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Shard 1 (A-F) Shard 2 (G-P) Shard 3 (Q-2)

Scaling with 3 web servers, 2 Memcached servers, and 3 database shards with 2 read-only
database slaves per shard

--read-only traffic --read/write traffic
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e Google said :“Bigtable i1s a distributed storage

system for managing structured data that 1s

designed to scale to a very large size: petabytes
of data across thousands of commodity

servers.”
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e Amazon said: “Dynamo is used to manage the

state of services that have very high relability

requirements and need tight control over the

tradeoffs between availability, consistency,
cost-effectiveness and performance.”
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True

True

False

True

‘Goodbye world.’

exampleArray[1]

False

‘This is a test.’

exampleArray[2]

False

exampleArray[5]
exampleArray[9]

‘Key-value database’
‘Elements can be set in any order.’

False

Ci|N|O|O|RA| W=

True

False

a=h
o

True
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exampleAssociativeArray[‘P1"] = 3.1415

exampleAssociativeArray| ‘CapitalFrance’] = ‘Paris’

exampleAssociativeArray|[ ‘ToDoList’] = { ‘Alice’ : ‘run
reports; meeting with Bob’, ‘Bob’ : ‘order inventory;
meeting with Alice’ }

exampleAssociativeArray[17234] = 34468
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‘1232 NE River Ave, St. Louis, MO’

(1232 NE River Ave’, ‘St. Louis’, ‘MO0")

{ ‘Street:’” : ‘1232 NE River Ave’, ‘City’ : ‘St. Louis’,:
‘State’ : ‘MO’ }
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Key Hash Value

customer:1982737: el35e850b892348a4e516cfcb385eba3bfbed209
firstName

customer:1982737: £584667c5938571996379f£256b8c82d2f5e0f62f
lastName

customer:1982737: dgglf26dcdb3l36ea76092bla70bc324c424aele
shippingAddress

customer:1982737: 33522192das0ea66bfc05b74d1315778b6369%ecs
shippingCity

customer:1982737: 239balOb4c437368ef2bléecfs58ce62bSe6409722F
shippingState

customer:1982737: 814f3b2281e49941ele7a03b223da28a8e0762ff
shippingZip
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Database
Bucket 1 Bucket 2 Bucket 3
‘Fool1’ | '‘Bar’ ‘Foo1’ | ‘Baz’ ‘Foo1’ | ‘Bar7’
‘Foo2’ | ‘Bar2’ ‘Foo4’ | ‘Baz3’ ‘Foo4’ | ‘Baz3'’
‘Foo3’ | ‘Bar7’ ‘Foo6’ | ‘Baz2’ ‘Foo7’ | ‘Baz9’
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shoppingCart|[cart:1298:customerID]
shoppingCart|[cart:3985:customerID]
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® { foo’:"a’,"bar’: b, "baz’: '’} (Comd 4 goxo)
® {foo’:‘a’,‘bar’: ‘b’, ‘baz’: ‘c’, ‘foo’: ‘a’} ( 4cgozxo
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o { ‘employeeName’ : ‘Janice Collins’,

‘department’ - ‘Software engineering’

‘startDate’ : ‘10-Feb-2010’,
‘pastProjectCodes’ : [ 189847, 187731, 176533,
154812]

j

@ () L ool o813 i guel€ o &
A /




- N
e N cNOSQ| 001 oL

e
L 24 A

MJL.,O °

* {‘employeeName’ : ‘Janice Collins’,
‘department’ : ‘Software engineering’,
‘startDate’ : ‘10-Feb-2010’,
‘pastProjects’ : {
{‘projectCode’ : 189847,
‘projectName’ : ‘Product Recommendation System’
‘projectManager’ : ‘Jennifer Delwiney’ },
{‘projectCode’ : 187731,
‘projectName’ : ‘Finance Data Mart version 3’,
‘projectManager’ : ‘James Ross’ },
{ ‘projectCode’: 176533,
‘projectName’ : ‘Customer Authentication’
‘projectManager’ : ‘Nick Clacksworth’},
{‘projectCode’: 154812,
‘projectName’ : “Monthly Sales Report’,
‘projectManager’: ‘Bonnie Rendell’ }
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< { ‘employeeName’ : ‘Janice Collins’,
‘department’ : “Software engineering’
‘startDate’ : ‘10-Feb-2010’,

‘pastProjectCodes’ : [ 189847, 187731, 176533,
154812]
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{ ( ad Lol &l

