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Relational Databases Lack Relationships

Person PersonFriend
1o Person #| PersonlD | FriendiD
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Figure 2-2. Modeling friends and friends-of-friends in a relational database

Exarmiple 2-1. Bobs friends

SELECT pl.Person
FROM Person pl JOIM PersoenFriend
0H PersonFriend.FriendID = pl.ID
JOIN Person p2
0H PersonFriend.PersonID = p2.1ID
WHERE p2.Person = "Bob'

Example 2-3. Alices friends-of-friends

SELECT pl.Person AS PERSOM, pi.Person AS FRIEND _OF FRIEND
FROM PersonFriend pfl JOIM Person pl
OH pfl.PersonID = pl.ID
JOIN PersonFriend pfz
OH pf2.PersonID = pfl.FriendID
JMIH Person p2
0H pf2.FriendID = p2.ID
WHERE pl.Person = “Alice' AWD pf2.FriendID <= pl.ID



1,000,000 users having ~50 friends each

Tabie 2-1. Finding extended friends in a relational database versus efficient finding in Neodj

Depth  RDBMS execution timels) Meodj execution time{s] Recends returned

2 006 0.0 ~ 2500
3 30267 0162 ~ 110,000
- 1541.505 1359 600,000

5 Unfinished 1132 ~500,000




NoSQL Databases Also Lack Relationships

et Alice
address; 123 Foo 52,
phone: 12345678

email: alice@example.ong
altemate: allce@nead) oig

order. 1234 r

order: S678
order G013 ordes; 9013 |
order: 5678 I
order: 1234
cost 150000
item: abod
fem: efab
w
item: efab l
e abed
description: strawbesty
e cream
Farsdling: freezer
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Pitfalls

e No index-free adjacency

Query
Processor -

. Access the BTree root
Navigate to BTree leaf
Get actual object using the id

M

i

Key / Value Store

e No backward relationships



The Labeled Property Graph Model

e Graph = (nodes, relationships)
e Node = ([properties, labels])

e Relationship =
(name, start -> end|, properties])

e Property = (key, value)

Figure 1-2. Publishing messages
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Query Languages

Cypher Gremlin

START n=node(1) g.v(1).in("KNOWS"').out('HAS")
MATCH (n)<-[:KNOWS]-(x)-[:HAS]->() .uniqueObject.tolList()
RETURN Xx

https://github.com/jadell/neo4jphp/wiki/Cypher-and-gremlin-queries


https://github.com/jadell/neo4jphp/wiki/Cypher-and-gremlin-queries
https://github.com/jadell/neo4jphp/wiki/Cypher-and-gremlin-queries

Cypher. Example 1

a
5,
%

Figure 3-1. A stmple graph pattern, expressed using a diagram

CREATE (emil:Person {name:'Emil'})
<-[:KNOWS]-(jim:Person {name:'Jim'})
-[:KNOWS]->(ian:Person {name:'lan'})

[:KNOWS]->(emil)

(specification by example)



Cypher. Example 1. Match

MATCH (a:Person)-[:KNOWS]->(b)-[:KNOWS]->(c), (a)-[:KNOWS]->(c)
WHERE a.name ="Jim'
RETURN b, c

Figure 3-1. A simple graph pattern, expressed using a diagram

MATCH (a:Person {name:'Jim'})-[.KNOWS]->(b)-[: KNOWS]->(c),
(a)-[:KNOWS]->(c)
RETURN b, c



More on Database Projecting. Relational DBs
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More on Database Projecting. Graph DBs

“what you sketch

on the whiteboard

is typically

what you store

e oL.ov [y in the database”

/ Design for queryability



firstname: William
lastname: Shakespeare

Cypher. Example 2

year: 1610
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Figure 3-6. Three domains in one graph



Cypher. Example 2. Query

MATCH (theater:Venue {name:'Theatre Royal'}),
(newcastle:City {name:'Newcastle'}),
(bard:Author {lastname:'Shakespeare'}),
(newcastle)<-[:STREET|CITY*1..2]-(theater)
<-[:VENUE]-()-[p:PERFORMANCE_OF]->()
-[:PRODUCTION_OF]->(play)<-[[WROTE_PLAY]-(bard)
RETURN play.title AS play, count(p) AS performance_count
ORDER BY performance_count DESC



Cypher. Example 3

Figure 3-8. Missing emtatl node leads to lost F!gﬂl.‘lrm:m'ﬁrn



Cypher. Example 3, fixed

Nouns = Nodes
Verbs = Relationships

Avoid verbing, i.e.
“‘emailed”, “CCed’, etc.

wsernami Erwast

Figure 3-9. Star graph based on an email



More on Data Modeling

YEAR YEAR
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Figure 4-7. A do ub'.l}' ke list representing o time-ordered series U_,I'-wa'nt_\;
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Figure 4-6. A timeline tree showing the broadcast dates for four episodes of a TV
program



What's inside?

Store files for nodes, relationships, labels, and properties

Mode (15 bytes)
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Figure 6-4. Neodf node and relationship store file record structure



What's inside? (2)
Store files for nodes, relationships, labels, and properties

Vo

previows relationship for
it node end rode

l ]
@ _____________ ILMESI _________________ @

nexl refations hig foe ?
name: “Bob® start node end node name: “Alice”

age: 25

Figure 6-5. How a g;r:rph is ph_}rﬂr.'.m'l":' stored in Neodj



Optimizing O(1)...

e SSDs
e in-memory caching (least frequently used cache policy)

Least Frequently used (LFU)
i page-replacement algorithm
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On Higher Levels

Exposes the graph primitives to the user

User Code

Traverser API

Cypher
Core AP

Kernel

Figure 6-6. Lugi.'.'m! VIEW u_,r the u:er—_.fﬁ.'.'r'ng APls in Neodf



Harnessing Graph Structure

e Shortest paths (Dijkstra, A*)

e Triadic closures
(predict weak relationships)

e |ocal bridges
(useful for recommendations)




The Hobbit Graph, or To Nodes and Back Again

Hobbits ‘RAC

:FINDS

Bilbo Baggins Item Node

:CHANGES_POSSESSION
Bilbo Finds
The One Ring
Event Node
Riddles in

:LOCATED_IN the Dark

:LOSES

‘MEMBER_OF

Clan Node

"Time" Node

https://qist.qithub.com/kvangundy/c43ade7d259a77fe49a8



https://gist.github.com/kvangundy/c43ade7d259a77fe49a8
https://gist.github.com/kvangundy/c43ade7d259a77fe49a8

MATCH (Hobbiton:Location {name:'Hobbiton"}),

(LonelyMtn:Location {name:'Lonely Mountain'),

Road_to_Smaug = shortestPath((Hobbiton)-[:LOCATED*..15]-(LonelyMtn))
RETURN Road _to_Smaug

The Hobbit Graph, "Nod: % MJMJ
r e =g ¢ 0o B B
Database Information 12 phE el ik @ ® @

Node labels
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Why Choose Graph DBs?

e Performance # f(dataset size)
e Accelerated development cycles
e EXxtreme business responsiveness




