NOSOL DATABASES YOU HAVE TO KNOW

@TOM BUJOK
3 hazelcast
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ABOUT ME 3 hazelcast
TOMEK BUJOK

HAZELCAST
@TOMBUJOK
WWW.REFICI0.0RG

Babun

a Windows shell you will love!




(NOT) YET ANOTHER NOSOL TALK
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THE GLOBAL INTERNET POPULATION GREW
https:/ /www.domo.com/learn/data-never-sleeps-2 14.3% FROM 2011-2013 AND




FAGEBOOK SCALE

- 1+ BILLION DAILY ACTIVE USERS w4201

- 600 TB DAILY ASYNCHRONOUS REPLICATION BETWEEN DATA GENTERS w4201
- 300+ PB IN TOTAL ws2010

- BILLIONS OF QUERIES PER SEGOND g 2014

http:/ /www.webpronews.com/936-million-users-get-on-facebook-at-least-once-a-day-2015-04 https:/ / code.facebook.com/ posts /229861827208629 / scaling-the-facebook-data-warehouse-to-300-pb https:/ / research.facebook.com /blog /1522692927972019 / facebook-s-top-open-data-problems



] tbl v
db_name VARCHAR(64)
< table_name VARO“AR(M) NN

process_tags —| flow_group_tags .
- v - “db v db_name VARCHAR(64) o
db_name VARCHAR(64) yn db VARGHAR(GA u
process_name VARCHAR(64) o Lpaime B (64) group_name VARCHAR(64)
tag_name VARCHAR(64) un > tag_name VARCHAR(64) yu
short_descrip TEXT short_desc TEXT
long_descrip TEXT ] long_desc TEXT
N ; i -
o ! —1 flow_group .

db_nam VARG"AR.(M) NN
process_name VARCHAR(64) yn

process_label VARCHAR(64) group_label VARCHAR(64)
experiment BOOLEAN .

A
short_descrip TEXT flow_group_tables
short_descrip TEXT e 3 group

long_descrip TEXT db_name VARCHAR(64) \x
long_descrip TEXT > group_name VARCHAR(64) s
} > table_name VARCHAR(64)
< . table_type ENUM('bidlogic’,"subject’, result’)
»reference BOOLEAN nx
~ process_flow_group v
) Ac I D db_name VARCHAR(64)
process_name VARCHAR(64)

fiker VARCHAR(64)
group_name VARCHAR(64)
flow_direction ENUM("input’,'output’,'reference’)

ATOMICITY - ALL OR NOTHING |

db_name VARCHAR(64) s
group_name VARCHAR(64)

- GONSISTENCY - ALWAYS VALID STATE
- ISOLATION - CONGURRENT TX -> STATE AS IF TX EXECUTED SERIALLY
- DURABILITY - NO DATA LOSS AFTER TX COMMITED

http:/ / www.csc.com/insights/ flxwd /78931-big_data_universe_beginning_to_explode



ROBMS “PROBLEMS ™2



SCALING UP VS. SGALING OUT

http:/ /vinfrastructure.it/ wp-content/uploads /2012 /08 / Storage-Scaleout-Scalein.png



-DISTRIBUTED JOINS?
-DISTRIBUTED REFERENTIAL?

INTEGRITY?

http:/ /www.cubrid.org/manual /91 /en/_images/image39.png

SHARDING / PARTITIONING

Database “User”

User Table
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DISTRIBUTED TRANSACTIONS

- ATOMICITY
-LOCKS FOR THE WHOLE DURATION?

http:/ /infinispan.org/docs/6.0.x/user_guide/images/figb.png
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REPLICATION

-GONSISTENCY -> HA AMONG REPLICAS
ONLINE REPLICATION -> HIGH LATENCY
POST-WRITE REPLICATION -> TRADEQFFS




CAP THEOREM Consistency

- INDISTRIBUTED SYSTEMS -> P IS OBLIGATORY
- IN CASE OF PARTITION

- Gus AIS THE TRADE-OFF!

- NOT A BINARY DECISION?

Partition

Availability Tolerance



ROBMS TOTALLY SUCK!

http:/ / www.csc.com/insights/ flxwd /78931-big_data_universe_beginning_to_explode



rAGEBOOK ARCHITECTURE

http:/ / www.csc.com/insights/ flxwd /78931-big_data_universe_beginning_to_explode



FAGEBOOK ARCHITECTURE — MYSQL!

