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Outline

» Motivation

» Goal

* Proposal
 Running Example
* Ongoing Work



Biodiversity

 Distributions and interactions between
specles, communities, ecosystems and
biomes

 Identification of possible scenarios from
the local to the global level (scale)

» Several experiments are needed to check
scientific hypothesis (multiple
perspectives)
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Biodiversity

. Interactions

o from
the local to the global level (scale)

(multiple
perspectives)
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Goal

Build and explore arbitrary foci in scientific
databases

* Highly connected
* Different scales and shapes
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Focus

» Perspective of study of a given problem
[Santache et al. 2012]

e Restricts data and creates data subsets of
interest

— one specific scale
— one specific representation

— put together objects from distinct
scales

» Analyze data under different models
* Process data using focus-specific algorithms

14



Goal

Build and explore arbitrary foci in scientific
databases

* Highly connected
* Different scales and shapes

Graph Databases + Views
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Proposal
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Proposal

Graph
Databases
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Proposal

type=Vocalization
9 kind=canto

type=Date
value=19/04/1988

hasVocalizationType

hasClass
name=Jacques Vielliard

type=Observer }

inDate
hasOpserver

type=Order
value=Passeriformes

value=Nagra E

type=RecorderDevice
hasOrder

type=Observation
id=9992
individuals=um
location=Campinas/SP

hasSpécies

Property
Graph

{Graph (V,E)} {Focus (V,E)} 20
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+
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Running Example

FNJV

Fonoteca Neotropical “Jacques Vielliard”

* Observations: recordings of animal
sounds

* Over 30 thousand recordings

24



- Scientific Taxonomy
- Collect time/date/location
- Recordist

- Air Temperature

- Recording device model

54 metadata attributes

E
Filo ¥ | Classe

F G H

lll Ordem l;l Familia lll Genero

Chordata Aves Sphenisciformes Spheniscidae Spheniscus
Chordata Aves Struthioniformes Rheidae Rhea
Chordata Aves Struthioniformes Rheidae Rhea
Chordata Aves Struthioniformes Rheidae Rhea
Chordata Aves Struthioniformes Rheidae Rhea
Chordata Aves Tinamiformes Tinamidae Tinamus
Chordata Aves Tinamiformes Tinamidae Tinamus

Running Example - FNJV
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Running Example - FNJV

type=Phylum ~ T
value=Chordata 9 type.—Vocallzanon
kind=canto
A

hasPhylum

value=Aves alue=19/04/1988

type=CIass} [ type=Date } hasVocalizationType
Y

hasClass type=Observer }

name=Jacques Vielliard

inDate

type=Order
value=Passeriformes

hasObserver [
t

ype=RecorderDevice}

hasOrder value=Nagra E

useDevice

type=Family
value=Tyrannidae

type=Observation
id=9992
individuals=um
location=Campinas/SP

) /‘ K6

:

hasGenus
type=Genus type=Species
alue=Pitangus Vv S

alue=sulphuratu
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Focus 1

o Set of all locations in which observations
were made, summarizing the number of
distinct species at each location, and
connect the locations that belong to the
same biome

— Location of observations
— Number of Species

— Bilome

— Same Biome

27



Focus 1

type=Vocalization
9 kind=canto
A

hasVocalizationType

type=Date
value=19/04/1988

hasClass

type=Observer
name=Jacques Vielliard

inDate

type=Order
value=Passeriformes

value=Nagra E

hasObserver
t
hasOrder

ype=RecorderDevice}

useDevice

type=Observation
id=9992
individuals=um
location=Campinas/SP

hasGenus

type=Genus type=Species
vlue=Pitangus value=sulphuratus /
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hasClass

type=Order
value=Passeriformes

hasOrder

Focus 1

type=Vocalization
9 kind=canto
A

type=Date
value=19/04/1988

hasVocalizationType

type=Observer

name=Jacques VieIIiard}

inDate

hasObserver [
t

ype=RecorderDevice
value=Nagra E

useDevice

type=Observation
id=9992
individuals=um

hasGenus

type=Genus
\alue=Pitangus

type=Species
value=sulphuratus

location=Campinas/SP

type=Biome
value=Mata Atlantica

J

type=Location
value=Campinas/SP
numberSpecies=137

sameBiome

hasBiome

type=Location
value=Santa Teresa/ES
numberSpecies=110

29



Observations Graph Database

type=Phylum ~ T
value=Chordata 9 type.—Vocallzanon
kind=canto
A

hasPhylum

type=Class type=Date hasVocalizationType
value=Aves value=19/04/1988

hasClass

name=Jacques Vielliard

type=Observer }

inDate

type=Order
value=Passeriformes

hasObserver
Ey

value=Nagra E

pe=RecorderDevice
hasOrder

useDevice

type=Family
value=Tyrannidae

~

type=Observation
id=9992

location=Campinas/SP

) /‘ K6

:

alue=Pitangu

alue=sulphuratu

hasGenus
type=Genus type=Species
s Vv S
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Observations Graph Database

type=Phylum
value=Chordat

J

type=Vocalizatio
9 kind=canto
A

"1

hasPhylum

type=Class
value=Aves

type=Date hasVocalizationTyp

e

Lo

alue=19/04/1 988}

hasClass

name=Jacques Vielliar

type=Observer

dl

inDate

type=Order

7 . hasObserver
value=Passeriforme

:

hasOrder

type=Family

useDevice

type=RecorderDevic
value=Nagra E

ﬂ

:

value=Tyrannida

id=9992

location=Campinas/

) /‘ K6

:

type=Genus
alue=Pitangu

type=Species
alue=sulphuratu

hasGenus
S v S

type=Observation

~

SP
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Observations Graph Database

type=Phylum
value=Chordat

J

type=Vocalizatio
9 kind=canto
A

"1

hasPhylum

type=Class
value=Aves

type=Date hasVocalizationTyp

e

Lo

alue=19/04/1 988}

hasClass

name=Jacques Vielliar

type=Observer

dl

inDate

type=Order

7 . hasObserver
value=Passeriforme

:

hasOrder

type=Family

useDevice

type=RecorderDevic
value=Nagra E

ﬂ

:

value=Tyrannida

id=9992

location=Campinas/

) /‘ K6

:

type=Genus
alue=Pitangu

type=Species
alue=sulphuratu

hasGenus
S v S

type=Observation

~

SP

Biome ?
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Observations Graph Database

type=Phylum
value=Chordata

hasPhylum

type=Class
value=Aves

type=Date
value=19/04/1988

hasClass

type=Order
value=Passeriformes

hasOrder

type=Family
value=Tyrannidae

) /‘ K6

:

inDate

hasGenus
type=Genus type=Species
s Vv

alue=Pitangu

alue=sulphuratu

4

type=Vocalization
9 kind=canto
A

hasVocalizationType

type=Observer
name=Jacques Vielliard

hasObserver [
t

ype=RecorderDevice
value=Nagra E

useDevice

~

type=Observation
id=9992

location=Campinas/SP

Biome ?

33



Biome Graph Database

type=Country
9 value=Brasil

hasCountry

Ltype=Vegetation

value=Floresta

4 type=State
value=SP

hasState
asVegetation
1 e 3 type=City
type=Biome value=Campinas
value=Mata Atlantica hasBiome

34



Focus 1

type=Vocalization
9 kind=canto
A

hasVocalizationType

type=Date
value=19/04/1988

hasClass
name=Jacques Vielliard

type=Observer }

inDate

type=Order
value=Passeriformes

value=Nagra E

hasOpserver
t
hasOrder

ype=RecorderDevice]

useDevice

type=Observation
id=9992

indivj =
locationCampinas/SP

" ""l
J

type=Country
value=Brasil

\6
type=Species
value=sulphuratu

type=Genus
value=Pitangus

hasGenus [

type=Vegetation |, —",
value=Floresta

o
«

type=Biome value=Campinas

value=Mata Atlantica hasBiome
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type=Phylum
value=Chordata

A

llll~

hasVocalizationType

name=Jacques Vielliard

Focus 1

type=Observer
[]

inDate

type=Order

value=Passeriforme

)

-

type=Country
value=Brasil

yu=

|

]

|

|

|

|

z hasObserver z

: type=RecorderDevice| |_ . - 1

1 hasOrder value=Nagra E ’:B 1ome Graph : hasCountry :

- -II'I"--II---II---"— -

| useDevice - i 1

I N s type—\iegetatlon ““I" type=State I

I P ;| value=Floresta anant 4 value=SP 1

L type=Observation ] 1 T .

| . |d=9992_ - ““l“nl‘nun\ i

0 indiv = P Tl hasState I

1 location=Campinal/SP a asVegetation

' i ' IIII;’IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIII%IIIIIIIIIIIII» i

. - P P type=City

I ’ll---ll---ll-__ - Bl 3 .

