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HaceriPro - Architecture & History

» Started as Racer at the University
of Hamburg in 1998, project of
Volker Haarslev & Ralf Moller

e First description logic (DL)
reasoner ,,0f the new generation®
of highly optimized DL systems
with ABox (individuals, relations)

* One of the first OWL DL (-)
systems (2002), DL SHZ Q(D)

* Commercial offspring RacerPro
by Racer Systems (2004 - today)

» Expressive query language nRQL

e First DL system that could give
complete answers to the
LUBM Benchmark queries (2004)

e First DL system with inference-
aware SWRL & SPARQL

e Main memory-based

» Recently: Integrated AllegroGraph

* Some special-purpose
representations and reasoning

* Free for education & research
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@ Hacer 5uystems — Partners & Friends

Prof. Michael . President
Ralf Moller Wessel Kay Hidde
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The Semantic Web - ,,A Web of Data“

e The big database in the sky*
- Web 1.0 — syntactic web, technical basis (HTTP, HTML, ...)

- Web 2.0 — social / community web for people
(Wikis, Blogs, Boards, Flicker, Blogger, Twitter, ...)
 folksonomies (,,(geo) tagging®)
- Web 3.0 — Web 2.0 plus meta data for machines

e meta data = page annotations, service descriptions, ...
provided in terms of ontologies
(provide explicit formal semantics for terms — reasoning)

» annotations = logical propositions about resources
identified by URIs

« SPARQL endpoints & RDFa (RDF in HTML)
e Technically, the SemWeb i1s not really a ,,database* (see below)
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RDF Mashups / Linked Open Data

(© LOD Cloud)
-
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As of July 2009
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@l Semantic Web Stack (Layer Cake) © W3C

User Interface & Applications

Web
Ontology SWRL

»SPARQL Language
DL“ — .
- RDF
Ontology
Query OW'— Rule:
- SPARQL RIF
RDFS l

Data interchange:
RDF

Trust

URI/IRI
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Logic-Based Knowledge
Representation & Reasoning

e SemWeb =, KR&R on the Web*

.. ,,in‘ the world
(ontology =
,,what exists

in the world*)

... of some
cognitive agent
(knowledge
representation)

e Replace real-world reasoning
with computational operations
performed in a model (=)

 Model ~ representation ~ KB =
Initial Final
* Ontology: explicit specification Propositions Propositions
of a conceptualization desired A |
~ formal account of what real-world atglg ctation
exists in the world* feasohing
— logic-based definitions of Initial KB Final KB
concepts & relations in terms (repr. of #_ (ask f. entailed
of other concepts & relations | propositions) propositions)
5

— automated reasoning

Relevant aspects
should be 1somorphic
with real world

— inference makes impliciv
knowledge explicit
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Logic-Based KR&R (2)

Q: ,.Is Betty a woman?*
ABox* ,,Betty 1s a mother* A: Yes
> ,Mothers are woman“ ——»  Q:, Has Betty a child?*
axi10ms A: Yes
(facts, -
desired .
g Interpretation
assertions) real-world ( ASKI;
Q reasoning
O'mother(betty)
,, ] BOxX“ oVz.mother(zx) — woman(betty)
: woman(x)A L » has_child(betty, ind;)
axioms Jy.has_child(z, y)ﬁg

* First-Order Predicate Logic: = undeceidable

e Description Logics (OWL DL): deceidable,
but NEXPTIME complete
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Reasoning with Formal Ontologies

* Demo of some standard inferences using RacerPro & RacerPorter

— Basis: ,,People & Pets* ontology
by Sean Bechhofer (Univ. of Manchester)
— but will use KRSS / Racer Lisp syntax in this demo

— show some OWL syntaxes later

13.09.2009 Michael Wessel
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RacerPorter — The Listener (,,Racer Shell*

r . |
£ RacerPorter = lm|
| Profiles [ Shell |TBu:es || ABoxes || Concepts || Roles || Individuals || Assertions || Axioms || Taxonomy || Role Hierarchy || ABox Graph || Query 10 || Queries + Rules || Def. Queries || Log || Ahuut|

Active Prafile 4 Localhost / Big TBoxes, Big ABoxes Mamespace (#, *n*)
TBox () default ABox [*a*) default
Concept (*c*) L] Rale (*r*]
Indivicual (*i*) ] Axiom (*ax*)
Query [ Rule (*gor*) Definition (*def* = Mame)
Reazoner Container (*or*) OWLAPI-KB Ontology Container (*oo*)
Request 20 : {get-namespace-prefixes) Eezthnnse 20 : READY
Clazsic Layout M [ |= ] l = ] 212 RacerPorter ﬁ Elete ] l Delete Al ] [ Recover ]Simplify [Jsel.First []sel. only [ &rg. Comp.
i (ovil-read-file Ahort Racer Request
FILEMAME
[*] 7 Cannot start RacerPro @ Tocalhost:B088, serve AKEY
[*1 » :ERRORE {WERBOSE *TBOX-YERBOSE)
[*] 7 fPutomatically connected to RacerPro Z.0 runni EE;I_LR,'E) Mue)
* - " q -
[*] = (:0K&Y "RacerPro 2.0 running on localhost:808 {LOCATOR)
[1] 7 (get-racer-wversion) RECURSIVE
[1] = “=2.o0" IGHNORE-IMPORT
IMPORT-META-ONTOLOGIES
[2] 7 (owl-read-file EXCLUDED-META-OMNTOLOGIES
FIRE-RLULES
MAINTAIN-OMWLAPT-AXIOMS
BALLOW-OTHER-KEYS)

Arguments of owl-read-file: FILENAME &KEY (WERBOSE *TBOX-WERBODSE*) (INIT T) (KB-NAME) (LOCATOR) RECURSIWVE IGNORE-IMPOR

Function Doc ] l Complete Input
Sel. Concepts = Last Result Sel. Roles = Last Result Sel. Indivicduals = Last Result
Clear Selection Clear Selection Clear Selection
Show Manusl || Saveshel. || clearshen || FulReset || newEdtor || openinEdtor.. || Losd. || @uit || Shutdown RacerPro & Gui
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The Racer Editor with Some Example Queries

0 RacerEditor

File:

