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PART A. SLIDES
FOLLOW



Learning Goals for Tutorial

Overview of current state of logical KR theory,

applications, languages, standards, tools/systems
market

Relationship to Web and Semantic Tech, overall

Introduction to the research issues



Top-Level Outline of Tutorial

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

+ Appendix 1: References and Resources
+ Appendix2: More about Uses Cases

Background Assumed.:

Abasic knowledge of firsbrder logic, relational
databases, XML, RDF



Rough Schedule, Overall

~14:0014:45

~14:4515:45

~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



Outline of Part A. Intro & Uses

1. Overview of tutorial, and get acquainted
2. What are: Rules on the Web, Semantic Rules/Web/Tech
3. Uses and Kinds of rules
0 Commercial, web. Current, envisioned.
0 Requirements. Business value, IT lifecycle.
U  Strategicoadmappingpf future adoption
4, Example Use Cases
E-commerce: pricing/ordering policies, contracts
E-science: ecological process
Policies in financial services, trust, compliance
Info integration, ontology mapping, business reporting

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

(G-I e e e e

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



Outline of Part B. Concepts & Foundations

1. Overview of Logical Knowledge Representations
U Logic Programs (LP) and its relationship to First Order Logic (FOL)
u Rule-basedOntologies Description Logic, Description LP
S| L KO&isRulEléy Putting it all together
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metaeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
u Rules in W3C Web Ontology Language (OWRL); via RIF
7. Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange
u Semantics for Default Negation
u Courteous LP, Argumentation Theories
U Omntdirectional Rules, FOISoundne s s, Remedyi
8.  Procedural Attachments to Actions, Queries, B, and Events
U Production/Situated LP, Production Rules

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

1. More about Tools

2. ¢ 1 ncl. SILK
3. Conclusions
A4

Directions for Future research

(Appendix 1. References and Resources)
(Appendix 2: More about Use Cases)

(General Discussion)



NSemanti co T

AMSemantico i n Asemant
ruyl es o means:

I 1. Knowledgebased
é and é

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 sanctio
from a given set of premises




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 inWeb contextusing:
A Web data, schemasntologies Web services, queries, databases
3. Rules usinggemanticknowledge 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 platfarmublic and intranets
I Collaborativek nowl edge acqui sition (|
I Weblocated knowledge bases (KBs) and KR services

x Y Semantic rules on the Web

I Standardization is a key activity currently. 1st wave of specificati

recently completed. Implementing them is still underway.
10



Semantic Web In context of Web

hazy still.: Semantic Web Services

T

SemanticWeb techniques Web Servicesechniques

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

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

First Generation
Web

11



p SIS

SemanticWeb: concept, approach, pieces

Shared semantics when interchanging datd 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: aiweb Ont ol ogNBCdtandamgiu a g e 0

A Taxonomic class/property hierarchy, properfjue restrictions, decidable subset of FOL
I Ex.: 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: ARul e 1 nt er 6M3Qstagdard 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 anin

12



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.

I Semantic! 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.
Prolog il ogi ¢ programso as a full Ppr c
Lesser: other knowledgeased systems.

Emerging: Other semanticased technology

To To o

Above are nCurrently Commer ci
13



CommercialApplicationsof Rules
todayin E-Business

AThere are many. An establ i s

I Expert systems, policy management, workflow, systems
management, financial & insurancec@mmerce, trust,
per sonal messaging, defens

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

A Market momentum: moderately fast growing (~2X the avg. fol
software)
I Fastinearlymi d 19 8
I SIow | a-me-129
I Picked up ag
i Accel erated

Il n | ate 199006s.
200060 s, continui
14

006 s
8686 s
ai n
I N



Vision: Uses of Rules in BBusiness

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

I represent s e prbdects@ servadgchpahiliies, gidgs; o f
map offerings from multiple suppliers to commuatalog

I repr es e meguedisimtgreststiids, - matchmaking

I represent sales helpistomer helpprocurementauthorization/trust
brokering,workflow.

I high level of conceptual abstractiagsier for noyprogrammerso
understand, specifglynamically 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.

15



Semantic Rules: Differences from Rules ir
t he 19800s / EXPpE

A Get thEKR rlght (knowledge representation)
I More matureresearch understanding
I Semanticsndependent of algorithm/implementation
I Cleaner avoid general programming/scripting language capabilities
I Highly scaleablgerformancgbetter algorithms; choice for interoperability
|
|
|

Highly modularwrt updating; use prioritization
A Higherpracticalexpressiveness
A Highly dynamig scaleableulebaseauthoring distributed, integration, partnering

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

A Embeddable

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

A KnowledgeSharing intra- or inter enterprise
A Broaderset of Applications

16



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 commerciallijainstream

software engineering, e.g., OO and DB

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

A'Y Identified as part ofmission of the W3GGemantic
Web Activity, in about 2001

17



Declarative Logic Programs (LRheCore KR
| n t o d a yirladingthe SdmdnticWeb

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 (RBEPCore WS\_, W
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 equivalent
AYou might not have realized that!

18



0820056W3 C Semant i ¢ Medardiz@tid Step<

Trust

Candidate design: Proof

RuleML =

Rulg I?/IarkLup & Lﬂgm
Modeling Language \
ramework

Y S
DLP = 1 =
Ees.cription OWL HUIQS E %
ogic i ~RuleML HeR¥
T E DLP bit of OWL/Rul k&Ml ™
RDF Schema

RDF Core

Modification of slide by W3C (just added annotation)




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

Candidate designs Trust
for Rule extensions:
RIF = SILK, ASP, FOL
Rule Interchange Proof
Format (W3C) :
BLD = Basic Logic Dialect Lﬂglc FLD
FLD = Framework for Logic Dialects ! framEWDrk :
— - RIF —— E -3;
—F
Rule Profile OWL Hules 48] -
= Horn FOL expressible =< % E
@Horn LP expressible = LL
(€., DLP++) S OWL RL P
E.g.,axiomatizevia W)
~70 RIF-BLD rules RDF Schema

Unicode

20
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1.

2.

3.

4.

Overview of Key Languages & Standard

0

0
0
0

0
0
0

0

Database Queries & Facts are Rules

SOQL; W3C SPARQL & RDFalsoXQuery& XML -Schema
W3C Rule Interchange Format (RIF)

-BLD, -Core: Basic LP (no defaults or actions)

-FLD: Framework for extensions (defaults & much mor

(-PRD: Productiorrules; lacksmodettheoretic semantigs
RIF Precursor. Rule Markup/Modeling LanguagelleML)

Main focus is LP, with extensions; FOL too

SWRL functionfree Horn; predecessor to RBLD

SWSL for Web Services modeling; related: WSML
Rules in and foontologiesand ontology languages

W3C OWL-RL, RDF Schema
SILK: Rulelogi advanced expressiveness, in LP
ISO Common Logic (successor to KIF): FOL (wiiog)
OMG Sem. of Business Vocabulary & Business Rules (SB!

21



Overview of Key Tools

1. Rule systems designed to work with RDF/OWL/RIF
0 Commercialworld: Jena; Oracle; IBM; others
0 Researctworld: SILK; SweetRulescwm; others
0 SPARQLbased: SPIN

2. Prolog and Production Rule systems
0 XSB; Jess; others

3. Advanced Expressiveness
0 FLORA-2 and SILK; IBMCommonRules

4. Rules in Semantic Wikis
U0 SemantidMediaWiki+

5. Some Avallable Large Rule Bases
0 OpenCy¢ Process HandboopenMind

22



A

o o

Need for Other Kinds of Ontologiassides owt

Forms ofontologiespractically/commercially important in the world today*:
I SQL DB schemas
i AConceptual mo d-BR (EstidrRelationddip)L and E
i OO inheritance hierarchies, procedural interfadasatypedeclarations
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 OWLRL relationship to RIF: formulated as a set of f8ED axioms.
OWL cannot represent tmnmonaspects 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 flavoredtologiesthat result from inductive learning and/or
natural language analysis.)

23



Outline of Part A. Intro & Uses

1. Overview of tutorial, and get acquainted
2. What are: Rules on the Web, Semantic Rules/Web/Tech
3. Uses and Kinds of rules
0 Commercial, web. Current, envisioned.
0 Requirements. Business value, IT lifecycle.
U  Strategicoadmappingpf future adoption
4, Example Use Cases
E-commerce: pricing/ordering policies, contracts
E-science: ecological process
Policies in financial services, trust, compliance
Info integration, ontology mapping, business reporting

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

(G-I e e e e

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

25



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.

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

I by multiple authors, crossnterprise, crosapplication.

A Executable. Integrate with other ridased business
processes.

26



To o Do Ix

To o

EECOMS Example of Conflicting Rules:
Ordering Lead Time

Vendor 6s 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 {ypetishhacklapgged 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 wallkcustomer.

Suppose more than one of the above applies to the current @daflct!
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.

27



Example: ECommerce Pricing
Offer from SupplierCoto Buyer

1. The price is $60 per unit if the shipping date is between April 24 and May 1
the quantity ordered must be at least 5 and no more than 1000.

2. There is a volume discount of 10% per unit if the quantity is over 100; the
shipping date must be after April 28.

where Rule (2.) takes precedence over (vhenever (2.) applies, (1.) does too.)

During negotiation, there may be further rules added, ecpuateroffer from
Buyer toSupplierCq such as:

3. There is a further discount of 5% per unit if the quantity is over 300; the
shipping date must be after April 30.

where Rule (3.) takes precedence over (2.) as well as (1.).

28



Ecology Ex. of Causal Process Reasonin

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

Trout occupy the Squamish river.
Fish count (in the river) is normally stable, i.e., persistent, in time.

If a toxic discharge (into the river) occurs, it causes all the fish to die and so
the (live) fish count becomes 0.

Initially, the fish count is 400 (per kilometer of the river).
Then a toxic discharge occurs.

|= Thus the fish count becomes 0 in the next state.

29



E-Commerce Ex. of Causal Process Reasonir

[*  E-commerce delivery logistics. */

When a shipment i s made of an i1item | oc
becomes changed (in the next state) to the customer address.

Initially, PlasmaTV46 is located in the Las Vegas warehouse.
Then shipment is made of PlasmaTV46 to customer address 9 Fog Street in Seattle.

|= Thus, in the next state, the location of PlasmaTV46 is located at 9 Fog Street in
Seattle, and is not located at the Las Vegas warehouse.

30



Trust Management Example

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

Administrator Bob controls printing privileges.
Cara is the most senior administrator, so controls all privileges.

If an administrator controls a privilege and states at a time (t) that a user has
a privilege, thenthe user is granted thatprivilege.

More recent statements have higher priority, in case of conflict

Admins Bob and Cara makestatementso ver t i me m@ibaliges;t A
some of these conflict.

- Cara states in 2007 that Ann is permitted tarint .
- Cara states in 2007 that Ann is permitted to have a hostedeb page
- Bob states in 2008 that Anns not permitted to print.

|= Thus, currently, Ann is permitted to have a web page, but is not permitted
to print.

31



Physics Ex. of Contextual Assumption:

AP Problem P8:i J areps a glove from the top of a 100m cliff.
How long does the fall take in secon@so

Contextual assumptions for AP problems:
- Implicitly, the location is Earth T unless otherwise stated.
- Implicitly, air resistance is ignoredi unless otherwise stated.

The time a fall takes is((2 * ?h / ?n)"0.5), where ?h is the height, and ?n is the
net acceleration. (Units are metric.)

The gravitational acceleration on Earth is 9.8.
The gravitational acceleration on Marsis 3.7.

|= Thus, the fall takes 4.52 seconds.
This uses implicitly: Earth gravity, zero air resistance.

/| 452 = (2¥100/9.8)"0.5
32



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 To integratepolicy-relevant information
powerfully

33



Policies and Compliance in US
Financial Industry Today

A Ubiquitous highstakes Regulatory Compliance
requirements: Sarbanes Oxley, XBRL, Ddaank, SEC,
CFTC, FDIC, etc.

A Internalcompany trust policies about access, confidentic
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

34



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 ABl ueoSkyate re

repds customer s|.

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 ah
margin rules before allowing trade.

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

Bank Online Banking User can look at own account.

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

statements or discounts), aggregét

accounts of all family members.

35
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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/swrl
translation/Overview.html

A http://snoggle.semwebcentral.org

36
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Usesin Business Reporting (XBRL)

A Ontology mappings: contextual, reformulation

I Examples
Price with vs. without shipping, tax
Earnings last 4jtrsvs.{last 3gtrs+ forecast nexdtr}
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 FootnotesAwhere the real act |
A Example: Revenue includes sale of midtown NYC headqualiieig

Too To T To o
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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

38



Rules in Services Engineering Lifecycle

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

Reuse, interoperability, integratiozgntext
Governance, transparency
Costreduction

Aqility

cC:. C:. C: .

2. Frequent tasks:

0  Monitoring: events / exceptiods react, policybased
agile workflows

0 Confidentiality: authorizations for access, transactions
0 Contractual: ads, trades-temmerce, SLAS

39



Outline of Part A. Intro & Uses

1. Overview of tutorial, and get acquainted
2. What are: Rules on the Web, Semantic Rules/Web/Tech
3. Uses and Kinds of rules
0 Commercial, web. Current, envisioned.
0 Requirements. Business value, IT lifecycle.
U  Strategicoadmappingpf future adoption
4, Example Use Cases
E-commerce: pricing/ordering policies, contracts
E-science: ecological process
Policies in financial services, trust, compliance
Info integration, ontology mapping, business reporting

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

(G-I e e e e

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

41



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

42



Some Answers to:
nNWhy SWMatgert o Busi n

A1l . iDeat h. T aTkeyes aways with ue

A2 . fBusiness processe

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

A3.A 1 t dutematedthl@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 usestificturecknowledge.

