Modele graphes

= Principes
* Neo4j
= OrientDB

= Graphes et Bases de Donnees Relationnelles
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Base de donnees graphes

= Graphe : représentation d’un réseau

» Graphe : ensemble de noeuds et d’arétes

= Nceud : représentation d’une entité avec des propriéetés
= Aréte : directionnelle avec des proprietés

= Exemples de graphes :
« Réseaux sociaux

 Métro

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de de perso.isep.fr/rchiky/nosql/TelecomParisTechCours4-NoSQL.pdf et de https://sebastien.combefis.be/files/ecam/nosql/ECAM-NoSQL-2016-Cours4-Slides.pdf 511



Base de données graphes : exemples

* Noeeud ou sommet (node, vertex)

= Aréte ou relation (relationship, edge), avec une
orientation et un type (orienté et marqué)

= Propriété ou attribut (property, attribute), portée par
un nceud ou une relation

Al name. Morpheus
'Y occupation: Total badass
age 29 NGwE e rank. Captain

name=wheel
PART OF

/\;J/

node relationship property

name=car
color=red

name. Neo

language C++
. name: Agent Smith
version: 1.0b

»
LO\ES
\ L 4

»

= name Trinity ' _
y Y

 J
name: The Architect
last name:. Reagan
name. Cypher :

©Maude Manouvrier - Univ. Paris Dauphine — Figures reprises de https://www.infoq.com/fr/articles/graph-nosql-neo4j/



Base de données graphes : cas d’utilisation

» Cas d’utilisation : Domaine riche en liens entre des entites (cf.

https://neod4j.com/graphgists/ )

 Applications avec des données connectees
 Applications de routage ou basées sur la localisation
» Moteurs de recommandation

 Business Intelligence

= Non applicable aux:
 Applications avec des forts besoins de mises a jour

 Données non interconnectés

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de perso.isep.fr/rchiky/nosgl/TelecomParisTechCours4-NoSQL.pdf et de https://sebastien.combefis.be/files/ecam/nosql/ECAM-NoSQL-2016-Cours4-Slides.pdf 513
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Base de données graphes vs relationnel (1/3)

Employees Dept_Members Departments
815  Alice 815 111 — 177 apUTURE
815 119 \
> 119 p0815
815 181 —> 1817 AA2

Associative Entity,
JOIN Table,
or Lookup Table

©Maude Manouvrier - Univ. Paris Dauphine - Repris de http://neo4j.com/developer/graph-db-vs-rdbms/ 514



Base de données graphes vs relationnel (2/3)

:Department

0 4
:BELONGS’T ROTURE
:Person :BELONGS TO :Department
Alice > P0815
NGs. To :Department
A42

©Maude Manouvrier - Univ. Paris Dauphine - Repris de http://neo4j.com/developer/graph-db-vs-rdbms/ 515



Base de données graphes vs relationnel (3/3)

Bases de donneées graphes : index-free adjacency

FRIEND
FRIEND
! FRIEND l

FRIEND FRIEND

FRIEND

name: Alice name: Bob name: Charlie name: Davina

FRIEND

FRIEND

FRIEND

Chaque nceud ~ un micro index des nceuds
VoISInS

©Maude Manouvrier - Univ. Paris Dauphine — Repris de https://neo4j.com/blog/native-vs-non-native-graph-technology et du cours de M. Rukoz a Nanterre

— | Alice Davina
— | Alice Charlie

> | Alice Bob

Bob Alice
Bob Charlie
Bob Davina

Charlie Bob
Charlie Davina

Charlie Alice
Davina Charlie

Davina Bob

Davina Alice

l —
name: alice name: Bob name: Charlie name: Davina

016


https://neo4j.com/blog/native-vs-non-native-graph-technology

Base de donnees graphes : index-free adjacency

= Maintien pour chaque nceud des références directes vers ses nccuds
adjacents

= Temps de requétes generalement indépendantes de la taille totale du graphe
et proportionnel a la taille du graphe recherché

= En relationnel : jointures bidirectionnelles précalculées et stockées dans la
base de données

©Maude Manouvrier - Univ. Paris Dauphine — Repris de https://neo4j.com/blog/native-vs-non-native-graph-technology et du cours de M. Rukoz a Nanterre/ 5 17



https://neo4j.com/blog/native-vs-non-native-graph-technology

Classement des moteurs orientés graphe

[] include secondary database models

Rank

Feb Jan Feb
2023 2023 2022

1. 1. 1.
2. 2. 2.
3. 3. A4,
4. 4. 3.
5. 5. 5.
6. 7. A8,
/7. W6. o.
8. 8. 7.
0. 9. 9.
10. AN11. AN12.
11. $10. 11,
12. AN 14. A6 15,
13. AN 17. A8 20.
14. J12. J 10.
15. ¥ 13. J 13,

DBMS

Neo4j 3

Microsoft Azure Cosmos DB 2

Virtuoso E3
ArangoDB E3
OrientDB
JanusGraph
Amazon Neptune
GraphDB &3
TigerGraph
Fauna

Dgraph
NebulaGraph 3
Memgraph 3
Stardog E3
Giraph

39 systems in ranking, February 2023

Score

Database Model Eeb Jan Eeb

2023 2023 2022
Graph 55.43 -0.41 -2.81
Multi-model (g 36.51 -1.45 -3.45
Multi-model g3 6.11 +0.23 +0.72
Multi-model g 5.29 +0.22 -0.11
Multi-model | 4.54 +0.06 -0.49
Graph 2.79 +0.16 +0.44
Multi-model [ 2.73 -0.08 -0.26
Multi-model g 2.44 -0.09 -0.49
Graph 2.16 -0.04 -0.08
Multi-model g3 1.89 +0.12 +0.57
Graph 1.86 +0.06 +0.14
Graph 1.79 +0.28 +0.63
Graph 1.68 +0.36 +1.30
Multi-model g 1.63 +0.01 -0.35
Graph 1.59 +0.06 +0.28

©Maude Manouvrier - Univ. Paris-Dauphine - https://db-engines.com/en/ranking/graph+dbms

ol



Neo4j

= Systeme de gestion de graphes par Neo Technology, Inc

* Interrogation de la base avec un langage a travers HTTP . Cypher
Query Language

= Deéveloppé en Java et Scala
= Existe depuis 2000

= Peut fonctionner en stand-alone ou en temps que serveur web

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://sebastien.combefis.be/files/ecam/nosgl/ECAM-NoSQL-2016-Cours4-Slides.pdf et https://stph.scenari-community.org/contribs/nos/Neo4j1/co/Neo4J.html 5 19



https://sebastien.combefis.be/files/ecam/nosql/ECAM-NoSQL-2016-Cours4-Slides.pdf

Neodj : liens utiles

= Site officiel : https://neodj.com/

= Pour tester en Iigne (maiS en s’identiﬁant) . https://neo4j.com/sandbox-v2/?ref=product

