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Services and Products

Strong foundation in core technologies such as
Oracle database systems, server and storage systems

System Architecture, Component Evaluation, Reviews

Performance Analysis & Optimization

Benchmarking

Database engineering
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Benchware Ltd

Value proposition

« Vendor-independent company
- Benchware is completely committed to customers’ interests

« Holistic approach in designing, tuning and benchmarking
Oracle systems

e Long experience track record
- Responsible for system architecture of largest DWH and OLTP
systems, mainly telecom and finance industry
- Oracle since 1984 (Oracle Version 3)
- Performance tuning and benchmarking since 1993 (Oracle Version 7)
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Performance of complex Oracle platforms is not predictable
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System architects have a wide choice of components,
technologies and configurations

Networks (IP-based)

Bandwidth, latency during remote database mirroring (sync, async) due to switches
and sgl*net and tcp/ip stack (frame size, etc.).

Oracle Database

Different versions, patches and options, about one hundred configuration
parameters.

Storage Network (FC-, IB- or IP-based)

Bandwidth, latency during remote storage mirroring (sync, async) due to switches,
hubs and distance.

Volume & File Management

Different volume managers (VxXVM, ASM) and file systems (UFS, VxFS, ext3, JFS,
ZFS, raw devices), different 1/O methods (async, direct), a lot of configuration
parameters (#LUNS, queue depth, max i/o unit), software striping and/or mirroring,
multipathing.

Server & Operating System

Different server systems, processors and CPU architectures, (x86, I1A-64, UltraSparc,
SPARC64, Power), #cores, multithreading, main memory, bus architecture.
Different operating systems and patches, over one hundred configuration
parameters, virtualization of resources.

Storage System

Different storage systems, storage tiers and storage technology: spindle count and
speed, RAID management, cache management, server interface technology,
storage system options like remote copy, hardware striping and/or mirroring,
virtualization of resources.



Benchware Ltd

=

Complex architecture of Oracle platforms requires benchmarking

' .
Benchware 2 's Benchware BenChwa re Performance SU'te
Loader o Monitor
6 - - Benchware Monitor

- Benchware Loader

/ \ « Performance measurement at the
<> Database System interface between application and

T I Oracle database platform

File System .
Volume Manager « Key Performance Metrics can be used

l I for SLA between IT operation and

Operating System bu5| ness
<+ Virtualization <+—>

Server

!

<«— Storage System =3

DataGuard Network
Fusion I/O Interconnect

« Benchware uses Oracle database
software to generate all kinds of
loads for cpu, server, storage and
database

KStorage Network <«—»

2

Object of measurement: Oracle platform
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Benchware Ltd

Key performance metrics of Oracle platforms should be as easy as
key performance metrics used in the automobile industry

E_ngine
Cylindersivalves 4/4
Capacity in ccm 1,995
Stroke/bore in mm - B0oE40
Max. output in KW (hp) at 1/min /1 05 (14305 000
Mazx. torgue in Nm at 1/min \ 150/4 25
Power-to-weight ratio (EU) in kg/hp 10.5
Performance

Drag (cw) 032
Top speed (km/h) /210
Acceleration 0 - 100 kmvh (in =) \ 9.3>
Acceleration 0 - 1,000 m (in ) i
Acceleration 80 - 120 km/h in 4th/Sth gear (in ) 96012, Source: www.bmw.de

141
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Library of Oracle benchmark tests - implemented in PL/SQL, Java and SQL

CPU Performance oLTP DWH Proof of Key Performance
. systems systems Efficiency Metrics
CPU-bound PL/SQL operations

multithreading speed [s]
virtualization throughput [ops]

A pl/sql basic operations

arithmetic mix, string mix

A pl/sql algorithms

fibonacci, prime numbers

3
X %

Server Performance DWH Proof of Key Performance
systems Efficiency Metrics
Server-bound SQL operations completely in SGA
A in-memory sSQL scalability speed [us] [s]
full scan, index access alale ol cc-numa throughput [bgps] [tps]
) virtualization [rps] [MBps]
A pl/sql algorithms A4 *
quicksort
[s] seconds [bgps] buffer gets per second [MBps]  mega bytes per second * less important
[ms]  milli seconds (1073) [rps]  rows per second [GBps]  giga bytes per second important
[us]  micro seconds (107) [tps]  transactions per second [iops] i/o operations per second *** very important
[ns]  nano seconds (10?) [ops] operations per second [qpm] queries per minute

copyright © 2012 by benchware.ch slide 8
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Benchware Ltd

Library of Oracle benchmark tests - implemented in PL/SQL, Java and SQL

Storage Performance oLTP Proof of Key Performance
: systems Efficiency Metrics
1/0-bound Oracle operations

A sequential 1/0 A4 k- data integrity throughput [ms]
1 MByte, read and write tiering, pooling service time [MBps]
A random /O striping [GBps] [iops]
8 kByte, read and write *** * V|rtua.1I|za‘t|on
replication
Database Performance oLTP DWH Proof of Key Performance
. systems systems Efficiency Metrics
Mixed resource usage: CPU, memory, storage
A data load scalability speed [ms] [s]
uncompressed, compressed throughput [rps] [tps]
A data scan Yorok [apm]
* service time [s]
A data aggregation & reports Yok Yook
A OLTP transactions
. Yokok *
insert, select, update
[s] seconds [bgps] buffer gets per second [MBps]  mega bytes per second * less important
[ms]  milli seconds (1073) [rps]  rows per second [GBps]  giga bytes per second important
[us]  micro seconds (107) [tps]  transactions per second [iops] i/o operations per second *** very important

