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Safe Harbor Statement

All performance data in this presentation were determined with the peakmarks® Software
under certain conditions and do not necessarily correspond to the manufacturer's
specifications. All information in this presentation is current as of June 2024.
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Abbreviations and Metrics

[MBps] megabyte per second
[GBps] gigabyte per second

[dbps] database blocks per second

[rbps] redo blocks per second

[dbpt] database blocks per transaction
[kBpt] kilobyte per transaction

[s] seconds

[ms] milliseconds

[us] microseconds
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[IOPS]

[aps]
[rps]
[tps]
[eps]

[Mops]

Nodes
Jobs

BuCache
FICache

I/O operations per second

queries per second

rows per second
transactions per second
executions (SQL) per second

million operations per second

number of cluster nodes
number of workload processes

Database Buffer Cache
Database or Exadata Flash Cache
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Performance is not everything.
But without performance, everything is worth nothing.
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Introduction to peakmarks® Software



Transparency on Performance

Simple and understandable Performance Meftrics

No clear and transparent performance metrics are
currently available for Oracle database platforms,

whether hosted on cloud services or installed on-

premises.

However, Peakmarks has taken inspiration from the
automotive industry, which uses easily understandable
and comparable performance indicators.

Access to performance metrics is crucial for better
understanding Oracle database infrastructure
performance. These metrics allow for cross-vendor
comparability and support the evaluation, quality
assurance, and capacity planning of Oracle database
infrastructures, resulting in higher cost efficiency.
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Long range Single motor Long range Dual motor Long range Dual motor with
Performance pack

Driveline Driveline Driveline

Rear-wheel drive All-wheel drive All-wheel drive

Power Power' Power'

220kW /299 hp 310kW/421hp 335kW/455hp

Torque' Torque' Torque'

3611b-ft 546 Ib-ft 546 Ib-ft

0-60 mph' 0-60mph' 0-60 mph'

5.9seconds 4.3 seconds 41seconds

Top speed’ Topspeed' Top speed’

127 mph 127 mph 127 mph

Range up to’ Range up to’ Range up to”

320 mi (EPA) 276 mi (EPA) 247 mi (EPA)*

Towing power Towing power Towing power

Up to 2000 Ibs Up 102000 Ibs Upt02000Ibs

Battery Battery Battery

400V Lithium-ion battery 400 V Lithium-ion battery 400 V Lithium-ion battery

82 kWh capacity, 27 modules 78 kWh capacity, 27 modules 78 kWh capacity, 27 modules
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Transparency on Performance

Simple and understandable Performance Meftrics

Scope Key Performance Metric Measurement Workloads

Server Performance = Query throughput [gps] Look-up queries, more complex queries, reports, scans, mixed queries and
= Query response time [ms] scan
= Buffer cache scan rate [MBps]
Storage Performance = SQL sequential read throughput [MBps] Conventional storage, intelligent storage with offload technology
= SQL random I/O throughput [iops]
= SQL random I/O service fime [ps]
LGWR Performance = Log writer throughput [tps], [MBps] Transactions with different REDO sizes
= Log writer latency [ms]
DBWR Performance = Database writer throughput [dbps]
Data Load Performance = Data load rate [TBph] Buffered data load (transactional systems), direct data load (data warehouse

and analytic systems), streamed data load (IOT applications)

Data Analytics = Data scan rate [MBps] Conventional storage, intelligent storage with offload technology, row store,
Performance column store
Online Transaction = Transaction throughput [tps] Transactions of different complexity; read-intensive transaction mix with
Processing Performance =  Transaction response time [ms] data load, write-infensive transaction mix with heavy updates and data load
Processor Performance = PL/SQL operation throughput [Mops] Arithmetic operations on different numeric data types, mixed built-in

= PL/SQL algorithm processing time [s] operations on different data types, recursive Fibonacci number algorithm,

prime number algorithm

Copyright © 2024 peakmarks.com 9



Transparency on Performance

More than 30 workloads in 8 core disciplines

Workloads for Data | oad

Workload for Database Writer DL-BUEFER
DBWR-THR DL-DIRECT
DL-STREAM
Workloads for Log Writer Database _
LGWR-LAT1 Writer Workloads for Data Analytics
LGWR-LAT25 DA-STORAGE
LGWR-LAT125 DA-OFFLOAD
LGWR-THR DA-ROWSTORE
Data DA-COLSTORE
Analytics
Workloads for Storage Systems Workloads for Transaction Processing
STO-READ TP-MIXED1
STO-OFFLOAD TP-MIXED2
>T0-RANDOM Storage Transaction TP-cusTom
STO-SCATTER . TP-REPORT
System Processing TP-LOOKUP
e Workloads for P/S0L
Workloads for Server Systems PL/SQL TP-MEDIUM orkloads tor /
SRV-MIXED - TP-HEAVY Application Programs
SRV-QUERY1 Application PLS-MIXED
SRV-QUERY25 PLS-ADD
SRV-REPORT S PLS-BUILTIN
SRV-SCAN PLS-FIBO
PLS-PRIME
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Transparency on Performance

peakmarks® Executive Summary - Simple and understandable Performance Metrics — within 48 hours

peakmarks® Executive Summa R,
peakmarks® Key Performance Metrics for platform comp in datab perati
June 202
Category Key Performance Metric
¢ oekly ' e Server System Throughput of mixed queries and scans /A peakmarks
merics serve as a solid foundation for Mrcunstoonormdsdrate
Throughput logical reads g i n cdatah :
© Evaluat he pri various d VO — p Key Performance Metrics for rep p
= Capacity planning.
+ License cost itying the i por Category Key Performance Metric
* Quality assurance Database service s reqularly audited for its ey : Susy il Lrersivd e i b
R A~ ——— Data Load “Throughput transactional data load - using the buffer cache, 5 rpt 136 MBps 476194  rps DL-BUFFER
peakmarks® Software & a comprehensive 100l that covers over 30 workloads. peakmar — SOLsequenial U0 throughout -using smert scan load - bypassing the buffer cache 2295 Meps 8020544 rps DL-DIRECT
source tools. A detailed analysis of each workload is presented in 3 PowerPoint presenta SQL random read throughput - 100% read
186 et Eporiant ) 3 ; o Category Key Performance Metric Throughput Throughput ‘peakmarks* Workioad
SQL random read throughput - 80% read
Data Analytics Throughput data scan - using the storage system 12516 MBps 36765045 rps DA-STORAGE
" . " Le Daf. SQL random write throughput
D Service - p ks e System Throughput data scan - using smart scan 68525 MBps 201142122 rps DA-OFFLOAD
o " Throughput data scan - using row store 255266 MBps 85157490 1ps DA-ROWSTORE
Fhifom [Exileté Detates zey L P ks® Key Per Metrics for critical datz Throughput data scan - using column store WI6054 MBps | TUTINNS ros DACOLSTORE
Hig
Category Key Performance Metric Throughy Response time peakmarks Workioad
Oracle Exadata X7-2 2xExadata X7 Database Server,each | 3x CoNaoy el il Lo
Elastic Configuration « Intel Xeon 8160, 21 - 37 GHz o Log Writer (LGWR) Commit throughput and latency for small transactions Transaction Processing intensive OLTP ions - the fime 2317660 tps 0094 ms TP-MIXED
= 2xExadata X7 database servers | . 2 gockets, 48 cores, 96 threads . pre———— ite-intensive OLTP ions - throughput time 51392 tps 2478 ms TP-MIXED2
* 3x Exadata X8 storage servers . .
9¢ :a: iaw: DDRA 26 GHz P KeyP
= PCIGen 1 L £, . . .
Database Writer (OBWR) | Database writer throughput p ks® Key Per Metrics for PL/SQL application programs
Category Key Performance Metric Throughput Elapsed fime peakmarks® Workioad
Abbreviations and metics
Copyright © 2024 peaskmarks.com. PL/SQL Application Throughput of mixed PL/SOL operations. 6937 Mops. - PLS-MIXED
faps]  queries per second [Mops) _ milllon operatons per second Frocess Execution fi (n= 8000, data type - 80 s PLS-PRIME
[ps]  mansachons per second [MBps]  megabyte persecond
(dbps) 10ps)
Abbreviations and metrics:
Copyrien & 2024 pesimarks com
laps]  queries per second [Mops)  million operations per second [ms)  milliseconds
1ps]  transactions per second [MBps]  megabyte per second 5]  seconds
tabps) pe 0P} e Up)  rowspes transaction
Copyright © 2024 peakmarks.com Paged
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Simple. Representative. Fast.
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Platform Description