- NO JOINS OR LARGE SCANS

- FAVOR READ AND WRITE AVAILABILITY OVER ATOMICITY OR CONSISTENCY

- ASYNCHRONQUS REPLICATION BETWEEN DATA GENTERS (EVENTUAL CONSISTENCY)
- MULTI-SHARD TRANSACTIONS PROHIBITED

- TAO = DATA STORE FOR THE SOCIAL GRAPH (MYSQL + MEMCACHED)




ROBMS TOTALLY SUCK?
PRANKED!







3 hazelcast

HAZELCGAST

- LEADING OPEN-SOURGE IN-MEMORY DATA / GOMPUTE GRID
- JCACHE PROVIDER

- KEY-VALUE (UMAP, JCACHE)

- JUST A JAR!



a hazelcast

TOPOLOGY
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B
PARTITIONING / SHARDING I2 hazelcast

Step | Step 2 Step 3

--- - - - Node |

Node 2

Node 3

B BN B ... 271PARTITIONS
PARTITION_ID = HASH (KEY) % PARTITION_COUNT



3 hazelcast

REPLICATION
- PRIMARY VS. BACKUP PRIMARY  BACKUP
| SYNC - * Node |
- ASYNC
 BACKUP GOUNT WK e
- PER DATA STRUCTURE s S | Node3




WRITING

- PUT -> SERIALISABLE ON PARTITION THREAD
- OPTIMISTIC "LOCKING"
- REPLAGE OPERATION
- PESSIMISTIC LOCKING
- LOCK AND UNLOCK

PRIMARY

BACKUP

s

e

. ¢

Node |

Node 2

Node 3



EAILOVER Ia hazelcast

Step | Step 2 Step 3

i e . B A Nodel
5 R . B A A Node?

{:‘:E Node 3




3 hazelcast

Read Data
—
Write Data ) DATA

BAD: SEND DATA TO FUNCTION

DATA

600D: SEND FUNCTION TO DATA

DATA PROGESSING

Write Function

—_—




B
ENTRY PROCESSOR |2 hazelcast

class SalaryProcessor
extends AbstractEntryProcessor<> {

PRIMARY  BACKUP

Node | -
Node 2 - * }

@Override
- * public Object process(Map.Entry<> entry) {

entry.getValue().salary += amount;
return null;

int amount;

"‘ SalaryProcessor(int amount) {
this.amount = amount:

Node 3




DATA AFFINITY

Node |

Node 2

Node 3

MAP

<>

<>

James Bond

Personal
Salary
Notes

Address

Eathen Hunt

Personal

Salary
Notes

Address

2 hazelcast

public class SalaryKey implements
Serializable, PartitionAware {

private final long employeeld;
private final long salaryld;

@Override
public Object getPartitionKey()

{

return employeeld;

}



WITH NEAR CACHE

GET

GLIENT

CALLER <

> N

UM

3 hazelcast

MAP

Node

Node

Node

2



2 hazelcast

(UERYING - PREDICATES

public Set<Employee> getWithNameOrAge( 1int age, double salary ) {

Predicate age = Predicates.between( "age', 25, 35 );
Predicate salary = Predicates. lessThan( "salary', 50000 );

Predicate query = Predicates.or( age, salary );

// SqlPredicate query = new SqlPredicate(
// "(age BETWEEN 25 AND 35) OR (salary < 50000)"

/] )

return employees.values( query );



2 hazelcast
HAZELCAST USED BY OPEN-SOURCE

- VERT.X

- APACHE CAMEL, SHIRO, KARAF
- MULE ESB

- WS02

- ALFRESCO




‘ mongoDB
OVERVIEW

DOCUMENT ORIENTED d.users.insert( 1

name: "sue”,

JSON-STYLE DOCUMENTS

v

v

status:
groups: [ "news", "sports” |

- MAX 16MB )

Collection

- DYNAMIC (NO) SCHEMAS (rane: 31", age: 18, . )
Document { name: "lee”, age: 28, ... }

' AD-HUC UUERY LANGUAGE { { name: "jan", age: 21, ... }
222?:265% ’ i cart { name: "kai”, age: 38, ... }

