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.Are you Dimitri?.. ;-)

* Yes, it's me :-)

* Hello from Paris! ;-)
* Passionated by Systems and Databases Performance

* Previous 15 years @Sun Benchmark Center

 Started working on MySQL Performance since v3.23

e But during all that time just for “fun” only ;-)

* Since 2011 “officially” @MySQL Performance full time now
* http://dimitrik.free.fr/blog / @dimitrik_fr
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.Agenda

e Overview of MySQL Performance
* Workload oriented tuning and MySQL Internals

* Pending issues..
e Q&A

* Performance improvements in MySQL 5.7 & Benchmark results
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Why MySQL Performance ?...
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. Why benchmarking MySQL?..

* Any solution may look “good enough”...
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. Why benchmarking MySQL?..

e Until it did not reach its limit..
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. Why benchmarking MySQL?..

* And even improved solution may not resist to increasing load..
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. Why benchmarking MySQL?..

e And reach a similar limit..
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. Why benchmarking MySQL?..

* A good benchmark testing may help you to understand ahead
the resistance of your solution to incoming potential
problems ;-)
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. Why benchmarking MySQL?..

* But keep it in mind:

e Even a very powerful solution but
leaved in wrong hands may still be
easily brokenl!... :-)
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The Main MySQL Performance Tuning
#1 Best Practice is... ??7..
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The Main MySQL Performance Tuning
#1 Best Practice is... ??7..

USE YOUR BRAIN 1., ;-)
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The Main MySQL Performance Tuning
#1 Best Practice is... ??7..

USE YOUR BRAIN !11... ;-)
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. Think “Database Performance” from the beginning!

* Server:
e Having faster CPU is still better! 32 cores is good enough ;-)
e OS is important! - Linux, Solaris, etc.. (and Windows too!)
e Right malloc() lib!! (Linux: jemalloc, Solaris: libumem)
e Storage:
e Don't use slow disks! (except if this is a test validation goal :-))
e Flash helps when access is random! (reads are the most costly)
e FS is important! - ZFS, UFS, QFS, VxFS, EXT3, EXT4, XFS, etc..
e O DIRECT or not O _DIRECT, AlO or not AlO, and be aware of bugs! ;-)
e Do some generic I/O tests first !! (Sysbench, I0bench, iozone, etc.)

* Don't forget network !! :-) (faster is better, 10Gbit is great!)
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. Seek for your best option..

Security

Performance

Lower Price
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. Only a real test gives you a real answer...

* S0, benchmark! ;-) -- And start with a clear goal!
e Otherwise: I've obtained all these results, and now... so what?..

* \Want to simulate your production workload?..
e Then just simulate it! (many SW available, not always OSS/free)
e Hard to simulate? - adapt some generic tests

* \Want to know capacity limits of a given platform?
e Still try to focus on the test which are most significant for you!

e Want just to validate config settings impacts?
e Focus on tests which are potentially depending on these settings
e Or any, if the goal is to prove there are not depending ;-)

* Well, just keep thinking about what you're doing ;-)
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. Test Workload

» Before to do something complex...

e Be sure first you're comfortable with
“basic” operations!

e Single table? Many tables?
e Short queries? Long queries?

a mix of simple operations..
e S0, try to split problems..
e Start from as simple as possible..
e And then increase complexity progressively..

* Remember: any complex load in fact is
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. “Generic” Test Workloads @MySQL

* Sysbench
e OLTP, RO/RW, 1-table, since v0.5 N-table(s), lots load options, deadlocks

*DBT2 / TPCC-like

e OLTP, RW, very complex, growing db, no options, deadlocks
e |n fact using mostly only 2 tables! (thanks Performance Schema ;-))

* dbSTRESS

e OLTP, RO/RW, several tables, one most hot, configurable, no deadlocks

* linkbench (Facebook)
e OLTP, RW, very intensive, |[O-hungry..

*DBT3
e DWH, RO, complex heavy query, loved by Optimizer Team ;-)
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. The Infinitive Loop of Database Tuning...

Application

DB Engine

"\

oS

—

Server :J_\

‘ Storage

-#1 Monitoring

-#2 Tuning

#3 Optimization
#4 Improvement(s)
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. The Infinitive Loop of Database Tuning...

DB Engine

OS

Server «—

Application

Storage

-#1 Monitoring

-#2 Tuning

#3 Optimization
#4 Improvement(s)
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e Fantastic tool!

MySQL Enterprise Monitor

e Did you already try it?.. Did you see it live?..

ORACLE MySQL Enterprise Monitor

Dashboards ~ Events Query Analyzer Reports & Graphs ~ Configuration ~
Group Overview: | All -
Database Statistics a

Database Availability

Day 100% |
Week 100% I
Month 100% T

Connections - All MySQL Instances

@ Total (SUM) @ Running (SUM) ~A

Database Activity - All MySQL Instances

@

@ Select (SUM) @ Insert (SUM) @ Update (SUM)

@ Replace (SUM) e
@ Delete (SUM) @ Call (SUM)

Query Response Time Index
4

Sep 16,2013 1:38:04 pm

38

R 12:45 13:00
@ arti ~A

Copyright © 2005, 2013, Oracle and/or its affiliates. All rights reserved.

B 22 T, 22 5 248 X admin ~ @&~ @~
Refresh: Off «
Current Problem MySQL Instances a
Show / hide columns
ID Status < Emergency < Critical < Warning <
bur05:33030 Up 0 2 11
tyr55:33300 Up 0 2 13
tyr58:3399 Up 0 1 17
tyr52:33030 Up 0 1 12
Showing 1 to 4 of 4 entries
Current Problem Hosts a
Show / hide columns
ID Status o] Emergency < Critical < Warning <
bur05 Up 0 1 o
Showing 1 to 1 of 1 entries
Emergency & Critical Events a
Show | 5 ~ | entries Show / hide columns 2 Next Last
()] Subject Topic Time ~ Actions
=m0 bur05, MEM Built-in Agent Agent CPU Usage Excessi... about a minute ago b 4
=m0 bur05, bur05:33030 Table Cache Not Optimal about a minute ago x
=0 tyr52, tyr52:33030 Table Cache Not Optimal 2 minutes ago *x
=m0 bur05, bur05:33030 Attempted Connections T... 3 minutes ago x
=0 tyr58, tyr58:3399 Table Cache Not Optimal 4 minutes ago x
Showing 1 to 5 of 7 entries 2 Next Last

3.0.2.7154 - bur05 (10.172.161.65) - Sep 16, 2013 1:38:02 pm (Up Since: 1 day, 18 hours ago) - About
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. Other Monitoring Tools

e Cacti
o Zabbix
* Nagios

o dim_STAT
e well, I'm using this one, sorry ;-)
e all graphs within presentation were made with it
e details are in the end of presentation..
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. Performance Schema: Gold Mine of Info!

* Just a point about how to analyze mutex lock contentions

mysql> select EVENT_NAME, max(SUM_TIMER_WAIT)/1000000000000 as WaitTM

from events_waits_summary_global_by_event_name group by 1 order by 2 desc limit 5;

EVENT_NAME | WaitTM

I |
| wait/io/file/innodb/innodb_data_file | 24404.2548 |
| idle | 1830.1419 |
I | I
I I I
| I |

wait/synch/rwlock/innodb/hash_table_locks 25.2959
wait/synch/mutex/innodb/fil_system_mutex 24.9102
wait/io/file/innodb/innodb_log_file 11.2126

5 rows in set (0.03 sec)

mysql> select EVENT_NAME, max(SUM_TIMER_WAIT)/1000000000000 as WaitTM
from events_waits_summary_by_instance group by 1 order by 2 desc limit 5;

3
T

| EVENT_NAME | WaitTM

wait/io/file/innodb/innodb_data_file |

wait/synch/mutex/innodb/fil_system_mutex |

wait/synch/rwlock/innodb/btr_search_latch | 5.2865

wait/io/file/innodb/innodb_log_file | 4.6977
|

I

| 25.8183
|

| wait/synch/rwlock/sql/LOCK_grant 4.4940
5

I
791.3204 |
I
I
|
I

——+

rows in set (0.06 sec)
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. Basic Tuning

e Understanding HW platform limits
e helps you to deploy your MySQL Server in the most optimal way..
* Understanding MySQL Server internals
e helps you to configure your database settings in the most optimal way..
e use the best adapted Storage Engine
* Understanding of your Workload
* helps you to tune the whole solution in the most optimal way ;-)

e 20% of known issues covering 80% of most common problems..
e S0, adapt some best practices from the beginning..

* There is NO “Silver Bullet” !l
e Think about the #1 MySQL Performance Best Practice ;-))
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. Let’s analyze the following benchmark result..

e Test : fully IO-bound OLTP_RO

e Storage limit : 60K reads/sec max

e 150K QPS ?? QPS on OLTP_RO 10-bound

150000 -
« WTF?.. ) /
112500 |
O
(]
(7]
S 75000
(O]
-}
3
37500
0
8 16 32 64 128 256 512 1024

Concurrent Users
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e WTF?.. ;-)

Query / sec

150000

e Test : fully I/0O-bound Sysbench OLTP_RO
e Storage limit : 60K reads/sec max

e 150K QPS ?? QPS on OLTP_RO I0-bound

. Let’s analyze the following benchmark result..

112500

16 32

64 128

Concurrent Users

256 512 1024
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. Let’s analyze the following benchmark result..

QPS on OLTP_RO I0-bound

e Test : fully 10-bound OLTP_RO , 190000 /
. © 112500
 Storage limit : 60K reads/sec max S 75000 /_/
* 150K QPS ?? 5 37500 .~
« WTF?.. :-) 0 -
_ 8 32 128 512
* The issue: Concurrent Users

e the random ID for a row acces is not that random as expected..

e and with a higher workload the probability to get the same “random” row ID
on the same time and by different threads only increasing..

e workaround : for some of the tests started to use as many Sysbench
processes as user threads (1 connection = 1 sysbench process)..
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. Analyzing Workloads...

* Read-Only (RO) :
e Nothing more simple when comparing DB Engines, HW configs, etc..
e RO In-Memory : data set fit in memory / BP / cache
e RO 10-bound : data set out-passing a given memory / BP / cache
* Read+Write (RW) :
e |/O is ALWAYS present ! - storage performance matters a lot !
e may be considered as always 10-bound ;-)
e RW In-Memory : same as RO, data set fit in memory, but :
e small data set => small writes
e big dataset => big writes ;-)
e RW IO-bound : data set out-passing a memory

* means there will be (a lot of?) reads !
e don't forget that I/O random reads = I/O Kkiller ! ORACLE




.Workloads : Read-Only In-Memory

» Generally CPU / RAM bound + internal contentions ;-)
e55:

e kernel_mutex
e LOCK open
e + many other remane hidden ;-)

*56:

e kernel _mutex => trx_sys + lock_sys
e hot trx_sys : RO transactions, but can be impacted by RW
MDL : hash lock instances

LOCK open : table cache instances
G5! (false cache sharing) ==> where Databases SW is hitting HPC ;-)

InnoDB spin lock delay
e Adaptive hash index (AHI) : still unclear..

e Memcached plugin ORACLE




. InnoDB: Read-Only Transactions in 5.6 (Apr.2013)

80000 .
70000,
60000,
50000 .
40000 .
30000,
20000,
10008.

cobooboobob:

250000.0
200000.0
150000.0
100000.0
50000.0
0.0
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400.0
200.0

0.0

1286530,
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|
14:04

14:04

|
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User Sessions: OLTP_RO P-selects @16cores-HT, HySQL-5,.6/ HySQL-5.5/ HariaDB-5.5/ Percona-5.5
16704713

17704

04:55

19:09

el

1504
1\; 4.'