Server

Oracle Exadata X7-2

Single Instance

Oracle Exadata X7-2
2-Node RAC Cluster

Launch date

Processor

#sockets, total

#cores, total

#threads, total

DRAM capacity, total
DRAM capacity per core
Operating System

Connectivity

Copyright © 2024 peakmarks.com

2017

Intel Xeon 8160, 2.1 - 3.7 GHz
2

48

96

768 GByte, DDR4, 2.6 GHz

8 GByte

Bare metal, OEL

InfiniBand

2 x 40 Gbps

2017

Intel Xeon 8160, 2.1 - 3.7 GHz
,

96

192

1,536 GByte, DDR4, 2.6 GHz
8 GByte

Bare metal, OEL

InfiniBand

2 x 40 Gbps per server system



Platform Description

Storage

Oracle Exadata X8-2

Scale-Out Storage Server High Capacity

Launch date

#storage server, total
DRAM capacity, total
PMEM capacity, total
Flash capacity, total raw
Disk capacity, total raw

Connectivity, per storage system

File system

Compression

Deduplication
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2018

3

192 GByte

76.8 TByte
504 TByte

InfiniBand

2 x 40 Gbps per storage system

ASM high redundancy
ASM allocation unit 4 MByte

No
No



Platform Description

Database
I
Database block size 8 kByte
Log Modus NOARCHIVELOG
DataGuard No
REDO Log Files, per instance 4 x 4 GByte without multiplexing
SGA size, per instance 384 GByte

peakmarks® Software

Version 10.2 10.2

Build 231115 231115

Database size 8 TByte 2 x 4 TByte
Notes:

e Toensure full transparency, the peakmarks® Software generates individual Oracle AWR reports for each single performance test. In Oracle AWR reports, the idle wait event "enq: UL - contention"
indicates process synchronization by the peakmarks® master process and does not cause wait states of workload execution processes.
*  peakmarks® shows slightly better performance results than AWR because peakmarks® is the inner snapshot around tests while AWR is the outer snapshot for performance statistics.
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Workloads to determine the

Server Performance in Database Operations



Server System Workloads

Motivation

The server's performance significantly impacts the performance of all database operations and the
license and maintenance costs.

The goal is to

= Validate the performance capabilities (speed, throughput, scalability) of server components
in database operation: processors, main memory, and internal memory channels

= Determine the impact of server virtualization, multithreading, NUMA effects, and encryption
on server performance

= Optimize database license and maintenance costs for server system (per-core performance
matters)
Notes
Some cloud service providers do not publish their server components and configurations, and these are subject to change without prior notice.

Customers need to know the per-thread performance, which significantly impacts application process performance.
Customers need to know the per-core performance, which significantly impacts Oracle license costs. In some cases, Oracle licensing costs exceed infrastructure costs.

Copyright © 2024 peakmarks.com 19



Server System Workloads

Key Performance Metrics

= SQL query throughput in queries per second [qps]
= SQL query response time in milliseconds [ms]
* Logical reads in database blocks per second [dbps]

= SQL buffer cache scan rafe in megabytes per second [MBps]

Copyright © 2024 peakmarks.com 20



Server System Workloads

Description

Workload

Measurement

Unit

Action

SRV-QUERY1

SRV-QUERY25

SRV-REPORT

SRV-SCAN

Notes

[gps]
[ms]

[gps]
[ms]

[dbps]

[MBps]

Copyright © 2024 peakmarks.com

Latency-oriented look-up query — select 1 row via index, e.g., select customer, accounft, product, order, invoice.

This workload shows maximum query throughput and minimum response time for simple queries.

Data volume-oriented look-up query — select @ 25 rows via index, e.g., select last month's bank account bookings; select
item list of order.

This workload shows maximum query throughput and minimum response time for more complex queries.

Online Report - select @ 125 rows via index, e.g., select last month’s cell phone call records.

This workload shows maximum logical read throughput.

Full table scan. Search for data without index support.

This workload shows a maximum database buffer cache scan rate.

All accessed data is completely stored in the database buffer cache. There are no 1/0 operations, and all SRV workloads are CPU-bound.
These queries occur in all applications in all industries and demonstrate performance in real-world operations.
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Server System Workloads

Description
Workload Measurement  Action
Unit
SRV-MIXED [gps] Mixed queries and full table scans on cached data.
[ms] This complex workload comprises the equally weighted simple workloads SRV-QUERY1, SRV-QUERY25, SRV-REPORT,

and SRV-SCAN.

It's important to note that SPEC numbers may not always be available or provide an accurate representation of Oracle
database operations. To determine server system performance in Oracle database operations, we rely on the SRV-
MIXED peakmarks workload as it is the most representative. This workload is used to compare different CPU
architectures, such as ARM, Intel Xeon, AMD EPYC, IBM POWER, and IBM Z.

Notes
All accessed data is completely stored in the database buffer cache. There are no 1/0 operations, and all SRV workloads are CPU-bound.
These queries occur in all applications in all industries and demonstrate performance in real-world operations.

Copyright © 2024 peakmarks.com 22
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Reference System
Single Instance

Reference System

2-node Cluster

Server System Performance

Workload SRV-QUERY1 - Simple look-up query, highest throughput, lowest response time

CPU CPU CPU CPU Queries Queries Response Log reads Log reads BuCache Elapsed

busy user sys idle total per cpu time total per cpu read time

Run Test Workload Nodes 3Jobs [%] [%] [%] [%] [qps] [qps] [ms] [dbps] [dbps] [%] [s]
2 7 SRV-QUERY1 1 1 2 1 (4] 98 111,223 111,223 0.009 445,066 445,066 99.94 181

8 SRV-QUERY1 1 24 26 25 e 74 2,083,530 86,814 0.011 8,312,219 346,342 100.00 182

9 SRV-QUERY1 1 48 51 50 1 49 3,267,839 68,080 0.015 12,991,193 270,650 100.00 181

10 SRV-QUERY1 1 72 75 74 1 25 3,234,717 44,927 9.022 12,842,742 178,371 100.00 182

11 SRV-QUERY1 1 96 98 97 1 2 3,346,258 34,857 0.029 13,272,540 138,256 100.00 182

CPU CPU CPU CPU Queries Queries Response Log reads Log reads BuCache Elapsed

busy user sys idle total per cpu time total per cpu read time

Run Test Workload Nodes 3Jobs [%] [%] [%] [%] [aps] [aps] [ms] [dbps] [dbps] [%] [s]
9 7 SRV-QUERY1 2 2 2 1 0 98 233,345 116,673 0.009 933,557 466,779 99.95 180

8 SRV-QUERY1 2 48 25 25 0 75 4,178,134 87,044 0.011 16,669,620 347,284 100.00 182

9 SRV-QUERY1 2 96 51 50 1 49 6,520,208 67,919 0.015 25,944,413 270,254 100.00 182

10 SRV-QUERY1 2 144 75 73 1 25 6,501,930 45,152 0.022 25,846,679 179,491 100.00 182

11 SRV-QUERY1 2 192 98 96 1 2 6,795,993 35,396 0.028 26,987,811 140,562 100.00 182

Copyright © 2024 peakmarks.com
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Server System Performance

Workload SRV-QUERY25 - More complex query, highest throughput, lowest response time

CPU CPU CPU CPU Queries Queries Response Log reads Log reads BuCache Elapsed

e busy user sys idle total per cpu time total per cpu read time
g § Run Test Workload Nodes Jobs [%] [%] [%] [%] [qps] [gps] [ms] [dbps] [dbps] [%] [s]
D I e e L T L e R e T N I R
@ Z 2 12 SRV-QUERY25 1 1 2 1 o 98 25,985 25,985 0.038 728,475 728,475 99.96 182
g2 13 SRV-QUERY25 1 24 26 25 o 74 443,080 18,462 0.054 12,392,509 516,355 100.00 182
e s 14 SRV-QUERY25 1 48 51 50 0 49 776,193 16,171 9.062 21,643,524 450,907 100.00 182
e 15 SRV-QUERY25 1 72 75 74 1 25 889,468 12,354 0.080 24,759,956 343,888 100.00 182
16 SRV-QUERY25 1 96 98 97 1 2 989,822 10,311 0.096 27,505,028 286,511 100.00 182

CPU CPU CPU CPU Queries Queries Response Log reads Log reads BuCache Elapsed

c busy user sys idle total per cpu time total per cpu read time
‘i‘g Run Test Workload Nodes Jobs [%] [%] [%] [%] [qps] [qps] [ms] [dbps] [dbps] [%] [s]
(72 7= Bt
§ 9 9 12 SRV-QUERY25 2 2 2 1 0 98 53,726 26,863 0.037 1,506,933 753,467 99.96 180
L § 13 SRV-QUERY25 2 48 25 25 e 75 902,585 18,804 0.053 25,235,088 525,731 100.00 182
;q:‘, I 14 SRV-QUERY25 2 96 51 50 0 49 1,577,747 16,435 0.061 43,988,376 458,212 100.00 182
15 SRV-QUERY25 2 144 75 73 1 25 1,802,631 12,518 0.079 50,170,859 348,409 100.00 182

