“ are rapidly gaining traction in the market as an effective method for deciphering

meaning ... allowing you to manage your data more efficiently. ... Your unstructured content is now
discoverable allowing all types of users to quickly find the exact information for which they are

searching.”

- Forbes: “The Hype Around Graph Databases And Why It Matters”
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“THE MISSING LINK |

THE DATA

THE BUSINESS / ® \ THE ANALYSIS




THE IMPORTANCE OF |

What do we have? THE DATA

* Do we have quality structured data?

* What is the relationship between the
different assets?

* Do the connected assets interact with /
each other properly?

) ) . THE BUSINESS THE ANALYSIS
* How strong is the relationship between

the different assets?

* Do we have missing data and anomalies?




ore
Databases

Bef

Limitations of paper-based storage

Lists, ledgers with thousands or millions
of

records in filing cabinets

Accessing and physically obtaining such
records

was slow and laborious task

Misplaced records

Fires that wiped entire archives
Destroyed history of societies,
organizations

and governments



NoSQL

Graph

Evolution of DBs

Multidimensional

e Hierarchical and Network The Relational Empire
DBMS in the 1960’s

e Relational empire period:
began in the 1970’s and
started to loose users in
2008 with the rise of NoSQL oS basy)
and Big Data T "aEt:a =

e Graph DBs period started in 1999
with Semantic Web and 2008 A ‘
Wlth Propertv Graph DBS Column-Family Graph Document Key-Value
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Pioneering DBMS technologies
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Document
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NoSQL DBs

Graph

Key-Value
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{

"user”:{
"id":"143"%,
“name" : “improgrammer”,
"city":"New York"
}

}
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Document stores (non-shaped / shaped)

collection

key

NoSQL DBs

Document DBs (Elexibility): usually pair each key value

key

Relational databases

to a complex object called document; Documents are e
stored in collections which are similar to tables in RDBM kay
and have the structure of BTrees key

Key-value DBs (Simplicity) :

Every item is stored as a key-value pair, such as a
dictionary and a map. Key-value pair stores are the oy
most simple NoSQL DBs key
Graph DBs: store information about networks, graphs such as social
connections, road maps, transport links

Columnar (Column-oriented DBs): optimized for queries over large datasets
and instead of rows they store columns of data




NoSQL Databases Relational Databases

Availability Good Good
Data Storage Optimized for huge data Medium sized to large

Scalability High High (but more expensive)



WHAT IS |

“ are rapidly gaining traction in the market as an effective method for deciphering

meaning ... allowing you to manage your data more efficiently. ... Your unstructured content is now
discoverable allowing all types of users to quickly find the exact information for which they are

searching.”
- Forbes: “The Hype Around Graph Databases And Why It Matters”
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' VALUE FOR BUSINESS WITH |

SAVE SAVE

* Visually comprehend data structure in
seconds

Invest in the right database systems

Hire the right data experts
* Save time from easily figuring out
complicated relationships

Reduce costs from low-quality analysis
based on poorly structured data
* Quickly identify data glitches

Provide flexibility and scalability




"HOW

ACHIEVES VALUE FOR BUSINESS 1

RELATIONSHIP

Understand the data network structure
Monitor data network structure changes
Identify closely interacting clusters of data

Easy-to-read hierarchical relationships, i.e.
tree-based structures
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vs. RELATIONAL DATABASE _‘

A way of representing data

Ssjele = Aoty
r ? ". l‘ N o 4 L .
o000 @ —] & ey 2 X
000 e ..50‘-.».
N Datatase ¢
Structured Highly Flexible

Pre-computed Real-Time Queries

Based on rigid rules Highly Contextual




vs. RELATIONAL DATABASE

wedding

PK

wed_id

date
cus_id(FK) i

RELATIONAL DATABASE

budget
guest_amount

checklist_item

PK

clid

wed_id(FK)
cl_name
date

status

note

website

PK

site_id

wed_id(FK)
theme_id(FK)
url

time
place_name
place_address

gb_id(FK)
gl_id(FK)