[ns]  nano seconds (10°) [ops] operations per second [qpm] queries per minute

copyright © 2012 by benchware.ch slide 9
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Oracle Database Platform

=

CPU
System Violin VMA 3205
Type 4 x Intel Xeon X7560
Frequency [GHz] 2.26 GHz
#cores 8
Multithreading 2-fold
N N~
System Violin VMA 3205
#sockets 4
#cores 32
#threads 64

CPU has huge impact on
performance of many database
operations- but also on Oracle
license cost!

copyright © 2012 by benchware.ch slide 11



CPU Performance
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PL/SQL string processing (data type VARCHAR?2)

90'000

80'000

70'000
‘2 60'000
g /
£ 50'000
5 / =®-HP DL 980 Violin
[oX
%  40'000 =®-Customer System
5 /
< 30'000

20'000

10'000 A perfectscalability

A multithreadingprovidesup to
0 15%maorethroughput

1 2 4 8 16 32 64 128

Degree of parallelism (dop)
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CPU Performance

PL/SQL string processing (data type VARCHAR2)

Physical  Physical Physical  Physical
Rows/sec Ops/sec CPU read write Total read write Total REDO Time

c Run Tst Code #N #J #T [ ps | [ ops] [%] [ iops ] [ iops] [ iops] [ MBpg [ MBpg [ MBpg[ MBpg [sec]
9 1 9T141 1 1 1 0.000E+00 2.308E+06 2 2 1 3 0 0 0O 0 13
> 10T141 1 2 1 0.000E+00 4.615E+06 3 1 1 2 0 0 0O 0 13
o 11T141 1 4 1 0.000E+00 9.231E+06 6 2 2 4 0 0 0O 0 13
g 12T141 1 8 1 0.000E+00 1.846E+07 13 1 2 3 0 0 0 0 13
— 13T141 1 16 1 0.000E+00 3.429E+07 22 2 4 6 0 0 0O 0 14
() 14T141 1 32 1 0.000E+00 6.857E+07 45 1 6 0 0O 0 0 14

15T141 1 64 1 0.000E+00 7.680E+07 96 3 9 0 0O 0 0 25

16 T141 1 128 1 0.000E+00 7.837E+07 98 1 7 0 0 0O 0 49

A #N- describes the number of RAC nodes involved in this test

A #J -describes the number of jobs running the workload, jobs are rooivia distributed over all configured node in #N
A CPU [%} total CPU utilization




CPU Performance
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PL/SQL integer processing (data type NUMBER)

20'000
18'000 /
16'000
—_ 14'000
[%]
: /
= 12'000
c
§_ 10'000 / =®-HP DL 980 Violin
@ =®-Customer System
3 8000
<
6'000
4'000
2'000 A perfectscalability
A multithreadingprovidesup to
0 18%maorethroughput

1 2 4 8 16 32 64 128

Degree of parallelism (dop)
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CPU Performance

PL/SQL integer processing (data type NUMBER)

Physical  Physical Physical  Physical
Rows/sec Ops/sec CPU read write Total read write Total REDO Time
c Run Tst Code #N #J #T [ ps | [ ops] [%] [ iops ] [ iops] [ iops] [ MBpg [ MBpg [ MBpg[ MBpg [sec]
9 1177132 1 1 1 0.000E+00 5.000E+05 2 1 1 2 0 0 0 0 25
=> 18T132 1 2 1 0.000E+00 1.000E+06 3 1 1 2 0 0 0 0 25
8 19T132 1 4 1 0.000E+00 2.000E+06 6 1 1 2 0 0 0 0 25
o)) 20T132 1 8 1 0.000E+00 4.167E+06 13 2 2 4 0 0 0 0 24
1 21T132 1 16 1 0.000E+00 8.000E+06 24 3 2 5 0 0 0 0 25
(] 22T132 1 32 1 0.000E+00 1.600E+07 48 1 4 0 0 0 0 25
23T132 1 64 1 0.000E+00 1.905E+07 96 1 5 0 0 0 0 42
24T132 1 128 1 0.000E+00 1.928E+07 98 1 5 0 0O O o0 83
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CPU Performance

PL/SQL floating point processing (data type FLOAT)

300'000
250'000
‘'@ 200'000
2
=
5 150'000 =@-HP DL 980 Violin
o
@ =®-Customer System
5
o 100'000
50'000
A perfectscalability
A multithreadingprovidesupto 6%
0 morethroughput

1 2 4 8 16 32 64 128

Degree of parallelism (dop)
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CPU Performance

PL/SQL floating point processing (data type FLOAT)

