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@ Motivation: data integration and exploration problems
© Predihood: predicting neighbourhoods’ environment
© GeoAlign: spatial entity matching for Points of Interest
@ Abstra: first-sight overview of a dataset

© Pathways: efficiently finding interesting paths

@ Systems developed

@ Conclusion
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@ Motivation: data integration and exploration problems
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I N R LR - o-vloration and integration
Data exploration and integration

Structured data models:
@ Relational databases

o Tables @

yelp-}c
Semi-structured data models: 28
GitHub o \/
@ XML documents O @/ 'V‘
MedlinePlus
@ JSON documents Publmed
e RDF graphs daligouv:fr

o Property graphs
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Motivation: data integration and exploration problems Data exploration and integration

Data exploration and integration

Structured data models:

@ Relational databases

o Tables [ .
yelp=t
Semi-structured data models: Ve
GitHub &
o XML documents 0 o Iy
- MedlinePlus
@ JSON documents PUblmed

o RDF graphs
o Property graphs

dalul.gouv: fr

Dataset exploration and integration is hard: large, complex, irregular
Today’s menu: focus on cartographic and semi-structured data
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© Predihood: predicting neighbourhoods’ environment
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Predihood: predicting neighbourhoods’ environment

Motivation: heterogeneous data is everywhere

/Name: Jane Doe
Job: French investigative journalist a

~

Sex: F AP "

Birth city: Paris

Residence city: Lyon A

Wishes:

Learn Lyon neighbourhoods [BDF " 21] Aggregate city-level data

Visit Lyon's monuments [BDFM19]

Explore new datasets for her investigations [BMU24]
Reveal undeclared conflicts of interests [BGLM23a]
Skills:

Excel: % * %k Word: * x %
\Rel. databases: % Semi-struct. data: N/A

/
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Predihood: predicting neighbourhoods’ environment Neighbourhood environment prediction

Neighbourhood environment prediction

INSEE (French National Institute of Statistics)

o IRIS: small geo unit of 5K inhabitants (50K IRIS in FR)
@ For each IRIS: 600 quantitative features

— No high-level description of neighbourhoods’ characteristics
— Too many features for prediction

Populatinen Pop0-2ansen Pop3-5ansen PopE-f0ansen Pop 11-17ans
RIS Libellsde RIS 014 (princ) 2014 (rinc) 2014 (princ) 2014 princ)  en 2014 (princ)

RIS LBIRIS P14_POP  P14_POPO002 P14_POPO30S P14_POPOGI0 P14_POPTI1T

S Bo2640601  Bellerocn are an 2n 02 s
692650000 Ville-sur- non irisée) 831 28 35 70 9
Bozs60101 Cha ase7 168 10 1 m
692660102 Char 4908 218 169 220 337
692660103 _Char 5616 174 195 245 352
692660201 1Dou 2550 3 o o 27
¥52660202 OnzoNovemrs 2987 o7 Ed & 7
802660201 Tonkin-Su sase 202 199 251 o
692660302 Espe entral 3181 188 126 175 191
Bozse0401 Singrad o 0 o o o
692660402 Tonk jest 2254 107 9 174 210
692660403 2309 102 83 93 151
Bo2600501 CrocLuizotuest as24 2 2 a 17
692660502 Croi st 2382 7 38 44 116
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Predihood: predicting neighbourhoods’ environment Neighbourhood environment prediction

Neighbourhood environment prediction

INSEE (French National Institute of Statistics)
o IRIS: small geo unit of 5K inhabitants (50K IRIS in FR)

@ For each IRIS: 600 quantitative features

— No high-level description of neighbourhoods’ characteristics
— Too many features for prediction

ey .
= opulation en  Pop 0-2ansen Pop 3-5ansen Pop6-10ansen Pop 11-17ans
L) B ChX A 2014(princ) 2014 (pinc) 2014 (pinc) 2014 (princ)  en 2014 (princ)
RIS LIBIRIS P14_POP  P14_POP0002 P14_POP0305 P14_POP0610 P14_POP1117
Goeh | 892640601 Ballroche 73 a0t 21 2 a5
692650000 Vile-sur-Jamioux (comm sée) 831 2 3 ) 91
~ 5692660101 Chamates 3s67 168 103 181 ”
@:’*'—‘.\ 92660102 Cha 4908 21 169 20 37
SIS | it e e iss Y p
&N ) 92660201 Dou 2559 3 o o 2
. o Sy 1692660202 Or o 2087 07 50 67 78
g R Bo2600301 Tonkin-Sud iass 22 19 251 s
{ i N> 862660002 Espace-Ceniral atet 168 125 175 01
) % B92660401 Stalingrad o o o o [3
Heas ] st 2254 107 9 s 210
\ 2300 102 & ) 151
X st 3624 2 2 3 1
892660502 GroixLuizet€st 232 ) 3 “ 116

Research contribution

Predict automatically the environment of a any French neighbourhood,
based on cartographic and city-level data
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Predihood: predicting neighbourhoods’ environment From raw features to environmental variables

From raw features to environmental variables

Six environmental variables, defined with sociologists
@ From hundreds of raw quantitive features, e.g., number of parks

@ To few qualitative environmental variables, e.g., the landscape

Building type‘ Usage ‘Landscape Social class | Morphology | Geography

Social housing | Housing Urban Lower Central Centre
Mixed Shopping | Green areas | Low middle Urban North
Towers Other Forest Middle Peri-urban North East

Subdivisions Countryside | Up middle Rural East
Houses Upper
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Predihood: predicting neighbourhoods’ environment Predict automatically any neighbourhood environment

Predict automatically any neighbourhood environment

o Filter the 600 features into lists of 30 features for each env. variable:
e Remove descriptive, too precise, very correlated, useless features

@ Predict the 6 environmental variables with the features lists

e With 7 supervised algorithms (manual annotation)

NEPNS S SSE T E RS oss)]
iy Wy - -
% CODE IRIS : 693830301 £ m:.,,,,f CODE IRIS : 693860102 ;
| IRIS : Part Dieu k | IRIS: Le Parc Gint:
COMMUNE : Lyon 3e Arrondissement £ | COMMUNE : Lyon 6e Arrondissement E‘ ]
Plus de détails iles A Plus de détails f.,‘.- 2
batiment: Immeubles - batiment: ? i
usage: Commergant usage: ? ET
paysage: Urbanisé paysage: ? |
morpho: Central morpho: ? }
geo: Centre geo: ? |
social: Moyen-sup social: ? \i

A

HiTankin
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hbourhoods’ environment Predict automatically any neighbourhood environment

Predihood: pre:

Predihood at work

32 predihood

A tool for visualizing IRIS

SRR

x | e
I e ! 3
203 iris found for query lyon. = R e = — O |} A
CODE IRIS : 693830301 | X ;{,u:ﬂ.;u: .
IRIS : Part Dieu = Vilbucbanee

COMMUNE : Lyon 3e Arrondissement
Plus de détails

Minimal zoom level to display IRIS

automatically

et | k= Plus de détails £
a (actual zoom level = 15) i H i\ﬁ RandomForestClassifie i
5, \w‘; ji;\‘i batiment: Immeubles (7/7) |
Search by RIS code = B sage: Commercant 6/7) AL
740560104 a B ] g paysage: Urbanisé (7/7)
3 morpho: Central (7/7)

E
Bl
h

geo: Centre (7/7)

Search by IRIS name or city i |
social: Moyen-sup (6/7)

lyon Q

LaVillette,

Clear g

LAB=X
IMU

£
3,
")
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GeoAlign: spatial entity matching for Points of Interest
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© GeoAlign: spatial entity matching for Points of Interest
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GeoAlign: spatial entity matching for Points of Interest

Motivation: heterogeneous data is everywhere

/Name: Jane Doe
Job: French investigative journalist a

Sex: F AP
Birth city: Paris ‘
Residence city: Lyon A
Wishes:

Learn Lyon neighbourhoods [BDF " 21]

~

Visit Lyon’s monuments [BDFM19] Unify POls across data providers

Explore new datasets for her investigations [BMU24]
Reveal undeclared conflicts of interests [BGLM23a]
Skills:

Excel: % * %k Word: * x %
\Rel. databases: % Semi-struct. data: N/A

/
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From cartographic entities to POIS

Cartographic data providers: Geonames, Bing, Here, OSM
— No coordination between them

Point of Interest (POI): Duomo di Milano, restaurants, shops, ...
@ Represented by one or several geographic entities (many providers)
@ A set of attributes, with values (inconsistencies)

. v
location
n geometry .
positionX| 45.4396 f locX{45.439787 b Bing
positionY{4.38865 14.3894400

locY:!
name: name:{Tenor Hotel

address

address: 12 Rue Blanqui, Lyon
house: 12 . éﬁ country: FR
street: Rue Blanqui / phone_number: 01 23 45 67 89
pf)s(_code: 42000 L website: www.hoteltenor.com
4 city: Lyon /
phone: 33+33123456789
website: N/A

Research contribution

Find entities matching a unique real-world POI, with an adaptive formula
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GeoAlign: spatial entity matching for Points of Interest From cartographic entities to POIS

Adaptive formula for geographic entity matching

Given two entities e;, ey, the adaptive formula relies on:

@ The similar degree of e; and e, attributes
o 13 measures: geo, text, type, ...