I Theme:reuseof knowledge across multiple tasks/apps/orgs
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SW Adoption Roadmap:
Strategy Considerations

A Likely first uses in a lot of B2B interoperability (e.g., supply chain) 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

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

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

Avolatility sometimes (e.g., perhaps financial market swings)
I Increase flexibility, decrease loak
A Agility in business processes, supply chains
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Outline of Part B. Concepts & Foundations

1. Overview of Logical Knowledge Representations
U Logic Programs (LP) and its relationship to First Order Logic (FOL)
u Rule-basedOntologies Description Logic, Description LP
S| L KO&isRulEléy Putting it all together
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metaeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
u Rules in W3C Web Ontology Language (OWRL); via RIF
7. Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange
u Semantics for Default Negation
u Courteous LP, Argumentation Theories
U Omntdirectional Rules, FOISoundne s s, Remedyi
8.  Procedural Attachments to Actions, Queries, B, and Events
U Production/Situated LP, Production Rules

9. Additional Features: Integrity Constraints, Inheritance, Lidpgor, _
Equality, Skolemization AggregationDatatypes n Constr ai n

2
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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 Proof
Format (W3C) :
BLD = Basic Logic Dialect Lﬂglc FLD
FLD = Framework for Logic Dialects ! framEWDrk :
— - RIF —— E -3;
—F
Rule Profile OWL Hules 48] -
= Horn FOL expressible =< % E
@Horn LP expressible = LL
(€., DLP++) S OWL RL P
E.g.,axiomatizevia W)
~70 RIF-BLD rules RDF Schema

Unicode

47
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Concept of KR
A A KR S is defined as a triplé.A, LC, |5), where:

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

I  LC isaformal language of sets of conclusions (i.e., conclusion expres
A LCisnotnecessarily eveasubset oL A. E.g., in LP.

I |=is theentailmentelation.

A CondA,S) stands for the set of conclusions

that are entailed in KR S by a set of premi&es
A We assume hetbatConcis a functional relation.

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

1. Relationaldatabasesrelational algebra.

A This is a restricted form of declarative Logic Programs
( DatalogHor no) .

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

A E.g., usedn program verification, and planning

3. Rulesin various flavors.

A Central abstraction: declarative Logic Programs, which ex
the most useful aspects of Horn FOL.

A (Core) SQL database is an hifebase

4. Many others:

A Bayesian probabilistic networks, Probabilistic LP, Markov
Logic Networks, fuzzyogic; inductive possibilistic €&

A Modallogics, description logict, e mp o r a | | ogi
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Knowledge Representation:
What 60s t he 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. wors&se): 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 claskidaleadgiico, 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 Language)
I Extension:Higher Order LogidHOL)
A HiLog = higher order syntactically, but reducible to first order
A Logic Programs (LP)
I (Here: in thedeclarativesense.)
i Standard: W3C RIF (Rule Interchange Format)
I Standard designs for additional expressiveriRaeML / SWSL / SILK
I Extension featuresHiLog; also:
A Nonmonotonicity Negation, Defaultécf. Courteous)
A Procedural attachmenfer external queries, events, actions
I Restriction: Horn LP
I Restriction: Description Logic Program®LP) T overlaps with DL
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Venn Diagram: Expressive Overlaps among KF

NB: Nonmon LP,

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

underlying KR
expressive mechanism

for nonmonotonicity
Logic

Programs

Horn Logic
Programs

(Nonmonotonicity)

(Procedural

Attach w
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Description Logicct. 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
No logical functions

A Allows:

Class predicates atrity 1
Property predicates afrity 2 (Indirectly canrepresent +ary predicates)
Membershipaxioms: foo instanceOfBarClass
Inclusion axioms between classes (possibly complex)

A C1subclassO€2

A le., xinstanceOfc1 Y xinstanceOfC2

Complex class expressions, e.g.

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

A Goodfor representing:

Many kinds ofontological schemasncluding taxonomies

Taxonomic/categorgubsumptiongwith strict inheritance)
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 = |premisef

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

A Logic Programs (LP)with extensiongor negation,
defaultsHiLog, f r ames, 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(nén) for propositional with negation (well ounded) , wher e |
I Defaults add no increase in the complexity bound (reducible linearly to NA

A Typically-met restrictions:

I Constartbounded 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 (external) procedure call is tractable (== EPT restriction
A Most feature extensions can be added to LP without affecting tractability

A A key restriction to ensure tractability (or decidability) is to:
i Avoid blow-up fromrecursion through logical functiorsf arity > 0)
A'Y 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 Moreresearch on detailed theory and algorithms is needed, however
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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 Proof
Format (W3C) :
BLD = Basic Logic Dialect Lﬂglc FLD
FLD = Framework for Logic Dialects ! framEWDrk :
— - RIF —— E -3;
—F
Rule Profile OWL Hules 48] -
= Horn FOL expressible =< % E
@Horn LP expressible = LL
(€., DLP++) S OWL RL P
E.g.,axiomatizevia W)
~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, RIF-Rulelog I CL (ISO 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 (EventConditionrAction) I OWL Full
i Prolog I SBVR (OMG Semantic Busineg
Vocabulary and Rules) T

57
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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 Horn A Umbrella standards/designs:
I CL (ISO 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

*Via KR mapping to LP (sound, nearly complete) ©8




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 incomplege
U lack disjunctiveneds

(no reasoningpy-casey

59
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Outline of Part B. Concepts & Foundations

1. Overview of Logical Knowledge Representations
U Logic Programs (LP) and its relationship to First Order Logic (FOL)
u Rule-basedOntologies Description Logic, Description LP
S| L KO&isRulEléy Putting it all together
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metaeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
u Rules in W3C Web Ontology Language (OWRL); via RIF
7. Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange
u Semantics for Default Negation
u Courteous LP, Argumentation Theories
U Omntdirectional Rules, FOISoundne s s, Remedyi
8.  Procedural Attachments to Actions, Queries, B, and Events
U Production/Situated LP, Production Rules

9. Additional Features: Integrity Constraints, Inheritance, Lidpgor, _
Equality, Skolemization AggregationDatatypes n Constr ai n

2
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SILK research program (2008n V uRrojeetHalo s

AFor Vision obigitalAristotle questioranswering for science
APut the bulk of the worlihedds scier
AAnswer questions, act as personal tutor, wigasie@ipg. E.g., textbooks/exa
Alstyr collegéeveBiologys currentomaitiocus: complex causal processes

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

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

=3 PROJEC
A »" HALO
* (that weore awar eVULCAN»

5 S'L?/

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

Y
SILK Contributors current/past (partial list) S'L;/

EEEEEEEEE

A Vulcan (Benjamin Grosof, Mark Greaves, Dave Gunning, Peter Clark)

A Stony Brook University (Michael Kifer, P. Fodor; students H. Wan, S. Kiaz)g,
A Raytheon BBN Technologies (Mike Dean, Brett Benyo, C. Andersen, B. Fel
A Automata (Paul Haley,@jbuijj D. Siegel, D. Witting)StologyBrianUlicny).

A Terrance Swift, consultant

A DeclarativgMiguel Calejo) Q\\\\

A Cycorp (Keith Goolsbey, Ddignat Jon Curtis)

A SRIInternational (VinaghaudhriDavid Martin, Ken Murray>tony Brook

A Richard Fikes, consultant (Stanford University) University

A University of Toronto (Sheila Mcllraith, S. Sohrabi, H. Ghaderi)

A Texas Tech University (Michaelfong D.Inclezah Ilaylhenn

A University of Amsterdam (Bert Bredeweg) BBN Technologies

A University of Freiburg (Gedrausen
A University of Michigan (Michael Wellman) Automata Inc.

A Boeing. University of Texa3ntoprisesGmbH. -
A Raphael Volz, consultant P (¢

A Acknowledgements to RuleML SRI
international
L]

(H.Boley S.Tabet A.Paschke

cYcorp
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ExXpressiveness oBrittl

A Defaults/Exceptions/Defeasiila. 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 tickshoppimgh 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, resolvaatibyittamong them]

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

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

A After a customer submits an order on the website, Amazon will email a confirmation and stGoticktidem. [l
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 parbassdrb{sirersseprocess]

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 iplasgahterphade

A"ln some organisms, mitosis occurs wtbkimnesisccurring. 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 cel |l 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 questions, 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 Performancszalability of reasoning, including knowledge updates

AMore effectivKknowledge Acquisition (KA

+By Subject Matter Exp&#&dH3, not programmers or knowledge engineers
+Collaborativalyncorporate large #s of SMEs in KB construction & mainter
+ Leveraging théeb

A BetterKRalso forsake obetter KA
AWebknowledge interchafgigh merging) for scalability of collaborative KA
ATheunderlying KR is the target fooKKh e KR i & t he dee
AUnderstandability via semantics and expressiveness
ARaisabstractionlexel oser to the userés natur
65
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S| L KO0 RulekhaR :

A New Extension of LP that is the firsidmbinekey advanced features

A Defaults+ HigherOrder+ ExternalActions/Events/Queries

A+WebizedFrames, Negatioegandnaj, Equality,
Function§SkolemsAggregates, Integrity ConstraintsTbloyd €

A Omnidirectionality new feature
APermit head disjunction, tredtreictionalizatiorandle 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 iskgoadefdne acquisition (KA
ALower is good for reasoning (code reuse, optimization) and knowledge interchar

A Tractable computationafigomplexity is same as Horn LP
APolynomial timesimilar to relational DBMSf t her eds no r ecu
ARet ai ns pr ag nmuitidnistitlgaak i d gneorf allL Pir e dis

A Uses nevargumentatiotheoryapproach to defaults
A~20 dmeuhes specify de lasieréoimplemdme dogel e
AEnables much mesgressiveneés.g. HiLod. Much moedficienivhen updating.

A RIFRulelod dialect extends RIBLD (Basic Logic Dialect) p

-
) :
.
-

PROJECT Ae
HAL% * formerly call &td fibly me rSIHILK®Dal | e@uchAr\RLF(S
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SI LKOs KR Approach,

A KR Language

ASyntax: ASCII presentation syntax, abstract syntax, RIF-RiallelciyRIF

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 RILFCOWAYRA
AReasoning system

ABackwarthferencingrimarily-i.e., query answering

ATabling saves and reuses computation from subygicerses

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 CongwertRules,

AHigheorder cHiLog Common Logic

ANegatiomsFailure 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(Qroear

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 trugtriorities from authority, reliabiigycy

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

Alnheritance: meseecific case overrides rgeneral case
APoliciesregulations, laivthe backbone of society and institutions
ANatural language understanding (NLU) aspectsiefence

HigherOrder (cfHilogand reification)

AMetaknowledge and metasoning, generally

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

1. Overview of Logical Knowledge Representations
U Logic Programs (LP) and its relationship to First Order Logic (FOL)
u Rule-basedOntologies Description Logic, Description LP
S| L KO&isRulEléy Putting it all together
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metaeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
u Rules in W3C Web Ontology Language (OWRL); via RIF
7. Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange
u Semantics for Default Negation
u Courteous LP, Argumentation Theories
U Omntdirectional Rules, FOISoundne s s, Remedyi
8.  Procedural Attachments to Actions, Queries, B, and Events
U Production/Situated LP, Production Rules

9. Additional Features: Integrity Constraints, Inheritance, Lidpgor, _
Equality, Skolemization AggregationDatatypes n Constr ai n

2
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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. HUxB1Ué UxBm. A.k.a. definiteclause fule

Fact H. is special case of rulie ground, m=0)
2. xB1Ué UxBm. A k.a. aimtegrity constraint
wherem2 O0H 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 agygplication

Rule := HU B1Jé @Bm . wheren? 0, H and Bi
head if body;
An integrity constraint (2.) can likewise be written as:
~ U B1@é @Bm . A.k.aemptyheadrule (* is often omitted).
For refutation theoremroving, represent aegated goaks (2.).
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Horn LP Syntax and Semantics

A Horn LPsyntaxis similar to implication form of Horn FOL

I The 1 mplication connecti veo:
We will write it as« (or as <) instead olU .

I DeclarativeLP with modeltheoreticsemantics

i Sameforforwardli r ect i on ( i deurpiov)a tai nodadbbeciibn kivwbaor
(Aquer fdownoilt 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 poinbf anoperatofTp.

Tpoutputs conclusions that aremediately derivabléthrough some
rule in P) from an input set of intermediate conclusiq).ns I

I Ij"'l = Tp(lj) o= A (empty set)

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

To o Do Ix

To Do o

Example of Horn LP vs. Horn FOL

Let P be:
DangerousTo(?x,?y PredatorAnimal(?x@Human(?y);
PredatorAnimal(?x¥ Lion(?x);

.
.
i Lion(Simba);
.

Human(Joey);
|11 = {Lion(Simba), Human(Joey)}
12 = {PredatorAnimal(Simba),Lion(Simba), Human(Joey)}
|13 = {DangerousTo(Simba,Joey), PredatorAnimal(Simba),Lion(Simba), Human(Joey
14 =13. Thus M(P) =13.

Let PO bROLulabase Yewsiomof P above, wherereplaces« .

