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Graph Databases
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Alyo background: El6n Baoewv dedouevwy

To dump large volumes from RDBMSs
and run Business Intelligence workloads

Relational Analytical (OLAP) Key-Value
Model-based, +—— ] key o _ _
transaction oriented, 1 = D~ _D e Atd'Ct'?na:.V I\I/\”tdh p.om.;cers
e i T o potentially dissimilar
—— B ﬂ L data objects
j ] key
Column-Family Graph Document
& N A key-value DB where
@n each object is a parseable
I U XML or JSON file
o,

Sparse matrices

made of rows with varying column sets. L .
_ : to intuitively and efficiently
Good for write heavy logging, loT etc.

etabvte-scale workloads query associative datasets
P Y 13?1192021 ' .

Model-less document DBs



[Twc mpoekuPe N avaykn yia graph DBs;
[TOLO ewvail TEALKA TO TTPOPANUA TTOU IOV VA AUOOUV;

To mpoPBAnua adopad Kupiwg I'IOI\YI'II\O KOTHTA ..kat eutepevoviwg MEFTE@OZ
AvokoAla otn povteAomoinon KAmolwyv MoAU xpovoBopec avalntnosic/queries,
NMPOBANUATWY LLE OXEOLAKEC BAOELC (BabLéc avadpoutkéc avalntioelg pmopolv va

(repimAokecg oxéoelg, Suovonta SQL schemas) UTTAPXOUV aKOMN Kal o€ armAd SQL schemas)
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JEEED @G0 ((Hotel(34)

CONNECTED TO(®11) | INVOLVED WiTH(1139) | RELATED TO(107)

Displavina 1514 nodes. 1857 relationships.



The Human Disease Network

A network of disorders and disease genes linked by known disorder-gene associations from the study
The Human Disease Network, Goh K-1, Cusick ME, Valle D, Childs 8, Vidal M, Barabisi A-L (2007),

Proc Natl Acad Sci USA 104:8685-8690. Disorders and genes are nodes in the graph. A disorder’s : -
size corresponds to the number of genes known to be associated with it. The graph dataset for ‘:%
this visualization comes from the Diseasome project by Mathieu Bastian and Sébastien Heymann. \ 2
Author: Ramiro Gomez * Interactive Visualization: exploring-data.com/vis/human-disease-network/ k-
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Turka medio edpoaploync

Yrniadpxouv mpoBAnpoata mou amno tn ¢uvon touc Bacilovrtal og
ypadouc (graph related problems), onwc:

ApopoAoynon KANogwv

Protein regulatory networks €peuva ¢papuakwy

Network outage impact analysis
Master data management
AvaAuvon social networks

Fraud detection

Mpotewvopeva poiovta

o€ online avopéc

Frequently bought together

13/11/2021
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GO Molecular Functions

’MA binding

I{-\

U nucieotide binding

'umﬂuul constituent
of ribasome
structural molecule
activity

unfolded protein
binding

." activity, nucleic
- acid binding

Other molecular

functions

Protein-Protein
interaction

KEGG pathway
annotation




OAa auta €ival auTo TToU AEUE:

“egraphy” problems
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[10TE €xEL vONua va xpnoLomoLlnoeL kavelc graph DBs

“Av TO LLIOVO TTOU EXELC EWV’ Eva OQUPI, Av 10 uovo rnou ég€peic eiv’ SQL,
TQ TavTa ooU aivovtal oav de(pld."‘ OAa ta datasets oou potalouv relational.

AN\Q Oev elvall.

O mpayuaTikog KOopoc Sev Talplalel anapaitnta UE TO LOVTEAO
TIOU XOULE OTO VOU HAC.
Tot LOVTEAQ aC TIPETEL VO TALPLAIOUV OTOV TIPOYUATIKO KOOUO.

