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Basics
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a Type-I-Hypervisor

CPU Para-
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NUMA Architecture
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Non
Unified
Memory
Access

NUMA
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Core(s)
+SharedCache, LLC

IMC  QPI-C

Core(s)
+SharedCache, LLC
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Oracle & NUMA
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Oracle & NUMA

__enable_NUMA support = TRUE
MQOS Doc ID 864633.1

Multiple Buffer Caches
Striped pools
=> cross context :((

=> pool access :(
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PGA

Server Server
process PGA process |[—] PGA
1 2
Background Background L rca Background LI pca Background L] pca
process process process process
Database ))([ Database )\({ Database )\({ Database )\
buffer cache buffer cache buffer cache buffer cache
+ + + +
Numa pool J{|\_Numa pool J Numa pool Numa pool
Redo log
buffer

Stripped - Large pool + Shared pool + Streams pool + Java pool

C SRADO JL SRAD1 JL

SRAD2 JL SRAD3 =

ErCopynght B Cor
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Oracle & NUMA

[root@orads ~]# ipcs -ma

—————— Shared Memory Segments

key

Ox740301e9
Ox00000006
Ox00000000
Ox00000000
Ox00000000
Ox00000000
Oxed304ach
Ox000000006
Ox00000000
Ox00000000
Ox000000006
Ox00000000
Oxc93391ac

shmid

2457600
2752513
2785282
2818051
2883588
2916357
2949126
3735559
3768328
3801097
3833866
3866635
3899404

owner
root

root

root

root

oracle
oracle
oracle
oracle
oracle
oracle
oracle
oracle
oracle

perms
600
644
644
644
640
640
640
640
640
640
640
640
640

13GB+13GB=26 GB
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bytes nattch status
4 5]
80 =
16384 2
280 2 One huffer cache
bt i for each node
4096 §)
4096 5]
138412032 464
8388608 464
1 55j995523 464
1162 099392 464

2684354560 464

2097152

464
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Users Users Users Users
Group 1 Group 2 Group 3 Group 4

Listener Listener Listener Listener
1 2 3 4
N =q P N 72
Database Database Database Database
buffer cache buffer cache buffer cache buffer cache
+ -+ + +
Numa pool \_huma pool Numa pool Numa pool
Redo log
buffer

[ Stripped - Large pool + Shared pool + Streams pool + Java pool
\

SRADO JL SRAD1 JL SRAD2 JL SRAD3

© Copyright 1BM Corporation 2011
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icbility. Our

Suggestions

e Useful in big environments only (think: DB consolidation)
e Test thoroughly and quantify use vs. effort (think: bugs)

e Use only if necessary to achieve your goals!
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Hyperthreading
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HyperThreading (HTT) o0 &=
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Processing big workloads
= large Iinput queue

Performance =
Throughput

125% :)

Disclaimer:
Very simplified example!
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’ OLTP workloads
B
= =
A

Time

= empty Input queue
Performance =

x  Response Time

50% :(
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D
=
|_
Disable
HyperThreading
A for OLTP systems!

- In hardware BIOS

- on VMware level
(,Latency Sensitivity* high)
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VMware vSphere (ESXI)
CPU Usage
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VMware CPU Usage

My Test Setup

e HP ProLiant DL380 G6

o 2x 64GB RAM

e 2 CPUs, 2x 6 cores =2 NUMA nodes
Intel(R) Xeon(R) CPU X5670 @ 2.93GHz boost 3.33GHz
,Westmere EP* 32nm technology

e HyperThreading disabled (BIOS)

e \VVMware vSphere ESXi 6.0 U2
e 2 \VMs / Oracle Linux 7.4 w/ UEK Kernel
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6w/ 100% OS:95%

5w / 95%
j OS: 80%
4w | 85% OS: 65%
3w / 65% d 0S: 50%
ow | 44%
Y g 0S: 40%

1 Worker
6 vCPU e

22% each
MMLA =

3 19:46 19:50 19:53 19:56 20:00

OS Metric / Linux top
20% CPU
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|
|

6 cores active |

= |

6 cores idle | L
- — i - ~0% ,CPU Ready

|
3 19:46 19:50
20/50
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CPU Ready

Wait for free CPU time
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\
6 cores 100% ﬁJJ \ 12 cores 100%

. s

Satav
(
| Not in graph:
A 6 cores idle 5 0% ,CPU Ready"

43 19:46 19:50 19:53 19.56 20:00 20:03 20:06 2010 20013 20016 20020 20023 20026 20:28

| Ihrzait
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Fower consumption over the past 20 minutes at ten-second intervals.

