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github.com/elena
twitter.com/elequ

Proudly help organise

Canberra Python User Group £
pyconline

Join us on Slack 2020
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Why?
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GRAPH DATABASES WILL
CHANGE YOUR FREAKIN' LIFE
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Plan of Attack:

Graphs 101

DBs v. Graph DBs
Usage and Applications
Demos

W=



Euler's Seven Bridges of Konigsberg (1736)

“A historically notable problem in mathematics which laid the foundations of graph
theory and prefigured the idea of topology.” [wikipedia]

Round Things: Edges/ “Nodes”
Connectory Line bits: Vectors/“Re|ati0nShipS”

[CC BY-SA 3.0]



Round Things: Edges/ “Nodes”
Connectory Line bits: Vectors/“Re|ati0nShipS”

[CC BY-SA 3.0]



CREATED

Displaying 2 nodes, 1 relationships.



CREATED

Displaying 8 nodes, 7 relationships.



WORKS_AT IT Department WORKS_AT

:Person { :Department { :Person {
name: Alice name: IT Department name: Bob
interests: ultra-marathons } full_name: Robert Smith

interests: volleyball

}



WORKS_AT IT Department WORKS_AT
{start_date: 2015 {start_date: 2018}

role: SRE}
:Person { :Department { :Person {
name: Alice name: IT Department name: Bob
interests: ultra-marathons } full_name: Robert Smith

interests: volleyball



class Person (models.Model):
name = models.CharField(max_length=100)
full_name = models.CharField(max_length=2600)
interests = models.TextField()

class WorksAt (models.Model):
start_date = models.DateField()
person = models.ForeignKey(“Person”, ... )



WORKS_AT IT Department WORKS_AT
{start_date: 2015 {start_date: 2018}

role: SRE}
:Person { :Department { :Person {
name: Alice name: IT Department name: Bob
interests: ultra-marathons } full_name: Robert Smith

interests: volleyball



WORKS_AT IT Department WORKS_AT
{start_date: 2015 {start_date: 2018}

role: SRE}
:Person:Engineer:Runner { :Department:Group { :Person {
name: Alice name: IT Department name: Bob
interests: ultra-marathons } full_name: Robert Smith

interests: volleyball



_ qaioae ——

| %
Ny B 1% |
B B B M
%, '= B
N i One
Loy Flew ,69"‘
_ pIRECTER

acTON T

—— ACTED_IN ——

Fouows




Relational Databases (RDBMS) aka SQL
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“Relational” Databases (RDBMS) aka SQL
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Are RDBMS (aka SQL) good with relationships?



Are RDBMS (aka SQL) good with relationships?

e Can’'t do complex models
Literally small-dimensional tables.

® (Can't scale joins that efficiently

B-Tree Index: O(n log(n)), data grows 10x = speed halves
more data — more slow

® SQL was built on SET theory

not graph theory, ie: relationships are really only by coincidence.

e (Can't easily change schema
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NoSQL

{name:Philip, UID: PPR, Groups: [CHI,SFO,BOS))

Document DB

{name:Neodj Chicago, UID: PPR, Members:[PPR,RB,NL],
where: {city:Chicago, State: IL))

MongoDB ,,chDB

Column Familv

(CHI, SFO, BOS)

B75DD108A

Riak

Philip |PPR CHI, 5FOr | B75DD108A893A HBase
Neodj | oyy | PPR,RB, 218758DB8E90] Cassandra
Chicago NL
Philip <{ov\/Aal e
Neo4j Chicago L CV-Valuc
[PPR, R, NL membase Redis




SQL / Red




NoSQL / NotRed




NoSQL (some families)

(name:Philip, UID: PPR, Groups: [CHI,SFO,BOS)) Document DB
{name:Neodj Chicago, UID: PPR, Members:[PPR,RB,NL],
where: {city:Chicago, State: IL}) NongODB COUChDB
Column Famik
Philip |PPR CHLL 270" | B75DD108A893A HBase
Neod § PPR,RB, Cassandra
chicago |C®I| e 218758D8BEJ0]
Philip Kev-\Valu
Neodj Chicago ool et
PR, RS, NL | membase Redis
(CHI, SFO, BOS) Riak
B75DD108A

*don’t even get me started on RDF
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e Can’'t do complex models

e (Can’t scale joins efficiently
e “joins” are not easy to query
e Not ACID

(“eventually consistent” == “eventually corrupt”)
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Are NoSQL DBs good with relationships?

e Can’'t do complex models

e (Can’t scale joins efficiently
e “joins” are not easy to query
e Not ACID

(“eventually consistent” == “eventually corrupt”)



What Graph Databases do NOT do well
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Accounting? Averages? ... No! T

Use postgres. Or a spreadsheet.
Graphs are the incorrect tool.

