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Introduction

« Semantic Web

 |nterconnected and distributed data
 Inferential capabilities

« Explanation

* Understanding

* how results are obtained
 the flow of information

e Trust
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“Oh, yeah?” button to support users in assessing the
reliability of information encountered on the Web

- Tim Berners-Lee

Consistent User Interface, W3C Design Issues, 1997

I &zub,- Kolflow Meeting, Nancy, 2012 9/22/12- 3




Contribution

* A brief review of the existing approaches to explanation

in the Semantic Web

 Selection criteria

« Semantic Web applications and publications that
have contribution in the field of explanation

« (Google Scholar keyword search, cited by feature
« ExaCt workshop series publications
« [SWC series publications
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Existing Work
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What is explained?

What are the targets?

How explanations are presented?

How explanations are represented for machines?

How human users interact with explanations?

Trust
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What is explained?

« Information manipulation steps
* Information manipulation operations

* Proof tree of derivations

 Provenance information such as How, When, Who,

Where
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Target

e Human users

* Natural language explanation
« Graphical explanation

« Software agents

« Machine readable descriptions
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Presentation

1. The triple:

2.

3. Siemens AG has positive analyst report: "As Siemens agrees
4. partnership with Novell unit SUSE ..."

5.

6. fulfills the policy:

7.

8. Only accept information from information providers who

9. have received more positive than negative ratings.

10.

11. because:

12.

13. The information was asserted by Peter Smith and

14. Peter Smith received the following numbers of ratings:

15. - 3 positive ratings (see detail 1)

16. - 2 negative ratings (see detail 2)

17.

18. Detail 1: Peter Smith received positive ratings from:
19. - John Reynolds

20. - Mary 0’Conner

21. - Elisa Armstoen

22.

23. Detail 2: Peter Smith received negative ratings from:
24. - Dave Berser

25. - Colin Marwick

26.

WIQA [Bizer, 2007]
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Presentation

=] MrrﬁFnt‘ (foar)
FrontPage is Document because i)
Contentltem is a kind of Document and  (rdfs)
FrontPage is Contentltem and i)
because of rule cax-sco )
wi)

KiWi [Kotowski and Bry, 2010]
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Presentation

street domain SoclalEntity because

street domain User and
User is a kind of SocialEntity and
because of rule scm-dom1l

_ m street domain SoclalEntity because
street domain SocialEntity and
L.lser is a kind of SocialEntity
street subPropertyOf street and

KiWi [Kotowski and Bry, 2010]
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Presentation

Number of explanations to compute

Entailments list (use the down-arrow to Justification type (toggle between (toggle between computing all justifications Add to repair. Ticking a box will
add all unsatisfiable classes) regular and laconic justifications) or specify an upper limit) schedule the axiom for removal
E] . @ Show regular justifications @ All justifications
T No_Justi.. O Show laconic justifications O Limit justifications to
Director subClassOf Employee 2|5
Employee subClassOf Person
ploy 1 Explanation 1 (Entailment 1) [ Display laconic explanation
Student subClassOf Person 1
TeachingAssistant subClassOf Person 1 Bl ST resel Eploee
1) Director equivalentTo Person and headOf some Program 2 0
2) headOf subPropertyOf worksFor 2 ()
3) worksFor subPropertyOf memberOf 1 ()}
4) memberOf inverseOf member 1 0
5) member domain Organization 1 ()}
6) Employee equivalentTo Person and worksFor some Organization 2 ()}
Explanation 2 (Entailment 1) ] Display laconic explanation
Director subClassOf Employee
1) Director equivalentTo Person and headOf some Program 2 O
2) headOf subPropertyOf worksFor 2 O
3) Program subClassOf Organization 1 ()}
4) Employee equivalentTo Person and worksFor some Organization 2 (]
Justification list. Multiple justifications can be shown Axiom popularity - the number of
for multiple explanations by selecting multiple entailments selected justifications that an

axiom appears in

Explaining entailments in OWL ontologies [Horridge et al., 2008]
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Presentation
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Inference Web [McGuinness et al. (a), 2003] [McGuinness et al. (b), 2006] [McGuinness et al. (c), 2008]
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Presentation

JK)T Barack Obama; wrote]| .h‘ & THESEUS

- \\ |';

yvago:Barack_Obama yagowordnet_person

vago: Dreams_from_hy_Father
vago The_Audacity_of_Hope

yago:wrote

@ ®

« @ 1is) @ CEC
EASD/KOIOS [Forcher et al., 2010]
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Presentation

Q

Barack Chama

kplisMappedTo

e 0N
yago:Barack_Obama (0.05)

rofitype

rdftype LG

vagowordnet_person (0.25) yagowardnet_writer (0.56) vagowordnet_politician (0.64)

EASD/KOIOS [Forcher et al., 2010]
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What is explained?