= Consoleenligne: http://console.neodyj.org/

= Documentation: : https://neo4dj.com/docs/

= Exemples d’application :

* https://neo4j.com/graphgists/

e Gestion du tour de France : https://neod4j.com/graphgist/modeling-the-tour-de-france-

20l14-in-a-neo4d4j-graph-database

= Tutoriels :

* https://logisima.developpez.com/tutoriel/nosgl/neod4dj/introduction—-neodj/

* https://www.tutorialspoint.com/neodj/

e https://stph.scenari-community.org/contribs/nos/Neo4d4jl/co/Neodj-1 2.html

520
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Neo4j : modele de donnees

= Nceud : unité fondamentale d’un graphe, pouvant étre associe a des
labels (~type) et avoir des proprietés

= Relation : connexion entre deux nceuds avec une direction, pouvant
avolr des proprietes

= Propriété des nceuds et relations : paires clé-valeur avec des valeurs
de type nombre, chaine de caracteres, booléen et listes

= Traversée d’un graphe : reponse a une requéte (navigation de nccud
en nceud exprimée en Cypher)

= Chemin : sequence de nccuds avec des relations (utilise comme
résultat d’une requéte)

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://sebastien.combefis.be/files/ecam/nosql/ECAM-NoSQL-2016-Cours4-Slides.pdf 52 1



Neo4dj : exemple de graphe

[ Person ] [ Person ] name: Dan
born: May 29, 1970
twitter: @dan

—— Is_Married_To

—»
—— Lives With [—»
ANN | DAN
RELATIONSHIPS PROPERTIES

LABEL NODE

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://neodj.com/product/?ref=product/#basics 522



Neodj : Langage Cypher

= Deux clauses principales en Cypher pour construire des requeétes
« CREATE pour créer une nouvelle entité
« MATCH pour chercher/récupérer des entites
= Representation graphique des entites :
* Nceud représenté entre parentheses et deux-points pour label
* Relation représentée avec fleches/tirets et crochets pour détails

* Propriétés représentées par un dictionnaire a la JSON

= Manuel Cypher : https://neo4j.com/docs/cypher-manual/current/

u Exemp|eS de COmmandeS https://neod4dj.com/graphgist/graphgists-to-learn-

the-first-steps-in-the-graph-world-with-the-regesta-of-emperor-frederick-iii

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://sebastien.combefis.be/files/ecam/nosql/ECAM-NoSQL-2016-Cours4-Slides.pdf 523
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Neodj : création d’un nceud

Query:
CEEATE (philip:Perscn {name:"Fhilip"

Nom de variable non obligatoire

Query took 12 m3 and returned no rows. CREATE (:Person { name:'Philip' })

Updated the graph - created 1 node aet 1 property IRGEIENEETS

Detailed Query Results

Query Results

B rows

12 ms

e
| Mo data returned. |

e e e e s E

Modes created: 1
Properties set: 1

T feTEs Les nceuds d’'un méme label nont pas
Compiler CYPHER 3.5 forcement la méme structure :

Planner COST
Runtime INTERPRETED [CRERTE (:Person { name:'Emil', Age:25 1)
Runtime versiion 3.5 ;':REE—;I: ':: :Person { name . ! Jeanne ! :'

e e e e e
| Operator Estimated Rows Riowis | DB Hits Page Cache Hits der Cache Misses der Cache Hit Ratio Variables
e e e e e e e e e e e e S e e e e e {ECeoCooooDs
| +ProduceResults 1 a | 5 5 ] 8. EEEB plLlLL
e S S e mmm—
| +EmptyResult 1 a | a a 5] B.B068 philip
D LU0 S0V 0 G0 0 G 0 NS RN
| +{reate 1 1| 4 5 5] B _EE6E p'lllL
S e S oD  DESSS e ST I SO SO DS D S ST S ST S O D D D D DS [ S S S S S S D DS DS [ S e e S S e OO0 DDTS s oSS S e SE S DO DD DTS ST s fE eSS S S oS0 |

Total database accesses: 4

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://neo4j.com/graphgist/restaurant-recommendations 524



Neodj : creation d’une relation

Query:
CEREATE (philip:Perscn {name:"Philip"})-[:I53 FRIEND QF]->{emil:Person {n

=] =
B — LT —_—t e o e b --_I.:T.-\_l —t e — I I

Query took 79 ma and returned no rows.
Updated the graph - created 2 node3 and 1 relaticnahip set 2 properties RREEgdMEElE

Inutile de créer un arc dans les 2 sens, lors des requétes

le sens des arcs peut étre omis. ._E_FREND_ g__,.

Autre maniere d’écrire l'instruction :

ICREATE (Philip:Person { name:'Philip' }), (Emil:Person { name:'Emil' }), (Philip)-I[: IS FRIEND OF]->(Emil)

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://neo4j.com/graphgist/restaurant-recommendations 525



Neodj : création d’un graphe

CREATE (philip:Person {name:"Philip”})-[:I5_FRIEND OF]-*{emil:Person {name:"Emil"}),
(philip)-[:IS_FRIEND OF]-*{michael:Person {name:"Michael"}),
(philip)-[:I5_FRIEND OF]-*{andreas:Person {name:"Andreas"})

CREATE (sushi:Cuisine {name:"Sushi"}), (nyc:City {name:"MNew York"}),
(iSushi:Restaurant {name:"iSushi”})-[:SERVES]-*(sushi),(iSushi)-[:LOCATED _IN]-:{nyc),
(michael)-[:LIKES]->(iSushi),
(andreas)-[:LIKES]-»>{i5ushi),
(zam:Restaurant {name:"Zushi Zam"})-[:SERVES]-*(sushi),(zam)-[:LOCATED IN]->{nyc),
(andreas)-[:LIKES]-»(zam)

526
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Query:

CEEATE (philip:Perac

Query took 0 ms and
Updated the graph -

Query:

CEEATE (philip:Perac

QJuery took 1 ms and
Updated the graph -

Query:

CREATE (philip:Persc

Neo4j : CREATE

n {name:"Fhilip"})

returned no rows.

created 1 node ast 1 propercy RGN NEE] S

n {name:"Philip™})
returned no rows.

created 1 node set 1 property LRlEaligRse]]s

n {name:"Philip"})

Attention : rien n‘empéche de créer plusieurs fois le « méme » nceud.

