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- Heterogeneous data

Triple Stores of:

soclal and historical
events

Cultural Heritage Semantic Networks

composite structure
diverse semantics

multiple kinds of
relationships
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NG A Global Schema: The CIDOC CRM

Extensible core ontology
- More than 150 classes
- More than 250 properties

- Museum disciplines, archives and
libraries
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Fundamental Categories and
Fundamental Relationships*

Sl
)

Fundamental
Categories Query Layer:
and —>
Relationships Simple Data model

(FC-FR)
t deductions

Storage Layer:

CIDOC-CRM —
Complex Data model

*Katerina Tzomanaki, Martin Doerr, “Fundamental categories and relationships for intuitive querying CIDOC-
CRM based repositories,” FORTH technical report TR419, Tech. Rep., 2012.



select distinct $Thingl $Label Traditional Way

{
$Thingl rdf:type crm:E70.Thing.

optional{$Thingl crmdig:L4F.has_preferred_label
$Label.

Hoptional{

$Thingl crm:P130F.shows_features
}}UNION
{optional{
$Thingl rdf:type
$Thingl cr

$Information_Object.
:P67F.refers_to

ingl crm:P67F.refers_ to  $Thing2.

UNION{
$Thingl crm:F1F.is_derivative_of $tmpThing2.

$tmpThing2crmdig:L11B.was_output_of
$DigMachEventX2.

$DigMachEventX2 crm:P9B.forms_part_of  $Z1.

FC-FR Framework

Querying with FC-FR

E70.Thing -- (F3.is_same_as)0nl->E70

E70.Thing

.Digital_Machine_Event--
(P9B.forms_part_of)on >
D2.Digitization_Process --
L1F.digitized -> E70.Thing --

20 Tl

(F4F-is gomposed_of o=t 70 Ttimn
Y _

Thing “is about or refers
tO”

What the end user sees




SPARQL vs FC-FR

1 select distinct $StartVar $Label {

2 $StartVar rdf:type crm:E39.Actor.

3 optional { $StartVar crmdig:L4F.has_preferred_label $Label. }{

4 sStartVar crm:P187B.is_current_or_former_member_of $var22.

5 { $var22 crm:P62B.1is_depicted_by $var23.}

3 UNION{ $var22 crm:P62B.is_depicted_by $tempvar24.stempvar24 crm:P46B.forms_part_of Svar23.}
7 { $var23 crm:P1@8B.was_produced_by $var24.}

B UNION{ $var23 crm:P1@BB.was_produced_by $tempvar25.$tempvar25 crm:P9B.forms_part_of $var24.}
g { %var24 crm:P7F.took_place_at $Endvar.}

18 UNTION{ $var24 crm:P7F.took_place_at $var25 . $var25 crm:PBYF.falls_within $Endvar.}
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12 UNION {

13 {sStartvar crm:P62B.is_depicted_by Svarl9.}

14 UNTON{$StartVar crm:P62B.is depicted by Stempvar2@.$tempvar20 crm:P46B8.forms part of svarl9.}
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E39.Actor--(P1@7B. is_current_or_former_member_of) [@,n]-> E39.Actor:
{ E39.Actor -— P62B.is_depicted_by -» E24.Physical_Man-Made_Thing:
{ E24.Physical_Man-Made_Thing —- (P46B.forms_part_of) [8,n] -> E24.Physical_Man-Made_Thing:
{ E7®8.Thing-- {P53F.has_former_or_current_location OR P54F.has_current_permanent_location} -= E53.Place:
{ E53.Place --( P89F.falls_within)[®,n]l-> E53.Place }
OR E24.Physical_Man-Made_Thing -- P1@EB.was_produced_by -» E12.Production:
{ E12.Production --(P9B.forms_part_of)}[@,n]-> E5.Event:
{ E5.Event -- P7F.took_place_at ->E53.Place:
{ E53.Place --{ PBAF.falls_within)[@,n]-> E53.Place }}}}}
OR E39.Actor -- PG7B.is_referred_to_by -> EB9.Propositional_0Object:
{ E73.Information_Object -- P94B.was_created_by -> E65.Creation:
{ E65.Creation --( P9B.forms_part_of)[@,n] ->E5.Event:
{ E5.Event -- P7F.took_place_at -»E53.Place:
{ E53.Place --{ P89F.falls_within)[@,n]l-> E53.Place }}}
OR E73.Information_Object -- P12BB.is_carried_by -=> E24.Physical_Man-Made_Thing:
{1 E24.Physical_Man-Made_Thing -- {P46B.forms_part_of) [@,n] -» E1B.Physical_Thing:
{E7@.Thing -- {P53F.has_former_or_current_location OR P54F.has_current_permanent_location}-> E53.Place :
{E53.Place --{ PBOF.falls_within)[@,n]l-> E53.Place }}}}