[ T - 0 T (VS P N

Operations on properties over lots of records.

TALLEST ACTOR IN HOLLYWOOD
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Nicholas A. Christakis is an
American sociologist and physician
known for his research on social
networks.

h-index; 102



https://en.wikipedia.org/wiki/Sociologist
https://en.wikipedia.org/wiki/Physician

who’s friends ...
o ... have
o ...who ar

m
~ \Alhnd( = i)rl'



SQL Join Hell 4

Customer Address
Id | Name |[Address Id |Location
1|Robert 3 3|Berlin
2|Lars 7
3[Michael 23

1:1 Relationship

Customer

id

1|IRobert

2|Lars

3[Michael

Address

Customer

Location

2|L ars

[e—

Berlin

3[Michael

Dresden

1:nR

New York

Leipzig

Address

id

Location

3|Berlin

7|Dresden

8iNew York

—
—

>
B

W 100 I W

m:n Relationship

23[Leipzig




SQL Join Hell 4

Address

Customer

Location

1

Berlin

Dresden

Customer Address
Id | Name |[Address Id |Location
1|Robert 3 3|Berlin
2|Lars 7 2|L rs
3[Michael 23 3|Michael

1:1 Relationship

Customer

id

Location

3|Berlin

7|Dresden

8iNew York

New York

"
2
3

Leipzig

23[Leipzig

m:n Relationship




S-Sl pohalic so FroducLiiaiie

NenDiscountSales OrderQty * UnitPrice

Discounts OrderQty * UnitPrice

FROM Production.Preduct AS p
Sales.SalesOrderDetail AS scd

ON p.ProeductID = sod.ProductID

ORDER BY ProductName DESC

SELECT 'Total income is' OrderQty * Uni

p.Name AS PreductName

FRCM Production.Preduct AS p
Sales.SalesOrderDetail AS s

ON p.ProductID = sod.ProductID

ORDER BY PreoductName ASC

w
o]
a

-ISELECT DISTINCT pp.LastName
FRCM Perscn.Perscn pp
ON e.BusinessEntityID

SELECT SalesPersonID
FROM Sales.SalesCrderHeader

WHERE SalesOrderID

SELECT SalesOrderID

FROM Sales.SalesOrderDetail
WHERE ProductID

SELECT ProductID

FROM Production.Preduct p
WHERE PreductNumber '"BK-M68B-42'

pp.FirstName
HumanRescurces

pp-BusinessEntityl

-]SELECT ProductID, AVG(OrderQty
FROM Sales SalesOrderDetail

AS Average

UnitPriceDiscount

GROUP BY ProductID

e #1)  DBA | excuse
FOR LEGITIMATELY SLACKING OFF:

™[ query is running

HEY! GET BACx

T0 WORK!
il

CARRY ON. )

S
=+

HAVING SUM(LineTotal sigaeoee.ee

AVG(OrderQty 3

-|SELECT pp.FirstName, pp.LastName

e NaticnalIDNumber

FROM HumanRescurces.Employee AS e WITH (INDEX(AK_Employee_NaticnalIDNumber

Perscn.Perscn AS pp on e.BusinessEntityID

LHERE  a=+lare "Talhnesan!

pp - BusinessEntityID

https.//xkcd.com/303/ [CC BY-NC 2.5]
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“ ... literally 1000s of times faster than our

prior MySQL solution, with queries that require

10 to 100 times less code, providing functionality
that was previous impossible.”



SQL Query

SELECT name FROM Person
LEFT JOIN Person_Department

ON Person.Id = Person_Department.Personld
LEFT JOIN Department

ON Department.Id =
Person_Department.DepartmentId
WHERE Department.name = "IT Department”



Employees Dept_Members Departments

815  Alice 815 =411 — 177 apUTURE
815 119\
119  p081>

Associative Entity,
JOIN Table,
or Lookup Table



Employees Dept_Members Departments
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Associative Entity,
JOIN Table,
or Lookup Table
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815 '
119
1
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815 Alice

v

815 181



815 Alice
111 AFUTURE

119 p0815

181 AA2




:Department

4FUTURE
:Department
pe “ : S TO
:Person :BELONGS S
. ' :BELONGS\TQ :Department

A42



GQL (cypher) Query

MATCH
(people:Person)
-[ :WORKS_AT]->
(dept:Dept {name: "IT Department"})