©Maude Manouvrier - Univ. Paris Dauphine Adapté de https://neodj.com/graphgist/restaurant-recommendations
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Neo4j : Creéer des nceuds a partir d’un fichier csv
(1/2)
Query 1

LOAD C5V WITH HEADERS FROM "https://raw.githubusercontent.com/adriens/brousse-en-folie-network/master/nodes.csv™ AS csvline
CREATE (p:Hero {id: csvline.id, name: csvline.label});

8 rows
93 m=

MNodes created: 38
Properties set: 6@

. . . id label
Extrait du contenu du fichier csv
. . . dede Dédé
https://github.com/adriens/brousse-en-folie-network/blob/master/nodes.csv
tathan Tathan
joinville Joinville
marcel Marcel
lecteur Le Lecteur

©Maude Manouvrier - Univ. Paris Dauphine Adapté de https://neo4j.com/graphgist/graph-de-la-brousse-en-folie
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Neo4j : Créer un graphe a partir d’un fichier csv (2/2)

LOAD CSV WITH HEADERS FROM "https://raw.githubusercontent.com/inserpio/tour-de-
france-2014/master/tour-de-france-2014-0001-teams-and-riders.csv" AS csvlLine
MERGE (r:Race { id: toInt(csvLine.RACE_ID), name: csvLine.RACE_NAME, from:
csvLine.RACE_FROM, to: csvLine.RACE_TO, edition: csvLine.RACE_EDITION, distance:
csvLine.RACE_DISTANCE, number_of_stages: csvLine.RACE_NUMBER_OF_STAGES, website:
csvLine.RACE_WEBSITE })

MERGE (t:Team { id: toInt(csvLine.TEAM_ID), name: csvLine.TEAM_NAME, country:
csvLine.TEAM_COUNTRY, sportingDirectors: csvLine.TEAM_MANAGERS })

MERGE (p:Rider { name: csvLine.RIDER_NAME, country: csvLine.RIDER_COUNTRY })
CREATE (t)-[:TAKES_PART _IN]->(r)<-[:TAKES_PART_IN { number:
toInt(csvLine.RIDER_NUMBER), info: csvLine.RIDER_INFO }]-(p), (p)-[:RIDES_FOR {
year: toInt(csvLine.RACE_YEAR) }]->(t); EE—\Y P ‘

3 =

Pour voir le contenu du fichier :
https://raw.githubusercontent.com/inserpio/tour
-de-france-2014/master/tour-de-france-2014-
0001-teams-and-riders.csv

©Maude Manouvrier - Univ. Paris Dauphine Adapté https://neodj.com/graphgist/modeling-the-tour-de-france-2014-in-a-neo4j-graph-database
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Neo4dj : recherche de nceuds

MATCH (0= Bar=oh aamas TPRS 15711 RETITRN 1
i N L, b:Fer30nl {oiame. " S1L1F ] BELURN D

't

i1Pergon [{naeme:"Philip™})

Query took 18 ms and returnsd 1 rows. R0 ek

Detailed Query Results

Query Results

P

MNode[8]{name:"Philip™}

1 row
18 ms

Execution Plan

Compiler CYPHER 3.5

Planner CO5T

Rumtime IMTERPRETED

Runtime wersion 3.5

S

Operator | Estimated Rows | Rows | DB Hits | Page Cache Hits | Page Cache Misses | Page Cache Hit Ratio | Variables | Gther

N ccooomocesocecs o= e e Somcmoe

N ccoocoocesocosce— lecmsoe oo csoces s et e omoed e cm oo ool e ocem o omoe

S O

+ProduceResults | 2] 1 g 2 8 | d.e00e | p

| e S e S

+Filter | 2] 1 4 2 8 | d.e00e | p p.name = % AUTOSTRINGE

| e S S S

+HodeBylLabelscan | 4 4 5 2 8 | d.e00e | p :Person
e

lotal database accesses: 9
©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://sebastien.combefis.be/files/ecam/nosql/ECAM-NoSQL-2016-Cours4-Slides.pdf 530



Neo4d] : CREATE et MATCH (1/2)
iCRERI‘E (Philip:Person { name:'Philip' }), (Emil:Person { name:'Emil' }) . .

MATCH (Philip:Person { name:'Philip' }), (Emil:Person { name:'Emil' }) CREATE (Fhilip)-[:IS FRIEND OF]->(Emil)

.—‘_FRIEND_L».
Attention si vous avez plusieurs nceuds répondant au MATCH . . . .

MATCH (Philip:Person { name:'Philip' }), (Emil:Person { name:'Emil' }) CREATE (Philip)-[:IS_FRIEND OF]->(Emil)

©Maude Manouvrier - Univ. Paris Dauphine 531



Neo4d] : CREATE et MATCH (2/2)

uery took 35 ms and returned no rows.

Updated the graph - crezted 1 node set 1 property BRESNENEENS

actor.name = 'Tom £ e { title:'S IN Seattle' }) actor)-[ -
Query took 34 ms and returned no rows.
Updated the graph - created 2 nodes and 2 relaticnships set 2 properties IRESHEEENS
MATCH (actor:Actor WEERE actor.name = 'Tom Hanks' CREATE (movie:Movie title:'Sleepless IN Seattie' } CREATE (actor)-[:ACTED IN]->{movie);

©Maude Manouvrier - Univ. Paris Dauphine 532



Neod] : CREATE et MERGE (1/2)

CREATE (student:Student{id:123}) Si on réitere ces instructions on peut
: . 101 b créer plusieurs nceuds « identiques »

CRELTE {clas=:Clas=s{name: 'Cypherl101'})

MATCH (=s=tudent:Student{id:123})

MRTCH {clas=s:Class{name:'Cypherl0l'}) ._ENROLLED_h »Cyoher101
MERGE (student)-[:ENROLLED IN]->(class)
MERGE récupéere un nceud s’il
ROLLED . 7 o \ 7 .
MATCH (student:Student{id:123}) existe déja et le crée sinon

JERGE -::r portCard:ReportCard{term: 'Spring2017"})
MERGE {=student)-[:EARNED]-> (repcrtCard)

i
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Neod] : CREATE et MERGE (2/2)

CREATE (student:Student{id:123})-[:ENROLLED IN]->(class:Class{name:'Cypherl0l'}) . 'HDLLED—“—‘

Query:
MATCH (student:Student{id:222}) MATCH (class:Class{name:'Cypherl01'}) MERGE (student) - [:ENROLLED IN]->(class)

Query took 6 ms and returned no rows. JREEIIENEEIS

==)