Edit

Buffer

R ARP

53 01d_lady not explicit

ABox Graph : Hinnie has_pet To
Select Tom -> Describe -> Ca

& RacerPorter

Is a cat by inference (see

Profiles | Shell |TBm|es || ABoxes || Concepts || Roles || Individuals " Assertions "_

3
;; Assertions Tab: nothing wa
7

Interplay of definitions <]

Active Profile
TBox (**)

Concept (*c*)
Inciviciual (%%

4: Localhost [ Big TBoxes, Big ABoxes
/hoeme mi.wesselKBs/people+pets.owl

::; The classes an individual i3
;; is computed from the definiy
53 multiple classification

Guery £ Rule (*gqor*)

Reasoner Container (*or*) OWLAPI-KB e

Renuest 47 : {get-namespace-prefixes) 1

HE

Classic Layout v” = ][ = ]2:2 HEH

[*] ¥ Cannot start RacerPro @ localhost:8088, serwver 15 already riy .

[*] » :ERROR {retrieve
[*] 7 Auvtomatically connected to RacerPro 2.0 running on localhost)

v . " B . B .

[*] » (:0KAY “"RacerPro 2.0 running on localhost:8088 {(case: prese (retrieve
[1] 7 (get-racer-wersion)

[y = "2 o

[2] 7 (full-reset) -

[2] » :okay-full-reset ll‘EtI‘lEUE
[3]1 7 (racer-read-file "'=: temp/pecpletpets. racer’) )

{in-thox Shome/mi.wessel /KBs /peoplet+pets.ow] size 124 role-size 26|

Duplicate definition {or animal {some part_of animall)) for fxiom_J
1/EBspeople+pets.owl) --» Shome/mi.wessel /KBs/people+pets.owl

[3] = :oEAY
[4] 7 (retriewve (7= 7y) (and (7= cat_owner) (7= 7y has_pet) {7y cC

Concept {animal) causes a cycle in TBox Shome/mi.wessel /KBs/pecple| ;
Concept {plant) causes a cycle in TEBox Ahomedm .wessel KEs peopled

ABox Queries
{Go to ABox Grapht?)

[ {concept-instances cat_owner)

(72}

{?x cat_ouwuner})

{7z ?Y)

{and {?x cat_owner)

(?x ?y has_pet)))

(= Ty}

{and {?x cat_owner)
{?x 7y has_pet)
{7y catfil

Concept {Axiom_2) causes a cycle in TBox Shomesmi . wessel /KBs peop
ClassiTying TBOM. e cusussnssnsnnsnsrnnannsnsnssnnsnsnssnnsnsnnsss
PECTERITLET LR e e p e e e e ey ety .

Concept (mad_cow) 15 incoherent in TBox Shome/mi.wessel KBs/peopl

[4] » ({{7= Minnie) {7y Tom)) ({7= Fred) (7y Tibbs)2)
[5] 7

Arguments of owl-read-file: FILEMAME &KEY (WVERBOSE *TECQX-VERBOSE*) (IWIT T} (KB-NAME] (LOCATOR) RECURSIVE IGNORE-IMPCOR

1
{retrieve (7x 7y (direct-types 7yl) wEssEr

{and {(?x pet_owner)

{?x Ty has_pet))
cdont-show-lambdas—p t)
M
[l
Finished ewvaluating
R acerFro 2.0 running on localhost: 8088 [case: preserve] --- guerne
Function Doc ] [ Complete Input

[ Sel. Concepts = Last Result ] [ Zel. Roles = Last Result ] [ Sel. Individuals .= Last Result ]

Clear Selection

Clear Selection

Clear Selection

Show Manual ] [ Save Shell... ] ’ Clear Shell ] [ Full Reset ] [ e Edlitor ] [ Open in Editor ... ] ’ Load... ] [ Sit ] [ Shutdown RacerPro & Guit

13.09.2009
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The Class (Concept) Hierarchy (,,Taxonomy*)

&7 RacerPorter

mEx]

| Profiles || Shell || TBoxes || ABoxes || Concepts || Roles || Individuals || Assertions || Axioms | Taxo

Active Profile 4: Localhost | Big TBoxes, Big ABoxes

TBox (*) home/mi.wesselKBs/people+pets.owl A

Concept (*c*) old_lady 1 A

Incdiwiciual %) ] A
o

Guery [ Rule (*gar*)
Reasoner Container (*or*) OWLAPI-KB

(equivalent cat_liker
(and person
(some likes cat)))
(equivalent cat_owner
(and person
(some has_pet cat)))
(implies old_lady
(and (all has_pet cat)
(some has_pet animal)))
(define-primitive-role has_pet
:parents likes ...)

Request 52 : {describe-concept old_lady homeimi.wesselKBsipeople R
Clazsic Layout M[ |= ” = ]5 5 = 3|
(
(cat)
(cog)
(educk])
f;(cat_liker) (cat_owner)
3_. po
(bu?ﬁr)
: (haulage_truck_driver)
d
(river) (larey _driver)
(persan) farownuR) (wan_driver)
[Axiam_2] (animal) (man) (wwhite_van_man)
[woman)
(ki)

{animal_lover)
(pet_owner) (et _owener])
(dog_owner)
Freeze Graph Auto Update Showy Tap |:| Show Bottom

O All Concepts @ Cur. Concept O Sel. Concepts @ Har.