Physical  Physical Physical  Physical
Rows/sec Ops/sec CPU read write Total read write Total REDO Time
c Run Tst Code #N #J #T [ ps | [ ops] [%] [ iops ] [ iops] [ iops] [ MBpg [ MBpg [ MBpg[ MBpg [sec]
9 1257133 1 1 1 0.000E+00 8.333E+06 2 1 1 2 0 0 0O 0 15
> 26T133 1 2 1 0.000E+00 1.667E+07 3 1 1 2 0 0 0O 0 15
8 27T133 1 4 1 0.000E+00 3.333E+07 7 1 2 3 0 0 0O 0 15
o)) 28T133 1 8 1 0.000E+00 6.667E+07 13 1 2 3 0 0 0O 0 15
— 29T133 1 16 1 0.000E+00 1.250E+08 24 1 3 4 0 0 0O 0 16
o 30T133 1 32 1 0.000E+00 2.500E+08 46 1 5 0 0O O 0 16
31T133 1 64 1 0.000E+00 2.667E+08 94 1 6 0 0 0 0 30
32T133 1 128 1 0.000E+00 2.667E+08 95 1 6 0 0 0O 0 60
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CPU Performance

PL/SQL algorithm (fibonacci, recursive)

®m HP DL 980 Violin

B Customer System

Speed in [sec]

A record for n=39 is 12 sec
A recordfor n=40 is 19 sec

slide 18
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Benchmark Results Hm

Summary CPU Performance

Customer HP DL980
System Violin VMA 3205

ftcores

#tthreads

PL/SQL operations Customer HP DL980
System Violin VMA 3205

String processing

A Speed (single thread) [kops] 2’308
A Throughput [kops] 78’370
NUMBER processing

A Speed (single thread) [kops] 500
A Throughput [kops] 19'280
Floating point processing

A Speed (single thread) [kops] 8’333
A Throughput [kops] 266’700
Algorithms

A Speed fibonacci recursive (n=39) [s] 15
A Speed fibonacci recursive (n=40) [s] -

copyright © 2012 by benchware.ch slide 19
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Oracle Database Platform

=

Server System

Customer HP DL980
System Violin VMA 3205

#sockets 4

#cores 32

#threads (CPU_COUNT) 64

Main Memory [GByte] 192

Host-Bus-Adapter 4 x PCle

(type, quantity, throughput)

Operating System RH Linux 5.6
e e B

Hserver =

Most OLTP applications avoid I/O

operations as much as possible an
work predominately in RAMserver
performance is essential for these

kind of OLTP applications!

o

copyright © 2012 by benchware.ch slide 21



Server Performance

=

In-memory SQL, full table scan

12'000
10'000 /
7 8000
=
£
5 6'000 =@=HP DL 980 Violin
o
'§o =@-Customer System
@]
= 4'000
2'000
A perfect scalability
A no contention within Oracle
0 T T T T T T T

1 2 4 8 16 32 64 128

Degree of parallelism (dop)



Server Performance

In-memory SQL, full table scan

DL 980 Violin

Physical  Physical Physical  Physical
Rows/sec Ops/sec CPU read write Total read write
Run Tst Code #N #J #T [ rps ] [ ops] [%] [ iops ] [ iops] [ iops] [ M™MBpg [ MBpg [
13 17421 1 1 1 2.963E+05 0.000E+00 3 536 430 966 87 4 91 0 108
2T421 1 2 1 5926E+05 0.000E+00 5 540 418 958 88 3 91 0 108
3T421 1 4 1 1.164E+06 0.000E+00 8 526 396 922 86 3 8 0 110
47421 1 8 1 2.188E+06 1.000E -01 14 512 383 895 83 3 8 0 117
5T421 1 16 1 4.163E+06 1.000E -01 25 513 402 915 83 3 8 0 1283
6T421 1 32 1 7.161E+06 2.000E -01 4 485 406 891 7 3 80 0 143
7T421 1 64 1 1.078E+07 3.000E -01 /91 9 256 565 48 2 50 0 190
8T421 1 128 1 1.107E+07 3.000E -01\93 207 102 309 32 1 33 0 370

Total

REDO Time
MBpg [ MBpg [sec]
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Server Performance

In-memory SQL, primary key access

250'000
SQL statement
service time <5 ms
200'000
)
2
= 150'000
£
‘é_ =®-HP DL 980 Violin
@ =®-Customer System
2 100'000
£ \\.
|_
50'000 A perfect scalabillity
tps
A avgservice time of SQL
statement < 5ms
0 T T T T T T T

1 2 4 8 16 32 64 128

Degree of parallelism (dop)



Server Performance

In-memory SQL, primary key access

Physical  Physical Physical  Physical
Rows/sec Ops/sec CPU read write Total read write Total REDO Time
c Run Tst Code #N #J #T [ ps | [ ops] [%] [ iops ] [ iops] [ iops] [ MBpg [ MBpg [ MBpg[ MBpg [sec]
9 14 17611 1 1 1 1.165E+04 1.165E+04 1 1175 12 1187 36 0 36 0 45
> 27611 1 2 1 3.616E+04 3.616E+04 3 93 17 110 1 0 1 0 29
o 37611 1 4 1 6.991E+04 6.991E+04 6 11 18 29 0 0 0O 0 30
g 47611 1 8 1 1.311E+05 1.311E+05 12 10 17 27 0 0 0 0 32
| 5T611 1 16 1 2.097E+05 2.097E+05 Z 8 16 24 0 0 0 0 40
(] 6T611 1 32 1 1.472E+05 1.472E+05 4 8 12 0 0 0 0 114
7T611 1 64 1 9.093E+04 9.093E+04 2 4 6 0 0 0 0 369
8T611 1 128 1 7.574E+04 7.574E+04 2 3 5 0 0 0O O 886
Top5 Timed Foreground Events
Avg