i . i type=Biome ) k/ value=Campinas
. Dbservation Graphy | value=Mata Atiantica hasBiome 26 !
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Focus 1

type=Location
value=Campinas/SP
numberSpecies=137

_ sameBiome
type=Biome

value=Mata Atlantica

type=Location
value=Santa Teresa/ES
numberSpecies=110

hasBiome

tiseDevice

type=Observation
id=9992

indivi =
location=Campinal/SP

n
type=Species type=Biome
value=sulphuratus value=Mata Atlantica




Focus 1

— Step 1

type=Phylum
value=Chordat

J

type=Vocalizatio
9 kind=canto
A

"1

hasPhylum

type=Class
value=Aves

type=Date hasVocalizationTyp

e

Lo

alue=19/04/1 988}

hasClass

name=Jacques Vielliar

type=Observer

dl

inDate

type=Order

7 . hasObserver
value=Passeriforme

:

hasOrder

type=Family

useDevice

type=RecorderDevic
value=Nagra E

ﬂ

:

value=Tyrannida

hasSn id=9992

) /‘ K6

:

type=Genus
alue=Pitangu

type=Species
alue=sulphuratu

hasGenus
S v S

type=Observation

ocation=Campinas/SP

~
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Focus 1 — Step 1

Focus
Specification 1
Interface
Define Focus Process
I
=
° '8 A 4 \ 4
° < K
Build Elements: t . _@ueyview R cental concept
L] w .
V: Location S View
3 Process
;5 Operators
. . Process Graph
(Observation.location) o New Algorithms
Elements

{Observation Graph (V,E)} {Focus (V,E)} 39



e N
type=Observation
id=5437
\Iocation=Campinas/SP/

type=Observation
id=6842

\Iocatlon=Camplnas/SP/

type=Observation
id=9992
location=Campinas/SP

Focus 1 — Step 1

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

type=Location
value=Campinas/SP

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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Focus 1 — Step 2

type=Phylum ~ T
value=Chordata 9 type.—Vocallzanon
kind=canto
A

hasPhylum

value=Aves alue=19/04/1988

type=CIass} [ type=Date } hasVocalizationType
Y

hasClass type=Observer }

name=Jacques Vielliard

inDate

type=Order
value=Passeriformes

hasObserver [
t

ype=RecorderDevice}

hasOrder value=Nagra E

useDevice

type=Family
value=Tyrannidae

type=Observation
id=9992
individuals=um
location=Campinas/SP

) /‘ K6

:

hasGenus
type=Genus type=Species
alue=Pitangus Vv S

alue=sulphuratu
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Focus 1 — Step 2

Focus
Specification 1
Interface
Define Focus Process
: |
-oé A 4 : A 4
. S| [ QueryView M | (Central Concept
Aggregate Function ¢ View
. 3 Process
V:Location. :é Operators
. Process Graph
numberOfSpeCIGS Build New Algorithms
— Count( Elements
distinct(hasSpecies) I

)

{Observation Graph (V,E)} {Focus (V,E)} 42



Focus 1 — Step 2

[type=8pecies} type=Observation
value=tinamus id=5437
< location=Campinas/SP
@ hasSpecies
type=Observation
. id=6842
hasSpecies location=Campinas/SP

type=Observation
id=9992

hasSpecies location=Campinas/SP

type=Species
value=sulphuratus

type=Location

- value=Campinas/SP
numberOfSpecies=2
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Focus 1 — Step 3

hasVocalizationType

type=Date
value=19/04/1988

hasClass
name=Jacques Vielliard

type=Observer }

inDate

type=Order
value=Passeriformes

value=Nagra E

hasOpserver
t
hasOrder

ype=RecorderDevice]

useDevice

type=Observation
id=9992

indivj =
locationCampinas/SP

" ""l
J

type=Country
value=Brasil

\6
type=Species
value=sulphuratu

type=Genus
value=Pitangus

hasGenus [

type=Vegetation |, —",
value=Floresta

o
«

type=Biome value=Campinas

value=Mata Atlantica hasBiome
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Focus 1 — Step 3

Focus
Specification 1
Interface
Define Focus Process
: |
° -oa A 4 A 4

. J()—ln E = QueryView M | (Central Concept
E:hasBiome S View

. . 3 Process
V:Location, Biome 8 Operators

. . P Graph

ON Observation.location = Build Now “Algorithms
Biome.city + Biome.state Elements