guest wedding_component
aid component_type i rry e . omg
- i 1 «
wed_id(FK) PK |com id = com_id(FK) \
g_name we_name
g_status Somznene we_price i
email we_dsc e
image :
%
wedding_detail
customer
PK |wd id
1PK |cus id H
wed_id H
groom_name we_id
groom_sname
groom_email el e
groom_passwd PK |img_id
bride_name )
bride_sname gallery gl_id(FK)
bride_email - I B img_name
bride_passwd PK |glid 1 img_dsc
address img_src
city gl_name
province gl_dsc
zip
guestbook_msg 3 ‘
i theme
guestbook PK |ap id o
1 © PK |theme_id \
PK |gb_id 7 gb_id(FK) H
1 msg theme_name ", 3
wed_id(FK) form image :
date °

profile

H




vs. RELATIONAL DATABASE _‘

RELATIONAL DATABASE

PK PK
CusID (variable | (variable (variable | (variable
— o~
+ ) ) - ) )
2 g
o) CustiD 1 o InviD 1
O (custip2 O b2
CustID 3 InvI[‘)B
FK FK
CustID PropA PropB PropC
P om0 [ imio | propA | props | proge
_g CustID 1 InviD 1 PropA 1 PropB 1 PropC1
-éH CustID 2 InviD 2 PropA 2 PropB 2 PropC 2
on
CustID 3 InviD 3 PropA 3 PropB 3 PropC3
CustID1 InvID 2 PropA 4 PropB 4 PropC 4

» Additional tables to connect objects by properties
* Extract and visualize to understand the data

* Not easy to detect anomalies, missing data

PropA 1, PropB 1, PropC 1
W[)
l‘op84
P,
Cq

PropA 2, PropB 2, PropC 2‘\

PropA 3, PropB 3, PropC 3

000

* GDB directly connects objects by their properties
* One glance at the data gives all the insights

* GDB directly shows anomalies, missing data -
14



MODULE STRUCTURE

The equivalent of the record or row in a
relational database.

The lines that connect nodes to other
nodes, representing the relationship
between them.

The relevant information related to the
nodes or the relations between them.

Id: 1
Name: Alice
Age: 18

Type: Group
. Name: Chess




Labeled Property Graphs vs RDF

e LPG - General graph representation, plenty of graph analytics and ML
libraries.

https://neo4j.com/bloqg/rdf-triple-store-vs-labeled-property-graph-difference/

e RDF - Resource Description Framework: W3C standard for data exchange in
the Web. Publishing and linking data with formal semantics and no central
control.

https://www.ontotext.com/knowledgehub/fundamentals/rdf-vs-property-graphs/



https://neo4j.com/blog/rdf-triple-store-vs-labeled-property-graph-difference/
https://www.ontotext.com/knowledgehub/fundamentals/rdf-vs-property-graphs/

Undirected Graph

Source: www.ontotext.com



Directed Graph

Source: www.ontotext.com



Directed Labeled Graph

workslin
livesin

livesin
workslin

Source: www.ontotext.com



Directed Labeled Cyclic Graph

Source: www.ontotext.com



Directed Labeled Cyclic Multigraph with Node

Labels

A. Kiryakov

Ontotext | worksin {g1}
-

workslin {g1}

V. Momtchev

Source: www.ontotext.com

Sofia

partOf {g2}

Bulgaria

o0
k]
ontotext A



RDF: Directed Labeled Cyclic Multigraph with
Labels, Types, Logic and Semantics

Edges IDs:

1 - http://ontotext.com

2 - https://iwww linkedin.com/in/atanas-kiryakov
3 - https://www linkedin.com/in/vassil-momtchev
4 - https://en.wikipedia.org/wiki/Sofia

5 - https://en.wikipedia.org/wiki/Bulgaria

Optimized for:

Flexible web model

Ontotext

Multiple versions of the truth

Information schema language
Logic inference and data quality

o)
o)
o Global identifiers
o)
o)

Source: www.ontotext.com

A. Kiryakov

worksIn {g1}

worksin {g1}

V. Momtchev

livesin {inf}

——_——~

7/
P 4 Bulgaria
-Ii;e;n {inf}
L I
®
®
ontotext -*



Directed Labeled Graph with Types

worksin

Source: www.ontotext.com



Directed Property Labeled Graph with Types

Id: 2,
name: “A. Kiryakov”, | 2

height: 180

livesin

worksin from:2001lO1IO1] name: “Sofia” id:5,
population: 1.5M name: “Bulgaria”,
— size: “110 km2”