< wait % DB
- O Event Waits Time(s) ms) time Wait Class
c +2 | Tttttttettttettttettteee- o TTTTTTTTTTSS . TmemtTeees memmtn mmmmem s mmmmeee
S 2 | DBCPU 3,055 828
o cursor pin S 9,470,955 576 0 15.6 Concurrenc

enq: PV - syncstart 47 2 39 .0Other

control  file  sequential read 784 1 1 .0Systeml/O

Host CPU (CPUs: 64 Cores: 32 Sockets: 4)

cursor: pin S

A cpumutexwait
A includescpuspinning and waiting




Server Performance

=

In-memory SQL, secondary key access

Throughput in [krps]

6'000

5'000

4'000

3'000

2'000

1'000

SQL statement service
time <5 ms

/

=®-HP DL 980 Violin
=®-Customer System

8 16 32 64

Degree of parallelism (dop)

128

A perfect scalability up to over
+5°000" 000 pro
second fpg] via index access

A no Oracle contention

A Perfect scalability

cCess




Server Performance

In-memory SQL, secondary key access

Physical  Physical Physical  Physical

Rows/sec Ops/sec CPU read write Total read write Total REDO Time

= Run Tst Code #N #J #T [ ps | [ ops] [%] [ iops ] [ iops] [ iops] [ MBpg [ MBpg [ MBpg[ MBpg [sec]
9 15 17621 1 1 1 2481E+05 7.756E+02 2 259 4 263 4 0 4 0 169
> 27621 1 2 1 5.084E+05 1.589E+03 3 17 4 21 0 0 0 0 165
8 3T621 1 4 1 8.649E+05 2.703E+03 6 3] 4 7 0 0 0 0 194
[e)) 47621 1 8 1 1.434E+06 4.481E+03 11 3 3 6 0 0 0 0 234
— 5T621 1 16 1 1.957E+06 6.114E+03 20 2 3 5 0 0 O 0 343
(] 6T621 1 32 1 2.756E+06 8.613E+03 34 2 3 5 0 0 0 0 487
7T621 1 64 1 3.896E+06 1.218E+04 66 2 3 5 0 0O O 0 689
8T621 1 128 1 5417E+06 1.693E+04 81 2 @ 0 0 0 0 991




Benchmark Results Hm

Summary Server Performance

Customer HP DL980
System Violin VMA 3205

ftcores

#tthreads - 64

Main memory [GByte]

In-memory SQL operations Customer HP DL980
System Violin VMA 3205

Full table scan

A Throughput [rps] - 11°070°000

Primary key table access

A Throughput [rps] - 209’700
[tps] - 209’700

A saL service time [ms] - <5

Secondary key table access

A Throughput [rps] - 5'417°000
[tps] - 16’930

A sQL service time [ms] - <5

copyright © 2012 by benchware.ch slide 28



Contents

=

1 About Benchware

2 CPU Performance

3 Server Performance

4 Storage Performance
5 Database Performance

6 Conclusion

copyright © 2012 by benchware.ch

slide 29



Oracle Database Platform

=

Storage System

Storage System Customer HP DL980
System Violin VMA 3205

Type 2 x VMA 3205
Front-end Controller Total 2 x PCle x8
(type, quantity, throughput) 1 PCle x8 per VMA

Frontend Cache [GByte] -

Back-end Controller -
(type, quantity, throughput)

#HDD Disks -

#SSD Disks Single Layer Cell (SLC)
NAND Flash

Hardware RAID-Level RAID-3 (4+1)

Hardware stripe unit size [KByte] 1

Thin provisoning, Pools =

Usable disk capacity [TByte] -
Usable flash capacity [TByte] ~10.5

copyright © 2012 by benchware.ch slide 30



Oracle Database Platform

=

Volume and File Management

Volume Manager Customer HP DL980
System Violin VMA 3205

#LUN'’s

Concatenated oder Striped

Queue depth

Special parameters

File System Customer HP DL980
System Violin VMA 3205

ASM

striped

ASM
Block size [KByte] -
Direct I/O Yes
Concurrent 1/0 -
Asynchronous 1/0 Yes

Special parameters

copyright © 2012 by benchware.ch

au_unit 1 MByte
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Storage Performance

=

Sequential read

Throughput in [MBps]

3'000

2'500

2'000

1'500

1'000

500

Number at measuring point:
Avgservice time for 1 MByte I/O
readrequest(128x 8kByte

25ms 40 ms 79 ms
6 me 11ms + * .
3ms
4 8 16 32 64 128

Degree of parallelism (dop)

=®-HP DL 980 Violin
=®-Customer System

A very high throughput even for
low DOP




Storage Performance

Sequential read

Physical  Physical Physical  Physical
Rows/sec Ops/sec CPU read write Total read write Total REDO Time
Run Tst Code #N #J #T [ rps ] [ ops] [%] [ iops ] [ iops] [ iops] [ MBpg [ MBpg [ MBpg[ MBpg [sec]