16 SRV-QUERY25 2 192 97 96 1 3 2,000,281 10,418 0.096 55,576,848 289,463 100.00 182
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Reference System
Single Instance

Reference System

2-node Cluster

Server System Performance

Workload SRV-REPORT - Online Report, max throughput of Logical Reads

CPU CPU CPU CPU Queries Queries Response Log reads Log reads BuCache Elapsed

busy user sys idle total per cpu time total per cpu read time

Run Test Workload Nodes Jobs [%] [%] [%] [%] [qps] [qps] [ms] [dbps] [dbps] [%] [s]
2 2 SRV-REPORT 1 1 2 1 ] 98 6,670 6,670 0.150 852,999 852,999 100.00 181

3 SRV-REPORT 1 24 26 25 0 74 109,872 4,578 0.217 14,013,303 583,888 100.00 182

4 SRV-REPORT 1 48 51 50 0 49 193,727 4,036 0.246 24,627,202 513,067 100.00 182

5 SRV-REPORT 1 72 76 74 1 24 229,886 3,193 9.312 29,152,184 404,891 100.00 182

6 SRV-REPORT 1 96 99 98 1 1 258,873 2,697 0.369 32,756,754 341,216 100.00 182

CPU CPU CPU CPU Queries Queries Response Log reads Log reads BuCache Elapsed

busy user sys idle total per cpu time total per cpu read time

Run Test Workload Nodes Jobs [%] [%] [%] [%] [aps] [qps] [ms] [dbps] [dbps] [%] [s]
9 2 SRV-REPORT 2 2 2 1 2] 98 13,884 6,942 0.144 1,775,598 887,799 100.00 180

3 SRV-REPORT 2 48 25 25 0 75 221,925 4,623 0.215 28,290,092 589,377 100.00 182

4 SRV-REPORT 2 96 50 49 0 50 391,932 4,083 0.244 49,811,699 518,872 100.00 182

5 SRV-REPORT 2 144 76 74 1 24 461,731 3,206 0.310 58,545,252 406,564 100.00 182

6 SRV-REPORT 2 192 99 97 1 1 525,654 2,738 0.363 66,502,195 346,366 100.00 182

Copyright © 2024 peakmarks.com
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Server System Performance

Workload SRV-SCAN - Scan-Rate in Oracle Buffer Cache

CPU CPU CPU CPU Scan rate Scan rate Log reads Log reads BuCache Elapsed
e busy user sys idle total per cpu total per cpu read time
g § Run Test Workload Nodes Jobs [%] [%] [%] [%] [MBps] [MBps] [dbps] [dbps] [%] [s]
> 0 | mm-e mmms CmmEmsccmEssss mmEmms mEmmEs mmEmE mmEE mEmems EmEmEms EEEEEEESESs SEEEsEEESSs EEEEEEEESESs EEEEEEEEEEs EEEEEE= EmEmm=-——
AL
3 Z 2 17 SRV-SCAN 1 1 2 1 0 98 2,658 2,658 340,660 340,660 99.99 181
§ %’, 18 SRV-SCAN 1 24 26 25 0 74 53,452 2,227 6,840,661 285,028 100.00 183
% (‘,5, 19 SRV-SCAN 1 48 51 50 0 49 93,348 1,945 11,918,097 248,294 100.00 183
e 20 SRV-SCAN 1 72 75 74 e 25 112,195 1,558 14,164,011 196,722 100.00 183
21 SRV-SCAN 1 96 98 97 0 2 127,023 1,323 16,081,687 167,518 100.00 183
CPU CPU CPU CPU Scan rate Scan rate Log reads Log reads BuCache Elapsed
£ busy user sys idle total per cpu total per cpu read time
L «2 Run Test Workload Nodes Jobs [%] [%] [%] [%] [MBps] [MBps] [dbps] [dbps] [%] [s]
= B e e e L L b Lt L L L L L LR
§ % 9 17 SRV-SCAN 2 2 2 1 0 98 5,543 2,772 710,561 355,281 99.99 182
o '§ 18 SRV-SCAN 2 48 25 25 e 75 108,285 2,256 13,855,451 288,655 100.00 183
% <\'1 19 SRV-SCAN 2 96 51 50 0 49 187,009 1,948 23,871,434 248,661 100.00 183
e« 20 SRV-SCAN 2 144 75 74 1 25 227,210 1,578 28,705,443 199,343 100.00 183
21 SRV-SCAN 2 192 98 97 1 2 258,579 1,347 32,710,285 170,366 100.00 183
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Server System Performance

Workload SRV-MIXED - Mixed queries and full table scans

CPU CPU CPU CPU Queries Queries Response Log reads Log reads BuCache Elapsed

e busy user sys idle total per cpu time total per cpu read time
g § Run Test Workload Nodes 3Jobs [%] [%] [%] [%] [gps] [gps] [ms] [dbps] [dbps] [%] [s]
> 0 | mmmm mmmm mmmmmsmmmmmms mmmms mmmmm mmmm mEmmm mmmEm mEmmEm EmEEEEEEEEEEE EEmEEmmEmmE EEmmEEmEEmE mEEEEEEEEEmE EEmEmEmmmEmmE mEmmmmmm -
g = 3 2 SRV-MIXED 1 4 5 4 0 95 141,813 35,453 0.028 2,159,436 539,859 100.00 182
§ %’, 3 SRV-MIXED 1 24 26 25 0 74 662,709 27,613 0.036 10,399,503 433,313 100.00 182
‘% (‘,5, 4 SRV-MIXED 1 48 51 50 0 49 1,113,074 23,189 0.043 17,843,103 371,731 100.00 182
e 5 SRV-MIXED 1 72 75 74 1 25 1,221,603 16,967 0.059 20,503,328 284,768 100.00 182
6 SRV-MIXED 1 96 98 97 1 2 1,383,477 14,411 0.069 23,460,145 244,377 100.00 182

CPU CPU CPU CPU Queries Queries Response Log reads Log reads BuCache Elapsed

£ busy user sys idle total per cpu time total per cpu read time
L «2 Run Test Workload Nodes Jobs [%] [%] [%] [%] [aqps] [qps] [ms] [dbps] [dbps] [%] [s]
I e
§ % 10 2 SRV-MIXED 2 8 5 4 0 95 272,844 34,106 0.029 4,290,051 536,256 100.00 182
g3 3 SRV-MIXED 2 48 25 25 e 75 1,331,390 27,737 0.036 21,115,772 439,912 100.00 183
5 & 4 SRV-MIXED 2 9 51 50 0 49 2,238,224 23,315 0.042 36,500,369 380,212 100.00 183
® 5 SRV-MIXED 2 144 75 74 1 25 2,442,773 16,964 0.058 42,067,495 292,135 100.00 182
6 SRV-MIXED 2 192 98 97 1 2 2,736,163 14,251 0.070 47,252,138 246,105 100.00 182
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Storage System Workloads

Motivation

Storage performance significantly impacts the performance of all database operations and, in some
cases, storage license and maintenance costs.

The goal is to
= Validate the performance capabilities of the storage system in database operations

= Validate the impact of storage technologies like deduplication, compression, encryption,
replication, off-loading, tiering, etc., on database performance and storage space utilization

= Optimize storage system license and maintenance costs

Note
Some cloud service providers do not publish their storage components and configurations. Components and configurations of cloud services are subject to change without notice.
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Storage System Workloads

Key Performance Metrics

= SQL sequential read throughput in megabytes per second [MBps]
= SQL random read throughput in I/O operations per second [IOPS]
= SQL I/O service time in milliseconds [ms]

= SQL random write throughput in database blocks per second [dbps]

Copyright © 2024 peakmarks.com 32



Storage System Workloads

Description

Workload

Measurement

Unit

Action

STO-READ

STO-OFFLOAD

STO-RANDOM

STO-SCATTER

Notes

[MBps]

[MBps]

[IOPS]

[ms]

[dbps]

SQL statements performing a sequential table scan using conventional storage devices.

This workload delivers maximum sequenfial throughput using convenfional storage.

SQL statements performing a sequential table scan using smart-scan offload technology.

This workload delivers maximum sequential throughput using smart-scan technology on Oracle Engineered Systems.

SQL statements reading/updating blocks via index access for different read/write ratios. The workload parameter
specifies the write ratio in %. The following values are supported {0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100}.

This workload delivers maximum random 1/O operations per database server and/or storage system.

SQL statement performing scattered block writes bypassing the buffer cache.