Search & Select | ciear Setection || Select chigren |

& _van_man)

Request Grap]

Infa

[5] 7 (describe-concept old_Tady /Jhomefmi.wessel KBs/people+pets.owl)
[5] = (old_Tady
told-primitive-definition

an
fand {all has_pet cat) (some has_pet animall))
rand person female elderlyl))

0 ISy NONYms
(old_Tady)
tparents
((elderly) (woman) (cat_owner))
:children Iﬂ
13.09.2009 Michael Wessel 13



The Relation (Role / Property) Hierarchy

&7 RacerPorter

mEx]

| Profiles || Shell || TBoxes || ABoxes || Concepts || Roles || Individuals || Assertions || Axioms || Taxor

Active Profile 4: Localhost | Big TBoxes, Big ABoxes

TBox (*) home/mi.wesselKBs/people+pets.owl A
Concept (*c*) cat 4 A
Indiwicdual [**) Tom 1 A
Guery [ Rule (*gar*) O
Reasoner Container (*or*) OWLAPI-KB

Request 63 : (describe-role has_pet home/mi.wesselKBs/people+pel R

J[<

Classic Layout t][ |« ]13113 = o

I(Iikes)
LRSI ZOTT
(eats)
(drives)
(wwarks_far)
(reads)
(is_pet_of)

(top-role)

(equivalent cat_liker
(and person
(some likes cat)))
(equivalent cat_owner
(and person
(some has_pet cat)))
(implies old_lady
(and (all has_pet cat)
(some has_pet animal)))
(define-primitive-role has_pet
:parents likes |...)

has_fath
(has_parent] <( as_father)

(hasz_mather)
(has_part)
(has_child)
(eaten_by)
[=ervice_number)

Freeze g

Search & Select

Infa

7] 7 (describe-role has_pet Jhome/mi . wessel

71 » ([has_pet
LSy NONYmS
(has_pet)
rdomain
person
irange
animal
tparents
(likes)
:children

ol

13.09.2009
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Individuals & Relationships — ABox Graph

&7 RacerPorter

| Profiles || Shell || TBoxes || ABoxes || [
Active Profile
TBox (%)

Concept (*c*)
Incdiwiciual %)

Guery [ Rule (*gar*)

B|[=) %]

ox Graph | Query 10 || Queries + Rules || Def. Queries || Log || Ahuut|

emi.wessel KBs/people+pets.owl

Reasoner Container (*o
Request

Clazsic Layout t“ |= ]

59 : READY

[ petetean [ Recover | lsimaire [sel First []Sel oty [ ara Como
(equivalent old_lady
(and person female elderly))
(implies old_lady T
(and (all has_pet cat)
(some has_pet animal)))

> (Dsily_Mirror)

(reads)
(Mick)) drives)y " (@123_LBC)
(has_pet likes)

TR (Rex) _(is_pet_of)™ CBACK-TO Mick) ‘

Box

(Minnie) _ has_pet kes)™ QDRI (is_pet_ofy™ CBACK-TO Minnie)

125,250 (instance Minnie elderly)

= Crilus hdive s’

Freeze Graph [+]Auto Updste [ Only Sel. Succs Trans. Roles  []Data Filers [ ( ins t ance M inni e f emal e )
®alinds. Ocur.ind. () Sel Inds.

ow. 0w (related Minnie Tom has_pet)
Search & Select Clear Selection [ ( iIlS't ance Tom t Op) ABOX

1 7 (individual-direct-types Tom Jhome/mi.wessel /KBs/people+pets.owl ]
] o ({cat) (petl)

Info

r
o O
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Inspecting Class Assertions for Tom

ﬁ RacerPorter M

| Profiles || Shell || TBoxes || ABoxes || Concepts || Roles || Individuals | Assertions |A:iums || Taxonomy || Role Hierarchy || ABox Graph || Query 10 || Queries + Rules || Def. Queries || Log || Ahuut|

Active Profile 4: Localhost | Big TBoxes, Big ABoxes Mamespace (&L, *n*)
TBox (*) home/mi.wesselKBs/people+pets.owl ABox (*a®) home/mi.wessel KBs/people+pets.owl
Concept (*c*) cat 4 Raole (*r*) has_pet 1
Indiwicdual [**) Tom 1 Acxiom [*ax*) L]
Guery [ Rule (*gar*) Definttion (*def* = Name)
Reasoner Container (*or*) OWLAPI-KB Ortology Cortainer (*oo*)
Request 68 : (all-concept-assertions |home mi.wessel KBs/people+ps Responze 63 : CACHE-HIT
Clazsic Layout tl [ = ] [ = ] 18 /18 = 3| [ Delete ] [ Delete Al ] [ Recover ] Sitnplity  []Sel. First [ Sel Only [ &rg. Comp.

[ ] [ Ahort Racer Reguest

(@) all Concepts () Cur. Concept () Sl Concepts (D AlInds. (B Cur.ind. (O Sel inds. (3 AlRoles () Cur. Role () Sel. Roles
@ cConcept & (O Role & () Same &z & (O Different From & () attribute & () Constraint & (O &nnotstion & () Annotstion &

Clear Selection Delete Selected
Infa

7] 7 (describe-role has_pet Jhome/m .wessel /KBs/people+pets.owl) ~
71 » ([has_pet

LSy NONYmS

(has_pet)

rdomain

person

irange

animal

tparents

(likes)

:children

13.09.2009 Michael Wessel
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Relation (,,Role*) Assertions for Tom

ﬁRacerPnrter = || = m

| Profiles || Shell || TBoxes || ABoxes || Concepts || Roles || Individuals | Assertions |A:iums || Taxonomy || Role Hierarchy || ABox Graph || Query 10 || Queries + Rules || Def. Queries || Log || Ahuut|

Active Profile 4: Localhost | Big TBoxes, Big ABoxes Mamespace (&L, *n*)
TBox (*) home/mi.wesselKBs/people+pets.owl ABox (*a®) home/mi.wessel KBs/people+pets.owl
Concept (*c*) cat 4 Raole (*r*) has_pet 1
Indiwicdual [**) Tom 1 Acxiom [*ax*) L]
Guery [ Rule (*gar*) Definttion (*def* = Name)
Reasoner Container (*or*) OWLAPI-KB Ortology Cortainer (*oo*)
Request 69 : {(all-role-assertions home'mi.wesselKBs/people+pets.o Rezponze 69 : READY
Clazsic Layout tl [ = ] [ = ] 19 /19 = 3| [ Delete ] [ Delete Al ] [ Recover ] Sitnplity  []Sel. First [ Sel Only [ &rg. Comp.