Then the ground atomic conclusions of
PO al s o e nt-grouhdatonvcanclusimns,ancludimgl

1.  Nonrunit derived clauses, e.g., DangerousTo(SimbaJ?¥uman(?y).

2. All tautologies of FOL, e.g., Human(2dx Human(?z).

3. Combinations of (1.) and (2.), e.g.Human(?y)J x DangerousTo(Simba,?y).
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Horn LP Compared to Horn FOL

A Fundamental Theorem connects Horn LP to Horn FOL
I M(P) = {all ground atoms entailed by P in H&FQL}

A Horn FOL has additional negroundatom conclusions, notably:
I nonunit derived clauses; tautologies

A Can thus view Horn LP as thieveakeningpf Horn FOL.
I " here dacthodssm CLonciiusi ons onl yo
I A restriction on form otonclusiongnot of premises).

A HornLP 1 differences from HorOL:

I Conclusions Conc(P) = essentially a set of ground atoms.
A Can extend to permit more complxm queries/conclusions.

I Consider Herbrand models onlg,typical formulation and usage
A P can then be replaced equivalently by {all ground instantiations of each rule i

A But can extend to permit: extra unnamed individuals, beyond Herbrand univer

I Rule has norempty headin typical formulation and usage.
A Can extend to detect violation of integrity constraints
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The ASpirito of
The foll owing summari zes the 7

A AAvoid Disjunctionbo

I Avoid disjunctions of positive literalgs expressions

A In premises, intermediate conclusions, final conclusions
A (conclude (A or B)) onlyif ((conclude A) or (conclude B))

I Permitting such disjunctions creates exponential blowup
A In propositional FOL: $SAT is NRhard

A Inthe leading proposed approaches that expressively add disjunctic
LP with negation, e.g., propositional Answer Set Programs

i No Areasoning by caseso, tI

A AStay Grounded
I Avoid (irreducibly) nonground conclusions

LP, unlike FOL, is straightforwardly extensible, therefore, to:
I Nonmonotonicity defaults, incl. NAF

I Procedural attachments, esp. external actions
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Venn Diagram: Expressive Overlaps among KF

oooooooooooooooooooooooooooooooooooooooooo

NB: Nonmon LP,

First-Order : including Courteous,
) : relies on Default :
LOglC : Negation as fundamental:

underlying KR :
expressive mechanism :
for nonmonotonicity

.
.
M .
. .
. .
.
M o
------------------------------------------
L .

Programs

Horn Logic
Programs

(Nonmonotonicity)

(Procedural

Attach w
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Requirements Analysis for Logical Functions

A Functionfree is a commonly adopted restriction in practical LP/Web rules toda
I DB query languages: SQL, SPARQuery
I RDES
I Production rules, and similar Eve@bnditiontAction rules
I OWL

A BUT functions are often needed for Web (and other) applications. Uses inclus
I HiLog and reificatiori higherorder syntax

A Formeta reasoning, e.g., in knowledge exchange or introspection
I Ontology mappings, provenance, KB translation/import, rag@nt belief, context
I KR macros, modals, reasoning control, KB modularization, navigation in KA
I Metadata is important on the Web

I Skolemizatiori to represent existential quantifiers
A E.g., RDF blank nodes

I Convenient naming abstraction, generally
A steering_wheéiny caj
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Outline of Part B. Concepts & Foundations

1. Overview of Logical Knowledge Representations
U Logic Programs (LP) and its relationship to First Order Logic (FOL)
u Rule-basedOntologies Description Logic, Description LP
S| L KO&isRulEléy Putting it all together
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metaeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
u Rules in W3C Web Ontology Language (OWRL); via RIF
7. Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange
u Semantics for Default Negation
u Courteous LP, Argumentation Theories
U Omntdirectional Rules, FOISoundne s s, Remedyi
8.  Procedural Attachments to Actions, Queries, B, and Events
U Production/Situated LP, Production Rules

9. Additional Features: Integrity Constraints, Inheritance, Lidpgor, _
Equality, Skolemization AggregationDatatypes n Constr ai n

2
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Frame Syntax and F(rame).ogic

A An objectoriented firstorder logic

A Extends predicate logic with
I Objects with complex internal structure
I Class hierarchies and inheritance
I Typing
I Encapsulation
A A basis for objecbriented logic programming and knowledge

representation
O-O programming Relational programming
F-logic Predicate calculus

A Background:
I Basic theory: [Kifer &LausenSIGMOD-89], [Kifer, Lausen Wu JACM95]
I Path expression syntarohn Lausen Uphoff VLDB-84]
I Semantics for nomonotonic inheritance: [Yang & Kifer, ODBASE 2002]
|

Meta-programming + other extensions: [Yang & Kifer, Journal on Data Semantics
2003]
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Major F-logic Based Languages

A FLORA?2 - an open source system developed at Stony Brook

A OntoBrokeri commercial system frofBemaforaSystems
(formerly Ontoprisée

A WSMO(Web Service Modeling Ontology)a large EU project
that developed aR-logic based language for Semantic Web
ServicesWSMI-Rule

A SWSI(Semantic Web Services Initiativie)an international
group that proposed a&rlogic based languag8@WSLERules
(also for Semantic Web Services)

A RuleML supports it.as an included extension, developed in
collaboration with- SWSI

A TRIPLET an open source system for querying RDF
A SILK
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F-Iogic Examples

________________________________________________________________

____________________________________________

-

t—'—
L

P e ——
e

Mary[name->0 Ma r y pbomes 6 {2121234567, 5129297945
children-> {Anne, Alice}]

Structure can be nested

Sally[spouse > Johnpddress >0 123 Mai n St . 0
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F-Logl ¢ Exampl

ISA hierarchy:

John# Person // class membership
Mary # Person

-----

_________

Studenti## Person  /éubclass relationsrmg, Class & instance in |
different contexts |

------

Persor# EntityType
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F-Logl ¢ Exampl

A Me t h o tke attributes, butan takearguments

?S[professo(?Course} > ?Prof] : -
?S:studentpok?Semestern)>?Coursefaugh(?Semester)> ?Prof]];

A professortook, taughti 1-argument methods
A object attributes can be viewed aar§ methods

Queries

?1 Alice[professo(?Course} > ?F, ?Course# ComputerScienceCourse;

Al 1 cedos CS professors.
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F-Logl ¢ Exampl e

Browsing the ISA hierarchy:
?- John# ?X ; // all classes of which John is a member

?- Student## ?Y; // all superclasses of classudent

Rule defining avirtual
________________ class of red cars

———————————

_________________________________

. Rule defining a method that
returns attributes whose

COmplex metaquery about schema: range is class ?Class

20fattributesOf?Class) > ?Attr] : -
?0[?Attr - >?Value] and ?Valug ?Class;
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Remark: Semantics foHiLog & F-Logic

A The Flogic and HiLog semantics & proof theorn
I Generalize terms and literals
I Not limited to rules/LP

I Apply also to classical logic (FOIi)and
other logics

I Sound & complete

84



Outline of Part B. Concepts & Foundations

1. Overview of Logical Knowledge Representations
U Logic Programs (LP) and its relationship to First Order Logic (FOL)
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HiLog

A A higherorder extension of predicate logic, which has
tractable firstorder syntax

I Allows certain forms of logically clean, yet tractable,
metaprogramming

I Syntactically appears to be higkmder, but
semantically is firsbrder and tractable

A Appears promising for OWL Full and its use of Ridfr;

Hayes]

A Implemented in FLORA and SILK

I Also partially exists in XSB, Common Logic, others

A[ Chen, Ki fHiLog; A PMandatioa for, Higlie©Order
Logic Programmingo, J. of L o
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Examples of HiLog

Variables over predicates and function symbols
P(?X,?Y) : - ?X(a,?4 and?Y(?Zb));

Variables over atomic formulas (eification):

p(a(a);
r(?X): - p(?X) and?X;

A use of HiLog in FLORA-2 and SILK(e.g.,even more
complex schema query

?0Dbj[unaryMethodg?Class) > ?Method : -
20bj[?Method?Arg) -> Val] and ?Val ?Class;

. Meta-variable ranges over:
unary method names |

_____________________________________
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Relfication

A BlendingHiLog with F-logic also allowseification i
making objects out of formulas:

A Introduced in [Yang & Kifer, ODBASE 2002]

________________

A Rules can also be reified Object made out of

| the formula |
. manylikes - > bob]

__________________________
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A A collection ofdialects
(rigorously defined rule
languages)

A Intended to facilitate rule
sharingandexchange

A XML is medium of exchange

A Dialect consistency

Sharing of RIF machinery:
A XML
A syntactic elements
A elements of semantics

What is RIF?

Rule system 1

semantics
preserving

mapping

RIF dialect X

semantics '

preserving
mapping

Rule system 2
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Current State of RIF

| RIF -FLD
i (RIF Logic Framework)

Advanced LP Advanced LP
dialect 1 dialect 2

RIF -PRD \ /

Core LP dialect

A

RIF -BLD
(Basic Logic Dialect)

- Official Standard (06 -2010)

|

|
- forthcoming i RIF Core i
|
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The Basic Logic Dialect (BLD)

A Basically Horn rules (no negation) plus
I Frames
I Predicates/functions with named arguments
I Equality both in rule premises and conclusions

A Webrized
I XML data types
I IRIs throughout

A Semantic Web integration
I Can import RDF and OWL
i BLD+ OWL E SWRL
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RIF-CORE and RIFPRD

A RIF-Core is defined by restricting BLD
I No function symbols
I Equality only in rule body
I Decidable (module the builhs)
A RIF-PRDi a separate branch of dialects
I Contains RIFCore
I Procedural, not logtbased
I Shares much of the notational machinery with BLC
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Why RIF Framework (RIFFFLD)?

A Too hard to define dialects from scratch

I RIF-BLD is just a tad more complex than Horn rules, but requires more
than 30 pages of dense text

A Instead: define dialects Ispecializingirom another dialect
I RIF-BLD can be specified in < 3pp in this way

A A siiperdialecd i s needed to ensur e
same set of concepts and constructs

A RIF Framework is intended to be just such a suipect

A Several LP dialects are defined by specializing-RILP
I -SILK http://silk.semwebcentral.org/RIGILK.html
I -CLPWD (core weHfounded) http://ruleml.org/rif/RIEFCLPWD.html
I -CASPD (core ASPhttp://ruleml.org/rif/RIFCLPWD.htm|

A Even RIFBLD was initially defined by specialization from
RIF-FLD
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RIF-FLD Features

A Not a completely specified logic by itself:
dialects are required to specify a number of
parameters (to specialize)

A Highly extensible syntax and semantics

A Supports most forms of nemonotonic
reasoning (e.g., various forms of negation,
defaults)

Aé And classical | ogi
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OWI:-RL

Aw[ A& | &adlyRINR h2[ H 4t
Implementations based on rules (LP)
A Syntactic restriction of OWL 2

I OmitsDisjointUnion ReflexiveObjectPropertgardinalities > 1,
owl:real andowl:rational

i lLe., Horn + a little
A Inspired by Description Logic Programs (DLP)p&nd
A PTIMEcomplete complexity.
A Includes a partiaghxiomatizationas 70+ rules

A http://www.w3.0rg/TR/2009/RE@wI2-profiles-
20091027#0WL 2 RL
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OWLRL In RIF

A Representation of OWL 2 BRkiomatization
rules in RICore

A Can be implemented via either
| Static rules
I Translation algorithm

A E.g., approach is used in Oracle, SILK

A http://www.w3.org/TR/rif-owl-rl/
I Currently a W3C Working Group Note
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RIFRulelogDialect

Al t s expr es s i®Fevicryenephdarb@afsafo

ANew di alect defined using F

AExtendss(persum@RIFBLD (Basic Logic Dialect) an@&tH-
AThese are based essentially on Horn LP

ANotably: adds defaults and external actiosfe(stfie
ANeeded for most of t odemgnicdrulésus i
ARet ai ns 1 Gr aidneodethédoretic s emanti cs
ARetains computational scalability of Horn LP

AStatus

ADraft specificatibpublic (initial version 12/2009, current 2/20]
Ahttp://silk.semwebcentral.or§RHK htm!
ASemantics section is in progress (summarizes previous theory papers

Almplemented translator (bidirectional) is in current SILK syst
AUnder discussion with W3C: role in next steps of RIF overa

PRO ECT =
H’AL ) o
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http://silk.semwebcentral.org/RIF-SILK.html
http://silk.semwebcentral.org/RIF-SILK.html

RIF and OWL in SILK

A RIF support
I Import RIFBLD
I Export RHBLD lpssy
I Import RIFRulelog
I Export RIfRulelog
A OWI:RL support
I Import RDF/ XML
I Import Turtle
I OWLRL in RIF statrales

A Coming soonOWI-DL support (vi@mnirules)
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Conce

ot of Logical Monotonicity

AA KR S is said
P1l P2
AWhere P1, P2

to béogically monotoniovhen in it:
Y  Conc(P1,S) Conc(P2,S)
are each a set of premises in S

Al.e., whenever one adds to the set of premises, t
set of conclusions nestrictly grows (one does not
retract conclusions).

A Monotonicity is good for pure mathematics.

I NProvi ng

a theorem means neyv
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Nonmonotonicityi its Pragmatic Motivations

A Pragmatic reasoning is, in general, nonmonotonic

I E.g., policies for taking actions, exception handling, legal
argumentation, Bayesian/statistical/inductive, etc.