43 UNION {
a4 sStartVar crm:P67B.is_referred_to_by $var5.
45 { $var5 crm:P94B.was_created_by $var6.}
46 UNION{ $var5 crm:P94B.was_created_by Stempvar7.$tempvar? crm:P9B.forms_part_of $varé.}
47 { $var6 crm:P7F.took_place_at $Endvar.}
48 UNION{ $varé crm:P7F.took_place_at $var7 . $var7 crm:P89F.falls_within $Endvar.}
¥

58 UNION {

51 sStartVar crm:P187B.is_current_or_former_member_of $var2.

52 { $var2 crm:P62B.1is_depicted_by $var3.}

53 UNION{ $var2 crm:P62B.is_depicted_by $tempvard.$tempvard crm:P46B.forms_part_of $var3.}

54 { %var3 erm:P53F.has_former_or_current_location $Endvar.}

55 UNION{ $var3 crm:P53F.has_former_or_current_location $vard . $vard crm:P89F.falls_within $Endvar.}
56

57 UNION {

S8 {sStartVar crm:P62B.is_depicted_by $Svar@.}

59 UNION{$StartVar crm:P62B.is_depicted_by Stempvarl.s$tempvarl crm:P46B.forms_part_of $vard.}

60 { $var@ crm:P53F.has_former_or_current_location $Endvar.}

61 UNION{ $var@ crm:P53F.has_former_or_current_location $varl . $varl crm:P89F.falls_within $Endvar.}

63 ¥




PROBLEM
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Data Access Challenges

Semantic Web data

« Accessing data is a challenging task
« Difficult to train users to write complex or comprehensive queries
« Simple predefined sets of queries need specializations

» |T experts have to be involved
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Write validate and Incorporate
Predefined create SPARQLSs in Query
Relationship SPARQL the querying

Paths’ language FR configuration Querying Querying
tool component component

\ } \ /

| |

administrative user end user



Text-based Editor




Check Validation

File Special Cases General Actions

Query Path
E

ET0OThing -- (FAB is_component_of[d,n] -= EYO.Thing: {E18.Physical_Thing -- {PA3F has_former_of_current_locatior
-k J T

| validate J | Check SubRelationship J | SPARGL J | IVBTemplate J

Results
’

Yalidation is Qkl

ET0.Thing--(F4B.is_component_of[0,n]-=E¥D.Thing
E18.Physical_Thing--{P53F has_farmer_or_current_lacation OR PS4F has_current_permanent_local
E53.Place--(P39F falls_withim[0,n]-=ES23.Place

;l

Clear |




Report An Error

File Special Cases General Actions

Query Path
N
‘E?D.Thlng - (F4B.Is_component_of)[0,n] -kES3.Place: {B18 FPhysical_Thing - {(PS3F has_former_or_current_locatio
- J e

| validate | | CheckSubRelationship | | SPARGL | | WBTemplate |

Yalidation Errorl

You have used ES3.Place instead of ET0.Thing as range variable

for the predicate: F4B.is_component_of .