[ ] [ Ahort Racer Reguest

TiMinnie Tomy Has petl

@) all Concepts () Cur. Concept () Sl Concepts () ANInds. (S Cur.Ind. () Selinds. (3 AllRoles () Cur. Role () Sel. Roles
(OConcept & (®)Role & () Same &z & () Different From & () Attribute & () Constraint & () Annotstion & () Annotstion &

Clear Selection Delete Selected

Infa

7] 7 (describe-role has_pet Jhome/m .wessel /KBs/people+pets.owl) ~
71 » ([has_pet

LSy NONYmS

(has_pet)

rdomain

person

irange

animal

tparents

(likes)

:children hd

13.09.2009 Michael Wessel
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@l Syntaxes

e Old lady concept 1n...
- KRSS / Racer native:

— New: OWL 2 Functional Syntax (almost S-Expressions...)

13.09.2009 Michael Wessel
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Syntaxes (2)

e Old lady concept in OWL RDF/XML:

<owl:Class rdf:ID="old_lady"> -
ST

<owl:equivalentClass>
<owl:Class>
..°°<0W1 :intersectionOf
rdf :parseType="Collection">
<owl:Class rdf:about="#person"/>
<owl:Class rdf:about="#female"/>
<owl:Class rdf:about="#glderly"/>

</owl:intersectionOf>
</owl:Class> '

</owl:equivalentClass>- _ _

13.09.2009 Michael Wessel 19




Syntaxes (3)

e Old lady concept in OWL RDF/XML continued

<rdfs:subClassQf> = a=» >
<owl:Class>
@ @ °<owl:intersection0f rdf:parseType="Collection">
«owl:Restriction>
<owl:allValuesFrom rdf:resource="#cat"/>
<owl:onProperty>
<owl:0ObjectProperty rdf:about="#has_pet"/>
</owl:onProperty>
</owl:Restriction>
«<owl:Restriction>
<owl:onProperty>
<owl:0ObjectProperty rdf:about="#has_pet"/>
</owl:onProperty>
<owl:someValuesFrom rdf:resource="#animal"/>
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</rdfs:subClass0f>
</owl:Class>

13.09.2009 Michael Wessel
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ABox Part of an OWL Ontology - RDF Graph

<rdf:Description rdf:ID="Minnie">
<has_pet rdf:resource="#Tom"/>
<rdf:type rdf:resource="#elderly"/>
<rdf:type rdf:resource="#female"/>
</rdf :Description>

13.09.2009
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@l ABox Part of an OWL Ontology - RDF Graph

<female rdf:ID="Minnie">
<has_pet rdf:resource="#Tom"/>
<rdf:type rdf:resource="#elderly"/>
</female>

13.09.2009 Michael Wessel 22



W3C RDF Query Language - SPARQL

prefix pets:
<http://cohse.semanticweb.org/ontologies/people#>
select 7x 7y
where { 7x rdf:type pets:old_lady ;
pets:has_pet 7y .
7y rdf:type pets:cat .
+

(define-prefix "pets"
"http://cohse.semanticweb.org/ontologies/people#")
(retrieve (7x 7y)
(and (?x #!pets;old_lady)
(7x 7y #!pets:has_pet)
(?7y #!pets:cat)))

13.09.2009 Michael Wessel 23



SPARQL with RacerPro Demo

r

-
& RacerPorter IIII!IIII

| Profiles || Shell || TBoxes || ABoxes || Concepts || Roles || Individuals || Assertions || Axioms || Taxonomy || Role Hierarchy || ABox Graph | Query 10 | Queries + Rules || Def. Quer| * | *

Active Profile 4 Localhost ! Big TBoxes, Big ABoxes — .

TBox (1) z:temp/people+pets.owl [" RacerEditor | m
Concept (*c*) File Edit Buffer

Inciivicluial (i) ntologies/people#> select ?x where { 7x rdf:type pets:cat ") E:

G [ Rule (*oor® . -
R {spargql-answer-query “prefix pets: <http://cohse.semanticuweb.org/o?
ntologies/people#> select ?x 7y where { ?x rdf:type pets:old_lady ?*
Request 69 : (get-namespace-prefixes) ; pets:thas_pet %y . %y rdf:type pets:cat . }")

Clazsic Layout M[ |= ][ = ]212

Reazoner Container (*or*) z:tempipeople+pets.owl

prefix pets: <{http://cohse.semanticueb.org/ontologies/people#t> selt
ect %x Ty where { ?x rdf:type pets:old lady ; pets:has_pet ?y . 7yt
Concept ([http://cohse. semanticweb.org/ontalogiespeople rdf:type pets:cat . }

Concept (Ihttp ;’/cc\hse zemanticweb . org/ontalagies/peaple

L BT I o o T -1

|||||H|||||HIII||HII|||H|||| [TEELEET ) @)
Concept (|http://cohse. semantioweb.orgfontologies,/peaple ‘
LI

[4] » (L0 #1:Tibhs)) ({7 #1:Taml3)

[5] 7 (spargl-answer-query ''prefic pets: «:http JS/cohse. s||Finished ewaluating
- - > > - -
[é]pft?&?gi_i‘?fmﬁn:i Ej}f(;gfé‘f!:};_rlj_gmgggs.cat . RacePro 2.0 unning on localhost 8088 [caze: pres

510°) 2

T —
D‘—

[6] 7 prefix pets: chttp:ffoohse.semanticweb.orgfontologiespeopleds select T« Ty where
y rdf:type pets:icat . 1

[6] = (007 #1:Minnie) {7y #1:Tom)))

71 70

Search & Select |

| [ Sel. Individuals = Last Result Clear Selection Describe
Sel. Concepts (= Last Result Clear Selection Select Children Select Parents
Mo W aniable Birding
1 T #1:Minnie
1 7Y #1:Tom

< 1 | (&

13.09.2009

Michael Wessel

24



Some Comments on SPARQL...