The workload STO-SCATTER writes the blocks by foreground processes; in contrast, the DBWR-THR workload writes
the blocks by background processes.

* Ingeneral, all STO workloads are I/0O-bound. However, the STO-RANDOM workload also requires corresponding CPU power.
*  These kinds of storage workloads are generic to all applications in all industries.

Copyright © 2024 peakmarks.com

33



A\ peakmarks

Storage System Performance



Workload STO-READ - Sequential Read using a conventional Storage System

CPU CPU CPU CPU CPU Phys reads IO time Phys reads Phys reads FlCache BuCache Elapsed

Wri busy user sys idle iow total read total FlCache read read time

£ Run Test Workload [%] Nodes 3Jobs DOP [%] [%] [%] [%] [%] [IOPS] [ms] [MBps] [MBps] [%] [%] [s]
I ettt
%é 4 1 STO-READ 0 1 1 4 2 1 1 98 0 3,636 0.912 3,619 3,619 100.00 0.00 173
§ 5 2 STO-READ 0 1 4 4 2 1 1 98 0 3,821 4.046 3,802 3,802 100.00 0.00 197
g ? 3 STO-READ 0 1 8 4 3 2 1 97 0 6,222 4.938 6,204 6,204 100.00 0.00 181
‘g':) n 4 STO-READ 0 1 12 4 3 2 1 97 0 6,116 7.422 6,103 6,103 100.00 0.00 225
5 STO-READ 0 1 16 4 3 2 1 97 0 6,282 9.992 6,269 6,269 100.00 0.00 219

6 STO-READ 0 1 20 4 3 2 1 97 0 6,173 12.442 6,160 6,160 100.00 0.00 208

CPU CPU CPU CPU CPU Phys reads IO time Phys reads Phys reads FlCache BuCache Elapsed

Wri busy user sys idle iow total read total FlCache read read time

£ . Run Test Workload [%] Nodes 3Jobs DOP [%] [%] [%] [%] [%] [IOPS] [ms] [MBps] [MBps] [%] [%] [s]
:>f 3 11 1 STO-READ 0 2 2 4 2 1 1 98 0 6,628 1.015 6,531 6,531 100.00 0.00 175
g E 2 STO-READ 0 2 8 4 2 1 1 98 0 11,147 2.724 11,078 11,078 100.00 0.00 175
g e 3 STO-READ 0 2 16 4 3 2 1 97 0 11,682 5.297 11,631 11,631 100.00 0.00 183
E; & 4 STO-READ 0 2 24 4 3 2 1 97 0 12,024 7.740 11,981 11,981 100.00 0.00 188
5 STO-READ 0 2 32 4 3 2 1 97 0 12,118 10.107 12,067 12,067 100.00 0.00 193

6 STO-READ 0 2 40 4 3 2 1 97 0 12,174 12.646 12,132 12,132 100.00 0.00 204
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Workload STO-OFFLOAD - Sequential Read using offload technology

CPU CPU CPU CPU CPU Phys reads IO time Phys reads Phys reads FlCache BuCache Elapsed

Wri busy user sys idle iow total read total FlCache read read time

Run Test Workload [%] Nodes 3Jobs DOP [%] [%] [%] [%] [%] [IOPS] [ms] [MBps] [MBps] [%] [%] [s]
4 33 STO-OFFLOAD 0 1 1 1 1 1 0 99 0 23,611 0.456 23,526 23,526 100.00 0.00 171
34 STO-OFFLOAD 0 1 4 1 1 1 1 99 0 52,103 0.519 51,923 51,923 100.00 0.00 172

35 STO-OFFLOAD 0 1 8 1 2 1 1 98 0 65,782 0.627 65,556 65,556 100.00 0.00 174

36 STO-OFFLOAD 0 1 12 1 2 1 1 98 0 68,821 0.916 68,586 68,586 100.00 0.00 174

37 STO-OFFLOAD 0 1 16 1 2 1 1 98 0 70,700 1.198 70,458 70,458 100.00 0.00 175

38 STO-OFFLOAD 0 1 20 1 2 1 1 98 0 70,076 1.531 69,835 69,835 100.00 0.00 177

CPU CPU CPU CPU CPU Phys reads IO time Phys reads Phys reads FlCache BuCache Elapsed

Wri busy user sys idle iow total read total FlCache read read time

Run Test Workload [%] Nodes 3Jobs DOP [%] [%] [%] [%] [%] [IOPS] [ms] [MBps] [MBps] [%] [%] [s]
11 33 STO-OFFLOAD 0 2 2 1 2 1 1 98 0 45,224 0.478 44,931 44,931 100.00 0.00 171
34 STO-OFFLOAD 0 2 8 1 1 1 1 99 0 64,711 0.668 64,303 64,303 100.00 0.00 172

35 STO-OFFLOAD 0 2 16 1 2 1 1 98 0 69,557 1.185 69,122 69,122 100.00 0.00 173

36 STO-OFFLOAD 0 2 24 1 2 1 1 98 0 72,848 1.749 72,394 72,394 100.00 0.00 174

37 STO-OFFLOAD 0 2 32 1 1 1 1 99 0 72,396 2.372 71,943 71,943 100.00 0.00 175

Note

The X8 data sheet specifies 75 GBps scan rate for QRHC.
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Workload STO-RANDOM - Random 1/O, 100% read

CPU CPU CPU CPU CPU Phys reads IO time Phys reads Phys reads FlCache BuCache Elapsed
Wri busy user sys idle iow total read total FlCache read read time
Run Test Workload [%] Nodes 3Jobs DOP [%] [%] [%] [%] I[%] [I0PS] [ms] [MBps] [MBps ] [%] [%] [s]
4 65 STO-RANDOM 0 1 1 1 2 1 1 98 0 39,917 0.206 312 312 100.00 1.68 181
67 STO-RANDOM 0 1 8 1 11 6 3 89 0 270,179 0.230 2,111 2,111 100.00 1.16 183
69 STO-RANDOM 0 1 16 1 21 12 6 79 0 478,121 0.285 3,735 3,735 100.00 1.36 182
71 STO-RANDOM 0 1 24 1 30 17 8 70 0 612,490 0.400 4,785 4,785 100.00 1.54 182
73 STO-RANDOM 0 1 32 1 35 20 10 65 0 675,594 0.627 5,278 5,278 100.00 1.61 182
75 STO-RANDOM 0 1 40 1 39 22 11 61 0 707,590 0.936 5,528 5,528 100.00 1.81 182
79 STO-RANDOM 0 1 56 1 42 24 12 58 0 719,556 1.657 5,622 5,622 100.00 2.01 182
Note
The peak IOPS throughput means a high service time. Today (2024), random I/O service time (8 kbyte block size) for database systems should be below 500 microseconds.
CPU CPU CPU CPU CPU Phys reads IO time Phys reads Phys reads FlCache BuCache Elapsed
Wri busy user sys idle iow total read total FlCache read read time
Run Test Workload [%] Nodes 3Jobs DOP [%] [%] [%] [%] [%] [IOPS] [ms] [MBps] [MBps] [%] [%] [s]
11 65 STO-RANDOM 0 2 2 1 2 1 1 98 () 67,955 0.214 544 544 100.00 -0.33 183
67 STO-RANDOM 0 2 16 1 13 7 4 87 0 476,058 0.259 3,743 3,743 100.00 1.65 182
69 STO-RANDOM 0 2 32 1 21 12 6 79 0 745,340 0.334 5,855 5,855 100.00 1.88 182
71 STO-RANDOM 0 2 48 1 24 11 8 76 0 1,168,859 0.581 9,179 9,179 100.00 1.71 183
73 STO-RANDOM 0 2 64 1 26 12 9 74 0 1,287,733 0.857 10,122 10,122 100.00 2.11 182
79 STO-RANDOM 0 2 112 1 32 15 11 68 0 1,399,140 2.008 11,001 11,001 100.00 2.85 182
81 STO-RANDOM 0 2 128 1 32 15 11 68 0 1,410,819 2.489 11,094 11,094 100.00 3.00 182
87 STO-RANDOM 0 2 176 1 35 17 12 65 0 1,425,543 3.955 11,212 11,212 100.00 3.10 182

Note

The X8 data sheet specifies 1,194,000 read IOPS for QRHC.
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Workload STO-RANDOM - Random 1/O, 80% read