Apa —OTLG MEPUTTWOELG IOV TALPLATEL- LTIOPOULE VO EKLETAAAEUTOU E KATIOLOL CUYKEKPLUEVA TTAEOVEKTA AT TwV graph DBs
ylo va:

* AmoOnKeVOUUE KoL VO KAVOULE TIOAU YPrYopEG Kal TtepumAokeg avalntioelg o€ highly associative data
* MovteAomoloUpe U TLo armAo K SLaloBntikod tpomo graphy mpoBAnpata Kol To LoVTEAO pag va eridexetal live aAAayEC

* Alaxelpllopaote peyala graphy datasets xwpic vo tpwpe PeyaAo (EKBETIKO) aVTIKTUTIO 0TNV AOd00N TOU CUOTHOTOC

13/11/2021 | 11



[10TE €xEL vONUa va XpnoLuomoLlnoeL kaveilc graph DBs

;4
W
|
|
I Value .
ExeL vonua yla: I e Stores
|

MepimAoka HOVTEAQ HUE PEYAAN TTUKVOTNTA
OXE0EWV HETED TWV ovtoThATtwy/entities

f

Relational databases

Otav &Epoupe amo npwv OtL N ebapuoyn pag Oa
TPEXEL BapLA queries TAVW OTLG OXETELG TWV
oVTOoTNTWV TNG BAoNG Hag.

13/11/2021 | 12



[Twc Aettoupyouv ot graph DBs;

MovteAomnotlouv to npofAnua (data domain) m
oav €va guvolo armo kopuBoug (nodes) kat _ & Marmied. To J
ox€oelg (relationships) pe labels kat properties. é

o)

LABEL RELATIONSHIPS

RDBMS Graph Database
Tables Graphs

Rows Nodes

Columns and Data Properties and their values

Constraints Relationships

Joins Traversal

13/11/2021

born: June 1, 1988
twitter: {@bob

|

PROPERTIES
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Omnote v’ amAa oAU BEATLOTOMOLNLEVEC

in-memory databases?

OxL.
Eival évac ouvduvaopoc armo:

Query languages

Eva SLadbOoPETLKO fpAyvopec, scalable ,
(,b P PTIVOPES . TTOU LOC ETILTPETTOUV
TPOTO graph engines ,
, , val aAANAerdpou e
LLOVTEAOTIOLNONC (=ypnyopo graph

e SLooOnTIKO TPOTO
UE MOVTEAQ YpADWV

0O-11-0
()-[1->0)
13/11/2021 ()<-[]-() | 14

npoBAnuatwv traversal)



Graph query Ianguages

Don’t get too excited. No standard yet...

Je TuYOLO oELpa:

Gremlin (Apache TinkerPop specific)

PGQL (for Oracle Spatial and Graph)

SPARQL (generic for document DBs)

Cypher (neo4j specific)

SQL/PGQ Property Graph Query (SQL standard proposed extension to accept graph patterns in SELECT statements)
GQL (ISO working group to formally extend the SQL standard, work in progress)

13/11/2021 | 15



OL 1o yvwotec vAomolnoelc graph DBs

Rank Score

Nov Oct Nov DBMS Database Model Nov  Oct
2020 2020 2019 2020 2020
1. 1. 1. Neo4j 3 Graph 53.53 +2.20
2. 2. 2. Microsoft Azure Cosmos DB 3 Multi-model g 32.50 +0.49
3. 3. 4. ArangoDB £} Multi-model g 5.37 -0.18
-. 4. 3. OrientDB Multi-model g 5.30 -0.17
5. 5 5. Virtuoso E3 Multi-model g 2.54 -0.03
6. 6. #7. Amazon Neptune Multi-model g 2.43 -0.05
7. 7. 6. JanusGraph Graph 2.37 -0.03
8. 8 8. GraphDB E3 Multi-model [ 2.11 +o0.01
0. 9. v14. FaunaDB 3 Multi-model (g 1.78 0.00
10. 10. 9. Dgraph EJ Graph 1.62 -0.06

Mnyn: db-engines.com, November 2020
ABpolotikd Sedopéva dnuotikotntac anod StackExchange, LinkedIn, GoogleTrends
13/11/2021

Nov
2019

+3.00
+0.52
+0.36

-0.09

-0.10
+0.83
+0.58
+0.97
+1.17
+0.58

| 16



Napddeypa:  @PNEOL)

Kataokevaopévn €€ apxng we graph database
paLUEVN O€ java
ArtoBnkével ta dedopéva cav €va o€t amno nodes kat relationships

2XeSLAOUEVN YUPW ATIO YL CUYKEKPLUEVN BeATLoToTtONON:

KaBe koppoc/node, anoBnkeleL pointers mpo¢ 6AoUC TOuC KOUBOUC E TOUC OTTOLOUC
ouVOEETAL. AUTO ETLTPETEL TLOAU YPNYOPEC avalnNTNOELS OE OXEOELC TIOAAATIAWY BNHATWY,
tagelc peyEbouc o ypnyopa art’ otL pue KAaoolkee Baoelc SQL/RDBMSs.