« SPARQL was not meant as an OWL query language

— does 1t consider inferred triples (rdf : t ype? inferred properties?)

e can't retrieve old ladies

— no negation as failure, no universal quantification, no aggregation

* most of our example queries cannot be formulated

— as arule language: has construct, but cannot create new URIs

« SPARQL in Racer, 2 modi:

1: use AllegroGraph SPARQL processor (filled by Racer with triples)
* scalable, secondary memory, ..., but only shallow inference

2: translated into nRQL query (uses AllegroGraph SPARQL parser)
e full OWL reasoning, but not so scalable, SPARQL subset only

compromiss: let RacerPro materialize the inferred triples in
AllegroGraph, then use mode 1 for SPARQL query answering

13.09.2009
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W3C Semantic Web Rule Language - SWRL

e Motiviation: enhanced relational expressivity

(certain relational structures can't be encoded with concepts)
has_sibling(?x,?y) A male(?y) A has_child(?x,?z) =

has_uncle(?z,?7y)

 Horn rules in RDF/XML syntax

- Jess-based implementations

* undeceidable, but deceidable fragments

e Racer supports restricted subset of SWRL

— translated into nRQL rules

- nRQL rules need not be horn

e and can construct new individuals

Has

sibling

» but have a non-logical semantics (similar to Jess)

child

13.09.2009 Michael Wessel
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ABox Queries & Indefinite Information

Assuming all blocks are red or green
- then, is there a green block on th
table which is next to a red one?

© Brachman & Levesque

‘

a>

D

Formn { blockCred U green, next_to=next_to™ ' }

{ t : table,lb : green Mblock,rb : red M block,
mb : block, ob : green M block,
(Ib, t) : on_table, (ml, t) : on_table, (rb,t) : on_table,
(gb, ob) : next_to, (ob, rb) : next_to }

Ask for instances of the concept
Z> table 11

| Jon_table='. (block M green I
Problem Solving dnext_to.(red M block))

13.09.2009 Michael Wessel 27
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ABox Queries & Indefinite Information (2)

There are two possiblities.

If the middle block is red,
then the green left block 1
next to a red one. But...

block, green block, red

next-to

on-table

IRET " table M
""""""" Jon_table~ . (block M green I
dnext_to.(red M block))

13.09.2009 Michael Wessel 28



ABox Queries & Indefinite Information (3)

... 1f the middle block is green,
then it 1s also next to the

red block — so YES, there
always i1s such a block!

‘@

block, green block, green

next-to

. " table N
""" Jon_table™'. (block M green M
dnext_to.(red M block))

13.09.2009 Michael Wessel 29



ABox Queries vs. Database Queries

concept_instances( table I
Jon_table~ 1. (block I green M
However: dnext_to.(red Mblock))) = {t}

concept_instances( block M green I
dnext_to.(red Mblock))) = {}

« Unlike DB queries, instance retrieval queries can cope with
- incomplete information (have to perform case analysis)
— have to consider ALL models, not only one (,,model = DB*)

— only the existence of such a block is entailed

13.09.2009 Michael Wessel 30



More Expressive Queries:
Conjunctive ABox Queries

ans(?x) «— table(?x),on_table(?y, 7x),
block(?y),green(?y),

next_to(?y,?z),red(?z), block(?z).

e Answer should be:?x = ¢

— most DL systems nowadays return no answer

— deceidability open until recently
* You can't retrieve 7y because its binding can't be fixed

— answer (head) variables & other variables

13.09.2009 Michael Wessel
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Solving Problems with Reasoning - Sudoku

logical models represent

all possible Sudoku solutions.
A good Sudoku has only

ONE solution — entailed

facts = solution!

pairwise_disjoint(Cy, C3, C3, Cy)
TE (CLUC3LUC5LICy) M

(Cl — ‘V’R—|C1) [ (Cz — \V/R_ICQ) [
(C3 — \V/R_l03) [ (C4 — \V/R—IC4) [

"“““llllll"llIIIIIIII m; llllllll [rrrerrl) .|'|'|' ||||||||||||||||||||||||||
; : (C3)a—r{ Ja—r{Co}—>
4 1 ® O ©
. 2 O—0C O
>,
,\‘ 0,"
.......... , Q
4 1
13.09.2009 Michael Wessel
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Sudoku — ABox Construction

"" “\(
I"' “‘\
““\6',"'
‘s e, ‘
||||||||||
I 4| 1

ABox construction

— by hand? OK for 4x4, but for 9x9?
— create the structure programmatically
(MiniLisp)

— transitive & symmetric property — é

Cy, — VR.-C
 use different backward property 4 14

instead of a symmetric property

e quantification over common parent property
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Sudoku — Relational Structure

AR SN

— QLR

— (2R
transitive(Q)1)
transitive(()2)

Ql(ﬂj, y) — QQ(ya .CC)

13.09.2009 Michael Wessel
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Solving Sudokus with Racer Reasoning!

-
&7 RacerPorter

| Profiles | Shell |TBu:e Lyioms || Taxonomy || Role Hierarchy || ABox Graph || Query 10 || Queries + Rules || Def. Queries || Log || Ahuut|
Active Prog Mamespace (#:, *n*)

ABox (*at) default

Eale 1*r*) /]

rﬁ RacerEditor = |2 w

File Edit Buffer

(terpri}} M
{(format t ""%Sorry, no solution™)))
{t (format t ""“%Bad Sudoku_."})))) B
i
[13] 7 Ctime ; Register new server functions...
40000 8] :

{server—function sudoku-web)

_____________________________________ {server-function sudoku)

L?-l_i_l_?_l_%_lj_l ________________ ::: ... and use them?!

a5 | 2]6&]8] Pr

el 71 1]3]|39] ftime

""""""""""""""""""""""" (SUDOKU ({(B 6 B 5 @3 20 8)

l-i-l-?-l-ﬁ-l-f-l_i_l ________________ (18508880808 3)

5118 ]4]3] (8388008641 8)

“““““““““““““““““““““““““ (2 8800184 6)

l2l4lslslelslzlsltl (07030408 6)

712 1&a]1]z2] (68 870800808 9)

_____________________________________ (818408888 6) H
Evaluati CSUDOKD (0 60503 208){10580080033(80000a84 (20080087 81)

WAl Uat1Ing

0000E) (200800701) (70610503 0))) took 0.2820 seconds. (78618583 0H)N) M
[13] = MWIL Finished evaluating

[14] 7 FacerPro 2.0 mnning on localhost: B088 [case: preserve] - 3

Arguments of owl-read-file: FILENAME &KEY (VERBOSE *TBOX-WERBODSE*) (INIT T) (KB-MAME) (LOCATOR) RECURSIWE IGMORE-IMPOR

Function Doc ] ’ Complete Input ]
Sel. Concepts = Last Result Sel. Roles (= Last Result Sel. Individuals = Last Result
Clear Selection Clear Selection Clear Selection
show Manusl || Saveshel. || ciearshel || FunReset || newEdtor || openinEdtor.. || Load.. || cuit || Shutdown Racerpro & qui

-

13.09.2009 Michael Wessel
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RacerPorter — MiniLisp HTML Generation

-
M=%

Cueries || Log || Ahuut|

-
& RacerPorter
| Profiles | Shell |TBm:es || ABoxes || Concepts || Roles || Individuals || Assertions || Axioms || Taxonomy || Role Hierar.

