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Course description

e The first part of the course will introduce the context for
GDB, and how they situate within the NoSQL paradigm. The
main concepts, tools, and techniques for GDB will be studied,
with emphasis in the property graph data model and Neo4;
(and its accompanying query language, Cypher).

e The RDF data model will be covered, as an alternative to the
property graph data model.
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Motivation
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Typical Bl scenario years ago ...

Early 90’s: Data Warehousing + Data Mining

Big data: GB...TB!!

Structured data
— Mostly relational
— Spreadsheets

— (Some) Text
— Web still in its infancy

Problem: Data integration
Today: Data deluge on the Web
Daily TB of data of different kinds

— Geographic
— Text

— Video, image
— Audio

7/11/21
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Social media monitoring

7/11/21 Introduction to Graph DBs



Volume, Velocity, Variety, Veracity

By 2014, it's antici paned
there wil te

420 MILLION

S estimated hat
2.5 QUINTILLION BYTES prosdapcsiecs 19

e T e 150 EXABYTES WEARABLE, WIRELESS
of dats 3 created mach day 61 LSS CIARTILS HEALTH MONITORS

FOURV’s 3

e walched 0

Asof 2011, the ghodal size of
data is healthcers we

40 ZEYTABYI[S

PRLINS AR
ol data miF be created by
2020, an noraasa of 300
e froem 2005

o
GPBF!%{? Of Blg WouTube anch morty
have ool
e ess‘

Data

30 BILLION
PIECES OF CONTENT
% shared on Facetook
every morth

400 MILLION TWEETS

are senvt per day By atout 200
malbon monthly active wers

Viost companies in the
e U5 have ot beast

100 TERABYTES

20000 GAMABYTE
™% of data sares

The New York Stock Eschange Modern cars have chose 1o
cactires r; _ 100 SENSORS

1 T8 OF TRADE BB s et o sch
l"ronmllu" S Sl et ared bire presure

Wlscity, Viriety sedl Wesacity

Pror dta qual fty costs e US
oconoemy wound
don't tnet the indormston o ‘ .

Surirg eech breck ry sexian They wse 0 Mmake decisions 8
Velocity . .
ANALYSIS OF 4.4 MILLION T JOBS RESPONDENTS
STREAMING DATA '
i - = - e e,
189 Blumu o i
NETWOR Q g
conn[cngns YYYYIHEECYYYY
e T TR
per person on earth
Sowscmx NPy Giute! mattats, Twiter, Cica. Garwr, EVC, SAS, OV, VIPFTEC, OAS —--V

7/11/21 Introduction to Graph Databases



SOMEY nyg

)
.

~ — "\ ) & .
e D AP S
Tt A % 4 Y=

i DOTHIS oo Sty victms

e ey e

)

DOSOMETHING.ORG/BULLYPROJECT

(@@
Bully,

Watch

Monitoring Bullying Together 24/7,

Best Tech
Tools to use

JAEChliance

0%
&I\




Figure 7: Sccial Network of Two
Fighting Gangs in Richmond, VA

Figure 5: High Point, NC Burglary Network
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A world of interrelated information

D f 200 ies, 750 prod ,50 :
visuslzations produced by mitmeaiata  THE ATLAS OF

MAPPING PATHS TO PROSPERITY

Hausmann, Hidalgo et al.

http://atlas.cid.harvard.edu/

http://globe.cid.harvard.edu/
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A world of interrelated information

I.ndié::gsi:“ty Distance (countries start making THE ATI.AS UF ‘ EC OMI MPLEXITY|

products “close” to the ones they already

make, the “chicken and egg” problem)

 Complexity outlook index (how many new
products could a country produce)

» Diversity (diferent products produced by a
country)

* Economic complexity (measures how
much of the knowledge of the society is
transferred to the products it produces)
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Main characteristic of these data
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Trend : Connectedness
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How do we deal with this?

Is traditional DB technology enough?
We must address:

* Connectedness
 Unstructureddata
* High Volumes

e Real-time

Introduction to Graph Databases
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NoSQL technologies

Introduction to Graph DBs
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The NoSQL paradigm

1970: NoSQL = We have no SQL
1980: NoSQL = Know SQL

2000: NoSQL = No SQL!
2005: NoSQL = Not only SQL

2013: NoSQL = No, SQL!
(R)DB(MS)

Is SQL the future of NoSQL?

