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. Background: Replication Components
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. Program Agenda
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. Binary Log Group Commit Performance
Binlog=1
MySQL 5.6 vs. 5.5 - Read Write (Linux)
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$ 7000 /
= 6000
% 5000
§ 4000
+ 3000 —— MySQL 5.5
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= 0 Oracle Linux 6

' ' ' Intel(R) Xeon(R) E7540 x86_64

32 64 128 MySQL leveraging:
. - 48 of 96 available CPU threads
Connections -2 GHz, 512GB RAM

180% Performance Gain
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. MySQL 5.6 GALIEDH B &

MySQL 5.7.2 - Development Milestone Release, September 2013

= Higher Master Throughput
— Sender, aka Dump, Thread Does Not Take the Binary Log Lock.
= Higher Slave Throughout
— Multi-Threaded (Slave) Timestamp based Applier (MTS).
= Better Monitoring of Replication
— Instrumentation for getting replication status through performance schema.
= Loss-less Semi-sync Replication.
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Thread Enhancement
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. Higher Master Throughput: Sender, aka Dump,
Thread Enhancement
Concurrent reads by the sender thread with ongoing writes from user threads.

— Sender thread does not block user sessions more than necessary.
— Higher throughput for both sender threads and user sessions.

pre 5.7.2 Sender Thread Reads Binary Log  User Thread Writes to Binary Log

Sender Thread Reads Binary Log

5792+ User Thread Writes to Binary Log

: Time
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. Higher Slave Throughput: Timestamp based
Multi-threaded Applier
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. Higher Slave Throughput: Timestamp based
Multi-threaded Applier

= Leverage parallelization information obtained from the execution on the
master.

— Transactions that prepare on the same “version” of the database, are
assigned the same timestamp.

= Meanwhile, at the slave:
— Transactions with the same timestamp can be executed in parallel;
— Concurrent transactions commit independently, thus no waiting involved.

ORACLE

24 ] Copyright © 2014, Oracle and/or its affiliates. All rights reserved. |



. Higher Slave Throughput: Timestamp based
Multi-threaded Applier

Concurrent Execution History
on the Master

Parallel
/ on the Slave.

Not Executed in
Parallel.
_  Commi

Prepare
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. Higher Slave Throughput: Timestamp based
Multi-threaded Applier

= Supports statement-based or row-based formats.
= Scheduling policy controlled through:

[mysq1> SET slave parallel type= [logical clock|database] ]

— Logical _clock - means schedule based on the prepare timestamp

— database - the scheduling policy from 5.6 (concurrency control done per
database).

= Work to improve slave scalability continues, does not stop here.
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. Better Replication Monitoring: P_S Replication
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Better Replication Monitoring: P_S Replication
Tables

= Access monitoring information through an SQL interface.

= Write stored functions or procedures with input from replication
internals.

= Logically unrelated information into different places.

= Flexible and easier to extend and adapt as new feature get into the
server.

= More user friendly names identifying the monitoring fields.

ORACLE
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. Loss-less Semi-sync Replication
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. Loss-less Semi-sync Replication

= Master does not commit transaction until it receives an ACK from a slave.

— (as opposed to: Master does not release the session until it receives an ACK from
the slave.)

— Therefore, concurrent transactions do not externalize changes while waiting for
ACK.

= Should a master fail, then any transaction that it may have externalized is also
persisted on a slave.

= User can choose between the original semisync behavior and the new one.

[mysql> SET rpl semi sync master wait point= [AFTER SYNC|AFTER COMMIT] ]

ORACLE
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. Loss-less Semi-sync Replication

T1: INSERT INTO t1 VALUES (1000) T2: SELECT * FROM t1; empty set
\ T2 /

ACK

Master execute prepare binlog

LI

[
»

Time
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. MySQL 5.6 GALIEDH B &

MySQL 5.7.3 - Development Milestone Release, December 2013

= Improved Security
— SSL options for mysqlbinlog

= Flexible Semisync Durability
— Configure master to wait for more than one semisync slave to ACK back.

= More Production Friendly
— Changing Replication Filters Dynamically.

ORACLE
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. SSL options for mysglbinlog
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. SSL options for mysglbinlog

= --ss|* options to mysqlbinlog
— Reading binary logs from remote servers through a secure channel.
— Supports all SSL options that other client tools support.