21 1T426 1 1 4 6.649E+06 O0.000E+00 3 2004 4 2008 1998 0 1998 0 154

DL 980 Violin

2T426 1 1 8 7.420E+06 0.000E+00 4 2236 5 2241 2230 0 2230 O 138

3T426 1 1 16 7.817E+06 0.000E+00 4 2356 5 2361 2349 0 2349 0 131

4T426 1 1 32 8.063E+06 0.000E+00 4 2430 5 2435 2423 0 2423 0 127

5T426 1 1 64 8.063E+06 0.000E+00 4 2430 5 2435 2423 0 2423 0 127
11

6 T426 128 8.000E+06 0.000E+00 4 2411 5 2416 2404 0 2404 0 128




Storage Performance

=

Sequential write

1'000 : :
Number at measuring point:
47 ms Avgservice time for 1 MByte I/O
900 — 23 ms write request (12& 8kByte
6 ms

800 ;
— 700
[oX
o) /
S 600
£ 2 m/
= 500 ~e=HP DL 980 Violin
[oX
< 1 ms/ =®-Customer System
S 400
S o
<
= 300

200

100 A excellent throughput even for

low DOP
0 T T T T T
1 2 4 8 16 32 64

Degree of parallelism (dop)

copyright © 2012 by benchware.ch
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Storage Performance

Sequential write

Physical  Physical Physical  Physical
Rows/sec Ops/sec CPU read write Total read write Total REDO Time
c Run Tst Code #N #J #T [ ps | [ ops] [%] [ iops ] [ iops] [ iops] [ MBpg [ MBpg [ MBpg[ MBpg [sec]
9 2 17211 1 1 1 0.000E+00 1.000E -01 1 10 1809 1819 0 435 435 0 12
> 27211 1 1 1 0.000E+00 1.000E -01 1 8 1549 1557 0 373 373 0 14
8 37211 1 2 1 0.000E+00 1.000E -01 1 12 2226 2238 0 549 549 0 19
N 47211 1 4 1 0.000E+00 1.000E -01 1 14 2841 2855 0O 719 719 0 29
1 57211 1 8 1 0.000E+00 1.000E -01 1 16 2917 2933 0 772 772 0 54
(] 6T211 1 16 1 0.000E+00 2.000E -01 1 18 2878 2896 0O 841 841 0 99
7T211 1 32 1 0.000E+00 2.000E -01 1 18 2726 2744 0O 853 853 0 195
8T211 1 64 1 0.000E+00 2.000E -01 1 20 2755 2775 0O 889 890 0 374
DOP =64

A Strangeavgl/O size~ 320KByte




Storage Performance

=

Random read

Number at measuring point:
Avgservice time forandom 8kByte
read request

=®=HP DL 980 Violin
=®-Customer System

350'000
1ms 2ms 4 ms
<500 us

250'000 L)
a
RS
' 200'000 /
":'; <500us @
Q /
<
©  150'000
S /
c <500 ps
—

100'000 e

<500 ps
50!000 < 500 ps /.
L)
0 T T T T T T
1 2 4 8 16 32 64 128

Degree of parallelism (dop)

perfect scalability

huge amount of sustained
random reads

A excellent service times for ALL
database objects

To >




Storage Performance

Random read

DL 980 Violin

Rows/sec Ops/sec CPU
Run Tst Code #N #J #T [ rps ] [ ops] [%] [
11 177626 1 1 1 3.344E+04 3.300E+00 3 31653
18T626 1 2 1 6.802E+04 6.600E+00 4 64103 278 64
197626 1 4 1 1.149E+05 1.130E+01 6 107411 427 10
207626 1 8 1 1.961E+05 1.910E+01 9 178940 675 17
217626 1 16 1 2.836E+05 2.770E+01 14 250763 926 2
22T626 1 32 1 3.329E+05 3.250E+01 19 290768 1052
23T626 1 64 1 3.375E+05 3.300E+01 22 294817 1056
247626 1 128 1 3.393E+05 3.310E+01 25 295737 1060

Physical  Physical Physical  Physical

read write Total read
iops ] [ iops] [ iops ] [ MBpg [

write
MBpg [

157 31810 318 1 320 0 78

381 572 2 574 0 77

7838 909 3 912 0 91
96 467 5 1473 0 107
§1689 2027 7 2035 0 148

2337 8 2345 0 252
2348 8 2356 0 497
2320 8 2328 0 989

Total

REDO Time
MBpg [ MBpg [sec]
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Storage Performance

Random write

100000 DBWR: 3 ms Number at measuring point:
@ Avgservice time for DBWR and
LGWR tteredrit t
140'000 /J\\. scatteredrite requests
\
DBWR: <500 O
120'000 LGWR: 1 r::i/ Y
] /
k) 100'000
= /
E ' -e=HP DL 980 Violi
S 80'000 / olin
® @ o <ok =®-Customer System
8 LGWR: <500 us
<
|_

60'000 /
40'000 /

L ]
DBWR: <500 us

ZOIOOO LGWR: <500 us

A recordbreaking amount of
sustained random writeseven
with only one process

0 ' ' ' . . . . A 147 000 | OPS |heed

1 2 4 8 16 32 64 128 conventional 15k rpm disks

Degree of parallelism (dop)