340 320
Watts Watts
300 300
Watts Watts

res 100%
6 cores 100 12 cores 100%
260 260
Watts Watts
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8 vCores
13 workers to fill up to 100% in top

top - 15:29:81 up 24 min, 2 users, load average: 1.24, 0.54, 8.27

Tasks: 168 total, 4 running, 156 sleeping, & stopped, & zombie
%Cpud : 30.8/70.0 100(
%Cpul 30.3/69.7 100[
%Cpu?2 34.7/64.4 99]
%Cpu3 31.8/69.0 100[
%Cpud 32.8/68.0 100[
%Cpus 36.7/69.3 100[
%Cpub 30.4/68.6 99]
%Cpu7 : 30.8/70.0 100[
KiB Mem : 3781400 total, 3458524 free, 137844 used, 185832 buff/cache
KiB Swap: 1952764 total, 1952764 free, B used. 3564828 avail Mem
PID USER PR NI VIRT RES SHR 5 %CPU %MEM TIME+ COMMAND
8659 root 20 8 113524 28508 1872 S 11.9 ©6.1 9:83.09 /bin/bash ./loader.sh
8853 root 20 8 113524 2508 1872 S 18.9 9.1 9:83.06 /bin/bash ./loader.sh
9148 root 20 8 113524 2500 1872 S 18.9 0.1 9:82.97 /bin/bash ./loader.sh
16148 root 20 8 113524 2496 1872 5 18.9 8.1 9:82.93 /bin/bash ./loader.sh
16896 root 20 8 113524 2492 1872 S 18.9 0.1 0:82.92 /bin/bash ./loader.sh
13837 root 20 8 113524 2488 1872 5 18.9 ©.1 9:82.83 /bin/bash ./loader.sh
18933 root 20 8 113524 2476 1872 S 18.9 0.1 0:82.72 /bin/bash ./loader.sh
9579 root 20 8 113524 2508 1872 S 9.9 8.1 9:82.97 /bin/bash ./loader.sh .
11951 root 20 @ 113524 2492 1872 S 9.9 0.1 0:02.86 /bin/bash ./loader.sh EaCh Worker_
12789 root 20 8 113524 2488 1872 S 9.9 9.1 9:82.82 /bin/bash ./loader.sh
14834 root 20 B8 113524 2484 1872 R 9.9 9.1 ©:02.79 /bin/bash ./loader.sh
15731 root 20 @ 113524 2484 1872 S 9.9 0.1 0:82.76 /bin/bash ./loader.sh
16929 root 20 8 113524 2480 1872 S 9.9 8.1 8:82.77 /bin/bash ./loader.sh .
14 root rt B 0 0 S 1.0 0.9 0:05.13 [migration/1] while true
18 root 26 @ a ) S 1.6 0.0 0:04.86 [rcuos/1]

( bc <5.5*7.7 etc.
)
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Oracle Workload
on ESX]
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Oracle Stress in VM

Your relicbility. Our concem.

top - 16:41:25 up 1:14, 5 users, load average: 2.45, 1.21, 1.39

Tasks: 244 total, 8 running, 235 sleeping, @ stopped, @ zombie

%Cpud : 94.1/5.9 100(

%Cpul 95.0/5.80 108[

%Cpu2 94.1/5.9 100[

%Cpu3 93.1/6.9 1@a[

%Cpud 93.1/6.9 100[

%Cpus : 93.1/6.9 100(

KiB Mem : 64943912 total, 27610432 free, 20261848 used, 17872432 buff/cache

KiB Swap: 1953788 total, 1953788 free, @ used. 44306488 avail Mem
PID USER PR NI VIRT RES SHR S %CPU sMEM TIME+ COMMAND