CPU CPU CPU CPU CPU Phys reads IO time Phys reads Phys reads BuCache FlCache Elapsed
Wri busy user sys idle iow total read total FlCache read read time
Run Test Workload [%] Nodes 3Jobs DOP [%] [%] [%] [%] [%] [IOPS] [ms] [MBps] [MBps] [%] [%] [s]
4 97 STO-RANDOM 20 1 1 1 2 1 1 98 0 35,488 0.211 278 278 100.00 15.90 182
99 STO-RANDOM 20 1 8 1 11 6 3 89 0 224,047 0.289 1,750 1,750 100.00 15.24 182
101 STO-RANDOM 20 1 16 1 19 11 5 81 0 364,894 0.457 2,851 2,851 100.00 15.43 183
103 STO-RANDOM 20 1 24 1 24 14 7 76 0 443,129 0.706 3,462 3,462 100.00 16.03 183
105 STO-RANDOM 20 1 32 1 27 16 7 73 0 479,279 1.060 3,744 3,744 100.00 16.72 183
107 STO-RANDOM 20 1 40 1 30 17 8 70 0 503,026 1.475 3,930 3,930 100.00 17.07 183
111 STO-RANDOM 20 1 56 1 32 19 9 68 0 518,558 2.411 4,051 4,051 100.00 17.62 183
Note
The peak IOPS throughput means a high service time. Today (2024), random I/O service time (8 kbyte block size) for database systems should be below 500 microseconds.
CPU CPU CPU CPU CPU Phys reads IO time Phys reads Phys reads FlCache BuCache Elapsed
Wri busy user sys idle iow total read total FlCache read read time
Run Test Workload [%] Nodes 3Jobs DOP [%] [%] [%] [%] [%] [IOPS] [ms] [MBps] [MBps] [%] [%] [s]
21 1 STO-RANDOM 20 2 2 1 2 1 1 98 0 66,545 0.227 524 524 100.00 17.99 182
3 STO-RANDOM 20 2 16 1 1o 5 3 90 0 423,127 0.336 3,319 3,319 100.00 15.93 183
5 STO-RANDOM 20 2 32 1 17 9 5 83 0 662,583 0.534 5,208 5,208 100.00 16.78 183
7 STO-RANDOM 20 2 48 1 21 11 6 79 0 781,877 0.817 6,153 6,153 100.00 17.56 183
9 STO-RANDOM 20 2 64 1 24 13 7 76 0 845,871 1.105 6,651 6,651 100.00 18.18 184
11 STO-RANDOM 20 2 80 1 26 14 7 74 0 883,718 1.471 6,951 6,951 100.00 18.69 184
13 STO-RANDOM 20 2 96 1 27 15 8 73 0 904,607 1.862 7,116 7,116 100.00 18.91 183
14 STO-RANDOM 20 2 102 1 27 15 8 73 0 909,024 1.998 7,151 7,151 100.00 18.93 183
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Workload STO-SCATTER - Random Write foreground processes

CPU CPU CPU CPU CPU Phys writes Phys writes Phys writes Phys writes FlCache Elapsed

Wri busy user sys idle iow total total total FlCache write time

Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [dbps] [IOPS] [MBps ] [MBps] [%] [s]
4 129 STO-SCATTER 100 1 1 2 1 1 98 0 45,039 11,253 353 353 100.00 180
130 STO-SCATTER 100 1 4 6 2 2 94 0 151,756 37,897 1,188 1,188 100.00 182

131 STO-SCATTER 100 1 8 11 5 4 89 0 200,457 50,079 1,570 1,570 100.00 181

132 STO-SCATTER 100 1 12 15 7 5 85 0 235,887 58,943 1,847 1,418 76.78 182

133 STO-SCATTER 100 1 16 18 10 6 82 0 220,527 55,146 1,727 1,254 72.61 182

CPU CPU CPU CPU CPU Phys writes Phys writes Phys writes Phys writes FlCache Elapsed

Wri busy user sys idle iow total total total FlCache write time

Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [dbps] [IOPS] [MBps ] [MBps] [%] [s]
11 129 STO-SCATTER 100 2 2 2 1 1 98 0 89,822 22,449 703 703 100.00 180
130 STO-SCATTER 100 2 8 6 2 2 94 0 261,262 65,283 2,181 2,046 93.79 182

131 STO-SCATTER 100 2 16 8 3 3 92 0 282,461 70,633 2,212 2,212 100.00 181

132 STO-SCATTER 100 2 24 10 5 4 90 0 347,930 87,010 2,725 2,725 100.00 182

133 STO-SCATTER 100 2 32 11 5 4 89 0 356,007 89,081 2,788 2,788 100.00 182

134 STO-SCATTER 100 2 40 12 6 4 88 0 359,573 90,020 2,816 2,816 100.00 182

Notes

*  The X8 data sheet specifies 1,088,000 write IOPS for QRHC
*  The actual write rate to the storage system is 3x higher due to ASM’s high-redundancy ( 3 x 359,573 = T078'719).
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Log Writer Workloads

Motivation

Log Writer processes are primarily responsible for transaction management and database
consistency in case of failures.

These processes are critical to overall Oracle performance, especially with a high fransaction load.

The goal is to
= Optimize throughput and latency of REDO log writers
= Validate the impact of Oracle Data Guard on local transaction performance

= Validate the impact of several other factors on log writer performance, such as data
deduplication, data compression, usage of ASM redundancy level, etc.
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Log Writer Workloads

Key Performance Metrics

= SQL commit throughput in transactions per second [tps]
= SQL commif latency in milliseconds [ms]

= Log writer throughput in megabyte per second [MBps]
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Log Writer Workloads

Description
Workload Measurement  Action
Unit
LGWR-LAT1 [tps] Small-sized transaction; workload uses COMMIT WRITE WAIT IMMEDIATE.
[ms] This workload shows the maximum commit rate and the minimum commit latency for small-sized transactions

generating around 1 kByte redo data per transaction.

LGWR-LAT25 [tps] Medium-sized transaction; workload uses COMMIT WRITE WAIT IMMEDIATE.
[ms] This workload shows the maximum commit rate and the minimum commit latency for medium-sized transactions
generating around 25 kByte r T r transaction
LGWR-LAT125 [tps] Large-sized transaction size; workload uses COMMIT WRITE WAIT IMMEDIATE.
[ms] This workload shows the maximum commit rate and the minimum commit latency for larger-sized fransactions

generating around 125 kByte redo data per transaction.

This transaction size is typical for payment systems in banking applications.

LGWR-THR [MBps] Huge tfransaction; workload uses COMMIT WRITE NOWAIT BATCH.

This workload shows the maximum redo data written by log writer processes.

Notes

These kinds of transactions are generic to all applications in all industries.

The actual REDO data volume per transaction can vary depending on the database size and the usage of RAC technology. Therefore, the exact value of this metric is explicitly shown in the
peakmarks reports.
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Workload LGWR-LAT1 - Small transactions, max commit throughput, low commit latency

CPU CPU CPU CPU CPU Commit Commit LogFile REDO REDO REDO REDO FlCache Elapsed

busy user sys idle iow #prc thrput latency sync data data data data write time

Run Test Workload Nodes Jobs [%] [%] [%] [%] [%] LGWR [tps] [ms] [ms] [rbps] [IOPS] [MBps] [kBpt] [%] [s]

| R e I L L L i L
‘g § 5 1 LGWR-LAT1 1 1 1 1 (2] 99 (2] 9 4,074 0.245 0.175 12,761 4,121 6 1.383 99.91 180
2 ‘g 5 LGWR-LAT1 1 16 5 4 1 95 (2] 9 31,745 0.501 0.399 104,918 4,200 43 1.397 100.00 182
2o 9 LGWR-LAT1 1 32 8 6 1 92 (2] 9 46,056 0.695 0.549 153,440 3,114 63 1.400 100.00 181
g E’ 13 LGWR-LAT1 1 48 9 8 1 91 (2] 9 60,490 0.786 0.630 194,777 2,750 82 1.392 100.00 183
31:3 n 17 LGWR-LAT1 1 64 13 10 2 87 (2] 9 73,004 0.872 0.698 229,257 2,492 99 1.390 100.00 183
21 LGWR-LAT1 1 80 15 13 2 85 (2] 9 82,733 0.963 0.768 254,905 2,271 112 1.386 100.00 182

25 LGWR-LAT1 1 96 18 15 2 82 (2] 9 92,293 1.034 0.834 280,277 2,096 125 1.383 100.00 182

CPU CPU CPU CPU CPU Commit Commit LogFile REDO REDO REDO REDO FlCache Elapsed

busy user sys idle iow #prc  thrput Ilatency sync data data data data write time

Run Test Workload Nodes 3Jobs [%] [%] [%] [%] [%] LGWR [tps] [ms] [ms] [rbps] [IOPS] [MBps] [kBpt] [%] [s]