( \

mysqgl> GRANT USAGE ON *.* TO 'rpluser'@'localhost' REQUIRE SSL;

( \

shell> mysqglbinlog --read-from-remote-server -ssl -u rpluser ...

. J
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. Dynamic Slave Replication Filters
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. Dynamic Slave Replication Filters

= Change Slave's Replication Filters dynamically.

— No need to stop and restart slave for establishing new replication filtering
rules.

— All slave filters are supported.
— Values can be input in various character sets.

[mysql> CHANGE REPLICATION FILTER REPLICATE DO DB= (dbl, db2) ]

ORACLE
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. Semi-sync Replication — Wait for Multiple ACKs
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. Semi-sync Replication — Wait for Multiple ACKs

= Master does not commit transaction until it receives N ACKs from N slaves.
= Dynamically settable:

[mysql> SET GLOBAL rpl semi_ sync master wait for slave count= N ]
T1: commIT T1: COMMIT
\ / succeeds
Master -
Slave 1 —
Slave 2 ' ACK >

Time

[mysql> SET GLOBAL rpl semi sync master wait for slave count= 2 ]
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. MySQL 5.6 GALIEDH B &

MySQL 5.7.4 - Development Milestone Release, April 2014

= Performance
— Sender thread enhancements.
— Semisync ACK Receiver thread.

= Flexibility

— Redirect to new master without stopping applying transactions.
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. Semi-sync Replication — ACK Receiver Thread

= Consecutive transactions do not block each other while waiting for ACKs

= Transaction t1 and t2 are sent immediately to the slave by the sender thread
= ACKs are received only by a special thread

= Transaction t2 does not include t1 round trip in its semisync overall latency

= Thread starts when semisync is activated
mysql> SET GLOBAL rpl semi master enabled= ON

= Thread stops when semisync is deactivated

mysql> SET GLOBAL rpl semi master enabled= ON

ORACLE
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. Semi-sync Replication — ACK Receiver Thread

Throughput on Master

14000

12000 = Ad hoc microbenchmark using mysqlslap
10900 = 100K queries, commit=100, iterations=3
co 8000 — MySQL 5.7.3 .
& 6000 —MmsaLs74 = 1 semisync slave
4000
2000 " Netwprk delay example:
0 tc qdisc add dev lo root netem delay
02 05 1 2 10 20 50 100 100mS

Network Delay (ms)

= 10X larger latency show 50% less throughput in 5.7.3 under peak load.
= 10X larger latency show 0% less throughput in 5.7.4 under peak load.

ORACLE

46 ] Copyright © 2014, Oracle and/or its affiliates. All rights reserved. |



. More Sender Thread Enhancements
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. More Sender Thread Enhancement

= Send buffer is not allocated and freed every time an event is sent.

= When sender threads require larger send buffer
— buffer grows as needed.

= When buffer is larger than needed— buffer shrinks dynamically.

= Together with the sender thread enhancements released on MySQL
5.7.2:
— Increase master scalability;
— reduces resource consumption (CPU);
— Master, with dump threads attached, copes better with peak loads.

ORACLE

48 ] Copyright © 2014, Oracle and/or its affiliates. All rights reserved. |



. More Sender Thread Enhancements

Master's Throughput

= Ad hoc microbenchmark using
16000

14000 — mysqlslap
o0 ~ = 1M queries, concurrency=200,
g o e commit=1
4000 = N slaves attached (fake slaves
200(()) using remote mysgqlbinlogs)
0 1 5 10 20 30 40 50 100 = 48 cores HT / 512 GB RAM / HDD

Number of Slaves

= Small number of slaves: no difference between 5.6 and 5.7.
= Larger number of slaves: 5.7 is able to sustain the same throughput.
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. Redirect to new Master without interrupting the

Applier
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. Redirect to new Master without interrupting the
Applier

= More “onlineness” during fail-over:

m Stopping, changing master and restarting the receiver thread is all done
while the applier thread is running.
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B Multi-Threaded Slave (MTS) AMySQL

2 labs.mysql.com

5] 3 D & FEE

' Per-Database Binlog Group BGC tuning
MTS release Commit (BGC) options. MTS
(labs) in 5.6.6 enhancers (labs)