° The_ of e; and e attributes
fler,e) = Zle- x sim;(attribute;) > 0

weight
0.5
0.4
01
Global threshold: 0.3

sim. measure attribute
levenshtein name
distance coordinates
levenshtein address

Nelly Barret (DEIB@PoliMi)

Data integration and exploration

B+
Bx+
Bx+

April 19, 2024
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GeoAl

spat:

GeoAlign at work

GeoAlign  troyes

Matching options
05
05

¢ IevenshteinB name

B+

geobenchdifs) coordinatesf 43¢

Global threshold: 0.2 ¢

o [
timation of the quality

Quality of the correspondences

01 02 03 04 05 06 07 08

TP wFR

Nelly Barret (DEIB@PoliMi)

or Points of Interest

{ Search [ Matching I Merging

o
us
b

/N‘., Toges

From cartographic entities to POIS

Options ~

LUURS JACQUIN;

oue

Garage Renault Coordinates: (48.301 ; 4.085) i
| Provider: H
% ] . g
i< E Ecole primaine. " Type: places 1
G o) ] Address: Rue Gabriel Groley, Quartier de la Cité, ||
‘a\ | Troyes, Aube, Grand Est, Metropolitan France, 10000, 1
K3 France |
g | Phone: not specified
| Website: not specified
2 e -
% —
0N
Name: Troyes £ e x
Coordinates: (48.298;4.074)  fatson 2
*' Provider: & levenshtein(name) = 1.000000 d
Type: places \ geobenchdistance{coordinates) = 0.000003
| Address: Aube, Grand Est — a8
“ France I \
=
Phone: not specified | £
. i €0
: Website: not specified \ %
B e— o
Coliege pivé
Hoel de ville Q\ 2 ainc ‘.;‘:.u:’
, Z &
2 2 o $ 3
> o WS potesionne & e
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@ Abstra: first-sight overview of a dataset
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Abstra: first-sight overview of a dataset

Motivation: heterogeneous data is everywhere

/Name: Jane Doe
Job: French investigative journalist a

Sex: F AP
Birth city: Paris ‘
Residence city: Lyon A
Wishes:

Learn Lyon neighbourhoods [BDF " 21]
Visit Lyon’s monuments [BDFM19]

Explore new datasets for her investigations [BMU24]
Reveal undeclared conflicts of interests [BGLM23a]
Skills:

Excel: % * %k Word: * x %
\Rel. databases: % Semi-struct. data: N/A

~

/

Nelly Barret (DEIB@PoliMi) Data integration and exploration

Simple
descriptions
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Abstra: first-sight overview of a dataset

What does the dataset describe?

. 6 |
r/ \
| b= B \

w

@ Real-world objects and relationships between them
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Abstra: first-sight overview of a dataset

What does the dataset describe?

. 6 |
r/ \
=y

@ Real-world objects and relationships between them
e Entity-Relationship models [RG03]
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Abstra: first-sight overview of a dataset

What does the dataset describe?

.6 |
oy

@ Real-world objects and relationships between them
e Entity-Relationship models [RG03]

@ Need to compute them from the dataset!
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Abstra: first-sight overview of a dataset

What does the dataset describe?

<person >

<name>Alice</nane>

<address>
<street>2, Second Street</street>
<province>Georgia</province>
<count ry>USA</count ry>

</address>

<nailbox>
<mail fron= =

<parlist>

<listitem><text>Task 1</text></listitem>

<listitem>
<parlist>

<listitem><text>Sub task 1</text></listitem>
<listitem><text>Sub task 2</text></listitem>
<listitem><text>Sub task 3</text></listitem>

</parlist>
</listitem>
</parlist>
</mail>

@ Real-world objects and relationships between them

e Entity-Relationship models [RGO03]

@ Need to compute them from the dataset!

e What about semi-structured data models (nesting)?

Nelly Barret (DEIB@PoliMi) Data integration and exploration
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Abstra: first-sight overview of a dataset

What does the dataset describe?

<person >

<name>Alice</nane>

<address>
<street>2, Second Street</street>
<province>Georgia</province>
<count ry>USA</count ry>

</address>

<nailbox>
<mail fron= =

<parlist>

<listitem><text>Task 1</text></listitem>

<listitem>
<parlist>

<listitem><text>Sub task 1</text></listitem>
<listitem><text>Sub task 2</text></listitem>
<listitem><text>Sub task 3</text></listitem>

</parlist>
</listitem>
</parlist>
</mail>

@ Real-world objects and relationships between them

e Entity-Relationship models [RGO03]

@ Need to compute them from the dataset!

e What about semi-structured data models (nesting)?

@ Keep it simple and of controllable size

Nelly Barret (DEIB@PoliMi) Data integration and exploration

April 19, 2024
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Abstra: first-sight overview of a dataset

Research contribution: data abstraction

Abstra: Lightweight Entity-Relationship diagrams [BMU22, BMU24]
@ Automatically and efficiently from semi-structured data
@ Compact yet meaningful data overviews

@ ldeal for first-sight dataset discovery

318 person (Person) ‘
+ person@id (100 %)
- phone (49 %) 150 open_auction (Product) @
-+ creditcard (49 %) « privacy (56 %)
+ homepage (47 %) W- interval (100 %)
+ address (46 %) .
120 closed_auction (Product) @] seller@person |7 rovince (52 %) seller@person end (100%)
. price (100 %) buyer@person P ; ‘\ * start (100 %)
A | T ———" -«zpcode (100 %) annotation.author@person type (100 %)
A - [+—annotation.author@person |,
type (100 %) annotation.author@person « country (100 %) . . 100 % L
- date (100 %) | «city(100% v bidder.personref@person __» current (100 %)
. . * reserve (51 %
quantity (100 %) « street (100 %) - initial (1(00 a/:))
+ emailaddress (100 %) + open_auction@id (100 %)
+ name (100 %) - quantity (100 %)

itemrefi@item
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The Abstra approach

@ Integrate all data sources in a graph (ConnectionLens) [ABC122]
@ Summarize the graph

© Among summary nodes, identify entities and their attributes

@ In the summary, identify relationships between the entities

@ Propose a simple category to each entity (best-effort)

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 21/89



Abstra: first-sight overview of a dataset Background

Background: from heterogeneous data to data graphs
ConnectionLens [ABC"22]:

© Ingests any dataset into a directed graph
o Generic, flexible, fine granularity

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 22/89



Abstra: first-sight overview of a dataset [EEIN-{ 1]

Background: from heterogeneous data to data graphs

ConnectionLens [ABC"22]:
© Ingests any dataset into a directed graph
o Generic, flexible, fine granularity
@ Extracts Named Entities (NEs) from all text nodes

o date, email address, People, Place, Organization, ...