MERGE (student:Student{id:222}) MERGE (class:Class{name:'Cypherl0l'}) MERGE (student) - [:ENROLLED IN]->(cla

MERGE récupére un nceud s’il existe ( ~MATCH) ou le
crée s’il n’existe pas (~CREATE)
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Neodj : recherche de noeuds / sous-graphes (1/2)

=TT [-I|—-_-- M AETE—= - =T BETTIRH T
ant) WHERBE r.name="iSushi' BETURN r
T
I T 1] - — i - | = - T = TR
io:Beztaurant {name:"iSushi™})
4 mm I s
Duery took 22 ma and returned 1 rows. Reaanig=ellid
BRIt T
w L
ATCH (philip:Perscon nama* "ETRA 191 1=0*TS FRTFND OF]=irmarern] RETIIEN marascsn mETes
- o Horo oL PN el ey ) i e e _|'| |____.___ __.-_ e i | ke e e Al
per3on.nams

Michas?
Llalige 4
Lndreas
e T
e P .
Juery took 68 ms and returned 3 rows. [REMRelelE

nams® "Mawa Yerl —[*LOCATED IN]-i{restaurant]-[:S5EEVES]->{~uisin=} BRETUEH nyc S =y e = - =

name: "New Yor [:LOCATED IN]-{restaurant)-[:S5ERVES (cuisine) BETURN nyc, restaurant, cuisine

nyc resSTaurant

cuigine

Td:City {name:"Hew York"l) (76:Bestaurant

{name:"Zushi Zam"}) (73:Cuizine [name:"Sushi™})

(T4d:City {name:"Hew York™}) (75:Bestaurant {name:"iSuahi™}) (T3:Cuisine {name:"Sushi™})

©Maude Manouvrier - Univ. Paris Dauphine — Adapté de https://neo4j.com/graphgist/restaurant-recommendations 535



Neodj : mise a jour de noeuds / sous-graphes (2/2)

Cuery:

i » Tavos ImEmas TERS 19010 - = A = TH
Malvn (p.Ferscn (name. " Fniiip ;| o3 b.aJe= = REILUHEMN P

(0:Person [Age:47, name:"Philip™})

uery took BT m3 and returned 1 rows.

1l property REENENEET S

Updated the graph — 3et

Query:
P - : .

- - a T e
T . i mame s 1 Frd 1 - R, ramt [mEmas !+ Sumahd !
Holin (p.rers3oll jname. "Emil” ;) [Malld (FaReSTaurant {Iame. " 1ou3nl’ §| L

uery took 77 ma and returned no rows.

raph - created 1 relationship QRN e

Updated the

(1]

= FRIE) o
i
#s%] Sushi
i,
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Neodj : requétes complexes

MATCH {philip:Person {name: "Philip'}),

(philip)-[:I5_FRIEND OF]-{friend),

(restaurant:Restaurant)-[:LOCATED _IN]-»>{:City {name: 'Mew York'}),

(restaurant)-[:SERVES]-*(:Cuisine {name: "Sushi'}),

(friend)-[ :LIKES]-*{restaurant)
RETURMN restaurant.name AS restaurantName, collect(friend.name) AS recommendedBy, count{*) AS numberOfRecommendations
ORDER BY numberOfRecommendations DESC

reataunrantHame recomnmendedBy numbe rOfRecormendaticona
iSushi [Emil, AZndreas=s, Michael] 3
Zushi Zam [Andreas] 1
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Neo4j : supprimer un nceud sans relation (1/2)

FRIEND
Query:
MATCH (n:Perscn {name:"toto™}) DELETE n

Query took 29 m3a and returned no rows.

Updated the graph - deleted 1 node RREEIEEEE]E
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Neo4j : supprimer un nceud sans relation (2/2)

Pour supprimer tous les nceuds d’'un méme label: MATCH (p:Person) DELETE

Erreur si les noeuds sont liés a d’autres
Query:
CREATE (Philip:Person { name:'Philip' }), (Emil:Person { name:'Emil' }), (Philip)-[:IS FRIEND CF]-»(Emil)

Query took 4 ms and returned no rows.

Updated the graph - created 2 nodes and 1 relationship set 2 propserties [RESIGB R

Philip s RIEMND _(hi— Emil

its relationships.

©Maude Manouvrier - Univ. Paris Dauphine
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Neo4j : supprimer un nceud avec relation

Query:
MATCH (n:Perscn {name:"Fhilip"}) DELETE n
Error: org.necdj.graphdb.ConstraintViolationException: Cannot delete node<151>», because it still has relationships. To delete this node, you muat first delete its relationships.

IKE
e
& W
VE,
-
- r_ﬂ. {!.
‘I" .

‘FH'EN ] FRIEMND
Query:
MATCH (n:Person {name:"Philip™}l) DETACH DELETE n

Query took 30 ms and returned no rows.
Updated the graph - deleted 1 node and 3 relationships IRe==0aeEE] S

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://neo4j.com/graphgist/restaurant-recommendations 540



Neodj : comparaison SQL / Cypher

SOL Statement

SELECT name FROM Person

LEFT JOIN Person_Department
ON Person.Id = Person_Department.Personld

LEFT JOIN Department
ON Department.Id = Person_Department.DepartmentId

WHERE Department.name = "IT Department”

Cypher Statement
MATCH (p:Person)-[:WORKS AT]->(d:Dept)

WHERE d.name = "IT Department”
RETURN p.name

©Maude Manouvrier - Univ. Paris Dauphine - Repris de https://neo4j.com/developer/graph-db-vs-rdbms/# _relational_databases
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Neo4] : exemple d’union en SQL

SELECT pl.firstname FROM person jak
INNER JOIN friend f1
ON f1.PersonA_id = jak.id

—— ——— INNER JOIN person pl

ON pl.id = f1.PersonB id

_| friend v
@ PersonA_id INT{11)
@ PersonB_id INT{11)

. WHERE jak.firstname = "jak™
W
I | person ’ UNION
] id INT(11)
_— firstnam e V ARCHAR{ 45) SELECT pl-'FiFEtHEII'IIE FROM person jak_

> INNER JOIN friend 1
ON f1.PersonB id = jak.id
INNER JOIN person pl
ON pl.id = f1.PersonA_id
WHERE jak.firstname = "jak”™

542
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Neodj : plan d’exécution de ’union en
SOQL

query_block
[ ]
LIRIOR
<unionl 2=
CQuery cost] 5.00 Query cost] 5.00
query_block #2 query_block #1

Full Table Scan Full Table Scan Unique Key Lookup Full Table Scan Full Table Scan Unique Key Lookup
jak 1 p jak 1 p
PRIMARY PRIMARY