2011 2012 2013
MySQL 5.6 GA.
Per-Database Per-Transaction
 MTS on 5.6.3 IMTS in5.7.2!
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labs.mysqgl.com

B wuiti-Threaded Slave (MTS) My

= By tuning BGC on the master, we Transactions Per Second

get more parallelism on the slave: 4

4000

— binlog-group-commit-delay 3500

— binlog-group-commit-count 2282 o commit delay
= Tuning means more transactions £ 200 _ZTga;ffﬂnT:fﬁ:yy
preparing together (no magic o
formula — highly dependent on 500
hardware and workload). o 4w om s

Number of Slave Worker Threads

= Still working on improving it and on

the analysis of experimental results.  6X slave throughput — large commit delay
3X slave throughput — small commit delay
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. MySQL Utilities
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MySQL Fabric

MySQL Fabric

An extensible and easy-to-
use framework for
managing a farm of

MySQL servers supporting

high-availability and

sharding
Read-slaves Read-slaves
Master group Master group
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. MySQL Utilities - Fabric
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. High-Level Components

Application

= Fabric-aware Connectors
— Python, PHP, and Java
— Enhanced Connector API
MySQL -
= MySQL Fabric Node Fabric ‘}
-~ Manage information about farm
— Provide status information
= Execute procedures MySQL Servers
— Organized in High-Availability Groups Hoh g
— Handling application data

ORACLE
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. MySQL Fabric Configuration

[storage]
. Backing Store address = localhost:3306
user = fabric
— MySQL server password =
— Persistent storage for state database = fabric
— Storage engine-agnostic [servers]
= Protocol user = fabric
, password =
— Address where node will be
— Currently only XML-RPC [protocol.xmlrpc]
L . address = localhost:32274
= LOgging threads = 5
— Chatty: INFO (default) disable authentication = yes
— Moderate: WARNING :
, [logging]
— URL for rotating log level = INFO

url = file:///var/log/fabric.log
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. MySQL Fabric: Basic Commands and Help

Command Structure
mysqglfabric group command ...

Getting help

mysqlfabric help

mysqlfabric help commands
mysqglfabric help manage
mysqlfabric help manage setup

MySQL Utilities Documentation:
http://dev.mysql.com/doc/mysql-utilities/1.4/en/index.html

MySQL Fabric Documentation:
http://dev.mysql.com/doc/mysql-utilities/1.4/en/fabric.html
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. Setting up and Tearing down MySQL Fabric

Create and populate the necessary tables in backing store

mysqlfabric manage setup
Remove the tables from backing store
mysqlfabric manage teardown

Connects to the database server in “storage” section
Ensure that you have the necessary users and privileges

ORACLE
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. Starting and Stopping MySQL Fabric

Start MySQL Fabric node in foreground — print log to terminal

mysqglfabric manage start

Start MySQL Fabric node in background — print log to file

mysqlfabric manage start --daemonize
Stop MySQL Fabric node

mysqglfabric manage stop

ORACLE
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. Create Groups and add Servers

. Define a group
mysqglfabric group create my group
. Add servers to group
mysqlfabric group add my group serverl.example.com

mysqlfabric group add my group server2.example.com

ORACLE
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. Activate High-Availability Group

. Promote one server to be primary
mysqlfabric group promote my group
. Tell built-in failure detector to monitor group

mysqlfabric group activate my group

ORACLE
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. Distributed Failure Detector
New in MySQL Fabric 1.4.2

= Connectors report errors
— Report that an error was noticed report error l}
— Failover based on statistics

— report_error(server, source, error) @ ot
. = . report_fault

%

- Report failure ‘
— A server is known to have failed C * 0

— Failover occurs immediately
— report_fault(server, source, error)

ORACLE
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. Fabric-aware Connector

Fabric-aware Connectors . Connector API Extensions
Connector/J . Support Transactions
Connector/Python . Support full SQL
Connector/PHP .. ..