£ 12 1 LGWR-LAT1 2 2 2 1 1 98 (2] 18 6,165 0.323 0.234 19,487 6,258 8 1.396 99.98 182
% E 3 LGWR-LAT1 2 32 6 4 1 94 (2] 18 55,534 0.572 0.461 197,131 10,794 77 1.417 100.00 183
& 3 5 LGWR-LAT1 2 64 8 6 2 92 7] 18 88,145 0.722 0.584 300,785 9,020 121 1.404 100.00 182
§ % 7 LGWR-LAT1 2 96 11 9 2 89 [“] 18 110,529 0.863 0.695 364,364 7,960 151 1.401 100.00 183
v B 9 LGWR-LAT1 2 128 14 11 2 86 [“] 18 131,324 0.969 0.781 421,304 7,288 179 1.395 100.00 182
*g (\':, 11 LGWR-LAT1 2 160 16 13 2 84 [“] 18 153,826 1.031 0.833 478,342 5,434 209 1.388 87.62 183
x 13 LGWR-LAT1 2 192 18 14 2 82 (7] 18 172,065 1.104 0.882 526,155 3,995 234 1.390 100.00 184
15 LGWR-LAT1 2 224 20 16 3 80 (7] 18 183,894 1.187 0.937 558,979 3,749 250 1.393 90.58 186

17 LGWR-LAT1 2 256 23 19 3 77 (7] 18 195,328 1.276 1.002 590,846 3,570 266 1.394 77.85 186

19 LGWR-LAT1 2 288 25 21 3 75 (7] 18 203,230 1.356 1.073 610,915 3,350 276 1.392 100.00 189

21 LGWR-LAT1 2 320 27 22 3 73 (2] 18 209,735 1.443 1.152 627,172 3,097 285 1.391 100.00 192
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Workload LGWR-LAT25 - Medium-sized transactions, max commit throughput, low commit latency

CPU CPU CPU CPU CPU Commit Commit LogFile REDO REDO REDO REDO FlCache Elapsed

busy user sys idle iow #prc  thrput 1latency sync data data data data write time

Run Test Workload Nodes Jobs [%] [%] [%] [%] [%] LGWR [tps] [ms] [ms] [rbps] [I0PS] [MBps] [kBpt] [%] [s]
5 33 LGWR-LAT25 1 1 2 1 1 98 0 9 1,491 0.671 0.279 86,824 1,547 41 27.941 100.00 182
35 LGWR-LAT25 1 8 6 4 1 95 0 9 7,923 1.005 0.594 434,862 2,540 203 26.220 100.00 182

37 LGWR-LAT25 1 16 8 6 1 92 0 9 11,221 1.419 0.946 576,299 1,637 269 24.577 100.00 182

39 LGWR-LAT25 1 24 9 7 1 91 0 9 12,320 1.943 1.398 621,435 1,222 291 24.155 85.26 181

41 LGWR-LAT25 1 32 10 8 1 91 0 9 13,077 2.439 1.841 647,394 1,032 303 23.728 100.00 182

43 LGWR-LAT25 1 40 10 8 1 90 (2] 9 13,792 2.896 2.236 662,045 899 310 23.028 100.00 182

CPU CPU CPU CPU CPU Commit Commit LogFile REDO REDO REDO REDO FlCache Elapsed

busy user sys idle iow #prc thrput latency sync data data data data write time

Run Test Workload Nodes Jobs [%] [%] [%] [%] [%] LGWR [tps] [ms] [ms] [rbps] [IOPS] [MBps] [kBpt] [%] [s]
12 33 LGWR-LAT25 2 2 2 1 1 98 [“] 18 2,513 0.795 0.346 140,985 2,623 66 26.904 100.00 181
34 LGWR-LAT25 2 16 6 4 1 94 [*] 18 14,430 1.103 0.627 783,458 4,669 366 25.962 100.00 182

35 LGWR-LAT25 2 32 9 6 1 91 (2] 18 21,224 1.500 0.937 1,085,797 5,023 505 24.388 94.45 182

36 LGWR-LAT25 2 48 11 8 2 89 (2] 18 25,362 1.885 1.223 1,287,709 5,078 599 24.165 91.30 182

37 LGWR-LAT25 2 64 12 9 2 88 (2] 18 27,291 2.333 1.527 1,379,385 4,247 642 24.094 99.99 182

38 LGWR-LAT25 2 80 13 10 2 87 (2] 18 29,219 2.722 1.803 1,419,974 3,741 662 23.191 92.39 182

46 LGWR-LAT25 2 208 20 16 3 80 [*] 18 34,348 5.951 3.197 1,628,515 2,367 763 22.745 96.69 185

47 LGWR-LAT25 2 224 21 17 3 79 (2] 18 35,495 6.161 3.139 1,678,448 2,383 787 22.690 93.76 186

48 LGWR-LAT25 2 240 21 17 3 79 (2] 18 36,241 6.499 3.236 1,716,774 2,393 805 22.736 96.83 184

49 LGWR-LAT25 2 256 22 18 3 78 [*] 18 37,078 6.664 3.184 1,767,036 2,477 828 22.876 100.00 188
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Workload LGWR-LAT125 - Large fransactions, max commit throughput, low commit latency

CPU CPU CPU CPU CPU Commit Commit LogFile REDO REDO REDO REDO FlCache Elapsed

busy user sys idle iow #prc thrput latency sync data data data data write time

Run Test Workload Nodes Jobs [%] [%] [%] [%] [%] LGWR [tps] [ms] [ms] [rbps] [IOPS] [MBps] [kBpt] [%] [s]
5 65 LGWR-LAT125 1 1 2 1 0 98 0 9 442 2.264 0.594 128,767 510 61 140.747 100.00 182
67 LGWR-LAT125 1 8 7 6 1 93 0 9 2,380 3.352 1.432 628,442 1,137 295 127.115 91.17 182

69 LGWR-LAT125 1 16 10 8 1 90 0 9 2,967 5.374 2.745 735,389 710 346 119.384 93.43 182

71 LGWR-LAT125 1 24 12 10 1 88 0 9 3,621 6.597 3.426 858,429 552 404 114.318 100.00 182

73 LGWR-LAT125 1 32 14 11 2 86 (2] 9 3,992 7.980 4.515 932,410 500 439 112.703 90.00 182

75 LGWR-LAT125 1 40 14 11 2 86 0 9 4,189 9.502 5.100 977,609 386 461 112.679 90.47 182

77 LGWR-LAT125 1 48 15 12 2 85 0 9 4,377 10.917 5.578 1,013,383 337 478 111.823 86.62 182

79 LGWR-LAT125 1 56 16 13 2 84 0 9 4,593 12.146 6.302 1,032,064 328 487 108.542 100.00 182

CPU CPU CPU CPU CPU Commit Commit LogFile REDO REDO REDO REDO FlCache Elapsed

busy user sys idle iow #prc thrput latency sync data data data data write time

Run Test Workload Nodes Jobs [%] [%] [%] [%] [%] LGWR [tps] [ms] [ms] [rbps] [I0PS] [MBps] [kBpt] [%] [s]
12 65 LGWR-LAT125 2 2 2 1 1 98 0 18 764 2.608 0.667 216,567 888 102 136.954 100.00 181
66 LGWR-LAT125 2 16 9 7 1 91 (2] 18 4,910 3.242 1.072 1,319,552 4,452 619 129.016 100.00 182

67 LGWR-LAT125 2 32 12 9 2 88 0 18 6,440 4,953 2.096 1,625,758 3,213 762 121.222 96.26 182

68 LGWR-LAT125 2 48 15 12 2 85 (2] 18 7,629 6.254 2.632 1,824,650 2,691 857 114.963 100.00 182

69 LGWR-LAT125 2 64 18 14 2 82 (2] 18 8,784 7.254 3.061 2,062,175 2,442 969 112.942 99.99 182

70 LGWR-LAT125 2 80 20 16 2 80 0 18 9,458 8.405 3.706 2,211,406 2,082 1,040 112.590 92.25 182

71 LGWR-LAT125 2 96 21 17 3 79 (2] 18 10,053 9.483 4.083 2,349,924 1,898 1,106 112.626 100.00 182

72 LGWR-LAT125 2 112 22 18 3 78 (2] 18 10,368 10.727 4.423 2,406,002 1,815 1,132 111.847 92.74 182

77 LGWR-LAT125 2 192 24 19 3 76 (2] 18 11,583 16.378 5.499 2,594,696 1,520 1,222 108.050 100.00 183
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Workload LGWR-THR - Maximum log writer throughput