Introduction to Graph DBs
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Complexity

Living in a NoSQL world

90% of
Use Cases

Size

Introduction to Graph DBs
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NoSQL Motivation

RDBMS too rigid for Big Data scenarios

Not the best to store unstructured data

One-size-fits-all approach no longer valid in many scenarios
RDBMS hard to scale for billions of rows

Data structures used in RDBMS optimized for systems with small

amounts of memory
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NoSQL characteristics

Introduction to Graph DBs
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NoSQL characteristics

* Not using the relational model for storing data
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NoSQL characteristics

* Not using the relational model for storing data
* Not using SQL for retrieving data
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NoSQL characteristics

* Not using the relational model for storing data
* Not using SQL for retrieving data
* No schema, allowing fields to be added to any record, without control

7/11/21 Introduction to Graph DBs 21



NoSQL characteristics

* Not using the relational model for storing data

* Not using SQL for retrieving data

* No schema, allowing fields to be added to any record, without control

* Ability to run on clusters of commodity hardware

* Ability to web-scale, with horizontal scalability in mind

* Trade-off traditional consistency for other useful properties (e.g., no ACID
support most of the time)
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Types of NoSQL Stores
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Recall the CAP theorem

* Consistency: strong consistency of updates

* Avaliability: guaranteesthat every requestreceives a response
whether it succeded or failed when retrieving data

* Partition tolerance: The system continues to operate despite arbitrary
message lost or failure of part of the system

* CAP Theorem: A distributed data system cannot guarantee the three
properties above, but only any conbination of two of them.

* |n other words, the CAP theorem states that in the presence of a network
partition, one has to choose between consistency and availability.

* For example, a RDBMS can only guarantee CA
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CAP theorem

Availability

MySQL, PostgreSQL

Greenplum,Vertica,

Consistency

Key-Value
Column Family
Document
RDBMS

HBase, Redis, MongoDB,

BerkeleyDB, BigTable

Introduction to Graph DBs

Cassandra,Voldemort,
Dynamo, CouchDB, Riak

Partition
Tolerance
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Key-Value
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Introduction to Graph Databases

Introduction to Graph DBs
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The database approach

e Separates model and implementation levels

w
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Architecture

S5

RDBMS

Introduction to Graph DBs
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But first some reminders

Database models (Codd)

Data structures

Integrity constraints

Query Language

7/11/21 Introduction to Graph DBs
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Database models

Database model | Abstraction level | Data structure | Information focus

Network Physical Pointers,records Records
Relational Logical Relations Data, attributes
Semantic User Graph Schema, relations
OO Physical/logical Objects Objects, methods
Semi-structured Logical Tree Data,components
Graph Logical/user Graph Data, relations

7/11/21 Introduction to Graph DBs
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Database models: graphs

Data structure
Data and/or schema are represented by

graphs, or by data structures generalizing the
notion of graph (hypergraphs or hypernodes)

Introduction to Graph DBs
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Database models (Codd)

Integrity constraints

Enforce data consistency. Constraints can be
grouped in schema-instance consistency,
identity and referencial integrity, and
functional and inclusion dependencies
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Database models: (Codd)

Query language

Data manipulation is expressed by graph
transformations, or by operations whose main
primitives are on graph features, like paths,
neighborhoods, subgraphs, connectivity, and
graph satistics.

Introduction to Graph DBs
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A history of database models (A.

Mendelzon)

Year
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A history of database models (A.
Mendelzon)

Year

Mathematical
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The Golden age of GDB

Introduction to Graph DBs
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Data connectedness
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Data connectedness

e Modeling the FB Graph friend

e Persons, friendships,
photos, locations, apps
pages, ads, interests,
age range, etc.

NETELIX

7/11/21 Introduction to Graph DBs 39



Social Network “path” performance

e Experiment:

 ~1k persons

e Average 50 friends

Relational 1000 2000ms

Per person database

* pathExists(a,b)
limited to depth 4

e Caches warm to
eliminate disk 10
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Social Network “path” performance

e Experiment:

 ~1k persons

e Average 50 friends

per person Relational 1000

database
* pathExists(a,b) Neo4] 1000

2000ms

2ms

limited to depth 4

e Caches warm to
eliminate disk 10
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Social Network “path” performance

e Experiment:
 ~1k persons

e Average 50 friends
per person

* pathExists (a,b)
limited to depth 4

e Caches warm to
eliminate disk 10

Relational 1000 2000ms
database

Neo4dj 1000 2ms
Neo4j 1000000 2ms
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42



Traversing data in a RDBMS

7/11/21

Based on joining and selecting data
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SELECT *
FAOM user ua, un=zer_order uo,
prder=s o, item= i