. Decision logic in connector

Fabric-aware Frameworks . Reducing network load
Doctrine :

Hibernate Load Balanqlng |
_ . Read-Write Split

In this presentation: . Distribute transactions

Connector/Python

ORACLE
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. Fabric-aware Connector API

. Establish a “virtual” connection
. Real server connection established lazily

. Provide connection information for the Fabric node
. Connector will fetch information about servers

import mysql.connector

conn = mysql.connector.connect (
fabric={"host": "fabric.example.com"},
user='mats', password='xyzzy',6 database="employees"

)
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. Enable Connector/Python Error Reporting
New in Connector/Python 1.2.1

= Connectors can report errors to Fabric node
— Enable using report_error
— Defaults to False
— Require MySQL Fabric 1.4.2

import mysql.connector

conn = mysql.connector.connect (
fabric={"host": "fabric.example.com"},
user='mats', password='xyzzy',6 database="employees",
report error=True,

)
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. Connector API: Executing a Transaction

. Provide group name . Provide transaction mode
. Property: group . Property: mode
. Fabric will compute candidate . Fabric will pick server in right
servers mode

conn.set property(group='my group', mode=MODE READWRITE)
/" cur = conn.cursor ()
cur.execute ("INSERT INTO employees VALUES (%s,%s,%s)",
(emp no, first name, last name))
cur.execute ("INSERT INTO titles(emp no,title,from date)"
“ VALUES (%s,%s,CURDATE())",
(emp no, 'Intern'));
\_ conn.commit ()

ORACLE
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Same as
before




MySQL Fabric: Set up Shard Mapping

Will return a
-~ shard map identifier

. Define shard mapping -

mysqlfabric sharding \ , -
create definition hash my global

. Add tables that should be sharded
mysqlfabric sharding add table 1 \

employees.employees emp no < ffﬁ

Shard map identifier

mysqglfabric sharding add table lAAyf
employees.salaries emp no

. Tables not added are considered global

ORACLE
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MySQL Fabric: Add Shards

Shard map identifier
Add shards to shard mapping

“my group.l,...,my group.N” --state=ENABLED
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. MySQL Fabric: Moving and Splitting Shards

Shard ID
Moving a shard from one group to another
mysqglfabric sharding move 5 my_group.sé """""" -
Splitting a shard into two pieces (hash) L

mysqlfabric sharding split 5 my group.6

ORACLE
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. Connector API: Shard Specific Query

. Provide tables in query . Provide sharding key
. Property: tables . Property: key
. Fabric will compute map . Fabric will compute shard

conn.set property(tables=['employees.employees', 'employees.titles'],
key=emp no)
cur = conn.cursor ()
cur.execute ("INSERT INTO employees VALUES (%s,%s,%s)",
(emp no, first name, last name))
cur.execute ("INSERT INTO titles(emp no, title, from date)"
" VALUES (%s, %s, CURDATE())", -
(emp no, 'Intern'));
conn.commit ()

ORACLE
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. Connector API: Global Update

. Provide tables in query . Set global scope
. Property: tables . Property: scope
. Fabric will compute map . Query goes to global group

. (Not necessary)

conn.set property(tables=['employees.titles'], scope='GLOBAL')
cur = conn.cursor ()
cur.execute ("ALTER TABLE employees.titles ADD nickname VARCHAR (64)")
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. What do we have now?

= MySQL Farm Management = Enhanced Connectors
— High-Availability — Connector/Python
— Sharding — Connector/PHP
= High-Availability - Connector/J
— Group Concept = Command-line Interface
— Slave promotion = XML-RPC Interfaces
= Sharding = Distributed failure detector
— Range and hash sharding — Connectors report failures
— Shard move and shard split — Custom failure detectors
= Connector APls = Credentials
— Transaction properties _ RFC 2617
- “Virtual” connections — SSL support

ORACLE
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. Thoughts for the Future

= Connector multi-cast = More protocols
— Scatter-gather - MySQL-RPC Protocol?
— UNION of result sets = More frameworks?
— More complex operations? = More connectors?
= Extension interfaces _ C/C++?
— Improve extension support — Fabric-unaware connectors?
— Improve procedures support - More HA group types
= Command-line interface _ DRBD
— Improving usability — MySQL Cluster

— Focus on ease-of-use

ORACLE
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. Thoughts for the Future

= “Transparent” Sharding = High-availability executor
- Single-query transactions? — Node failure stop execution
— Speculative execution? — Replicated State Machine
— Cross-shard join? = Paxos?
. . = Raft?
* Multiple shard mappings — Continue execution on other Fabric
— Independent tables node

= Multi-way shard split
— Efficient initial sharding
— Better use of resources

= Session Consistency
— We have a distributed database
— It should look like a single database
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