiiog)
/7. OMG Sem. of Business Vocabulary & Business Rules (SB!
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Overview of Key Tools

1. Rule systems designed to work with RDF/OWL/RIF
0 Commercialworld: Jena; Oracle; IBM; others
U0 Researckworld: SILK; SweetRulescwm; others
2. Prolog and Production Rule systems
0 XSB; Jess; others
3. Advanced Expressiveness
0 FLORA-2 and SILK; IBMCommonRules
4. Rules in Semantic Wikis
U SemantidMediaWiki+
5. Some Avalilable Large Rule Bases
U OpenCy¢ Process HandbookpenMind
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Need for Other Kinds of Ontologiassides owt

Forms ofontologiespractically/commercially important in the world today*:
I SQL DB schemas
i AConceptual mo d-BR (EstidRelationddip)L and E
i OO inheritance hierarchies, procedural interfadaesatypedeclarations
I XML Schema
I OWL is still emergingwrt deployed usage dwarfed by all the above
I RIFT early emerging
I LP/FOL/BRMS predicate/function signatures
I Builtins (e.g., SWRLRuleML)
I Equations and conversianapping functions
Overall relationship of OWL to the others is as yet largely unclear
I There are efforts on some aspects, incl. UML.
I Bright spot is OWLERL relationship to RIF: formulated as a set of FED axioms.
OWL cannot represent tmmnmonaspects of OO inheritance
OWL does not yet represent, except quite awkwardly:
I n-aryrelations
I ordering (sequencing) aspects of XML Schema

(*NB: Omitted here are statistically flavoreatologiesthat result from inductive learning and/or
natural language analysis.)
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Outline of Part A. Intro & Uses

Overview of tutorial, and get acquainted

What are: Rules on the Web, Semantic Rules/Web/Tech

Uses and Kinds of rules
Commercial, web. Current, envisioned.
Requirements. Business value, IT lifecycle.
Strategic roadmapping of future adoption

Example Use Cases
E-commerce: pricing, ordering policies, contracts
E-science: ecological process, mechanics context
Trust: compliance, policies, e.g. financial services
Info integration, ontology mapping, business reporting

Processes: poliegased workflow, causal action effects,
Semantic Web Services

NB: (2.}(4.) are interleaved.
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To o Do Iw

EECOMS Example of Conflicting Rules:
Ordering Lead Time

Vendor s rules that prescribe how bu
A) 14 days ahead if the buyer is a qualified customer.
B) 30 days ahead if the ordered item is a minor part.

C) 2 days ahead i typetisthacklogged a theevdndar,t e mo
the order is a modification to reduce the quantity of the item, and the buyer is a
gualified customer.

D) 45 days ahead if the buyer is a wallcustomer.

Suppose more than one of the above applies to the current adefirct!
Helpful Approach:precedencebetween the rules.

I E.g.,Disacatclcase: A>D,B>D,C>D
Often onlypartial order of precedence is justified.

I E.g.,C> A, but no precedence wrt B vs. A, nor wrt C vs. B.

11/4/2010 Copyright 2010 by Vulcan Inc., Benjamin Grosof, Mike Dean, and Michael Kifer. All Rights Reserved. 26



Ordering Lead Time Example in LP with
Courteous Defaults

@prefCust orderModifNotic€?Orderl4day3 -

preferredCustomer@?Buyer,SupplierCh purchaseOrd€POrder,?Buyer,SellerCp;
@smallStuff orderModifNotic€?Order,30dayk :-

minorPar{?Buyer,?Seller,?0Ordgr purchaseOrdéPOrder?Buyer,SupplierCp;
@reduceTight orderModifNotic€?Order,2dayp -

preferredCustomer@?Buyer,SupplierCpband

orderModifTypé?Order,reduckand

orderltemlIsinBacklo@Order) and
purchaseOrd€POrder,?Buyer,SupplierCp;
silk:overridegreduceTight prefCus} ; // reduceTighhas higher priority thamprefCust
I/ The belowexclusionconstraint specifies thatrderModifNoticels unique, for a given order.

silk:opposetrderModifNotic€?Order,?X, orderModifNotic§?Order,?Y)) :- ?X1=?Y;

A Rule D, and prioritization about it, were omitted above for sake of brevity.
A Above rules are represented in Logic Programs KR, usinGdleteous default®ature

A Notation:
I A-D means nifo. ARh@éo declares a rule tag. A 7?0
Aoverrideso predicate specifies prioritizatio
An exclusion constraint specifies what constitutes a conflict
i! =0 iméamséd k: 0 i s a namespace prefix.
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EECOMS Supply Chalin:
Early Commercial Implementation & Piloting

A EECOMS agile supply chain collaboration
iIndustry consortium including Boeing, Baan,
TRW, Vitria, IBM, universities, small companie:
I $29Million 19982000; 50% funded by NIST ATP

I application pilotedBM CommonRules and early
approaches which led to SweetDeal, RuleML,
SweetRules, RIF, and SILK

Acontracting & negotiation; authorization & trust
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Example: ECommerce Pricing
Offer from SupplierCo to Buyer

@usualPrice pricefer_unit ?PO$60 -
purchaseOrd€?PPO,supplierCo 7AnyBuyern and
quantity _ordered?PO, ?Qand(?Q=> 5) and(?Q< 1000) and
shipping_daté&’PO, ?D) andD>n 2 0-@2 4 0 ) (?xm® 0-@QA 2 0 )
@volumeDiscount pricefer_unit ?PO$51) :-
purchaseOrd¢?PPO,supplierCo ?AnyBuyer and
quantity ordered?PO, ?Qand(?Q=> 100) and?Q< 1000) and
shipping_daté&PO, ?D) andD>i 2 0-@42 8 0 ) (?x<m @ 0-@6QA 2 0 )
silk:overridegvolumeDiscount usualPricg¢; // volumeDiscountule has highepriority
/I The belowexclusionconstraint says the value of price is unique for a given PO

silk:opposegoriceer_unit ?PO, ?X), pricgler_unif ?PO, ?Y)) - ?X 1= ?Y;

A Notation:
A @ooi s an annotation preamble to a rule that sp
The Aoverrideso predicate specifies prioritiza
An exclusion constraint specifies what constitutes a conflict
fi! =omeaimss | k: 0 is a namespace prefix.
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Pricing Example--
XML Encoding of Rules in RuleML

<rulebase>
<imp>
<rlab>usualPrice&/rlab>
<head>
<cslit>
<opr><rel>price</rel></opr>
<ind>per_unik/ind>
<var>PO</var>
<ind>$60</ind>
</cslit>
</head>
< b o dy > (see next p&ge, if includedx/_body>
</imp>
é
</rulebase>

A NB: This uses an older version of RuleML markup syntax. RIF syntax is similar, bt
RIF BasicLogic Dialect cannot express defaults.
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Ecology Ex. of Causal Process Reasoning (in SILK

