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Motivation
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ITBA
- Typical Bl scenario years ago ...

e Early 90’s: Data Warehousing + Data Mining
e Big data: GB...TB!!

e Structured data
— Mostly relational
— Spreadsheets
— (Some) Text
— Web still in its infancy

e Problem: Data integration

e Today: Data deluge on the Web

e Daily TB of data of different kinds
— Geographic
— Text
— Video, image
— Audio
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Instituto Tecnoldgico
de Buenos Aires

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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Instituto Tecnoldgico
de Buenos Aires

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 A PERITY
make, the “chicken and egg” problem) Hausmann, Hidalgo et al.

 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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Trend : Connectedness
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NoSQL technologies
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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)

e |s SQL the future of NoSQL?
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Complexity

Living in a NoSQL world

90% of
Use Cases

Size
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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One-size-fits-all approach no longer valid in many scenarios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
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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
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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

* 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
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In the remainder....

Key-Value Column Document Graph
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Introduction to Graph Databases

Graph DB Seminar
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The database approach

e Separates model and implementation levels

w
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Architecture

S

RDBMS
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But first some reminders

Database models (Codd)

Data structures

Integrity constraints

Query Language

8/10/19 Graph DB Seminar
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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
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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)

Graph DB Seminar
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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.

Graph DB Seminar
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A history of database models (A.

Mendelzon)

Year

1970

1980
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Programming
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| Multidimensional
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A history of database models (A.
Mendelzon)

Year

Mathematical
Laogic

Hierarchical

1970
o)
Programim

ing
1980 —
Ohiect Oriente
Statistical bject Oriented

Ohbject Oriented
Programing

- Databases
1990 —
- | Multidimensional
=
—_ l::) Theoretical Basis
— | [ ] patabase Moxdel
2000 — = [nfluence
— ‘VV
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The Golden age of GDB

Graph DB Seminar
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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
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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

Relational 1000 2000ms
per person database
* pathExists(a,b) Neo4] 1000 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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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

8/10/19 Graph DB Seminar
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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

8/10/19 Graph DB Seminar
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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/

8/10/19 Graph DB Seminar



Use cases: biology

lIse Case Graph Query

Chemical structure associated with a node | Mode matching

Find the difference in metabolisms Graph intersection, union, difference
between two micobes

To combine multiple protein interaction Majority graph query

araphs

To construct pathways from individual Graph compaosition

reactions

To connect pathways, metabolism of co- | Graph compasition
existing organisms

Identify “important” paths from nutrients to | Shorest path queries
chemical outputs

Find all products ultimately derived from a | Transitive Closure
particular reaction

Obsemnve multiple products are co- Least commaon ancesior “\H,-’_’}” l\ / H'“‘--H_
regulated ;é\v

To find biopathways graph motifs Frequent subgraph recognition ‘/j/-" 3;*; {4"“43:\_\
Chemical info refrieval Subgraph isomaorphism I|I 1'_? \\_
Kinaze enzyme Subgraph homomaorphism Lf") \\\
Enzyme taxonomies Subsumption testing

To find biopathways graph motifs Frequent subgraph recognition
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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

Graph DB Seminar
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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.

44



8/10/19

The property graph data model

Person ( year="2014' Person ( year="2013’ 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

/I:asTag

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

Graph DB Seminar
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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)

8/10/19 Graph DB Seminar
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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

8/10/19 Graph DB Seminar
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Graph query languages

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

8/10/19 Graph DB Seminar
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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
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Basic modules

Y

ansom
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SPARQL Query (RDF graph model)

Query Form

Dataset
Clause

Where Clause
(Graph Pattern)

8/10/19

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

8/10/19 Graph DB Seminar
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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

Graph DB Seminar
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Graph processing frameworks

* Pregel

+ Apache Giraph
+ GraphLab

+ Catch the Wind
« GPS

+ Mizan

+ Power Graph
+ GraphX

+ TurboGraph

+ GraphChi

Graph DB Seminar
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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 1
technologies HISI ne$S

‘:’-;':'_lloil’ftﬁi,:;tckoﬁ;rli:? the existing C 0 né ide rdt io nS

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

Graph DB Seminar

58



