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$29.4 Billion

3 Year Traiting CAPEX Investment




Google Network

FASTER (US, JP, TW) 2016

Unity (US, JP) 2010 SJC (JP, HK, SG) 2013

PLCN Unity (HK, LA) 2018

Monet (US, BR) 2017

— Network Junior (Rio, Santos) 2017

Network sea cable investments Tannat (BR, UY, AR) 2017
Indigo (SG, ID, AU) 2019
' Edge points of presence >100

Google global cache edge nodes (>800)
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Background

Why build Spanner?
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Technical infrastructure at Google

It's 2005...
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Google’'s needs

Horizontally Scaling Database
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ACID Transactions with global consistency

No downtime!
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Existing options

Nonrelational Relational

Google Cloud



Overview
What is Cloud Spanner?



What is Cloud Spanner?

Google’s mission-critical scalable relational Database Service

Fully managed, database service with global scale

Traditional relational semantics: schemas,
ACID transactions, SQL

Automatic, synchronous replication within and
across regions for availability

Battle-tested within Google for 5+ yrs (AdWords, GooglePlay)
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How does it compare?

CLOUD SPANNER TRADITIONAL RELATIONAL TRADITIONAL NON-RELATIONAL
Schema v Yes v’ VYes *  No
saL v Yes v Yes X No
Consistency v~ Strong +~ Strong ¥ Eventual
Availability «~ High ¥  Failover «~ High
Scalability + Horizontal X Vertical +/ Horizontal
Replication +/ Automatic Configurable Configurable

Google Cloud



What alternatives are there?
A Always able
to read and
write

CA AP

? . Cassandra

Pick Riok

CouchDB

Always see works even in
the same data the case of
as others at P network
same point in CP partitions
time

BigTable  Berkeley DB
MongoDB MemcacheDB
Hbase Redis

Google Cloud




Spanner tries to be both, SQL and distributed, how?

Spanner = NoSQL horizontal scalability
+ SQL relational semantics
+ consistent transactions

Google Cloud



Open standards

. Standard SQL (ANSI 2011)

Encryption, Audit logging, Identity
and Access Management

‘ Client libraries in popular languages
(Java, C#, Python, Go, Node.js, etc.)

JDBC driver

Google Cloud



How Spanner works
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Traditional Database layout

Zone 1

Table 2

Table 1
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Traditional Database layout -- sharded

Zone 1 Zone 2 Zone 3

Table 1a Table 1b Table 1c

Table 2a Table 2b Table 2¢

Google Cloud
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Traditional Database layout

My awesomeé
~ app

Zone 1 Zone 2 Zone 3

Table 1b

Table 1a

Table 1c

Table 2a Table 2b

Table 2¢

Google Cloud



Traditional Database layout

app

Zone 1 Zone 2 Zone 3

Table 1b

Table 1a Table 1c

Table 2a

Table 2b

Table 2¢

Google Cloud
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Traditional Database layout

My awesomeé
~ app

Zone 1 Zone 2 Zone 3

Table 1b

Table 1a Table 1c

Table 2a

Table 2b

Table 2¢

Google Cloud
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Spanner Database layout

Zone 1 Zone 2 Zone 3

Table 1 Table 1 Table 1

Table 2 Table 2 Table 2

Google Cloud



Transactions

app

Zone 1 Zone 2 Zone 3

Table 1 Table 1 Table 1

Table 2 Table 2 Table 2

Google Cloud



Transactions

app

Zone 1 Zone 2 Zone 3

Table 1 = > Table 1

Table 2 - > Table 2

Table 1

Table 2

Google Cloud
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Transactions

Zone 1 Zone 2 Zone 3

O

Table 1 < Table 1 > Table 1
Table 2 < Table 2 > Table 2

—

Google Cloud



TrueTime Infrastructure
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TrueTime - virtual global clock

e Quantifies the “worst” possible error / TTnow()
drift between clocks in all datacenters > time
around the world (global clock)

e TrueTime.Now() gives you an interval San it

[t1,t2]; t2 =t1 + 2¢ « >
2*g
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Spanner Internals
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Spanner Internals
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Life of a Query

Consistent Read

SELECT * FROM Company WHERE Name = ‘Google’;

_______________________________________
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: o L |
[ : [ : [ !
! Follower : ! Leader : ! Follower :
1) Request 2) Ok to read? v .
<= < - | |
D 4) Response 3) yep! | L |
I / ' I V4 I I Y I
| / : | / : | / :
| | |
: o o :
| | |
. I . ! . !
S /’ S /’ S /’
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Life of a Query

Consistent Read

SELECT * FROM Company WHERE Name = ‘Google’;
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Life of a Query

Time-bounded (stale) reads

SELECT * FROM Company WHERE Name = ‘Google’;

_______________________________________
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Life of a Query
Read-Write Transaction

dbClient.ReadWriteTransaction(ctx, func(txn *spanner.ReadWriteTransaction) error {
txn.Query (ctx, stmt).Do(func(r *spanner.Row) error {...})
m = append(m, spanner.InsertOrUpdate("TableName", []string{"ColA", "ColB"},
[linterface{}{"93bc3d", "Lorem Ipsum'"}))

txn.BufferWrite(m) _ o -

& ’/’ \\\ //’ \\\ / ™\
' Zone 1 v Zone 2 o Zone 3 :
| . 1 I |

erWrite() I | I I
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Relational Data Layout

Singerid SingerName Singerid Albumid AlbumName

Beatles Help!