Ifyou really want to use ES3 Place instead of EF0.Thing

add this case in the mulli-instantiation file, by using the menu button: “Add Multi-Instantiation case”




’4&\?

Need for New Querying Technigues

Semantic Web data

Information need

» Access to IT experts is a bottleneck
» Understanding both domain and data takes years of training
 Difficult even for IT experts to write complex queries
» Wait days for response from overloaded IT department
» Misunderstandings can lead to several iterations
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Visual Representation of Queries

User Interface query formulation techniques:
Graphical representations of query
User friendly representation of language
Menu-guided interfaces with look ahead mechanisms

Existing Tools:
Nitelight
VIQUEN
visKWQL

Drawbacks:
Dependency on SPARQL knowledge
Dependency on knowledge of schema structure



Nitelight

LIn-Bound Variable
|

Bound Variables
foaf:mbox |

SPARCL EXAMPLE |

SELECT & f
--
WHERE |
{ ¥
[foaf:name|
}
4 '\
|

| Litaral Predicate

regex: AlN

Un-Bound Variable Literal Predicates
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E70.Thing -- (F3.is_same_as)®"->E70.Thing:
E70.Thing--(F4F.is_composed_of) [0

E24.Physical_Man-Ma epicts->
E70.Thing

OR

E24,
#efers_to ->

1F.is_derivative_of)onl ->
~Object -- L11B.was_output_of ->

#Digital_Machine_Event--
(P9B.forms_part_of)on ->
D2.Digitization_Process -- L1F.digitized ->
E70.Thing -- (F4F.is_composed_of) [Nl ->
E70.Thing

Visualizing Querying with FRGE

E70.Thing

E70.Thing

E70.Thing

! E73.Information_Object |

i E24.thsicaI_Min—Made_Thing |

{E24.Physical_Man-Made_Thing|

| ES.Event | | ES5.Event | {E24.Physical_Man-Made_Thing!

it

i N N I
1 E24.Physical_Man-Made_Thing |

}

! E12.PrTuction

E12.Production !

|

ES.Event




Contributions

Approach:

Simple syntax to write path expressions - machine and human
readable

Graphical editing and online validation

Graphical visualization for better comprehension
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IMPLEMENTATION



Implementation Challenges

Three major challenges of implementation

Import Process
Modeling the new language (Paths’ Language)
Develop a parser able to recognize the new language
Convert from path language to graph
Editing Process
Presentation capabilities
Editing capabilities
Set the constraints for valid path composition
Base platform ready to accept extra plugins
Export Process
Modeling the decompose process of the graph
Develop an export mechanism



Implementation

Parser
Fundamental Relationship Graphical Editor (FRGE)
Export algorithm
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5 Paths’ Language Grammar (1/2)
Triple
—>[ Subject ]—>[ ]—>[ Predicate ]—>[ ->7 ]—>[ Object ]—>
Subject / Object

>[ word }
Predicate
of word }

(e o T




Paths’ Language Grammar (2/2)

Expression

P e




Implementation

Parser
Fundamental Relationship Graphical Editor (FRGE)
Export algorithm



Portability

Easy to transfer

The FRGE is implemented in Java version 7
Cross platform
Independent from hardware

Embedded server
No need for internet connection
Apache Tomcat 7.0.39



FRGE
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Select Server and Repository

800 Query Formulation Tool
File Edit Tools Help
. @ P . —— 7 .. 2
< E8 EB I e : o100 % = B S
E_ E@KEEUMORedo"E + & i \r_
iGrapha‘J]
Server Selection
(®) Embedded Server
Ip: localhost
Port: 2525
) Repaository Mame: tstl
[ Hide (_) Remote Server

IP :
Port :

Repository Name :

Exit |

' Connect '




First View

103 5 — s —— __Query Formulation Tool
File Edit Tools Help

_ 5 P ETTYTR s
" : VG PATH [ SPARCLEN : 100 % [=] - . i J

fo ODED e @R OX O Gy, e X =& 5k “ 2
Graph 0

[ Hide J




Nothing to Type

8 00 Query Formulation Tool
File Edit Tools Help
; T i
BN i [l svc [l PaTH MsparoLlE PR C100 % (=] g L
E'; ;@Kﬁgumﬂnedox; ® =& 5 J\;@ \g

Graph 0 All Classes of Schema | Q, .