I Monotonic is a special casesimpler insomeregards
A Most commercially important rule systems/applications use nonn
I A basic expressive construct is ubiquitous there:
A Default Negation a.k.a. Negatiom\s-Failure (NAF)

I BUT with varying semantick often not fully declarativef. LP
A Primarily due to historical hangovers and lack of familiarity with modern algorithms

I Another expressive construct, almost as ubiquitous there, is:
A Prioritiesbetween rules
A Such nonmonotonicity enables:
I Modularity and locality in revision/updating/merging
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Default Negation: Intro

A Default negation is the most common form of negation i
commercially important rule and knowledgased system:

A Concept/Intuition for-q ; ~ stands fatefaultnegation
I g Is not derivable from the available premise info
| fall to believe g
ie but might also not Dbel
iIA. kwaakédgation, or NBAF.

A Contrast with: xq  ; x stands foistrongnegation
I g Is believed to be false
I Akaficl assegatl don. negdl n AS
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LP with Negation As Failure

A Normal LP (NLP), a.k.aOrdinary LP (OLP)
I Adds NAF to Horn LP
A Syntax Rule generalized to pernmtA F dadly literals:

AH« B,@ é @B, 92~B,,,9é @~B,,
where m2 0 , H and Bi 6s are at oms

A Semantics hasubtletiesor the fully general case.

I Difficultyisi nt eracti on of ,NAF
cyclic dependencies (thru the rules) of predicates/ato

I Lots of theory developed during 198294
I Well-understood theoretically since mld9 9 0 0 s
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Semantics for LP with Default Negation

A For fully general case, there are two major alternative semantics
A Both agredor a broad restricted casstratifiedordinary LP

A Well Foundedsemantic§WFS) popular, widely used
I Tractable for the propositional case. Often linear, woaise quadratic.
I Major commercial focus. E.g., XSBntoBroker
i Employs a&3“truthvalueu( iundef i ne e&d)r,atunktratifiedn) c
.
|

Definition usesteratedminimality: Horn-case then closeff; repeatil done.
Major limitation: cannot reason by cases

A Answer Set Program(&SP) popular as research topic
I Enables a limited kind of disjunction in heads, conclusions
I Good for combinatorial KR problems requiringnmonotonicity
i Only 2 truth values Y sometimes illdefined: nasetof conclusions
A Gener al i stabfe medelsdmants 1
i Can reason by casesY Intractablefor propositional case
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Basic Example of LP with NAF

A RB1: (NB: this example is purely fictional.)
I price(Amazon, Sony5401, ?day, ?cd$t,99
« INUSA(?custdinMonth(?day, 2004 1@ ~onSal¢?day);
I price(Amazon, Sony5401, ?day, ?ct3§,99
« INUSA(?custdinMonth(?day, 2004 1@ onSalé?day);
| iInMonth(2004_10 12, 2004_10);
| iInMonth(2004_10 30, 2004 _10);
I INUSA(BarbaraJones);
I INUSA(SalimBirza);
| onSale(2004 10 30);
A RBI1 entails: (among other conclusions)
1. Price(Amazon, Sony5401, 2004 12 BarbaraJoneg9.99
2.  Price(Amazon, Sony5401, 2004) 3Q SalimBirza,39.99
A RB2= RB1updatedtoadd: onSale(2a® 19;
A RB2 does NOT entail (1.)lnsteadnonmonotonically) it entails:
3. Price(Amazon, Sony5401, 20040 12 BarbaraJone89.99
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Brief Examples of NorStratified Normal LP

RB3:
I a,
I C « a@d~b;
T P « ~Pp;

Well FoundedSemantics (WFS) for RB3 entails conclusioagd{
P IS not entuaidleé¢ @nrehdvalue (in 3/apuediogi®).

ASP Semantics for RB3: ill defined; thelenoset of conclusions.
I (NOT there is a set of conclusions that is empty.)

RB4:

I a

I c« a@d~b;
I p« ~(;

I g« ~p;

WFESfor RB4 entails conclusions{g¢. p,qhave truth value u.

ASP Semantics for RB4 results iwo alternativeconclusion sets: g,c,3 and
{a,c,d. Note their intersectiond,g is the same as the WFS conclusions.
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(Review) Semantics dflorn LP

¢ Declarative LP with model-theoretic semantics
Sameforforward-di r ecti on (Adeupuvuptaondork
directi on ¢{diogwnewiergnocing/ Nt op

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

Semantics is defined via the |east fixed point of an operator Tp.  Tp
outputs conclusions that are immediately derivable (through some rule in P)
from an input set of intermediate conclusions Ij.

C Ij"‘l = Tp(lj) 1o = A (empty set)
i;1 = {all head atoms of rules whose bodies are satisfied by IJ}

¢ M(P) = LeastEixedPoint(Tp) ; where LFP =the Iy, such that I+ =1m
¢ Simple algorithm: ¢ Hrun each rule once} t m s{dqulescence}
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Well Founded Semantidsseast Model

P : a rulebase over language L

M : a partial Herbrand interpretation

I a set of literals (atoms and naf atoms) in the Herbrand Base

I all other atoms/literals have truthvalueuwh i ch means fnun
Consider ground cases.

M is a model of P when it satisfies every rule in P

A model M is a least model of P
if it is minimal with respect to O
c M1OM2 iff M1*l M2 and M1 E M2

M* = the set of naf-free literals in M: M~ = the set of naf literals in M
l.e. , t he usual not I nnodelso f Ami ni mal O

c If Pis Horn, i.e., naf-free, then M is said to be the minimal model.

In this case, M is simply the least fixed point of Tp (last slide)
¢c € and is straightforwardly computed
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WellFoundedVvodel: Quotient

The well-founded semantics for LP, i.e., for NAF, is defined as a
least model obtained by an iterative process (follows general outline
of [*Przymusinski 9 4 WS definition).

Quotient of a rulebase w.r.t. an interpretation:

¢ Let Qbe a set of rules, and J a partial Herbrand interpretation for Q

¢ The quotient % IS obtained by:

In the body of each rule in Q, replace ~L by J(~L)

The resulting quotient LP is almost a set of plain Horn rules.
BecauseJi s a parti al, not total, i nterp
The quotient includes appearances of u. Itis said to be semi-positive.
A semi-positive LP can be viewed as a pair of Horn LPs:
I alower-bound LP (in which u is replaced by f)
I an upper-bound LP (in which u is replaced by t)

Asemi-posi tive LPOs | east parti al mo d e |
taking the least fixed points of the lower-bound and upper-bound.

* PrzmusinskiTeodor A Wel | Founded and St at iAmnalsaof Al andMdathenhagcs984 L ogi ¢
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WellFounded Model dfP

____________________________________

_____________________________________

' Least partial model . Iteration of least models ' Well-Founded Model :
:\__L_??_S_thp_a:ql_a:l moq_e_l" S P / i IS reached at quiescence |
. Start Vo Quotient L/ T
empty L ;o | )
T ‘\‘ n | n+1 | n
] v P I L P
I, 1,=LPM(—) |k:|_p|\/|(|_,) ) L =LPM(D)
0
A —————> e e e — n

The WFM of P = the iteration until quiescence of:
a) Take the quotientof Pw.rt. t he previ oter 1t
b) Find the least partial model (LPM) of that quotient rulebase.

x Observati on: The above Ii's an Aout er
t hat contains an Al nner | o
of least fixed point (LFP), within LPM in b)
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Computing Well Founded Semantics for LP

A Always exactly one set of conclusions (entailed ground atoms)
A Tractableto computeall conclusions, for broad cases:

A O(n2) for Propositional case of Normal LP

A O(n2V+2) for VB Datalogcase (v = max #arsper rule)

A NAF only moderately increases computational complexity
compared to Horiffrequently linear, at worst quadratic)

A By contrast, for Stable Semantics:
A There may be zero, or one, or a few, or very many alternative conclusio
A Intractable even for Propositional case

A Proof procedures are knowmat handle the nestratified general cas

A backwarddirection: notably, SL$esolution
A Fairly maturenrt performance, e.g., tabling refinements

A forward-direction
A Reuse insights from backwadirection. Restrict to functiofree.
A Fairly maturewrt performance. Room to improve: esp. for updating.
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Some Implementations of Unstratified LP

A Well Founded:
I XSB (research / commercial; open source)
I Ontobrokercommercial)
I Intellidimension(commercial)
I SweetRulegresearch; open source)
I SILK (research / commercial)

A Answer Set Programs:
I Smodelqresearch)
I DLV (research / commercial)
I Clasp (research)

A There are a number of others, esp. research
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NegationAs-Failure Implementations:
Current Limitations in Many Systems

A Practice in Prolog and otheuarrently commercially important (CCI)
rule systemsis f t e n {ircomplete/ gucorners) relative to
canonical semantics for NAF

I in cases of recursive rules, WFS algorithms required are more complex
I ongoing diffusion of WFS theory & algorithms, beginning in Prologs

A Current implemented OLRferencingsystems often do not handle
the fully general case in a semantically clean and complete fashi
I Many are still based onlder algorithmghat preceded WFS theory/algorithms

AOt her CCl rule systemso nmgl &
I Lacked understanding/attention to semantics, when developed
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Ubiquity of Priorities
In Commercially Important Rules- and Ontologies

A Updating in relational databases
I more recent factoverrides less recent fact
A Static rule ordering in Prolog
I rule earlier in file overridesrule later in file
A Dynamic rule ordering in production rule systems (OPS5)
i Tmedraul es can s p efiang $eguermeg e n d a
A EventConditionAction rule systems rule ordering
I often static or dynamic, in manner above
A Exceptions in default inheritance in objectented/frame systems

I subcl assO0s @ermdeses u p/e rvall auses 0 s
e.g., method redefinitions

A All lack Declarative KR Semantics
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Defeasible Reasoning

A Rules can be true by default but may be defeated
I A form of commonsense reasoning

A Application domains:

I policies, regulations, and law

I actions, change, and process causality
I Web services

I inductive/scientific learning

i natural language understanding

I e

A Existing approaches:

I Courteous Logic Programs (Grosof , 1997)
A The main approach usedmmercially(IBM Common Rules, 1999)

I Defeasibldogic (Nute 1994) [similar to Courteous LP]

APrioritized defaultso (Gel fond
Preferred answer set8rewkaé& Eiter, 2000)

Compiling preferenced®elgrandeet al., 2003)

é
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SemantickKkR Approaches to Prioritized LP

The currently most important for Semantic Web are:
1. Courteous LP
A KR extension to Ordinary LP
A In RuleML, since 2001

A Commercially implemented and applied
I IBM CommonRules, since 1999
2. Defeasible Logic

A Closely related to Courteous LP

I Less general wrt typical patterns of prioritized conflict handling
needed indusiness applications

I In progress: theoretical unification with Courteous LP
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To Io Ix

Courteous LP: the What

Updating/merging of rule sets: is crucial, often generates conflict.
CourteousL P6s feature prioritized handl

Specify scope of conflict via a set @xclusionconstraints
I Each is greventivespirit integrity constraint on a set of competing literals
A It says that not all of the competing literals can be entailed as true.
A opposes(p, q)° (* :-pandq) // Case of 2 competing literals

I opposes{i scount ( ? pdiosdcuocutn ti(52pr)oduct , i 1l0 %
I opposedpyalCustomef?cust,?storg premiereCustomé€rcust,?storp;
Permit strong negationof atoms (NB: a.k.a. (quast)i_ c | a srmegatoa.) O
A -p means p has truth valtese .-p is also written as:negp in ASCII.
A implicitly, for every atom p: opposes(p, —p);
Prioritiesbetween rulespartially-ordered

I Represent priorities vigeserved predicathat comparesule tags
A overrides(rulel, rule2) means rulel is highgority than rule2.
A Each rule optionally has a rule tag whose form is a functional term.
A overrides can be reasoned abojust like any other predicate.
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Priorities are avallable and useful

A Priority information is naturally available and useful. E.g.,
I recency higher priority for more recent updates

I specificity. higher priority for more specific cases (e.g., exceptional case
subcases, inheritance)

I causality higher priority for causal effects (direct or indirect) of actions
than for i1 nertial persistence of

I authority higher priority for more authoritative sources (e.g., legal
regulations, organizational imperatives)

I reliability: higher priority for more reliable sources (e.g., security
certificates, viadelegation, assumptions, observational data).

I closed world lowest priority for catcitases

A Many practical rule systems employ priorities of some kind, often imHigjt.
I rule sequencing in Prolog and production rules
A Courteous LP subsumes this as a special case (totdlyed priorities)
A Also Courteous LP enables: merging, more flexible & principled treatment
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Courteous LP: Advantages

A Facilitate updating and merging, modularity and locality in
specification.

A Expressive strong negation, exclusions, partiatlydered
prioritization, reasoning to infer prioritization.

A Guarante€onsistentuniqueset of conclusions

I Exclusion is enforced E.g.,never conclude discount is both 5% and th
IS 10%, nor conclude both p arg.
A Scalable’ Efficient: low computational overhead beyond ordinary LPs.
I Tractablegiven reasonable restrictions (MEatalog:
A extra cost is equivalent to increasing v to (v+2) in Ordinary LP, voass.
I By contrast, more expressive prioritized rule representations (e.g., Prioritiz
Default Logic) add NFhard overhead.
A Modular software engineering
I Transform:CLP- - OL P. Via simple nargui
A Add-on to variety of OLP rule systems, withodest effort
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To o Do Ix

To o

EECOMS Example of Conflicting Rules:
Ordering Lead Time

Vendor 6s 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 {ypetishhacklapgged 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 wallkcustomer.