3EDBT 56 EDBT
"'"")6 4 con

o 2 name; f 5name 057 V58
162024 o(,,f,” 024”  7year 8 paper 9plin B 57
11 “JSON" —&12title 3pin > @14 conf 7 “Semantic
17 title 18 paper |
28 "XML” U~ 24hwW v S ->0372022
5‘:‘3&/ ) " @22inv
__® @79hw 23wB > —
33 author — 30hw,
U
38 name 9 email

44 “L6a, 5@

63 “Palaiseau”

50Léa 51l@c 52 Eva 53e@c " ’ Y
69 "Palaiseau’” 870 pafaiseai
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Abstra: first-sight overview of a dataset Data graph summarization

Data graph summarization

We need a compact representation of large data graphs
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Abstra: first-sight overview of a dataset Data graph summarization

Data graph summarization

We need a compact representation of large data graphs

Challenges:
@ Heterogeneous graphs originating from different data models

e Node and/or edge labels may be empty
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Data graph summarization
We need a compact representation of large data graphs
Challenges:

@ Heterogeneous graphs originating from different data models
e Node and/or edge labels may be empty

We aim for a quotient graph summary:

@ Based on equivalence between nodes of the original graph

@ We prefer small summaries (number of nodes)

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 23/89



Abstra: firsi

18!

overview of a dataset

Data graph summarization

Quotient summarization across data models

Each data model has its own syntax:

XML

<student id= = >
<name>Nelly</name>
<affiliation>Inria</affiliation>
<affiliation>IPP</affiliation>

</student>

<researcher id= >
<name>Ioana Manolescu</name>

</researcher>

<thesis id= = >

<title>User-oriented exploration of
semi-structured datasets</title>

JSON

elly"”,
["Inria", “IPP"],

2024",

"User-oriented exploration of
semi-structured datasets",

"supervisor": {

Ioana Manolescu"

<supervisor = > }
</thesis> }
</root> ¥
Overview >
loana Node labels
Manol... SUPERVISED_BY
L Researcher 1)

"User-oriented exploration of
semi-structured datasets”

Nelly Barret (DEIB@PoliMi)

Data integration and exploration

Relationship types

H
3
]
Cl

Displaying 3 nodes, 0 relationships.

April 19, 2024

24 /89



Abstra: first-sight overview of a dataset Data graph summarization

Summarization based on same-kind nodes

We identify node kinds in each model based on the respective best
practices for data design:

o XML: elements with the same label (or type)
@ JSON: nodes on the same path from the root

e RDF [GGM20]: depending on node type(s) or, if absent, incoming
and outgoing properties

e PG: adaptation of the above [GGM20]

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 25 /89



Rt e e)
The summary (collection graph) G

Collection node for each equivalence class

paper pln conf
‘ year ‘ ‘ abstract ‘ ‘ title ‘ ‘ hwW ‘

‘ #val ‘ ‘ #val ‘ ‘ #val ‘ ‘ wB ‘ ‘ author ‘ ‘ email ‘ ‘ #val ‘

‘ affiliation ‘ ‘ university ‘ ‘ city ‘ ‘ #val ‘

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 26 /89



Abstra: first-sight overview of a dataset Data graph summarization

The summary (collection graph) G

Collection node for each equivalence class
Collection edge C; — C; if a data edge exists

paper pln

year| | abstract ‘title hW

‘ #val ‘ ‘ #val ‘ ‘ #val ‘ wB } / author } } email | } #val ‘

‘ affiliation }—»{ university }—»{ city H #val ‘

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 27 /89



Data graph summarization
The summary (collection graph) G

Collection node for each equivalence class
Collection edge C; — C; if a data edge exists
Entity profile for each leaf collection node: reflects NEs in the leaves

‘ year ‘ ‘ abstract ‘ ‘ title ‘ hW ‘ @

‘ #val ‘ ‘ #val ‘ ‘ #val ‘ ‘ wB } | author } } email } } Hval } O
O \M’—»‘ university H city H #val ‘
g

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 28/89



Abstra: first-sight overview of a dataset Identifying entities and relationships

|dentifying entities in the collection graph G

conf

‘ year ‘ ‘ abstract ‘ ‘ title ‘ hW ‘ ™ i ©
‘ #val ‘ ‘ #val ‘ ‘ #val ‘ ‘ author } } email } w O

O W‘ university }—»{ city H Ftval ‘
o 5

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 29/89



Abstra: first-sight overview of a dataset Identifying entities and relationships

|dentifying entities in the collection graph G

conf

‘ year ‘ ‘ abstract ‘ ‘ title ‘ hW ‘ ™ i ©
‘ #val ‘ ‘ #val ‘ ‘ #val ‘ ‘ author } } email } w O

O W‘ university }—»{ city H Ftval ‘
o 5

Which collections represent entities in the E-R diagram? J

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 29/89



Abstra: first-sight overview of a dataset Identifying entities and relationships

|dentifying entities in the collection graph G

conf

‘ year ‘ ‘ abstract ‘ ‘ title ‘ hW ‘ ™ i ©
‘ #val ‘ ‘ #val ‘ ‘ #val ‘ ‘ author } } email } w O

O W‘ university }—»{ city H Ftval ‘
o 5

Which collections represent entities in the E-R diagram? J

Which collections represent entity attributes? )

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 29/89



Abstra: first-sight overview of a dataset Identifying entities and relationships

Requirements and algorithm

@ We need an algorithm to identify entity roots and attributes for the
E-R diagram
e For complex, potentially cyclic, collection graphs

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 30/89



Abstra: first-sight overview of a dataset Identifying entities and relationships

Requirements and algorithm

@ We need an algorithm to identify entity roots and attributes for the
E-R diagram
e For complex, potentially cyclic, collection graphs

Greedy selection of few entities in G
Q Assign a to each collection node

@ While less than Ep .« entity roots, or data coverage < covpmin
@ Elect the next highest-scored eligible collection node as an entity root

@ Compute its , i.e., attribute set

@ | Update | the collection graph to reflect the selection of an entity
@ Recompute the scores

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 30/89



Abstra: first-sight overview of a dataset Identifying entities and relationships

How to score a collection node?

Reflect the weight of this node and its structure in the dataset
Q Waesc,, Wiear,: # descendants, leaf descendants, at depth k

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 31/89



Abstra: first-sight overview of a dataset Identifying entities and relationships

How to score a collection node?
Reflect the weight of this node and its structure in the dataset

Q Waesc,, Wiear,: # descendants, leaf descendants, at depth k
(X) Not clear how to pick k

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 31/89



Abstra: first-sight overview of a dataset Identifying entities and relationships

How to score a collection node?

Reflect the weight of this node and its structure in the dataset

Q v , Wieaf, : descendants, leaf descendants, at depth k
descy eafy p

@ Directed Acyclic Graph (DAG) rooted in each node: wpag

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 32/89



Abstra: first-sight overview of a dataset Identifying entities and relationships

Data weight

Own weight ow of a leaf node: its in-degree
Data weight dw of a leaf collection node: the sum of its nodes’ ow

worksFor
o w person }—>{ worksFor }—>{ company
person company office “Lyon | |
ow =1
employs
3 % [name employs office
3 R
#val #val -
WALt P name cit
Alice Paris city dw =1 dw — 3
ow =1 ow = 2 hame

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 33/89



Abstra: first-sight overview of a dataset Identifying entities and relationships

Data weight DAG propagation

Leaf collection dw is propagated back to all ancestors which are not in a

cycle

o Edge transfer factor:

[nodes in C¢ having a parent in Cs|

[Ce|

[ary

’ person %’ worksFor %’ company ‘
7 N

[ury

0.5 1 3

[name] employs office
— N
#val #val
dw =1 dw =3

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024
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Abstra: first-sight overview of a dataset Identifying entities and relationships

Data weight DAG propagation

Leaf collection dw is propagated back to all ancestors which are not in a
cycle

o Edge transfer factor: |nodes in C; having a parent in G|

[C:l
person | 1 |worksFor| 1 |company
dw =1 dw =0 dw =3
— \ / -
name employs office
dw =1 dw =0 dw =3
- /
#val #val | 05 name 1 city
dw =1 dw =3 dw =15 dw =15

Nelly Barret (DEIB@PoliMi) Data integration and exploration
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Abstra: first-sight overview of a dataset Identifying entities and relationships

How to score a collection node?