©Maude Manouvrier - Univ. Paris Dauphine - Repris de https://www.versusmind.eu/blog/bases-de-donnees-graphes-les-modeles-de-donnees 543



Neo4j : la méme requéte Cypher

MATCH (jak:Person {firstname:"jak"})-[:FRIENDS]-(p)

RETURN p

= Recherche par label

= Filtrage de recherche de la personne ayant pour prenom
"Jak" applique directement (filtrage au plus t6t)

= Extension avec les nceuds associés par 1a relation
FRIENDS

©Maude Manouvrier - Univ. Paris Dauphine - Repris de https://www.versusmind.eu/blog/bases-de-donnees-graphes-les-modeles-de-donnees

| o ModeByLabelScan
jgk

‘Person
G estimated rows
T db hits
e
B rows

jak firstname = |
AUTOSTRIMGD)

1 estimated rows

5 db hits

1 row

w Expand{All)
JELW-]

(jak)-] UNMAMEDETFRIENDS]- ‘
(=)

1 estimated rows
4 db hits

W ProduceResults

jak, p
1 estimated rows
0 db hits
3 rows
Resuli

544



Neo4j : architecture Maitre-esclave a 2 composants

= HA Database: pour B Al

NODE-1 NODE-3

le stockage et la C”A Databa@ CHA Da.abase>
recherche des

Jonnées (Grtr o) (Gur s

NODE-2
= Cluster Manager : B (+a Datavase ) »
pour la tolérance aux e R
Slave @uster Manag eD Slave
pan nes NODE-4 NODE-5
(HA Dalabase> CHA Dalabase>
Gluster Manag@ E 7 Tephen Data Replication— @uster ManageD

©Maude Manouvrier - Univ. Paris Dauphine - Repris de ttps://subscription.packtpub.com/book/big_data_and_business_intelligence/9781783555178/7/ch071vi1sec44/neodj-architecture-and-advanced-settings 545



Neodi : Composition d’un noeud

Traversal API

Core API

Cypher

Lock Manager

Page Cache

Transaction Management

read-committed isolation level

Record Files

Transaction Log

Disks

©Maude Manouvrier - Univ. Paris Dauphine - Repris de https://neo4j.com/blog/native-vs-non-native-graph-technology/
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Neo4j : conclusion

. Langage Cypher
. Gestion de transactions ACID
. Bien adapte aux requétes de type « parcours de graphe »

@ Perte en performance en raison de ’implémentation sous-jacente

. Modeélisation pensée pour les graphes

@ Non adapté aux requétes de type « opération sur ensembles »

©Maude Manouvrier - Univ. Paris Dauphine - Repris de perso.isep.fr/rchiky/nosql/TelecomParisTechCours4-NoSQL.pdf et de https://www.versusmind.eu/blog/bases-de-donnees-graphes-les-modeles-de-donnees 547



Exemple

d’applications
polyglottes -CommERCE p—
utilisant APPLICATION —
Redis,
MondoDB et /

. SHOPPING FProovceT

D D >

& redis ® mongoDB @neoy]

\’__/ u N—. A

©Maude Manouvrier - Univ. Paris Dauphine — Repris de https://neo4j.com/blog/neo4j-doc-manager-polyglot-persistence-mongodb/
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OrientDB

= Base de données multi-modeles : graphes, documents, clé-valeur et
objets

= Crée en 2010 par CallidusCloud
= Développe en Java

= Association des points forts tires des bases de donnees graphes et des
bases de données orientée document

» [ angage de requéte « a la SQL »

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://sebastien.combefis.be/files/ecam/nosgql/ECAM-NoSQL-2016-Cours4-Slides.pdf et https://stph.scenari-community.org/contribs/nos/orientl/co/OrientDB-1_3.html 549
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OrientDB : liens utiles

= Site officiel : https://orientdb.org/

= Documentation : https://orientdb.org/docs/3.0.x/

= Tutoriels :

* https://stph.scenari-community.org/contribs/nos/orientl/co/OrientDB-
1.html

* https://www.tutorialspoint.com/orientdb

©Maude Manouvrier - Univ. Paris Dauphine 550
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https://stph.scenari-community.org/contribs/nos/orient1/co/OrientDB-1.html
https://www.tutorialspoint.com/orientdb

OrientDB : modele de donnees

= Notion de classes pour représenter des enregistrements
= Partition des classes en clusters

= Relations entre les classes
* LINK pointe vers un objet
 LINKSET pointe vers plusieurs objets (ensemble)
 LINKLIST pointe vers plusieurs objets (liste)

« LINKMAP pointe vers plusieurs objets (dictionnaire)

= Possibilite de stocker des graphes avec des classes particulieres

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://sebastien.combefis.be/files/ecam/nosgl/ECAM-NoSQL-2016-Cours4-Slides.pdf 55 1
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OrientDB : classe Document et classe Graphe

Relational Model
Table

Row

Column

Relationship

Relational Model

Table

Row

Column

Relationship

Document Model OrientDB Document Model
Collection Class or Cluster
Document Document
Key/value pair Document field
Mot available Link
Graph Model OrientDB Graph Model
Vertex and Edge Class that extends "V" (for Vertex) and
Class "E" (for Edges)
Vertex Vertex

Vertex and Edge Vertex and Edge property
property

Edge Edge

©Maude Manouvrier - Univ. Paris Dauphine — Repris de http://www.orientdb.com/docs/last/Tutorial-Document-and-graph-model.html
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OrientDB : classe clé-valeur et classe objet

Relational Model Key/Value Model OrientDB Key/Value Model
Table Bucket Class or Cluster
Row Key/MValue pair Document
Column not available Document field or Vertex/Edge property
Relationship not available Link

Relational Model Object Model OrientDB Object Model
Table Class Class or Cluster
Row Object Document or Vertex
Column Object property Document field or Vertex/Edge property
Relationship Pointer Link

©Maude Manouvrier - Univ. Paris Dauphine — Repris de http://www.orientdb.com/docs/last/Tutorial-Document-and-graph-model.html 553



OrientDB : exemple de graphe

RID = #13:1 RID = #13:2
RID =#14:1

Anderson e o Red p|||
out: [#13:1)
in: [#13:2]

label : ‘Chooses’

out: [#14:1) in: [#14:1]
label : ‘Customer’ label = “Product’
name : ‘Anderson’ I ~ . name = ‘Red pill’

©Maude Manouvrier - Univ. Paris Dauphine — Repris de https:/fr.slideshare.net/ArpitPoladia/graph-databases-orientdb 554



OrientDB : création de classe et d’attribut

= Creation d’une nouvelle classe : CREATE CLASS

= Ajout éventuel de propriété : CREATE PROPERTY

orientdb {db=myschool}> CREATE CLASS student
Class created successfully. Total classes in database now: 12.

orientdb {db=myschooll}> CREATE PROPERTY student.firstname STRING

Property created successfully with id=1.