CPU CPU CPU CPU CPU Commit Commit LogFile REDO REDO REDO REDO FlCache Elapsed

busy user sys idle iow #prc thrput 1latency sync data data data data write time

Run Test Workload Nodes Jobs [%] [%] [%] [%] [%] LGWR [tps] [ms] [ms] [rbps] [IOPS] [MBps] [kBpt] [%] [s]

| e L e L L L C L L LR L L P LR L PP
‘§ é 5 97 LGWR-THR 1 1 2 2 0 98 (2] 9 321 3.110 0.577 191,519 115 91 288.742 71.45 180
2 ‘g 98 LGWR-THR 1 4 7 5 1 93 ] 9 1,133 3.523 2.800 646,194 420 305 275.788 100.00 181
2o 99 LGWR-THR 1 8 10 8 1 90 ] 9 1,804 4.416 4.313 988,157 487 466 264.721 100.00 182
g E’ 100 LGWR-THR 1 12 17 13 2 83 ] 9 2,263 5.274 8.242 1,200,251 352 567 256.588 100.00 182
EJ n 101 LGWR-THR 1 16 17 13 2 83 ] 9 2,571 6.197 11.501 1,328,855 461 628 249.973 100.00 182
CPU CPU CPU CPU CPU Commit Commit LogFile REDO REDO REDO REDO FlCache Elapsed

busy user sys idle iow #prc thrput latency sync data data data data write time

€ Run Test Workload Nodes Jobs [%] [%] [%] [%] [%] LGWR [tps] [ms] [ms] [rbps] [IOPS] [MBps] [kBpt] [%] [s]
B oo coco cooooooooooo COoOo COCOO CODO CoCO COCG CoOO COSO COSO COSCOOOOS COCOOOOD COOOOOOs COOOCOOCOoD COSOOCO0 COSOOON0 CONCO00O COSOo00 COSOOoo
E % 12 97 LGWR-THR 2 2 2 1 1 98 (2] 18 488 4.092 1.348 270,752 468 128 268.396 100.00 181
(3 O 98 LGWR-THR 2 16 9 7 1 91 (2] 18 3,026 5.261 1.693 1,614,870 2,279 760 257.316 100.00 181
é '§ 99 LGWR-THR 2 32 14 11 2 86 [“] 18 4,501 7.090 3.784 2,302,606 1,883 1,085 246.868 100.00 181
:q:; < 100 LGWR-THR 2 48 16 13 2 84 (2] 18 4,986 9.615 6.496 2,437,707 1,578 1,150 236.091 100.00 181
g 101 LGWR-THR 2 64 18 14 2 82 o 18 5,154 12.388 8.322 2,491,403 1,446 1,175 233.485 100.00 182
102 LGWR-THR 2 80 18 14 3 82 (2] 18 5,281 15.100 10.556 2,497,715 1,366 1,178 228.475 100.00 181

103 LGWR-THR 2 96 19 15 3 81 2] 18 5,502 17.362 12.947 2,556,880 1,401 1,206 224.497 95.20 182

104 LGWR-THR 2 112 20 16 3 80 (2] 18 5,558 20.076 14.167 2,576,229 1,313 1,215 223.921 100.00 181
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Database Writer Workloads

Motivation

Database writer performance for buffer management is critical to overall database performance,
especially for transaction systems with a high rate of updates and applications that primarily load
data via the buffer cache.

The goal is to
= Optimize the number of database writer processes

= Validate the impact of several factors on database writer performance, e.g., ASM
redundancy level, storage system compression technology, etc.
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Database Writer Workloads

Key Performance Metrics

= Database writer throughput in database blocks per second [dbps]
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Database Writer Workloads

Description
Workload Measurement  Action
Unit
DBWR-THR [dbps] Massive block changes in the buffer cache; workload uses COMMIT WRITE NOWAIT BATCH.
[MBps] This workload shows the maximum number of changed blocks written back to the storage system by database writer
processes.

The number of database writer processes is a configurable Oracle instance parameter.

The workload DBWR-THR writes the blocks by background processes; in contrast, the STO-SCATTER workload writes
the blocks by foreground processes.
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Database Writer Performance

Workload DBWR-THR - Maximum database writer throughput

CPU CPU CPU CPU CPU Phys writes Phys writes Phys writes REDO Phys writes FlCache Elapsed

busy user sys idle iow #prc total total total data FlCache write time

£ ) Run Test Workload Nodes Jobs [%] [%] [%] [%] [%] DBWR [dbps] [IOPS] [MBps] [MBps] [MBps] [%] [s]

722K =S
A 2

g 2 6 312 DBWR-THR 1 1 3 2 e 97 0 12 9,582 2,290 84 9 76 90.72 181

S e 313 DBWR-THR 1 4 9 7 1 91 0 12 40,428 13,938 349 32 323 92.56 182

g g 314 DBWR-THR 1 8 17 14 2 83 0 12 86,579 30,474 735 57 703 95.56 183

[+4 315 DBWR-THR 1 12 23 20 2 77 0 12 126,578 42,584 1,075 83 1,029 95.69 182

316 DBWR-THR 1 16 31 26 3 69 0 12 155,222 67,526 1,322 105 1,251 94.62 183

CPU CPU CPU CPU CPU Phys writes Phys writes Phys writes REDO Phys writes FlCache Elapsed

busy user sys idle iow #prc total total total data FlCache write time

é 5 Run Test Workload Nodes Jobs [%] [%] [%] [%] [%] DBWR [dbps] [IOPS] [MBps] [MBps] [MBps] [%] [s]

b S e ettt ittt

g ? 13 1 DBWR-THR 2 2 4 2 1 96 0 24 39,488 27,076 373 62 373 100.00 181

@ B 2 DBWR-THR 2 8 9 6 2 91 0 24 197,333 34,425 1,778 227 1,778 100.00 182

qg (\-‘:. 3 DBWR-THR 2 16 16 11 3 84 0 24 300,089 83,328 2,928 366 2,643 90.27 182

54 4 DBWR-THR 2 24 23 16 5 77 0 24 328,586 182,857 3,047 462 2,735 89.77 183

5 DBWR-THR 2 32 25 16 6 75 0 24 304,372 241,604 2,858 462 2,702 94.54 182

Note
*  This configuration used the default configuration of 12 database writer processes per instance.
*  The actual write rate to the storage system is 3x higher due to ASM’s high redundancy.
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Data Load Workloads

Motivation

Data load performance capabilities are essential for all kinds of database applications:
= tfransaction processing systems
= data warehouse systems and data analytics systems

The amount of data is increasing, and the time window for loading the data decreases.

The goal is to
= Optimize data load throughput
* Validate the impact of several factors on data load performance
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Data Load Workloads

Key Performance Metrics

= SQL data load rafe in megabytes per second [MBps] or in rows per second [rps]
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Data Load Workloads

Description
Workload Measurement  Action
Unit
DL-BUFFER [MBps] Insert of program generated data via default buffer cache into Oracle tables, includes maintenance of 1 unique and 2
[rps] non-unique indexes, uses COMMIT WRITE WAIT IMMEDIATE. The workload parameter specifies the number of rows
per INSERT; the following values are supported {1, 2, 3, 4, 5, 10, 20, 25, 50, 100}.
This data load workload is mainly used in Transaction Processing systems.
DL-DIRECT [MBps] Insert data copying from other tables (CTAS technology) bypassing the buffer cache, includes maintenance of 1 unique
[TBph] index, uses COMMIT WRITE NOWAIT BATCH and NOLOGGING.
This data load workload is mainly used in Data Warehouse systems.
DL-STREAM [MBps] Insert data using a memory-optimized buffer pool, including maintenance of 1 unique index, using PL/SQL procedure to
[rps] flush the buffer pool for memory-optimized tables. The workload parameter specifies the number of rows per INSERT;

the following values are supported {1, 2, 3, 4, 5, 10, 20, 25, 50, 100].
This data load workload is mainly used in Data Analytics and Internet-of-things (IOT) systems.

This workload is only available if the memory-optimized row store for fast ingest is configured.

Notes

*  These data load workloads are generic to all applicationsin all industries.