What are the targets?

How explanations are presented?

How explanations are represented for machines?

How human users interact with explanations?

Trust
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Metadata representation

* Proof trees for answers

» Operations used to compute answers

« Different types of provenance information

« Models for how explanations should be presented to
human users

* Trust related information
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Metadata representation

* Proof Markup Language (PML) Ontology
* Proof interlingua

 Justifications: information manipulation steps and
operations

* Provenance information

e Trust information

9/22/12 - 24
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Metadata representation

Inference
Rule

Inference
Engine

haslnferenceEngin:\ /:mslm‘erenceRule

Inference
Step hasSourceUsage

isConsequentOfI 1 hasAntecdent

v

hasAnswer Source
. NodeSet Usage

l isQueryFor 1 hasConclusion \ hasSource

. Information Source
Question
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Metadata representation

BuiltinAssertions
ClosingTheWoaorld
ClosureComputation | — subClass —> dataDependecy
Dereference | ___ | flowdependency
Extraction mitantecedent | SUPFropenty nesteddependency

Eui I““ E:tramin“ R —

RuleApplication

-_—— e

[ Skman e )
air:else

N
pmlp:source

—_—— ——
{ <source-uri= O

pmlj:wvariable
mappin

+ subProperty __Irlput‘uFarIabIeMappinngst

outputVariableMappingList
e _____________________________J&

air:rule = £
builtin subProperty > Emll:oFeratiun
air:Rule subClass > pmil:Operation
<builtin-uri=
T —

——— ——

:mappingTo :res

pmilinputdata
mill:outputdata
- & jors®
- —— nropE GAA.ARS
¢~ {s:pmo} . subPropearty -
e "o
[eubproperyi | ¢ _Instance
LEGEND

Accountability In RDF (AIR) [Kagal et al., 2011]
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Metadata representation

« KOIOS
« KOIOS Process Language (KPL) for describing the
behavior of KOIOS problem solver
 The Mathematical Graph Language (MGL) for

transforming the process model to a graph based view.
« VGL for describing the visualization model
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Metadata representation

EXPL: WIQA describes its explanation trees (parts and
subparts of an explanation) using the Explanation

(EXPL) Vocabulary
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What is explained?

What are the targets?

How explanations are presented?

How explanations are represented for machines?

How human users interact with explanations?

Trust
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Interaction

« Navigation

* Follow-up
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Interaction

JRamazi has an Office SelectGourmetFoods on Aprll_01 2008

3, - Prool - IW - Mozilla Firefox
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Interaction

You asked me to Purchase equipment, and instructed me to Wait for approval
under certain conditions: Always get two approvals when the purchase price
is more than $2500.

Ld Why is Wait for approval not completed yet?
L& When will you finish Purchase equiprent?
Lo When did you learn to do Purchase equipment in this way?

= QOkay, I have no more questions
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How explanations are presented?
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Trust

 [nference Web

« PML Trust vocabulary
e Trust explanation
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Trust

=10/ x|

2 Mozilla Firefox
File Edit View Go Bookmarks Took Help

Gl - i - & L) ) [ ntp://foto.stanford.edu/mediawki-L. 4, 12/index. prp?title=Natural_number: =] © 6o [IGL

navigation

u &N Pags

B Create an accourt or log n

article dizcussion edit hitstoey ru prl

Natural_number Trust Tab

Detailed trust explanation

The former definition is generally used in number theory, while the |atter is preferre I theary and compuler science