©Q Wiesc,, Wiear,: # descendants, leaf descendants, at depth k
@ Directed Acyclic Graph (DAG) rooted in each node: wpag

© Wpagerank: PageRank algorithm on G

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 36 /89



Abstra: first-sight overview of a dataset Identifying entities and relationships

PageRank score of a collection graph node

conf date #tval

NN

\ N1/

’ #val ‘ ’ Fval ‘ ’ #val ‘ ’ wB author H email PW‘
’ affiliation }—){ university }—){ city }—){ #val ‘

The collection graph G

[vear | |abstract | | title |
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Abstra: first-sight overview of a dataset Identifying entities and relationships

PageRank score of a collection graph node

(

’ F#val ‘ ’ #tval ‘ ’ #val ‘ ’ wB }/l author } { email } {m‘
’ affiliation }(—{ university ‘4—{ city }(—{ #val ‘
campus

The reverse collection graph Ggr
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Abstra: first-sight overview of a dataset Identifying entities and relationships

PageRank score of a collection graph node

[ vear | [ abstract | | title |

’;val‘ ’;val‘ ’;val‘ \BX\%;
w ‘/,l author

- 1 . - 1 . 1
\M‘(—{ university ‘(—{ city }(—{ #val
i
1
campus

The reverse collection graph Gg with PR edge weights

{ email } ! { #tval ‘
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Abstra: first-sight overview of a dataset Identifying entities and relationships

PageRank score of a collection graph node

[ vear | [ abstract | | title |

’;val‘ ’;val‘ ’;val‘ \BX\?
w ‘/,l author

- 1 . - 1 . 1
\M‘(—{ university ‘(—{ city }(—{ #val
i
1
campus

The reverse collection graph Gg with PR edge weights

{ email } ! { #tval ‘

Collections distribute their score based solely on their connectivity )
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Abstra: first-sight overview of a dataset Identifying entities and relationships

How to score a collection node?

Wdesc,» Wieaf,: 7 descendants, leaf descendants, at depth k
wpag: dw bottom-up propagation on G (outside cycles)

WpageRank: PageRank algorithm on G

© 0 ©0 ©

WqwPageRank: PageRank algorithm on G with dw-tuned PR edge
weights

() Reflects both the topology and where actual data is
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Identifying entities and relationships
The data-weighted PageRank score

[ vear | [ abstract | | title |

i A —

’ #val

’ Hval ‘ ’ Hval ‘ { Hval ‘

1 1
university ‘4—{ city }(—{ #val ‘

—

The reverse collection graph Gr with dw-tuned PR edge weights

affiliation
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Abstra: first-sight overview of a dataset Identifying entities and relationships

The data-weighted PageRank score

paper | 1 | pln
178 [ .063

conf | 1 |date| 1 | #val

year abstract title \
.011 .011 .011

PER S,

hW inv name |1
le—]

.158 .056 .011

o
— — — \ \ \w/o
L \ P/

F+val
.006

Nelly Barret (DEIB@PoliMi)

#val #val #val wB [0.66] author | 1 | email | 1 | #val
.006 .006 .006 107 ~ 179 .011 .006
affiliation 1 university | 1 city |_ 1 | #val
.027 .024 .011 .006
-1
#val 1 campus
.006 011
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Abstra: first-sight overview of a dataset Identifying entities and relationships

The data-weighted PageRank score

paper | 1 | pln
178 [ .063

conf | 1 |date| 1 | #val

year abstract title \
.011 .011 .011

hW inv name |1
le—]

.158 .056 .011

o
— — — \ \ \w/o
AN

F+val
.006

Nelly Barret (DEIB@PoliMi)

#val #val #val wB [0.66] author | 1 | email | 1 | #val
.006 .006 .006 107 ~ .179 .011 .006
affiliation 1 university | 1 city |_ 1 | #val
.027 .024 .011 .006
-1
#val 1 campus
.006 011
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Identifying entities and relationships
The data-weighted PageRank score

year
.011

Ftval
.006

Nelly Barret (DEIB@PoliMi)

Propagates scores across the collection graph

paoer |1 oln | 1 [confl 1 [date| 1 [vall

Works on cyclic collection graphs

The score reflects the topology and where the data is

A collection node distributes its weight

F£val
.006

campus
.011

Data integration and exploration

April 19, 2024

tval
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Abstra: first-sight overview of a dataset Identifying entities and relationships

How to compute an entity boundary?

Collections in G representing attributes of this entity
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Abstra: first-sight overview of a dataset Identifying entities and relationships

How to compute an entity boundary?

Collections in G representing attributes of this entity
“Those that contribute to the entity's weight”

@ The boundary may go far (for deep-structure entities)

@ Easy to define for Wyesc,, Wiear,, Wpag. Example for wyesc,

I 1 o 1 N 1
‘ affiliation university
[
1
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Abstra: first-sight overview of a dataset Identifying entities and relationships

How to compute an entity boundary?

Collections in G representing attributes of this entity
“Those that contribute to the entity's weight”

@ The boundary may go far (for deep-structure entities)

@ Easy to define for Wyesc,, Wiear,, Wpag. Example for wyesc,

I 1 o 1 N 1
‘ affiliation university
[
1

Does not apply for PageRank-based scores )
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Abstra: first-sight overview of a dataset Identifying entities and relationships

Data-acyclic flooding boundary boundyf s

Idea: the collection nodes
@ Reachable from the entity root
o Mainly part of this entity
@ The path between the entity root and this collection’s nodes is not
data cyclic

April 19, 2024 46 /89
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Abstra: first-sight overview of a dataset Identifying entities and relationships

Data-acyclic flooding boundary boundyf s

Idea: the collection nodes
@ Reachable from the entity root

@ Mainly part of this entity

o Edge transfer factor > £,
e At-most-one: each C; node has at most one child in C;

@ The path between the entity root and this collection’s nodes is not
data cyclic

o If the path in the collection graph has no in-cycle edges
o Or, the collection graph path has in-cycle edges, but they are not in

the data
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Identifying entities and relationships
Data-acyclic flooding boundary boundyf s
@ Reachable from the entity root

@ Mainly part of this entity
@ The path is not data cyclic

I~
~

’ year ‘ ’ abstract ‘ ’ titl; .

\ 7 o
= - = \ AN (CN] ©
\ o /\/\ o S

’ #val ‘ ’ #val ‘ ’ #val ‘ ’:\/B ! author }—1>< email }—14 #val l
\ﬂation university }—1>{ city }—1>{ #tval l

o
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Identifying entities and relationships
How to update the collection graph after selecting an

entity?

Reflect the allocation of data nodes and edges to one entity
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Abstra: first-sight overview of a dataset Identifying entities and relationships

How to update the collection graph after selecting an
entity?

Reflect the allocation of data nodes and edges to one entity

o updateboo/ean
o Collection nodes and edges in the boundary of the entity

o Very efficient
o Sufficient for Waesc,, Wieaf,, WpAG
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Abstra: first-sight overview of a dataset Identifying entities and relationships

How to update the collection graph after selecting an
entity?

Reflect the allocation of data nodes and edges to one entity

o updateboo/ean
o Collection nodes and edges in the boundary of the entity

o Very efficient
o Sufficient for Waesc,, Wieaf,, WpAG

Q updateexact
o Graph nodes and edges

@ Much more costly
] ReqUired for WpageRank, WdwPageRank
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Abstra: first-sight overview of a dataset

Exact graph update

1hW

3 EDBT 56 EDBT

Identifying entities and relationships

2 name 4.conf 5name 5057 @D
6“2024” 7year ~y8paper 9pln
162024 O~ y paper Jo° 4o pin 15VLDB
11 “ISON” 2title 7@ 14 conf e aper. 20 abstract ,
17 title 27 “Semantic...”
26 year  31“2022”
8ML 3037 2022
22inv 32/wB
] 30hw . “ ”
33 author & oo 36 autho 43.email 49__2@(_:__)055 2@c
I e >0 54 208
38 name 39 email ) b1 " 35 “RDF” @58 affiliation 42’name 48 “Zoé”
name emall 964 affiliation . .
59 university
“| &3 45 “l@c” P @65 university
fatlea i i 146 “Eva” @47 “e@c 62 city 60 campus
6 67 cit “ »
50éa s1l@c 52 Eva 5539@5 6 campus[b7 city ¥63 “Palaiseau” @61 “Telecom

Nelly Barret (DEIB@PoliMi)

68 “IPP”

69 “Palaiseau”

Data integration and exploration
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LB G LT ) T
Exact graph update

TN
name

[ vear |[ abstract || titte {~< | hw | |inv |
l l | B h /
’ #val ‘ ’ Hval ‘ ’ #val ‘ | WB‘?{ author | email |—>| #val |
|M,—>| university |—>| city |—>| F#val