{ L
“customer_id"” :187693, {
“name”: “Kiera Brown” “customer_id” :187694,
“address” : { “name”: “Bob Brown”,
“street” : “1232 Sandy Blvd.”, “address” : {
“city” : “Vancouver”, “street” : “1232 Sandy Blvd.”,
“sFate” t “WA", “city” : “Vancouver”,
“zip” & "e9121” “state” : “WA”,
“zip” : "99121"
3
_ 3 “first_order” : “02/25/2013",
“first_order” : “01/15/2013", “last order” : ” ©05/12/2014"
“last_order” : ” 06/27/2014" } -
¥ }
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— FilmActors Films
PK,FK1 | Actorl PK | Filmid
PK | Actorld 4‘—p|:,|=|{z Filmid <
ActorName Car
Category
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{ " _id" : 97, "Title" : "BRIDE INTRIGUE", /

"Category" : "Action",

"Actoxrs”
[ { "actorId" : 65, "Name" : "ANGELA HUDSON" } ]

“{ "_id": 115,"Title": "CAMPUS REMEMBER",
"Category": "Action",
-t
c n "
& ACt[OIS Actor document A
= < > T
8 { "actorId": 8,"Name": "MATTHEW JOHANSSON" 1}, w 2 Q
2 { "actorId": 45,"Name": "REESE KILMER" }, §_§ o
T { "actorId": 168, "Name": "WILL WILSON" } w =3 g‘
] 7
}

{ "_id" : 105, "Title" : "BULL SHAWSHANK",
"Category" : "Action",

"Actors" :
[ { "actorId" 2, "Name" : "NICK WAHLBERG" },
23, "Name" : "SANDRA KILMER" } ]

{ "actorid" k-
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XQuery ;| JLoe

query |
1 xquery version "3.0%;

2 collection("/db/apps/demo/data™)//address[contains(city, "Berlin™)]
3

~ /db/query

“ XML Output v L Live Preview [[ b

1 <address id="0ff8612a-b998-4677-84a3-73e%ef84basSf">
<name>Biene Maja</name>
<street>Wiesenweg 33<¢/street>
<city>Berlin</city>
</address>
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membose sriak
[Z) films.json £3 =
1 4
P "Category™: "Documentary®,
3 "Description”: "A Epic Drama of
< "Length™: "86",
5 "Rating": "PG",
6 "Rental Duration™: "év,
7 "Replacement Cost": "20.99",
8 "Special Features”: "Deleted Sce
9 "Title™: "ACADEMY DINOSAUR",
10 ® _id": 1,
s B | "ActorsT:
120 [ 4
13 "First name”": "PENELOPE'
14 "Last name": "GUINESS",
15 "actorid®: 1
169 PR |
7 "First name”": "CHRISTIA}
18 "Last name": "GABLE",
19 "actorId”™: 10
209 PR
21 "First name"™: "LUCILLE"™,
22 "Last name": "TRACY",
23 "actorId": 20
24 Yok
25 "First name": "SANDRA",
26 "Last name"™: "PECK",
27 "actorId": 30
28= Yol
29 "First name”™: "“JOHNNY",
< TToTT omomon e >

8

~

XML, JSON alls aslic

X filmsxml 83 | =
1 <?xml version="1.0" encoding="UTF-8" 2> A
2 <Category>Documentary</Category>
3 <Dascripticon>A Epic Drama of a Femi
4 <Length>B6</Length>
S <Rating>PG</Rating>
€ <Rental Duration>6</Rental Duration
7 <Replacement Cost>20.99</Replacemen
8 <Special Features>Deleted Scenes,Be
9 <Ticle>ACADEMY DINOSAUR</Title>

10 <_1d>1</_id>

11 <Actors>

12 <First name>PENELOPE</First nam
13 <Last name>GUINESS</Last name>
14 <actorld>l</actorid>

15 </Actors>

16 <Actors>

17 <First name>CHRISTIAN</First na
18 <Last name>GABLE</Last name>

19 <actorld>10</actorld>

20 </Actors>

21 <Actors>

<First name>LUCILLE</First name
<Last name>TRACY</Last name>
<actorld>20</actorld>
</Actors>
<Actors>
<First name>SANDRA</First name>
<Last name>PECK</Last name>

v

<
. Design | Source
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PK | Actorid <
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{ " id" : 97, "Title" : "BRIDE INTRIGUE", p
"Category" : "Action",

"Actors" :
[ { "actorId" : 65, "Name" : "ANGELA HUDSON" } ]