Values |

i
N E1.CRM_Entity a
E2.Temporal_Entity T
E3.Condition_State
E5.Event

E6.Destruction
E7.Activity
E8.Acquisition
E9.Move
o v E10.Transfer_of_Custod
ISUbJec”ObJECtI E11.Modification §
|l| E12.Production
E13.Attribute_Assignment
El4.Condition_Assessment
E15.ldentifier_Assignment
— E16.Measurement
E17.Type_Assignment
E18.Physical_Thing
E19.Physical_Object
E20.Biological_Object
E21.Person
E22.Man-Made_Object
E24.Physical_Man-Made...

E25.Man-Made_Feature -
F2f.Phvsical Feature b}

AN J sl Apply ]
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Information About Graph Elements

Selected Class: E7Z0.Thing

Class Comments

Super Classes

Sub Classes

This general class comprises
usable discrete, identifiable,
instances of E77 Persistent ltem
that are documented as single
LINits.

Thnmns mmm b skl me imen o —tom |

E77.Persistent_ltem
E70.Thing
ELl.CRM_Entity

T e T

E71.Man-Made_Thing
E72.Legal_Object
E70.Thing
E18.Phvsical Thina

e




X Auto Triple Complete

. NN F— - _Query Formulation Tool
File Edit Tools Help
\ - e —
- svG [l PATH MISPAROL] - 100 % = B * A
Po 06D ER (k0 B= Pk G AR .

Graph 0

E1.CRM_Entity h

H

- WS 2 T— S——— _ Query Formulation Tool
File Edit Tools Help

o . 6. P 100 % | a

- VG PATH PARQL| 100 % =] + A
7)o OO ED D 0k 0 i x B =2 % B RN

Graph 0

/ | E1.CRM_Entity

/
z.f‘

Subject/Object

Nothing to

>

ELAN
—

Nothing to change

L& -
_ I

i E41.Appellation |

FLEAS

®




Auto Change Object

800 Query Formulation Tool
File Edit Tools Help
~+ a » 00 % |
- PATH [l sPARQL] 100 % = B + d
o 0D ED O @R ke P =2 AR .
Graph 0 Properties [a
4| values |
l:l i P1F.is_identified_by A
/ | . P2F.has_type
/ ! ElCRM_EntIW P3F.has_note
/ P15B.influenced
P17B.motivated -
P39B.was_meas 800 Query Formulation Tool
nain i File Edit Tools Help
Inherited Super Pi - P —
SN Fuc [l svc [l path [l sparall 100 % = g + <l
Values B <0 Undo Redo i @ % i@ AR
ISuhject/Object - - —
P1F.is_identified: [ ; e
— h P rti
||| P2F.has_type Laranh.g . roperties L\‘
P3F.has_note Values
s | - P2F.has_type
P39B.was_meas / | EL.CRM_Entity P3F.has_note
/ ‘ P15E.influenced
Inherited Sub Proj P17B.motivated
I . 1 P39B.was_measured_by
| E41.Appellation | Values P12 e eloeeitin Tt |Y
! P4F.has_time-sp n (o |
PR ol Inherited Super Proper... |
P115F.finishes i . Values \
f P115B.is_finishe| MSubject/Object PIF.is_identfied_by T
| LPLIGFstar | P2E.has_type
P3F.has_note
S— J—e (L e s
_‘ - = P15B.influenced
&)
l J _I—> P39B.was_measured_by =
naie Lo ecifincl b |
Inherited Sub Properties | &,
E7.Activity Values [
P4F.has_time-span &
P114F.is_equal_in_time_to
P115F.finishes
E P115B.is_finished_by
P116F,start
v
FLEE S T, ( Apply ]
@ ]
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N Auto Path Complete

