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Who am I?
• Built a a lot of systems with Apache 
Cassandra at Sky

• Work on a testing library for Cassandra
• Help out Cassandra users
• Twitter: @chbatey
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Overview
• My path to fault tolerant software
• What do we mean by a fault
• Cassandra deep dive
• Questions
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The old
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Scaling the old
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Uh oh :(
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Uh oh :(
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A pile of cats
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The solution

Micro(ish)services + 
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Strangulation
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The new
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Faults
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How do you make a Database HA?



@chbatey

Master/slave

•Master serves all writes
•Read from master and optionally slaves
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Peer-to-Peer
• No master
• Read/write to any
• Consistency?
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Eventual consistency, deal with it
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Cassandra
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Cassandra for Applications

APACHE

CASSANDRA
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Cassandra

Cassandra

• Distributed masterless 
database (Dynamo)

• Column family data model 
(Google BigTable)
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Datacenter and rack aware

Europe

• Distributed master less 
database (Dynamo)

• Column family data model 
(Google BigTable)

• Multi data centre replication 
built in from the start

USA
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Cassandra

Online

• Distributed master less 
database (Dynamo)

• Column family data model 
(Google BigTable)

• Multi data centre replication 
built in from the start

• Analytics with Apache SparkAnalytics
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Dynamo 101
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Dynamo 101
• The parts Cassandra took

- Data distribution: consistent hashing
- Availability + Partition tolerance: replication
- Gossip
- Hinted handoff
- Anti-entropy repair

• And the parts it left behind
- Key/Value
- Vector clocks
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Picking the right nodes
• You don’t want a full table scan on a 1000 node cluster!
• Dynamo to the rescue: Consistent Hashing
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Murmer3 Example
• Data: 

• Murmer3 Hash Values:

jim age: 36 car: ford gender: M
carol age: 37 car: bmw gender: F
johnny age: 12 gender: M
suzy: age: 10 gender: F

Primary Key Murmur3 hash value
jim 350

carol 998
johnny 50
suzy 600

Primary Key

Real hash range: -9223372036854775808 to 9223372036854775807
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Murmer3 Example
Four node cluster:

Node Murmur3 start range Murmur3 end range
A 0 249

B 250 499
C 500 749
D 750 999
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Pictures are better
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Murmer3 Example
Data is distributed as:

Node Start range End range Primary 
key

Hash value

A 0  249 johnny 50 

B 250 499 jim 350

C 500 749 suzy 600

D 750 999 carol 998
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Replication
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Replication strategy
• Simple

- Give it to the next node in the ring
- Don’t use this in production

• NetworkTopology
- Every Cassandra node knows its DC and Rack
- Replicas won’t be put on the same rack unless Replication Factor > # of racks
- Unfortunately Cassandra can’t create servers and racks on the fly to fix this :(
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Replication

DC1 DC2

client

RF3 RF3

C

RC

WRITE
CL = 1 We have replication!



34
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Tunable Consistency
•Data is replicated N times
•Every query that you execute you give a consistency
-ALL
-QUORUM
-LOCAL_QUORUM
-ONE

• Christos Kalantzis Eventual Consistency != Hopeful Consistency: http://
youtu.be/A6qzx_HE3EU?list=PLqcm6qE9lgKJzVvwHprow9h7KMpb5hcUU

http://youtu.be/A6qzx_HE3EU?list=PLqcm6qE9lgKJzVvwHprow9h7KMpb5hcUU
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Scaling shouldn’t be hard
• Throw more nodes at a cluster
• Bootstrapping + joining the ring

• For large data sets this can take some time
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Data modelling
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You must denormalise
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Cassandra can not join or aggregate

Client

Where do I go for the max?
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CQL
•Cassandra Query Language
-SQL like query language

•Keyspace – analogous to a schema
- The keyspace determines the RF (replication factor)

•Table – looks like a SQL Table CREATE TABLE scores ( 
  name text, 
  score int, 
  date timestamp, 
  PRIMARY KEY (name, score) 
);

INSERT INTO scores (name, score, date) 
VALUES ('bob', 42, '2012-06-24'); 
INSERT INTO scores (name, score, date) 
VALUES ('bob', 47, '2012-06-25');

SELECT date, score FROM scores WHERE name='bob' AND score >= 40;
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UUID
• Universal Unique ID
- 128 bit number represented in character form e.g. 