Active Profile 4: Localhost [ Big TBoxes, Big ABoxes Mamespace (AL *7
TBox (M%) —Alefault ABox (*a%)
Coneept (*c") @ Sudoku - Mozilla Firefox = 2JEY | Roerm

Incliviciual (41%)

ﬂ Race

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras
Guery [ Rule (*gor*)
Reasonet Container (5o 6 - c A ey | |j hygr - "..' ]
Request

] E @ Meistbesuchte Seiten ’ Erste Schritte 5

Clazsic Layout M[ |= J lj - _ alk

EARAEARARAEAN s
. a8 6104
lelziels iz 17 Sudoku Solution ® (87636488 8)
21413 8|6]89] (B8 A7 08008 89)
"""""""""""""" (8184008 840)
7181 &]1]2]5]
__________________________ (2908 007 A1)
| 2B BRI SRR
Ewvaluating {SUDDKU ({0 & O
DOO0O0BI(Z00BOQ 7 EEE’IHEEEE ftime
[13] > NIL (SUDDKU-web ({2 B B85 0 8 08 7)
HENGERERE Graniealy
[14] 7 (time {SUDOKU-web (- BAa02oaoe)
OO00E000 9 (0200 Frrr’:rrrr (0B 0000 OE1)
Ewaluating (SUDDKU-web ({2 s (71208889 45)
OOSDHOlD 93 (E,) 2”009 FFFE’EEE’IF C ggg ggg g ggg;
[14] » "file-entity ’_I_I?EIIITI:;EIE (820809587 8) 5
[15] 7 (1 B AB 36 B0 4)))
G537 (814121119
Frrﬁrrr[r ;:; open http:/fflocalhost:8086/sudoku.html in your WebBrowser? S
MAORESERE .
HIEEEEIEI%EII |Finished evaluating
RacerPro 2.0 running on localhost 3033 [caze: preserve] - 2
Arguments of owl-read-file| Fertig T3 [KE-MAME} ([LOCATOR) RECURSIVE IGNORE-IMPOR Function Don l ’ e e l
Sel. Concepts = Last Result Sel. Roles = Last Result Sel. Individuals = Last Result
Clear Selection Clear Selection Clear Selection
show Manual || Saveshel. || Clarshen || FulReset || newestor || openinEdtor.. || Los. || eut || stutdown RacerPro & Guit
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End of Presented Material...

... due to a lack of time I couldn't
present the remaining material but
I am including the slides here anyway.
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,SemWeb“ Development with Racer

e RacerPro is a server: 2 sockets / ports
— 8088 TCP Lisp syntax (— Porter) a\so“ware Pro tge
- 8080 HTTP XML (DIG) : W R
- file IO
— approx 1000 API functions ¢

e RacerPro remote

— LRacer for Lispers
(ACL, Lispworks, SBCL, CLiS
— JRacer for Java
— unicode (UTF8S)
 DIG, OWLIlnk, OWLAPI

13.09.2009 Michael Wessel 38




LRacer for Lispers

(enable-lracer-read-macros)
(full-reset)
(define-prefix "people"
"http://cohse.semanticweb.org/o
(owl-read-file "people+pets.owl")
(abox-consistent?)
(taxonomy)
(concept-synonyms #!people:bottom)
(retrieve (7x ?7y)
(and (7x #!people:person)
(7x 7y #!people:has_pet)))
(instance #!people:betsy #!people:ma

Size: > 1000 API
functions / macros
« HAS to be
generated automatically
Some roblems with
UTEFS8 socket streams
on different Lisps
ACL ,,modern Lisp*
e Racer is case
sensitive ,,mlisp*
e LRacer: maybe ,,alisp*
e NIL & nil
e conversion required!
... but for which
symbols? depends
on packages!
w1th-macros...

(abox-consistent?)

13.09.2009
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JRacer for Java Developers

* Automatically generated

RacerClient racer = new RacerClient(ip,port); e Strings or ArrayLists
try { for S-Expressions — generics,
racer.openConnection() ; structure iteration
racer.fullReset$();  Typecasts and runtime
racer.owlReadFile$ (peopleAndPets); checks not avoidable...
boolean consistent = racer.aboxConsistentP(); '« [JTFS
RacerResult res2 = (RacerResult) e Java ellipsis for

racer.racerAnswerQuery$ (" (?x ?y)",

&rest, &ke
"(and (7x #!:person) (7x 7y #!:has_pet))"); . J

* overloaded methods for

, , &optional a b
if (res2 instanceof RacerSymbol) {

System.out.println("No instances!"); * with-... macros
} else { e > 3000 Java methods

for (RacerList<RacerList<RacerSymbol>> bindings :
(RacerList<RacerList<RacerList<RacerSymbol>>>)res2) {
for (RacerList<RacerSymbol> binding : bindings) {
for (RacerSymbol varval : binding) {
System.out.println(varval) ;

33
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DIG & OWLlIink — XML-over-HTTP APIs

e XML over HTTP-based

— 8080 port of RacerPro
— AllegroServe / CL-HTTP
— DIG used by Protégé 3.x

ontology editor
e OWLIlink

— successor of DIG

— we are developing an
S-Expression over HTTP
(instead of XML messages)
binding for the protocol
(idea: turn OWL functional syntax into S-Expressions)
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The OWLAPI Java ,,.SemWeb* Framework

e An important Java framework | software (Prog.,
. . ) Q
for SemanticWeb programming @4_@"\“ oW oy Ry,

(sitmilar to Jena for RDF, ...)