Awaxelpileoal tn Baon ne Cypher query language (emvonuévn €L6Ka yLa tn neodj)

13/11/2021 | 17



@ neo4j@bolt://localhost:7687/neodj - Neo4j Browser
File Edit View Window Help Developer

Database Information
MATCH (n) RETURN n

Neo4j Desktop

Use database

neo4j - default

REVIEWE )

Node Labels

&

o 0 / -

ACTED_IN

Aor

title: Snow Falling on Cedars

Property Keys
m <id>:62 released: 1999 tagline: First loves last. Forever
MATCH (people:Person) RETURN people.name LIMIT 10 & C
streaming 10 records after 1 ms and completed after 5 ms
con"})-[#1.. 4. C
: @

Started
icon:Person {name:"Kevin Bac
MAX COLUMN WIDTH

MATCH (bac

Connected as

Username. neodj
admin

Roles
Admin: © server user list
© :server user add

13/11/2021




H Cypher query language

Neodj’s query language

Aewtoupyel oav a data definition language (DDL) yia dnuioupyia poviéAwyv pe graph data
Kat yia tnv ouvtaén queries yla avalntnon e CUYKEKPLUEVA patterns oxEoewv.

M.x. Mwg dnuoupyol e évav kopBo/node pe tn Cypher.

() //anonymous node (no label or variable) can
(p:Person) //using variable p and label Person
(:Technology) //no variable, label Technology
(work:Company) //using variable work and label

MNwg dnuioupyoUl e pia oxeon Ue tn Cypher.
//data stored with this direction
CREATE (p:Person)-[:LIKES]->(t:Technology)

//query relationship backwards will not return
MATCH (p:Person)<-[:LIKES]-(t:Technology)

//better to query with undirected relationship
(p:Person) - [ :LIKES] - (t:Technology)

13/11/2021

refer to any node in the database

Company

results

unless sure of direction MATCH

| 19



I .
H Cypher query language napaodewypa: Movie Graph
‘Eotw oTL BEAOUUE VOL OT\OOUUE LA ULKPA EPapUOyH TIOU va TIEPLEXEL NOOTTOLOUC KAl OKNVOBETEC KOl TLC TALVIEC
OTLC OTIOLEC £XOUV OUVEPYQOTEL A va TO KAVOURE auTO Ba TpEmMEL:
1. Na dnuovpynooupe (create) tic Eyypadéc yia nBormotolc, oknvoBEtecg kat Tatvieg (3 dtadopetika €dn
KouBwv) otn graph DB
2. No prmopoUpe va KAVOUUE amAEc avalnTtAOELC TL.X. VLo LEMOVWHEVOLC NBomoLouC 1 TaLVIES
Na Kavou e Lo mepimAokec avalnTtnoeLg m.X. yla n6ormoloug mou XouV CUVEPYQAOTEL O TALVIEC
4. Na Bpiokoupe eAaxlotec anootaoel (Bacon Path)

1 a Create : movies.cypher @

W

C: > Users » idimou > Desktop > graph DBs | arial » movies.cypher

ix', released:1999, tagline

(Keanu:Person {name:'Keanu Reeves', born:1964})
(Carrie:Person {name:'Carrie-Anne Moss', born:1967})
(Laurence:Person {name: 'LaLl e Fishburne®, born:1961})
(Hugo:Person {name: "'Hugo Weaving', born:196@})
(LillyW:Person {name: 'Lilly ski', born:1967})
(LanaW:Person {name: 'Lana Wa 1", born:1965})
(JoelS:Person {name:'Joel Silver', born:1952})

(Keanu)-[:ACTED IN {roles:['Neo’]}]->(TheMatrix),
(Carrie)-[ :ACTED IN {roles:['Trinity’]}]->(TheMatrix),
(Laurence)-[:ACTED IN {roles:[ 'Morpheus’]}]->(TheMatrix),
(Hugo)-[:ACTED IN {roles:[ 'Agent Smith']}]->(TheMatrix),