14

148

-l

14:56

15:05

04:58

anll

05:07

05:15

19:09

19 26

|
13:47

13:55

14:04

InnoDB ngjg %Ptex Haits/s: OLTP_RO P-selects @16cores-HT, HySQL-5,6/ HySQL-5.5/ Har1aDB-5 5/ Percona-5,5 - [os_waits/s]

btrosea.cc:173
combined_bufObuf .cc:994
dh-server-online
trx0sys.cc:594
btrisea.c:1738
srvdsry.c:1018
&kernel_mutex

H%ggk S%}ECT/sec. OLTP_RO P-selects @16cores-HT, HySOQL-5,6/ HySOQL-5.5/ HariaDB-5.5/ Percona-5.5 - [Select/s]

Select/s

OnLine
Sessions
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. InnoDB : false sharing of cache-line = true killer

e RO or RW Workloads

e Same symptoms in 5.5 & 5.6 : no QPS improvement between 16 and 32
user sessions:

InnoDB Top-7 Hutex Haits/s: HySOL 5.6 vs 5,5 @Sysbench OLTP_RO 32cores - [os_waits/sl]

180 . 0 0503712
%ggg ST Sis01 A — btrosea.cc:173
120.0 A Al —— conbined_bufobuf .cc:977
1388 [ | — dh-server-online
gg g | | trx0sys.cc:591
20.0 i W WPV N \J — hufOhuf .c:1160
0.0 = | I I I I | I | [ [ logolog.c:832
16:17  16:20  16:24  16:27  46:31  16:3¢  20:01  21:05  21:08  21:2  21:5  21:49 — Srv0srv.Ci1018
800000 HySOL Query/sec: MySOL 5.6 vs 5.5 @Sysbench OLTP_RO 32cores
70000.0 — — Delete/s
60000.0 —
50000.0 Insert/s
40000 .0 - Select/s
30000.0
20000.0 Update/s
1000(0).8 " (uery/s

| | | | | |
16:17 16:20 16:24 16:27 16:31 16:34 21:01 21:05  21:08 21:12 21:15 21:19
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InnoDB : false sharing of cache-line fixed!

* RO or RW Workloads
e “G5” patch! :-)
e Over x2(!) times better on Sysbench OLTP_RO,
e x6(!) times better on SIMPLE-Ranges!
e NOTE: the fix is not applicable on 5.5..

HySOL Query/sec: HySQL @32cores Sysbench RO S-ranges, 5.6 vs 5,6-G5
140000.0 =50 151

120000.0 — 1107 — Delete/s
100000.0 4 = Insert/s
50000 .0 —
£0000.0 Selectis
40000 .0 Update/s
20000.0 " Query/s
0.0
20:02 20:13 20:25 20:37 20:438 21:00 21:12 158:18 18:30 15:41 158:53 19:05 19:16
600.0 HySQL User Sessions: HySOL @32cores Sysbench RO S-ranges, 5.6 vs 5,6-G5
- 26/03/12 27703 2
500.0 18207 — OnLine
400.0 : — Sessions
300.0 g
200.0 H ; H
100.0 i
. | | | | | | | | | | | | |

20:02 20:13  20:25  20:37 20:48  21:00 21:12  18:18 18:30 18:41  18:53 19:05  19:16
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. MySQL Internals: “killer” LOCK_open mutex

* MySQL 5.5 and before:
e Keep “table_open_cache” setting big enough!
e Monitor global status for '%opened%!’

e Once this contention become the most hot — well, time to upgrade to
5.6 ;-))

e Since MySQL 5.6:
e Fixed: several table open cache instances
e But it doesn't mean you can use a small “table_open_cache” either ;-)
e Monitor PFS Waits!
e Monitor “table _open_cache%” status variables!
e Keep “table open_cache instances” at least bigger than 1
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. MySQL 5.6 Internals : low table_open_cache

* MySQL 5.6 :

140000.0

e Not big enough “table_open_cache” setting

HySOL SELECT/sec: HySOL 5.6 OLTP_RO @12cores - [Select/s]

120000.0
100000.0
80000.0
60000.0
40000.0
20000.0

T T T T T T 1

I8

0.0 = 1
21:01 21:05

LIl lrd

21:09 21:13 21:17

21:21  21:27  21:31  21:35  21:39

HySOL User Sessions: HySQL 5.6 OLTP_RO @12cores

21:44

21:26

I
21:45

=
o
k=3
SoooCooCoo

I
21:01 21:05

21:09 21:13 21:17 21:21 21:27 21:31 21:35 21:39

I
21:44

21:48

= Select/s

— OnLine
— Sessions

ORACLE




. MySQL 5.6 Internals : low table_open_cache (2)

* MySQL 5.6 :

e Not big enough “table_open_cache” setting

3500000000.0
3000000000.0
2500000000 .0
2000000000 .0
1500000000 .0
1000000000 .0
500000000.0

HySAL @BP_S Top-18 HaitedTine/s: HySOL 5.6 OLTP_RO @12cores - [Tine/secl

310512

21528

l T T I (I

e e CA L ]

0.0 |
21:01 21:04 21:08 21:12 21:16 21:20 21:27 21:30 21:34 21:38 21:42 21:46
(3/’ .
e Table open cache% status:
1400000 HySOL Table-Open-Cache Stats/sec: HySQL 5.6 OLTP_RO @12cores - [Valuel
120000.0 211
100000.0 :
80000 .0
60000 .0 i
40000.0 :
20000.0
0.0 = T T T I f T T | T T T
21:01 21:04 21:08 21:12 21:16 21:20 21:27 21:30 21:34 21:38 21:42 21:46

 PFS Waits monitoring: LOCK _table_cache become the most hot:

- idle

= wait/synch/mutex/sql/THD: :LOCK_thd_data

— wait/synch/mutex/innodh/trx_sys_mutex
wait/synch/mutex/mysys/THR_LOCK : imutex

— wait/synch/mutex/sql/LOCK_tahle_cache
wait/synch/mutex/sql /MOL_map : :mutex

" wait/synch/rulock/innodb/btr_search_latch

" wait/synch/rwlock/sql /LOCK_grant

— wait/synch/rwlock/sql/MOL_lock: :ruwlock

= wait/synch/mutex/mysys/BITMAP : :mutex

= Table_open_cache_hits/sec
— Tahle_open_cache_misses/sec
— Table_open_cache_overflows/sec
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. MySQL 5.6 Internals : table_open_cache _instances

0

350000000,
300000000.
250000000,
200000000 .
150000000,
100000000.
50000000

0.

200000,
150000.
100000,

50000.

300.
250.
200.
150.
100.

50.

* MySQL 5.6 :

e When LOCK table cache wait is on top, the gain is usually well visible:

SCoCoCooooo

> o o o ©°o

coooooo

HySOL @P_S Top-18 HaitedTime/s: HySOQL 5.6 RO P-Selects @32cores, toci=1/16 - [Tine/secl

01,0912
S
= e e — =
1 | | | | | | | |
15:33 15:37 15:42 15:47 15:51 15:56 03:42 03:47 03:52 03:56 04:01 04:06
01,0912
| T I T f 1 T 1 T T T
15:33 15:37 15:42 15:47 15:51 15:56 03:43 03:47 03:52 03:57 04:01 04:06
HySOL User Sessions: HySQL 5.6 RO P-Selects @32cores, toci=1/16
01,0912 [
T T T T 1 1 T | T T T T
15:33 15:37 15:42 15:47 15:51 15:56 03:43 03:47 03:52 03:57 04:01 04:06

wait/synch/mutex/innodh/os_mutex
wait/synch/mutex/innodb/trx_sys_mutex
wait/synch/mutex/mysys/THR_LOCK : :mutex
wait/synch/mutex/sql /LOCK_table_cache
wait/synch/mutex/sql/MOL_map : :mutex
wait/synch/mutex/sql/THD: :LOCK_thd_data
wait/synch/rwlock/innodb/btr_search_latch
wait/synch/rwlock/innodb/hash-table-locks
wait/synch/rwlock/sql/LOCK_grant
wait/synch/rwlock/sql/MOL_lock: :rwlock

Select/s

OnLine
Sessions
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. Workloads : Read-Only In-Memory @MySQL 5.7

5.7 :

e trx_sys : redesigned TRX list! (yet better than RO transactions)
* made MDL very hot !
e MDL : lock free since DMR4 !l
e made THR_lock very hot!! fix in pipe ;-)
e Connect : remastered => 70K connect/disconnect/sec
e QPS:
e SQL : over 500K (!) QPS (SQL) on point-selects
e Memcached plugin : rocks over 1M (1) QPS
* InnoDB spin lock delay : still remains !
e Scalability: very good, but RO Dranges remains..
e AHI : remains
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. Sysbench OLTP_RO Workloads @MySQL 5.7

* Simple ranges, Distinct ranges, SUM ranges, Ordered ranges

250000.0 = 51 s is \ HySQL SELECT/sec! BHK Std Load,.. (supr# - [Select/s]

200000.0 — —]
150000.0 —
100000.0 —
50000.0 —

0.0 —
16:42 16:50

[]

16:58  17:07  17:15 7123 17:32 17:40  17:48  17:57  18:05  18:13  18:22

1200.0 Sessions: BHK Std Load.., {supraB83)}

1000.0
800.0
600.0
400.0
200.0

0.0
=200.0

21/03/14

el | e | —

el

16:42  16:50 16:58  17:07 17:15 17:23 17:32 17:40 17:48  17:57 18:05 18:13  18:22

ORACLE

= Select/s

- — — = 0OnLine
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InnoDB block lock contentions...

* Being here from a long long time (by design)..
e Improved in 2013, but not yet fully fixed..
* Can be seen as :

800.0 HySOL SELECT/sec: RO_Block_lock 212cores, 5.7-orig / 5.,7-patched - [Select/sl]

191513
700.0
600.0
500.,0
400.0
300.0
200.0

S ENRNEEE

16:37

| I T

0.0 T T I T T T T T ] T T

|

14:39 14:46 14:53 14:59 15:06 15:13 15:19 16:43 16:50 16:5%6 17:03 17:10 17:16
1200.0 — HySOL User Sessions: RO_Block_lock 212cores, 5.7-orig / 5.7-patched
- 19-131/1
1000.0 — 16337
G000 —
600.0 —
4000 —
200.0 —
0.0 T T T T T T T T T T T
14:39 14:46 14:53 14:59 15:06 15:13 15:19 16:43 16:50 16:56 17:03 17:10 17:16

= Select/s

= OnLine
= Sessions
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. InnoDB block lock contentions... (cont.)

* Being here from a long long time (by design)..
e Improved in 2013, but not yet fully fixed..
e But also as :

HySOQL SELECT/sec: RO_Block_lock @48cores,
19/04/13 20

250.0 - 5.7=orig / 5.7-patched - [Select/s]

200.0 —
150.0 =
100.0 ~
0.0 —

0.0

= Select/z

| | I ] B
18:32  18:39 18:45 18:52 18:59  19:05 19:12  01:03  01:10 O1:16  01:23  0L:30  01:36

HySQL User Sessions: RO_Block_lock @48cores, 5.7-orig 7/ 5.7-patched
19/14,13 .;61“57“ = OnLine

= Seszzions

1200.0 =
1000.0 =
800.0 =
600.0 —

4000 —
200.0 = .
0.0 T T I T T T T T T T

18:32  18:39 18:45 18:52 18:59  19:05 19:12 01:03  01:10 01:16  014:23 04:30 01:36
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. InnoDB block lock contentions... (cont.)

* Being here from a long long time (by design)..
e Improved in 2013, but not yet fully fixed..