e Basis of Protége 4.x

handles reasoner access

RacerAdapter required

RacerReasoner adapter
& Protége plugin developed
and provided by Olaf Noppens
from Ulm University

required an entirely new Racer-API
(Racer-OWLAPI) in order to make the
adapter work (have to support the core OWLAPI abstractions)

13.09.2009
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Graphical OWL2 Modeling with Protégé 4

File Edit Ontelogies Reasoner Toels Refactor Tabs Wiew Window Help

<a| |® people (http://cohse. semanticweb. orgfontologies/people) v| ml

rActive Ontology rEntities r Classes rﬂbject Properties r Data Properties r Individuals rDWL\r‘iz rDL Query r—l

F Infarred class hierarchy | r Class Annctations |/ Class Usage |
Asserted class hierarchy | Annotations: old lad
Asserted class hierarchy: old MBEE Py
EIE @ comment
v-@Thing
----- S Axiom_2 label
v-@adult
- Sdriver
Y.elderl}' Rules
- Sold_lady
—Sgrownup
» S man
. e_woman Equivalent classes
h:l.gg:jrgal Delderly
_____ @ brain and female
p--@company and person
----- @dog
.""'.female Superclasses
""" ©haulage_worker @ has_pet some animal
----- Dleaf and has_pet only cat
B @male
----- Spet
’_ . plant |I1fEI'I'EE| ANonyMmous SLI|JEI'C|BSSES
- @ publication @ eats some Thing
k- @vehicle
L@ white_thing
Membears
»- @young
Disjoint classes
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Graphical OWL2 Modeling with RacerPorter

':Display (& Create Mew) Axioms of Type 0

r

i

|| Classic Layout V < |5/5

Active Profile 4: Localhost / Big TBoxes, Big ABoxes

MNamespace #:, %)

Profiles | Shell TBt_:-xes ABoxes| Concepts | Roles | Individuals | Assertions Axioms :"I"ax_onomy Rﬁle Hierarchy | ABox Graph | Query 10 | Queries + R_l_lles_' Def. l[_)l_l_erig_!; 3 ___’ |

7 Il . X

http://cohse.semanticweb.org/ontelogies/peo

ﬁ" Edit SubClassAxiom (ID: 197}

TBox (%) z:/KBs/people+pets.owl ABox Ma™)
Concept ("™ 0 Rale (*r7
Individual (%) 0 Axiom (Tax
CQuery / Rule (mgor) Definition (7]
Reasoner Container ("ar™) z:/'KBs/people+pets.owl Ontolagy ©
Request 43 : (all-roles |z:/KBs/people +pets.owl|)... Response

Concept Description for Attibute SUB-CLASS of Axiom 137
Hl:old_lady

Auiomn Type & Attribute Type

‘|[axTom Cabstract) T [ L1 subClassaxiom

' _LDadgd Axciom %Abstract) =10 SUB-CLASS Lot fisne

|| _unloaded axiom (abstract) 191 SUPER-CLASS #:old_lady
_Importsbeclarationaxiom e ; Roe
_Prefixpeclarationaxiom 1452 Disjointclassesaxiom nole

||| _ontologyversionbeclarationaxiom L 192 DESCRIPTIONS #1: diives

] _patatypebefinitiondxion

Jl_Legicalaxiom (abstract) 1885 EquivalentClassesaxiom  |[Concept Constructor

| _Haskeyaxiom 196 DESCRIPTIONS i

|| _classaxiom (abstract)

|| __subClassaxiom 23> 197 << subClassaxiom

Concept Description for Attibute SUPE F-CLASS of Axiom 197

[and [all #:has_pet #!:cat)
[zome #1:haz_pet #1:animal]]

| EquivalentClassesaxionm >rx 197 <<< SUB-CLASS
— Dbisjointunionaxiom »»> 197 <<< SUPER-CLASS
pisjointClassesaxiom . .
| —Tndividualaxiom Cabstract) 195 EquivalentClassesaxiom
|| —Classassertionaxciom 159 DESCRIPTIONS
| SameIndividualsaxiom r Z
| miffarantTndividinalcaviom 1 I Bl
Search & Select o7d Clear Selection
Ontology Comainer; http:ﬂcohse.semanticweh.DrgfontnlngiesfpiV'| Dispose Ont, H ey

Reasoner Container| z. /KB s/people+pets. owl |~|| Dispose Re

Inifar

Concept Mame

bottom

1 7 Cowl-read-file "z:/kBs/people+pets.owl” maintain-owlapi-axioms t)

reading ontology z:/KBs/peopletpets.owl...
puplicate definition Cnot (or Cor |http://cohse.semant"lcweb.or?/onto'lo jes/pea

ple#part_of | |http://cohse.semanticweb.org/ontologies people#plant| i3] for |hi
ormed Tnto Two GCIs.

Rile
#l:diives
Concept Congtructor

and

Reading aontology Z:XKBs,fpeo[f'Ie+pets.Dw'l dane.
[1] = z:/KBs peopletpets. ow

L ﬁK Cancel

. Comp.

equest _

ranim

as_pefy]

Byioms :

s /peo!
rranst!
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RacerPro Extensibility

e MiniLisp
— ad-hoc server extensions (API function missing?)
— executed on the server (no communication latency — fast)
— user-defined query predicates

— report generation, programmatic knowledge base creation
(,,Sudoku Grid*), ,,Racer scripting*

e Plugin mechanism

— create a FASL file with AllegroExpress, convert it into a plugin
— server extensions possible (hook mechanism)
— ,.at our own risk®, full access to Racer internals, ....

— faster & more general than MiniLisp, but not ,,ad hoc*
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MiniLisp 1n a Nutshell

e A simple ,,Lisp 1 Lisp in Lisp* (own evaluator)

* Motivation: termination safe & simple (important if used in queries!)
— total recursive functions

» Basic datatypes and operations (both borrowed from CL) for
— lists, numbers, symbols, characters, booleans, basic 10 streams
— no cyclic lists

e Control structures (mostly borrowed from CL)

— bounded loops, structure mapping (no cyclic lists)
dotimes, dolist, maplist, maptree,

- 1f, when, unless, cond,

defun and def par, def con

— recursion always aborted at runtime (stack inspection)
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MiniLisp 1n a Nutshell (2)

* No macros
e All RacerPro API functions / macros callable (macros treated as functions)
e setqg (incf, decf), butno generalized variables (prevent cyclic lists)
e No closures
— 1mpossible
((lambda (x x) (x x)) (lambda (x x) (X X)))

— (built-in) higher order functions have to be special forms
(maplist (lambda (x) (1+ x)) '"(1 2 3))

e cvaluate

- butno (evaluate .. (evaluate ..) ..)