Suppose more than one of the above applies to the current @daflct!
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.
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Ordering Lead Time Example in LP with
Courteous Defaults

@prefCust orderModifNotic€?Orderl4day3 -

preferredCustomer@Buyer,SupplierCly purchaseOrdéPOrder,?Buyer,SellerCp;
@smallStuff orderModifNotic€?Order,30dayk :-

minorPar(?Buyer,?Seller,?Ordgr purchaseOrd€POrder,?Buyer,SupplierCp;
@reduceTight orderModifNotic€?Order,2dayp -

preferredCustomer@Buyer,SupplierCpand

orderModifTyp&?Order,reduckand

orderltemlIsinBacklo@”Order) and
purchaseOrdé?POrder,?Buyer,SupplierCy;
silk:overridegreduceTight prefCus} ; // reduceTighhas higher priority thamprefCust
/Il The belowexclusionconstraint specifies thatrderModifNoticels unique, for a given order.

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

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

A Notation:
I A-D means Adifo. Rn@éo declares a rule tag. nA?0
Aoverrideso predicate specifies prioritizati ol
An exclusion constraint specifies what constitutes a conflict

i!l=0 Iméams k: 0 is a namespace prefix.
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Courteous LP Semantics:Prioritized argumentation in an exclusion locale.

Conclusions from exclusielocalespreviousto this exclusiorlocale {p1, p2}
; (p1 and p2 are each a ground classicalgned literal)

Run Rules for plp2

Set ofCandidategor p1, p2
Team for pl1, ..., Team for pk

Prioritized Refutation

Set ofUnrefutedCandidates for p1, p2
Team for p1, Team for p2

ConcludeWinning Side if any: at most one of {p1, p2}
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Argumentation Theories approach to Defaults in LP

A Combines Courteous +HiLog, and generalizes

A New approach to defaultsfiar gument ati on t

I Metarules, in the LP itself, that specify when rules ought to be defeatec
I [Wan, Grosof, Kiferet al.ICLP-2009; RR2010]

A Extends straightforwardly to combine with other key features
I E.g., Frame syntax, external Actions

A Significant other improvements on previous Courteous
I Eliminates a complex transformation

I Much simpler to implement
A2030 background rul es l nstead of

I Much faster when updating the premises
I More flexible control of edgease behaviors
I Much simpler to analyze theoretically
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LPDA* Approach, Continued

A More Advantages

- 1stway to generalizdefeasibld_P, notably Courteous, tdiLog higher
order and H.ogic frames

Well-developed model theory, reducible to normal LP
Reducibility results
Well-behavior results, e.g., guarantees of consistency

Unifies almost all previoudefeasibld_P approaches
A Each reformulated as an argumentation theory
A E.g.,DefeasibleLogic (see Wan, Kifer, and Grosof RID10 paper)

Cleaner, more flexible and extensible semantics
A Enables smooth and powerful integration of features
A Applies both to well founded LP (WFS) and to Answer Set Programs (ASP)

Leverages most previous LP algorithms & optimizations

A Implementedin SILK via an extension of FLORR
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LPDA Framework

A Logic Programs withDefaults andArgumentation theories

Candidate
Argumentation
Decides when a Theories

tagged rule is <
[

-

—

defeated

C——— "
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Examplei AT for Courteous ATCGCLY

$defeate@@R) : $defeats(?S, ?R);
$defeats(?R, ’PS) $refutes(?R, ?S) or $rebuts(’?R ’PS)

—————————————————————————————————————————

Ton
___________________________________________

$refuteg?R, ?S)- $conflict(?R, ’?S)overrldes§7R ?S);
$refuted(?R)  -:$refutes(?R2, ?R); R — IR |
$rebut§?R, ?S) - $conflict(?R, ’?S) ,,,———/i__?_eff"_‘_‘ft_?f_g_"i‘f'_‘?f‘_f_'\'_f*f_)__,i

—_——
_—”

__________________________________________

_—mmmmme o em e e e m— e, ———— =

$candidaté?R) : body (?R, ?B)call (’7B)
$conflic(?R, ?S) - $candidate(’>R) $cand|date(?S),

___________________________

_____________________________________
———————————————————————————

_________________________

Modified from slide courtesy also of Hui Wan



Example: ECommerce Pricing
Offer from SupplierCo to Buyer

@usualPrice pricefer_unit ?PO$60 :-
purchaseOrdé?PO,supplierCo 7AnyBuyer and
quantity _ordered?PO, ?Qand(?Q2 5) and(?Q¢ 1000) and
shipping_daté’PO, ?D) and2D2 i 2 0@2 4 0 ) (?¢ri® 0-@QA 2 0 )
@volumeDiscount pricefer_unit ?PO$51) :-
purchaseOrdé?PO,supplierCo 7AnyBuyer and
quantity_ordered?PO, ?Qand(?Q2 100) and?Q¢ 1000) and
shipping_daté’PO, ?D) and2D2 i 2 0@2 8 0 ) (?a¢rii® 0-@QA 2 0 )
silk:overridegvolumeDiscount usualPrice; // volumeDiscountule has highepriority
I/l The belowexclusionconstraint says the value of price is unique for a given PO

silk:opposeforice(per_unit ?PO, ?X), pricgder_unit ?P0O, ?Y)) - ?X 1= ?Y;

A Notation:
A @ooi s an annotation preamble to a rule that sp
The Aoverrideso predicate specifies prioritizat

An exclusion constraint specifies what constitutes a conflict
i! =omeaissi | k: © 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>rice</rel></opr>
<ind>per_unik/ind>
<var>PCO</var>
<ind>$60</ind>
</cslit>
</head>
< b o dy > (see next pa&ge, if includedx/_body>
</imp>
e
</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. */

FInt. f acts, and an nNnexclusiono constrain
occupiesf{rout,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 */

@tdf1 fishCount(?s+1,?r,?f,0) : occurs(%,discharge,?j and occupies(?,?r);

/| * Persistence (nframeo) 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 */
@UhOh 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 |itera
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E-Commerce EX. 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)) ?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 (Aframeod) axioms about | ocat
@pelocl loc(?s+1,?item,?posn)-:loc(?s,?item,posn);
@peloc2 negloc(?s+1,?item,?posn)-:negloc(?s,?item, posn);
[* Action effect axiom has higher priority than the persistence axioms */
silk:overrides(mov1,pelocl);
silk:overrides(mov1,peloc2);
[* 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 Knowledgé&vel 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 thattiv is a higherorder variable. */
@grant(?t) ?priv (?user) - ?admin[states(?t)-> ?priv (?user)] and ?admin[controls(priv)];

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

[* AdminsBob and Cara make conflicting statemen
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 eacrulegag.e?9prefixes 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

[ * nP8: Joe drops a glove from the torg

How | ong does the fall take i n 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 / ?n)"0.5)] - fall_event(?e) and ?e[height>?h, net_accel>7n];
?e[net_accel>(?g- ?a)] :- fall_event(?e) and

?e[gravity _accel>7g, air_resistance _acceb?a];

I/ Other facts
?e[gravity _accel>9.8] :- loc(?e, Earth);
?e[gravity_accel>3.7] - loc(?e, Mars);
/[ 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 _acceb0] :- 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

/| * AnP8: Joe drops a gl owmarsfrom the to
How | ong does the fall take i n 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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Outline of Part B. Concepts & Foundations

1. Overview of Logical Knowledge Representations
U Logic Programs (LP) and its relationship to First Order Logic (FOL)
u Rule-basedOntologies Description Logic, Description LP
S| L KO&isRulEléy Putting it all together
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metaeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
u Rules in W3C Web Ontology Language (OWRL); via RIF
7. Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange
u Semantics for Default Negation
u Courteous LP, Argumentation Theories
U Omntdirectional Rules, FOISoundne s s, Remedyi
8.  Procedural Attachments to Actions, Queries, B, and Events
U Production/Situated LP, Production Rules

9. Additional Features: Integrity Constraints, Inheritance, Lidpgor, _
Equality, Skolemization AggregationDatatypes n Constr ai n

2
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Omni-directional Rules: Clausal case

Rulelogintroduces the concept of ammni-d i r e ¢ t ommio aile. ( A
Basic case iglausal

I @G F; whereF has the syntactic form of a FOL clause
A The prioritization tag (@G) is optionahuter universal quantification is implicit.
I E.g., @hi wet(lawnnextMornind?night)) omegoccur(rain, ?night) ;

A clausalomni rule is transformed, i.e.,directionalized from
@G L1 orLk,L 2where ea@h Ligsran atom or thegof an atom
into a set of k directed rules, one for each choice of head literal:

@G L1 :negL2andnegL 3 an d neglLk;a nd
@G L2 :neglLlandnegL 3 and neglLkand
é

naf-free !

@G Lk :-negLlandnegL 2 a n d negLkd;n d
This is called the set ofdirectional variant rules.

(NB: In a sophisticated Courteous variant, directionalizatiortransformation also
outputs arexclusionstatement that better handles mulay conflicts.)

Still no reasoning by cases!!! Cf. unit/linear resolution strategy in FOL.



Examples ofDirectionalization

@hi wet(lawn, nextMorning (?night)) <==Occur(rain, ?night); [* Causal */
Is transformed into:

I @hi Wet(lawn, nextMorning (?night) :- Occur(rain, ?night) ;

I @hi negOccur(rain, ?night) :- negWet(lawn, nextMorning (?night) ;

neg(Cat(?x) and Bird(?x) ) ; [* OWADL disjoint classes */
Is transformed into:

I negCat(?x) :- Bird(?x) ;

I negBird(?x) :- Cat(?x) ;
negApproved(?p) <==negValidated(?p) ; /* SBVR: Car Rental Constraint */
Is transformed into:

I negApproved(?p) - negValidated(?p) ;

I Validated(?p) - Approved(?p) ;
mtg(3p) or mtg(4p) ormtg( 5 p )

Is transformed into:

I mtg(5p) - negmtg(3p) andnegmtg(4p) ;

I mtg(4p) - negmtg(3p) andnegmtg(5p) ;

I mtg(3p) - negmtg(4p) andnegmtg(5p) ;
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Omni-directional Rules: General case

A Permit the formula F to:

I Be auniversal formulgreduces to clauses)
I UseSkolemizationé T husnebrgfuld FOL f or
I UseHiLog andFramefeatures

A Permit a rule body too
I @G F:- B:
I AddsB to the body of each directional variant rule
I Special caseF is a literal

A Omni-directionality raises the KR abstraction level
I Hide directionality ( = ) as well as NAF (af)

I Use insteadneg(strong negation), <== (strong/material
Implication), and defeasibility (Courteous)

A Implemented in SILK [first d e m atdSeémTect2010]
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Current and Future Directions for Omnis

A Special treatment for certain expressive constructs
AExternal actions are healy. External queries and aggregates avalipody

AValue in KA tasks and domains
A Optimize
AMultiway conflicts: nuances of edepese behavior

A Existentials

AExtensibility towards oOreaso
A Other study & theory
AClosedvorld
|

PRO]ECT >. &
HA]_ VULCAN PP



To T To Do T Ix

HypermonMapping betweerRulelogand FOL

Rulelog has a tight relationship to FOL, akin to that for Horn LP
We can define this relationship via enypermonotonianapping T

I Consists of a pair of mappinggl T2), one for each interchange direction
T1 maps anomni rule into a universal FOL axiom:

I Replace - by <== ,andignore the tag

I Eg,@G F-B; AAAA F<==B,;

I NB: Some noronerous expressive restrictions apfayrrent work)
T1 maps a (true)Rulelog conclusion into a FOL axiom with same formula
T2 maps a universal FOL axiom into anomni rule with same formula
Then from FOL viewpoint, entailment in Rulelogis sound and incomplete
... Even thoughRulelog is nonmonotonid!!
Thus (restricted) Rulelogis EOL-Soundw.r.t. the interchange mappingT
The incompleteness is desirable when there is conflict

I Conflict-free case: Soundulelogreasoning is sound w.r.t. FOL

A But incompletd lacks reasoning by cases
i Conflict-ful case: Rulelogreasoning is usefully selective unlike FOL
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To T I

Interchange ofRuleloga 4 FOL

Omnis are a natural source/target for interchange with FOL
Thereisa (B)mappingT t hat 6s useful for such

Rulelog FOL (E, F, and B are formulas.
@G E: 3 E: Certain restrictions a_pply: the
formulas must be universal.
@G F:B; A F<==B,; The prioritization tag G is a term.)