* A true fix requires a full redesign of block related internals..
e in TODQO, but not for tomorrow ;-)

e \Workarounds :
e QueryCache ;-) well, any kind of cache ;-)

e BTW, because of a widely used caching solutions around of MySQL
servers in production made this issue “invisible” for so long time..
(that's why)..
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. RO In-Memory @MySQL 5.7

* Sysbench OLTP_RO 8-tables, 32cores-HT :

sb_OLTP_RO_1H_8tab-ps Hax-OQPS @32cores=HT

300000.0 —
= MySOL-5.7
250000.0 — - MySOL-5.6
200000.0 — — MySOL-5.5
Percona-5.6
150000.0 — = Percona-5.5
100000 .0 — MariabDB-5.5
MariabB-10
BO000 .0 —
0.0 T l T I T T l l |

g 16 32 64 123 256 912 1024
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. RO In-Memory @MySQL 5.7
* 500K QPS Sysbench Point-Selects 8-tab, 32cores-HT

sb_RO_Pselects_1H_8tab-ps-socket-din Hax-QPS 232cores=HT

500000.0 — - MySOL-5.7
= MySOL-5.6

400000.0 — — MySOL-5.5

300000.0 — Percona-5.6

= = Percona-5.5

200000.0 — At MariaDB-5.5
- —— MariaDB-10
100000.0 — L \

0.0 T T T T T T T T |
5] 16 32 64 128 256 512 1024
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. RO In-Memory @MySQL 5.7

e 635K QPS Sysbench Point-Selects 8-tab, 40cores-HT

700000.0 —

600000.0
500000.0
400000.0
300000.0
200000.0
100000.0

0.0

sb_RO_Pselects_1H_8tab-ps-socket-din Hax-0QPS 248cores=HT

\

= MySOL-5.7
= MySOL-5.6
— MySOL-5.5
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. InnoDB Memcached @MySQL 5.7

* Over 1M (!) QPS on 48cores-HT :

59"5"08 DHL Operations/sec: Hencached plugin RO HySQL-5,7-latest =-vs- 5,.6/795.7 OPS 248core
12000000 =4 1413
1000000 .0 — 15:22 16:20 17:2% 18:24
800000 .0 —
GOO0O0 .0
400000 .0 —
200000 ,0 — : : : '
[ s o SRS £ o My N e oo 2 S 2! m rf'TT-.-.—.—n ' )
0.0 = | | | | | | | | [ | I |
12:04  12:25 12:46  15:3¢ 15:55 16:29 16:50 17:11 17:40 18:01 18:30 18:51 19:12
120.0 Linux CPU ZUsage: Mencached plugin RO MySQL-5.,7-latest -vs- 5.6/5.,7 QPS @48cores
. 111113
100.0 :I 15:22 16226 17:25 18124
80.0
60'0 ‘
40.0 LT
20.0 :
0.0 - T l-...L.A_l.r
12:04 12:25 12:46  15:34 15:55 16:29 16:50 17:11 17:40  15:01  13:30 18:51 19:12

[valuel

= dml_deletes/sec

= dml_inserts/sec

= dml_reads/sec
dml_updates/sec

= UsrZ_CPU

— Sys¥_CPU

— UWaitI0Z_CPU
IdleZ_CPU
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. Read-Only : 10-bound

55: hmm..

e56/5.7:

e LRU driven : just page eviction, see METRICS stats
e HDD : limited by your 1/O layer..
e SDD : limited by your I/O layer..
e Really Fast Flash (LSI, Fusion-io, etc.) :
e avg load : follow I/O performance
 high load: file_sys mutex contention...
e also consider : innodb_old blocks time & innodb_old blocks pct

e 5.7:

e excessive page scan is fixed
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. Read+Write Workloads : In-Memory

* Main points :
e Processing itself / Data Safety
e Internal contentions / Design limitations
e Flushing / Checkpoint
e Purge
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. Read+Write Workloads : In-Memory

* Processing itself
e your CPU-bound transactional processing defines your Max possible TPS
e with a bigger volume / more IO / etc. => Max TPS will not increase ;-)

e Data Safety
e binlog : overhead + bottleneck (be sure you have binlog group commit)
e InnoDB checksums : overhead (reasonable since crc32 is used)
e innodb_flush_log at trx _commit = 1 : overhead, low on “good” storage
e InnoDB double write buffer : KILLER ! overhead + bottleneck..
e need a fix / re-design / etc. in urgency ;-)
e Fusion-io atomic writes is one of (true support in MySQL 5.7)
e Facebook solution is very attractive too

e but a true re-design is still preferable ;-)
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. Impact of “safety” options..

B8000.0 =
7000.0 =
6000.0 —
5000.0 —
4000.0 —
3000.0 -
2000.0

1000.0 —

e OLTP_RW 32x10M-tables @Percona-5.6
e (trx=2)

HqSQLCX/sec. oLTP MScores-lﬂ, tr%/ dburl/ dburl + trle [Conm.t/sl

021581

( trx=1 + chksum=1 )( dblwr=1 )( trx=1 + chksum=1 + dblwr=1)

= Comnit/s

23308

0.0
13:45

600.0 —
500.0 =
400.0 —
300.0 —
200.0 =
100.0 —

0.0

|
14:06

! | | | ! | | | 1 1 1
14:27 14:47 17:12 17:32 17:53  20:17 20:38  20:59  23:24 23:45 00:06

HySOL User Sessions: OLTP_RH 32x16H ®16cores=HT, trx2/ trxl/ dburl/ dburl + trxil

02/15713

w1 ;
! = OnLine

= Sessions

6252 19:59 R32 06

13:45

|
14:06

| | | | | | 1 1 1 1
14:27 14:47 17:12 17:32 17:53 20:17 20:38  20:59 23:24 23:45 00:06
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25080

20000.0 —
1%5000.0 —
10000.0 —
000.0 —

. Impact of “safety” options..

e OLTP_RW 32x10M-tables @Percona-5.6
e (trx=2)

( trx=1 + chksum=1 )( dblwr=1 )( trx=1 + chksum=1 + dblwr=1 )

m\‘nushing smmmn #16cores-HT, trx1/ dbwrl/ dbwri + u-J- [valuel
>4

= buffer_flush_adaptive_total _pages/sec

0.0

— buffer_flush_avg_page_rate
1

13

45

1
14:06

T
149:27

I
14:47

I
17:12

T
17:32

T
17:53

I
20:17

T T
20:38  20:%9

I
23:24

I

= buffer_flush_n_to_flush_reguested
23:45 00:06

2503!1‘?008 Checkpomt Age (HB): OLTP_RH 32x10H 216cores=HT, trx2/ trxl/ dburl/ dburl + trxl - [Valuel
2000.0 - ) 16152 19159 . ! = Checkpoint-age-1B
1500.0 -
1000 ,0 -
500.0 -~
0.0 T T 1 T T T T T T T T T
13:45  14:06  14:27  14:47  A7:2  A7:32  17:53  20:17  20:3  20:59 23:29 23:45 00:06
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. Read+Write Workloads : In-Memory

* Internal contentions / Design limitations
e 5.5 : BP instances, RBS, etc..
e 50
e kernel _mutex => trx_sys & lock_sys

e all already mentioned on RO + still many remaining ;-)
e up to 2TB REDQO, etc..

e 5.7:
* lock free MDL !

index lock : fixed !

lock _sys : lowered

trx_sys : lowered + TRX list related re-design
e log_sys : remains and killing ;-)
e fil_sys : killing too, but on a high level storage only ;-)
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. RW In-Memory @MySQL 5.7

e Sysbench OLTP_RW 8-tables 32cores-HT :

16000.0 — sb_OLTP_RH_1H_8tab-ps Hax-TPS @32cores=HT

14000.0 — - MySOL-5.7
- MySOL-5.6
12000.0 — MySOL-5.5
10000.0 — Percona-5.6
8000.0 — — Percona-5.5
6000.0 — 5 MariaDB-5.5
4000.0 ™ = MariaDB-10
2000.0 —
0.0 I I I I | I I I |

g 16 32 64 123 256 912 1024
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. High Concurrency Tuning

* If bottleneck is due a concurrent access on the same data (due
application design) — ask dev team to re-design ;-)
* If bottleneck is due MySQL/InnoDB internal contentions, then:
e |f you cannot avoid it, then at least don't let them grow ;-)
e Try to increase InnoDB spin wait delay (dynamic)
e Try innodb_thread concurrency=N (dynamic)
e CPU taskset / prcset (Linux / Solaris, both dynamic)
e Thread Pool
e NOTE:
 things with contentions may radically change since 5.7, so stay tuned ;-)

e InnoDB thread concurrency feature was improved in 5.6 and 5.7

e the best working in 5.7, and using innodb_thread concurrency=64 by default

now makes sense..
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. InnoDB Spin Wait Delay

e RO / RW Workloads:

e With more CPU cores internal InnoDB contentions become more hot..
e Bind mysqld to less cores helps, but the goal is to use more cores ;-)
e Using innodb_thread_ concurrency may not help here anymore..

e S0, innodb_spin_wait_delay is entering in the game:

InnoDB Top-7 Hutex Haits/s: 5.6-labs @32cores, Sysbench RO S-range spins - [os_waits/sl

25000.0 19/04/12

= dh-server-online

20000.0 15:26
15000.0 H = log0log.cc:803
' — btrosea.cc:173
12022'2 : combined_bufObuf .cc:982
000. : — ; .
0.0 ! | c9mb1r.1ed_buF0buF.cc.983
. | | | | | | | | | | | | | filofil.cc:1646
12:57  13:08  13:18  13:29  13:39  13:50 14:00 15:36  15:47 15:57 16:08  16:18 16129 —— priocus.ce:59l
180000.0 HySOL Query/sec: 5.6-labs @32cores, Sysbench RO S-range spins
ﬁggggig — Delete/s
1200000 — Insert/s
108888.0 — Select/s
60000 .0 Update/s
40000.0 JR—
20008.0 Query/s

12:57  13:08  13:18  13:29 13:39  13:50 14:00 15:36  15:47 15:57 16:08 16:18 16:29
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- Thread Pool in old MySQL 5.7 @Heavy OLTP_RW

= bhuffer_flush_adaptive_total_pages/sec
= huffer_flush_avg_page_rate
= buffer_flush_n_to_flush_requested

Delete/s
Insert/s
Select/s
Update/s
Query/s

OnLine
Sessions

2500 %png Adaptive Flushing Pages/sec: OLTP_RH-heavy 25,7 TP=off/on, 64/ 128/ 256/ 512usr - [Valuel
. 15,0913 2109
20000.0 — 09219 10:37 11:56 004 0230 0312 0434
15000.0 —
10000.0 —
5000.0 —
0.0 I I | I I | I I I | | I
03:01 08:41 09:39 10:18 11:15 12:14 12:54 01:22 02:20 02:59 03:59 04:57 05:37
2000000 HySOL Query/sec: OLTP_RH-heavy @5.,7 TP=off/on, 64/ 128/ 256/ 512usr
. 15,0913 21,09
09219 10:37 11:56 046 03 04 04 24 04 43
100000.0 : Wl ;
50000.0
0.0 ] | | T | f T T T T
03:01 05:41 09:39 10:18 11:15 12:14 12:54 01:22 02:20 03:00 04:00 04:57 05:37
600.0 — HySOL User Sessions: OLTP_RH-heavy @5,7 TP=off/on, 64/ 128/ 256/ 512usr
. 15,0913 2109
500.0 — 03213 10:37 [0 46 02204 03124 T
400.0 — : :
300.0 —
200.0 —
100.0 —
0.0 | | | | | | | | | I |
03:01 08:41 09:39 10:18 11:15 12:14 12:54 01:22 02:20 03:00 04:00 04:57 05:37
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. Read+Write Workloads : In-Memory

* InnoDB Purge...
e 5.5: Purge Thread !!! ;-)
e506:
e Multi-Threaded Purge !
e fix for purge lag code !
e 5.7
e monitor InnoDB History Length ALWAYS ! ;-)
e if NO purge lagging : excellent! (& be happy! ;-))
e if purge is lagging : use a purge lag config setting.. (& wait for fix)
e example of config for 5.6 and 5.7 to avoid purge lagging:
e innodb_max_purge lag = 1000000 (1M max, ex.)

e innodb_max_purge lag_delay = 30000000
* innodb_purge_threads = 4
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. InnoDB : Purge improvement since 5.6

* Several Purge Threads :
e NOTE #1 : activation is auto-magical (I'm serious ;-))
e NOTE #2 : look well on the graphs - purge is not free !!!