13/11/2021 =
(Lillyw)-[ :DIRECTED]->{(TheMatrix))|




The
\ Birdcage

As Good
as It Gets

sCED_IN

B s

b fal (s
W cnow e/ G 2

¥ a Falling on gy
x Cedars’.; %
: ' Rore "

A

A
Y
o
Y

Z

\

i

Somethi

\ -
Vendetia jg Ninja ‘i
Assassin DIBECTER, D \._ -

v -




H Cypher query language napadeypa: Movie Graph

2. AmAn avalntnon

10 people in the DB

MATC e: son) RETURN .Ng MIT 1€
MATCH (people:Person) RETURN people.name LIMIT 1@ T

"Keanu Reeves"

= "Carrie-Anne Moss"
"Laurence Fishburne"
"Hugo Weaving"
"Lilly Wachowski"
"Lana Wachowski"
"Joel Silver"

"Emil Eifrem"

13/11/2021 "Charlize Theron" | 22



H Cypher query language napadeypa: Movie Graph

3. ZuvBetn avalntnon

in any same movie node “(m)”

Tom Hanks' co-actors...

MATCH (tom:Person {name:"Tom Hanks™})-[:ACTED IN]->(m)<-[:ACTED IN]-(coActors) RETURN coActors.name

13/11/2021 St Hettan | 23



H Cypher query language napadeypa: Movie Graph

Bpec karmotov yla va cuotnogl tov Tom Hanks otov Tom Cruise

MATCH (tom:Person {name:"Tom Hanks"})-[:ACTED IN]->(m)<-[:ACTED IN]-(coActors),

(coActors)-[:ACTED IN]->(m2)<-[:ACTED IN]-(cruise:Person {name:"Tom
RETURN tom, m, coActors, m2, cruiﬁd

ACTED_IN

\\A

NI Q3.L0V

13/11/2021 ACTED_IN




H Cypher query language napadeypa: Movie Graph

4. EntAvon Bacon path

Shortest path query: Bpec Ti¢ Tawviec kat toug nBomololc mou amnexouv to oAU 4 oxéoelc an’ tov Kevin Bacon

MATCH (bacon:Person {name:"Kevin Bacon"})-[*1..4]-(hollywood)

RETURN DISTINCT hollywood

"hollywood”

"name":"Frank Darabont","born":1959}

==
Table "name":"Tom Hanks","born":1956}
f& "name":"Bonnie Hunt","born":1961}
Texi
"name":"James Cromwell","born":1940}

(]
= H
7]

"name":"Patricia Clarkson","born":1959}

"name":"Gary Sinise","born":1955}

"name":"David Morse","born":1953}

"name":"Michael Clarke Duncan","born":1957}

13/11/2021

{"title":"The Green Mile","tagline":"walk a mile

P 1



APXLTEKTOVLIKN Neo4|

App or Community Driver Language Drivers

#

Custom REST Cypher HTTP Endpoint Bolt Endpoint

Connectors built on top of
/ the built-in APIs
Built-in APlIs:
REST, Cypher queries via HTTP, Bolt

Cypher query
language layer

SuLIOHUOW

A Java Stored
optimizer Procedures

Cypher Runtime

Native Graph Engine
In-Memory Page Cache
Fast Write Buffering

Native Graph Storage P

Gzt

CAP| Adapter File System
Physical Storage
Hardware Optimizations

13/11/2021

Unmanaged
Extensions

Cypher Engine

Fast in-memory
graph engine

aaey33u| BUl
puBWIWo)

£
i
s
&
60
s

Indexing
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ATtodoon

* Benchmark dataset: 1.000.000 eyypadec/kopupol pe 50 oxeoelc o kaBEvag

e JKOTIOG: Bpec tiIc eyypadec mou oxeti(ovrol o€ Baboc [depth] oxeoelc amo pla cuyKeKPLUEVN eyypadn.