W.r.t. T: Rulelogis soundand incompletefrom FOL viewpoint
When there is conflicRulelogreasoning is usefully selective unlike FOL
Usage 1: Import clausal/universal FOL intoRulelog
I Can giveprioritizationto the imported rules
A E.g., based osourceauthority,recency reliability
Usage 2: ImportRulelog conclusions into FOL
I E.g., in conflictfree case.Rulelogt her e | acks nreas

Greatly generalizes weHknown special case for definite Horn LP
I Handleshegation(neg and attendant conflicts

i Can cover fAnearly full o* FOL,

* viaskolemization
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Remedyi ng FOL Semanti c

ARuleloghandles confliatobustlyd get consistent conclusions

AWhereas FOL& 0 B udh bhpér&edhybrittle semantically face of
contradictiongrom quality problems or merging conflicts.
A Any contradiction is totally contagidiihie conclusions all become garbage

E.g., OWL beyond the RL subset suffers this problem. So does Common Logic.
(Technically, RIBLD and RDF(S) are defined via FOL semantics too, although the
typical implementations are essentially LP. )

A KBwith a million or billion axioms formed by merging from mul
Web sources, is unlikely to hax@oKB/KA conflicts from:

AHuman knowledge entry/editing

Almplicit context, crossource ontology interpretation

AUpdating crossource

ASource trustworthiness

AR u | e hpprgadhsrovides ariticaladvantage fdl(BscaIablllty
Asemanticallyas well asomputationally

PRO]ECT )'“;-;
AL VULCAN p»
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FOL: A Bubble

Extreme sensitivity to conflict limits its scalability in # of axioms and # of mer

- 3 . "3

© Richard Heeks / Barcroft Medla

Left:

http:// www.dailymail.co.uk/sciencetech/article1 199149/Supeislow-
motion-pictures-soapbubble-bursting-stunning-detail.html

Above:
http://img.dailymail.co.uk/i/pix/2007/11 03/BubblePA 468x585.ipg
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KR Conflict Handlingi A Key to Scalability

BEFORE

V 4

Y

KR: Classical Logic
(FOL, OWL)

Contradictory conflic‘
is globally contagiou$
invalidates all resultg

Knowledge integration V?
involving conflict is \\\4\\? SN
laborintensive, slow,

costly.

AFTER

KR: LP with Defaults
(Courteousstyle)

Contradictory conflict is
~ contained locally,
indeed tamed to aid

modularity.

(1

hY
(7

Knowledge integratior
involving conflict is

= highly automated,

- S
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Outline of Part B. Concepts & Foundations

1. Overview of Logical Knowledge Representations
U Logic Programs (LP) and its relationship to First Order Logic (FOL)
u Rule-basedOntologies Description Logic, Description LP
S| L KO&isRulEléy Putting it all together
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metaeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
u Rules in W3C Web Ontology Language (OWRL); via RIF
7. Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange
u Semantics for Default Negation
u Courteous LP, Argumentation Theories
U Omntdirectional Rules, FOISoundne s s, Remedyi
8.  Procedural Attachments to Actions, Queries, B, and Events
U Production/Situated LP, Production Rules

9. Additional Features: Integrity Constraints, Inheritance, Lidpgor, _
Equality, Skolemization AggregationDatatypes n Constr ai n

2
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Heavy Reliance orProcedural Attachments
Currently Commercially Important Rule Families

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

A Relational databases, SQBuilt-in sensorse.g., for arithmetic,
comparisons, aggregationSometimes effectoractive rules / triggers.

A Production rule¢OPS5 heritage): e.g., Jess

i Pluggablgand builtin) sensors and effectors
A EventConditionAction rules:

i Pluggablgand builtin) sensors and effectors

A Prolog e.g., XSB.

I Built-in sensors and effectordore recent systems: maskiggability
of the builtin attached procedures.
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Additional Motivations in Semantic Web
for Procedural Attachments

A Query over the web
A Represent services

A Shared ontology of basic buit purely:
iInformational operations on XML Scherdatatypes

I E.g., addition, concatenation
i E.g., InRuleML & SWRL, N3.

A Hook rules to web services, generally
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Providing Declarative Semantics
for Procedural Attachments

A Procedural attachments his ca
procedural ;-) € rather than decl arat.i

I Not much theoretical attention
A Needed for Semantic Web:daclarativeKR approach to them

A Production LP is probably the most important approach today
i E.g., SILK,RuleML, SweetRulesIBM Common Rules, predecessors
A Formerly calledSituatedLP

I Providedisciplined expressive abstractifmr two broad, ofterused categories of
procedural attachments:

A External Queries: Pureipformational Test§ permitted in rule bodies
A Sideeffectful External Actiond permitted in rule heads
Makesrestrictions assumptions become explicit
Declarative semantic guarantees, interoperability
Embodies primarilyanalytical insightinitially
Provides alsoexpressive generalizatigragorithms/techniques
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EX. Action Rule for Toxic Discharge

silk:actionsendEma(?ContactEmail ?Message, ?Time))

occurs(polluted(?River),?Time) and
emergencyConta@River,?ContactEmail,?”Messgge

// NB: draft syntax modified from version at RuleM1009 demo

151



Production LP: Overview II

A Point of departure: LPs apairebeliefrepresentations, but most
practical rule systems want to invoke external procedures.

A Production/Situated P6s f eat ur «leaakind@& ma r
procedural attachments Il.e., theyhook beliefs to drive
procedural API® ut s i d extgnad. kt.oa). tihe r

A Procedural attachments perform
I external queries( sensing ) when testing
I external actions( dffectingp) wupon concl ud
The attached procedure is invoked durnimfgrencing

AA procedural attachment asso
with an Aexternal o procedur a
Such associations are specifieas of the extended KR
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Production LP: Overview Il

A phoneNumberQfperson,?nuin:- BoeingBluePages.getPhoneMett@merson, 2nuin
Il internal predicate/fact inferred based on external query that invaiteshed procedure

A ATTMobile.sendTextMetho®num,?string :- shouldSendTextMg@num,?string;
/[ external action that invokedtached procedures inferred based on internal conclusion fact

A Specifybindingsignaturefor each sensing attached procedure
I For each argument ?Xxi : whet her
A Simplest signature is that aligsare inputargs
I OK to declaramultiple binding signatures per sensing attached procedure.
A Also specifydatatype®f arguments in attached procedures signatures

A Attached procedures can be invoked/loaded remotely (e.g., Java, web servic

A Overall: cleanly separate out the procedural semantics as a declarative exte
of the purebelief declarative semantics. Easily separate chaining from action
(Declarative = Independent wiferencingcontrol.)
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Production LP: Overview IV

APLP is KR for Hooking Rules to Services
I With ontologies
I Esp. Web services
I Declaratively
A Rules use services
I E.g., to query, message, act with sadfects
A Rules constitute servicesxecutably
I E.g., workflowy business processes
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Semantics of Production LP |

A Definitional: completénferencing+actioroccurs during
an ne @dinsiovdye roin all the rules (including
Invoking effectors and sensors as we go), then done

A Effectors can be viewed as all operating/invoked afte
completanferencinghas been performed

I Independent oihferencingcontrol
| Separates puseelief conclusion from action
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Semantics of Production LP I

A Sensors can be viewed as accessing a virtual knowledge base
facts). Their results simply augment the local set of facts. Th
can be saved (i.e., cached) during the episode.

I Independent of inferencing control

A The sensor attached procedure could be a remote powerful D
KB system, a web service, or simply some humble procedure.

A Likewise, an effector attached procedure could be a remote w
service, or some humble procedure. An interesting case for S
when 1t performs updating of
event o.

A Terminology:

I Situated Inferencing inferencing with sensing and effecting
l.e., inferencing+action
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Semantics of Production LP Il

A Conditions (can view as restrictions or assumptions):

| Effectors have onlgideeffects: they do not affect operation of
the (episodeb6s) iIinferencing+act.
knowledge base.

I Sensors are purely informationadey do not have side effect:
(l.e., any such can be ignored)

I Timelessness of sensor and effector cahs: results are
not dependent on when they are invoked, during a given inferencing epi:

I A S e Assaof re NeectsuB dsures sufficient (variable) bindings
are available to satisfy the binding signature of each sensor associated \
any of its body literal$ such bindings come from the other, reensor
| 1Tterals iIin the rule body. Dur
needing such bindings can be viewed as being invoked after the other lit
have been fitested. o
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Updating & Eventsan Production LP

AREvend is a set of facts/rul es,

A An interesting kind of thing to do with a Production LP is to
updatats premises, and performcrementalnferencing+action

I new PLPP2 = (updatdJ2) C (previousP1)
I Incrementalnferencing+actions defined as:
AGenerate the inferences that aowel
NovelConclusions Conclusiond?2) - Conclusiondpl)

APerform the external actions (effecting) associated with
NovelConclusions

A Extension to PLP:

I An event delivery channéd an attached procedure that
delivers events as updates

A Listeningto such a channel can be viewed ggsistent
external quer
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Algorithms for PLP Implementation

A The most complicated aspect of implementing the Production
feature of LP Is to ensure sensafeness.e., that sensing is
attempted only aftesufficient bindings are availab(for a given
atom being tested/queried, in a given rule).

A This is roughly similar to implementing safe negation (NAF) in
Normal LP, but somewhat more complicated conceptually and
algorithmically.

A It is more similar to some of the techniques developed in bettor
up evaluation, magic sets, relational database tabling, etc., of
OLPOs where binding signatur
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Production Rules (PR)

A Big sector commercially
I Jess sermbpen Java tool, popular among researchers
I Drools open source Java tool, got popular in last 3 yrs

A PR2LP, LP2PR: vi®&weetRulesipproach (2002, 2005)

I Horn: fairly simple; several systems implement it now
| External actions and queries: use PLP restrictions

I NAF: use insights of stratification and wétunded semantics
& proof theory, PR salience and modules

A ECA (EventCondition Action rules) are similar to PR

A RIF-PRD (Production Rules Dialect)

I procedural operational semantics, leverages@®iFe (subset
of RIF-BLD)

A OMG Production Rules Representation: metzdel

160



Outline of Part B. Concepts & Foundations

1. Overview of Logical Knowledge Representations
U Logic Programs (LP) and its relationship to First Order Logic (FOL)
u Rule-basedOntologies Description Logic, Description LP
S| L KO&isRulEléy Putting it all together
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metaeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
u Rules in W3C Web Ontology Language (OWRL); via RIF
7. Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange
u Semantics for Default Negation
u Courteous LP, Argumentation Theories
U Omntdirectional Rules, FOISoundne s s, Remedyi
8.  Procedural Attachments to Actions, Queries, B, and Events
U Production/Situated LP, Production Rules

9. Additional Features: Integrity Constraints, Inheritance, Lidpgor, _
Equality, Skolemization AggregationDatatypes n Constr ai n

2

161



Integrity Constraints

\  Two styles with quite different semantics:

1. Alarm: Rule thadetectsa violation

I Typical: the rulaeports/notifieghat

constraint is violated
i Other rules infer resulting actions to take

I E.g., many BRMS, SILK
e VERSUSEé

2. Modelcutting Rule that forces global
contradiction when axiom is violated

I Typical:no mode]lose all useful entailments!!
I E.g.,, FOL
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Lloyd-Topor Expressive Features

Via the Lloyd Toportransformation, it is straightforward to extend
the expressiveness of LP with additional F{Ype connectives and
guantifiers, as syntactic sugariiioyd 1987]
i V%" « inbody; )", inhead
A Freely nested within body or within head
A Negation is freely nested in body, too
I Stays tractable!
Disallowed V,$inhead (these are disjunctive)
Some features are monotonic (do not rely on NAF):
i \,$inbody; X", inhead
I These can be applied as syntactic sugar to Horn LP
Other features aneonmonotonigdo rely on NAF):
I ", Inbody
Many rule systems and languages support a subset of-Tloyadrfeatures
I E.g., RIF,RuleML, SILK, Prolog, Jes€;ommonRules
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Default Inheritance cf. OO

A Ubiguitousin objectoriented languages & applications

A Defaults naturallyncrease reuse, modularity

A OWL and FOLcannotrepresent defaulihey are monotonic)
A Requirement for semantic web service prooegslogies

I Need to jibe withmainstream web service development
methodologies, based on Java/C#/C++ etc.

A Approach: Represent OO defaurheritanceontologiesusing
nonmonLP rules

1. [Grosof & Bernstein 2003Tourteous Inheritancapproach

A Transforms inheritance into Courteous @irFRuleML, usingSweetRules

A Represents MIT Process Handbdakcestor of PSL)
I 5,000 business process activities; 38,000 properties/values
I Linearsize transform (n + constant).

2.[Yang & Kifer, 2006]approach
A Transform inheritance into essentially Normal (uBng FLORA?)
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Additional Expressive Features
In Rules & LP, e.g., SILK

Explicit equality(and equivalence) reasoning
I In head of noffact rules, thereforderived
I Interaction withnonmonotonicity
I Key characteristic: substitutivityof equals for equals
I Related tdHerbrandaspect of LP semantics
Existentials skolemization
I RDF blanknodes, anonymous individuals [Yang & Kifer]
I Related tdHerbrandaspect of LP semantics
Aggregation(operate on entailed lists): count, total, min, max, etc.
I Depends omonmonaotonicity stratification
Datatyped they are basic but fairly straightforward
fConstraints (e.g., equation/inequality systems)
I Commonly: via external query/assert to specialized solver

Also: Reasoning within the KR about thesults of sidesffectfulactions
I E.g., Transaction Logic [Kifegt all, Golog[Reiter, Lin,etal]
A These are researetorld, not commercial, today
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Outline of Part B. Concepts & Foundations

1. Overview of Logical Knowledge Representations
U Logic Programs (LP) and its relationship to First Order Logic (FOL)
u Rule-basedOntologies Description Logic, Description LP
S| L KO&isRulEléy Putting it all together
Basics: Horn Case; Functions
F-Logic, Frame Syntax, Object Oriented Style
HiLog, HigherOrder Syntax, Reification, Metaeasoning
W3C Rule Interchange Format (RIF): Dialects, Framework
u Rules in W3C Web Ontology Language (OWRL); via RIF
7. Nonmonotonid_P: Defaults, Negation, Priorities, FOL Interchange
u Semantics for Default Negation
u Courteous LP, Argumentation Theories
U Omntdirectional Rules, FOISoundne s s, Remedyi
8.  Procedural Attachments to Actions, Queries, B, and Events
U Production/Situated LP, Production Rules

9. Additional Features: Integrity Constraints, Inheritance, Lidpgor, _
Equality, Skolemization AggregationDatatypes n Constr ai n

2
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Outline of Part C. Conclusions & Directions

1. More about Tools

2. ¢ 1 ncl. SILK
3. Conclusions
A4

Directions for Future research

(Appendix 1. References and Resources)
(Appendix 2: More about Use Cases)

(General Discussion)
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More about Tools

1. Rule systems designed to work viRIDF/OWL.:
Commercialworld: Jena

A Apache Jena SW suite has rule (and RDF/OWL)
capabillities

Open source, popular, Java

Basic Hornish

Supports forward, backward, and mixed direction
Inferencing

Operates directly on RDF/OWL statements, without
copying in/out

Works well with RDF(S). Suite includes OWL capabillities
Rules are used to implement RDFS and Onsoners

oo To I Do Do
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More about Tools

1. Rule systems designed to work vRIDF/OWL/RIF,
continued:

Commercialworld: Oracle IBM: other

A Oracle has rule capabilities in semantic tech suite, as part ¢
its flagship database platform

A Oracle Spatial RDF, now in its 3rd production release, motivated ar
Implements OWLRL. It also supports use@lefined rules using its
own rule syntax.