{Observation Graph (V,E)} {Biome Graph (V,E)} {Focus (V,E)} 45



Focus 1 — Step 3

type=Location
value=Campinas/SP
numberSpecies=137

hasBi

type=Biome
value=Mata Atlantica

46



Focus 1 — Step 4

Focus
Specification 1
Interface
Define Focus Process
[
§
= A 4 \ 4
Build Elements: % —  QueryView M (| Central Concept
E: sameBiome © ; View
= rocess
é Operators
. . Process Graph
(LocationA.hasBiome = Build New Algorithms
. . El t
Location B.hasBiome) =

{Observation Graph (V,E)} {Focus (V,E)} 47



Focus 1- Step 4

type=Location
value=Campinas/SP
numberSpecies=137

sameBiome

[ type=Biome
value=Mata Atlantica
type=Location

value=Santa Teresa/ES

numberSpecies=110

hasBiome

48



type=Phylum
value=Chordata

hasClass

type=Order inDate

value=Passeriformes}

hasOrder

type=Family
value=Tyrannidae

hasFamily

5 )«
type=Genus
value=Pitangus

hasGenus

6
type=Species
value=sulphuratus

sameBiome

type=Location
value=Santa Teresa/ES
numberSpecies=110

type=Vocalization
9 kind=canto
Y

hasVocalizationType

Focus 1- Step 4

type=Observer

name=Jacques VieIIiard]

hasOpserver [
t

ype=RecorderDevic
value=Nagra E

‘*1

useDevice

type=Observation
id=9992
individuals=um

location=Campinas/SP

type=Vegetation
value=Floresta

type=Biome
value=Mata Atlantica

hasBiome

asVegetation

type=Location
value=Campinas/SP
numberSpecies=137

type=Country
value=Brasil

hasCountry

type=State
value=SP

hasState

type=City
value=Campinas

A

hasBiome

49



Focus 1 — Step 5

Focus } e
Interface
Define Focus Process
I
=
S
'g A 4 \ 4
. . E = QueryView Central Concept
Projection 3 View
. . . 3 Process
V: Location, Biome E Operators
. ] 1 Process Graph
E: hasBiome, sameBiome e New Maorithe
Elements

{Graph (V,E)} {Focus (V,E)} 50



Focus 1

type=Location
value=Campinas/SP
numberSpecies=137

sameBiome

type=Location
value=Santa Teresa/ES

numberSpecies=110

type=Biome
value=Mata Atlantica

hasBiome
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Focus 2

 Set of species closest in the taxonomy to
the species Tinamus tao

— Species
— Genus
— Family
— Order

— C(Class
— Phylum

52



Focus 2

type=Vocalization
9 kind=canto
A

hasVocalizationType

type=Date
value=19/04/1988

name=Jacques Vielliard

type=Observer }

inDate

type=Order
value=Passeriformes

value=Nagra E

hasObserver
t
hasOrder

ype=RecorderDevice]

useDevice

type=Observation
id=9992
individuals=um
location=Campinas/SP

hasGenus .
type=Species
value=sulphuratus

type=Genus
value=Pitangus /

53



Focus 2

type=Vocalization
kind=canto

type=Phylum
value=Chordata

hasPhylum

»
L

type=Class
value=Aves

hasVocalizationType

name=Jacques Vielliard

type=Observer }

inDate

type=Order
value=Passeriformes

value=Nagra E

hasObserver
t
hasOrder

ype=RecorderDevice]

useDevice

type=Observation
id=9992
individuals=um
location=Campinas/SP

hasGenus .
type=Species
value=sulphuratus

Y type=Class
value=Tinamus solitarius

type=Species e
value=Tinamus guttatus

[ type=Species
v

type=Genus
value=Pitangus

hasGenus

type=Genus
value=Tinamus

hasGenus

hasGenus

alue=Tinamous major

hasGenus\ 1

type=Species
value=Tinamus Tao 54




Observations Graph Database

type=Phylum ~ T
value=Chordata 9 type.—Vocallzanon
kind=canto
A

hasPhylum

value=Aves alue=19/04/1988

hasClass e

type=Order } ifDate
S

type=CIass} [ type=Date } hasVocalizationType
Y

type=Observer
name=Jacques Vielliard

value=Passeriforme

hasObserver [
t

ype=RecorderDevice}

hasOrder value=Nagra E

useDevice

type=Family
value=Tyrannidae

type=Observation
id=9992
individuals=um
location=Campinas/SP

) /‘ K6

hasGenus h
type=Genus type=Species
value=Pitangus value=sulphuratus

Y
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Observations Graph Database

type=Phylum
value=Chordata

hasPhylum

type=Vocalizatio
9 kind=canto
A

type=Class
value=Aves

type=Date
value=19/04/1988

hasClass

type=Order
value=Passeriformes

hasOrder

type=Family
value=Tyrannida

} path

5/‘

:

Shortest

11

us [~

Tinamus tao

hasGe
type=Genus
alue=Pitangus

/

Date

"1

hasVocalizationType

type=Observer

name=Jacques VieIIiard}

hasObserver
Ey

value=Nagra E

pe=RecorderDevice}

useDevice

type=Observation
id=9992
individuals=um
location=Campinas/SP
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4
U type=Phylum
Y value=Chordata

\—__II
>

type=Class
value=Aves

hasClass

type=Order
value=Passeriformes

hasOrder

type=Family
value=Tyrannidae
5 )«
type=Genus
value=Pitangus

.--ll---ll---|._-_|l---'

type=Date
value=19/04/1988
8

inDate

hasSpécies

KB
haSGenuS . ’II---II---II_-_‘
type=Species I
vauessuphuratus) y Qbservation Graph

\

_ o 1
type=Vocalization -
9 kind=canto 1
A 1
I
hasVocalizationType -

~ N ] N N N \

type=Observer
name=Jacques Vielliard

value=Nagra E

—II_‘

"'--II__

hasQOpserver
Eype=RecorderDevice}

useDevice

|}

type=Observation
id=9992
individuals=um
location=Campinas/SP

‘_-vr-s

Focus 2
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Focus 2

type=Class
value=Tinamus solitarius

type=Species

value=Tinamus guttatus
hasGenus

hasGenus

type=Genus 1

type=Species
yp pec value=Tinamus

value=Tinamous major

hasGenus

—__||---||--\
W

hasGenus\ 1

type=Species
value=Tinamus Tao

hasClass

type=Order
value=Passeriformes

hasOrder

hasGenus ] g
type=Species I )
value=sulphuratus !ObseI'Vathn Graph 58
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Focus
Specification

Focus Generation

Interface

Focus 2 — Step 1

Focus (V,E)

Define Focus Process

A 4

A 4

Query View

Process
Operators

Central Concept
View

Build New
Elements

Process Graph
Algorithms

Projection
V: Phylum, Class, Order,

Family, Genus, Species
E: hasPhylum, hasClass,
hasOrder, hasFamily,
hasGenus

{Graph (V,E)}

{Focus (V,E)}
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Focus 2 — Step 1

type=Phylum
value=Chordata

hasPhylum

type=Class
value=Aves

hasClass

type=Order
value=Passeriformes

hasOrder

type=Family
value=Tyrannidae

hasFamily

()

hasGenus _
type=Genus type=Species
value=Pitangus value=sulphuratus
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type=Phylum
value=Chordata

hasPhylum

type=Class
value=Aves

hasClass

type=0Order
value=Passeriformes

hasFamily

5)‘

type=Genus
value=Pitangus

hasOrder Shortest
path
type=Family
value=Tyrannidae

(e)
hasGenus (~

Tinamus tao

|

Focus 2 — Step 2
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Focus 2 — Step 2

Focus <5 N,
Specification 1 I &% Focus (V,E)
Interface
Define Focus Process
I
=
2 ! ! Central Concept
8| — Vi mi = - . .
5 ety View Sanl Corep V: Species {Tinamus tao}
O View
3 Process
;_‘o) Operators
Process Graph .
Build New Algorithms Graph Algorithm
Elements
Shortest Path

{Graph (V,E)} {Focus (V,E)} 62



Focus 2

type=Class
value=Tinamus solitarius

type=Species
value=Tinamus guttatus

hasGenus

hasGenus

type=Species

type=Genus 1
value=Tinamous major

value=Tinamus

hasGenus

Tinamus guttatus - Species

hasGenus\ 1

type=Species
value=Tinamus Tao

Tinamus (nao identificado) - Species

Tinamus major - Species

Tinamidde - Family
Tinamu®- Genus

Tinamus solitarius -.Species

Tinamus tao - Species
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Contributions

» Adaptation of view concept
* From relational databases
* To graph databases

» Specification of a framework to model and
create multiple foci

* New approach to multifocus research
— Graph Databases + Views

64



Ongoing Work

Validate data model for graph database
Refine views operators
Refine focus requirements
— Scale, perspective
Define focus specification
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