[*  Toxic discharge into a river causes fish dieff. */

Int. f acts, and an Aexclusiono constrain
occupiesfrout,Squamish);

fishCount(0,Squamish,trout,400); / * 1stargument of fishCount is an integer time */
silk:opposegfishCount(?s,?r,?f,?C1) fishCount(?s,?r,?f,?C2)) : ?C1 = ?C2;

[* Action/event description that specifies causal change, i.e., effect on next state */

@tdfl1 fishCount(?s+1,?r,?f,0) : occurs(%,discharge,?j and occupies(?,?r);

/| * Persistence (Aframeo) axiom */
@pefcl fishCount(?s+1,?r,?f,?p) : fishCount(?s,?r,?f,?p);

[* Action effect axiom has higher priority than persistence axiom */
silk:overrides(tdfl,pefcl);

/* An action instance occurs */
@UhONh occurs(1,toxicDischarge,Squamish);

As desired: |= fishCount(1,Squamish,trout,400),
fishCount(2,Squamish,trout,0);

Notes: @é d e c & rale tags ? prefixes a variable. : means if. != meand . opposes indicates
an exclusion constraint between two |ifera
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E-Commerce EXx. of Causal Process Reasoning (in SIL}

[* E-commerce delivery logistics. */

/* Initial fact, and prevention constraint that location is unique */
loc(0,PlasmaTV46,WH_LasVegasNV);
silk:opposegloc(?s,?item,?posnl), loc(?s,?item,?posn2))y ?posnl != ?posn2;

[* Action/event description that specifies causal change, i.e., effect on next state */
@movlloc(?s+1,?item,?addr) andhegloc(?s+1,?item,?warehouse)

.- shipment(?s,?item,?warehouse,?addrand loc(s,?item,?warehousg
/| * Persistence (fiframed) axioms about | ocat
@pelocl loc(?s+1,?item,?posn)-:loc(?s,?item,?posi;
[* Action effect axiom has higher priority than the persistence axioms */
silk:overrides(movl,pelocl);
silk:overrides(mov1,peloc?2);

/* An action instance occurs */
@de7 shipment(1, PlasmaTV46 WH_LasVegasNV, 9 Fog_ St SeattleWA);

As desired: |= loc(2, PlasmaTV46, 9 Fog St SeattleWA);
/|£ loc(2, PlasmaTV46WH LasVegasNV);
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Trust Mgmt. Ex. of HigherOrder Defaults (in SILK)

illustrating also basic Knowledgével Communication, and Frame syntax

In Frame syntax: subject[property -> object] stands for property(subject,objec).

[*  Trust policy administration by multiple agents, about user permissions */

[* Admin. Bob controls printing privileges including revocation (neg). */

Bob[controls -> print]; Bob[controls -> negprint]; /* negprint means it is disallowed.*/
Carafcontrols -> ?priv]; /* Cara is the most senior admin., so controls all privileges. */

/* If an administrator controls a privilege and states at a time (t) that a user has a privilege,
then the user is granted that privilege. Observe thatgtiv is a higherorder variable. */
@grant(?t) ?priv (?user) - ?admin[states(?t)-> ?priv (?user)] and ?admin[controls(Driv )];

[* More recent statements have higher priority, in case of conflict. */
silk:overrides(grant(?t2), grant(?tl)) :- ?t2 > ?t1;

[*AdminsBob and Cara make conflicting statement
Cara[states(2007)> print(Ann)]; Cara[states(2007)-> webPag€Ann)];
Bob[states(2008)}> negprint(Ann)];

As desired: |[= negprint(Ann); webPag€Ann);
[* Currently, Ann is permitted a webpage but not to print. */

Notes: @[ é ] d eacruledag.e?prefixes a variable. : means if. '= meand .negis strong negation.
There is an implicit exclusion 6ilk:opposeg between P anchegP, for every literal P.
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Physics Ex. of Contextual Assumptions (in SILK

[ * nNnP8: Joe drops a glove from the torg

How | ong does the fall take in seco
/I Initial problem -specific facts
AP_problem(P8); fall_event(P8); P8[height>100];
// Action description that specifies causal implications on the continuous process
?e[time->((2 * ?h / ?7n)"0.5)] - fall_event(?e) and ?e[height>?h, net_accel>?n];
?e[net_accel>(?g- ?a)] :- fall_event(?e) and

?e[gravity _accel>?g, air_resistance_acceb?a];

Il Other facts
?e[gravity_accel>9.8] :- loc(?e, Earth);
?e[gravity _accel>3.7] - loc(?e, Mars);
/I Contextual assumptions for answering Advanced Placement exam (AP) problems
@implicit_assumption loc(?e, Earth) - AP_problem(?e);
silk:opposegloc(?e, Earth), loc(?e, Mars));
@implicit_assumption ?efair_resistance_accebO0] :- AP_problem(?e);
silk:overrides(explicitly _stated, implicit_assumption);

As desired: |= P8phet accel>9.8, time>4.52]; //4.52 = (2*100/9.8)"0.5
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Physics Ex. of Contextual Assumptions (in SILK

[ * AP8: Joe drops a gl owmarsfrom the to
How | ong does the fall take in seco

/[* Initial problem -specific facts*/

AP_problem(P8); fall_event(P8); P8[height>100];

@explicitly _stated loc(P8,Mars);

As desired: |= P8phet _accel>3.7, time->7.35; // 7.35 = (2*1008.7/)"0.5];
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Trust: compliance, policies, e.g. financial services
Info integration, ontology mapping, business reporting

Processes: poliegased workflow, causal action effects,
Semantic Web Services

NB: (2.}(4.) are interleaved.
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Challenge: Capturing Semantics
around Policies

A Deep challenge is to capture the semantics of d
and processes:

I Torepresentmonitor, andenforcepoliciesi
e.g., trust and contracts

I To mapbetween definitions of policy entities,
e.g., In financial reporting

I ToIntegratepolicy-relevant information
powerfully
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Policies for Compliance and Trust Mgmt.:
Role for Semantic Web Rules

A Trust Policies usually well represented as rules
I Enforcement of policies via rule inferencing engine

I E.g., Rolebased Access Control
A This is the most frequent kind of trust policy in practical deployment today.

I W3C P3P privacy standard, OASIS XACML, XML access
control emerging standard,

A Ditto for Many Business Policies beyond trust arena, tc

I n"nGrayo areas about whether
compliance, regulation, risk management, contracts, governz
pricing, CRM, SCM, etc.

I Often, authorization/trust policy is really@art of overall contrac
or business policy, at applicatidevel. Unlike authentication.