Id: 1,
name: “Ontotext”,
employees: 75

=

workslin

N
k-]
] ontotextA

Source: www.ontotext.com



Feature RDF Property Graph

Expressivity Arbitrary complex descriptions via links to Limited expressivity, beyond the basic
other nodes; no properties on edges directed cyclic labeled graph
With RDF* the model gets much more Properties (key-value pairs) for nodes and
expressive than PG edges balance between complexity and utility
Formal semantics Yes, standard schema and model No formal model representation

semantics foster data reuse and inference

Standardization Driven by W3C working groups and Different competing vendors
standardization processes

Query language SPARQL specifications: Query Language, Cypher, PGQL, GCore, GQL (no standard)
Updates, Federation, Protocol (end-point)...

Serialization format Multiple serialization formats No serialization format

Schema language RDFS, OWL, Shapes None

Source: www.ontotext.com



Feature

Designed for

Processing
Strengths

Data
Management
Strengths

Main use cases

RDF

Linked Open Data (Semantic Web):
Publishing and linking data with formal
semantics and no central control

Set analysis operations (as in SQL, but with
schema abstraction and flexibility)

Interoperability via global identifiers
Interoperability via a standard: schema
language, protocol for federation, reasoning
semantics

Data validation, data type support,

multilinguality

Data-driven architecture
Master/reference data sharing in enterprises
Knowledge representation

Source: www.ontotext.com

Property Graph

Graph representation for analytics

Graph traversal

Plenty of graph analytics and ML libraries

Compact serialization, shorter learning curve,
functional graph traversal language (Gremlin)

Graph analytics and path search



USE CASE: DF: FOR SMART CITIES |

in smart cities allows for:

Same spatial domain

Multiple networks

Network interaction

way of visualization enables:

Planning for “smart hubs”

* Estimating congestion patterns

Resources distribution optimisation




~USE CASE: FOR SMART CITIES: SMART HOME 1

home
}




~USE CASE: FOR SMART CITIES: SMART HOME

e SST_A - electricity distribution company

SSTA

e DL 1 - two-way smart substation N

* Monitoring saved energy from the W ( )
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CHES e MATCH (t:Thermostat) - [:CONTR_TEMP] -> () - AR ° o - % 8 g

becrooms -4 [:OWNED_BY] -> (p) RETURN p.name, p.fon ! éf c\%o 6176:0/(\ e %

Q = p—,
CONTR_TEMP ] p
setpoint = 22 LIVES_AT j
agtual o 2? since ='2010-09-01" ¥ CONTR_CONS I ) e (\ \//

mode = cooling y \ 8 y \ R N
5=2017:0501 14:15:36 S @ » MATCH (:Res_Home) - [p:P_FEED] -> () <- i o

SEN_TEMP

[:P_Line] - (:Substation {name: 'SST A'})
erson /
—— WHERE p.ts >= timestamp()-600000 - - SEN_CONS
name = 'John'
fon = 1231234

pronsczul RETURN SUM(p.wattage)




~USE CASE: FOR SMART CITIES: TRANSPORT 1

] ranspon;




USE CASE:

FOR SMART CITIES: TRANSPORT

transportation network in
raw format

transportation networks
visualized in production

* Same spatial domain
* Multiple transportation networks

* Interaction between them

Brick Hanbul
Lane Streegy I

fall ; .
S Wricechapel
Hall CITY OF

s ) BanK/ JLONDON

(== Canon Stret) ([

Tower MBSt Katherines Dock

. Hil \ _
London Wapping




~USE CASE: FOR SMART CITIES: RETAIL 1

oy




~USE CASE: FOR SMART CITIES: RETAIL 1

Real-time product Real-time supply Real-time risk
recommendations chain management mitigation

Customer

allows for real time
management and monitoring

Customer Graph Product Graph Supply Graph




~USE CASE: FOR SMART CITIES: MOBILE DEVICES 1

Mobile
devices™ ~




~USE CASE: FOR SMART CITIES: MOBILE DEVICES 1

* Enables mapping services provided by
Google Maps, Citymapper, Moovit, etc.