RETURN people.name



GQL (cypher) Query

MATCH
(people:Person)
- [ :WORKS_AT]->
(dept:Dept)

WHERE dept.name
RETURN people.name

"IT Department”



SQL Query

SELECT name FROM Person
LEFT JOIN Person_Department

ON Person.Id =
Person_Department.Personld
LEFT JOIN Department

ON Department.Id =
Person_Department.DepartmentId
WHERE Department.name =
"IT Department”

GQL (cypher) Query

MATCH
(people:Person)
-[ :WORKS_AT]->
(dept:Dept {name:"IT Department”})

RETURN people.name



Django Query

Person.objects.filter( ="IT Department")



Django Query

Person.objects.filter(department__name="IT Department").query

SELECT "staff_person"."id" FROM "staff_person”
INNER JOIN "staff person staff" ON ("staff_person"."id" =

"staff_person_staff". person id") INNER JOIN ”staff department" ON

("staff_person_staff"."department_id" = "staff_department"."id")

WHERE "staff_department”."name" = IT Department



GQL (cypher) Query

MATCH (people:Person)-[:WORKS_AT]->(dept:Department)
WHERE dept.name = "IT Department”
RETURN people.name

WORKS_AT IT Department WORKS_AT

Displaying 3 nodes, 2 relationships.



WORKS_AT IT Department WORKS_AT

:Person { :Person {
name: Alice name: Bob
interests: [ultra-marathons, LARPing] full_name: Robert Perry Smith
best_100km: 18:47:19 interests: volleyball
preferred_larp_system: L5r }

15r_main_char: A-Bomb the Mighty
15r_character_type: Seeker of Enlightenment
15r_main_skill_group: Scholar Skills
15r_preferred_weapon: Kusarigama

T mnrafAarriraAd ATAanm: DhAaaniv O lan



WORKS_AT IT Department WORKS_AT

:Engineer:Runner:AllRoundlLegend { :Person {
name: Alice name: Bob
interests: [ultra-marathons, LARPing] full_name: Robert Perry Smith
best_100km: 18:47:19 interests: volleyball
preferred_larp_system: L5r }

15r_main_char: A-Bomb the Mighty
15r_character_type: Seeker of Enlightenment
15r_main_skill_group: Scholar Skills
15r_preferred_weapon: Kusarigama

T nmirAafArerad ATAanm: DhAaaniv O lan



CREATE (i)
CREATE (j)
CREATE (k)
CREATE (1)

DERP

CREATE

(i)-[ :DERP]->
(j)-[ :DERP]->
(k)-[ :DERP]->(1)

RETURN i, j, k, 1

Displaying 4 nodes, 3 relationships.



CREATE (i)
CREATE (j)
CREATE (k)
CREATE (1)

CREAT
(i)-[ :HERP]->
(j)-[:DERP]->
(k)-[ :HERP]->
(1)-[ :DERP]->(1)

RETURN 1, j, k, 1 Displaying 4 nodes, 4 relationships.



CREATE (i)
CREATE (j)
CREATE (k)
CREATE (1)

CREATE

(1)-[ :HERP]->(j)-[ :DERP]->
(K)-[ :HERP]->(1)-[ :DERP]->(1i)
CREATE (i)-[:HERPDERP]->(k)
CREATE (j)-[:HERPDERP]->(1)

RETURN i, j, k, 1

Displaying 4 nodes, 6 relationships.



What Graph Databases DO, er, do well
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Networks of People Business Processes Knowledge Networks

Plays

Fan_of

E.g., Employees, Customers, . E.g., Enterprise content
g i Pioy E.g., Risk management, Supply 8- . P . ’
Suppliers, Partners, . Domain specific content,
chain, Payments
Influencers eCommerce content



What Graph Databases DO, er, do well

Financial Services Drug Discovery Recommendations Customer Segmentation
Pé e
@® /N
Cybersecurity Churn Prediction Search/MDM Predictive Maintenance

@ - & &



BRAINS / INTELLIGENCE

Graph Databases DO, er, do well (vaguely)

Contextual A
Learning
Natural Language Processing ML
Knowledge - Fraud
Sl M i Detection
Configuration anagemen
- loT
Decision Management
Trees
IAM Master Data
Netwc?rk Management
Operations _
Recommendation
Engines :
g Networks
Management

BRAWN / DATA VOLUME
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INTELLIGENCE

Graph Databases DO, er, do well (vaguely)
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INTELLIGENCE

Graph Databases DO, er, do well (vaguely)

Contextual Al
Learning
Natural Language ML
Processing
Knowledge - s
Graphs M t Detection
Configuration anagemen
" loT
Decision Management
Trees
IAM Master Data
NetW(.)rk Management
Operations _
Recommendation
Engines :
Content NS::\),\(,:(I;L )
Management

DATA VOLUME



Open Source Graph DBs G JanusGraph
Labelled Property Graph Databases ) .
s Clalclerhy

&

A

In active development.