A Also has productiomule type products, including recently acquired
Haley Ltd.7 a leader in NL KA andRuleburst

A In development: support for W3C RBLD (Basic Logic Dialect)

A Various others do too, e.@ntotexi VIStology, IBM (e.g.,
llog unit), SemaforgformerOntoprise

A In development: support for W3C RBLD
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More about Tools

Rule systems designed to work VRIDF/OWL, continued:
Researchworld: SweetRulexswni others

SweetRuletas semantic translator from DLP subset of OWL
to I__PtRuIeds IRuleML and SWRL. Open source, Java. Not
maintained.

Cwmimplements N3: RDF + rules. N3 is a popular syntax f
RDF. Semantically hazy in some regards, but overlaps a lot
with LP. Open source, Python.

SweetRulepioneered design and implementation of fully

semantic interoperability afonmonLP with Jess production
rules, and generally supports Courteous Production LP

KAONZ2 implements primarily monotonic rules in FOL & LP

Numerous others

Protege3 and 4, Pellet, KAONZ2, and others support SWRL

OWLJessKBwas an early tool employing Jess to support a subset of
OWL DL

Several systems combine SWRL with JessSafeetRulespproach
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SPARQL Inference Notation (SPIN)

A Represents rules and constraints as SPARQL queries

A RDF vocabulary for representing and storing SPARQI
gueries

A W3C Member Submission frofopQuadranand
others

I Implemented INTopBraidtools
A Seehttp://spinrdf.org
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More about Tools

2. Prologand Production Rule systems

u

0

0

XSB: semantic, Prolog, full WFS negation, fast,
with available Java front enthferprolog

Jess: production rules, popular, Java, free for n
commercial use but not open source

YAP and SWI open source Prologs are on a
development trajectory towards WFS and SW

Benchmarking:OpenRuleBench

Open source tools for benchmarking rule systems

Benchmarking study: [S. Liang, M. Kifest al.
WWW-2009]; extended report on website.

XSB, OntoBroker YAP Prolog, DLV all did well
http://openrulebench.semwebcentral.org
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More about Tools

3. Advanced Expressiveness

u

FLORA-2: open source, built inf/on XSB Prolog, fikoqg,
Frame, reificationskolemizatiorfeatures

SILK: extends FLORA2 with Courteous defaults, attachec
procedureshypermonotonidranslation, APIs. Partly in
Java. Planned release to be free forommmercial use.

IBM CommonRule$1999) supports Courteous Defaults ar
ProductionLP style external actions. Cheap or free, Java.

4. Basic Rules in Semantic Wikis

u

SemantidMediaWiki+ (SMW+) is a leading Semantic Wiki.
It extends the software Wikipedia runs. Open source, PH
Developed mainly by Vulca@nhtoprise Adds RDF and
lightweight RDFS/OWLontologies

Has ASIi mple Ruleso and que
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D.

More about Tools
SomeAvailable Large Rul®ases

U OpenCyd ResearchCyc

Open source / free for naaommercial use

~ 1 Million / 3 Million axioms. Large 25 year effort.
Idiosyncratic semantically, but overlaps with LP

ReCyc translation to SILK is in development (by Vulcan with
CycorpgSRI)

U Open Process Handbook

Open source. Semantic Wiksh. http://ccs.mit.edu/ph
5,000 business processes, each with ~10 axioms
Lots of text and links too. 15 year effort.

Translatable to Courteous LP, via approach along lin&svektPH
approach [A. Bernstein, B. Grosof 202605 reports]
http://www.mit.edu/~bgrosof/#SweetPH

0 OpenMindi collaborative commonsense KB
u Open source. ~1 Million axioms. Built by Web users.
u Lacks declarative semantics
u http://openmind.media.mit.edu

- e et -

- e et -
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Outline of Part C. Conclusions & Directions

1. More about Tools

2. ¢ 1 ncl. SILK
3. Conclusions
A4

Directions for Future research

(Appendix 1. References and Resources)
(Appendix 2: More about Use Cases)

(General Discussion)
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SILK Component Architecture today /

EEEEEEEEE

User Interface

External Action; (Java)
AQuenryAnswer & Explanation

& Events

External (Eclipse) AAuthor, Update, & Browse KB
Knowledge & ATest & Debug (IDE) H External Ul tools
Reasoners L
Language| | Engine A Protégé (OWL)
H- A Text Interpretation
Alnterchange AQuery
KB #1 € | KB #n APl ATransform AUpdate

AParse & SerialigefAct (externally
AAbstract Syntpx ~ ATrace

é

QL
GIE [

Engine #1 (Registry of component implementations)

Engine #np
KR Languages SubReasoners
A SILKRIFRulelog
A RIFBLD, OWRL Flora2 Cyc
A SPARQL, RDF(S)

InterProl
A SOL, AURA XSB* r('glgég)o;
|
PROJECT % .

* XSB does most of the heavy lifting in inference po=
HALT

VULCAN PP



Semantic Rules KR: Features Comparisor

Level i g e n e|rGroups obfeatures SILK FLORA | RIFBLD
1G. Basic ie: Horn, chainingexternal queriesyilt-ins  (Level Summary)
2G. Advanced (Level Summary)
Equality (derived via +faat rules)
Functions
Convenience Package: Framesgrity constraints, skolemization
ClosedWorld: unstratified NAFaggregates, Lloydopor
HigherOrder (incl. reification)
Actions (external) (via procedural attachments)
Base Defaults (prioritized, cf. Courteous)
Webized syntax (URI names and XML/RDF KBs)
3G.Rulelog (Level Summary)

Higher-Order Defaults (incl. handlemulti -way conflict)

FOL-Sound(when interchange neHorn clauses 2 FOL)

Other Misc. (NA) (NA) (NA)

OtherExpressive Developing Inheritance | -

Reasoner Efficiency (upper on OpenRuleBench) _ NA (standard)

A Summarizes detailed analysis of 40 KR expressive features, 17 systems.
A Notes:R. =Restricted
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Features Comparisofi More Systems &tds

Level

FLOR | RIF | Jena | Onte Jess | IBM | DLV | SQL | SPA | Common| OWL2 [ OWL2

Groupsf .
A-2 BLD broker C.R. RQL | Logic RL DL

Features

Basic

Horrchainetc.

Advan
ced

(Level summary)

Equality

Functions

Frames etc.

CloseeWorld

HigheOrder

Actions

Base Default

Webized

Rulelo

(Level summary)

H-O. Defaults

FOL-Sound

=
(%))
(@)

NA NA NA

NA NA | NA
Other Expre events | _ disiu. | R. R. classical | _ g'lassie

Dev. | anea’| - -
Efficiency NA | fair NA [NA [NA  [NA [NA

A Summarizes detailed analysis of 40 KR expressive features, 17 systems.

A NotesDev. = Developing, R. = Restricted; C.R.= CommonRules; disju.=disjunctf’v?99




Features Comparis@rMore Systems & Stds

Background on Systems and Standards:

-Jess is a representative commercial production rule (PR) sipftems shown 5

7 years ago to have a semantic subset (based 8wtetRuleranslation). The
currently most commercially important business rule management systems (BRMS
based on PR or similar evenndition (ECA) action rules.

-W3C Rul e I nterchange For miaits manRemant)
part. There is also a framework for extensiRhsis based largely &uleMl.except for
RI'Fos Production Rule Dialect (PRD).

-W3C OWL 2 RL is OWLOs Rules subse
-Jena is a popular opaource semantic web toolkit, incl. for rules.

- OntoBrokers a commercial forwaathaining LP system.

-IBM Common Rules (C.R.) introduced the base defaults feature.

- Common Logic (CL) is an ISO standard®dr (classical logia)sed also by
O M G 8esnantics dBusiness Vocabulary and Rules (SBVR) standard.

) ar

o
(@)

- DLV is a disjunctive LP systdéayy). Calabrigit supports disjunction in rule heads]

)
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Potential Applications in Business and Governme

AHorizontal

APolicies and pollzysed workflows
AMonitor, report, react, handle exceptions, execute, enforce, customize
ATrust: confidentiality, authorization, compliance, governance

AOntology mapping/mediation and knowledge integration

APerspective: the mappings themselves constitute ontological knowledge. E.

AVertical

AE-commerce: shopping & advertising, contracts, customer care, catalogs
ADefense: intelligence, operations
AFinancial: reporting, regulatory compliance
ABiomedpharmaescience, clinical records and guidance, insurance
AMobile: personalize communication

AMany use cases in REyleM|.SWSL documents & prototypes
AE.g., employ defaults or other features not yet well supported commercia
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PAST SILK DEMQOS at Semantic Web Conferenc

ARuleME2010/SemTee2010 DEMO

ADefault rules in SILK GUI: edit, query, explain; exptoiimgirectionality
ABusiness policies about ad placements in news

AISWE2010 demo + poster

Al A S| L K G DefgadibiReasohingUnlith afBwlogy Causal Process
Exampl eo

AAlso: D e ma@tdSIWe009 and RuleMID09 conferences

AScenario of environmental watchd
ARecognize toxic discharge into Ohio River watershed from sharp decline in fi
AAlert news media, government agencies, citizens social network

AReactive: standing queries trigger external actions upon update events
ALoad imported RDF(S) and-RILIP

AExternally query SPARQL, and Excel via ODBC

AThis demo won an award at Rulk2Bl9, essentially for best system

AOngoing posting of videos of demos on SILK website.
ASome already there
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Outline of Part C. Conclusions & Directions

1
2
3.
4

More about Tools
e I ncl . S| LK
Conclusions

Directions for Future research

(Appendix 1: References and Resources)
(Appendix 2: More about Use Cases)

(General Discussion)
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Overall Conclusions

1. Theme: Centrality to Web

u

More than most people realize, LP Rules are central to th
Web, both current and future

Relational, XML, and RDF databases/querying is LP

Thriving commercial business rules market sector, based
production rules / evergonditionaction rules, is moving to
the Web, and translates largely to LP

Often used fobntologies represent, implement, map
Semantic tech and semantic web is largely alreadipdded
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Overall Conclusions, continued

2. Theme: Incremental Evolution

0 LP Rules, and Semantic Web overall, is incremental
technologicallywrt relational and Web DBMS

3. Theme on KR expressiveness: Reducibility
U LP feature extensions built up in layers

U E.g., LloydTopor, HiLog, Frame syntax, Courteous
Defaults, and Omni Rules each reduce tractably to
Normal LP
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Overall Conclusionsc o n imor® d

W3C rules standards already: RIF, OMZL

Expressive rules coming soon:. RRtilelog

Defeasibility, highetorderi without sacrificing tractability
Reactiveness without sacrificing semantics

Rulelogmore suitable than FOL as foundation in many aspec

Many, many applications in services engineering
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S| L Roledogl Conclusions

A Radically extends the KR power of W3C OWL, SPARQL, and RIF and
of SQL
I Defaults and robust conflict handlifigcope with knowledge quality and context
I Higherorder and flexible meteeasoning elevate metalata to metaknowledge
I Actions and events, cf. production rules and process mb@elsvate knowledge

A Redefines the KR playing field for Semantic Web, business rules, and
rule-based process management

I Defaults and HigheOrder i yet retain computational web scalability
I Escape from FOL Bubblieyet retain grad&®AA modeltheoretic semantics
I Hope: have impact similar to the Relational model in DBMS

Al mpl ement ati on Theme: ATransf or mi
I Composes a set of KR transfor mati on
I EXpressive extensiorislanguage and semantics

I Translations between KRs/syntaxes, for interchange

I Reuse of previous algorithms and implementations
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BRMS Industry Roadmap: facing disruption

A Semantic rules is a prospectively trulydisruptive innovation
for the existing business rules management systems (BRMS)
Industry sector

ASee fAThe New Rules of-20Blusi ne
keynote]

| Strategic analysis of evolving market dynamics and what
players should do about it

ADone with a Management professor hat on
I http://www.mit.edu/~bgrosof/#EBRC2007Talk
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Key Directions for Future Research

1. EXxpressiveness
U0 Relationship between FOL and Default LP
U  Distributed, Disjunction, Probabilistic, Abduction, Fuzzy
U  Induction
U Misc. smaller |1 ssues: eq

2. Reasoning performance
U  Forwarddirection, truth maintenance, termination
U  Parallelizationtremendous opportunities)

3. Knowledge acquisition and Ul

Explanation

Limited natural language

Business users / Subject Matter Experts (SMES)

Collaboration

4. Applications and Tools
U Build. Experiment.

.
.
.
.