InnoDB History Length: HySOL 5.6 @Sysbench OLTP_RH 128usr, prg=1/2/4/8/16/32/64 - [Valuel

26,0912

7000000.0
6000000.0
5000000.0
4000000.0
3000000.0

20000000 ;
10000000 —

0.0 T :| |:| T |/":| "-T—_TI T T T

07:50  08:04  05:20 08:3¢ 08:51  09:05  09:21  09:37 09:52 10:08 10:22 10:38  10:52

09110 09236 10203 10330 History-len

HySOQL Query/sec: HySQL 5.6 @Sysbench OLTP_RH 128usr, prg=1/2/4/8/16/32/64

250000 .0
2000000 | e e T Deletecs

= Insert/s
150000 .0 i i = - ; — Caluckre
100000 .0 Update/s
50000 .0 — Query/s

0.0 | | | | | [ | | | |
07:45  08:04  08:20 08:36  08:52  09:07 09:23  09:33  09:55 10:11  10:27  10:42  10:58
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InnoDB : Purge improvement since 5.6

* Fixed max purge lag code!
e iInnodb_max_purge lag
e innodb_max_purge_lag_delay <= configurable!

e Setting innodb_max_purge lag=1M:

7(;[(;5'38880 History Length: HySQL 5.6 @Sysbench OLTP_RH 128usr, lag=8, prg=1/8/16 vs lag=1H, prg=1/8 - [Valuel

6000000 .0
S000000.0
4000000.0
3000000.0
2000000.0
1000000.0

12109 12136 — History-len

|E T T \J_'JT’— | =
07:56  08:03  08:11  09:21  09:28 09:45  09:52  10:00  12:16 12:23  12:39  12:47

HySOQL Query/sec: HySQL 5.6 @Sysbench OLTP_RH 128usr, lag=8, prg=1/8/16 vs lag=1H, prg=1/8

2500000
2000000 ’W W 240 :"‘W —_ ?:i::z;z
1500000 e o & W i r""‘"""‘“‘\"""ﬂ ; 5 [TV — Selectss
100000.0 : Update/s
50000.0 7 : : : = Query/s
: : o :
0.0 = T T T T T T T T T T

07:56  08:03  08:11  09:21  09:28 09:45 09:52 10:00 12:16  12:23  12:39  12:47

ORACLE




. InnoDB : be sure your TPS is fair ;-)

e moving from 3200 to 4000 TPS... - cool, right? ;-) but not fair...

- o!m History Length: RE_hord 32/64/256/512usr LRU=Tlush 5.7 16cores=HT CXT4+F00 - [(Valwe])
:o MM — gt -len

1 I | | | 1 |
14:58 1%5:04 13:09 19:14 1%:20 19:23 15:46  15:92 1%:%7  16:02

12usr LRU=flush 5.0 16cores=HT EXT4+F80 = [Valuel
= purge_del_sark_records/sec

== purge_undo_log_pages/sec
== purge_upd_exist_or_extern_records/sec

0.0 =y T T T T T I T T
14:%8 15:4 1509 15:14 15:20 15:2% 15:30 15:3% 15:41 5:46 15:52 15:57 16:
. o HySOL Comnit/sec: RH_hard 32/64/256/912usr LRU=flush 5.7 1 1 t/=)
- LRt L] —_— it/s
4000 .0

0.0 =y T T T T T T T T T T T
14:%8  15:04 15:09 15:15 15:20 15:26 15:31 15:37 15:42 15:48 15:53 15:%9

* Purge lagging impact on |0O-bound OLTP_RW 10Mx32-tab:
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. Read+Write Workloads : In-Memory

* InnoDB Flushing...
e 5.5 : no comments.. ;-)
e 50
e Improved Adaptive Flushing (step 1)
e Cleaner Thread
e 5.7

e multiple Cleaner Threads
e improved LRU flushing
e improved Adaptive Flushing Design (step 2)
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.InnoDB Flushing ——————

Free Pages

Dirty Pages %

ISITysn|4 <
Ayoeded Q| %001

IS NY1 <
“puewaq uQ

IsITysnid <
“*Bulysn|4 snoLn4

)
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. InnoDB Flushing

Dirty Pages %

- Buffer Pool

Free Pages

ISITysn|4 <
Ayoeded Q| %001

IS ysni4 <

Buiysni4 aandepy

IS NY1 <
“puewaq uQ

- -~ .(Accordiﬁg Age. ...y
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.InnoDB Flushing ——————

Free Pages

Dirty Pages % tl

IS NY1 <
“puewaq uQ

}sI ysn|4 <
Buiysni4 aandepy

es L\WM

Dirt

€--- .(Accordiﬁg Agej_ S
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.InnoDB Flushing ——————

Free Pages

LRU depth

|
Dirty Pages % ‘

“'puewaq uQ

}sI ysn|4 <
Buiysni4 aandepy

L 3 .
L Y *
L) ®
)
W
.
.

€--- .‘Accordiﬁg Agej_ S
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. InnoDB Flushing | Buffer Pool

* REDO rate driven ‘s
* LSN Age aware

e the goal is not to flush
as much as possible
but rather flush
enough to keep
a room in RED

=)
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Adaptive Flushing: MySQL 5.6 vs 5.5

e OLTP_RW Workload:

e Same |0 capacity
e Different logic..

InnoDB Checkpoint Age (HMB): HySAL 5.6 vs 5.5 @Sysbench OLTP_RH - [Valuel

25,0912

2500.0
2000.0
1500.0
1000.0

500.0

0.0 = T T T | T I: T T T T | 1
20150  20:57 21:05 21:12  21:20 21:27  21:35 21:51  21:59  22:06  22:14  22:21  22:29

= Checkpoint-age-MB

HySOQL Query/sec: HySOL 5.6 vs 5.5 @Sysbench OLTP_RH

140000.0 — e i1

120000.0 r"‘“—“""("—""—""" P I -3 Y = Delete/s
100000.0 : = Insert/s
80000.0 Y i ! Y —

£0000.0 ; - Select/s
40000.0 : Update/s
20000.0 : " Query/s

0.0 T T T T T T T

T | ! T |
20:50  20:57 21:05  21:12  21:20  21:27 21:35 21:51  21:58 22:06  22:13 22:21  22:28
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. InnoDB : Resisting to activity spikes in 5.6

e dbSTRESS R+W with spikes

InnoDB Adaptive Flushing Pages/sec: HySOL 5,6-labs @dbSTRESS RH + spikes +I0fast - [Valuel
tesns1z —— huffer_flush_adaptive_total_pages/sec
= bhuffer_flush_avg_page_rate

= bhuffer_flush_n_to_flush_requested

12:31

12:36

12:41 12:46  12:51 12:56 13:01  13:06  13:11 13:16 13:21 13:26 13:31

InnoDB Checkpoint Age (HB): HySOL 5,6-labs @dbSTRESS RH + spikes +I0fast - [Valuel

0670412

2500.0
2000.0
1500.0
1000.0

500.0

= Checkpoint-age-MB

0.0 — T T T T T T T T | T T T
12:31  12:36  12:41  12:46 12:51  12:56  13:01  13:06 13:11  13:16 13:21  13:26  13:31

120000.0 HySOL Query/sec: HySQL 5.6-labs @dbSTRESS RH + spikes +I0fast

100000.0
80000.0
60000.0
40000.0
20000.0

16./04./12

= Delete/s
= Insert/s
- Select/s

Update/s
= Query/s

——p—

0.0 = T T T T T T

— —— R
I T I I
13:16  13:21 13:26  13:31

———— g—
I I

12:31 12:36 12:41 12:46  12:51 12:56  13:01 13:06 13:11
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. InnoDB Flushing

e REDO rate driven
* LSN Age aware

* Page Age is NOT
UNIFORM !...

* BP Instances
are
flushed
sequentially..

REDO rate

Buffer Pool

1
a0
LI

REDO
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. InnoDB Flushing [ Buffer Pool A
# Cleaners (configurable)
e ofo o o [ I |:|

e REDO rate driven
* LSN Age aware

*5.7: -
e BP Instances are D D ID D L II

flushed in i
parallel !!! “ “ “ - “
LLISUL ISt ISt SIRge 1]

. P

HE rat'e. Oldest page

REDO
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. InnoDB Flushing [

# Cleaners (configurable)

Buffer Pool

e REDO rate driven
* LSN Age aware
57 :

* BP Instances are
flushed in
parallel !!!

.@

i/
n

* Flushing rate..---%»
is adapted
to Age,

A J

4
.
.

distriblition -

within REDO rate

Oldest pageb

each T
BP instance Il e

REDO
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. InnoDB Flushing in 5.7

» Considering Age distribution :
e Parallel Only -vs- Parallel + Age aware

3 0 - Innol3 Adapti lushing STATs: 5,7 -vs- 5,.7-d .n @RH_ha [(Valuel
30000.0 _— — = buffer_flush_adaptive_total _pages/sec
oo o : § g A AL A_ = buffer_flush_avg_page_rate
200000 — o s }v,y,w — buffer_flush_n_to_flush_requested
15000.0 — Y buffer_flush_n_to_flush_by_age
10000.0 = ;
5000.0 — |

0.0 9 I I | | T T | T T

16:39  16:49  16:59 17:24 17:535 17:45 18:12  18:22 18:32 18:58 19:08 19:18

InnoDB Adaptive Flushing Pages/sec: 5.7 -vs= 5,7-din 2RH_hard - [Valuel

buffer_flush_adaptive_total pages/sec
buffer_flush_avg_page_rate
buffer_flush_n_to_flush_requested

16:39  16:49  16:59 17:24 17:535 1745 18:12  18:22 18:32 18:58 19:08  19:18
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. InnoDB Flushing in 5.7

* Considering fast storage :
e DBT2 512Wx8, 64usr, each test first with 1 then with 4 cleaners
e XFS@SSD | EXT4@SSD | XFS@LSI-F80 | EXT4@LSI-F80

sec: DBT2 w12x8 Gdusr LST=Tlush redodS #9574 din2 XS/EXTA4550/T 00 “NT crsi/4 = [(Valuwe)

\ "119 sep " oo " T b fer _Flush_adept ive_total _pages/sec
i : : " ffer_Flush_ g page rate

= bwFfer_Flushn to_flush _requested

T I T I T T T T
01:57  02:08  02:39  04:9  4:0 oem 06:40  06:51  O7:20  09:01  09:12 092

InnoDB fwoflmh Pum DBT2 w512x8 Bduar LST-flush redo3G 2574-din2 XFS/EXT4+5S0/F88 32cerea-HT crsil/4 - [(Valuee)
.0 " - oo ons . - — bufFer,f lush, adept ive, avg. pass
2.0 i i — buffer flush_avg pess
2.0 : : = buffer LRU_batch_flush_avg pass
5.0 g
10.0
5.0
0.0 T T T T T T

oLy 0200 G239 M:15 05‘00 06340 0633 0720 09:01 09312 OS2

InnolB ws@ !lm (ns): DET2 51258 Gdusr LST=Flush redoSE 8574~din? XFS/EXTA+SSOV/FS0 32cores~HT crsi/4 = [(Valuel
s " = buffer_flush_asaptive_avg_tine
— buffer_¢luth_mg_tine

— m/‘ s h M mf__ B

04:57  02:08 0239 Nl’ OIN 05'00 C6‘O 0651 07’0 0901 09!.2 0902
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. InnoDB Flushing in 5.7

* Considering fast storage :
e DBT2 512Wx8, 64usr, each test first with 1 then with 4 cleaners
e XFS@SSD | EXT4@SSD | XFS@LSI-F80 | EXT4@LSI-F80

HYSOL 2F-3. 9818 “citodri DBT2 wi12x8 s«&sr-nuah redodG %nz KFS/EXTA+SSD/F80 éwc:-m crs1/4 - [Tine/sec]
400000000 .0 — “: " o 18 oo 037 = wit/1o/Flle/irmodd/ I nnock_data_file
mg . ; : = wait/io/file/innodb/innodb_log_file
250000000 .0 ] : : : : — wait/sunch/mitex/innodky/fi1_susten_ mitex
200000000.0 - : : m : wait/synch/mutex/innodby Lock_sutex
100600000 .0 — k""" ‘( ' 1 ﬂ. ™ e uait/synch/mitex/innodb/10g_sys_mitex
. WA b/ sunchy/matex/ i nnoch/ trx_sus_matex

0.0 I | | | I T T | o
01157 02:08  02:39 04:19  04:30  05:00 06:40 06:%1  07:20  09:01  09:12 09 a2 wait/synch/mstex/sql/LOCK_table_cache
T wal b/ sunch/mutex/sql /THD : :LOCK _query_plan

= wait/sunch/rvlock/sql /LOCK grant
= watt/synch/relock/sql MOL_lock tzrulock

mﬁ%agﬂtluc DBT2 w512x8 G4usr LST-flush redo3G 2574-din2 XFS/EXT4+SSD/FBO 32cores-HT crsi/4 - [Comnit/s)
T T = Comnit/s

z§§§-§§§§§

| T I
01:57  02:08  02:39 O4:19 04:30 05:00  06:40  06:51 07:20  089:014  08:12 09:42
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. RW 10-bound

e Still data In-Memory, but much bigger volume :
e more pages to flush for the same TPS rate

e Data bigger or much bigger than Memory / cache / BP :
e the amount of free pages becomes short very quickly..
e and instead of mostly IO writes only you're starting to have 10 reads too
e these reads usually mostly random reads
e if your storage is slow - reads will simply kill your TPS ;-)
e if your storage can follow - then things become much more interesting

e _.until you're hitting fil_sys mutex contention and reach your Max TPS
within a given conditions...