’

N
N

N
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Abstra: first-sight overview of a dataset Identifying entities and relationships

Selected entities and their boundaries

N
I year l I abstract l I title | ~~_ | hW ‘ ’ inv ’ name L :
= = = \ “\‘\J ?)3 7(‘0 ~
O e e
I #val l I Ftval I #tval wB author email }—>{ #val
s

_— 1 T 1 - 1
I affiliation }—){ university }—){ city H Ftval |
=
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Abstra: first-sight overview of a dataset Identifying entities and relationships

Finding relationships between entities

Relationship: a path from an entity to another

’ year ‘ ’ abstract ‘ ’ title

N
~

fay

—

—

@ paper — wB — author

@ paper — pln — conf

Nelly Barret (DEIB@PoliMi)

’ . 1// O | /s 1 .
#val ‘ ’ #val ‘ ’ #val ‘ ’ wB 7 author H email }—>{ #val l \\

| — 1 — 1 1 |
affiliation }—»{ university }—»{ city H #val l
l"
1
Fval campus

@ author — hW — paper

@ conf — inv — author

Data integration and exploration April 19, 2024
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Abstra: first-sight overview of a dataset Identifying entities and relationships

Entity classification

Assign a semantic category to each entity

Input: an entity E, categories K, semantic properties P
@ K: Person, ScientificPaper, Event, Website, Mountain, ...

@ P: {label:"address", domain:[Pers., Org.], range:[Placel}, ...

Output: a category for E
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Abstra: first-sight overview of a dataset Identifying entities and relationships

Entity classification

Assign a semantic category to each entity

Input: an entity E, categories K, semantic properties P
@ K: Person, ScientificPaper, Event, Website, Mountain, ...
@ P: {label:"address", domain:[Pers., Org.], range:[Placel}, ...

Output: a category for E

Algorithm:
o Compare:

o The common name of all nodes in the entity root (if it exists) with
k € K (conf, paper, author)

o lts attribute names with p € P (affiliation, email, ...)

o lts entity profiles with p.range € P (I, |, ', ..))

@ Each good match votes for one or few categories
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Abstra: first-sight overview of a dataset Identifying entities and relationships

Entity classification

Nelly Barret (DEIB@PoliMi)

Name Similar to Votes for
paper ResearchPublication (0.85) | ResearchPublication
News (0.63) News
paper
N N\

I year l I abstract l I title l

= = =

O< F£val I #val I F£val

Data integration and exploration

April 19, 2024

55 /89



Abstra: first-sight overview of a dataset Identifying entities and relationships

Entity classification

Attribute Similar to Votes for
abstract abstract (1.0) ResearchPublication
summary (0.92) Book
preface (0.47)
title title (1.0) ResearchPublication
honorific title (0.87) Movie
Person
year year publication (0.85 + ) | Event
Book
ResearchPublication, ...

Nelly Barret (DEIB@PoliMi)

paper

N -\
’ year ‘ ’ abstract ‘ ’ title ‘
= = =

Data integration and exploration
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Abstra: first-sight overview of a dataset Identifying entities and relationships

Entity classification

Attribute Similar to Votes for
abstract abstract (1.0) ResearchPublication
summary (0.92) Book
preface (0.47)
title title (1.0) ResearchPublication
honorific title (0.87) Movie
Person
year year publication (0.85 + ) | Event
Book
ResearchPublication, ...

Nelly Barret (DEIB@PoliMi)

Data integration and exploration

April 19, 2024

57 /89



Abstra: first-sight overview of a dataset Identifying entities and relationships

Entity classification

@ paper nodes classified as ResearchPublication

@ author nodes classified as Researcher

@ conference nodes classified as Event

’ year ‘ ’ abstract ‘ ’ titl;

N
~
~

sy

-

- \ ©

Nelly Barret (DEIB@PoliMi)

E O R e N
val ‘ ’ #val ‘ ’ #val ‘ ’ wB 7 author H email }—>{ #val l \\

N
I affiliation }—1% university }—1% city }—1>< #val l
=

Data integration and exploration
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Identifying entities and relationships
Abstra output: a lightweight Entity-Relationship diagram

wction (Produc) ©] T70 tem (schemazhow_to_item Q)
v il (647 A

incategory@category

/.M

tion (Product) @]

annotaton author@person
o ammotation suhor@person_ |
bidder personrefiaperson

e bidderpersonrefiaperson__{
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Identifying entities and relationships
Abstra output: a lightweight Entity-Relationship diagram

Nelly Barret (DEIB@PoliMi)

318 person (Person) ‘
« person@id (100 %)
+ phone (49 %)
« creditcard (49 %)
+ homepage (47 %) W
+ address (46 %)
120 closed_auction (Product) @] cller@person |7 province (52 %) seller@person
o pri buyer@person
price (100 %) | bwer@pemon i ipcode (100 %) annotation author@person
. N ‘\—/
type (100 %) annotation.author@person « country (100 %) bidd
. date (100 %) ity (100 %) idder.personref@person
* quantity (100 %) « street (100 %)
+ emailaddress (100 %)
* name (100 %)

« privacy (56 %)
« interval (100 %)
«end (100 %)
« start (100 %)
« type (100 %)
« current (100 %)
« reserve (51 %)
- initial (100 %)
 open_auction@id (100 %)
* quantity (100 %)

150 open_auction (Product) @

itemrefl@item

Data integration and exploration
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Abstra: first-sight overview of a dataset Experimental evaluation

Experimental evaluation

On main semi-structured data models: 8 JSON, 7 RDF, 5 XML, 3 PG
@ 10 synthetic, 13 real-world

@ 5M to 14M nodes
@ Collection graphs:

e 26 to 4.8K collections
e 14/23 have cycles
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Abstra: first-sight overview of a dataset Experimental evaluation

Experimental evaluation

On main semi-structured data models: 8 JSON, 7 RDF, 5 XML, 3 PG
@ 10 synthetic, 13 real-world

@ 5M to 14M nodes
@ Collection graphs:

e 26 to 4.8K collections
e 14/23 have cycles

Graphs stored in PostgreSQL, algorithms in SQL and Java
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Abstra: first-sight overview of a dataset Experimental evaluation

Experimental evaluation

On main semi-structured data models: 8 JSON, 7 RDF, 5 XML, 3 PG
@ 10 synthetic, 13 real-world
@ 5M to 14M nodes

@ Collection graphs:

e 26 to 4.8K collections
e 14/23 have cycles

Graphs stored in PostgreSQL, algorithms in SQL and Java

We evaluate:
© Entity selection quality
@ Scalability
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Abstra: first-sight overview of a dataset Experimental evaluation

Entity selection quality with (Wawpagerank, boundy_ac)

Dataset name | |C| | [ME| | [MR| | cov | ME dmax | |[ME|]|
City 3 3,152
Province 3 1,455
Mondial © 168 5 8 | 0.85 | Country 4 231
Organization 4 168
River 4 135
PubMed 26 1 0| 1.0 | PubMedArticle 5 957
Person 4 25,500
Item 7| 21,750
XMarkl O 136 5 10 | 0.91 | Open_Auction 8 | 12,000
Closed_Auction 8 9,750
Category 2 1,000
Person 4 | 102,000
Item 7| 87,000
XMark4 O 136 5 10 | 0.90 | Open_Auction 8 | 48,000
Closed_Auction 8 | 39,000
Category 2 4,000
Wikimedia 59 2 0| 1.0 Ezgr:espace ‘3‘ 54’732
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Abstra: first-sight overview of a dataset Experimental evaluation

Entity selection quality with (Wawpagerank, boundy_ac)

Dataset name | |C| | [ME| | IMR]| | cov | ME dmax | [ME]
City 3 3,152
Province 3 1,455
Mondial © 168 5 8 | 0.85 | Country 4 231
Organization 4 168
River 4 135
PubMed 26 1 0| 1.0 | PubMedArticle 5 957
Person 4 25,500
Item 7| 21,750
XMarkl O 136 5 10 | 0.91 | Open_Auction 8 | 12,000
Closed_Auction 8 9,750
Category 2 1,000
Person 4 | 102,000
Item 7| 87,000
XMark4 O 136 5 10 | 0.90 | Open_Auction 8 | 48,000
Closed_Auction 8 | 39,000
Category 2 4,000
Wikimedia 59 2 0| 1.0 Ezgr:espace ‘3‘ 547?2
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Abstra: first-sight overview of a dataset Experimental evaluation