I Valuable to reuse policy infrastructure
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Trust Policies and Compliance in
US Financial Industry Today

A Ubiquitous highstakes Regulatory Compliance
requirements

| Sarbanes Oxley, SEC (also in medical domain: HIPAA), etc.
A Internal company policies about access, confidentiality,

transactions

I For security, risk management, business processes, governar
A Complexities guiding who can do what on certain business data
A Often implemented using rule techniques

A Often misunderstood or poorly implemented leading to vulnerabil

A Typically embedded redundantly in legacy silo applications, requ
high maintenance

A Policy/Rule engines lack interoperability
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Example Financial Authorization Rules

Classification | Application

Rule

Merchant Purchase Approval If credit card has fraud reported oh
it, or is over limit, do not approve.
Mutual Funds Rep trading ANBl ueoSkyate re

repds cust omer sj|.

Mortgage Company | Credit Application

TRW upon receiving credit
application must have a way of
securely identifying the request.

Brokerage Margin trading Must compute current balances aj
margin rules before allowing tradg.

Insurance File Claims Policy States and Policy type mus
match for claims to be processed

Bank Online Banking User can look at own account.

All Householding For purposes of silo (e.g.,

statements or discounts), aggregéat

accounts of all family members.

11/4/2010
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Verticals that appear good candidates for
Early Adoption of SW Rules for Privacy

A Financial
I Cf. discussion earlier in this talk

I Historically, an early adopter of information technology overall esp. for
Integration

I Large sector of global economy
I Privacy/trust policies very important, distributed & heterogeneous
A Medical
I Privacy/trust policies very important, distributed & heterogeneous
I Expecting help on privacy from information technology
I Large sector of global economy
A Police/Military
I Privacy/trust policies very important, distributed & heterogeneous
I Looking for help on privacy from information technology

I Major funder of SW basic research to date, e.g., DARPA Agent Markup
Language program 20€&ZD05

A In many other realms, there is a large gap betweesaledss. avowed preferences
for value of privacy/confidentiality.
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Advantages of Standardized SW Rule:

A Easier Integration: with rest of business policies and
applications, business partners, mergers & acquisition:

A Familiarity, training
A Easier to understand and modify by humans

A Quality and Transparency of implementation and
enforcement

I Provable guarantees of implementation behavior
A Reduced Vendor Loekn
A Expressive power

I Principled handling of conflict, negation, priorities

11/4/2010 Copyright 2010 by Vulcan Inc., Benjamin Grosof, Mike Dean, and Michael Kifer. All Rights Reserved. 42



Advantages of SW RI
| ocl of Business Value

A Reduced system dev./maint./training costs
A Better/faster/cheaper policy admin.
A Interoperability, flexibility and rause benefits

A Greater visibility into enterprise policy implementation :
better compliance

A Centralized ownership and improved governance by S
Management

A Rich, expressive trust management language allows b
conflict handling in policydriven decisions

11/4/2010 Copyright 2010 by Vulcan Inc., Benjamin Grosof, Mike Dean, and Michael Kifer. All Rights Reserved. 43



Some Answers to:
NWhy does SW SWS Ma

A1l . iDeat h. T arkeyersalways with ue

A2 . fiBusi ness processEe

bet ween organi z a baladddn S
programs cross org./app. boundaries, both-mnd inter enterprise.

A3.i 1 t dutematedhk@mowledgec o n o my |,

- The world is moving towards a knowledge economy. And itis
moving towards deeper and broader automation of business proc
The first step is automating the usestricturecknowledge.

I Theme: reuseof knowledge across multiple tasks/apps/orgs
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SW Early Adoption Candidates
High-Level View

Ai Deat h. Taxes.
A Application/Info Integration:
I Intra-enterprise

AEAI, M&A; XML infrastructure trend
I Inter-enterprise
AE-Commerce: procurement, SCM

I Combo
ABusiness partners, extranet trend
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SW Adoption Roadmap:
Strategy Considerations

A Likely first uses in a lot of B2B interoperability or
heterogeneoumfo-integration intensive applications (e.g., finance, tra
I Actually, probably #intra-enterprise, e.g., EAI

A Reduce costs of communication in procurement, operations, custome
service, supply chain ordering and logistics

I Increase speed, create value, increase dynamism
I macro effects create

A stability sometimes (e.g., supply chain reactions due to lag; ott
negative feedbacks)

A volatility sometimes (e.qg., perhaps financial market swings)
I Increase flexibility, decrease lotk
A Agility in business processes, supply chains
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Outline of Part A. Intro & Uses

Overview of tutorial, and get acquainted
What are: Rules on the Web, Semantic Rules/Web/Tech
Uses and Kinds of rules
Commercial, web. Current, envisioned.
Requirements. Business value, IT lifecycle.
Strategic roadmapping of future adoption
Example Use Cases
E-commerce: pricing/ordering policies, contracts
E-science: ecological process
Trust: compliance, policies, e.g. financial services
Info integration, ontology mapping, business reporting

Processes: poliegased workflow, causal action effects,
Semantic Web Services

NB: (2.}(4.) are interleaved.

11/4/2010 Copyright 2010 by Vulcan Inc., Benjamin Grosof, Mike Dean, and Michael Kifer. All Rights Reserved. 47



Ontology TranslationVia Rules

A Use rules to represent mappings from data source
to domainontologies

I Rules can be automatically or manually
generated

I Can support unit of measure conversion and
structural transformation

A Example using SWRL

I http://www.daml.org/2004/05/sww|
translation/Overview.html

A http://snoggle.semwebcentral.org
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Uses of Semantic Rules for XBRL

A Ontology mappings: contextual, reformulation
I Examples
Price with vs. without shipping, tax
Earnings last 4 gtrs vs.{last 3 gtrs + forecast next qtr}
Profit with vs. without depreciation
Historical info when statutory treatment changes
Implicit context: use a typical definition of revenue
I Yourvs. my preforma or analytic view
A Between companies, governmental jurisdictions
I Exception handling, special cases, -tinge events

A  Footnotes iwhere the real act.i
A Example: Revenue includes sale of midtown NYC headquarters |

Too T Too o T
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Example: Exception in Ontology Translation (in SILK)

[* Company BB reports operating earnings using R&D operating cost which includes
price of a small company acquired for its intellectual property. Organization GG
wants to view operating cost more conventionally which excludes that acquisition
amount. We use rules to specify the contextual ontological mapping. */

@normallyBringOver ?cateq GG)(?item) :- ?categ BB)(?item);
@acquisitionsAreNotOperating neg?cated GG)(?item) :-

acquisition(GG)(?item) and (Tated GG) ## operating(GG));
silk:overrides(acquisitionsAreNotOperating, normallyBringOver ); /* exceptional */
acquisition(GG)(?item) :- price_of acquired R _and_D_ companid8B)(?item);
R _and_D_salarie$BB)(p1001); pl00l[amount> $25,000,000];
R_and_D_overhea@BB)(p1002); pl002[amount> $15,000,000];

price_of acquired R _and _D_compani€8B)(p1003); p1003[amount> $30,000,000];
R _and_D_ operating_co9BB)(p1003); /* BB counts the acquisition price item in this category */

R_and_D_operating_co9iGG) ## operating(GG);

Total(R_and_D_operating_cosi{BB)[amount-> $70, 000, 0007 ; /' * roll ed wuf

Total(R_and_D_ operating_cos{GG)[amount->?x]:-¢ ; [ * r ol | up the 1 tems

As desired: |= R _and D salarie§ GG) (p1001); ¢€
negR_and D operating cost GG) ( p1003) ; [ * G

Total(R_and_D_operating_cos{GG)[amount -> $40,000,000

Notation: @é dec | ar e s?paefixesialvagiable.a means if. X ## Y means X is a
subclass of Y.silk:overrides(X,Y) means X is higher priority than Y.

