ScaDS

DRESDEN LEIPZIG

THE MAGIC OF GRAPH
DATABASES

FABIAN GARTNER

www.scads.de



Norbert E. Horn —
https://twitter.com/Norbert_E_Hor

ScaDSﬂ

DRESDEN LEIPZIG

THE MAGIC OF GRAPH
DATABASES

‘ : FABIAN GARTNER

www.scads.de



Norbert E. Horn —
https://twitter.com/Norbert_E_Hor

ScaDSﬂ

] DRESDEN LEIPZIG
Gremlin

THE MAGIC OF GRAPH
l DATABASES

i FABIAN GARTNER

www.scads.de



Sca DS ﬂ

Gremlin _W ﬁﬁ&mu;‘
 SPOILER
_ALERT

Game of Thrones
Season 6

» T
J)
—

‘—
< !
- o QI
N N 3 RO

Rtn~ Gl L FE R T

:
ié

www.scads.de



o

scaDSall MOTIVATION

DRESDEN LEIPZIG




o

scaDSall MOTIVATION

DRESDEN LEIPZIG

= Supergenome project



scaDSaNl MOTIVATION

DRESDEN LEIPZIG

= Supergenome project

= A Supergenome isa common coordinate system for
all genomes in a multiple alignment.



scaDSaNl MOTIVATION

DRESDEN LEIPZIG

= Supergenome project

= A Supergenome isa common coordinate system for
all genomes in a multiple alignment.

= Data is a graph structure



0 “, 7
'.“,
,F' W

scaDSaNl MOTIVATION

DRESDEN LEIPZIG

= Supergenome project

= A Supergenome isa common coordinate system for
all genomes in a multiple alignment.

= Data is a graph structure
= 100 Way Vertebrata

= 109,850,411 Vertices

= 4,062,653,410 Edges

-



scaDSaNl MOTIVATION

DRESDEN LEIPZIG

= Supergenome project

= A Supergenome isa common coordinate system for
all genomes in a multiple alignment.

= Datais a graph structure
My
= 100 Way Vertebrata Q#Qpl'
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= Supergenome project

= A Supergenome isa common coordinate system for
all genomes in a multiple alignment.
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= Operations are graph-operations
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for both graph databases (OLTP)and graph analytic systems (OLAP).

= Open source

= Vertex based query language is Gremlin:

= python
ruby

= java

. js

] go

= NET-C#
" php

= scala
| = typescript
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MAVEN

<dependencies>
<dependency>
<groupIld>org.apache.tinkerpop</groupld>
<version>3.3.1</version>
</dependency>
<dependency>
<groupId>org.apache.tinkerpop</groupId>
<version>3.3.1</version>
</dependency>
<dependency>
<groupIld>org.neo4j</groupIld>
<version>0.7-3.2.3</version>
</dependency>
</dependencies>
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GREMLIN-JAVA

MAVEN

<dependencies>
<dependency>
<groupIld>org.apache.tinkerpop</groupld>
<version>3.3.1</version>
</dependency>
<dependency>
<groupIld>org.apache.tinkerpop</groupId>
<version>3.3.1</version>
</dependency>
<dependency>
<groupIld>org.neo4j</groupIld>
<version>0.7-3.2.3</version>
</dependency>
</dependencies>

public class GraphExample {

public static void main(String[] args) throws Exception {

}

//open Graph
Graph g = Neo4jGraph.open("example/graph.db/");
GraphTraversalSource t = g.traversal(Q);

//T0DO add something

//T0DO query and print something
//Commit changes
g.tx().commit(Q);

//Close Graph
g.close(Q);

public static void print(Iterator<Vertex> it ) {

for(Vertex v: (Iterable<Vertex>) (O -> it) {
System.out.println((String)v.value("name"));

}
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s Guardian whe Royal Family
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e Killed = = === Abducted

/TODO add something

.addV("Person").property("name","Lyanna Stark").as("1")
.addV("Person").property("name","Elia Martell").property("Royal Family",true).as("2")
.addV("Person").property("name","Robert Baratheon").as("3")
.addV("Person").property("name","John Arryn").as("4")

.addE("Guardian").from("4").to("3")

.addV("Person").property("name","Rhaenys & Aegon Targaryen").property("Royal Family",true).as("5")
.addE("Parent"). from("2").to("5")

.addV("Person").property("name","Eddard \"Ned\" Stark").as("6")
.addE("Guardian").from("4").to("6")

.addV("Person").property("name","Gregor Clegane \"The Mountain\"").as("7")
.addEC"Killed").from("7").to("2")

.addEC"Killed").from("7").to("5")

.addV("Person").property("name","Rhaella Targaryen").property("Royal Family",true).as("8")
.addV("Person").property("name","Rickard Stark").as("9")

.addE("Parent").from("9").to("1")