* NOTE:
e using AlO + O_DIRECT is the must for RW 10-bound !..
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. RW 10-bound “In-Memory”

* Impact of the database size
e with a growing db size the TPS rate may be only the same or worse ;-)
e and required Flushing rate may only increase..

e DBT2 workload :
e 64 users, db volume: 50W, 100W, 250W, 500W

=64G, W50/ \88/ 258/ 500 - [(Value)
- —— nuffer_flush_ adaptive_total_pages/sec

: = buffer_flush avg page_rate
T buffer_flushon_ to_Flush_requested

I I | |
20:46 20:595  21:05 21:14  22:44 22:53  23:02 0055 01:05  O1:d4 10:55 11:04 11:14 11:23

Iw oadnuvo Flushing Pages/sec: DBT2 G4us
¢ D040
20000.,0 2397
15000.0
10000,0
5000.,0
0.0

W Checkpoint Age (MB): DBT2 Gdusr AHySQL=5.6, 32cores, redo=3G, bp=64G, W50/ 108/ 258/ 500 - [Valuel
. B 22197 oSt 10159 T Checkpoint-age-1B

0.0 T T T T T T T T T f T T T
20:46 20:55  21:056 21:14 22:44 22:53  2Z3:02  00:55 01:05  0f:1d 10:55 11:05  11:14 11:23
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. RW 10-bound “Out-of-Memory”

* LRU Flushing in 5.6 (broadly speaking) :

e Cleaner thread for each BP instance :
e check if free list contains at least N (LRU depth) pages : yes => return();

e scan BP instance LRU list up to N (LRU depth) pages :
- page is “dirty” : place it on flush, then clear & move to a free list
- page is “not dirty” : clear & move it to a free list
- free list reached N (LRU depth) pages: return()

e User thread :
e want a free page : get a one ? yes => return();

e scan LRU list to see if can find one “not dirty” quickly..
- found : clear & move it to a free list; goto begin..
- not found : try to flush one; signal “flush event”; goto begin..

* doing a second loop and there is still no free pages : sleep; then goto begin..

 Better that Cleaner is always keeping free lists non-empty ;-))
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. RW 10-bound “Out-of-Memory”

* LRU Flushing in 5.7 (broadly speaking) :

e similar to 5.6 but with parallel Cleaners (but this is not always important ;-))
e look: LRU depth=1K, cleaners=1/4/8 | LRU depth=4K, cleaners=1/4/8

Innole M free Irul/4 = (Value)
G A . — g fer _LRU_get_free_search/sec

L L]

T T T T T T Y
0% a2 423 oM 0% @l a2 &R Qe o

mmovt free vaits/sec: Gtusr LRU=flush redoldG #574-din2 Xr5+Irme “NT crsl/4/0 lrul/a < (Value)

— bk fer _LRU_get_(ree_loopa/sec
S fer LR _get_free_search/sec
= ier LR _get_iree salts/sec

07 0 R 0S4 02 23 MM %) @20 012 M R 0w

xum-‘m% evicted/sec: L hard S4usr LRU=flush redodC 8974-din? XIrS«Is0 Wcores-NT crsl/4/80 lrul/& - [Value)
40000,0 - M _— _— y . - — i fer LRY_Batch_evict_total_pages/sec
z0o%.0 - o - Wm m ."""V‘N"" —— bk Fer LR_batch_flush_tota)_pages/sec
29000.0 m m = ffer LRU_batch_scanned/sec
200000
15000.0
100000
000,0 =S
0.0 = T T T T T T T T T

Q07 O 02 00T 0430Q 9423 M oW @3 023 M W 0
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RW LRU-bound : FS impact..

e DBT2 Workload, 64 users, XFS
e | RU depth=1K, cleaners=1, 2, 4, 8, 16 16cores-HT / 32cores-HT

InnolB %'&-m Pages/sec: DBT2 wS12x8 Gdusr FS5+F08 16/32cores=HT crsl, 16 lrulk = [Value)
. e

14000.0 -~ — 108 ‘“,., = e _flush_adapt ive_total pages/sec
12000.0 — ater_flush_avg_page_rate
xg:g m— et fer_flushon_to_f lush_requested
6000.0 ‘ "‘ ¥
40000
;m;'g . ’ v AT i)
14:97  15:10  15M 16:4840 17:204 17: 034 15:06  19:68 20:21 21:6 2399
InnoDe nvilol-dl r se DBT2 o 02x us =L nd #574-din2 XFS+Fe 16/32cores=HT orsl, 16 lrulk = [Value)
0.0 4 " o ® 5 = buffer_flush_sdaptive_swyg_pass

— bk fer_flush_avg_pass
| ’ = buffer LR _batch_fluth g pats

T I
14:57  15:10  19:@3  16:9 &8 1710 17 X 196 1968 2001 2009 213 209

cuEL2Y
oo

TrnoDB Wrﬁ Tines (ms): DBT2 w128 G4usr LRU=flush rodoSG 2574-dia2 XFS+F80 16/32c0res-NT orsi.. 16 lrulk = [(Valuwe)

L 1 —
— ' po— bufFer_f lush_sdaptive_mvg_tine

= buffer_flush_svg_ tise
= b fer LR _batch_flush g tine

A

19:57  29:10  19:43  16:19 68 170 1NN 19316 19:68 0:21 200 1 2
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RW LRU-bound : FS impact..

e DBT2 Workload, 64 users, EXT4
e L RU depth=1K, cleaners= 1, 2,4, 8,16 16cores-HT / 32cores-HT

Tl mtw&m rqnlnc Ul? WD SAusr lll!-ﬂ in2 A 16/ 92cores=HT crsl, A6 Lrulk = [Value)
9000,0 s u 2 use yers / —— puifer_flush_ adsptive total pages/sec
— butfer_flush_avg poge_rate

B , ’ ’, lv’ { '—..m:‘._h:n-w,w

| lJ Ll 1
2311 23 23157 00y 03129 04101 04)‘ o5:06 05138 05|

a§§§§§§-§

2 EXTA+FE0 16/32corea~HT cral, 16 lrulK - [Valuel

Levol8 .vs,l}nﬁ fcm sz

.0 _— - — bk fer_f lush_adept ive_avg_pass
5.0 ’V = buifer_flush_avg pass

20.0 S budFer LU _baton f lush_avg pass
15.0

10.0

3.0

0.0 = T T T T T T T

T T T
:8 0 236 W7 00329 0101 OIIA 0446 009 04:01 O:d 05306 050 o,

ool w? ll-n (ms): OWT2 ﬂlh‘ Sousr LRU-T lush redolic M74-din? EXTAIIN 16/ 2cores=NT crel, 16 lrulk = [(Value)

" L)

" w13 === buifer _flush adeptive avg tine
: —bafer _flush_awvg tine
= bl fer _LRU_batcon_f lush_avg tise

¢ T 1 1 ] | Ll
2311 23:¢ 23097 00129 o010 O34 Od6  03:29 0404 O 006 0538 05
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. RW LRU-bound : FS impact..

.m% HaltadTine/s: DOT2 w3108 Sdunr LRU-Mlush redoliG #574-din? Xrserne 1 os-iT crsl, A6 Irulk « [Tine/sec]

16:97  19:10 33343 36219 168 L0z I:®

e DBT2 Workload, 64 users, XFS -vs- EXT4
e | RU depth=1K, cleaners=1_£, 4, 8, 16 16coNs-HT / 32cores-HT

et arody irod_deta fille

— walla/Tile S trodyirrod _log File

L O e S Aoy F L Lt e e
wal U nret st en/srrodtyloch mlex

T el Ut st e rvodtylog sy _mlex
WAL L PO e LR T e

w il oot et en/3ql A0 table cache

T e U enan v ook S eodyraah_table_locks

" wat L/ mgneh rwldock /agl ALOCK_grark

1

I T T

oL tw%nlmtu/-: DUTZ W18 Sdusr LEU={ lush redoli #574=~din? EXT4M B0 16/ Ccores-HT cral, 16 lrulk =
200000000 /8 o 2304 '.‘0-.;0 e ML e oo iy "iG 3 -3
oL t/secl DETZ W18 Sausr L= Lunh redotts #574-din2 xFi+F o8 16732000 ea-HT oral. 18 Lrwik = [Cen ’ .

B TR » : : —
men L ey mw» A - s 3 i
: : 100000000 /5 M ] I ; i

N '

OO0 & | ! | | I | Il -l
: A 4 ' ‘ \ J l 5 ) i

S | T T T T T T T T 1 1 T T
1 2= 23 00:9 01:01 01:36 01386 03:29 08:01  08:3F  oS:é oM oA .
-
T T T T T 1 T T T T T T -

13300 1%:0 16315 16340 470 4TI $5i36 29D 0z W 26 AW

T w

mmt_/.ﬂ: DOT2 wSi2a0) Gdusr LRU-Flush rodolS #974-din2 EXTA DR 16/32cores-NT crel, A6 lrulk = [Comnit/s

20000 = e ‘ohera . ; > : T Comit
G000 = : :
000 .0 — v v
0000
3000 .0
20000 =
10000 =
0.0 T T T T T 1 T T T T T T

23:81 4 W 00:9 oA MM 0l 009 O 3206 20 3
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. RW LRU-bound : “tuning” by elimination

* Filesystem : let’'s go with EXT4 ;-)
e TODO : understand what is wrong with XFS...

 # Cleaner threads :
e 2 or 4 should be enough.. - let’'s go with 4

e LRU depth :

e the SUM setting should be bigger than a free page/sec demand

e so for 40K get free page/sec setting LRU depth=2K with 32 BP instances
should be more than enough..

e but a free page demand may grow.. - let’'s go with LRU depth=4K and see ;-)
* Purge :

e innodb_max_purge lag = 1000000

e innodb_max_purge lag_delay = 30000000

e innodb _purge threads =4

ORACLE




. RW 10-bound Workloads

* Workloads :
e Sysbench OLTP_RW 10Mx32-tables UNIFORM / PARETO
e DBT2 512W x8 databases
e LinkBench 150G data (150M ids)

* User Concurrency :
e 32,64, 256, 512 users
e 15-20 min for each test level

 Test Conditions :
e LRU-bound (BP size is less than 1/4 or 1/3 of db size)
e LIST-bound (BP size is big enough to fit the whole db set)
* Engines:
e MySQL 5.7 latest, 5.7.3, 5.6, 5.5 (Percona 5.6 just for PARETO)
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. RW LRU-bound : 5.5 is out of the game..