50
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Equational Ontological Conflicts
In Financial Reporting

# of customers = # of end_customers  # of customers = # of end_customers

+ # of distributors + # of prospective customers
Gross Profit = Net Sales 1 Cost of Gross Profit = Net Sales 1 Cost of
Goods Goods 1 Depreciation
P/E Ratio = Price / Earnings(last 4 P/E Ratio = Price/ [Earnings(last 3
Qtr) Qtr) + Earnings(next quarter)]
Price = Nominal Price + Shipping Price = Nominal Price + Shipping +
Tax

N heterogeneity in the way data items are calculated from other
data items in terms of definitional equationso
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Slide also by Aykut Firat and Stuart Madnick

EOC Iin Primark Databases

Top 25 US Co. by Net Sale€sclosure DB
Rank  Company NetSales( 0 0 O [Dase)

1 General Motors Corp ~ 12/31/95
Ford Motor Co " 12/31/95
Exxon Corp
Wal Mart Stores Inc

Mobil Corp
International Business M71,904,000

2
3
4
5 AT&T
6
7
8 General Electric Co 70,028Top 25 Int&
Rank
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Co by Net Sales\{/orldscopeDB)
et Sales( 0 0 O Dase)

Primark was a company 163,861,10¢ 12/31/95

that owned: | |- e .

A Disclosure 8 Exxon Corp 12/31/95

AWworldscope | |- -

A DataStream 16 International Business 12/31/95

Information services 17 General Electric Co 12/31/95
20 Mobil Corp 12/31/95

66,848,468 03/31/96

-’

)




Solution Approach: ECOIN

Extended COntext INterchange MIT Sloan prototype
E-Shopping App. (Financial Info is ubiquitous in e-bi

pokemon 13.3

starwars 30.1 | Results

Query
Prices of Products
Cheaper in eToys
compared to

- d20
pokemon | 17 40
starwars 45 é
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ECOIN Approach, continued

AContextbased loosekgoupled integration

ASymbolic Equation Solving combined with LP
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Welcome to XBER1.

XBRL INTERNATIONAL

2K

Home

WHAT IS XBRL

Benefits and Uses »

How XBRL Works »

FAQ P

LATEST NEWS
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TECHNICAL INDEX

TAXONOMIES
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BEST PRACTICES
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An Introduction to XBRL

XBRL is a language for the electronic communication of business and financial data whicl
revolutionising business reporting around the world. It provides major benefits in the
preparation, analysis and communication of business information. It offers cost sawvings,
greater efficiency and improved accuracy and reliability to all those invelved in supplying
using financial data.

HBRL stands for eXtensible Business Reporting Language. It is one of a family of "XML"
languages which is becoming a standard means of communicating information between
businesses and on the intemet.

XBRL is being developed by an intermational non-profit consortium of approximately 450 r
companies, organisations and government agencies. It is an open standard, free of lice
fees. It is already being put to practical use in a number of countries and implementatio
HBRL are growing rapidly around the waorld.

This site provides information about the nature, uses and benefits of XBRL. It explains h
individuals and companies can join the effort to mowve forward and make use of the langu

A simple Explanation

The idea behind XBRL, eXtensible Business Reporting Language, is simple. Instead of
treating financial information as a block of text - as in a standard internet page or a print
document - it provides an identifyinag tag for each individual item of data. This is comput
readable. For example, company net profit has its own unique tag.

The introduction of XBRL tags enables automated processing of business information by
computer software, cutting out laboricus and costly processes of manual re-entry and
comparison. Computers can treat XBRL data "intelligently”: they can recognise the
information in a XBRL document, select it, analyse it, store it, exchange it with other
computers and present it automatically in a variety of ways for users. XBRL greatly incre.
the speed of handling of financial data, reduces the chance of ermor and permits automarti
checking of information.

Companies can use XBRL to save costs and streamline their processes for collecting and
reporting financial information. Consumers of financial data, including investors, analysts
financial institutions and regulators, can receive, find, compare and analyse data much m
rapidly and efficiently if it is in XBRL format.

XBRL can handle data in different languages and accounting standards. It can flexibly be
adapted to meet different requirements and uses. Data can be transformed into XBRL by
suitable mapping tools or it can be generated in XBRL by appropriate software.

The How XBRL Waorks page gives further explanation of XBRL, while Benefits and Uses s«
out how different types of organisation can gain from the standard.

10/6/2009 10:29 AN
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Outline of Part A. Intro & Uses

Overview of tutorial, and get acquainted

What are: Rules on the Web, Semantic Rules/Web/Tech

Uses and Kinds of rules
Commercial, web. Current, envisioned.
Requirements. Business value, IT lifecycle.
Strategic roadmapping of future adoption

Example Use Cases
E-commerce: pricing, ordering policies, contracts
E-science: ecological process, mechanics context
Trust: compliance, policies, e.g. financial services
Info integration, ontology mapping, business reporting

Processes: poliegased workflow, causal action effects,
Semantic Web Services

NB: (2.}(4.) are interleaved.
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Contracts iIn ECommerce Lifecycle

A Discovery, advertising, matchmaking
I Search, sourcing, qualification/credit checking

A Negotiation, bargaining, auctions, selection, forming
agreements, committing

I Hypothetical reasoning, whatf 61 ng, v al
A Performance/execution of agreement

I Delivery, payment, shipping, receiving, notification
A Problem Resolution, Monitoring

I Exception handling

11/4/2010 Copyright 2010 by Vulcan Inc., Benjamin Grosof, Mike Dean, and Michael Kifer. All Rights Reserved. 57



Approach
Rule-based Contracts for Eommerce

A Rules as way to specify (part of) business processes,
policies, products: as (part of) contract terms.

A Complete or partial contract.
I As default rules. Updatee.g., in negotiation.
A Rules provide high level of conceptual abstraction.

| easier for nosprogrammerso understand, specify,
dynamically modify & merge E.g.,

I by multiple authors, crossnterprise, crosapplication.