14076 oracle 20 9@ 19.233g 68996 65624 R 102.80 ©.1 1:11.69 oraclePDB12201 (DESCRIPTION=(LOCAL=YES)(ADDRESS=(PROTOCOL=beq)))
14074 oracle 20 @ 19.233g 68532 65168 R 102.80 ©.1 1:11.87 oraclePDB12201 (DESCRIPTION=(LOCAL=YES)(ADDRESS=(PROTOCOL=beq)))
14875 oracle 20 9@ 19.233g 69960 66604 R 102.80 ©.1 1:11.77 oraclePDB12201 (DESCRIPTION=(LOCAL=YES)(ADDRESS=(PROTOCOL=beq)))
140877 oracle 20 9 19.233g 69948 66448 R 10€.0 ©.1 1:11.99 oraclePDB12201 (DESCRIPTION=(LOCAL=YES)(ADDRESS=(PROTOCOL=beq)))
14078 oracle 20 9@ 19.233g 69924 66428 R 102.0 ©.1 1:11.58 oraclePDB12201 (DESCRIPTION=(LOCAL=YES)(ADDRESS=(PROTOCOL=beq)))
14879 oracle 20 @ 19.233g 69544 66184 R 1.0 ©.1 1:11.66 oraclePDB12201 (DESCRIPTION=(LOCAL=YES)(ADDRESS=(PROTOCOL=beq)))
2598 oracle -2 @ 19.238g 56432 53768 S 2.8 8.1 8:27.34 ora_vktm_PDBl2281
loop 6 workers
( select 1 row; each on a different set of 10k rows
update this row;
commit) runs ~20min until Free Buffer Waits
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top - 15:36:29 up
Tasks: 198 total,

%Cpud

: 12,
%SCpul : 13.
%SCpu2 : 12,
%SCpu3 : 13.
%Cpud : 11.
%Cpus : 10.
%Cpud : 14.
%SCpu7 : 13,
%Cpu8 : 17.
%Cpug9 : 16.
%Cpuld : 13.
%Cpull @ 15.

2/36.
8/36.
2/44.
3/34.
1/37.
5/43.
5/47.
3/53.
3/52.
8/51.
3/55.
5/48.

PR OOWESROL,ONOD

oerforming |
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Anti-Load in VM

6:39, 2 users, load average: 0.24, 0.08, 0.06
6 running, 191 sleepin @ stopped, 1 zombie

Not nearly full power
(CPU load 55%)
|
1
Owner will feel
no quilt

e bd d

KiB Mem : 3765012 total, 3154872 free, 163420 used, 446720 buff/cache
KiB Swap: 1952764 total, 1952764 free, @ used. 35085280 avail Mem

PID USER
6333 root
6890 root

23999 root
27483 root
5624 root
8387 root
34049 root
15880 root
7 root
21966 root
5923 root
7542 root
30760 root
18607 root

56 root
K448 rnnt

20
20
20
20
20
20
20
20
20
20
20
20
20
20
rt
pd%

PR NI

23 0000000000000 ®

VIRT RES SHR S %CPU SMEM TIME+ COMMAND

113524 2688 2188 S 22.8 0.1 0:05.37 /bin/bash ./loader.sh
113524 2684 2188 S 21.8 0.1 0:05.03 /bin/bash ./loader.sh
113396 2620 2188 S 20.8 0.1 0:04.92 /bin/bash ./loader.sh
113396 2612 2188 S 19.8 0.1 0:04.99 /bin/bash ./loader.sh
113524 2696 2108 S 18.8 0.1 0:5.14 /bin/bash ./loader.sh
113524 2676 2108 5 18.8 0.1 0:04.93 /binsbash ./loader.cn 14 WOIKErs (bC)
113396 2506 2108 R 17.8 0.1 0:04.44 /bin/bash ./loader.sh
113396 2648 2108 S 16.8 0.1 0:05.02 /bin/bash ./loader.sh 550/ avg. load
("] 0 @R 15.8 0.8 0:85.75 [rcu_sched]
113396 2624 2108 R 15.8 0.1 0:04.77 /bin/bash ./loader.sh
113524 2692 21085 14.9 0.1 0:04.81 /binbash ./loader.sh OVEN 12 vCores
113524 2680 2188 S 13.9 0.1 0:84.56 /bin/bash ./loader.sh _
113396 2604 2108 5 13.9 0.1 0:04.49 /binbach ./loader.sn WE KNOW:
113396 2636 2168 S 12.9 0.1 0:5.38 /bin/bash ./loader.sh i - -
0 0 @S 9.9 0.0 0:01.53 [migration/7] Will hea\"ly switch
1138724 2R0A 21AR S a.qa A1 A:A5.13 /hin/hacsh _/1nader.ch