‘ ’“ ) ﬁ
status: A, { name: "sam", age: 18, ... }
groups: [ "news", "sports” ]

) { name: "mel”, age: 38, ... }
{ name: "ryan", age: 31, ... }

{ name: "sue”, age: 26, ... }

http:/ /docs.mongodb.org/manual/_images/crud-insert-stages.png users



DOCUMENTS S ‘ mongoDB

'BSONDOCUMENT 5 = = ' "
. DOCUMENT

new BsonDocument()
.append("a"”, new BsonString('MongoDB"))
.append("b", new BsonArray(
Arrays.asList(new BsonInt32(1), new BsonInt32(2)))
) ;

new Document().append("a'", "MongoDB")
.append("b"™, Arrays.aslList(1l, 2));



‘ mongoDB
WRITING

Collection Document
Y
db.users.insert( Y
- ATOMICITY ON SINGLE DOC { “sue”
name: "sue”,
age: 26,
status: "A",
' NO MUI.TI'DUC TX groups: [ "news", "sports” ]
3
) |
) sISULATED Collection
{ name: "al", age: 18, ... }
Document { name: "lee”, age: 28, ... }
{ { name: "jan”, age: 21, ... }
name: "sue”
' . { name: "kai", age: 38, ... }
. insert
age: 26,“ ) -
status: A7, { name: "sam", age: 18, ... }
groups: [ "news”, "sports” ]
) { name: "mel”, age: 38, ... }
{ name: "ryan", age: 31, ... }
{ name: "sue”, age: 26, ... }

users



‘ mongoDB

QUERYING

-NO SQL

Collection Query Criteria Modifier
NU JUINS db.users.find( { age: { $gt: 18 } } ).sort( {age: 1 } )
4
{ age: 18, }
} SLUUKUP { age: 28, ...} { age: 28, ...} '{ age: 21, ...}
- SINGLE COLLECTION
{ age: 38, ...} | we———) | age: 38, ...]}| ee——] | age: 31, ...}
, PROJECTIUNS * age: 18, ... Query Criteria * see: 3. ... Modifier C age: 38 .. )
{ age: 38, ...} { age: 31, ...} { age: 38, ...}
' AGGREGATIUNS { age: 31, } Results

users



Collection

v

‘ mongoDB
AGGREGATIONS

$match stage—» { $match: { status: "A" } 3},
g MUI_TIPI_E STAGES $group stage—»  { $group: { _id: "$cust_id",total: { $sum: "$amount” } } }

1)
{
4 SLOUKUP cust_id: "A123",
amount: 5@0,
status: "A"
: " cust_id: "Ai2a”
amount: 500, Results
{ status: "A"
cust_id: "A123", } {
amount: 250, _id: "A123",
status: "A" total: 750
} { }
cust_id: "A123",
ﬂ amount: 250, _»
{ $match status: "A" $group
cust_id: "B212", } (
amount: 200, _
status: "A" total: 200
} " cust_id: 212", )
amount: 200,
{ status: "A"
cust_id: "A123", }
amount: 300,
status: "D"
}

orders



‘ mongoDB

REPLICATION

- ONLY ONE PRIMARY —
- ASYNC REPLICATION Wres  Regd

- WRITE TO PRIMARY ONLY 1

READ FROM PRIMARY -> STRICT CONSIST.

'ie
7,
o
0
2)

- READ FROM SECONDARY -> EVENTUAL CONSIST. ;)/
- AUTOMATIC FAILOVER -> REELECTION




‘ mongoDB

SHARDING

- SHARDS

- GCONFIG SERVERS

- ROUTERS (MONGOS)
- SHARDS

/" 2 or more Shards ¥

(replica set) (replica set)

http:/ /docs.mongodb.org/manual/ core / sharded-cluster-components



READ PREFERENCE

. PRIMARY (DEFAULT)
. PRIMARY PREFFERED

Read with | Read Preference

- SECONDARY e
. SECONDARY_PREF. -
. NEAREST ’