Depth RDBMS execution time(s) Neo4j execution time(s) Records returned

2 0.016 0.01 ~2500

3 30.267 0.168 ~110,000

4 1543.505 1.359 ~600,000 EVTUTTWOLOKO
scaling

5 Unfinished 2.132 ~800,000

13/11/2021 | 27



APls and Connectors

Built-in APIs

 HTTP Cypher frontend

e REST
e Bolt

13/11/2021

Connectors

* Java

e NET

e C/C++

* JavaScript
* Python

* Go

* Ruby

e PHP

* R

* Erlang/Elixir
e Haskell

e Clojure

e Perl

| 28



TNV paen: Mwc Lhaw 1 owTo TOo TIpayoL?

Ac uTtoB€o0oupE OTL UAOTTOLOUE pLa asp.net web app yia va ogpBipouvpe dedopéva armo pia Bdon neodj Héow evog

REST api:

1. MpooBétoupe to neodjclient nuget package oto project pog

2. ApxikomoloUuE Eva object kot To cuvdéoupe otn Baon

3. To TIOPEXEL EVAL fluent query interface mou unootnpilel Cypher queries pe TN
nopdn CH lamda expressions onwc akplBwe Ba kavaue pe .net LINQ to SQL (A streams otn java).

4. To query emiotpédel Eva IEnumerable amo json objects ta omoila prmopou e va kavoupe deserialize o€ pla Alota
XPNOLLOTIOLWVTOC

5. T eyypadec tng Alotag prmopoU e va Tic oepPBipoupe otn ouvexel pEow evog Web API controller.

13/11/2021 | 29



= Neo4jDotNetDemo v ‘t',"-\ec--‘lﬂ'?o:\Ei3'»5Tc-.'-.-'-.-'e:3.:.:3'|.fc-"|f'-; * @ Register{HttpConfic
' E]__ NeodjClient;
‘,Ei" Newtonsoft.Json.Serialization;

=R

System;
System.Collections.Generic;
System.Conftiguration;
System.ling;
System.Web.Http;

o om0y

[1]
|
T
1
;
f
1
o
o
e
=]
.
=
(5]
t
i

ic static void Register{HttpConfiguration config)

config.MapHttpAttributeRoutes();

config.Formatters.JsonFormatter.SerializerSettings.ContractResolver = new CamelCasePropertyNamesContractResolver();
config.Formatters.JsonFormatter.Serializersettings.NullValueHandling = Newtonsoft.Json.NullValueHandling.Ignore;

var appXmlType = config.Formatters.XmlFormatter.SupportedMediaTypes.FirstOrDefault(t => t.MediaType == "application/xml");
config.Formatters.XmlFormatter.SupportedMediaTypes.Remove(appXmlType);

var url = ConfigurationManager.AppSettings["GraphDBUrl"];
ager.AppSettings["GraphDBUser"];

var user = ConfigurationMa
var password = ConfigurationManager.AppSettings["GraphDBPassword"];

var client = new GraphClient{new Uri{url), user, password);

(1=}

client.Connect();

GraphClient = client;

=
-
[

public static IGraphClient GraphClient { get; privat

P —— _ o I TR T | .o o



=1 NeodjDotNetDemo -~ %2 NeodjDotNetDemo.Controllers.SearchController

? o

ystem;

(KAl ]
i,

ystem.Collections.Generic;
System.Lling;
System.Net;
ystem.Net . Http;

System.Web.Http;

[F Ay
.,

NeodjDotMNetDemo.Controllers

[RoutePrefix("search")}]

=] SearchController : ApiController
{
[HttpGet]
[Route("")]
=] IHttpActionResult SearchMoviesByTitle( q)
{
data = WebApiConftig.GraphClient.Cypher

i
Match("(m:Movie)")
Where("m.title =~ {title}")
.WithParam("title", "(?1).*" + q + ".*")
.Return<Movie>{"m")

.Results.TolList();

return Ok(data.Select(c => { movie = c}));




[RoutePrefix("movie™)]
MovieController : ApiController

[HttpGet]
[Route("{title}")]
IHttpActionResult GetMovieByTitle( title)

data = WebApiConfig.GraphClient.Cypher I_ILO O'l'JVeE'[O query
-Match(" (movie:Movie {title:{title}})")

.OptionalMatch("(movie)<-[r]-(person:Person)") talvw OTO Cypher lEnumerable
eMIOTPEDEL Eva custom object

