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Five years of Cassandra crmastx:
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Blgtable T Dynamo DATASTAX®

| SMT / SSTables

*Runtime "column” (cell) definition
»Schema-agnostic
*Size-tlered compaction

*GossIp-based cluster status + tallure detection
‘Hinted handoff
*Read repailr

*Anti-entropy repair
*Eventually consistent
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... with some differences crrest=x:

*SuperColumns

‘lnaexes
*Timestamp-based conflict resolution

http://www.datastax.com/dev/blog/why-cassandra-doesnt-need-vector-clocks
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Bigtable-inspired APl orastex:

List<ColumnOrSuperColumn> get_slice(

:required binary key,

:required ColumnParent column_parent,
:required SlicePredicate predicate,

:required ConsistencylLevel consistency_level)
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Two years ago

@ *CQL: native protocol, prepared statements
*Triggers

*Entity groups

push-down
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*Ease Of Use

@ *Smarter range queries enabling Hive predicate



User defined types

CREATE TYPE address (
street text,
city text,
Zlp_code 1nt,
phones set<text>

)

CREATE TABLE users (
1d uuid PRIMARY KEY,
name text,
addresses map<text, address>

)

SELECT 1d, name, addresses.city, addresses.phones FROM users;

1d | name | addresses.city | addresses.phones
____________________ +________________+__________________________

63bfe91f | jbellis | Austin | {'512-4567"', '512-9999'}



Collection indexing

CREATE TABLE songs (
1d uuid PRIMARY KEY,
artist text,
album text,
title text,

data blob,
tags set<text>

)
CREATE INDEX song_tags_idx ON songs(tags);

SELECT * FROM songs WHERE 'blues' IN tags;

1d | album | artist | tags | title

5027b27e | Country Blues | Lightnin' Hopkins | {'acoustic', 'blues'} | Worrying My Mind



Cassandra is a...

*Partitioned row store with extensions
* Typed document database

*Object database
o7



PaXOS / CAS DATASTAX®

Session 1 Session 2
SELECT * FROM users SELECT * FROM users
WHERE username = WHERE username =
’jbellis’ ’jbellis’
[empty resultset] [empty resultset]

INSERT INTO users (...
VALUES (C’jbellis’,

INSERT INTO users (...)
VALUES (’jbellis’, ...)

U\



Prepare / promise




Propose / accept




Read / results OATASTAX:




COmmlt / aCknOwledge DATASTAX®




PaXOS gtate DATASTAX.

CREATE TABLE paxos (
row_key blob,
cf_1d UUID,
in_progress_ballot timeuuid,
proposal_ballot timeuuild,
proposal blob,
most_recent_commit_at timeuuid,
most_recent_commit blob,
PRIMARY KEY (row_key, cf_1d)



Implications

4 round trips vs 1 for normal updates
*Paxos state I1s durable

*Linearizable consistency with no leader election or
fallover

*ConsistencylLevel SERIAL

*http://www.datastax.com/dev/blog/lightweight-
transactions-in-cassandra-2-0
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Syntax DATASTAX®

INSERT INTO USERS (username, email, ...)

VALUES (¢jbellis’, ¢jbellis@datastax.com’, ... )
IF NOT EXISTS;

UPDATE USERS

SET email = ’jonathan@datastax.com’,
WHERE username = ’jbellis’

IF email = ’jbellis@datastax.com’;
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mailto:jbellis@datastax.com
mailto:jellis@datastax.com
mailto:jellis@datastax.com
mailto:jbellis@datastax.com
mailto:jbellis@datastax.com

Trlggers DATASTAX®

CREATE TRIGGER <name> ON <table>
USING <classname>;



Trigger implementation erresTax:

%lass MyTrigger implements ITrigger

public Collection<RowMutation> augment
gByteBuffer key, ColumnFamily update)

¥
¥



Atomicity?
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On-Heap/Off—Heap DATASTAX®

On-Heap Off-Heap
Managed by GC Not mgnaged by GC
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Read path (per sstable) ermasx:
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Read path (per sstable) errastax:
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Read path (per SStab‘e) DF\THSTFI:;E,..‘
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Off heap |n 20 DATASTAX.:

Partition key bloom filter
1-2GB per billion partitions = "
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Off heap |n 20 DATASTAX.:

Compression metadata
~1-3GB per TB compressed
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Off heap |n 20 DATASTAX.:
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COmpaCthn DATASTAX®

*Size-tlered
|_eveled
*Others?