Quote, backquote, ...

e Claim: covers 99,99% of the typical ,,Racer programming* cases!
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Benefits of Lisp

e Racer could have been implemented 1n another language...

— ... but some Lisp-features are especially valuable here

- ,,standard arguments* (GC, closures, ...) apply to may languages
nowadays (Haskell, Phython, Ruby, JavaScript, F#, ...)

e Merits of functional programming

— Racer tableaux prover (= system core / kernel) was implemented in a
functional style (seems natural)

— good for debugging
— but problems with stack size someday

* switched to closures for representation of backtracking context
(,,continuation-passing style®)

* implementation didn't break although this was a drastic change in
the system architecture — flexibility of Lisp
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Benefits of Lisp (2)

e Ability to concisely represent and conveniently manipulate
complex expression

structured literals

you don't want

expr.add(new this(,a"%) .add(new that(,b"%)));

ArrayLists:[,a% ,,b"]

S-Expressions were invented for symbolic computation
— perfect

S-Expressions for the front-end syntax
(things get encoded later)

... LOTS of operations deal with front-end syntax only

13.09.2009
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Benefits of Lisp (3)

e Abstraction

— W3C standards such as OWL2 are still a moving target

 a very flexible basis is needed / prototyping

e decouple implementation from standardization ;-)

transform OWL (SPARQL, SWRL, ...) into that representation
(but keep the original representation)

— Lisp allows you to defer decisions

no static typing (no extensive ,,type‘ or class hierarchy refactorings)
no tight data structure (class hierarchy) / operations coupling
— operations can be combined in a more flexible way

macros can save you a LOT of refactoring time
(change the macro, keep the code!)

,,open‘ method / function signatures / delegation chains:

(defun f£1 (.. &rest args &allow-other-keys)
(apply #'f2 args))))

13.09.2009
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Benefits of Lisp (4)

* Reflexive / introspective qualities of Lisp

- meta-information 1s always there
within the SAME environment (— synergy effect), e.g.
e racer-defun does many things in one place:

— registers the function for the server listener

— creates LRacer & JRacer stubs based on lambda list

— creates code for RacerPorter to support completion, ...
e defowlaxiomclass

— creates the axiom editor CAPI dialogs for Porter by
.inspecting* its slots, conjoining appropriate CAPI code
for the different attributes

* ,.data driven meta programming

— Lisp allows a very small company (us!) to survive
W3C Semantic Web standards ;-)
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Drawbacks of Lisp

e Lack of,,(quasi) standardized* frameworks / solutions

— and quality of the existing frameworks probably not as good as in
the Java world (MUCH less developers are using them on a daily

basis)

e Java < Lisp ,,in memory‘ integration still very hard

- e.g., very nice graph layouters 1n Java
— Java developers get much more for free
— Lispers have to work harder: more hand-crafted solutions
* Language too old (?)
— unicode sockets, custom streams (e.g., gzipped streams), ...

* GC 1s a big plus, but very hard to control sometimes (for large
KBs)
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Exploited Lisp Frameworks

CL-HTTP (John Mallery) / AllegroServe
- owl-read-document (HTTP client)

e owl:Import (downloads an ontology from the web)
- DIG / OWLIink server

Wilbur (Ora Lassila)
— basic RDF processing
e AllegroGraph

- SPARQL parser & triple store for RacerPro

e Lispworks CAPI and Lispworks editor

— for RacerPorter / RacerEditor

— thanks to Martin Simmons for great CAPI support

13.09.2009 Michael Wessel
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How do I get RacerPro ?

e WWW.racer—-systems.com

there 1s the 2.0 preview version

— no license required

— to be finalized soon

e A recent research project
which uses RacerPro:
WWW.boemie.org

Thanks!

Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

B

o - 2 O @ A ntpswwwracer-systems.com/de/index phtmi?lang

.l i
K @
'|| T )

{5 Meistbesuchte Seiten~ FopenSUSE » s Cetting Started [ELatest Headlines~  FMoxzilla Firefox +

|H Racer Systems GmbH & Co. ... | & -

-

-nacer—{ProdukteHDownlaadsHUber unsHAktuellesHKDntaktHlmpressum'—
Home |

Produkte
Services
Technologie
Unternehmen
Website

HacerPro 2.0

pre-release version
available now!

Alle Untermentiis zeigen

RacerPro,
der OWL Reasoner und Inference Server fiur das Semantic
Web,
ist jetzt als Vorschau-Version 2.0 verfiigbar!

Die Vaorschau ermdglicht Ihnen einen Einblick in alle neuen
Funktionen, die fr die kommende offizielle Version von RacerPro
geplant sind, z.B. die Unterstitzung von aktuellen W3C-Standards,
neuen Schnittstellen zu beliebten Entwickiungswerkzeugen und weiter
verbesserter Verarbeitungsgeschwindigkeit. Wir machten alle unsere
Kunden und Anwender van RacerPra einladen, die Vorschau auf
Version 2.0 fur ihren Einsatzzweck zu testen!

Vor dem Herunterladen kénnen Sie sich einen Uberblick iiber
das System verschaffen und eine ausfiihrliche Eeschreibung
der neuen Funktionen nachlesen. Alles weitere finden Sie
unter der Einstiegsseite zur Preview-Version (nur in englischer
Sprache).

Die aktuelle offizielle Version von RacerPro ist derzeit noch die
Version 1.9.0, aber wir planen eine Fertigstellung der Version 2.0
wahrend des Sommers 2009. Zwischenzeitlich kdnnen Sie die
Vorschauversion evaluieren — auch ohne persanlich bei uns registriert

zu sein: Die Software enthalt eine bis zum 31. Oktober 2009 giltige

% Sueren: ETCT + Autverts # Abwerts

Fertig

Hervorheben [ Grok-MKleinschreibung @ Aust
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