CPU context!
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Anti-Load VM CPU lOI’aCIe VM rCPU

Not nearly full power |
(CPU load 55%) |

N~ A LI.J

— |But ,steals” 40%
| ~ ¢ CPUtime

A

| >30% |
13 |
| ,CRUReady* |

15:30 168:33 15:36 15:40 15:43 15:45
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So far, much was
measured w/ help of the
VMware Admin

(
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SMS
Surrogate

Measure
Sucks
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Let's do It ourselves
Let's do what we do best
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Use Oracle
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AWR Diff Report

Period 1

Period 2

|
||
|
||
A

I
1:20 J
[N ——
15:30 15:33 | his:36 15410

15:43  15:45
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Workload Comparison

NSNS 1st Per Sec 2nd Per Sec %Diff
DB _time: 5.9 5,8 -1,2
@ time: 5.9 5.5 6.5
Background CPU time: : : 450.
Redo size (bytes): 17,639,257.8 10,080,982, -42.8
Logical read (blocks): 409,888.3 234,796.8 -42.7
Block changes: 149,455.3 85,418.5 -42.8

39% less buffer gets
with SAME CPU TIME
and WORKLOAD

(Linux sees 100% all times)

409.888,3 BG /5,95 =69.473 BG/s
234.796.8 BG /5,55 =42.690 BG/s =61%

@MartinKlierDBA (Un)loved Child of Gen. Cloud - Oracle on VMware 35/50



oerforming | .-
databases E

Your reliability. Our concem.

and use your brain!
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38
39
39
40
41
42
43
44
44
45
46
47
48
48
49
49
49
50
50
51
51
51
52
52
53
53
54
54
55
56
56
57
58
59
60
61
62

Falal

Simple Benchmark

PR 1.547463
R 1.54470933 )

FHHHEHEHEEHE 1. 54470933 First value:
PR 1.541621 ### bar:
R 1. 5444705 .
JHHHEHHHAE 1.54240183 Decimal value:
P 1.54291683

R 1. 54445533

Y 1.54445533

SR 1.5499345

R 1.547596

R 1.547272

P 1.54804967

R 1.54804967

HHHHAHHHHRRAERAAERE 1.7625875
HHHHAHAHERRAERHAEA 1.7625875
WHHHBHEHHHBHERHEAER 1.7625875
R e 3. 44203833
AR 3.44203833
3.26774017
3.26774017
3.26774017

L T L e T A A I 1 3 . 62 154467

L T e e T e e e e A I e I i1 3 . 62 154467

3.70635533
3.70635533

T e e e T A e e A e I e I i1 3 . 627667

AR 3. 060270667

3.21821567

HHHHAHHHAHRHHRHRAERHAE 2.05004033
HHHHAHAHAERRAERHAEERHAE 2.05004033
HHHHBHHAARHEARR 1.4670215
HHHHAHAHHRRAER 1.42301867
HHHAHRHERRAEEH 1.41232367
HHHAHAHERRAER 1.403707
HHHHAHAHHRRAEHE 1.40650833

ﬂﬂﬂﬂﬂﬂﬂﬂ

~/
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ID of test iteration

Visualization

Seconds for

10.000 x SELECT+UPDATE

of different single rows

(Avg. per iteration over all workers,
all workers on different rows)

Guess,
what happened
here? :(

Simulated User Experience of a
DB on VMware (if built poorly)

@MartinKlierDBA
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Knowledge Is important
Proof Is better
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What you need in your VM (Linux)

e \VMware tools
(VMware recommends package from your distributor)
e Phython environment (usually present)
e git (or copy yourself)
e build environment like make (Oracle needs that anyway)
e vmguestlib with vmguest-stats (made by Dag Wieers)
uses an APl provided by vSphere (via VMW tools)