A,

100000.0 —
80000.0 —
60000.0 —
40000.0 =
20000.,0 —
0.0

51111111111

11:23

e Sysbench OLTP_RW 10M x32-tables
e Users: 8, 16, 32 .. 1024
e MySQL:5.7 / 5.6 /55

w«xsoc RH_hard_std 16cores~HT MySQL-53 .6/ 5.5 - [C t/s]

14:26

i

123 11:35 1146 11:57 12:09 14:37 14:49 15:00 15:11 19:39  19:%0  20:02  20:13

HySOL Query/sec: RH_hard_std_LRU 216cores-HT MySOL-5.7/7 5.6/ 5.5

\a A 'Iihh!

mlmu FHHANLLLL

Ag______— — 7____...@

11:35 1146 11:57  12:09 14:37  14:49 15:00 15:11 19:3%  19:%0 20:02 20:13

= Commit/s

= Delete/s
- Inseért/s
- Select/s

Update/s
T Query/s
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. OLTP_RW 10Mx32-tab Uniform : LRU-bound

e Focus on : flush list
* Engines: 5.7 latest, 5.7.3, 5.6

Ingggg 0Fldapt.i\m Flushing /Pages/sec: RH_hard_std @HMySQL-5.7.4/ 5.,7.37 5.6 flush 16/32cores-HT - [Valuel

3500.0 07145 Er,._., 2t E(l:.:'_'.j
-m‘umm’uﬂ_ﬂg# iyt

10309

3000,0
2500.0
20000
1500.0
10000
500,0
0.0 4 T T T T T T T T T T T

22:37 23:06  23:36 00:22 00:%2 04:13 04:43  0%:28 O%:%5  09:19  09:49  10:3%  11:0%

= buffer_flush_adaptive_total _pages/sec
= buffer_flush_avg_page_rate
= buffer_flush_n_to_flush_requested
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OLTP_RW 10Mx32-tab Uniform : LRU-bound

* Focus on : page scan & LRU flushing
* Engines: 5.7 latest, 5.7.3, 5.6

705%10813 LRU get free ts/sec: RU_hard_std @nysSQL-%5.7 4/ 5.7.3/7 5.6 LR ush 16/32cores-HT - [Valuel
. 21789 14 ’
60000 ,0

. . "re - 10 —— buffer_LRU_get_free_locps/sec
S0000 .0 3 ] = buffer LRU_get_free_search/sec
Q0000 ,0 Y L === buffer_LRU_get_free_walts/sec
30000 ,0 |
20000 .0
10000 ,0
0.0 T I T T T T T T T T T T
22:37 23:06 23:36  00:22 00:52 04:13  04:43 05:28 05:58 19 094 10:35% 11:08

M LRU Pages evicted/sec: RH_hard_std @mysSQL-%.7.4/ 5.7.3/ 5.6 LRU-flush 16/32cores-HT - [Value]
500000 .0 - 21" :m'; ' — p—— pa183 — = buffer_LRU_batch_evict_total _pages/sec
: = buffer LRU_batch_flush_total pages/sec

= buffer LRU_batch_scanned/sec

0.0 T T T T
22:37 23:06 23:36 00:22 00:52 04:13  04:43  05:28 05:%8 05:19 09:49 10:35 11:08
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. OLTP_RW 10Mx32-tab Uniform : LRU-bound

4500.0
4000 .0
3500.0
J000.0

~38853

DR
(=== Ra P el

90000 .0
0000 .0
700000
60000 .0
50000 .0
40000.0
30000.0
20000.0
10000.0

0.0

HySQL Comnit/sec:

RI_hard_std @HySQL=-5.7.4/

). 7.3/ 5.6 LRU=fiush 16/32cores=HT = [Comnit/s]

2103714 ’.
23453 03245 o1 [=F 10209
| | 1 | | ] | 1 I |
22:37 Z3:06 23:36  00:22  00:52 04:13 04:43 05:28 05:58 09:19  09:49 11:05
HySOL Query/sec: RH_hard_std @HySQL-5.7.4/ 5.7.3/7 5.6 LRU-flush 16/32cores~-HT
2103714 22,03
23153 3145 w101 65153 10109
|
22:37 Z3:06  23:36  00:22  00:52  04:13  04:43 05:28 05:58 09:19 09:49 11:05

* Focus on : TPS & QPS... (hmm.. : near the same?? ;-))
* Engines: 5.7 latest, 5.7.3, 5.6

Commit/s

Delete/s
Insert/s
Select/s
Update/s
Query/s
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. OLTP_RW 10Mx32-tab Uniform : LIST-bound

* Focus on : flush list (note: reaching 25K pages/sec on 5.7 now!)
* Engines: 5.7 latest, 5.7.3, 5.6

19&0%8 ndapuve Flushing ‘I’RTs: RH_hard_std @MySQL=5.7.+/ 5.7.3/ 5.6 LST=tlush 16/32cores=HT = [Valuel

35000,0 . 13820 = buffer_flush_adaptive_total _pages/sec
30000.0 : 4 : = buffer_flush_avg_page_rate
2%0 3
Eggggg l L " = huffer_flush_n_to_flush_by_age
15000.0 r‘.' S ,L - r" ﬂ \ |F buf fer_flush_n_to_f lush_reguested
100000 ( . /‘ } /"
5000.0 4| 3‘ [

0.0 T 1

01:10 01:40 02:09 02:56 03 25 06:6 07:16 03:02 :5 12: 23 13 08 &3 38

25&'5\?008 Checkpomt Age (HB): RH_hard_std 2HySOL-5.7.4/ 5.7.37 5.6 LST=flush 16/32cores-HT - [Valuel

== Checkpoint-age-NB
20000

1500.0
1000.0
500.0

0.0 =1 T 1 T | T =T T
01:10 01:40 02:09 02:%6 03:25 06:46 07:156 05:02 08132 11:53 12:23 13:08 13:38
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OLTP_RW 10Mx32-tab Uniform : LIST-bound

* Focus on : TPS / QPS / History Length impact
* Engines: 5.7 latest, 5.7.3, 5.6

: RM_hard_std SmySeL=5.7,4/ 5xl 5.6 lSl-flosxms-ﬂl - [Conmit/s)
02127 pu = Commit/s

| 1 — -1 1 T -1 -1 . T
01310 01340  02:00  02:96 03:29 06:46 0716 0802 08 11:93  12:23  13:08 1@

MWyYSOL Query/sec: RM_hard_std @mySoL-5.7.4/ 5,7,.3/ 5,6 LST-flush 16/32cores-HT

300000.0 50 1y

290000 ,0 2127 %118 12143 = Delete/s

200000 .0 : = Inzert/s

1500000 X \1 E Select/s

100000 ,0 X Y Update/s

20000 .0 " Queru/s
an

1200000 Jnnow ni:lorg Length: B_hard_std SHysSQL=5.7 .47 5.7.3/ 5.6 LST=flush 16/52cores=HT = [Value]

S A

01:10 o9 02:% O3: 07:16 1:53 12:23 13:08

History-len
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. OLTP_RW 10Mx32-tab Pareto : LRU-bound

* Focus on : flush list
* Engines: 5.7 latest, 5.7.3, 5.6, Percona 5.6

nnoo&oggogtive Flushing Papes/sec: RH_hord-str-P/ﬂhﬁOL-S.?l +3/5.6/P5-5.6 LRU-flush 16cores-HT - [Valuel
14000.0 - oy — — = buffer_flush_adaptive_total _pages/sec

120000 — = buffer_flush_avg_page_rate

igggg.g = buffer_flush_n_to_flush_requested

6000.,0
4000.0

| I | | | | | I || | | |
19:27 19:47 20:07 20:27 00:58 01:18 01:38 05:10 06:30 06:%0 12:40 13:00 13:20

Illlg&lpo Checkpoint Age (HMB): RM_hard_str-PARETO 2MySOL-5.7/5.7.3/5.6/P5-5.6 LRU-flush 16cores-HT - [Valuel

16000 - s — = Checkpoint-age-NB
1400.0 ; :

1200.0
1000.0
800.0
600.0
400.0
200.0

0.0 - T T I T T 1 T T T T T T
19:27 19:47 20:07 20:27  00:53 01:18 01:33 06:11 06:31 06:51 12:40 13:00 13:20
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OLTP_RW 10Mx32-tab Pareto : LRU-bound

* Focus on : get free / LRU flushing
* Engines: 5.7 latest, 5.7.3, 5.6, Percona 5.6

Innd%l&ai )L'gtu get l' ree WA RH hard_str ETO 2HySOoL-5, +7.3/75,6/P5-5,6 LRU-flush 16cores-HT - [Valuel

40000 .0 = buffer_LRU_get_free_search/sec
35000 .0
30000.0
25000 .0
20000 ,0
15000.0
10000 .0
5000.0

0.0 = T T T T T T T T T T T
19:27 19:47 20:07 20:27  00:538 01:18 01:38 06:11 06:31 06:51 12:40 13:00 13:20

IJA\JI\%DB &.RU Pages evicted/sec: RH_ hard str=PARETO @MySQL-5,7/5.7.3/5,.6/P5-5,6 LRU-flush 16cores-HT - [Valuel

150000,0 — = bhuffer_LRU_batch_flush_total pages/sec
100000 .0 — === buffer_LRU_batch_scannsd/sec
50000 ,0 ~

: :
0.0 i
. | I | | | | 1 |
19:27 19:47 20:07  20:27 00:58 01:18 01:38 06:10 056:30 06:%0  12:40 13:00  13:20
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1000000 .0
S500000.0
600000,0
400000.0
200000.0

0.0

soft30L, Conn

19:27

19:27

OLTP_RW 10Mx32-tab Pareto : LRU-bound

* Focus on : TPS / Purge lag
* Engines: 5.7 latest, 5.7.3, 5.6, Percona 5.6

~hard_str-PARETO
2403
039

it/sec:
i

ysSaL=5.7/5.7.3/5.6/P5-5.6 LRU~flus fcores=HT - [Connit/s]

= Comnit/s

5:52

I

| | | | | | | | | | | |
19:47 20:07 20:27 00:58 01:18 01:38 06:11 06:31 05:51 12:40 13:00 13:20

120 0’0[531%08_ History Length: RH_hard_str-PARETO @MySQL-5,7/5.7.3/5.6/P5-5.6 LRU-flush 16cores-HT - [Valuel

3714 —_ o -
= 09239 015:52 12:22 History-len

-
o
—

o

—

|
19:47

|
20:07

|
06:11

|
06:31

1 |
06:51  12:40

I
13:00

1

20:27 00:58 01:18 01:38 13:20
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. OLTP_RW 10Mx32-tab Pareto : LIST-bound

* Focus on : flush list
* Engines: 5.7 latest, 5.7.3, 5.6, Percona 5.6

SI-!|lu..h 16cores-HT - [Valuel

Inmﬂ%ogdagtlve Flushmg Pages/sec: Rll_hard str=PARETO AHySOL-5.7/5.7.3/5.6/P5-5.6 L
= buffer_flush_adaptive_total _pages/sec

"
20000.0 —— buffer_flush_avg_page_rate
15000.,0 === buffer_flush_n_to_flush_requested
10000,0

9000.0

0.0

| i
22:02 22:22 22:42 23:02 03:3¢ 03:54 04:14 08:46  09:06 09:26  15:16 15:36 15:%6

Irgzogﬂ Checkpoxnt Age (HB): RM lwrd_str-l’lltﬂo BHYSQL=5,.7/5.7.3/5.6/P5-5.6 LST=Flush 16cores-HT - [Valuel
= Checkpoint-age-NB

5114 03127 10157

1500.0 =
1000.0 -

300.0 —

0.0 T T T ] T T T T T T T
22:02 22:22 22142 23:02  03:38 03:54 04:14 08:46 09:06 09:26 15:16 15:36 15:56
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OLTP_RW 10Mx32-tab Pareto : LIST-bound

* Focus on : TPS / Purge lag
* Engines: 5.7 latest, 5.7.3, 5.6, Percona 5.6

amam

Q-:u%nl- Comnit/sec: RH_hard_str=PARETO @HySOL=5,.7/5.7.3/5.6/P5-5.6 LST=flush 16cores=HT = [Comnit/s]
5000:0 -1 oh -A : 08527 .7 = Comnit/s

6000 .0
5000.0
4000 .0
3000 .0
2000,0
10000

0.0

I I I T I 1
22:02 22:22 22:42 23:02 0G:34 03:54 04:14 0846 09:06  09:26 15:16  15:35  19:55

" 2(}03131%0!1 History Length: RH_hard_str-PARETO AHyYSOQL-5.7/5.7.3/5.6/P5-5.6 LST-flush 16cores-HT - [Valuel

1000000 .,0 — p3: 14 03327 6157
800000.0 —
600000 .0 —
400000 .0 —
200000.0 —

0.0 T T T T

22:02

I I I I | I I
23:02 03:34 03:%4 04:14 03:46  09:06 09:26 13%:16 13:36 15:%6

™~
~n
™~
~N
™~
~n
<.
~n

= History-len
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. DBT2 512Wx8-db : LRU-bound

e Focus on : flush list
* Engines: 5.7 latest, 5.7.3, 5.6

Inm %dapuve Flushxng Paj(:=s/sec: DBT2 hord_std BHySOL-9.7.4/ 5.7.3/ 5.6 LRU ush 16/32cores-HT = [Valuel

25000 .0 16 .-w 5437528 1820318197 39111092 wu .A,ox 3002 )42 213032403 00208 10239 | EIERFELCIRE buffer_flush_adaptive_total_pages/sec
20000.0 . : : . : === buffer_flush_avg_page_rate
" o 5 : : : : = ouffer_Fflush_n_to_flush_requested
100000 il ___ .
s lllll‘llll

|l )