WHEZE u.u=er = uc.uase=r HHD
us.orderld = o.orcde=rld HMD

i.lin=Itemld = i.Llinsltemld
AND u.u=ser = 'Alice=’

Cardimalities:

|I0sex|: S.003.000
IUserlodec| : LOO.000. 000
|0rdex=|: 1.000.000. 000
IItem|: 35.000

Query Cost?!
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Traversing data
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ina GDB

Cardinalitims:

|0se] : S.003.300
|0rdex=| - 1.000.000.030
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Forcing the relational model in a graph

What you What you
end up with Q Know

Your awesome new
graph database

Think in terms of nodes and edges!
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Consequence: graph DB are hot again

* The question is: how to process HUGE graphs?
* We now have hardware that can do this

* As usual
e Software runs behind hardware;
* Theory and models behind software
* Current status: problem understanding

7/11/21 Introduction to Graph DBs
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Open questions (almost all of the stuff)

* Use cases

* Data structures

 Query languages and operators
 Benchmarks

 Open world vs. closed world

* Centralized or distributed?

* Dynamics —transactions

7/11/21 Introduction to Graph DBs
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Use cases: social networks

/

Relationships between artists in Last.fm
http://sixdegrees.hullast.fny

e

-

Network of Friends in a Hivgh School ”

Pies)

Network structure of music genres and
their stylistic origin Network structure of Patent Citations
http://www.infosysblogs.comiveb2/2013/01/network_structure_of_music_gen.htmi http://www.infosysblogs.comweb2/2013/07/
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Use cases: biology

Use Case

Graph Query

Chemical structure associated with a node

Mode matching

Find the difference in metabolisms
between two micobes

Graph intersection, union, difference

To combine multiple protein interaction
araphs

Majority graph query

To construct pathways from individual
reactions

Graph composition

To connect pathways, metabolism of co-
existing organisms

Graph composition

Identify important” paths from nutrients to
chemical outputs

Shortest path queries

Find all products ultimately derived from a
particular reaction

Transitive Closure

Obsemnve multiple products are co-
regulated

Least commaon ancesior

To find biopathways graph motifs

Frequent subgraph recognition

7/11/21

Chemical info retrieval

Subgraph isomaorphism

Kinaze enzyme

Subgraph homomaorphism

Enzyme taxonomies

Subsumption testing

To find biopathways graph motifs

Frequent subgraph recognition

Introduction to Graph DBs

49



Use cases: the web

Use Case Graph Cluery
What isfare the most cited papern/s? Degree of a node
What is the influence of article D? Paths

What is the Erdos distance betwesn authos X and author ¥? | Distance

Are suspects A and B related? Paths

All relatives of degres one of Alice Adjacency

Friend Of A Friend (FOAF)
Brickley & Miller
foat Pezson I- ,-[ foafPersomn ]

i
Ir«lf bype | wibtipe
toabaame | : I|
o, | /
M.i.uI 1 e '_]—." + o foafname
chae A oafnar
Samias { toabkmows .
" [ \'. Tromalid
|I ) Canamd

(foat b |
1 II feakanhex

[ puanl toonmni e le com ] |

[ maalted A example.com 1
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The Golden age of GDB

Introduction to Graph DBs
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The RDF graph data model

M"—( person3 ) }7“‘
. 7] name \—x = Q
James :‘71\ I D, i parent

‘ "George" ‘ "Jones" "Ana" { "Stone"
Instance name lastname name lastname
e ™ ( =N
L personl __»|_person2 |
= il T
— /
= [ type
Dame parems < Schema
\ parent ‘ ‘

"Deville" \
i
eville” [Jasmame \type
3 ey
person6 |
name lastname naIIﬁ/ \Lastname
‘ "David" | 1 "Deville" I "Mary" l | "Deville" |
NAME | LASTNAME PERSON | PARENT ((icmgc Jmlcg \_Ana Stone )
George {\vr| Juli George [ L parent
Ana Stor Jul Anz
Julia | Jones David | Jame (James Deville)  (Julia Jones )
James Deville David Julia T ‘‘‘‘ T
David Deville Mary James parent| ParcngA\arent | parent
Mary | Deville Mary | Julia (David Deville)  (Mary Deville)
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Not oriented explicitly to
model connectivity.
Originally deviced to
represent metadata.
Represents resources and
relations between
resources.