MNatural numbers have two main purposes: they can be used for counting (there & 3 apples on the table”), and they can

be used for partial orderesdanaa Cibue ic tha Jed lsenoet citiin tha coluntedt) —
Ffﬂgl‘l‘lﬁl‘lt This fragment has author; Talkle tim and aggregated trust of mm:u.ﬁnutml
-I erle ol The natura e e — Y ’ e e > l. n :.... I I -
colored by be hlarma concaming counting, such s Remssy thasry. ars studied i combinatori
trust value iIstory of natural numbers and the status of zer
Ltgcnd The natural mermbers B sbly had their anging i the word sad t nt 1hings Egimning wath (he Tikse
Color Code trust range The firsl majar advance in abstraction was the use of numeral systeminun | ey | I i
0E-10 z bEa [ 11 I mbers. | mpte the E T (] ) | M du
06-08 ; 1l | l& in detaillplace-valug system based ¢ a it B merals | & |
gi % g: The ancient History of Ancient Eqypt|Eqyptians had a systemn of numerals with distinct hierogiyphs for 1, 10, and all the
0 a —-0.3 powers of 10 up to one million

& stone carano fror nak . dating fram around 1500 BC and na t the Lowwe in Pans_ desicts 276 [ uridreds . 7 _}Id

I VXM o iflow Meeting,

Nancy, 2012
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Perspective
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Infrastructure

Accommodating common data publishing principle

Publishing explanation metadata along with data
using linked data principles

Addressing heterogeneous and distributed nature of the

Web promoting interoperability

W3C PROV-DM data model as an interchange data
model
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rdfs:subClassOf rdfs:subClassOf

+ Ratio4TA', a lightweight = = T

rdfs:subClassOf

rdfs:subClassOf

justifies

vocabulary for encoding

BEELSESEL 2 JustificationAccount
summarizationOf

rdfs:subClassOf

justifications.

rdfs:subClassOf

L L L]
e ‘ \ S p e CI a I I Za tl O l l O tI I e performedsy computed produced derivedFrom

W3C PROV ontology

- interoperability

ReasoningProcess

InputData

SoftwareApplication resultReasoner belongsTo OutputData

contains

rdfs:subClassOf rdfs:subClassOf rdfs:subClassOf

!

Generation

SoftwareAgent

pro

prov:Association

P

derivationReasoner

derivedBy

wasInvolvedInComputing rdfs:subClassOf

[ ——— usedrule _>“__ rdfs:subClassot

rdfs:subClassOf

*http://ns.inria.fr/ratio4ta/
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Target

Level of user expertise should be taken into account

while providing explanation
User profiling
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What is explained?

Semantic Web applications use distributed

Interconnected data in their reasoning process

Explaining network of data used in the reasoning
process, flow of information

How explanations exposing problem solving methods

influence security and confidentiality?
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Metadata representation

Granularity
Provenance
Interoperability

Compatibility with Linked Data
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Presentation

« User expertise

 What's useful and what’'s overwhelming?
« Context-aware data consumption
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Presentation

Summarization

R
o
Dyt

Q
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Presentation

Summarization
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Interaction

What kind of interactions are useful need to be
understood

How to interact established trust?
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Trust

How explanation influence trust in the Semantic Web?
How to capture established trust and reason over it?

Explaining trust itself
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Work in Progress
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Linked Justifications

« Ensuring trustworthiness in Why?
reasoning over Linked Data.

Published as

Explanation of reasoning

Understanding

“Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch. http://lod-cloud.net/”
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# From Dbpedia # Derived
lodapp:datal {
dbpedia:Philadelphia gn:parentFeature geonames:5205788.

lodapp:inputDatal {
dbpedia:Philadelphia owl:sameAs geonames:4560349
dbpedia:Philadelphia rdfs:label "Philadelphia'"@en

}
}

r4ta:justifies

Produces

# Justification
lodapp:justificationl {
# Type declarations

Linked Data Application

# From GeoNames lodapp:justificationl r4ta:justifies lodapp:datal
lodapp:inputData2 { lodapp:justificationl rdf:type r4ta:JustificationAccount .
geonames:4560349 gn:parentFeature geonames:5205788. lodapp:reasoningProcessl rdf:type r4ta:ReasoningProcess
geonames:4560349 gn:name "Philadelphia'"@en . lodapp:corese rdf:type rédta:SoftwareApplication

geonames:5205788 gn:name "Philadelphia County"(@en . lodapp:geoFeatureRule rdf:type r4ta:Rule