T TR 3 Y Az 2111 T 1] M2 —— -
File Edit Tools Help
P COIEDED Ixp 0 ®

Undo Redo & 100% | = @& B (@ t
[Grapho |

~
i
E E1.CRM_Entity
¥ P ‘
SHONS Query Formulation Tool
File Edit Tools Help
[ : ; F— _
= 7o G3 Ax @ o =% 0% |@= @k (2 =
{Subject/Object; E7.Activity A
|‘. Nothing to change
BN i >
@
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Logic in Auto Complete

800 Query Formulation Tool
File Edit Tools Help
- ] [
- PATH i b B0 % =l & * L
P DD D e ke x &= &5 ¢+ &
Graph 0
800 Query Formulation Tool

File Edit Tools Help

e COIEDE J=<o " P ox

Undo Redo

B0 %

=& 5

TN

Graph 0

| Noth

<

i
| E13.Attribute_Assignment

Il Nathing te change




Query Formulation Tool

Online Validation

File Edit Tools Help

7o GO D N0 B e 0

. 'x 80% |op = @ Ba

: Undo Redo

s+ @

s

E18.Physical_Thing |

l Nothing to change




Delete Action

800 Query Formulation Tool
File Edit Tools Help
o GO D 0 R (K0 e % [ =P ¢+, @
Graph 0 | testerl.path
.
1
I
[
——
= E————— 800 Query Formulation Tool
— File Edit Tools Help
L
—— _— o~ L a 7
. : o GO D D e s oo 7% | = 2 B % 7
ISubJectIObJect ; ® ; . i
| E41.Appellation | { E35.Title | [Graph 0 | tester1.path |
.
1
I
; Y j [y
_I_> i El.CRiEntity ! i E71.Man-Made_Thing | [
e
T | I
L i —
—
ISuhject]Object

E71.Man-Made_Thing !
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 Fie_eai [ Hel

User Individuals

800
List of P

—

crmdi
rdf
rdfs
xsd

URI of s«

http://
RM_CII

800
Search: |

Manage Prefixes

800

Manage Disjoins
Manage Multi-Instantiations

Disjoins

Search:

(Add |

EZ2.Temp
EZ2B.Cone
E41.App
ES1.Cont
E73.Infor
E30.Righ|

Multi-Instantiations

E26.Physical Feature <-> E53.Place
E31.Document <-> E33.Linguistic_Object
E31.Document <-> E38.Image
E33.Linguistic_Object <-> E38.Image
E41.Appellation <-> E33.Linguistic_Object
E6.Destruction <-> E7. ACTivity

| Remove |

|' Close |




Multiple Instantiation

8 00 Query Formulation Tool
File Edn Tools Help
P m @xﬁ"' P x [50% =@k .
Undo Redo :
Graph 0 super/SubClass...

Values

E6.Destruction
E64.End_of Existence
E5.Event

E4_Period
E2.Temporal_Entity
E1.CRM_Entity

|

IMulti- Instantiati... @

Value
E7.Activity

.
E6.Destruction

E39.Actor | |_E7.Activity |

<O J o || Apply ]

=




Schema Map

Schema Map

SVG Export Layout Type:| Hierarchical | ¥| @

'y
,
Classes | Properties

Search

Value

E1.CRM_Entity

=1 | E2.Temporal_Entity
- E3.Condition_State
E4.Period

————— E5.Event

E6.Destruction
E7 . Activity

_B.PhysIEaI_Ohje_cE :

E&.Acquisition
] E9.Move

E10.Transfer_of_Custody

E11.Modification

- o_E20 Biological Object

E12.Production
E13.Attribute_Assignment

e E14.Condition_Assessment

-

|
L= Object < ’__,-—"" E15.Identifier_Assignment

El6.Measurement

N

E17.Type_Assignment

E18.Physical_Thing
E19.Physical_Object
b | E20.Biological_Object
v

E21.Person

"L

Selected Class: E22.Man-Made_Object

I E27 Mam Mada Okinet

e

-l

Class Comments
-

A

Super Classes
-

Sub Classes
-

W

This class comprises physical
objects purposely created by
human activity.