Storage Performance

Random write

Physical  Physical Physical  Physical
Rows/sec Ops/sec CPU read write Total read write Total REDO Time
c Run Tst Code #N #J #T [ ps | [ ops] [%] [ iops ] [ iops] [ iops] [ MBpg [ MBpg [ MBpg[ MBpg [sec]
9 17 17721 1 1 1 3.406E+04 1.064E+02 5 3 34713 34716 0 291 291 15 154
> 2T721 1 2 1 6.553E+04 2.048E+02 9 3 67443 67446 0 562 562 29 160
8 37721 1 4 1 1.134E+05 3.542E+02 15 3 117665 117668 0 977 977 50 185
D 47721 1 8 1 1.684E+05 5.264E+02 21 19 147207 147226 15 1295 1310 74 249
| 5T721 1 16 1 1.661E+05 5.191E+02 21 48 135778 135826 41 1225 1266 78 505
o 6T721 1 32 1 1.643E+05 5.135E+02 22 60 129009 129069 55 1183 1237 83 1021
7T721 1 64 1 1.611E+05 5.034E+02 25 66 125277 125343 62 1156 1219 82 2083
8T721 1 128 1 1.579E+05 4.936E+02 25 69 123169 123238 65 1139 1204 81 4249
Foreground Events
Avg
wait % DB
Event Waits Time(s) ( ms) time Wait Class
L
2 DB CPU 1,466 53.3 - : :
— log buffer space 4277 422 99 154 Configurat We did not achieve the maximum
~ throughput in this random write
— : benchmark test, because of short
g RGO Syl capacity of log buffer (32 MByte)
o Avg
%Time Total Wait wait Waits %  bg
Event Waits -outs Time (s) ( ms) [/ txn time
db file parallel write 108,391 O 375 3 08 157
log file parallel write 2291 0 242 106 0.0 10.1




Benchmark Results Hm

Summary Storage Performance

Customer HP DL980
System Violin VMA 3205
Sequential 1/0

A Read [MBps] 2’423
A Write [MBps]

Random I/O read

A Throughput liops] 290°00
A Service time [ms] <=1
Random I/O write

A Throughput [iops] 147'207
A Service time, DBWR multiblock [ms] <=3
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Oracle Database Platform

=

Database System

Installation Customer HP DL980
System Violin VMA 3205

Oracle Edition (EE, SE) EE
Oracle Release 11.2.0.2
Real Application Cluster N
Diagnostic Pack Y
DataGuard N
Flashback N
System Violin VMA 3205
SGA capacity [GByte] 64
SGA keep cache [GByte] 16
PGA capacity [GByte] 32
Block size [KByte] 8
NUMA support enabled
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Oracle Database Platform

=

Benchmark Suite

Benchmark Suite Customer HP DL980
System Violin VMA 3205

Release, Build Benchware BPS 8.0
Benchmark Database size V —-1'024 GByte
#rows small table 32'000'000
#rows large table 1’024’000°000
I I "
System Violin VMA 3205
PL/SQL Code native
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Database Performance

Bulk load compressed versus un-compressed, 32 mio rows/tx

1'400
1'200
—
1'000 A~

=@=HP DL 980 Violin un-comp

800 .
=@=Customer System
600 °
/ HP DL 980 Violin comp
400

200 T

Throughput in [krps]

1 2 4 8 16

Degree of parallelism (dop)
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Database Performance

Bulk load compressed versus un-compressed, 32 mio rows/tx

- Physical  Physical Physical  Physical
cC o Rows/sec Ops/sec CPU read write Total read write Total REDO Time
% & Run Tst Code #N #J #T [ ps | [ ops] [%] [ iops ] [ iops] [ iops] [ MBpg [ MBpg [ MBpg[ MBpg [sec]
— == o> o= o= o= o= oommemmmmes 0 coeoeemeees c===  ommeme== smmmemes 0 ememmmm= 0 emmeos= 0 emmmmmes se=mees smemse ommeee
> E_ 8 77331 1 1 1 3.048E+05 0.000E+00 3 4 566 570 0 185 185 92 105
g £ 8T331 1 1 1 3.019E+05 O0.000E+00 3 8 560 568 0 183 183 91 106
o O 9T331 1 2 1 5.378E+05 0.000E+00 4 101 1083 1184 97 422 519 162 119
- 9 10T331 1 4 1 8.889E+05 0.000E+00 6 190 1799 1989 183 721 903 268 144
n c 11T331 1 8 1 1.036E+06 0.000E+00 6 264 19 2 256 883 1139 313 247
=) 127331 1 16 1 9.771E+05 0.000E+00 6 280 1460 21 271 862 1132 296 524
e \/
Top5 Timed Foreground Events
Avg
00 N wait % DB . .
c Event Waits Time(s) ( ms) time Wait Class A tunln'gto higherlevel
S & | s e e possible
o direct  path write 342,109 4,284 13 28.0 User /O
log buffer space 65,840 2,114 32 1338 Configurat
DB CPU 1,805 11.8
log file  switch completion 130 7 51 0 Configurat
Physical ~ Physical Physical  Physical
Rows/sec Ops/sec CPU read write Total read write Total REDO Time
Run Tst Code #N #J #T [ ps ] [ ops] [%] [ iops ] [ iops] [ iops] [ M™MBpg [ MBpg [ MBpg[ MBpg [sec]