Entity selection quality with (Wawpagerank, boundy_ac)

Dataset name | |C| |ME| | [MR| | cov | ME dmax IME;]
City 3 3,152

Province 3 1,455

Mondial © 168 5 8 | 0.85 | Country 4 231
Organization 4 168

River 4 135

PubMed 26 1 0| 1.0 | PubMedArticle 5 957
[ Person 4 25,500

ltem 7 21,750

XMarkl O 136 5 10 | 0.91 | Open_Auction 8 | 12,000
Closed_Auction 8 9,750

Category 2 1,000

Person 4 | 102,000

Item 7| 87,000

XMark4 O 136 5 10 | 0.90 | Open_Auction 8 | 48,000
Closed_Auction 8 | 39,000

Category 2 4,000

Wikimedia 59 2 0] 1.0 Ezgr:espace ‘3‘ 54’732
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Abstra: first-sight overview of a dataset Experimental evaluation

Entity selection quality with (Wawpagerank, boundy_ac)

Dataset name | |C| |ME| | [MR| | cov | ME dmax IME;]
City 3 3,152

Province 3 1,455

Mondial © 168 5 8 | 0.85 | Country 4 231
Organization 4 168

River 4 135

PubMed 26 1 0| 1.0 | PubMedArticle 5 957
[ Person 4 25,500

ltem 7 21,750

XMarkl O 136 5 10 | 0.91 | Open_Auction 8 | 12,000
Closed_Auction 8 9,750

Category 2 1,000

Person 4 | 102,000

Item 7| 87,000

XMark4 O 136 5 10 | 0.90 | Open_Auction 8 | 48,000
Closed_Auction 8 | 39,000

Category 2 4,000

Wikimedia 50 2 0] 10 Ezgr:espace ‘3‘ 54'722
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Abstra: first-sight overview of a dataset Experimental evaluation

Entity selection quality with (Wawpagerank, boundy_ac)

Dataset name | |[C| |[ME| | IMR| | cov. ME dmax  |[ME|]
City 3 3,152
Province 8 1,455
Mondial © 168 5 8 0.85 Country 4 231
Organization 4 168
River 4 135
PubMed 26 1 0 1.0 PubMedArticle 5 957
Person 4 25,500
Item 7 21,750
XMarkl O 136 B 10 0.91 Open_Auction 8 12,000
Closed_Auction 8 9,750
Category 2 1,000
Person 4 102,000
Item 7 87,000
XMark4 O 136 5 10 0.90 Open_Auction 8 48,000
Closed_Auction 8 39,000
Category 2 4,000
L . Page 4 54,750
Wikimedia 59 2 0 1.0 Nemmespaee 3 3

Abstra selects frequent, coherent and semantically central entities

J

Nelly Barret (DEIB@PoliMi)
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Abstra: first-sight overview of a dataset Experimental evaluation

Experimental evaluation: scalability

103_

Time (in seconds)

102,

——
—
—.—
——

Abstraction time for BSBM datasets

normalization

collection graph building
main collections selection
classification

10°

Number of nodes
(min=295,597, max=>5,344,748)

Our abstraction method scales up linearly in the data size

J

Nelly Barret (DEIB@PoliMi)

Data integration and exploration April 19, 2024
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Related work
Related work

Data summarization Schema inference
e Structural e XML [CGS11]
o Quotient [GGMQO, KC10, M599] e JSON [BCGSlg]
(the one we adopt to build G)
o Non-quotient [GW97] o RDF [GLSW22]
e Pattern mining [ZLVK16] o PG [LBH21]
e Statistical [HS12]
@ Hybrid [RGSB17]

@ Data summarization and schema inference are tied to one data model
@ Schemas are often not suited to NTUs
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Related work
A JSON schema from social network data using [BCGS19]

~ _Content:

v _id:
~ _Content:
~ $oid:
__Kind: “strType"
_Kind: “Record"
~ code:
__Kind: “NunType"
~ event:
~ _Content:
vo:
~ _Content:
~ action:
__Kind: “strType”

+ attachments:

vo:
~ _Content:

~ albun_id:

_Kind: “NumType"
- artist:

_Kind: “StrType"
~ content_restricted:

__Kind: “NunType"
- date:

_Kind: “NunType"
~ duration:

__Kind: “NumType"
~ genre_id:

__Kind: “NunType"
- id:

_Kind: “NunType"
~ lyrics_id:

__Kind: “NumType"
~ ouner_id:

__Kind: “NunType"
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Pathways: efficiently finding interesting paths
Outline

© Pathways: efficiently finding interesting paths
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Pathways: efficiently finding interesting paths

Motivation: heterogeneous data is everywhere

/Name: Jane Doe
Job: French investigative journalist a

Sex: F AP
Birth city: Paris ‘
Residence city: Lyon A
Wishes:

Learn Lyon neighbourhoods [BDF " 21]
Visit Lyon’s monuments [BDFM19]

Explore new datasets for her investigations [BMU24]
Reveal undeclared conflicts of interests [BGLM23a]
Skills:

Excel: % * %k Word: * x %
\Rel. databases: % Semi-struct. data: N/A

~

/

Nelly Barret (DEIB@PoliMi) Data integration and exploration

Entity-to-entity
paths
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Pathways: efficiently finding interesting paths

Research contribution

PathWays: interesting Named Entities connections

[BGLM23b, BGLM23a, BGLM24]

@ Automatically and efficiently from semi-structured datasets

@ Complete set of NE-to-NE interesting connections

@ ldeal for exploring connections within and across datasets

Wl COLUMNS = FILTERS = DENSITY & EXPORT 1= ETENDRE LE TEXTE
#val agency Spacecraft description
(g http://purl.org/net/schemas/space/ http://data kasabi http://purl
agency spacecraft/2002-054A description
) http://purl.org/net/schemas/space/ http://data kasabi http://purl
agency spacecraft/1997-0028. description
() http://purl.org/net/schemas/space/ http://data kasabi http://purl
agency spacecraft/1998-0698. description
) by | hitp://data kasabi htp://purl
agency spacecraft/1967-118A description
[} hi | hitp://data kasabi htp://purl
agency spacecraft/1967-118A description

Nelly Barret (DEIB@PoliMi)

Data integration and exploration
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Rows perpage: 10 = 1-100f 3903 >
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Pathways: efficiently finding interesting paths How are Named Entities connected?

How are Named Entities connected?

Enumerate paths between (value) nodes in which NEs have been detected
@ On the data graph (expensive)
@ On the collection graph (much faster)

@ Regardless of the edge direction
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How are Named Entities connected?

Enumerate paths between (value) nodes in which NEs have been detected
@ On the data graph (expensive)
@ On the collection graph (much faster)

@ Regardless of the edge direction

Each collection graph path, evaluated on the data graph, turns into a
relation (set of data paths)
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Pathways: efficiently finding interesting paths How are Named Entities connected?

How are Named Entities connected?

Enumerate paths between (value) nodes in which NEs have been detected
@ On the data graph (expensive)
@ On the collection graph (much faster)
@ Regardless of the edge direction

Each collection graph path, evaluated on the data graph, turns into a
relation (set of data paths)

Challenges:
e Finding only interesting paths (to be seen)

o Efficiently evaluating the paths over the data graph: multi-query
optimization [BGLM24]
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NE-to-NE path enumeration
What makes a NE-to-NE path interesting?

Some paths connecting Person NEs (") to Organization NEs (')

@ [+ #val < Name < Author — Affiliation — #val —
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NE-to-NE path enumeration
What makes a NE-to-NE path interesting?

Some paths connecting Person NEs (") to Organization NEs (')
@ |+ #val «+ Name < Author — Affiliation — #val —

@ |+ #val < Name < Author < Authors < Article — Journal — #val —
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NE-to-NE path enumeration
What makes a NE-to-NE path interesting?

Some paths connecting Person NEs () to Organization NEs (')
@ [+ #val < Name < Author — Affiliation — #val —
@ |+ #val < Name < Author < Authors < Article — Journal — #val —

@ '+ #val « COIl «+ Article — Journal — #val — B« #val —
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NE-to-NE path enumeration
What makes a NE-to-NE path interesting?