$ git clone git://github.com/dagwieers/vmguestlib
$ cd vmguestlib
$ python setup.py install
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[root@oracle-vml vmguestlibl# ./vmguest-stats —c
Wed Dec 13 12:12:26 2017

VM Processor

Processor Time: 639.07 %

CPU stolen time: 1.09 %
Effective VWM Speed: 18737 MHz
Host processor speed: 2932 MHz

[root@oracle-vml vmguestlib]# ./vmguest-stats —-c | egrep 'Proc

Limit: unlimited Processor Time: 627.54 %
Reservation: MHz CPU stolen time: 0.80 %

Processor Time: 595.20 %
Shares: 6000 CPU stolen time: 0.50 %
Processor Time: 684.35 %
CPU stolen time: 0.50 %
Processor Time: 653.78 %
CPU stolen time: 0.60 %
Processor Time: 586.93 %
CPU stolen time: 0.50 %
Processor Time: 681.80 %
CPU stolen time: 0.70 %
Processor Time: 607.68 %
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vmguest-stats

[root@oracle-vml vmguestlib]# ./vmguest-stats —c | egrep 'Processor Time|CPU stolen time'

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

©58.49 %
0.83 %
653.23 %
0.20 %
672.85 %
0.60 %
606.09 %
0.30 %
729.38 %
0.50 %
613.57 %
2.99 %
620.96 %
0.70 %
©77.84 %
0.20 %
651.60 %
0.80 %
673.25 %
26.35 %
498.80 %
134.50 %

“Processor rime:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

Processor Time:

CPU stolen time:

477.25°%
150.70 %
476.75 %
147.90 %
463.11 %
167.40 %
487.55 %
158.37 %
452.34 %
158.92 %
468.36 %

173.65 %

651.60 %
0.80 %

Processor Time:
CPU stolen time:
Processor Time: 673.25 %
CPU stolen time: 26.35 %
Processor Time: 498.80 %

oerforming |
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CPU stolen time:

134.50 %
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Countermeasures
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Ten Commandments oo g
for OLTP on VMware

And the Lord said:

1)
2)

3)
4)
5)
6)

7)

8)
9)

Thou shalt not overcommit your machine!

Thou shalt not use Hyperthreading,

because HTT is CPU overcommitment

Thou shalt make 100% CPU + RAM reservations

Thou shalt disable CPU Hot Add (enable breaks vNUMA)
Thou shalt disable RAM Hot Add (enable breaks vNUMA)
Thou shalt not use more vCores in your VM than a NUMA node
of the host has

Thou shalt not use more RAM in your VM than a NUMA node
of the host has

Thou shalt configure VMs to Latency Sensitivity ,HIGH"

Thou shalt disable all BIOS based Energy Saving Options

10) Thou shalt use Paravirtual Drivers at any cost

And peace be on earth.
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(More) Ressource
Consumption

Makes you (more)
vulnerable
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 Martin Klier
e Solution Architect and
Database Expert

* My focus
- Performance Optimization
- High Availability
- Architecture DBMS

e Linux since 1997
 QOracle Database since 2003

ORACLE
ACE

&
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A COLLABORATE

e Meet & Greet

i Israel Oracle User Group o A®
Canference + Exhibition INIWR TPIIN 'WRNWN 12N * .
| AM SPEAKER Tel Aviv, January 2018 Las Vegas, April 2018
Movemnber 21 - 24 in Nuremberg
207 doag org
W Sl -- =
o\ o NS = - T TEIgE' DO/AG
3 L I = =017/ Regionalgruppen
[ Fachkonferenzen

Frankfurt, December 2018

« Contact: martin.klier@performing-db.com

 Weblog: http://www.usn-it.de (English)
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ORACL € s

Partner

« Experts for Database Technology

- Concept
- Planning & Sizing

- Licensing
- Implementation and Troubleshooting n
« (et in touch

- Performing Databases GmbH
Wiesauer Stralde 27
95666 Mitterteich, GERMANY

- Web: http://www.performing-databases.com
- Twitter: @PerformingDB
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Download my Presentations and Whitepapers
http://www.performing-databases.com
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