8 1T332 1 1 1 9.697E+04 0.000E+00 3 35 789 824 32 52 84 23 330

DL 980 Violin
compressed

27332 1 1 1 1.056E+05 0.000E+00 3 2 154 156 0 50 50 25 303

3T332 1 2 1 2.025E+05 0.000E+00 5 28 318 346 26 121 147 48 316
4T332 1 4 1 3.988E+05 0.000E+00 7 72 654 6 69 258 326 94 321
5T332 1 8 1 7.734E+05 0.000E+00 12 155 1270 1435 149 515 664 183 331
6T332 1 16 1 1.151E+06 O0.000E+00 18 250 1\87 2087 242 787 1029 272 445




Database Performance

=

Data aggregation, create b-index

450

400

350 \

300

250

Speed in [s]

200

150

100

50

4 8 16

Degree of parallelism (dop)
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Database Performance

Data aggregation, create b-index

c Physical  Physical Physical  Physical

—_ Rows/sec Ops/sec CPU read write Total read write Total REDO Time
o Run Tst Code #N #J #T [ ps | [ ops] [%] [ iops ] [ iops] [ iops] [ MBpg [ MBpg [ MBpg[ MBpg [sec]
> _— _— — _— — mm——— mmmmmmmmmme memmm———— m——m mmmmmmme mmmmmmmm mmmmmmmem mmmmmemmm mmmmmmem mmmemmm mmee——

o 19 17512 1 1 4 0.000E+00 0.000E+00 6 851 2857 3708 846 174 1020 65 381

(00] 2T512 1 1 8 0.000E+00 0.000E+00 8 1169 3901 5070 1162 241 1404 89 278

2 3T512 1 1 16 0.000E+00 0.000E+00 10 1423 4755 6178 1417 284 1701 109

()]



Benchmark Results Hm

Summary Database Performance: bulk load and data aggregation

Customer HP DL980
System Violin VMA 3205

Data load bulk, un-compressed

A Throughput best case (DOP = 1) [rps] 304’000

A Throughput max. [rps] 1’036’000
Data load bulk, compressed

A Throughput best case (DOP = 1) [rps] 96’970

A Throughput max. [rps] 1’151'000
Data aggregation

A Create b-tree index, speed [s] 226@1x10° rows
A Create b-tree index, throughput [rps] 4’530'973
Max REDO rate (bulk load) [MBps]
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Database Performance

=

OLTP select transaction, primary key access, 32 rows per tx

5'000
4'500
4'000
3'500
3
= 3'000
=
2 2'500
ey
=1
S 2'000
<
|_
1'500
1'000
500
0

copyright © 2012 by benchware.ch

,

i

DOP 512

Randonread
31% <A ms
50% <=fs
90% <=4ns

Logfile sync(blockcleanou)
30% <=1Ins
46% <= s
66% <=4ns

AvgSQlservicetime <=0.11s

8 16 32 64 128 256

Degree of parallelism (dop)

512

=®-HP DL 980 Violin
=®-Customer System
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Database Performance

OLTP select transaction, primary key access, 32 rows per tx

Physical  Physical Physical  Physical
Rows/sec Ops/sec CPU read write Total read write Total REDO Time
Run Tst Code #N #J #T [ rps ] [ ops] [%] [ iops ] [ iops] [ iops] [ MBpg [ MBpg [ MBpg[ MBpg [sec]
C — _— ——— — — S mmme mmmmmmee | mmemeemse | smemeees= | seeeseee | seeseeee seeeees seeeee seee———
= 12 17616 1 1 1 2.731E+03 8530E+01 2 6533 2094 8627 113 17 129 0 12
9 27616 1 2 1 5461E+03 1.707E+02 3 11127 4246 15373 149 34 182 0 12
> 3T616 1 4 1 1.008E+04 3.151E+02 4 19376 7541 26917 212 60 271 1 13
8 47616 1 8 1 2.016E+04 6.302E+02 6 36513 15128 51641 345 119 465 1 13
o) 5T616 1 16 1 3.495E+04 1.092E+03 11 59861 25920 85781 535 204 739 2 15
— 6T616 1 32 1 5.825E+04 1.820E+03 17 91519 42584 134103 764 336 1100 4 18
()] 77616 1 64 1 6.991E+04 2.185E+03 20 103289 48802 152091 844 385 1229 4 30
8T616 1 128 1 9.533E+04 2.979E+03 29 127775 61364 189139 1034 484 1518 5 44
9T616 1 256 1 1.181E+05 3.692E+03 35 137595 65093 202688 1098 513 1612 6 71
10T616 1 512 1 1.472E+05 4.599E+03 46 154374 59217 213591 1221 467 1689 5 114

Due to block cleanout there is a
mixed random 1/O picture with both:
read and write




Database Performance

=

OLTP insert transaction, 2 rows per tx

18'000
16'000
14'000
- 12'000
o
= 10'000
5
1
& 8'000
>
o
x
|_

6'000
4'000 /

2'000

=®-HP DL 980 Violin
=®-Customer System
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Database Performance

OLTP insert transaction, 2 rows per tx

DL 980 Violin

Physical  Physical Physical  Physical
Rows/sec Ops/sec CPU read write Total read write
Run Tst Code #N #J #T [ rps ] [ ops] [%] [ iops ] [ iops] [ iops] [ M™MBpg [ MBpg [
3 17311 1 1 1 4.310E+03 2.155E+03 2 11 2368 2379 0 16 16 4 29
27311 1 1 1 4.167E+03 2.083E+03 2 11 3097 3108 0 32 32 4 30
3T311 1 2 1 7.353E+03 3.677E+03 4 10 6649 6659 0 62 62 8 34
47311 1 4 1 1.111E+04 5.556E+03 7 8 11927 11935 0 107 107 13 45
57311 1 8 1 1.639E+04 8.197E+03 11 7 21084 21091 0 178 178 20 61
6T311 1 16 1 1.639E+04 8.197E+03 13 4 24982 24986 0 199 199 20

Total

REDO Time
MBpg [ MBpg [sec]

122




Database Performance

=

OLTP update transaction, primary key access, 32 rows per tx

Throughput in [tps]

3'000

2'500

2'000

1'500

1'000

500

DOP256.