A Executable. Integrate with other ridased business
processes.
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Semantic Web Services

A Convergence of Semantic Web and Web Services
A Consensus definition and conceptualization still forming
A Semantic (Web Services):

I Knowledgebased service descriptions, deals

ADiscovery/search, invocation, negotiation, selection,
composition, execution, monitoring, verification

A Advantage:reuseof knowledge across apps, these tasks
I Integrated knowledge
A (Semantic Web) Services: e.g., infrastructural
I Knowledge/info/DB integration
I Inferencing and translation
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Rule-based Semantic Web Servic

A Rules often good texecutably specifgervice process model

I e.g., business process automation using procedural attachments
perform sideeffectful/statechanging actions ("effectors” triggered b
drawing of conclusions)

I e.g., rules obtain info via procedural attachments ("sensors" test r
conditions)

I e.g., rules for knowledge translation or inferencing

I e.g., Info services exposing relational DBs

A Infrastructural rule system functionality as services:
I e.g., Inferencing, translation
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W3C Web Services Stack (2004

Management
Security Application semantics

Trans- Choreo-
actions graphy

S0P 1.2

SOAP is Messaging and Runtime

- UDDI is for Discovery
-BPEL 4 WS, WSCI ,
are for transactions

-Routing, conclt

Scripting

Key Mangt

o
=
44—
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-
D
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-
O
o
-
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Diagram courtesy Tim Berneitse€ http://www.w3.0rg/2004/Talks/0308s-sw-tbl/slide6-0.html
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SWS Language=ffort (2005),
on top of Web Services Standards Stack

SWS Initiative (SWSI)
-- automarte Tasks ofr:

Discovery

Invocation

AWIi reo Pr ot|o &enlice Description

W3C WS Choreography Group
BPEL4WS (Microsoft, IBM, BEA)

WSCL (HP)BPML (Most but Microsoft)
WS C | ( Sun, BEA, Yah
XLANG (Microsoft),

SOAP Blocks \\ SWS Language
SOAP/XMLP Process

XM

Interoperation
Dédt Negotiation
Composition
Monitoring
Verification

WSDL Extensions
HTTP/SMTP

WSDL

Reqistry (UDDI)

TCP/IP Inspection

XML

[Slide authors: Benjamin Grosof (MIT Sloan), Sheila Mcllraith (Stanford) , David Martin (SRI International), James Snell (IBM)]
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Semantic Web Services Framework
(SWSF)

A By Semantic Web Services Initiative (SWSiitp://www.swsi.org
I Coordinated global research and standards design in SWS durin@ @092
I Researchers from universities, companies, government

I Industrial partners; DAML and WSMO backing

i Collaborators: OWLS, WSMO,RuleML, DAML

A Designed SWSF in 2005http://www.daml.org/services/swsf/1.0/
I Rules & FOL language (SW3RlLleML)
I Ontology for SWS (SWSO)
ADrawn largely from OWLS and PSL
I Application Scenarios
I Also: requirements analysis

A Influential, explored the issues
I =>W3C SAWSDLI Semantic Annotations for WSDL and XML Schema
A Extension mechanisiina hooki with shallow semantics in itself
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SWS(F) Tasks Form 2 Distinct Clusters,

each with associated Central Kind of Serwce
description Knowledge and Main KR

1. Security/TrustMonitoring, Contracts
Advertising/DiscoveryOntologymapping Mediation

A Central Kind of KnowledgePolicies
A Main KR: Nonmonotonid_P (rules +ontologie3

2. Composition Verification, Enactment
A Central Kind of KnowledgeProcess Models
A Main KRs: FOL + Nonmonotonid_P
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Rule-based Semantic Web Servic

A Rules/LP in appropriate combination with DL as KR, for RSWS
I DL good forcategorizing a service overall, its inputs, its outputs

A Rules to describservice process models
I rules good for representing:
A preconditionsindpostconditionstheir contingent relationships
A contingentehavior/features of the service more generally,
i e.g., exceptions/problems
I familiarity and naturalness of rules to software/knowledge enginee

A Rules to specifgleals about servicesf. econtracting.
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Services Engineering Lifecycle

1. Expressive standardized semantic rules can help with severa
long-standing challenges in services engineering, across the
whole lifecycle:

U Reuse, interoperability, integration, context, transparency,

governance
0  Cost reduction, agility
u Etc.

2. Frequent tasks:

U  Monitoring: events / exceptiods react, policybased
agile workflows

0 Confidentiality: authorizations for access, transactions
0 Contractual: ads, trades-temmerce, SLAS
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Outline of Part A. Intro & Uses

Overview of tutorial, and get acquainted

What are: Rules on the Web, Semantic Rules/Web/Tech

Uses and Kinds of rules
Commercial, web. Current, envisioned.
Requirements. Business value, IT lifecycle.
Strategic roadmapping of future adoption

Example Use Cases
E-commerce: pricing, ordering policies, contracts
E-science: ecological process, mechanics context
Trust: compliance, policies, e.g. financial services
Info integration, ontology mapping, business reporting

Processes: poliegased workflow, causal action effects,
Semantic Web Services

NB: (2.}(4.) are interleaved.
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Outline of Part B. Concepts & Foundations

1.

o0k wW

8.

9.

Overview of Logical Knowledge Representations
Logic Programs (LP) and its relationship to First Order Logic (FOL)
Rule-basedOntologies Description Logic, Description LP
SI LKGs Hyper LP: Putting 1t all
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metdeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
Rules in W3C Web Ontology Language (OVRL); via RIF

Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange

Semantics for Default Negation

Courteous LP, Argumentation Theories

Omnidirectional Rules, FOISoundness, Remedyi
Procedural Attachments to Actions, Queries, Bust, and Events

Production/Situated LP, Production Rules

Additional Features: Integrity Constraints, Inheritance, Lidpgor,
Equality,Skolemization AggregationPatatypes N Constr ai n
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Updated: 06-2010 SemanticWe b n St a c k

Candidate designs
for Rule extensions: Trust
RIF SILK, RuleML: CL
. Common Logic
Rule Interchange ( gic) Proof

Format (W3C)

BLD = Basic Logic Dialect Lﬂgic FLD
FLD = Framework for Logic Dialects fram ewn rk
RIF

RL- o OWL Rules

Rule Profile
= Horn FOL expressible

—
= Horn LP expressible E OWL RL
l.e., DLP++
- i v RDF Schema

Signature
Encryption

Unicode
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Concept of KR
A A KR S is defined as a tripl& A, LC, |=), where:

I LA isaformal language of setsadsertiongi.e., premise expressions)

I LC isaformal language of sets of conclusions (i.e., conclusion expres
A Remark: INLP KR, LC isnot even asubset of Al

| |=is theentailmentelation.