0.0

J Loo

15:46 16:35 17:43  18:51 19:55 01:44  02:52 04:00 05:08 10:51  11:59  13:07 14:15

2§arsp8 Checkpoint Age (HB): DBT2_hard_std @HySQL-5.7.4/ 5.7.3/ 5.6 LRU-flush 16/32cores-HT - [Valuel

22035714 23705 2
2000.0 16120 1635417128 1520318237 192 111924500256 01: 3008 2 Al’lm:h‘..’s'l'l.'{:'tﬁ_l’ %2 qofEB0: 05 102381212 12121 12:561 7004 : — Checkpoint-age-NE
1500 .0 ' A P oo

1000.0
500.0

0.0 A I 1 1 1 T T
15:46 16:35 17:43 15:51 19:5¢ 01:44 02:52 04:00 05:08 10:51 11:59 13:07 14:15
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DBT2 512Wx8-db : LRU-bound

* Focus on : get free / page scan
* Engines: 5.7 latest, 5.7.3, 5.6

\\

53&&?% LRU get free search/sec: DBT2_hard_std @HySQL-5.7.4/ 5.7.37 5.6 LRU-flush 16/32cores~HT - [VYaluel

AL .4 o | —
25000 O - ‘lo 2016:5417:28 15: 03137 §0: 1143 ‘Sn: 56 ul _ull. $302: ..80., 153032 u’.u‘ ‘0 a4 S‘-‘ll uSIu -vl‘ 1.11 4;";"2'111' SM;;".'ald 0e buffer LRU-get free_search/sec
20000.0 -4 ¢ : R "
150000 = : — § kel 1
10000.0 — ; : vy §
5000.0 3 : . ' ?
0.0 1 | | | 1 1 I I

15:46 16:535 17:43 15:51 19:59 01:44 02:52 04:00 05:08 10:51 11:58 13:07 14:15

17&9&0? LRU Pages evicted/sec: DBT2_hard_std ®MySQL=-5.7.4/ 5.7.3/ 5.6 LRU=flush 16/32cores=-HT - [Valuel

100000.0 — ox 01615417128 1814318137 182111 JuSuu ‘A. SUI30I2003 213503013 0314604120 MISSIN105 1015611012 1104712021 L2081 31 28 14104 T buffer_LRU_batch_evict_total_pages/sec
80000.0 = : : . : . : . . ' : = buffer_LRU_batch_flush_total_pages/sec
60000.0 — = buffer_LRU_batch_scanned/sac
0000.0 o4 i i i e mm mMﬂ Mrb
20000.0 o i GGG i i i i

0.0 _mgs_zqz-agasg.qsm | -

156  16:35  17:43 18:51 15:55 01:4d  02:52 O0d4:00  05:08 10 = § 11 59 13:07 14:15




. DBT2 512Wx8-db : LRU-bound

e Focus on : TPS
* Engines: 5.7 latest, 5.7.3, 5.6

\ N

9000. ggSQL Comut/sec' DBT2_hard_std @HgSQL-S 7.4/ 5,7,.3/ 5.6 LRU-flush 16/32cores-HT - [Connit/s]

8000,
7000,
6000.
3000,
4000,
3000,
2000,
1000.

0.

22/03/14 2 —_— .
15 2016154171 2515103 §5137, h 45003 55_01 300210302135 031 1386 030510538112 1211547 12221 129341 04 Commit/s

SCoooooo OO

I I I | I I | I I | I
15:46  16:35 17:43  18:52 19:59 01:43 02:51 04:00  05:07  10:51 11:59  13:07  14:15

* Notes:

e no Purge lag = no TPS drop on 256 and 512 users..
e innodb_thread concurrency=64 is doing very well! ;-)

ORACLE




. DBT2 512Wx8-db : LIST-bound

e Focus on : flush list
* Engines: 5.7 latest, 5.7.3, 5.6

Inggguﬁo %daptuvc Flushmg ages/sec? 0812 hard_std ek-s 7.4/ $lush 16/32cores-HT - [Valuel

30000,0 m ,‘2..:-.22.0222 372311129 4'((- ﬂo, ou» 03065

‘ ..v

100000

I ﬁ l l
0.0

20:20  21:09  22:17 23:2% 00:33 06:17 07:25 08:33 09:41 15:25 16:33 17:42 8:%

zg&g\%m! Checkpo.mt Age (HB): DBT2 hard_std @MySQL~5.7.4/ 5.7.3/ 5.6 LST=flush 16/32cores~-HT -~ [Valuel

2,034 23,03

2000.0
1500.0
1000.0

500.0

0.0 = | { i 1 1 i T 5 T T
20:20 21:09 22:17 23:2%5 00:33 06:17 07:25 08:33 09:41 15:25 16:33 17:42 18:50

= buffer_flush_adaptive_total_pages/d

075469052000 14399 157 101506121 1615617100 107 0410190
25000.0 ; : : : : : : = buffer_flush_avg_page_rate
200000 : = huffer_flush_n_to_flush_requested
15000.,0 ‘

2015421120221 6222137 231 1123545 $03 1905:30461 43 08 : 379z 1407:4608:20 00 : 54 pP: 2004129 15: 13 14 6121 1615617130 190418138 Checkooint-age-I'6
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DBT2 512Wx8-db : LIST-bound

* Focus on : TPS (drops: see Checkpoint Age! not Purge Lag..)

* Engines: 5.7 latest, 5.7.3, 5.6

~

5193(1 COmut'./sec. DBT2_hard_ 3td EHySaL-5, 7& 7.37 5.6 LST-flush 16/32cores-HT - [Connit/s]

f15: 0410502 Conmit/s

10000,
8000,0 -~
6000.0 —
000,00 —
20000 -~

'|. ans:a rr- 0306 'r s1207 4‘. 320 4

220143091 "1 l' 4":.A1_1E-:T-(-...

0.0 I | ] T T T T T T T T
20:20  21:00  22:17  23:2% 00:33  06:17 07:2% 08:33 09:41 1%5:2% 16:33 17:42  18:%0

Igngm History Length: DBT2_hard_std @HySQL=5.7.4/ 5.7.37 5.6 LST=flush 16/32cores=HT = [Valuel

400000, B
3500000
300000,0
250000 .0
200000 .0
150000 .0
100000 ,0
50000 ,0
0.0

45002 1985:50062 03 0 H:stwy-len

7120 .':&I..l“-:,‘l SIS 0P84 0% 151 '.'1‘ L ."l..:.'] .'l':"",i P B EHL L B

| S T .

20:20 21:09  22:17 23: 33 06:17 07:25 08:33 05:41 15:25  16:33 1742 18:%0
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. LinkBench 150G: LRU-bound

* Focus on : TPS
* Engines: 5.7 latest, 64 users / 256 users

18000.0
16000.0
14000.0
12000.0
100000
80000
6000.0
4000.,0
2000.,0

| I I I |

HySOL Comnit/sec: LinkBe 506G 2HySOQL-5.7 LRU-flush 64/256usr 16¢. :es=HT - [Connit/s]

7 /03714

0.0

—

| | | | I | | | 1 I |
15:56 15:59 16:01 16:04 16:07 16:09 16:12 16:15 16:18 16:20 16:23 16:26

90000.0 HySOL Query/sec: LinkBench 156G @HySQL-5.7 LRU-fluch 64/256usr 16cores=-HT

800000 -
700000
60000 ,0
50000,0
40000,0
30000,0
20000,0

e

100000 2

0.0 = T T T T T T T T T T T
15:56 15:59 16:01 16:04 16:07 16:09 16:12 16:15 16:18 16:20 16:23 16:26

= Comit/s

= Delete/s
= Insert/s
= Select/s

Update/s
= Query/s
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LinkBench 150G: LRU-bound

* Focus on : Lock contentions...
* Engines: 5.7 latest, 64 users / 256 users

HySaL 138&-%0 tine/sec #Synch event_ins e: LinkBench 1%0G #nySQL-5%,7 LRU-flush 64/2%6usy 16cores-HT - [Time/sec]
* 279714

16000,0 " wait/sunch/mutex/innodb/Fil_susten mutex
12000,0 — wait/sunch/mutex/irnodb/ 10g. § lush_order mitex
1%:2 = wait/surch/mutex/innodb/ 1o sus_mutex

50000 walt/sunch/mutex/innodb/srv_threads mutex
4000.0 = wait/sunch/mutex/ i nnodb/ trx_sus_mutex

2002 :g y T . T . - ; e it/ sunch/mutex/wesus / THR_LOCK : sutex

= wait/sunch/rulock/ Lnnodd/Fi L _space_latch
= wait/eurch/rulock /sl /AL0O0K _grant

= wai b sunch/mutex/ frnodt/ §ouf _mtex

T o waib/surch/mutex/ innodt/ lock _mtex

15:% 1'% 16:01 16:08 16207 16:09  16:12 16:15 16:18  16:20  16:23 16:2%6

%T?-w tine/zec fevent_instance: LinkBench 1586 2mySQL-5.7 LRU-flush 64/2%6usr 16cores-HT - [Tine/sec)
) ek = wait/10/¢1le/innodb/innodo_data_file

20000 Wiz
“ z rﬂvwm\f“‘vVVWMv- — wait/10/f1le/innodb/innodo_log_file
15000,0 ' w— walt/sunch/mutex/innodb/F1l_systen_mutex

10000,0 f wait/sunch/mutex/innodd/ 1og_syws_mutex
%000 .0 |' = wait/surch/mutex/ nnodh/trv_threads _mitex
L wa i b/ surch/mutex/ S rnodh/tex_sus_mutex
0.0 = T T  E— T 1 T T T T T ) i

T wai b/ h/mute s s /THR_LOCK S sutex
T wait/surch/rvlock/innodb/Fi L _space latch
— wait/sunch/rvlock /egl /LOCK grant

T waib/sunch/mutex/ irnodt/ lock mutex

15:% 1599 16:01 16304 16307 16109 16:12 16:15  16:18 16:20 16:23  16:2%
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e Focus on : TPS/QPS

N\

29000.0 = 5,
20000.0 — .'.h:':l 19:39 ] -
150000 Pty
10000.0 —

3000.0 —

HySOL Comnit/sec: LinkBench 150G BHySOL-5.7 LST-flush 64/256usr 16/32cores-HT - [Connit/sz)

0.0 T T I T T 1 T T T T
18:35 18:40 18:45 18:51 18:56 19:01 19:39 19:4¢  19:45  19:55 20:00 20:05

. 0 — HySOL Query/sec: LinkBench 158G ®MySQL=5,7 LST=flush 64/2%6usr 16/32cores=-HT
- 27703714
100000 .0 — 18151 19139

80000.0 — w

60000.,0
40000.,0 - e

20000,0 -~ -

0.9 T T T T T T
18:3% 18:40 18:45 18:5%1 18:%6 19:01 19:39 19:44 19:49 19:55 20:00  20:05

. LinkBench 150G: Less LRU-bound (BP=96G)

= Comnit/s

== Delete/s
== Insert/s
=== Select/s

Update/s
T Querw/s

* Engines: 5.7 latest, 64 users / 256 users on 16/32cores-HT
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LinkBench 150G: Less LRU-bound (BP=96G)

e Focus on : flush list rate / time
* Engines: 5.7 latest, 64 users / 256 users on 16/32cores-HT

30{.%038_Rdaptive Flushing STATs: Lin 196G @MySQL=%,.7 LST=flush 64/2%6usr 1 cores=HT = [Valuel
2%5000.0 — : - s u 4 st 19:39 bl .4 195 = buffer_flush_adaptive_total pages/sec
20000.0 — > B R e B ) AR A : ronwerUy ul T T — — wuffer_flush_avg_page_rate
;5000.0 - i s — puffer_flush_n_to_flush_by_age
100000 = L r ouffer_flush n_to_flush_recuested
5000 .0 — :

0.0 = T T 1 . T i T T

18:35 18:40 16:45 16:3 18:56 15:01 15:39 19:4¢ 19:45 19:55 20:00 20:05

12&{!&00_8 Avg Flush Times (ms): LinkBench 1%6G #MySQL=%.7 LST=flush 64/2%6usr 16/32cores=-HT = [Valuel
' i = buffer_flush_adaptive_avg_ tine