Some paths connecting Person NEs () to Organization NEs (')
@ [+ #val < Name < Author — Affiliation — #val —
@ |+ #val < Name < Author < Authors < Article — Journal — #val —

@ '+ #val « COIl «+ Article — Journal — #val — B« #val —

Which paths are most interesting and deserve to be evaluated? J
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NE-to-NE path enumeration
What makes a NE-to-NE path interesting?

Some paths are unreliable: we face entity extraction errors

o E.g., “John Hopkins University Hospital”
N————

person
o False positives, or wrong entity type attribution, e.g., “THC"

org.
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NE-to-NE path enumeration
What makes a NE-to-NE path interesting?

Some paths are unreliable: we face entity extraction errors

o E.g., “John Hopkins University Hospital”
N————

person
o False positives, or wrong entity type attribution, e.g., “THC"

org.

Some paths are structurally weak: we face information dilution

o E.g., a paper has 50 authors
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NE-to-NE path enumeration
What makes a NE-to-NE path interesting?

Some paths are unreliable: we face entity extraction errors

o E.g., “John Hopkins University Hospital”
N————

person
o False positives, or wrong entity type attribution, e.g., “THC"

org.

Some paths are structurally weak: we face information dilution

o E.g., a paper has 50 authors

Path interestingness | based on edge reliability and edge force
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2 B I T e e
What makes a NE-to-NE path interesting?

O Reliability r(C; --» H) of an extraction collection edge

e The ratio of NEs having the type B, and extracted from C;
o Path reliability: minimum extraction edge reliability

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 76 /89



NE-to-NE path enumeration
What makes a NE-to-NE path interesting?

O Reliability r(C; --» H) of an extraction collection edge

e The ratio of NEs having the type B, and extracted from C;
o Path reliability: minimum extraction edge reliability

@ Force f(C; — ;) of a structural collection edge

o The inverse of the maximal source node out-degree among data edges
represented by GG — C;
e Path force: product of edge forces
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NE-to-NE path enumeration
What makes a NE-to-NE path interesting?

O Reliability r(C; --» H) of an extraction collection edge

e The ratio of NEs having the type B, and extracted from C;
o Path reliability: minimum extraction edge reliability

@ Force f(C; — ;) of a structural collection edge

o The inverse of the maximal source node out-degree among data edges
represented by GG — C;
e Path force: product of edge forces

© Rank paths on their reliability, then their force
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NE-to-NE path enumeration
What makes a NE-to-NE path interesting?

O Reliability r(C; --» H) of an extraction collection edge

e The ratio of NEs having the type B, and extracted from C;
o Path reliability: minimum extraction edge reliability

@ Force f(C; — ;) of a structural collection edge

o The inverse of the maximal source node out-degree among data edges
represented by GG — C;
e Path force: product of edge forces

© Rank paths on their reliability, then their force

@ Take a top-k or those having r > 0
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NE-to-NE path enumeration
What makes a NE-to-NE path interesting?

Some paths connecting Person NEs (") to Organization NEs (')

1.0 1.0 1.0 1.0 e .. 1.0 0.91
@ | +— #val +— Name +— Author — Affiliation — #val ——

o Reliable; strong

1.0 1.0 1.0 0.02 1.0 . 1.0 1.0

@ | +— #val «+—— Name <— Author «<—— Authors <— Article — Journal — #val
0.41
—_

o Reliable; weak

0.09 1.0 1.0 . 1.0 1.0 0.05 0.09 0.04
@ [« #val +— COIl <— Article — Journal — #val —— B« #val ——

o Not reliable; strong
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(B () CUECEe
PathWays output: data paths as tables

Source Target Maximum depth of a path
Connect | Locations v to  Organizations v 10 = SEARCH PATHS

Sort by NUMBER OF PATHS | LENGTH OF PATHS

9 #val agency Spacecraft description B #val (3903 paths)

° #val (175 paths)

9 #val agency Spacecraft name EEI #val (133 paths)

9 #val agency Spacecraft missionProfile  EE] #val (71 paths)
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nteresting paths NE-to-NE path enumeration

PathWays output: data paths as tables

Wl COLUMNS = FILTERS I DENSITY & EXPORT IS ETENDRE LE TEXTE

#val agency Spacecraft description #val
http://purl. http://data kasabi http://purl. 11/

(igera) agency spacecraft/2002-054A description (st

(Aigentina) http://purl. http://data kasabi hty 1 11/ ()
agency spacecraft/1997-0028 description

=) http/purl. http://data kasabi http://pur. 1
agency spacecraft/1998-0698 description
http://purl. http://data kasabi http://purl. 11/

=R agency Spacecraf/1967-118A desripion =B

(Austrlia o pokshmrrrot it " (Weapons Research Establshment]
agency spacecraft/1967-118A description
http:/purl. http://data kasabi http://purl. 1

=R agency Spacecraf1985-0768 description o)
http//purl, http/data kasabi het 1 RV

=R agency Spacecraf1987-078A desrpion =

Rows per page: 10 v 1-100f 3903 >
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Pathways: efficiently finding interesting paths Experimental evaluation

Experimental evaluation

On 3 semi-structured datasets: Yelp (Json), PubMed (xmL), Nasa (RDF):
@ Real-world datasets

@ 57K to 230K nodes
@ 300 to 6K NEs of a given type
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Pathways: efficiently finding interesting paths Experimental evaluation

Experimental evaluation

On 3 semi-structured datasets: Yelp (Json), PubMed (xmL), Nasa (RDF):
@ Real-world datasets

@ 57K to 230K nodes
@ 300 to 6K NEs of a given type

We evaluate path interestingness
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Pathways: efficiently finding interesting paths Experimental evaluation

Experimental evaluation: path interestingness

(r1,72) min prei | max pt | pX | |P| | [P'| | R=T]
(Person, Organization) 0.0150 0.9142 | 0.0409 | 52 | 20| 38.45%
| (Person, Location) 0.0150 | 0.9107 | 0.0150 | 30 | 20 | 66.66%
= | (Location, Organization) 0.0150 | 0.9107 | 0.0232 | 34 | 20| 58.82%
S| (Person, Person) 0.0150 | 0.9774 | 0.0150 | 24 | 20 | 83.33%
8- [(Organization, Organization) | 0.0150 | 0.4158 | 0.0232 | 31| 20 | 6451%
(Location, Location) 0.0150 | 0.0954 | 0.0150 | 20 | 20 | 100.00%
(Person, Organization) 0.0014 | 0.0645 | 0.0178 | 191 | 20 | 10.47%
(Person, Location) 0.0014 | 0.0645 | 0.0077 | 142 | 20 | 14.08%
®| (Location, Organization) 0.0014 | 0.1016 | 0.0077 | 115 | 20 | 17.39%
Z | (Person, Person) 0.0014 | 0.0232 | 0.0077 | 110 | 20 | 18.18%
(Organization, Organization) | 0.0014 0.0581 | 0.0077 | 92 | 20| 21.73%
(Location, Location) 0.0014 | 0.3790 | 0.0077 | 67 | 20 | 29.85%
2| (Location, Organization) 0.0002 | 0.9997 | 0.0002 8 8 | 100.00%
> [ (Location, Location) 0.0002 | 1.0000 | 0.0002 | 11 | 11 | 100.00%
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Pathways: efficiently finding interesting paths Experimental evaluation