A CondA,S) stands for the set of conclusions
that are entailed in KR S by a set of premies

A We assume hetbatConcis a functional relation.

A Typically, e.g., in FOL and LP, entailment is defined formally in termsadels i.e.,
truth assignments that satisfy the premises and meet other criteria.
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Background: E X

1. Relationaldatabasesrelational algebra.

A This is a restricted form of declarative Logic Programs
(nDatal og Horno) .

2. Mathematicaktlassical logic first-order logic (FOL),
higherorder logic.

A Used in verification of programs, for example.
3. Rulesin various flavors.

A Central abstraction: declarative Logic Programs,
which extend Horn FOL.

A (Core) SQL database is an LP rulebase.

4. Many others: Bayesian probabllistic networks, induct
learning, Description Logic, fuzzy logic, temporal moc
logic, etc.
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Knowledge Representation:
What 0s the Gam

A Expressiveness: useful, natural, complex enough
A Reasoning algorithms
A Syntax: encoding data format here, in XML

A Semantics: principles of sanctioned inference, independent of
reasoning algorithms

A Computational Tractability (esp. worsase): scale up in a manner
gualitatively similar to relational databases: computation cycles go up as a
polynomial function of input size
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Overview of Logic Knowledge Representation (Kl
and Markup Standards

A First Order Logic (FOL)Al s o claskidaleadgifico, as i s H
I Standards efforts:
A 1SO Common Logic (CL); FORuleML
I Restriction: Horn FOL
I Restriction: DescriptionLogic (DL) 7 overlaps with Horn
A Standard: W3C OWIDL (Web Ontology Logic)
I Extension:Higher Order LogidHOL)
A HiLog = higher order syntactically, but reducible to first order
A Logic Programs (LP)
(Here: in thadeclarativesense.)
- Standard: W3C RIF (Rule Interchange Format)
- Standard designs for additional expressiveriRgeML / SWSL / SILK
- Extension features:HiLog; also:
A Nonmonotonicity Negation, Defaultécf. Courteous)
A Procedural attachmenfer external queries, events, actions
I Restriction: HornLP
I Restriction: Description Logic Progran(®LP) 1 overlaps with DL
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Venn Diagram: Expressive Overlaps among KF

NB: NonmonLP,

First-Order including Courteous,
- relies on Default
Loglc Negation as fundamental

underlying KR
expressive mechanism

for nonmonotonicity
Logic

Programs

De¢scription
Logic

Horn Logic
Programs

(Nonmonotonicity)

(Procedural

Description
Logic Attachments)
Programs
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Description Logicet. owL 2 KR EXpressiveness

A Restriction of First Order Logic (FOL)
| Strongest restriction is dhe patterns of variabkppearances

A Cannot represent many kinds of chaining (joins) among predicates
I No logical functions
A Allows:

I Class predicates afrity 1
I Property predicates afrity 2 (Indirectly canrepresent +ary predicates)
I Membershipaxioms: foo instanceOfBarClass

I Inclusion axioms between classes (possibly complex)
A C1lsubclassO€?2

A le., xinstanceOfc1 = xinstanceOfC2
I Complex class expressions, e.g.

A Electrical device that has two speakers and a 120V or 220V power su|
I Property chaining, with some restrictioffeature added to OWL 2)

A Goodfor representing:
I Many kinds ofontological schemasncluding taxonomies
I Taxonomic/categorgubsumptiongwith strict inheritance)
I Some kinds otategorization/classificaticendconfigurationtasks
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Summary of Computational Complexity of KRs

A For task ofinferencing i.e.,answering agiven query.
I Tractable = timeis polynomial imn, worstcase; n = [premise

A FirstOrder Logic (FOL)
I Intractablefor Propositional (ceNP-complete)
I Undecidablan generakase
I Decidable buintractablefor Description Logic

A Logic Programs (LP)with extensiongor negation,
defaultsHiLog, f rames, attached

I Tractablefor broad casesame as Horn
A O(n?) for Propositional with negation and defaults
A Complexity qualitatively similato RelationaDBs
A Truly Web-scaleabletherefore

I Undecidablan generalcause: infinite recursion through functions)
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More on Computational Complexity of LP

A O(n) for propositional Horn. (Ditto in FOL.)
A O(n-m) for propositional with negation (wellounded) , wher e
I Defaults add no increase in the complexity bound (reducible linearly to NA

A Typically-met restrictions:

I Constambounded number of distinct variables per rule (VB restriction)

A In DL form of DLP, VB= constantbounded number of distinct DL quantifiers (inc
min/max cardinality) in class descriptions per inclusion axiom

I Time per attached procedure call is tractable (AT restriction)
A Most feature extensions can be added to LP without affecting tractability

A Key restriction to ensure tractability (or decidability) is to:
i Avoid blow-up fromrecursion through logical functiorisf arity > 0)
A = Keep the relevant set of ground atoms tractable (or finite)
A Here, recursion means dependency cycles among rules
i E.g., functionfree is a simple sufficient condition
A Then # of ground atoms = Off) , where v is the bound in VB
I More research on detailed theory and algorithms is needed, however

11/4/2010 Copyright 2010 by Vulcan Inc., Benjamin Grosof, Mike Dean, and Michael Kifer. All Rights Reserved. 78



Updated: 10-2010 SemanticWe b n St a c k

Candidate designs Trust
for Rule extensions:

RIF = SILK, ASP, FOL

Rule Interchange
Format (W3C)

BLD = Basic Logic Dialect Lﬂglc FLD

Proof

FLD = Framework for Logic Dialects

framework ol 5
. RIF =SBl &
Rule Profile OWL HUles T -
= Horn FOL expressible = %, E
=~ Horn LP expressible e L
(ie., DLP++) S OWL RL P
E.g.,axiomatizevia a
~70 RIF-BLD rules RDF Schema

Unicode
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KR View of Semantic Web related standarc

Hazy wrt Standardization: more Framework
I Uncertainty (probabilistic, fuzzy);Provenancegproof, trust)

‘ Logical Framework standards/designs: RIFFLD, RuleML, SILK ‘

LP (Logic Programs) FOL (First Order Logic)
A Umbrella standards/designs A Umbrella standards/designs:
I SILK I CL (1ISO Common Logic)
I RuleML-LP I RuleML-FOL
A Database Query Standards A Semantic/Web Standards (other)
i SQL i RDF
i SPARQL I RDFS (Schema)
I XQuery I OWL RL (Rule Profile)
A Business Rules Familie's I RIF-BLD (Basic Logic Dialect)
i Production A (and SWRL)
A RIF-PRD i OWL DL (Description Logic)
i ECA (EventConditionAction) I OWL Full
i Prolog I SBVR (OMG Semantic Busineg
Vocabulary and Rules) T