Size-tiered compaction crtesTex:




Leveled compaction
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Sad leveled compaction crtesTax:
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STCS II’] LO DATASTAX®
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HLL and compaction ~ ermest=x:




HLL and compaction ~ errestex:




HLL and compaction ~ ermest=x:



Data-aware compaction?errestaix:

*Append-only workloads

*No compaction necessary In trivial case; still needed for clustered
scans

*Append-mostly workloads?

*Bounded window for out-of-order updates



Rapld Read PrOteC'nOn DATASTAX

C* eager retry, 1 node killed after 450s - stress-read

- c.—“(/’ — -"-\ o —-é - ’,‘\~<’ N\ /c ‘

A ST OSERER ROGIN) N AVAMZES A et .
LB SN A a2
V2 v GO /\Mﬁ \

‘4;

35,000 -

Operations / Second

30,000 -

25,000 -
20,000 -
15,000 -
10,000

5,000 -

: U

| | | | | | |
200 300 400 500 600 700 800

Elapsed time in seconds

B NONE



Typlcal readS DFITFISTQ:;(.}




TypICaI readS DFITHSTFI:;(.}




TypICaI readS DFITHSTFI:;(.}




TypICaI readS DHTHSTH:;(.}




TypICaI readS DHTHSTH:;(.}




A failure
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Failure with read protectigpresT=x:
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Failure with read protectigpresT=x:




Failure with read protectigpresT=x:

SUCCESS




Latency (mid-compactiorgyresrx:

. 6692c50412ef7d - speculative_retry=NONE . 6692c50412ef7d - speculative_retry=90percentile

Averages from the middle 80% of values: Averages from the middle 80% of values:
interval_op_rate 9156 interval_op_rate 38523
interval_key_rate : 39156 interval_key rate : 38523
latency median : 0.8 latency median : 0.8
latency 95th percentile i 26 latency 95th percentile : 3.0
latency 99.9th percentile : 48.8 latency 99.9th percentile : 14.5
Total operation time 00:26:10 Total operation time 00:26:35
cnd: -n 60000000 -0 read -i 5 -K 20 cmd: -n 60000000 -0 read -i 5 -K 20

. 6692c50412ef7d - specu'l.ative_retry=ALWAY. 6692cS0412ef7d - speculative_retry=75percentile

Averages from the middle 80% of values: Averages from the middle 80% of values:
interval _op rate 34823 interval _op_ rate : 36764
interval _key rate . 34823 interval _key rate : 36764
latency median : 0.8 latency median : 0.8
latency 95th percentile : 2.6 latency 95th percentile : 3.0
latency 99.9th percentile : 36.5 latency 99.9th percentile : 16.8
Total operation time 00:29:11 Total operation time 00:27:41
cnd: -n 60000000 -0 read -i 5 -K 20 cmd: -n 60000000 -0 read -i 5 -K 20

B 6692c50412ef7d - speculative_retry=99percentile

Averages from the middle 80% of values:

interval _op_rate 40466
interval_key _rate . 40466
latency median : 0.8
latency 95th percentile B 27 4
latency 99.9th percentile : 19.6
Total operation time v 00:25:28

cmd: -n 60000000 -0 read -1 S -K 20
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More-efficient repair
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More-efficient repair
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More-efficient repair

DATASTAX®



Tombstones!

DELETE FROM users
WHERE username = 'jbellis'




When can we purge? DATASTAX®

*gc_grace_seconds



Pain points
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Pain points

*Easy to write a query that is O(N) in the number of
tombstones

* Tombstones must be read-repaired

Clumsy hammer
*tombstone_warn_threshold: T000

*tombstone_fallure_threshold: T00000

*http://www.datastax.com/dev/blog/cassandra-anti-
patterns-queues-and-queue-like-datasets
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