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://sebastien.combefis.be/files/ecam/nosgl/ECAM-NoSQL-2016-Cours4-Slides.pdf 555
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OrientDB : Insertion

* Insertion d’un nouvel enregistrement : INSERT INTO

orientdb {db=myschool}> INSERT INTD student SET firstname=’Alexis
'y age=22

Inserted record ’student#21:0{firstname:Alexis,age:22} v1’ in
0,090000 sec(s).

orientdb {db=myschool}>

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://sebastien.combefis.be/files/ecam/nosgl/ECAM-NoSQL-2016-Cours4-Slides.pdf 556
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OrientDB : rechercher des informations

orientdb {db=myschool}> BROWSE CLASS student

=t ———— tm—————— e —————— t————
| # | @RID |@CLASS |firstname|age |
e T mm————— o —————— f————
| 0 |#21:0| student | Alexis |22 I
T T S T y——

orientdb {db=myschool}> DISPLAY RECORD 0

DOCUMENT @class:student @rid:#21:0 @version:1

= o —————— m————— +
| # | NAME | VALUE |
e ——————— T R — +
| O |firstname |Alexis|
| 1 | age | 22 |
$mmm e ——————— $m————— +

orientdb {db=myschooll}>

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://sebastien.combefis.be/files/ecam/nosgl/ECAM-NoSQL-2016-Cours4-Slides.pdf 557
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OrientDB : créer un graphe (1/2)

orientdb {db=social}> CREATE CLASS person EXTENDS V

Class created successfully. Total classes in database now: 12.
orientdb {db=sociall}l> CREATE CLASS food EXTENDS V

Class created successfully. Total classes in database now: 13.
orientdb {db=social}> CREATE CLASS likes EXTENDS E

Class created successfully. Total classes in database now: 14.

orientdb {db=sociall>

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://sebastien.combefis.be/files/ecam/nosgl/ECAM-NoSQL-2016-Cours4-Slides.pdf 558
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OrientDB : créer un graphe (2/2)

orientdb {db=sociall}l> CREATE VERTEX person SET firstname="Alexis"
Created vertex ’person#21:0{firstname:Alexis} v1’ in 0,002000 sec

(8).

orientdb {db=sociall}l> CREATE VERTEX food SET name="Tomato"
Created vertex 'food#25:0{name:Tomato} v1’ in 0,003000 sec(s).

orientdb {db=sociall> CREATE EDGE likes FROM (SELECT FROM person
WHERE firstname="Alexis") TOD (SELECT FROM food WHERE name="Tomato

ll]

Created edge ’'[likes#29:0{out:#21:0,in:#25:0} v1]l’ in 0,148000
sec(s).

orientdb {db=sociall>

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://sebastien.combefis.be/files/ecam/nosgl/ECAM-NoSQL-2016-Cours4-Slides.pdf 559
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OrientDB : interrogation en SQL ou parcours de graphe

SELECT
count(*) as NumberOfProfiles,
Birthday.format( 'yyyy' ) AS YearOfBirth
FROM Profiles
GROUP BY YearOfBirth

ORDER BY NumberOfProfiles DESC

©Maude Manouvrier - Univ. Paris Dauphine - Adapté de https://sebastien.combefis.be/files/ecam/nosgl/ECAM-NoSQL-2016-Cours4-Slides.pdf

MATCH
fclass: Person, as: people, where: (name = "John')}

RETURN people

SELECT
customer.OrderedId as customerOrderedId,
SUM{order.Amount) as totalAmount

FROM |:

MATCH {Class: Customers, as: customer}<-HasCustomer-{class: Orders, as: order}

RETURN customer, order
)
GROUP BY customerOrderedId

ORDER BY totalAmount DESC

LIMIT
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OrientDB : architecture (1/2)

Avant 2012 : architecture Maitre-Esclave

rode s Fhe
noae Ls the

Master
Node

©Maude Manouvrier - Univ. Paris Dauphine — Repris de http://orientdb.com/docs/2.0/orientdb.wiki/Distributed-Architecture.html 56 1



OrientDB : architecture (2/2)

Depuis 2012 . architecture Multi-Maitres ("master-less") avec
partitionnement des données en cluster

‘/\\‘

Master Master Master
Node Node Node

customer__ customer_ customer__

©Maude Manouvrier - Univ. Paris Dauphine — Repris de http://orientdb.com/docs/2.0/orientdb.wiki/Distributed-Architecture.html 562



OrientDB : replication

Possibilité de réplication :

Master Master Master
Node Node Node

customer__ customer__ customer_
customer__ customer customer__

customer__ customer__ customer__

©Maude Manouvrier - Univ. Paris Dauphine — Repris de http://orientdb.com/docs/2.0/orientdb.wiki/Distributed-Architecture.html
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OrientDB : exécution d’une requéte

©Maude Manouvrier - Univ. Paris Dauphine — Repris de http://orientdb.com/docs/2.0/orientdb.wiki/Distributed-Architecture.html 564



OrientDB : WriteQuorum

HZ HZ
QAueue

thuesks

WriteQuorum
| | 7 e
| Masker | TN "Se-.»ué-s' OK =

OK

©Maude Manouvrier - Univ. Paris Dauphine — Repris de http://orientdb.com/docs/2.0/orientdb.wiki/Distributed-Architecture.html



OrientDB : conclusion

. Langage de requéte et traversée de graphe
. Transactions ACID

. Architecture multi-master

. Multi-Modéles

. Monitoring, gestion des sauvegardes sous licence commerciale
@ Multi-Modeles

©Maude Manouvrier - Univ. Paris Dauphine - Repris de https://akamel.me/2015/07/28/no-sgl-comparison/ 566



Graphes et Base de Donnees Relationnelles

Possibilite de simuler un graphe via des requétes recursives :

CREATE TABLE edges (
src integer,

dest integer
o
INSERT INTO edges (

src,
dest

)

VALUES
(1, 2),
(2, 3),
(2, 4),
(3, 4),
(4, 1),
(3, 5);

©Maude Manouvrier - Univ. Paris Dauphine - Repris de https://martinheinz.dev/blog/18 567
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Requéte SQL récursive