There are many proprietary ones also.

There are new Graph DBs being created. ~~ O ren T D B®

y
©

TerminusDB
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Great. Enough talking about code ...

DEMO



Great. Enough talking about code ...

Let's make a ...
Recommendations Engine

http://localhost:7474/browser/

alt-tab dawg ...


http://127.0.0.1:7474/browser/

Plan of Attack:

. Connect to our DB

Load in our presentation data
Query

make Flask app

AW N

alt-tab dawg ...



Recommendations Engine recap

Many Algorithms:

e Shared ldentifiers (Connected Components)
e Influence/Volumes (Page Rank)

e Community Interactions (say 6 hops) (Louvain)

e Known Troublemaker (Jaccard)
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e Community Interactions (say 6 hops) (Louvain)



e Known Troublemaker (Jaccard)



Recommendations Engine

Many Algorithms:

e Shared identifiers (Connected Components)
e Influence/Volumes (Page Rank)

e Community Interactions (say 6 hops) (Louvain)

e Known Influencer (Jaccard)



So many more ...

DEMOS

“‘graphgists”



Please:
Write more introductory materials!
Document your progress!

Share and enjoy Graph DB fun.
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Hi, 'm Elena. | am a web developer and | love python.
github.com/elena/graph-fun
twitter.com/elequ

Proudly help organise

Canberra Python User Group £
pyconline

Join us on Slack 2020
github.com/canberra-python

10 - 12 September 2021
https://2021.pycon.org.au/
Please Volunteer



Hi,
I’'m Elena.

github.com/elena
twitter.com/elequ

Proudly help organise
Canberra Python User Group

with: Jonah Sullivan, Mike Leonard, ]{lhﬂ* lj@ k)*} '

Zac Hatfield-Dodds

4\ 1-_-
Check us out on Meetup h :

Join our Online Hacktoberfest )U [ U E
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Graph Databases are vastly more efficient (O(n) v. O(n log(n))) than other
database architectures for getting relations in massive datasets where
you'd need to do query-time index lookups through many joins.

As a trade-off: they are less efficient at aggregation.

This useful for application in: financial systems, telecommunication
networks, logistics and distribution, retail and data science generally.



SQL statement

SELECT name FROM Person
LEFT JOIN Address
ON Person.Id = Person_Address.Personld
WHERE Address.city = 'canberra' COLLATE
SQL_Latin1_General_CP1_CI_A
LEFT JOIN Person_Sale
ON Person.Id = Person_Basket.PersonId
LEFT JOIN Basket
ON Basket.Id = Person_Basket.BasketId
LEFT JOIN Item
ON Item.Id = Item_Basket.ItemId
WHERE Item.name = "Widget"
LEFT JOIN PersonInterest
ON Person.Id = Person_Interest.PersonId
WHERE Interest.name = "books" COLLATE
SQL_Latin1_General_CP1_CI_A
LEFT JOIN Friend
ON Person.Id = Person_Friend.PersonlId
LEFT JOIN Address

ON PersonFriend.Id = Person_Address.PersonFriendId

LEFT JOIN Address
ON Person.Id = Person_Address.Personld
WHERE Address.city = "sydney" COLLATE
SQL _Latin1_General CP1_CI_A

GQL (cypher) statement

MATCH (p:Person) WHERE p.city
MATCH (f:Person) WHERE f.city

MATCH (f)-[:LIKES]-(:Book)
MATCH (p)-[:LIKES]-( :Book)

WITH f, p

MATCH (f)-[:FRIENDS]-(p) WITH p
MATCH (p)-[:BOUGHT]-(s:Sale)-[]-(:Widget)

WHERE s.date
RETURN p

Syesterday, s.promo_code

"(?i)canberra”
"(?1i)sydney"

Scode



Name =
[Z] 99998, txt
£ 99999, txt
[Z] 100000.txt
mkfile.bat

EE:] source,kxt
<

Size
1KB
1KB
1KB
1KB
1KB

Type:
Location:

Size:

Size on disk:

Contains:

File Folder

C:A

438 KB (500,053 bytes)

390 MB (403,608,192 bytes)
100,002 Files, 0 Folders

DMahalko [CC BY-SA 3.0]






1990

Rise of object
«— databases

2000