.addE("Parent").from("9").to("6")

.addV("Person").property("name","Arthur Dayne").property("Kingsguard",true).as("10")
.addE("Killed").from("6").to("10")

.addV("Person").property("name","Jon Snow").property("age", 23).as("11")
.addE("Parent").from("1").to("11")

.addE("Guardian").from("6").to("11")

.addV("Person").property("name","Benjen Stark").as("12")
.adde("Parent").from("9").to("12")

.addV("Person").property("name","Rhaegar Targaryen").property("Royal Family",true).as("13")
.adde("Killed").from("3").to("13")

.adde("Parent").from("8").to("13")

.addE("Abducted"). from("13").to("1")

.adde("Parent").from("13").to("5")

.addE("Parent"). from("13").to("11")

.addV("Person").property("name","Brandon Stark").as("14")
.addE("Parent").from("9").to("14")

.addV("Person").property("name","Tywin Lannister").as("15")
.addE("Serves").from("7").to("15")

.addV("Person").property("name","Daenerys Targaryen").property("Royal Family",true).property("age",22).as("16")
.addE("Parent").from("8").to("16")

.addV("Person").property("name", "Howland Reed").as("17")
.addE("Killed").from("17").to("10")

non

.addV("Person").property("name","Aerys II Targaryen \"The Mad King\"").property("Royal Family",true).as("18")
.addeE("Serves").from("10").to("18")

.addEC"Killed").from("18").to("9")

.addE("Parent").from("18").to("13")

.addE(C"Killed").from("18").to("14")

.addE("Parent").from("18").to("16")

.addV("Person").property("name","Jaime Lannister").property("Kingsguard",true).property("age",43).as("19")
.addE("Parent"). from("15").to("19")

.addEC"Killed").from("19").to("18")

.addE("Serves").from("19").to("18")

.addV("Person").property("name","Visrys Targaryen").property("Royal Family",true).as("20")
.addE("Parent").from("8").to("20")

.addE("Parent"). from("18").to("20")

.iterate(Q);
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//T0DO query and print something

Vertex jon = t.V().has("name","Jon Snow").next();

System.out.println(t.V(jon).values("age").next());

print(t.V().has("Royal Family"));

print(t.V().has("age",P.1t(25)));

P<String> nonTargarian = new P<String>((x, y) -> (x).index0f(y) < @

print(t.V().has("Royal Family").has("name",nonTargarian));

, "Targaryen");
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//T0DO query and print something

Vertex jon = t.V().has("name","Jon Snow").next();

System.out.println(t.V(jon).values("age").next()); * 23

print(t.V().has("Royal Family"));

print(t.V().has("age",P.1t(25)));

P<String> nonTargarian = new P<String>((x, y) -> (x).index0f(y) < @ , "Targaryen");

print(t.V().has("Royal Family").has("name",nonTargarian));

How old is
“Jon Show”?
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//T0DO query and print something
Vertex jon = t.V().has("name","Jon Snow").next();

System.out.println(t.V(jon).values("age").next()); 23

print(t.V().has("Royal Family™)); *

print(t.V().has("age",P.1t(25)));

P<String> nonTargarian = new P<String>((x, y) -> (x).index0f(y) < @ , "Targaryen");

print(t.V().has("Royal Family").has("name",nonTargarian));

Who is member of
the royal family?
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//T0DO query and print something
Vertex jon = t.V().has("name","Jon Snow").next();

System.out.println(t.V(jon).values("age").next()); 23
print(t.V().has("Royal Family"));

printCt.VQ).has("age" ,P. 1£(25))); «

P<String> nonTargarian = new P<String>((x, y) -> (x).index0f(y) < @ , "Targaryen");

print(t.V().has("Royal Family").has("name",nonTargarian));

Who is younger
then 25 years?
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//T0DO query and print something

Vertex jon = t.V().has("name","Jon Snow").next();

System.out.println(t.V(jon).values("age").next());

print(t.V().has("Royal Family"));

print(t.V().has("age",P.1t(25)));

23

P<String> nonTargarian = new P<String>((x, y) -> (x).index0f(y) < @ , "Targaryen");

print(t.V().has("Royal Family").has("name",nonTargarian)); ‘

Who is in the royal family

but is not named “Targaryen”?
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print(t.V().has("Royal Family").out("Killed"));

print(t.V().has("Royal Family").in("Killed").dedup());

print(t.V().has("Royal Family").where(__.in("Killed")));

print(t.V(.as("q").out("Killed").in("Serves").where(P.eq("q")));

s Guardian whe Royal Family
e Parent e Kingsguard
—— SEIVES

e Killed = = === Abducted
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print(t.V().has("Royal Family™).out("Killed")); +

print(t.V().has("Royal Family").in("Killed").dedup());

print(t.V().has("Royal Family").where(__.in("Killed")));

print(t.V(.as("q").out("Killed").in("Serves").where(P.eq("q")));

s Guardian whe Royal Family
e Parent e Kingsguard
—— SEIVES

e Killed = = === Abducted

Who got killed by a member
of the royal family?
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print(t.V(Q).has("Royal Family").out("Killed"));

print(t.V().has("Royal Family").in("Killed").dedup()); +

print(t.V().has("Royal Family").where(__.in("Killed")));