Mo assumptions are made as to the
extent of modification required to

Frietifs wamnedime ne akiaet 0

E19.Physical_Object
E24.Physical_Man-Made_Thing

E84.Information_Carrier
D&.Digital_Device




Implementation

Parser
Fundamental Relationship Graphical Editor (FRGE)
Export algorithm



Path to Be Exported

i’Ez4.Physical_an-Made_Thing'i iESQ.PF_Eg_sitional bject |

| E24.Physical_~‘an-Made_Thing | |E89.Propositional_Object|

| E73.Information_Object |

e —

E12.Pr%duction

] _E_l_'4.thsicaI_M#n-Made_Thing i

E12.Pr_g:|uction

{E24.Physical_Man-Made_Thing|

[E24.Physical Mgn-Made Thing|

: &
E24 Physical Man-Made_Thing)

i E12.Production |




0
0
0
0

oo o1 B

0
NULL
NULL
NULL

0 o W N

Export Algorithm (1/2)

NULL NULL
£ NULL
7 NULL
9 10

)

1
NULL
5
NULL

2 NULL NULL
3 4 NULL
6 7 NULL
8 9 10
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i Export Algorithm (2/2)

One counter for opened brackets

Two position pointers:
First one points to last index of the current path (n row)
Second one points to first filled index of next row (n+1 row)

O:-[l;-[z

OR 3

q
OR s f{ 6 { 7 }
3

OR 8
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EVALUATION



Evaluation Categorization

Division of the evaluation process into the three main categories:
Time to accomplish a task
Correctness of queries

Convenience of navigating and understanding the paths
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NP

NS Time to Accomplish a Task (1/2)

Test queries:
Short query path: 3 levels / 0 branches
Normal query path: 5 levels / 2 branches
Extended query path: 10 levels / 5 branches

Text-based Graphical
Configuration Tool Configuration Tool

Short query path about 5 minutes 2 to 3 minutes
Normal query path 12 to 15 minutes 7 to 9 minutes
Extended query path 50 to 60 minutes 20 to 25 minutes

Time to construct the paths queries using different configuration tool



b G B N S
TR
N

AN
o

Time (minutes)
N w
o o
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Time to Accomplish a Task (2/2)

/

/

/

[

Short query
path

Normal query Extended query
path path

==Text-based editor
—=Graphical Editor
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NS Correctness of Queries

The criteria for this tests are:
Accuracy and comprehension
Correct spelling and path structure

Text-based editor users ran into two kind of errors:
Wrong spelling of classes and properties
Validity of the paths

Graphical editor users:
No spelling errors
No validity errors



(5 ;’; Convenience of Navigating and
P v"'v;? .
N Understanding the Paths (1/2)

Tasks for this test are:
Navigate through specific paths
Understand the paths flow and make small changes correspondingly

Text-based Graphical
Configuration Tool Configuration Tool

Short query path 9.4 9.7
Normal query path 7.6 9.2
Extended query path 4.3 8.5

Score of these tests (0-10)
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Convenience of Navigating and
Understanding the Paths (2/2)

=
o

\

Score(units)

O Fr N W & 01 O N © ©

Short query
path

Normal query Extended query

path

path

-—=Text-based editor
—CGraphical Editor
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FUTURE WORK
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\ i Future Work

Extended validation tests
Connection with instances and immediate stepwise execution
Implement more querying features

Implement extra plugins according to the needs



Contributions

Approach:

Simple syntax to write path expressions - machine and human
readable

Graphical editing and online validation
Graphical visualization for better comprehension

SPARQL avoidance
Time saving
Simplified querying



Demo

Video Demo



Questions?




Thank you!

Thank you
for your attention!