} lodapp:resultl rdf:type rd4ta:Result .

lodapp:datal rdf:type r4ta:OutputData
lodapp:inputDatal rdf:type r4ta:InputData
lodapp:inputData2 rdf:type r4ta:InputData

Published as lodapp:derivationl rdf:type r4ta:DataDerivation
# Reasoning process
— lodapp:reasoningProcessl r4ta:performedBy lodapp:corese .
lodapp:reasoningProcessl r4ta:usedData lodapp:inputDatal.

lodapp:reasoningProcessl ré4ta:usedData lodapp:inputData2.
lodapp:reasoningProcessl r4ta:computed lodapp:resultl
lodapp:reasoningProcessl ré4ta:produced lodapp:datal

# Computed result

lodapp:resultl r4ta:resultReasoner lodapp:corese

# Output data

lodapp:datal r4ta:derivedFrom lodapp:inputDatal

lodapp:datal r4ta:derivedFrom lodapp:inputData2

lodapp:datal r4ta:belongsTo lodapp:resultl

lodapp:datal r4ta:derivedBy lodapp:derivationl

# Data derivation

lodapp:derivationl r4ta:usedRule lodapp:geoFeatureRule
lodapp:derivationl r4ta:wasInvolvedInComputing lodapp:resultl
lodapp:derivationl r4ta:derivationReasoner lodapp:corese
lodapp:derivationl r4ta:performedAsPartOf lodapp:reasoningProcessl
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Natural Language Explanations

Graphical Explanations

Navigation using follow-your-nose principle

- ®
$ % i)

Summarization & user profiling
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FOAFConnection
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Kolflow Deliverables

Task 4: Traces and explanations: documenting inferences,

query solving and interactions
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Kolflow Deliverables

Description Due (Months) Delivered (PhD | Due according
Months) to PhD start

State of the art on the different topics addressed in ~ August 2011 (6) May 2012 (11) December 2011

this task
D42 Algorithm to explain basic query mechanisms December 2011 March 2012 (9) April 2012
(10)
D43 Algorithm to provide performance and errors May 2012 (15) September 2012
indicators
D44 Test and evaluation of the alter ego assistant with August 2012 (18) December 2012
regard to the scenarios
D45 Algorithm to explain ontology-based processing October 2012 February 2013
(20)
D46 Algorithm to suggest queries and changes to February 2013 August 2013
queries (26)

Currently in the 14t month of my PhD
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Kolflow Deliverables — Documenting
Inferences

So far

State of the art of explanation in the semantic web(D42)

« Linked Justifications (D41)
 Ratio4TA vocabulary

Platform for publishing and consuming justifications

Work in progress

«  Summarization (D45)

*  Finding patterns in justification RDF graphs
» Partitioning justification RDF graphs for creating summarized graphs

User Interfaces with the support of visualizing summarized explanations (zooming
in, zooming out)

»  Scenarios: DBPedia.fr (RDFS type inferences), FOAF

I &z'zzb,- Kolflow Meeting, Nancy, 2012
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Kolflow Deliverables — Documenting Query
Solving and Interactions

Future

«  Explanation of ontology based processing (D45)
* Explanation of RDFS inferences in SPARQL query results in Corese SPARQL

Engine

«  Performance (D43)
« which part of the query failed most often
* where is most time spent in solving a query
* Looking into DB community work in query performance indicators

*  Query suggestions (D46)
* Use the performance indicators for suggesting improvements

* Interacting and propagating trust
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Kolflow Deliverables

Description Due (Months) Delivered (PhD | Due according
Months) to PhD start

State of the art on the different topics addressed in ~ August 2011 (6) May 2012 (11) December 2011

this task
D42 Algorithm to explain basic query mechanisms December 2011 March 2012 (9) April 2012
(10)
D43 Algorithm to provide performance and errors May 2012 (15) Delay (August September 2012
indicators 2013)
D44 Test and evaluation of the alter ego assistant with August 2012 (18) December 2012
regard to the scenarios
D45 Algorithm to explain ontology-based processing October 2012 Next (December  February 2013
(20) 2012 ->
Summarization,
April 2013 -
>SPARQL)
D46 Algorithm to suggest queries and changes to February 2013 August 2013
queries (26)

Currently in the 14t month of my PhD
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Thank you
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