Secondary
ata center

. mongoDB

Driver

Read with |Read Preference




‘ mongoDB
WRITE CONCERN

Driver

e —
~ =
=

s -
..(—f
2| S
® O
=3 =3
W(Djﬁ
oy L0
@

=

= M
Apply Apply

- UNACKNOWLEDGED - ACKNOWLEDGED - JOURNALED
W==0 W == W==1; J=TRUE




‘ mongoDB
USE CASES

- WEB-BASED APPS
- EBAY
-METADATA STORAGE
'GLOUD MANAGEMENT
-MERGHANDISING CATEGORIZATION
- THE WEATHER CHANNEL
'NEAR REAL TIME WEATHER ALERTS

http:/ / www.mongodb.com / presentations/ real-world-mongodb-use-cases-financial-services



APACHE HBASE

- BIG TABLE STORE Customer
- GOLUMN-ORIENTED Lo
- STRONGLY CONSISTENTRW .,
- AUTOMATIC SHARDING 10

104

City

John White Los Angeles, CA

Jane Brown Atlanta, GA

Bill Green Pittsburgh, PA

Jack Black St. Louis, MO

Column Families

http:/ / netwovenblogs.azurewebsites.net/ wp-content/uploads/2013/10/hbase-2.png



STORAGE

- SCHEMA-LESS
- GOLUMN-ORIENTED
- WIDE AND SPARSE TABLES

HSASE

-
Lamps $500.00
Lamp $150.00

105 Jane B own Desk $650.00
106 Bill Gre Desk $900.00




HBASE SHARDING

Region Server 7

Table A
Table A, Region 1
I3 L A, Region
Table A, Region 2
Region 1 ° Table G, Region 1070
© Table L, Region 25
: 1
e
f Region Server 86
Region 2 g Table A, Region 3
o h E - Table C, Region 30
i Table F, Region 160
, j Table F, Region 776
Region 3 .
_ 1 E - Region Server 367
m
- /—l Table A, Region 4
Region 4 5 Table C, Region 17
5 Table E, Region 52
_r Table P, Region 1116

http:/ /162.tinypic.com /16hOrdk.jpg



HMaster
Responsible for Admin Operations

Manages and Monitors the Cluster

Assigns Regions to Region Servers

HBASE ARCHITECTURE - e

HRegionServer HRegionServer

HRegion HRegion

- MASTER =

- ASSIGNS THE REGIONS

-~ LOAD-BALANCING L ——— ) ==
FALOVER p—

REGION SERVER =
. MANAGE/SPLIT REGIONS

- READ/WRITE OPERATIONS

v

http:/ /netwovenblogs.azurewebsites.net/ wp-content/uploads/2013/10/hbase-12.png  http:/ /blog.pandorafms.org/wp-content/uploads/2014/07 /hbase_logo.png



HBASE READ / WRITE

.META location
Is stored In
Zookeeper

Meta table location

Client ZooKeeper

et Region server fo
row key from meta
W

Region
Server
Data Node

Put or Get Ro

Region

Server
Data Node

https:/ /www.mapr.com/sites/ default/files /blogimages /HBaseArchitecture-Blog-Fig6.png



HBASE READ / WRITE

Region Server

Region

HDFS Data Node

Each incoming record written
to WAL for durability:
* log on disk
* updates appended sequentially

https:/ /www.mapr.com /sites / default/ files /blogimages / HBase Architecture-Blog-Fig9.png



https://www.mapr.com/sites/default/files/blogimages/HBaseArchitecture-Blog-Fig9.png

HBASE REPLICATION & SHARDING

- ASYNC REPLICATION R
- HDFS REPLICATION FACTOR =)
- PRIMARY REGION -> READ-WRITE e i

- SECONDARY REGION -> READ ONLY
- SECONDARY -> MAY BE STALE o | Ny

http:/ /docs.hortonworks.com /HDPDocuments/ HDP2 /HDP-2.1.2 /bk_system-admin-guide / content/ figures / 4/ figures / primary-region-server.png http:/ / docs.hortonworks.com /HDPDocuments/ HDP2 /HDP-2.1.2 / bk_system-admin-guide/ content/ figures /4 / figures / secondary-region-servers.pr



1. Write X=1
2. Write X=2
3. Write X=3

Primary Region
replica_id=0
X=3

HBase Client 1

HBASE CONSISTENCY

- STRONG
- TIMELINE rrom 01.2015)

econdary Regio
replica_id=1
X=3

HBase Client 2

econdary Regio
replica_id=2
X=2

http:/ /hortonworks.com/blog/apache-hbase-high-availability-next-level / http:/ /docs.hortonworks.com /HDPDocuments/ HDP2 /HDP-2.1.2 /bk_system-admin-guide / content/ figures /4 / figures / timeline-data-consistency.y