WITH RECURSIVE paths (src, dest, path) AsS (

SELECT e.src, e.dest, ARRAY[e.src, e.dest]
FROM edges e

UNION

SELECT p.src, e.dest, p.path ARRAY[e.dest]
FROM paths p src dest path src dest path
JOIN edges e
ON p.dest = e.src AND e.dest ALL(p.path)

)

SELECT * FROM paths;

568
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Clause SQL WITH RECURSIVE

Pour faire des itérations
La requéte faisant

WITH RECURSIVE R AS ( réference a R doit
requeteDeBase finir par ne
UNION ALL retourner aucun
requeteFaisantReferenceaR nuplet pour
) arréter la boucle !
SELECT ... FROM R

WITH RECURSIVE t(n) AS (
Exemple : requéte, qui VALLES (1)
calcule la somme des JHIomeALL y
nombres de 1 & 100 | SELECT n+1 FROM t WHERE n 136
SELECT sum(n) FROM t;|

©Maude Manouvrier - Univ. Paris Dauphine — cf. https://www.postgresgl.org/docs/current/queries-with.html
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Fonctionnement de la clause WITH RECURSIVE

execute > EBro

<base query>

|

Accessib E e under

execute - o
i the R el
— . |<recursive query| ~— e |IX| name insicle
involving |R> - - = @ Ry = the recursive. auery

| TN R o, £

\!/ Yes
RO

UNION ALL
—_> R
RO, Rl.., Rn =

} .

return result of
UNION ALL

©Maude Manouvrier - Univ. Paris Dauphine — Figure reprise de https://medium.com/swih/recursion-in-sgl-explained-graphically-67916a0f143b
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Simuler un Graphe dans une Base de Données Relationnelles

Exemples :

©Maude Manouvrier - Univ. Paris Dauphine

https://www.dylanpaulus.com/posts/postgres-is-a-qraph-database/

https://blog.whiteprompt.com/implementing-graph-queries-in-a-relational-database-

7842b8075ca8

https://www.fusionbox.com/blog/detail/graph-algorithms-in-a-database-recursive-ctes-

and-topological-sort-with-postgres/620/

https://martinheinz.dev/blog/18

https://www.alibabacloud.com/blog/postgresql-graph-search-practices---10-billion-

scale-graph-with-millisecond-response 595039

or1
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https://blog.whiteprompt.com/implementing-graph-queries-in-a-relational-database-7842b8075ca8
https://blog.whiteprompt.com/implementing-graph-queries-in-a-relational-database-7842b8075ca8
https://www.fusionbox.com/blog/detail/graph-algorithms-in-a-database-recursive-ctes-and-topological-sort-with-postgres/620/
https://www.fusionbox.com/blog/detail/graph-algorithms-in-a-database-recursive-ctes-and-topological-sort-with-postgres/620/
https://martinheinz.dev/blog/18
https://www.alibabacloud.com/blog/postgresql-graph-search-practices---10-billion-scale-graph-with-millisecond-response_595039
https://www.alibabacloud.com/blog/postgresql-graph-search-practices---10-billion-scale-graph-with-millisecond-response_595039

Plusieurs implémentation et extensions du langage Cypher (1/2)

U.S.A.

C

k\
Oracle GQL Sweden
Graph/PGX Community
Cypher for

Apache SAP HANA \l’/ )
Spark Denmark
N ' ‘ : LDBC
Cypher for
Gremlin PGQL
‘\_,// 5

WG3
SQL/GQL
Standard

Commlttee
South
Korea

"a
SC 32
Data
Management China

Iop?nCyp:\er and
mplementers Interchange
Group = -

N
Anzograph Redis Graph GSQL S Q L

Memgraph .

neOL,j

0 —— CYPHER —

ISO/IEC
; _ JTC1
Agens
Graph et S
©Maude Manouvrier - Univ. i i i

Univ. Paris Dauphine - Repris de https://www.linkedin.com/pulse/sgl-now-ggl-alastair-green/
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Plusieurs implémentation et extensions du langage Cypher (2/2)

Academia
RP
path queries) i

Queries

- Create, Read, Update, Delete (CRUD)

Academia
Regular
Queries

©Maude Manouvrier - Univ. Paris Dauphine - Repris de https://Idbcouncil.org/event/fifteenth-tuc-meeting/attachments/petra-selmer-towards-gql-v1-a-property-graph-query-

Extended by

Extended hyl

v Reading graphs
7’

Complex path expressions

SQL PGQ

Named graphs
Catalog
Schema

Views

~ Complex path expressions |

Reading graphs
CRUD
Catalog
Construct & project
Composable
---------- A Views
Reading graphs  \
\ ' /
- Create, Read * Named graphs
- Advanced complex path expressions
- Construct & project graphs o
- Composable -~

Tigergraph

Construct & project grapl
omposable

GSQL

\/

LDBC (Linked Data Benchmark Council)
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https://ldbcouncil.org/event/fifteenth-tuc-meeting/attachments/petra-selmer-towards-gql-v1-a-property-graph-query-language-standard.pdf
https://ldbcouncil.org/event/fifteenth-tuc-meeting/attachments/petra-selmer-towards-gql-v1-a-property-graph-query-language-standard.pdf

Extension du standard SQL pour les graphes

Timeline to Standards

Date SQL/PGQ GQL
- 2017 Work started
/ ) 2018 Work started
! 2021-02-07 CD Ballot End
[ 2022-02-20 CD Ballot End
| 8 2022-12-04 DIS Ballot End
[ - -01- i
SQL L0 S GQL 2023-01-30 Final Text to IS.O
I al 2023-03-13 SQL/PGQ IS Published
g\ © 2023-05-21 DIS Ballot End
LN (Graph Query ,
: Language) 2023-07-30 Final Text to ISO
I 2023-09-10 GOQL IS Published
\
\ '\ - SQL/PGQ published June 2023 (SQL Property Graph Querying
+ Graph Pattern Matching - GQL published March 2024
- Graph Pattern Matching (GQL and SQL/PGQ) stable August
2022

April 17,2024 - The GQL Standard is published!