1000.0 — 18351 49339 19:55 . .
800.0 — ; : : buffer_flush_avg_tine

6§00.0 — = buffer_LRU_batch_flush_avg_time
400.0 —

200.0 —

Q.0
18:35  18:40 18:45 18:51 18:56 15:01 15:39 15:44 19:49 19:55 20:00  20:05
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LinkBench 150G: Less LRU-bound (BP=96G)

e Focus on : Lock contentions
* Engines: 5.7 latest, 64 users / 256 users on 16/32cores-HT

nyseL IM!!O t.lnc:/aq:‘ aSynch natance: LinkBench 1506 2#ySQL-5,.7 LST-flush 16/32cores-HT - [Tine/sec)
16000 ,0 =~ ° - 1 oAb/ sunch/mat e/ innod/F1 ] _susten mutex
m:g ' = walt/arch/matex/ innod/1og_flush_order sutex
1 v = walt/sunch/matex/innod/10g_sys_mutex

walt/sunch/matex/ i nnodh/Srx_sys _mutex
= walt/aunch/mutex/wesys/THR_LOCK : tmutex
walt/sunch/rvlock/innodhy/Fil_space_latch
T walt/sunch/rvlock/innodty/ index_tree rv_lock
= walt/aynch/rwl ook 3q] /LOCK _grant
= walt/aunch/mutex/ Lnnod/lock_mutex
walt/sunch/matex/innodh/srv_threads matex

- WL, i ol

T 1 | I | I
18:35 18:40 18:45  18:51 18:% 19:01 19:39 19:44  19:45 19:95  20:00 20:05

S

mww !ino/m Bevent_instance: LinkBench 1566 @MySOL=5.7 LST=flush 64/256usr 16/32cores=HT = [Tine/sec)

16000 ,0 —wart/i1o/f1le/tnnodhy/ 1nnodb _data_file
120000 = wait/io/f11e/innodb/ irnodb._logFile
10000 .0 oAU/ snch/mat e/ nnod /¥ 1 ] _susten_mutex
g;'gg:g walt/sunch/matex/ innod/10g_sus_mutex
4000.0 ol b/ anch/ e/ Ennod/Lex_sus_matex
mog g walt/sunch/mutex/ meays/THR_LOCK ! tmutex

o5 walt/sunch/rvlock/tnnodb/Fil_space latch
T walt/sunch/rvlock/innodty/ Index_tree rv_lock
= walt/eyrch/rvlock/3q] ALOCK _grant.
= walt/aynch/mutex/ tnnod/ lock _mutex

18:35 18:40  18:45 18:91  18:9%  19:01 19:39 19:64 1945 19:95 20:00 203
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. The RW 10-bound “mystery”..

* Test Case :
e Workload: OLTP_RW 10Mx32-tab Uniform
e CPU config : 16cores-HT / 32cores-HT
e |O subsystem : EXT4 on F80
e Users : 64
e R/W ratio : 128, 16, 4, 1

ORACLE




. The RW 10-bound “mystery”

1200000.0

Linux I/0 Read/Hrite

S/06314

1000000.0
800000.0
00000 .0
400000,0
200000.0

| I

y——

e Focus on : I/O stats
* Engines: 5.7 latest, 16cores-HT / 32cores-HT

=

c: RH_hard_LRU 8MySQL=5,7 B4usr 16/32cores=HT rw=128/16/4/1

P

0.0

19:52

I

60000.0
50000.0
40000.0
30000.0
20000.0
10000.0

I |

1

20:05  20:18

T 1
20:32  20:45

=)

20:%8 z21:12  21:40

29:27

I
21:53

I
22:07

I
22:20

I
22:33

I
22:47

-

&—-

0.0

19:%52

1

20:05 20:18

| 1
20332 20:45

| | |
20:%3 21:12 21:40

|
21:353

T
22:07

T
22:20

22:33

T
22:47

= SN all Device(s) -- rkB/s
= SUM all Device(s) -- wkB/s
== M all Device(s) -~ KB/s

20000 &.lgu_c 1/0 Read/Hrite Operations/sec: RH_hard_LRU 2HySQL=-5,7 G4usr 16/32cores-HT rw=128/16/4/1

= SUM all Device(s) -- r/s
= SUM all Device(s) -- w/s
= M all Device(s) -~ op/s
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. The RW 10-bound “mystery”

* Focus on : LRU stats
* Engines: 5.7 latest, 16cores-HT / 32cores-HT

2 mmge LRU get free waits/sec: M hard_LRU 2MySQL-5.7 6G4usr 16/32cores-HT ru=128,16/4/1 - [Valuel

60000,0
50000.0
400000

buffer LRU_get_free_loops/sec
300000
200000

3I—-—7¥- 25327
: " buffer_LRU_get_free_search/sec
YT
™Tr™ = uffer LRU_get_free waits/sec
10000.,0
| | 1 | | | I |

0.0 T T T T
19:52  20:05 20:48 20:32  20:45 20:58 21:12 21:40  21:53 22:07 22:20 22:33 22:47

| .

2 }MB LRU Pages evicted/sec: RH_hard_LRU @NySQL-5,7 64usr 16/32cores-HT rw=128/16/4/1 - [Valuel

60000.0 — .'W 24327 = buffer_LRU_batch_evict_total _pages/sec
500000 = m gt —— pwéfer_LRU_batch_flush_total_pages/sec
40000,0 ~ T t::: — buffer_LRU_batch_scanned/sec
m.o - L L} T
20000,0 —
10000.0

0.0 T T T I T T T T T

19:32  20:05 20:18 20:32 20:45 20:58 21:12 21:40 21:33 22:07 22:20 22:33 22:47
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. The RW 10-bound “mystery”

HySQL Comnit/sec: RH_har

RU @MySQL=-5.7 G4usr 16/32cores-HT ru=128/16/4/1 - [Comnit/s]

6000 ,0
5000 'o 21327
4000.0 : L
3000.0 n
2000.0
10000
0.0 - T T T T I 1 T T T T | T
19:52 20:05 20:18 20:32 20:45 20:58 21:12 21:40 21:53 22:07 22:20 22:33 22:47
100000.0 HySAL Query/sec: RH_hard_LRU 2HySQL=5.7 B4usr 16/32cores=HT ru=128/16/4/1
y v‘r:_g 21227
80000.0 —yv— - 13
60000 .0 +— — M
40000,0 Y S
200000 j
0.0 I T ! ] I I T 1 T
19:52  20:085 20:18  20:32  20:45 20:58 21:12 21:40 21:53 22:07 22:20 22:33 22:47

* Focus on : TPS / QPS (note: x2 times worse at the end!!)
* Engines: 5.7 latest, 16cores-HT / 32cores-HT

= Comnit/s

=== Delete/s
= Insert/s
= Select/s

Update/s
T Query/s
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The RW 10-bound “mystery”

* Focus on : Lock contentions... (note: killing fil_sys + log_sys)
* Engines: 5.7 latest, 16cores-HT / 32cores-HT

h‘ww lﬁil Synch Maits: RM_har

1000.0 -
800.0
600.0
400.0

BySQL-5,7 G4usr 16/32cores-HT ree128/16/4/1 - [Tine/sec)

gl = = e

1
19:52 20:05  20:8 200 20:45

|
21:40

24:12

1
2453

M'mm

1000,0 = FITrL)
gz : e YTV L"":"r"
|
200 = m‘—-ﬁ\a». <\ |
0.0 T T T T ™ T T T T
1919 20108 20018 2010 20143 20098 20512 20140 24193 22107 22120

e

213 247

valt/sunchymatex/ 1nnodt/buf _pool sutex
valt/aunch/matex/ innodd/F i L _systen_mtex
wal L/ s matex/ S nnodd /1 og_sus_matex

wal b/ sunch/matex/ gl /LOCK table_cache
walt/syrch/watex/eq] /THD : (LOCK _query_plan
wal b/ sunchymatex /e )/ THD  SLOCK _th_data
valt/sunch/rvlock/innodhy/hash _table locks
valt/aunch/revlock/sql 00 _grant

wal b s/ matex/ S nnodd/ 1 ock_matex

T sl b sunehyrel ock/ Lrmodh /e _search_latch

HySaL !g&-bo_unluc FSynch event_instance: BH_hard_LEU SMySOL=%.7 Gduse 16/32cores=HT rws128/16/471 = [Tinme/sec]

wal b/ sy matex/ S nnodt/ sl _pool _sutex
wal b/ sunch/matex/ Innodt/F i | _susten mtex
walt/sunchy/matex/ 1Innodb/ 1ock_mutex
valt/aynch/matex/ innodd/10g_sys_matex

wal b/ sunch/matex/ 1nnodt/sry,_sys_matex
valt/aunch/matex/ innodd/ary_threads mutex
wal b/ sy atex/ S nnodh/ e x_syus_matex

T el b suncn e/ 5g) /LOCK _table_cache

walt/sunchy/rvlock/sql A00C _grant
valt/aunch/rvlock/ Lrnodh/otr_search_latch
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. The RW |0-bound “mystery”

WW Top=18 Synch Maits: RE_bhard LRU 8nySQL-5.7 G4usr 16/32cores-HT re=128/16/4/1 - [Tine/sec)
- EES . — ualt/sunch/matex/ innodd,/buf |

Wwwoe <4 gl b
800.0 - = walt/synch/watex/ innodo/F il |
600.0 - el t/sureh/matex/ innodd/1og |
] 400.0 walt/sunch/matex/sql /LOCK o
4 ’ m » T walt/syrch/watex/sql /THD: L
200,0 - j : :‘ m
. Why not Scal I ng 0.0 T T m = : walt/sunchy/matex/q)/THD ;5L
= X

T Y
19:52  20:06 2018 200X 2045 2058 24:2 2040 2053 2:07  2:0 2233 247 vait/synch/rvlock/innodb/hag
—— uatt/syncn/rvlock/sql ALOCK. |

T walt/synch e/ S nnodd/ 1ock

* InnoDB : killing fil_sys + log_sys — e

HySaL !n&-bﬁ tine/soc BSynch svent_instance: RH_hard_LEU SySOL=5.7 Gdusr 16/32cores=HT rws128/16/471 = [Time/sec)

e |/O : kernel contention !!! e ———
mI Lt bty e — s e
17.80% mysqld [kernel.kallsyms] [k] _spin_lock_irq

el tSmunch/matex/ 1nnodt ey |

--- _spin_lock_irq

vaLt/sunch/matex/ innod/sry |
22147 VALL/synchmates/ inoodd/tex |
T walt/sunch/matex/sq) /LOCK _ty
= watt/sunch/rvlock/sql AL00C g
T watt/aynchyrvlock/ Lrnodt/ ot

--51.26%-- scsi_request_fn
I
|--89.93%-- __generic_unplug_device
I I
|--65.42%-- __make_request
| generic_make_request
| submit_bio
I I
| |--99.83%-- dio_bio_submit
| | __blockdev_direct_IO
I I I
| | |--97.28%-- ext4_ind_direct_IO
I I
I I

| ext4_direct_IO
| generic_file_aio_read
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. Few words about dim_STAT (if you’re asking ;-))

e All graphs are built with dim_STAT (http://dimitrik.free.fr)
e All System load stats (CPU, I/O, Network, RAM, Processes,...)
e Manly for Solaris & Linux, but any other UNIX too :-)
e Add-Ons for Oracle, MySQL, PostgreSQL, Java, etc.
e MySQL Add-Ons:

mysqISTAT : all available data from “show status”
mysqlLOAD : compact data, multi-host monitoring oriented
mysqlWAITS : top wait events from Performance SCHEMA
InnodbSTAT : most important data from “show innodb status”

inNnodbMUTEX : monitoring InnoDB mutex waits
iNnNnodbMETRICS : all counters from the METRICS table

e And any other you want to add! :-)

ORACLE




. THANK YOU !!!

» All details about presented materials you may find on:

e http://dimitrik.free.fr/blog - Articles about MySQL Performance, etc.

e http://dimitrik.free.fr - dim STAT, dbSTRESS, Benchmark Reports, efc.
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Until April 151
Sept 29 - Oct 2
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Code: DPER *= Receptions
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