HBASE USE CASES

- FAGEBOOK MESSAGING

- HIGH WRITE THROUGHPUT

- LOW LATENCY RANDOM READS
- STRONG CONSISTENCY

- HA'VIA AUTOMATIC FAILOVER



DYNAMO STORAGE , N

I Vo mstt yre

- HAKEY-VALUE STRUCTURED STORAGE @ @  keysin

j range (A.B)
including

- DATA PARTITIONED USING CONSISTENT HASHING < A
-~ LINEAR SCALABILITY OOV

- MASTER-MASTER

- CONSISTENCY FACILITATED BY OBJECT VERSIONING

- HINTED-HANDOFF

- ANTI-ENTROPY USING MERKLE-TREE



APAGHE CASSANDRA

- BIG-TABLE + DYNAMO

- HIGH AVAILABILITY

- INCREMENTAL SCALABILITY

- EVENTUALLY CONSISTENT

- TUNNABLE CONSISTENGY AND LATENCY
- NO SINGLE POINT OF FAILURE

S " & Cassandra

/I\C\I\
IoRd N

\ | nstt re

f keys n
3 range (A.B)
. ; INC ludma

http:/ /mbaron.developpez.com/ tutoriels/nosql/ cassandra/ installation-outils-administration /images / cassandralogo.p:



CCassandra

CT&
KEY CONCEPTS o

Single data center cluster with 3 replica nodes and consistency set to ONE

- MASTER-MASTER © &
. COORDINATOR o G

- QUERY “PROXYING ™D O o

() Coordinator node o o

(O Chosen node 3
Read response °

------ Read repair e

R1




TTE

CCassandra

REPLICATION FACTOR

Single data center cluster with 3 replica nodes and consistency set to ONE

O
- RF =TOTAL NUMBER OF REPLICAS > - 3

- REPLICATION STRATEGY " =

Client (10 (4
| O (s
() Coordinator node

(O Chosen node o
Write response e




&

Cassandra

cu S S c Single data center cluster with 3 replica nodes and consistency set to ONE
R1

()
- TUNABLE CONSISTENCY O O .
- READ (L ©

)
WRITE
_ Client _ (0 (D
() Coordinator node o e

(O Chosen node 3
Read response °

------ Read repair o




Cassandra

e.
Z &M \§
cu N S I STE N CY Single data center cluster with 3 replica nodes and consistency set to ONE

. READ REQUEST O O _
. DIGEST QUERY O o

- REPAIRED READ ot O D
- GL=1
(O Coordinator node o e

(O Chosen node 3
Read response °

------ Read repair o

R1




Cassandra

Single data center cluster with 3 replica nodes and consistency set to ONE
R1
> RF - 3 ° e
e Clent J——( (2

() Coordinator node o °

() Chosen node R

Read response o o
------ Read repair °

http:/ / docs.datastax.com/en/cassandra/2.0/ cassandra/images / arc_write-singleDCConOne.sv



READ

Single data center cluster with 3 replica
nodes and consistency set to QUORUM

- RF=3 (
- GL=QUORUM

() Coordinator node o

(O Chosen node
Read response °

----- Read repair °

http:/ / docs.datastax.com/en/cassandra/2.0/ cassandra/images / arc_write-singleDCConOne.sv




4%, Cassandra

kl clwS c2:v2 c3:v3 cd:vd
-

STORAGE CONCEPTS

Read k|

- READS

- | ﬁi -
Commit log SSTable SSTable

http:/ /docs.datastax.com/en/cassandra/1.2/cassandra/dml/images/read_ks_12.png



ATE

~Cassandra

ANTI ENTROPY

- HINTED HANDOFF
- READ REPAIR
- FULLVS. INCREMENTAL REPAIR



~Cassandra

USE GASES - NETFLIX

- 90 CLUSTERS, 2700 NODES, 4 DC

- NEARLY ALL DATA

- FILM METADATA

- USER RATINGS
RECOMMENDATIONS




GRAPH DATABASES




NOT A SWISS-ARMY KNIFE



?

ANY QUESTIONS




THANK YOU

@TOM BUJOK
a hazelcast

JJJJJJ