99051fe9-6a9c-46c2-b949-38ef78858dd0 
• Easily generated on the client
- Version 1 has a timestamp component (TIMEUUID)
- Version 4 has no timestamp component
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Company Confidential

TIMEUUID
TIMEUUID data type supports Version 1 UUIDs 
Generated using time (60 bits), a clock sequence number (14 bits), and MAC address (48 bits) 
– CQL function ‘now()’ generates a new TIMEUUID 

Time can be extracted from TIMEUUID  
– CQL function dateOf() extracts the timestamp as a date 

TIMEUUID values in clustering columns or in column names are ordered based on time 
– DESC order on TIMEUUID lists most recent data first

© 2014 DataStax, All Rights Reserved. 
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Data Model - User Defined Types
• Complex data in one place
• No multi-gets (multi-partitions)
• Nesting!

CREATE TYPE address ( 
  street text, 
  city text, 
  zip_code int, 
  country text, 
  cross_streets set<text> 
);
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Time-to-Live (TTL)
TTL a row:
INSERT INTO users (id, first, last) VALUES (‘abc123’, ‘catherine’, ‘cachart’)  
USING TTL 3600; // Expires data in one hour  

TTL a column: 
UPDATE users USING TTL 30 SET last = ‘miller’ WHERE id = ‘abc123’ 

– TTL in seconds 
– Can also set default TTL at a table level 
– Expired columns/values automatically deleted  
– With no TTL specified, columns/values never expire  
– TTL is useful for automatic deletion 
– Re-inserting the same row before it expires will overwrite TTL



@chbatey

But isn’t Cassandra a columnar store?



Storing weather data

CREATE TABLE raw_weather_data ( 
   weather_station text,    
   year int,               
   month int,             
   day int,              
   hour int,            
   temp double, 
   PRIMARY KEY ((weather_station), year, month, day, hour) 
) WITH CLUSTERING ORDER BY (year DESC, month DESC, day DESC, hour 
DESC);



Primary key relationship

PRIMARY KEY ((weatherstation_id),year,month,day,hour)



Primary key relationship

PRIMARY KEY ((weatherstation_id),year,month,day,hour)

Partition Key



Primary key relationship

PRIMARY KEY ((weatherstation_id),year,month,day,hour)

Partition Key Clustering Columns

WITH CLUSTERING ORDER BY (year DESC, month DESC, day DESC, hour DESC);



Primary key relationship

PRIMARY KEY ((weatherstation_id),year,month,day,hour) 

Partition Key Clustering Columns

10010:99999

WITH CLUSTERING ORDER BY (year DESC, month DESC, day DESC, hour DESC);



2005:12:1:7:temp

-5.6

Primary key relationship

PRIMARY KEY ((weatherstation_id),year,month,day,hour)

Partition Key Clustering Columns

10010:99999
-5.1

2005:12:1:8:temp

-4.9

2005:12:1:9:temp

-5.3

2005:12:1:10:temp

WITH CLUSTERING ORDER BY (year DESC, month DESC, day DESC, hour DESC);



Data Locality

weatherstation_id=‘10010:99999’ ?

1000 Node Cluster

You are here!



Query patterns
• Range queries
• “Slice” operation on disk

SELECT weatherstation,hour,temperature  
FROM raw_weather_data  
WHERE weatherstation_id=‘10010:99999' 
AND year = 2005 AND month = 12 AND day = 1 
AND hour >= 7 AND hour <= 10; 

Single seek on disk

2005:12:1:12 

-5.4 

2005:12:1:11 

-4.9 

2005:12:1:7

-5.6-5.1

2005:12:1:8

-4.9

2005:12:1:9
10010:99999

-5.3

2005:12:1:10

Partition key for locality



Query patterns
• Range queries
• “Slice” operation on disk

Programmers like this

Sorted by event_time

2005:12:1:7

-5.6

2005:12:1:8

-5.1

2005:12:1:9

-4.9

10010:99999

10010:99999

10010:99999

weather_station hour temperature

2005:12:1:10

-5.3

10010:99999

SELECT weatherstation,hour,temperature  
FROM raw_weather_data  
WHERE weatherstation_id=‘10010:99999' 
AND year = 2005 AND month = 12 AND day = 1 
AND hour >= 7 AND hour <= 10; 
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Summary
• Cassandra is a shared nothing masterless datastore
• Availability a.k.a up time is king
• Biggest hurdle is learning to model differently
• Modern drivers make it easy to work with
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Question time
• Twitter: @chbatey
• Blog: http://christopher-batey.blogspot.co.uk/
• Cassandra resources: http://planetcassandra.org/

http://christopher-batey.blogspot.co.uk/
http://planetcassandra.org/
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