Randonread
40% <= 1ms
79% <= 2ms
91% <= 4ms

Logfile sync

25% <= 1ms
48% <= 2ms
71% <= 4ms

AvgSQlservicetime <=0.09s

=®-HP DL 980 Violin
=®-Customer System

A excellent transaction rate
A mixed random 1/O pattern due t
block cleanout

(=)

8 16 32 64 128

Degree of parallelism (dop)

256

512



Database Performance

OLTP update transaction, primary key access, 32 rows per tx

Physical  Physical Physical  Physical
Rows/sec Ops/sec CPU read write Total read write Total REDO Time
Run Tst Code #N #J #T [ ps | [ ops] [%] [ iops ] [ iops] [ iops] [ MBpg [ MBpg [ MBpg[ MBpg [sec]
é 12 117716 1 1 1 2341E+03 7.310E+01 2 3240 2548 5788 113 21 134 1 14
9 12T716 1 2 1 5958E+03 1.862E+02 3 6800 6401 13201 124 53 176 2 11
> 13T716 1 4 1 1.192E+04 3.724E+02 4 12956 12729 25685 168 104 272 5 11
o 14T716 1 8 1 2.383E+04 7.447E+02 7 25280 25264 50544 265 207 472 9 11
0 157716 1 16 1 3.495E+04 1.092E+03 11 36815 36825 73640 346 302 648 13 15
2 16 T716 1 32 1 5.243E+04 1.638E+03 15 54970 55104 110074 479 452 931 20 20
) 177716 1 64 1 5519E+04 1.725E+03 18 57630 57929 115559 485 476 960 21 38
18T716 1 128 1 7.358E+04 2.300E+03 25 76845 76183 153028 621 625 1246 28 57
197716 1 256 1 8.389E+04 2.621E+03 31 88232 87669 175901 701 718 1419 33 100
20T716 1 512 1 6.631E+04 2.072E+03 31 69623 84200 153823 548 696 1244 27 253
Top5 Timed Foreground Events
N Avg
— 3 wait % DB
:CS 2 Event Waits Time(s) ( ms) time Wait Class
x | e e e
db file  sequential read 8,815,116 23,832 3 28.8 U@
DB CPU 1,487 18
Top5 Timed Foreground Events
3 g Ao
N wait % DB
g )7 Event Waits Time(s) ( ms) time Wait Class
x | - e (-
db file  sequential read 17,608,916 124,226 7 33.2 O
DB CPU 3,665 1.0




Benchmark Results Hm

Summary Database Performance: OLTP transactions

Customer HP DL980
System Violin VMA 3205

OLTP select tx, 32 rows/tx

A Throughput [tps] 4’599
[rps] 147'200

A Service time [s] 0.11

OLTP insert tx, 2 rows/tx

A Throughput [tps] 8’197
[rps] 16’390

A Service time [s] -

OLTP update tx, 32 rows/tx

A Throughput [tps] 2’621
[rps] 83’890

A Service time [s] 0.09
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Conclusion

=

HP Proliant DL980 with Violin VMA 3205

All prices are list prices (spring 2012)

1200
1000
800 - HP Proliant DL980 2 x Violin VMA 3205 Oracle DB License
A 4sockets, 2.26 GHz A 168 VIMM’s x 64 GByte A Enterprise Edition
A 32 cores, 64 threads A 10.5 TB usable RAID-3 A Partition Option
A 192 GBRAM A Diagnostic Pack
A 2xPpcle ~ 300k USD A Tuning Pack
| A RLLinux 5.6
600 ~ 1’100k USD
~ 65k USD
400
200
o LN |

Server Storage
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Conclusion

=

HP Proliant DL980 with Violin VMA 3205

e Server HP ProLiant DL980 G7

- Very high scalability within one box: up to 80 cores, 160 threads and
2 TByte RAM

- Excellent for large in-memory Oracle applications

e Violin Memory Array 3205
- Low latency with direct PCle x8 connections to database server

- Extreme scalability in terms of random 1/O operations — not only
reads, but also writes!

- RAID protection



Conclusion

=

HP Proliant DL980 with Violin VMA 3205

« Oracle 11g Release 2
- NUMA support for large servers

- Some additional underscore parameters needed for optimization of
memory resources

e« Summary
- Shortest service times
- Very high transaction volume
- Excellent OLTP platform for Oracle
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[1] HP recommended configurations for online transaction procesBnogiantDL980 G7, VMAeries

Memory Array (VMA) and Oracle 11gR2 databa¥%éhen your OLTP application needs extreme

performance HP Technical White Paper, September 2011 (Rev. 4)

http://h20195.www2.hp.com/V2/GetPDF.aspx/4AA3-2367ENW.pdf