Experimental evaluation: path interestingness

(11, 72) min pre| | Max Pre| prze? [Pl | IP'|| R= |‘7;I“
(Person, Organization) 0.0150 0.9142 | 0.0409 | 52 | 20| 38.45%
| (Person, Location) 0.0150 | 0.9107 | 0.0150 | 30 | 20 | 66.66%
= | (Location, Organization) 0.0150 | 0.9107 | 0.0232 | 34 | 20 | 58.82%
S| (Person, Person) 0.0150 | 0.9774 | 0.0150 | 24 | 20 | 83.33%
8- [(Organization, Organization) ~ 0.0150 | 0.4158 | 0.0232 | 31| 20 | 6451%
(Location, Location) 0.0150 | 0.0954 | 0.0150 | 20 | 20 | 100.00%
(Person, Organization) 0.0014 | 0.0645 | 0.0178 | 191 | 20 | 10.47%
(Person, Location) 0.0014 | 0.0645 | 0.0077 | 142 | 20 | 14.08%
®| (Location, Organization) 0.0014 | 0.1016 | 0.0077 | 115 | 20 | 17.39%
Z | (Person, Person) 0.0014 | 0.0232 | 0.0077 | 110 | 20 | 18.18%
(Organization, Organization) =~ 0.0014 | 0.0581 | 0.0077 | 92| 20| 21.73%
(Location, Location) 0.0014 | 0.3790 | 0.0077 | 67 | 20 | 29.85%
2| (Location, Organization) 0.0002 | 0.9997 | 0.0002 8 8 | 100.00%
> | (Location, Location) 0.0002 | 1.0000 | 0.0002 | 11 | 11 | 100.00%
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Pathways: efficiently finding interesting paths Experimental evaluation

Experimental evaluation: path interestingness

(11, 72) min pre| | Max Pre| pfe? [Pl | |P'|| R= |‘7;I‘|
(Person, Organization) 0.0150 0.9142 | 0.0409 | 52| 20| 38.45%
| (Person, Location) 0.0150 | 0.9107 | 0.0150 | 30 | 20 | 66.66%
= | (Location, Organization) 0.0150 | 0.9107 | 0.0232 | 34 | 20 | 58.82%
S| (Person, Person) 0.0150 | 0.9774 | 0.0150 | 24 | 20 | 83.33%
& [(Organization, Organization) ~ 0.0150 | 0.4158 | 0.0232 | 31| 20 | 64.51%
(Location, Location) 0.0150 | 0.0954 | 0.0150 | 20 | 20 | 100.00%
(Person, Organization) 0.0014 | 0.0645 | 0.0178 | 191 | 20 | 10.47%
(Person, Location) 0.0014 | 0.0645 | 0.0077 | 142 | 20 | 14.08%
®| (Location, Organization) 0.0014 | 0.1016 | 0.0077 | 115 | 20 | 17.39%
z (Person, Person) 0.0014 0.0232 | 0.0077 | 110 | 20 | 18.18%
(Organization, Organization) =~ 0.0014 | 0.0581 | 0.0077 | 92| 20| 21.73%
(Location, Location) 0.0014 | 0.3790 | 0.0077 | 67 | 20 | 29.85%
2| (Location, Organization) 0.0002 | 0.9997 | 0.0002 8 8 | 100.00%
> [ (Location, Location) 0.0002 | 1.0000 | 0.0002 | 11 | 11 | 100.00%
Both reliability and force downgrade meaningless paths (NE errors or
structurally weak) J
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Pathways: efficiently finding interesting paths Related work

Related work

Structured querying
e SQL, SPARQL, GQL
[DFG'22]
Assisted struct. querying
o Interactive queries [DAB16]

o Guided query writing
[ERAAL18, KKBS10]

o NL2SQL [KSHL20]

Keyword-based search

@ Unidirectional
[ABCT02, LOFT08]

e Bi-directional [ABC'22]
Path search in struct. queries

o SPARQL extensions:
[ASMH18, AMSH18,
AMM23]

e For PGs: [DFGT22]

@ Pathways users need no knowledge of the graph structure or values J

@ Less intimidating for NTUs
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Outline

© Systems developed
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Systems developed

Systems developed

Predihood
City environment prediction

17 Python core classes
DATA 2020 [BDF21]

GeoAlign

41 PHP core classes
SIGSPATIAL 2019 [BDFM19]

Abstra
Abstractions as E-R diagrams
ExTSE

BB
65 Java core classes
CIKM 2022 [BMU22]

Nelly Barret (DEIB@PoliMi)
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PathWays
Interesting NE-to-NE paths

18 Java core classes
ESWC 2023 [BGLM23b]

April 19, 2024
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https://perso.liris.cnrs.fr/fabien.duchateau/prototypes/
https://perso.liris.cnrs.fr/fabien.duchateau/?page=GeoAlign/
https://team.inria.fr/cedar/projects/abstra/
https://team.inria.fr/cedar/projects/pathways/

Outline

@ Conclusion
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Conclusion

Lessons learned

Data integration and exploration are difficult:

Lack of schema or schema heterogeneity
Data quality: wrong, null, missing values, ...

Large amounts of data

Bring out insights and knowledge from raw data

From the user point of view:
@ User-friendly interfaces
@ No technical detail

© High-level representation
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-
Data-acyclic flooding boundary

mailbox email I { date } #val

|

—_

[ |

Fcontent }—){ list G item }

| text I

F#val

The boundary is truncated due to cyclic collection edges J
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Entity classification time

The classification time is composed of:
o Loading the Word2Vec semantic model
o Constant, 4-8 seconds

@ Comparing entity attributes with semantic properties
o Varies with the number of entities and their number of attributes
o May vary in a generated dataset of different sizes (different entity
roots)

o Computing entity profiles
e Linear in the input size
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|
RDF quotient graph summarization [GGM20]

@ Source clique: set of outgoing properties co-occuring together on at
least one node

@ Target clique: set of incoming properties co-occuring together on at
least one node

AT A S
Q d ) d
3 3
Properties “a”, “b", “d” are in the Properties “a” and “e" are in the
same source clique same target clique

(c) Pawel Guzewic
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-
Strong summary [GGM20)]

Strong S summary:

@ Two nodes are S equivalent iff they have both the same source and
target cliques

1) b
2 ) » [0} b
< [ 6 C
e ) %
o d 0 o
0
Q9
]
Source and targe‘zi cliques for each Strong summary
node

(c) Pawel Guzewic
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|
Typed-strong summary [GGM20]

Typed-strong TS summary:
@ Two typed nodes are TS equivalent iff they have the same type set

@ Two untyped nodes are TS equivalent iff they have both the same
source and target cliques

b
2 4 [0} b
g 6 < >
) < &
?
Q ype ® type
)
)
Q
)]
Source and target cliques for each Tvped-strong summar
node + an RDF type yp & y

(c) Pawel Guzewic
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-
Disagreement between Flair and ChatGPT

o False Flair positives:
o Flair identifies “Av. Peter Henry Rolfs 36570-900 Vicosa”
person
o Flair mislead by capitalization:
e Flair identifies “Claudin-7b" (but not ChatGPT)
—_———
person
o Different token allocation:
e "“University of Alabama”, “Birmingham”

org. loc.
e “University of Alabama, Birmingham”

loc.
@ Missed non-English spelling/names:
e ChatGPT finds “Antonio Gonzilez"
—_————

person

e ChatGPT finds “Yoshida, Sakyo-ku, Kyoto 606-8501, Japan”

loc.

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 11/14



A comprehensive data exploration tool for NTUs

S

> Project: Hatvp Cac

s Connection Studio Statistics

Entities distribution by type Entity cloud

< ldentified entities > SVG  PNG
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A comprehensive data exploration tool for NTUs

Path 1 Starting variable Ending variable
. EVALUATE THE SAvE
declaration.general.declarer.name#val decla deputyName QUERY o pe———
Path 2 Starting variable Ending variable Join
i items.item decla item .
@® Required (O Optional
Path 3 Starting variable Ending variable Join
item.company#val.extract:o item companyName ® . [
Required (O Optional
Path 4 Starting variable Ending variable Join
item.nbShares#val item nbShares [}
O Required (® Optional
Path 5 Starting variable Ending variable Join
row.company_name.#val.extract:o csvline companyName ® . []
Required (O Optional
Il COLUMNS == FILTERS = DENSITY & EXPORT
decla deputyname item companyname nbshares csvline
2660 alain pierre marie rousset 2743 sanofi 1200 352
1470 edouard courtial 1511 Ivmh 29013 248
1470 edouard courtial 1543 michelin 162179 261

Nelly Barret (DEIB@PoliMi) Data integration and exploration April 19, 2024 13 /14



|
Experimental evaluation: Flair VS ChatGPT NE extractors

GPT Person | GPT Location | GPT Organization | GPT no entity
Flair Person 5913 6 11 98
Flair Location 25 1088 507 905
Flair Organization 36 141 2988 1797
Flair no entity 101 1335 1233 —
Flair and ChatGPT mostly agree
ChatGPT extraction has better quality
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