©Maude Manouvrier - Univ. Paris Dauphine - Repris de https://Idbcouncil.org/event/fifteenth-tuc-meeting/attachments/petra-selmer-towards-ggl-v1-a-property-graph-query-
language-standard.pdf , https://Idbcouncil.org/event/fifteenth-tuc-meeting/attachments/leonid-libkin-pattern-matching-in-ggl-and-sql-pgg.pdf et 574
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Property Graph Queries (SQL/PGQ)
= Extension du standard SQL aux graphes — SQL:2023

https://www.iso.org/obp/ui/#iso:std:iso-iec:9075:-16:dis:ed-1:v1l:en

CREATE TABLE person (...);
CREATE TABLE company (...);
CREATE TABLE ownerof (...);
CREATE TABLE transaction (...);
CREATE TABLE account (...);

CREATE PROPERTY GRAPH financial transactions
VERTEX TABLES (person, company, account)
EDGE TABLES (ownerof, transaction);

SELECT owner_name,
SUM(amount) AS total transacted
FROM financial transactions GRAPH _TABLE (
MATCH (p:person WHERE p.name = "Alice’)
-[ :ownerof]-> (:account)
-[t:transaction]- (:account)
<-[ :ownerof]- (owner:person|company)
COLUMNS (owner.name AS owner name, t.amount AS amount)
) AS ft
GROUP BY owner_name;

©Maude Manouvrier - Univ. Paris Dauphine — Exemple repris de http://peter.eisentraut.org/blog/2023/04/04/sql-2023-is-finished-here-is-whats-new 575
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Property Graph Query Language (PGQL) d’Oracle

Description : https://pggl-lang.org/

Projet Open-source d’Oracle : https://github.com/oracle/pggl-lang

Langage de la base de données Graphe d’Oracle, Oracles Graph Database
https://www.oracle.com/database/graph/

Derniere specification en aolt 2022 : https://pggl-lang.org/spec/1.5/

PGQL on RDBMS
Query execution, PGQL to SQL

I -

Scalable and Persistent Storage

Oracle Database

PL/SQL Packages, PG Schema tables (VTS, VDS, GES, GTS, ITS, S88),

SQL-based graph query, SQL-based graph analytics, OLS Security
Compression, Oracle Text Index
©Maude Manouvrier - Univ. Paris Dauphine — Images reprises de https://docs.oracle.com/en/database/oracle/property-graph/21.3/spgdg/executing-pggl-gueries-property-graph- 576

schema-tables.html



https://pgql-lang.org/
https://github.com/oracle/pgql-lang
https://www.oracle.com/database/graph/
https://pgql-lang.org/spec/1.5/
https://docs.oracle.com/en/database/oracle/property-graph/21.3/spgdg/executing-pgql-queries-property-graph-schema-tables.html
https://docs.oracle.com/en/database/oracle/property-graph/21.3/spgdg/executing-pgql-queries-property-graph-schema-tables.html

Exemple sous PGOQL d’Oracle

inancial_transansaction”

Accounts

number
account_type
_ person_id
Companies company._id

id «
name

Note: Columns in indicate primary keys

company_id

number: 10039 financial_transactions

transaction
amount: $9900.00

name:
Camille :
\alox\‘s“o‘

transaction
amount: $1500.30
transaction
number: 8021 amount: $3000.70

number: 1001

Transactions
id
from_account
to_account

date
amount

number: 2090

©Maude Manouvrier - Univ. Paris Dauphine — Images reprises de https://pgal-lang.ora/spec/1.5/

CREATE PROPERTY GRAPH financial transactions

VERTEX TABLES (

Persons LABEL Person PROPERTIES ( name ),
Companies LABEL Company PROPERTIES ( name ),
Accounts LABEL Account PROPERTIES ( number )

)
EDGE TABLES (

Transactions

SOURCE KEY ( from_account ) REFERENCES Accounts ( number )
DESTINATION KEY ( to_account ) REFERENCES Accounts ( number )

LABEL transaction PROPERTIES ( amount },

Accounts AS PersonOwner

SOURCE KEY ( number ) REFERENCES Accounts ( number )

DESTINATION Persons
LABEL owner NO PROPERTIES,

Accounts AS CompanyCwner

SOURCE KEY ( number ) REFERENCES Accounts ( number )

DESTINATION Companies
LABEL owner NO PROPERTIES,

FPersons AS worksFor

SOURCE KEY ( id ) REFERENCES Persons ( id )

DESTINATION Companies
NO PROPERTIES

YU


https://pgql-lang.org/spec/1.5/

Graph Query Language (GQL)

= Page web officielle : https://www.gglstandards.org/home

= Page web avec des liens : https://github.com/szarnyasg/ggl-sql -
pgg-polinters

Labels ‘ Schema \ \—N\ode types

CREATE GRAPH TYPE SocialNetwork {

:KNOWS
year: :INT

Person
:Person
name: : STRING
dob: : DATE

(Person :Person {name STRING, dob DATE})
(City :City:Town {name STRING}),

:LIVES_IN

(Person)-[:LIVES_IN]->(City),
(Person)-[:KNOWS {year INT}]1->(Person)

AN

Relationship types

City
:City:Town
name: : STRING

Type names: not necessary, but
helpful for more complex schemas
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Exemples de requétes en GQL

/* Insert one node */

INSERT (:Pet {name: 'Unique', pettype: 'Dog'l) MATCH (d:Pet) where d.name="Unique

SET d.weight kg=26

MATCH (e {lastname: 'Stare'})

/* Insert two nodes and an edge */
REMOVE e.joined

INSERT (:Person {firstname: 'Avery'
,lastname: 'Stare’
,Joilned: date ("2022-08-23")1})
=[*LivesIn {since: date ("2022-07-15")1}]1->
(:City {name: 'Granville'
,3tate: 'ORH'
,country: 'USA'})

/* Delete Avery and related nodes */
MATCH (a {firstname: 'Avery'})-[b]l->(c)
DETACH DELETE a, c

CREATE GRAPH TYPE /MyFolder/control/fraud TYPE // DDL
(customer:Customer => {id::STRING, name::STRING}),
(account:Account => {no::STRING, acct type::STRING }),

* 1 ;.4
/* Create a? edge between Avery and their dog. */ (customer) - [ : HOLDS]-> (account) ,
MATCH (a {flrstname: Avery'}) (account)—-[ :TRANSFER {amount::INTEGEER}]->(account)
, (d {name: 'Unique'})

INSERT (a)-[:HasPet]->(d)

CREATE GRAPH /MyFolder/control/fraud /* graph name is “fraud” */
TYPED /MyFolder/control/fraud TYPE /* graph type is fraud TYPE */

USE GRAFH fraud
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Principaux moteurs orienteés graphes

Graph OLTP
Deployment Graph Graph OLAP Scale-Out
Model Query Visualization Transaction
ETOET tools

9 On-prem / AWS, ' GSQL, 23 built-in
I §_ TigerGraph Arure, GCP PG GsaL Graph Studio ACID Bt Yes
= -

SE Pregel API, 48 built-in

o Neodl On-prem / AWS, B s e pala

= O

S o Azure, GCP PG Cypher Studio reads may occur algorithms (including Yes

Graph ML)

1
L

Data
Companies

Enterprise
Cloud Companies
]
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