189



Key Directions f or

5. XBRL T Align & Integrate with Semantic Web, LP
6. Bridge to legacy forms of structured knowledge
U Production and ECA rulasxtend known techniques)
U Ontologiese.qg., ER, UML, mappings
U Tool Integration, incl. KA Ul

X (1.) More Details:

. Induction
u Progress is largely gated by: Reasoning performance, Probabilistic
i. Equality and AConstraintsa?o

U Use of specialized solversge equations, inequalities
U Procedural attachments for functions.
u Efficiency insubstitutivityfor inequality
U Non-Herbrand
lii.  Aggregation:
U Unstratified

190



APPENDIX 1:
ADDITIONAL
REFERENCES &
RESOURCES
FOLLOW



References & Resources I:
Standards on Rules and Ontologies

http://www.ruleml.org RuleML Includes links to some tools and examples.
http://www.w3.0rg/Submission/2004/SUBBWRL-20010521 SWRL
http://www.daml.org/committeeloint Committee. Besides SWRL
this includes:
http://www.w3.0rg/Submission/2005/SUBBWRL-FOL-20050411/
SWRL-FOL
http://www.ruleml.org/folFOL RuleML (also sedrkuleML above)
http://www.daml.org/rule®AML Rules
http://www.swsi.orgSemantic Web Services Initiative. Especially:
Semantic Web Services Language (SWSL), incl. S¥R8les and
SWSL-FOL and overall requirements/tasks addressed
http://cl.tamu.ediCommon Logic (successor to Knowledge Interchange Forma

Also: Object Management Group (OMG) has efforts on ruleatalogies
(cooperating witiRuleML and W3C)

Also: JSR94 Java API effort on Rules (cooperating ®itle ML)
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http://www.w3.org/Submission/2005/SUBM-SWRL-FOL-20050411/
http://www.w3.org/Submission/2005/SUBM-SWRL-FOL-20050411/
http://www.w3.org/Submission/2005/SUBM-SWRL-FOL-20050411/
http://www.ruleml.org/fol
http://www.daml.org/rules
http://www.swsi.org/
http://cl.tamu.edu/

References & Resources |l: Standards on R
andOntologies

http://www.w3.orgWorld Wide Web Consortium, esp.:
e/ 2005/ rul es/ Rule I nterchange For ma
e/ 2007/ owl see eSp)NMOWLZRL Profile
é / 2 0s@/IBémantic Web Activityincl RDF, OWL, SPARQL, and RIF
e / 2 OWd2Meb Services Activity, incl. SOAP and WSDL
www-rdf-rules@w3.ordRules discussion mailing list
www-swsig@w3.orgSemantic Web Services discussion mailing list
P3P privacy policies
XQuery XML database query

http://www.0asisopen.orgOasis, esp. on web policy & web services:
XACML XML access control policies
ebXML e-business communication in XML
Legal XML
BPEL4WS Business Processes as Web Services
Web Services Security
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Refs & Resources lll: LP with Negation

Przymusinski T . , A Wel | Founded and Stat.i
Annals of Artificial Intelllgence and Mathematics (journal), 19@bnstructive
model theory, and proof theory, of well founded semantics for LP.

VanGelder A.,Schlipf, J. S., and RoeFwmded 8emantics fori
Gener al Logi c Progr ams 0 ;650J)1891.0mgadl themry
of well founded semantics for LP.

Gelfond, M. and.ifschitz, V., The Stable Model Semantics for Logic Programmi

Proc. 5th Intl. Conf. on Logic Programming, pp. 14080, 1988, MIT Press.
Original theory of stable semantics for LP. Answer set programs extend this.

LIloyd, J.W., AFoundat i on sved, fSprihgeigerlag
1987. Includes LoneIToportransformatlon and correspondence of semantics to
FOL in definite Horn case. Reviews theory of declarative LP. Somewhat datec
treatment of theory of NAF since it preceded well founded and stable semantics

Barak, C., and Gel fond, M., nLogic Prc
J. Logic Programming, 1994irst and last parts review theory of declarative LP.
Stronger on stable semantics than on well founded semantics.

Gel fond, M., AAnswer Setso (book <ch
Representation. Elsewer 200@p-to-date exposition of answer set programs.
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Resource$V: More Key LP Theory

"Description Logic Programs: Combining Logic Programs with Description Logic", by E
Grosof, I.Horrocks R.Volz, and S. Decker, Proc. 12th Intl. Conf. on the World Wide Wel
(WWW 2003), 20030n DLP KR and how to use it.

ALogi cal F o u n-Oreented and FraneBfa s@kdj] dcatnguage s o,
Lausenand J. WuJ. ACM42:741843, 1995.

fHiLog: A Foundation for Highe©Or der Logi ¢ Progr ammi ng?o
D.S. Warren,). Logic Programmind.5(3):18%230, Feb. 1993.

H. Wan, B. Grosof, M. Kifer, P. Fodor, S. Liang, Logic Programming with Defaults and
Argumentation Theories, 25th International Conference on Logic Programming (ICLP 2(
Pasadena, California, July 20@n LP defaults approach.
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References & Resources V. Misc. on Rules@ntblogies

http://ccs.mit.edu/pMIT Process Handbook, incl. Open Process Handbook Initiative

Bernstein, A. and Grosof, B. nBeyond
Proces®©ntologie® . Wo r ki n g2005.éatmp:0wwiv.eit. edﬂ%cﬂc&of/#SweetPH

AnSemantic Web Services Framewor ko (SWS
H., Grosof, B.Gruninger M., Hull, R., Kifer, M., Martin, D.Mcllraith, S.,McGuinnessD.,
Su, J., and Tabet, S. (alphabetic), May 2005. Technical Report (~200 pages).

Grosof , B. , -CoRreepce Rue®\hatSituatgd Caurteous Logic Programs in
RuleMLoO |, El ectronic Commerce Resea20d04.@Qnn d
situated courteous LP KRuleMLoverview, and-€ommerce applications of them.

Grosof, B. andPoon  TSweetDéal Representing Agent Contracts with Exceptions usir
Semantic Web Rule§ntologies and Process Descriptions
Commerce 8(4):698, Summer 20040n SweetDeaé-contracting app.

Firat, A . Madni c k , S. and Grosof |, B. |, N F
EquationaOnt ol ogi c al Conflictso, Proc. Work
2002.0n ECOIN. Also see A.i r BhDahssis, 2003.

Hebeler J., Fisher, M.Blace R., Pered.opez, A., and Dean, MSemantic Web
Programming Wiley, 2009. A whole book.
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Resources VI: DL Safe SWRL rules

A OWLED's DL Safe SWRL Rules Task Force [1] [2], whose proposals
have already been implemented in Pellet and KAON2.

i [1] http://wiki.webont.org/page/DL_Safe  SWRL_Rules
i [2] http://code.google.com/p/owAl/wiki/SafeRules
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http://code.google.com/p/owl1-1/wiki/SafeRules

References & Resources VII: Misc. on Rules @mdologies

Grosof, B.,Gandhe M. , a n dwdetldessiTranslatimigdamIRaleMLTo
Jesso. WKh OrtRule Markud Languages for Business Rules on the
Semantic Web, 2002 (thé'RuleML Workshop, held at ISWQ002). See extende
and revised working paper version, 20@n SweetJesganslation/interoperability
betweerRuleMLand production rules.

Forgy, C .Réte A Faét Algorithm for the Many Pattern / Many Object Patter

Match Probl emo. Ar t -7 1982i0a the keyRetee | | i
algorithm for production rulesferencing

FriedmanHi | | , E. , nJess 0OmJessand pradacton (ulbso
Ulman, J., APrinciples of Knowledge |

1988. See esp. the chapter on Logic Programs, incl. algorithm for stratification.

http://xsb.sourceforge.nXSB Prolog. See papers by D. Waredral.for theory,
algorithms, citations to standard Prolog literature (also via
http://www.sunysb.edu/~sbproldg

Horrocks I. and Patebchneider, P., paper on OWL Rules and SWRL, Proc.
WWW-2004 Conf.On SWRL theory inclndecidability

Horrocks I. andBechhofey S., paper orlooletapproach to SWRinferencingvia
FOL theoremprover, Proc. WWW2004 Conf.On SWRIinferencing
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References & Resources VIll: More Courteous and Situ:

Grosof, B.,Labrouy Y. | and Chan, H. |, nA Decl
Cont r ac tssAGM CoRfroa Electrofhic Commerce, 1999, ACM Pre€s
courteous LP KR witmutexesand its econtracts appllcatlons

Grosof, B. , nCourteous Logic Progre
Proc. Intl. Logic Programming Symposium., 1997. See extended version: I1BM
Research Report RC 20836, 19%asic version courteous LP (since generalized

Grosof, B., AA Courteous Compiler f
Ordinary Logic Programso, (I BM) res
Courteous Logic Programs I nto Ordin

http://ebusiness.mit.edu/bgrosmfIBM incl. in CommonRuleslocumentation.
Details on courteous compiler/transform.

Grosof, B., Levine, D.W., Chan, H.Y., Parris, C.J., Angrbach J . S. , f
Architecture for Embeddlng Rueased Intell. gence 1in
Wksh on Intelligent Information Agents, at ACM Conf. on Information and
KnowledgteManagement, ed. Finin and J. Mayfield, 1995. Available also as IB
Research Report RC 2030Basic situated LP paper. Also see 1998 patent.

Grosof, B., ABuil ding Commercial Ag
Talk). Proc. 29Intl. Conf. on the Practical Applications of Intelligent Agents and
Multi-Agent Technology (PAAM97), pub. The Practical Applications Company,
1997. Also available as IBM Research Report RC 20€3erview of situated LP.
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Resource$X: Misc. Papers

-"SWRL: A Semantic Web Rules Language Combining OWLRua@ML", VO.7+, by I.
Horrocks P. PatelSchneider, H. Boley, S.abet B. Grosof, and M. Dean, Nov. 2004.
Technical Report.

- RuleML website, especially design documents and list of tools. Ed. by H. Boley, B. Gr
and S.Tabet 200tpresenthttp://www.ruleml.org

-AWeb Service Modeling Bujnebdl200%. TecWEdM Repart

- "A Declarative Approach to Business Rules in Contracts: Courteous Logic Programs ir
XML", by B. Grosof et al.,, Proc. EQ9.

-APA Policy Based Approach to Security f
ISWC-2003.

- "Financial Information Integration in the PresencekmjfuationalOntological Conflicts", by
A. Firatet al., WITS 2002 conf.

- "Delegation Logic: A Logiebased Approach to Distributed AuthorizatioACM Trans. on
Info. Systems Security (TISSERY N. Li et al., 2003
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ResourcesX: SILK

A SILK project page:http:/silk.semwebcentral.org/

I H. Wan, B. Grosof, M. Kifer, P. Fodor, S. Liang, Logic
Programming with Defaults and Argumentation Theories, 25
International Conference on Logic Programming (ICLP 2009
Pasadena, California, July 20@n LP defaults approach.

I Also:

A Warren Symposium on LP invited tadkdeset by B. Grosof
A RuleML-2011 invited tallslideset by B. Grosof

A SemTeck2010 invited talkslideset by B. Grosof

A RR-2009 keynoteslideset by B. Grosof

A S. Liang, P. Fodor, H. Wan, M. Kife@penRuleBenchAn Analysis of
the Performance of Rule Engines, 18th International World Wide We
Conference (WWW 2009), Madrid, Spain, April 20009.

A B.Grosof Opportunities for Semantic Web knowledge representation
help XBRL, Position Paper, Workshop on Improving Access to
Financial Data on the Web, Arlington, Virginia, October 20009.
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ResourceXl: Misc. Presentations

A SemTeck2010 Rules Traclgoorganizedy RuleML:
http://[semtech2010.semanticuniverse.com/rules

I Presentations about RIF, SILK, Oracle, IBM, others
I Abstracts available on webpage above

I For slides, see SemTe@010 conference materials,
or contact authors
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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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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 nGrayo areas about whet her
compliance, regulation, risk management, contracts, governe

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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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 208005

A In many other realms, there is a large gap betweesnledss. avowed preference:
for value of privacy/confidentiality.
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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 ?cated GG)(?item) :- ?categ BB)(?item);
@acquisitionsAreNotOperating neg?cated GG)(?item) :-

acquisition(GG)(?item) and (ZTated GG) ## operating(GG));
silk:overrides(acquisitionsAreNotOperating, normallyBringOver ); /* exceptional */
acquisition(GG)(?item) - price_of acquired R_and_D_compani€8B)(?item);
R_and_D_salarie$BB)(p1001); p1001[amount> $25,000,000];
R_and_D_overheadBB)(p1002); p1002[amount> $15,000,000];

price_of acquired R_and_ D _companigBB)(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_codiGG) ## operating(GG);

Total(R_and_D_operating_cos{BB)[amount-> $70, 000, 000] ; ['* roll ed ufg

Total(R_and_D_operating_cos{GG)[amount->?x]:-é¢ ; [ * r ol | up the i 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?paefixesialvaiable.a: gieans if. X ##Y means X is a
subclass of Y.silk:overrides(X,Y) means X is higher priority than Y.
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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 i Cost of Gross Profit = Net Sales i 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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