11/4/2010 Copyright 2010 by Vulcan Inc., Benjamin Gro| * 80

Via KR mapping to LP, maybe with restrictions




KR View of Semantic Web related standarc

Hazy wrt Standardization: more Framework
I Uncertainty (probabilistic, fuzzy);Provenancegproof, trust)

‘ Logical Framework standards/designs: RIFFLD, RuleML, SILK ‘

LP FOL
A Horn A Umbrella standards/designs:
I CL (1ISO Common Logic)
I RuleML-FOL
A Semantic/Web Standards (other)
I RDF
I RDFS (Schema)
|
|

I OWL RL (Rule Profile)

" RIF-BLD (Basic Logic Dialect)
A (and SWRL)

I OWL DL (Description Logic)

I OWL Full

I SBVR (OMG Semantic Busineg
Vocabulary and Rules) T

A Rest
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KR View of Semantic Web related standarc

Hazy wrt Standardization: more Framework
I Uncertainty (probabilistic, fuzzy);Provenancegproof, trust)

‘ Logical Framework standards/designs: RIFFLD, RuleML, SILK ‘

LP FOL

A Umbrella standards/designs
i SILK

Sound, but incomplefe
U lack disjunctiveneds

(no reasoningpy-case

82
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Outline of Part B. Concepts & Foundations

1.

o0k wW

8.

9.

Overview of Logical Knowledge Representations
Logic Programs (LP) and its relationship to First Order Logic (FOL)
Rule-basedOntologies Description Logic, Description LP
SI LKGs Hyper LP: Putting 1t all
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metdeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
Rules in W3C Web Ontology Language (OVRL); via RIF

Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange

Semantics for Default Negation

Courteous LP, Argumentation Theories

Omnidirectional Rules, FOISoundness, Remedyi
Procedural Attachments to Actions, Queries, Bust, and Events

Production/Situated LP, Production Rules

Additional Features: Integrity Constraints, Inheritance, Lidpgor,
Equality,Skolemization AggregationPatatypes N Constr ai n
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SILK research program (2008n V uHArogectHald s

AFor Vision obigitalAristotle questioranswering for science
APut the bulk of the worlhedds sci er
AAnswer questions, act as personal tutor, witasmepg. E.g., textbooks/exa
A1styr collegéeveBiologys currentlomairfiocus: complex causal processes

A Advanced KR language and system, for esp. defaults & proces:

A Largest* rule research program in USAnsMuttonal: primarily via contractc
AHigheabstraction KR closer to human cognition and social pragmatics
ARadically extends expressive power of SQL, RDF(S), SPARQR|BWL.
ARemedies major | imitations of ser

APotential application areas in business and government
AHorizontal: policies, workflows; ontology mapping, knowledge integration
AVertical: -eommerce, defense intelligence, trust, biomed, financial, mobile

A http://silk.semwebcentral.org

-
-
,O‘

* (that wedre awar eVULCAN)»

PRo;Eci SII_;/

TRANSFORMING
KNOWLEDGE
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http://silk.semwebcentral.org/

SILK Contributors current/past (partial list)

A Vulcan (Benjamin Grosof, Mark Greaves, Dave Gunning, Peter Clark)
A Stony Brook Univ. (Michael Kifer, H. Wan, S. Liang, P. Fodor)

A Raytheon BBN Technologies (Mike Dean, C. Andersen, B. Benyo, B. Ferguson)
A SRI International (Vinay Chaudhri, David Martin, Ken Murray)

A Cycorp(Keith Goolsbey, Doug Lenat, Jon Curtis) ST‘“‘NY
A Automata (Paul Haley) BRE"SK
A Terrance Swift, consultant Raytheon ° NIVERSITY

A Smart Infq Flow Technologies (Mark BgrstelrﬁBN Technologies ;

A Richard Fikes, consultant (Stanford Univ.)

A Texas Tech Univ. (Michael Gelfonthdezai (1)
A University of Toronto (Shellillraith S.Sohrabj H.Ghadeji

A OntoprisecGmbH (Dani¢lanschJurgenAngele) 7NN

A Univ. of Texas (Bruce Porter, Ken Barker) .
A Univ. of Amsterdam (Bert Bredeweg) mermm@
A Univ. of Freiburg (Gedrgusei
A Univ. of Michigan (Michael Wellman © ﬁ: -

gan ( ) @Baflma Bntoprise

A Raphael Volz, consultant
A Acknowledgements RuleML(HaroldBoley Said Tabet)
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ExXpressiveness oBritt]

A Defaults/Exceptions/Defeasifple. nonmonotonic reasoning, theory revision, argumentation, truth mai
A A kinematics problem situation has standard earth gravity, and no air resistance. [physics AP]
A A given organism has the anatomy/behavior that is typical/normal for its species, e.g., a bat has 2 wings
APrice info for an airplane tickshoppigh Al aska Ai
x Practical reasoning almost always involves a potential for exceptions

A Hypotheticals

A If Apollo astronaut Joe golfed a ball on the moon, then standard earth gravity would not apply. [negative
[conflicbetween defaults, resolvaatibyityamong them]

A If I had swerved my car 5 seconds later than | did, | would have hit the debris in theiteftflanetaritiaciggal

A Actions and Causality
A If a doorkey is incompletely inserted into the keyhole, turning thegreganiditain |
ADuring the mitotic stage of prometaphase, a ce

A After a customer submits an order on the website, Amazon will email a confirmation and siGpmiktidem. [
ActionECA rule] [policy]

A Processes (i.e., representing and reasoning about processes)
A Mitosis has five stages; its successful completion results in two cells. [compose] [partial description]

A If Amazon learns that it will take an unexpectedly long time to stock an ordered item, then it emails the c
to cancel the order without penalty. [exception handling]

A A Stillco sensbased negative feedback thermal regulator is adequate to ensure the overnight vat fermen
apple mash will proceed within desired bounds of the alcohol concentration paraassdrb{stesseprocess]

Ubiquitous in science, commonsense, business, etc. All are interrelated.
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Complex AP Biology Examples

A Causal process reasoning is a large portion of AP Biology, often requiring m
step causal chains and/or multiple grain sizes of description to answer a que

A Several such complex examples drawn from exams or textbooks have been
successfully represented in SILK. E.g.:

A"A researcher treats cells with a chemical that prevents DNA synthesis
from starting. This treatment traps
The correct answer is: G1 [which #plaasgbahterphage

A"ln some organisms, mitosis occurs wytbkinesisccurring. This will result in:
a. cells with more than one nucleus
b. cells that are unusually small.
c. cells lacking nuclei.
d. destruction of chromosomes.
e. cell cycles lacking an S phase."
The correct answer is: a. [two nuclei form in a cell, but no new cell wall splits the

AiSuppose the typical number of chrom
counterfactual; there are actually 46]. What would the typical number of chromo
human sperm cell be?0

The correct answer is: 6 [half of the number in the liver and most other organs]
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SI LKOs Goal s

AAddress fundamental requirements for scaling Semantic Web t
widelyauthored Very Large KBs in business and science that
answer guestions, proactively supply info, and reason powerful

AExpressiveness + Semantics + Scalability
APush the frontier. Language and system.