DAENERY:ZRGARYEN ‘::' :
; /‘Zh:‘

T KR
& //

print(t.V(.as("q").out("Killed").in("Serves").where(P.eq("q")));
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Q?é 5 ]ONSOW
s Guardian whe Royal Family
e Parent e Kingsguard
Who killed at least one
member of the royal family?
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print(t.V().has("Royal Family").out("Killed"));

print(t.V().has("Royal Family").in("Killed").dedup());
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print(t.V(.as("q").out("Killed").in("Serves").where(P.eq("q")));
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e Parent e Kingsguard
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e Killed = = === Abducted
Who of the royal family
got killed?




o

scaDSaNl ACCESS EDGES

DRESDEN LEIPZIG

LYANNA STARK

print(t.V().has("Royal Family").out("Killed"));

e AN ‘ A2
. l 0 /’ : " . " : nys "
- , }‘\ ] \ '\'/ print(t.V().has("Royal Family").in("Killed").dedup());
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Who killed the person
that he serves?
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print(t.V(jon).repeat(__.in("Parent")).times(2));

print(t.V(jon).repeat(__.in("Parent").store("Parents"))
.cap("Parents").unfold());

Who are the grandparents
of “Jon Snow”?
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print(t.V(jon).repeat(__.in("Parent")).times(2));

print(t.V(jon).repeat(__.in("Parent").store("Parents"))
.cap("Parents").unfold());

Who are the grandparents
of “Jon Snow”?




o

ScaDSaNl REPEAT

DRESDEN LEIPZIG

/\7\ & LYANNA STARK

print(t.V(jon).repeat(__.in("Parent")).times(2));

print(t.V(jon).repeat(__.in("Parent").store("Parents"))
.cap("Parents").unfold());

s Guardian whe Royal Family
e Parent e Kingsguard
—— SEIVES

e Killed = = === Abducted

Who are the parents and
grandparents of “Jon Snow”?




o

scaDSaNl STORED DATA

DRESDEN LEIPZIG

2
X
% « LYANNA STARK
e
Z
X
(7
e,
2y
Tt ,4%
"oy
Nor2y

7
- BN \ 7
DAENERYS TARGARYEN (;‘:z.' : 3 EDDARD “NED” STARK
) 1\ %
(Bra>Viaw. o ey
] SR :
: LK SN o
s s < \ e
Q 7 4,
Y \“ ) RN
s € ©
J/
s’@& PR / \ '?Q‘i&
OOV\ &) g Q,}
S ~ { T,
o s @ ® it
<} & Z
& "~ %
S % e 4
0‘? ; " 61‘ U
Qi“& ] oﬁ
& JON SNOW 1
s Guardian whe Royal Family
———  Parent e Kingsguard
—— SEIVES
e Killed = = === Abducted

print(t.V(jon).store("Family")

.repeat(__.both("Parent").dedup()
.where(P.without("Family")).store("Family")

D)

.cap("Family").unfold());

print(t.V(jon).store("Family")

.repeat(__.both("Parent").dedup()
.where(P.without("Family")).store("Family")

D)

.cap("Family").<Vertex>unfold()

.where(__.out("Killed").where(P.within("Family"))));
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print(t.V(jon).store("Family")
.repeat(__.both("Parent").dedup()
.where(P.without("Family")).store("Family")
D)
.cap("Family").unfold());

print(t.V(jon).store("Family")
.repeat(__.both("Parent").dedup()
.where(P.without("Family")).store("Family")
D)
.cap("Family").<Vertex>unfold()
.where(__.out("Killed").where(P.within("Family"))));

Who are “Jon Snow”s relatives?
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print(t.V(jon).store("Family")

.repeat(__.both("Parent").dedup()
.where(P.without("Family")).store("Family")

D)

.cap("Family").unfold());

print(t.V(jon).store("Family")

.repeat(__.both("Parent").dedup()
.where(P.without("Family")).store("Family")

D)

.cap("Family").<Vertex>unfold()

.where(__.out("Killed").where(P.within("Family"))));

Who of “Jon Snow”s relatives
killed an other relativ?
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JSON

Gremlin Server

Monitoring

Gremlin Traversal Language

Provider
Strategies

Core API
(graph, vertex, edge)

Provider API

Graph

Database
OLTP

Computer

Provider API

Graph
Processor

OLAP

ganglia
cvs

graphite
jmx
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