No assumption of the
application domain.
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The property graph data model

( vear="2011 ) Person aar="2013"
Person { Jear=20id ) e SO Person

firstName="James’ knows firstName="Thomas’ knows
( birthday='10-02-1990" s

age="30"

firstName="Axel’
age='22’

age="25"
hasInterest hasInterest

likes likes likes

Tag

has;’k Post

content="l love U2’
language='en’

Tag

/l:asTag

content="Queen is awesome’
language='en’

Introduction to Graph DBs
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Graph databases

e Address needs for managing graph data

e Architecture goals inspired (as always) by classic DBMSs
* Persistent storage of graph data

 Address transactionality

* Closed world

e Efficiency (over scalability)

e Portability of data (near future)

* Declarative query languages (near future)

7/11/21 Introduction to Graph DBs
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Graph query languages

Basic graph queries
e Content-based queries

* Get a node, get the value of a node / edge attribute, etc.
* Atypical case are summarization queries (i.e., aggregations)

Pattern matching

Adjacency/neighbourhood (out-degree, in-degree)
* Find all friends of a person
* Airports with a direct connection

Reachability/connectivity
* Fixed-length paths (fixed #edges and nodes)
* Regular simple paths (restrictions as regular expressions)
* Hybrid if the restriction is in the content
* Shortest path
* Examples:
. Friend-of-a-friend
. Flight connections

7/11/21 Introduction to Graph DBs
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Graph query languages

* Analytical queries
* Centrality measures
 Diameter and other global properties
* Various statistics
* Graph summarization
 Graph OLAP

7/11/21 Introduction to Graph DBs
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Graph query languages: what do we need

* Genericity (Independence of how data are coded)
* EXxpressive power

* Simple syntax

* (Clear and simple semantics

 Compositionality

* Limited number of (simple) constructors

e User friendliness

e Standards
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Query languages: I/0 types

()

R

D
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Basic modules

Y

ansom

def“ ne data sources N

&%%
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SPARQL Query (RDF graph model)

Query Form

Dataset
Clause

Where Clause
(Graph Pattern)

7/11/21

254

CONSTRUCT  DESCRIBE

SELECT

TRUE - FALSE

1T

ASK

Cf_lar_asgg_}
FROM @ —

FROM NAMED @ —

o

&

I

4

@\

/53]

FILTER
Triple OPTIONAL
pattern AND
UNION

Ol
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Cypher Query (Neo4j graph model)

MATCH (p:Person)-[:Knows]->(friend)

Baslc syntax

WHEEE p.age = Z0
* (p:Person) indicates the
nodes having label Person
WITH p, count(friend) as friends
* [:Knowsl indicates a relation
of type Knows
WHERE friends > 0

* p-age indicates an attribute

EETUEN p.name, friends

Introduction to Graph DBs
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S

Graph processing frameworks

Batch processing

Analysis of large graphs

Facilities for graph analytical algorithms
Distributed environment

Multiple machines

API or programming as user access

Introduction to Graph DBs
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Graph processing frameworks

* Pregel

+ Apache Giraph
+ GraphLab

+ Catch the Wind
« GPS

+ Mizan

+ Power Graph
+ GraphX

+ TurboGraph

+ GraphChi

Introduction to Graph DBs
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Graph DB vs. Graph processing

JUNG .
. o A
(Java Universal o ?® Neo4j
Network/Graph) / /’ @ the graph database
/

_________ Q' entD B Large - scale
In memory graphs i graph processing tools
' 4. InfiniteGraph ~ ;

i T
e i ! 208 ':

: @ anjAN

\  Apache & i

'\, Hama &

Traversal processing speed

4

Data Size
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Some practical questions

* Will they be adopted?
* How do we select DB technologies?

RDEMS 00 Graph

Work with 1000s of objects and 1 to
many relations, properly indexed?

Allow for Pattern Matching and

Change structure of data on a
regular basis?

Work with rules and reasoning?

Can | find the programmers and
DBA's to deal with these new B -

technologies HISI ne$S
Will it work with th isti H -
weemeeesne - Congiderations

Will it work with my existing
RDEMS?
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Some practical questions

* Will they be adopted?
« How do we select DB technologies?

RDBMS 00 Graph

Work with 1000s of objects and 1 to
many relations, properly indexed

- - --

Allow for Pattern Matching and
recursive Graph Search?

- -- --

Change structure of your data on a
regular basis?

- - --

Work with rules and reasoning?

Can | find the programmers and ++
DBA’s to deal with these new

technologies

Will it work with the existing ++
reporting tools?

Will it work with my existing ++ _ +
RDBMS?
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Next, we get into GRAPH DB’s

Introduction to Graph DBs

67