ABetter Knowledge Representation (KR)

A Expressiveower: defeasibility, highager. E.g., causal processes in AP Bio
A Performanaealability of reasoning, including knowledge updates

AMore effectivknowledge Acquisition (KA

+By Subject Matter Exp&tdH3 not programmers or knowledge engineers
+Collaborativélyncorporate large #s of SMEs in KB construction & mainter
+ Leveraging théeb

ABetterKRalso forsake obetter KA
AWebknowledge interchafgigh merging) for scalability of collaborative KA
ATheunderlying KR is the target fooKRh e KR i & t he dee
AUnderstandability via semantics and expressiveness

ARaisaabstractionlewel oser to the userés natur
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S| L KO Bypdd.Bgic Programs

A New Extension of LP that is the firsidmbinekey advanced features

A Defaults+ HigherOrder+ ExternalActions/Events/Queries
A+WebizedFrames, Negatioegandnaj, Equality,
FunctionsSkolemsAggregates, Integrity ConstraintsTbloyd €
A Omnidirectionality new feature
APermit head disjunction, tredtreictionalizatiorlandle multiay conflicts.
AMuch broader F&hund interchangenyclause or universal formula, not just Horn
A Transforms knowledge from higher to lower abstraction levels
ARaises expressive abstraction level. Higher iskgoadieftne acquisition (KA
ALower is good for reasoning (code reuse, optimization) and knowledge interchar
A Tractable computationafizomplexity is same as Horn LP
APolynomial timesimilar to relational DBMSf t her eds no recu
ARet ai ns pr ag nnuitidnistt lqaak i d gnerfall Pir e dis
A Uses nevargumentatiotheoryapproach to defaults
A~20 dmeptuthes specify de asieréoimplemdme cogel e
AEnables much meseressiveneés.g. HiLod. Much mogdficienivhen updating.
A RIFSILKdialect extends RIBLD (Basic Logic Dialect) P

PROJECT ).;‘
HAL VULCAN PP




SI LKOs KR Approach,

A KR Language
ASyntax: ASCII presentation syntax, abstract syntax, RIF-8ial&gt (RIF
ASemantics: model theory, proof theory. Closely related to the transformations (:
AKnowledge Interchange
AVia load, or query, or event. E.g., embed a SPARQL query in the body of a rule
AKR languages: SPARQL, RDF(S), SQL, ODBC; SILK-RLFCOMNALYRA
AReasoning system
ABackwarthferencingrimarily-i.e., query answering
ATabling saves and reuses computation from subgicerses
ASupports fast updating and foimfarencing
AGood efficiency/scalability of performance
ASynergizes 20 years of LP research progress
ACourteous defaults and external actions/queries cf. IBM CongweetRules,
AHigheorder cHiLog Common Logic
ANegatiotsFailure cf. well founded
APerformance optimizations from DBMS, Prolog, BRMS, Al
AExtensive requirements analysis, use cases, benchmarking
AUse cases in business policies, ontology mapping,,ee r c e , bi omed,
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Representational Uses for Defaults and H@Qrokar

Defaults (cf. Courteous, with Prioritization)

A Negation
A Pragmatic knowledge/reasoning has potential for exceptions and revision
AlLearning and science: may falsify previous hypotheses after observation or corr

ADebate and truggriorities from authority, reliabitigyncy

AUpdating, merging, change: increase modularity/reuse in KA/KB lifet
AProcess causality: persistence, indirect ramified effects, interference
AHypotheticals.g., counterfactuals

Alnheritance: mesgecific case overrides mgereral case
APoliciesregulations, laivthe backbone of society and institutions
ANatural language understanding (NLU) aspectstefegence

HigherOrder (cfHilogand reification)

AMetaknowledge and metasoning, generally

AOntology mappjiB translation, KR macros, reflection, NLU aspects
AProvenance, mialgient belief, modals, many aspects of context
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Outline of Part B. Concepts & Foundations

1.

o0k wW

8.

9.

Overview of Logical Knowledge Representations
Logic Programs (LP) and its relationship to First Order Logic (FOL)
Rule-basedOntologies Description Logic, Description LP
SI LKGs Hyper LP: Putting 1t all
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metdeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
Rules in W3C Web Ontology Language (OVRL); via RIF

Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange

Semantics for Default Negation

Courteous LP, Argumentation Theories

Omnidirectional Rules, FOISoundness, Remedyi
Procedural Attachments to Actions, Queries, Bust, and Events

Production/Situated LP, Production Rules

Additional Features: Integrity Constraints, Inheritance, Lidpgor,
Equality,Skolemization AggregationPatatypes N Constr ai n
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Horn FOL

The Horn subset of FOL is defined relativectausalform of FOL
A Horn clause is one in which there is at most one positive liter
It takes one of the two forms:

1. Hv-Blvé v—-Bm. A.k.a. definiteclause fule

Fact H. Is special case of rulie ground, m=0)
2. —Blvé v—-Bm. A.k.a. amteqgrity constraint
wherem>0,H and Bi 6s are at oms. ( A

where pred has arity k, and functions may appear in the terms.)
A definite clause (1.) can be written equivalently agwgvlication

Rule := H=Bl1lAé ABmM. wherem>0, H and Bi
head if body;
An integrity constraint (2.) can likewise be written as:
1l<=BlAaé ABm . A.k.aemptyheadrule (L is often omitted).
For refutation theoremroving, represent megated goaas (2.).

11/4/2010 Copyright 2010 by Vulcan Inc., Benjamin Grosof, Mike Dean, and Michael Kifer. All Rights Reserved. 03



Horn LP Syntax and Semantics

A Horn LPsyntaxis similar to implication form of Horn FOL

I The 1T mplication connective?o:
We will write it as« (or as - ) instead ok=.

I DeclarativeLP with modeltheoreticsemantics

I Sameforforwardl i r ect i on ( A d eurpiov)a tai nodaddlechon kiwbaor
(hquer ydownoilt op nferencing

I Model M(P) = a set of (concluded) ground atoms
A Where P = the set of premise rules

A Semantics is defined via theast fixed poinof anoperatorTp.
Tpoutputs conclusions that aremediately derivabléhrough some
rule in P) from an input set of intermediate conclusi?ns I

I Ij+1 = Tp(lj) ; lg = & (empty set)

A lj+1 = {all head atoms of rules whose bodies are satisfieglby |
I M(P) =LeasEixedPoint(Tp) ;where LFP =they, such that Iq+1=Im
I Simple algorithm:c Hrun each rule oncet m s{tuiescence}
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