U2

Abbey Road

Pink Floyd

The Wall

Google Cloud
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Interleave Data Layout

Help!

Abbey Road

Pink Floyd

1 The Wall

Google Cloud




Relational data model

CREATE TABLE Singers ( 4 vobowrtime )
SingerId INT64 NOT NULL, Schema Migrations

SingerName STRING(MAX),
) PRIMARY KEY(SingerId);

CREATE TABLE Albums ( QBEEEO[GSEEA31“%§;24,
SingerId INT64 NOT NULL, g€ !
AlbumId INT64 NOT NULL,

AlbumName STRING(MAX), \\‘ ’//

) PRIMARY KEY(SingerId, AlbumId)

INTERLEAVE IN Singers;

Google Cloud




Schema Migration

CREATE TABLE “terms™ ( CREATE TABLE terms (
“id” bigint(19) unsigned NOT NULL AUTO_INCREMENT, id INTe4 NOT MULL,
“set_id” bigint(19) unsigned NOT NULL, set_id INT&4 NOT MULL,
“term” text NOT MULL, spanner_id STRING(36) NOT NULL, -~ v4 uuid

“definition” text NOT NULL,

“photo” wvarchar(255) NOT NULL,

“term_crc” int(11) unsipned NOT NULL,

“rank” int(11) unsigned MOT NULL,

"last_modified” int{11) unsipned NOT NULL DEFAULT '@’',
“is_deleted” tinyint(3) unsigned NOT NULL DEFAULT '@’',
“term_custom_audio id™ int(11) unsipned DEFAULT NULL,

spanner_set_id STRING({36) NOT MNULL, -- v4 uuid
term STRING(MAX) NOT NULL,

definition STRING{MAX) NOT MULL,

image STRING{1824) NOT NULL,

term_crc INTG&4 NOT NULL,

rank INT&64 NOT MULL,

last_modified TIMESTAMP NOT NULL -- defaults to @
“definition_custom_audio_id® int(11) unsigned DEFAULT MNULL, nE )
PRIMARY KEY (*id", set id") is_deleted INTG&4 WOT NULL, -- defaults to @
¥ ey El
KEY “set_id is deleted” (" set_id , is_deleted” ) term_custom_audio_id INTG4,
) ENGINE=InnoDB AUTO INCREMENT=8 DEFAULT CHARSET=utf8mb4 ROW_FORMAT=COMPRESSED definition_custom_audic_id INTE4
/*158108 PARTITION BY HASH (set id) PARTITIONS 25 */ ) PRIMARY KEY(spanner_set_id, spanner_id});

CREATE INDEX terms_id on terms(id);

Google Cloud
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Anti-Pattern: Timestamp Ordering

Cloud Spanner

e P T | Server
neerty | Users(1230219000000000, 001930) LD, gy gpanmer
) e e e 1(2) Server
insert;,q Users(1 230219000004000, 001519) :

) : 5(3) Cloud Spanner
Insert;, 5 Users(1 230219000002000, 011289) ] Server
insert;, 5 Users(‘l 230219000003000, 01 0483) ﬁ& Cloud Spanner

) Server
. t. :

Nserti, 4 Users(1 230219000001000, 000241) Cloud Spanner
E Server
insertj_‘_n

possible split point
........ example split boundary

— write request
Google Cloud
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Anti-Pattern: Sequences

Cloud Spanner

T e CesthesestimesianyUserid Server
nsert. .. | - (4
nsertiy3 - Users(02, 1230219000003000, 010483) % T
: : +(5) Server
insert;, s Users(02, 1230219000004000, 001519)
- ;'"--"-.'.:'.'.'.:'.'.'.'..'.'.'.'..'.'.'.:::'.'.::'.'.::-.'.::-.'.'.:-.'.'.-.-.:'.-.-.:'.'.-.:'.'.-.::'.'.::'.'.::'.'.? (3) C|oud Spanner
insert;,, Users(03, 1230219000002000, 011289) ——— Server
insert; i Users(04, 1230219000000000, 001930) ‘Q [ Cloud Spanner
: : Server

insert,,; : Users(04, 1230219000001000, 000241) ()l
: ——— >  Cloud Spanner

= : Server

possible split point
-------- example split boundary

—> write request
Google Cloud



Median Latency

Median Latency as Throughput Increases

20 —— MySQL (median)
— spanner 9 nodes (median)
—— spanner 15 nodes (median)

15 —— spanner 30 nodes (median)

Latency (ms)
o

4000 6000 8000 10000 20000

Throughput (queries per second)
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Demo
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