* Mobile devices allow for traffic
monitoring and congestion forecasting

* The scalability of GDB allows for support
of millions of users in real time




~USE CASE: FOR BELGIAN MOBILE PHONE NETWORK 1

About 2 million customers on the network

Node size is proportional to the number of
individuals in the community

Colour on a red-green (French-Dutch)scale
represents main language spoken

In-between GDB recognizes a cluster "
(communication nodes) - community where "
both languages are spoken




~USE CASE: FOR SMART CITIES: HEALTH CARE 1

Rears

care®,




~USE CASE: FOR SMART CITIES: HEALTH CARE

¢ Recommendation system in health
care

* Easily allows for querying useful
patient-doctor relationship
information
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MATCH pth= (pcl:Provider_Taxonomy)<--(mohs_surgeon:Provider)-[ps1:SHARED]->(sp:Shared_Patient)<-[ps2:SHARED]-(refer
ring:Provider)-[ica:IS_CLASSIFED_AS]->(pc2:Provider_Taxonomy) where mohs_surgeon.provider_last_name_legal_name = "B
IRKBY" and mohs_surgeon.provider_first_name = "CRAIG" return pth




USE CASE: ¢ FOR A TWEET ]

Tweet nod«.\ > =

F
&

72,04

User node URL node

<id>: 15 idStr: 631601575551602688 createdAt:

20524000 lang:en retweeted:false source: <a href="https://about twitter.com/products/tweetdeck” rel="nofollow">TweetDeck</a> filterLevel:low truncated:false

text: We've just posted a sneak preview of some upcoming

V pets and mounts! http://t.co/2CcECmiodb http://t.co/xTpnlbvsH3 possiblySensitive: false tweetld: 631601575551602700 retweetCount: 489 favorited:false favoriteCount: 786

The example above shows the structure of a single tweet. The visualization includes the
nodes Tweet, User, Media, and URL, as well as how they link with each other, and based on what properties.




USE CASE:

FOR CS: GO GAME TEAMS RANKING

About 3,000 teams on the network

Node size is proportional to the strength of the
team

Colour on a red-orange-yellow-green-blue scale
represents the strength of the team

The thickness of the link represents the
difference of the strengths of the
corresponding teams

Alpha(Syd
Sup&n-':y'@ "@Qn KoM Ela d
s"m.me@.gv ’@ f— oN FRISKEHOW

Cnld.ime
AnimaPsquadgpa, ofvigae Seerette Apove the Rest fm-eShorts
M i icnia R |
s o n pi
% s kol T Vaxs fo a G
X TGty /o TACREE
YETTI Ly ,Q s or glaﬂK ings no%rg I\ M

5. naru?aldea MO'.ERS /
1\ \/The Trash Pandas

IVE.
v}ﬂgs oNérgy D'B/’ﬁ“s 'e % %\

CPH QOIvas p,.,p

wafkfu 13 ‘iwANlA
/ Cra)‘.ers CL
.

. nogtﬁm 1e

ROG 8PUNI | o,
|Repld¥s.net
|

Rynna vukiol
S

ite ral‘ cs

TNe€iand . |

s thy EI&E

'/ Par@hoia
at ‘""Leg!nds
\ g

Ep}’ldﬁ Mype

mh(hmm
.R;,sia mBlnarv.ragons youan MN
I~ U\ pikgiffel
sm;tly(ﬂnsmos Hea's ydm,,, \ _ HeyBuys "/ cox
U % B
'@"“‘s MW~ Iswas 0%
Japateno
excelL dpoint

W cars RoaRFrRR

TEAMSWAGYOL
ISmokesWoTrust
\

oM |
Gam.A€ademy

“Linaric—_ IENWAY
3 . Teamteam Athletico fe
D vault = i
“Woktex -
MW \ Dark sided fe
fa'er B T{s

Oid Himters. Bum.ﬂ il




Neo4j Licensing

Neo4j Community Edition: fully opensource, licensed and distributed under
GPL v3.

Commercial licensing options with free options for academic, startup and
development uses.

Neo4j Enterprise: Google Compute Platform, Microsoft Azure, Amazon EC2.
Neo4j Aurora: the simplest way to run Neo4j on the cloud.
Subscription-based product, completely automated and fully managed.
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Thank you for your attention!

Evgeniy lvanov Marinov:
GATE Institute

Email: evgeniy.iv.marinov@gmail.com; evgeniy.marinov@agate-ai.eu
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