-WithParam("title", title)
-.Return((movie, a) =>

{ , .
movie = movie.As<Movie>().title, QTt TI’] nEO4J oav JSON array.
cast = Return.As<IEnumerableg >>("collect([person.name, head(split(lower(type(r)), '_")), r.roles])")

})

Limit(1)

-Results.FirstOrDefault();

result = new MovieResult();
result.title = data.movie;

castresults = new List<CastResult>(); ..TO OTIOLO UTTOPOUME VO KAVOUUE cast

foreach ( item in data.cast) , .
{ o€ pLa Atota IList.
tempData = JsenConvert.DeserializeObject< >(item);
roles = tempData[2] JArray;
castResult = CastResult
{
name = tempData[@],
job = tempData[1],
¥
if (roles != )
i
castResult.role = roles.Select(c => c.Value< >());
h
castresults.Add(castResult);
¥

racult.cast = r:-xqu:qu]+q"_




[TpakTika tips

1. ZuvnBw¢ 0 KAAUTEPOG TPOTOG Elval va OTIACOUE TO TIPOPBANA O ETILUEPOUE OEVAPLA KAL VO
xpnolponotjoou e Kot relational kat document/graph DBs émou xpeLdletal n kabeuLa.

Relational Graph
Database Database
MIGRATE -
ALL DATA . . . . . Application All data -
MIGRATE -
GRAPH DATA Non-graph data Application Graph data
DUPLICATE y .
Il dz
GRAPH DATA ol G Application Graph data

2. BonBadel va okedtoupe mpokataBoAkd av To povteAo Oa val ~otatiko (=>RDBMs) or 8’ aAAaleL cuxva (=>non-SQL
DBs).
3. KaAo elval va okedptoupe art’ tnv apxn oxt povo transactional workloads aAAd kat Tuxov anattioelg yia analytics.

4. TpExoupe ta queries o€ async mode. OL graph DBs gival ypriyopeg, aAAa oxt kat TOZO ypriyopeg!

13/11/2021 | 33



Mapeumuttoviwc: Azure COSMOS DB

‘Eva Tumtko mapadeypa plac multi-model DB.

= ETUTPETMEL TN HovieAomoinon SLadopeTIKWY TUNUATWY TOU
npofAnpartoc/dataset xpnotponotwvrtac RDBMS, document,
graph kA avaAoywc T tatplalel kaAuTtepaQ,

OAa evtoc tne dlac Baong kat Staxepiopa/avalntioua HéEow

gvoc generic API.

+
g Azure Cosmos DB account
4
{ Database
{ Id = "FamilyDB"

L- Collection
'. id = "FamilyCollection"

Document

Document

L
_o

13/11/2021

id = "Andersenfamily"

Id = "WakefieldFamily"

SQL API

Azure Cosmos DB's APl for MongoDB

Gremlin API

Table API

Cassandra API

Azure
Cosmos DB

Globally distributed, multi-model

-+ database service for any scale
! Qe RHO
rv: Node.js Gremlin Xamarin
2 2 2 (2 Ko
(2 2 [2 (2 2 [2



2UUTEpQOUOTA

Yrtapxouv NP-hard (=pn moAuvwvu LKA MOAUTIAOKOTNTAC) LTTOAOYLOTIKA TtpoBARaTa (1 urtonpoBARaTA)
TIou emdExovTal armAOVOTEPEC Kal TIOAU TaXUTEPEC AUOELC av povteAomolnBolv oav ypadol.

Nopad tn noda twv non-SQL Baoswv, ot RDBMSs kat n SQL dgv navouv va ewvoil To Baotko poc epyaleio.
MakpomnpoBsopa ot multi-model DBs miBavotata Ba yivouv to standard.
Tnv enopevn popad ov Ba madeVeTe va TalpLagete Eva cuvBeto SQL schema otov KWSLKA 00 KAl 0TO

NPOPBANUA TOL TIEAATN, OKEDTELTE UNTIWC EvaC SLadOPETLKOC TPOTIOC HovteAomoinonc Ke ypadgouc Byalet
KaAUTEPQ VOO KoL TPEXEL odaipal.

13/11/2021 | 35



Questions

DONEWITH MY PRESENTATION
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