{ "_id": 115,"Title": "CAMPUS REMEMBER",
"Category": "Action",
"Actors™ : Actor document
[ ¢ > T
{ "actorId": 8,"Name": "MATTHEW JOHANSSON" 1},
{ "actorId": 45,"Name": "REESE KILMER" },
{ "actorId": 168, "Name": "WILL WILSON" }

Film Document
sio)oe
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{ " id" : 105, "Title" : "BULL SHAWSHANK",
"Category" : "Action",

"Actors" :
[ { "actorId" : 2, "Name" : "NICK WAHLBERG" 1},

{ "actorId" : 23, "Name" : "SANDRA KILMER" } ]
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{( " id": 115,"Title": "CAMPUS REMEMBER", "Category": "Action",
"Actors": [8,45,168])

Pl { "actorId": 168, "Name": "WILL WILSON" )

Pl { "actorId": 45,"Name": "REESE KILMER" |

P { "actorId": &,"Name": "MATTHEW JOHANSSON" | I
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o AllegroGraph
® Ontotext GraphDB

° StarDog
® Oracle Spatial
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About | Namespace Prefixes | Inference rules | SPARQL

Illﬂ;.

Virtuoso SPARQL Query Editor

Default Data Set Name (Graph IRI)

- o ®
Query Text °
SELECT ?object
FROM <http://dbpedia.org>
WHERE { <http://dbpedia.org/resource/Edgar_F._Codd>

<http://purl.org/dc/terms/subject> ?object }

object

http://dbpedia.org/resource/Categorv:1923 burths

Ihttp:/dbpedia org/resource/Categorv:Alumni_of Exeter College, Oxford

|http://dbpedia org/resource/Categorv:IBM Fellows

(Security restrictions of this _ =

Rsiills Foriiat: http://dbpedia.org/resource/Category:IBM_employees

Execution timeout: ! Tun

Options: http://dbpedia org/resource/Category:University_of_Michigan_alumni

(The resuit can only be senq ||attp://dbpedia org/resource/Category:Database researchers

http://dbpedia.org/resource/Category:People educated_at Poole Grammar School

| Run Query || Reset |

http://dbpedia org/resource/Categorv:People from San Jose California
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/" Person: \

i Movie: . Actadiin Keanu \
\ The Matrix ¢ Role: Neo Reeves il
\  Date: 1999 / \ born:1964 /
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L | IR I Cypher Query
/ Person: [ Movie:
) , n - o [t i
\ Wachowskl \ / ’ ) | I .
\ } L JohnWick | CREATE (TheMatrix:Movie {title:'The Matrix', released:1999,

CREATE (JohnWick:Movie {title:'John Wick', released:2014,
tagline: 'Silliest Keanu movie ever'})
CREATE (Keanu:Person {name: 'Keanu Reeves', born:1964})
CREATE (AndyW:Person {name:'Andy Wachowski', born:1967})
CREATE
(Keanu)-[:ACTED_IN {roles:['Neo"']}]->(TheMatrix),
(Keanu)-[ :ACTED_IN {roles:['John Wick']}]->(JohnWick),
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/ Person: : \
/ ey [,f Movie: \
( . John Wick |
N \  Date:2014 / : 3 : " "
\_ born:1967 \ y, neo4j-sh (?)$ MATCH (kenau:Person {name:"Keanu Reeves"})
s - / 3 ’/'
— — > RETURN kenau;

e ittt +
| kenau |
e ittt +
| Node[1]{name:"Keanu Reeves",born:1964} |
e ittt +
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Gremlin Query

gremlin> myGraph.V.map
==>{name=marko, age=29}
==>{name=vadas, age=27}
==>{name=lop, lang=java}
==>{name=josh, age=32}
==>{name=ripple, lang=java}
==>{name=peter, age=35}

gremlin> myGraph.E
==>e[11][4-created->3]
==>e[12][6-created->3]
==>e[7][1-knows->2]
==>e[8][1-knows->4]
==>e[9][1-created->3]
==>e[10][4-created->5]

/
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created created Gremlin uer
e i Query

[ ) / \ ! \
[ marko knows— Josh | created )-{ ripple |
: ! / gremlin> marko=myGraph.v(1)
N \ _— S
knows ==>v[1]
\ gremlin> marko.out('knows').name
i ) ==>vadas
\ ; ==>7josh
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. Apacine Giraph 1n Hadoop

® GraphX in Spark
® Gelly in Flink

* Titan in Big Data storage engines like Hbase,
Cassandra,..
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