*  The data load throughput depends mainly on the method (buffered, direct, streamed) and the transaction size (number of rows between commits), which is configurable.
*  The technology used for workload DL-STREAM (memory-optimized tables) is generally available in Oracle Enterprise Edition starting with 19.12.
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Workload DL-BUFFER - Data load via buffer cache

CPU CPU CPU CPU CPU Load rate Load rate Phys writes Phys writes REDO FlCache Elapsed

TX size busy user sys idle iow total total total total data write time

€ Run Test Workload [rpt] Nodes 3Jobs [%] [%] [%] [%] [%] [rps] [MBps] [I0PS] [MBps] [MBps] [%] [s]
LI ©OC0 SooD SoECOCOCOoCS COSONOSO OSOSO CSOSD COCO SOS0 COSD OSOD SN0 COSSCODODSOS COSONODOOoNS SOSDEONDOCOS COCONDOSone. SOONSNN0 SEODOND | CODODOS
> 8 7 1 DL-BUFFER 5 1 1 2 1 o 98 0 13,243 4 2,971 24 13 99.99 182
g 2 5 DL-BUFFER 5 1 16 7 5 1 93 0 113,484 32 8,516 232 106 100.00 182
§ ic’, 9 DL-BUFFER 5 1 32 10 8 2 90 o 162,879 47 14,351 347 147 100.00 181
% (‘/E) 13 DL-BUFFER 5 1 48 13 11 2 87 (] 192,029 55 12,846 443 177 100.00 182
o 17 DL-BUFFER 5 1 64 17 13 2 83 o 213,652 61 14,987 528 198 100.00 182
21 DL-BUFFER 5 1 80 18 14 2 82 o 233,276 67 17,176 603 214 100.00 182

25 DL-BUFFER 5 1 96 19 16 3 81 o 241,635 69 19,886 674 223 100.00 182

CPU CPU CPU CPU CPU Load rate Load rate Phys writes Phys writes REDO FlCache Elapsed

TX size busy user sys idle iow total total total total data write time

£ Run Test Workload [rpt] Nodes 3Jobs [%] [%] [%] [%] [%] [rps] [MBps] [IOPS] [MBps] [MBps] [%] [s]
[ Il -=-= cooo coooooooooss SooCoDos CoDoS CSSoS COSS 0OSS SO000 COS0 CONS COSSSSO00NSSS CSSSO00CSENS CSSSO00NSO00 CSDSS00SSSS DOSSSC00D SO0000S SOCCoDS
Um>,~ g 14 1 DL-BUFFER 5 2 2 2 1 1 98 o 25,151 7 5,796 46 24 100.00 182
g % 3 DL-BUFFER 5 2 32 7 5 1 93 o 204,245 58 14,866 398 193 100.00 183
@ 3 5 DL-BUFFER 5 2 64 11 8 2 89 o 303,210 87 18,297 617 275 100.00 182
% (\-:. 7 DL-BUFFER 5 2 96 13 10 2 87 o 377,273 108 19,309 828 347 100.00 182
x 9 DL-BUFFER 5 2 128 17 13 2 83 o 420,796 120 23,709 988 392 100.00 182
11 DL-BUFFER 5 2 160 20 16 3 80 0 452,938 130 28,397 1,123 416 100.00 182

13 DL-BUFFER 5 2 192 23 18 3 77 0 476,194 136 32,492 1,248 439 100.00 184
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Workload DL-DIRECT - Data load bypassing the buffer cache

CPU CPU CPU CPU CPU Load rate Load rate Phys writes Phys writes REDO FlCache Elapsed
TX size busy user sys idle iow total total total total data write time
£ Run Test Workload [rpt] Nodes 3Jobs [%] [%] [%] [%] [%] [rps] [MBps] [IOPS] [MBps] [MBps] [%] [s]
F A e
:>,~ § 7 33 DL-DIRECT 125,000 1 1 2 1 2] 98 2] 514,291 147 1,048 225 34 99.99 182
g E 34 DL-DIRECT 125,000 1 4 5 4 1 95 2] 1,892,914 542 3,521 827 124 100.00 181
§ %a 35 DL-DIRECT 125,000 1 8 8 7 1 92 2] 3,054,551 874 7,001 1,338 200 100.00 181
% (‘/E) 36 DL-DIRECT 125,000 1 12 9 8 1 91 2] 3,438,067 984 8,908 1,512 225 100.00 182
[:4 37 DL-DIRECT 125,000 1 16 10 8 1 90 2] 3,507,254 1,003 12,293 1,756 230 88.43 181
38 DL-DIRECT 125,000 1 20 11 9 1 89 2] 3,690,651 1,056 16,658 1,707 242 95.47 182
39 DL-DIRECT 125,000 1 24 13 10 2 87 2] 3,824,905 1,094 17,680 1,708 251 94.93 182
CPU CPU CPU CPU CPU Load rate Load rate Phys writes Phys writes REDO FlCache Elapsed
TX size busy user sys idle iow total total total total data write time
Run Test Workload [rpt] Nodes 3Jobs [%] [%] [%] [%] [%] [rps] [MBps] [I0PS] [MBps] [MBps] [%] [s]
E ] 10 376 DL-DIRECT 125,000 2 2 2 2 1 98 ] 637,699 182 1,406 285 41 85.68 181
> ‘_Q 377 DL-DIRECT 125,000 2 8 7 6 1 93 0 2,107,202 603 4,954 959 137  89.02 182
g o 378 DL-DIRECT 125,000 2 16 12 10 1 88 2} 3,658,710 1,047 9,843 1,720 239 88.58 183
3 379 DL-DIRECT 125,000 2 24 17 15 2 83 >} 4,797,117 1,372 14,372 2,306 314 88.81 183
g 3 380 DL-DIRECT 125,000 2 32 22 19 2 78 0 5,865,405 1,678 18,022 2,730 384 89.15 182
12 381 DL-DIRECT 125,000 2 40 25 21 2 75 (] 6,843,925 1,958 22,572 3,222 448 88.64 183
382 DL-DIRECT 125,000 2 438 27 23 3 73 ] 7,366,348 2,108 24,804 3,472 482 87.92 183
383 DL-DIRECT 125,000 2 56 29 25 3 71 (2] 7,820,652 2,238 28,584 3,728 512 87.81 183
384 DL-DIRECT 125,000 2 64 30 26 3 70 2} 8,020,544 2,295 30,415 3,849 526 87.49 183

Note

The X8 data sheet specifies a peak load rate of 7.5 GBph = 2,133 MBps for QRHC.
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Data Analytics Workloads

Motivation

In general, data analytics operations cause full table scans. The performance of full table scan
operation depends on the location of data in the storage hierarchy (storage, memory) and the
technology used to boost scan performance (smart scan for the data location storage system, in-
memory column store for the data location memory).

The goal is to
= Optimize data scan throughput
= Validate the impact of several factors on data analytics performance
» Smart scan offload technology
» In-memory column store technology

= Optimize Oracle license and maintenance costs
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Data Analytics Workloads

Key Performance Metrics

= SQL data scan rate in megabytes per second [MBps] or rows per second [rps]
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Data Analytics Workloads

Description

Workload Measurement

Unit

Action

DA-STORAGE [MBps]
[rps]
DA-OFFLOAD [MBps]
[rps]
DA-ROWSTORE [MBps]
[rps]
DA-COLSTORE [MBps]
[rps]

Note

Simple aggregate after full table scan, using conventional storage.

Simple aggregate after full table scan, using smart-scan offload fechnology.

Simple aggregate after full table scan, using row-store.

Simple aggregate after full table scan, using column-store.

This workload uses in-memory optimized arithmetic operations introduced in 18c¢ if supported by the underlying
processor.

Starting in Oracle 19.8, the base level of the in-memory option supports up to 16 GByte in-memory column store without
license costs.

These kinds of analytic workloads are generic to all applications in all industries.
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Reference System
Single Instance

Reference System

2-node Cluster

Data Analytics Pe

Workload DA-STORAGE - Data scan using a conventional storage technology

CPU CPU CPU CPU CPU Scan rate Scan rate FlCache BuCache Elapsed

busy user sys idle iow total total read read time

Run Test Workload Nodes Jobs DOP [%] [%] [%] [%] [%] [rps] [MBps] [%] [%] [s]
8 1 DA-STORAGE 1 1 4 2 1 (] 98 2] 9,539,317 3,245 100.00 0.00 171

3 DA-STORAGE 1 8 4 3 2 1 97 2] 18,418,358 6,265 100.00 0.00 172

5 DA-STORAGE 1 16 4 4 2 1 96 2] 18,483,254 6,287 100.00 0.00 173

7 DA-STORAGE 1 24 4 4 2 1 96 2] 18,492,392 6,290 100.00 0.00 173

9 DA-STORAGE 1 32 4 4 2 1 96 2] 18,495,409 6,291 100.00 0.00 174

CPU CPU CPU CPU CPU Scan rate Scan rate FlCache BuCache Elapsed

busy user sys idle iow total total read read time

Run Test Workload Nodes Jobs DOP [%] [%] [%] [%] [%] [rps] [MBps] [%] [%] [s]
15 1 DA-STORAGE 2 2 4 2 1 1 98 0 16,450, 340 5,601 100.00 0.00 171
3 DA-STORAGE 2 16 4 3 2 1 97 2] 34,464,955 11,734 100.00 0.00 172

5 DA-STORAGE 2 32 4 4 2 1 96 2] 35,703,125 12,155 100.00 0.00 172

7 DA-STORAGE 2 48 4 4 2 1 96 2] 36,270,748 12,348 100.00 0.00 172

9 DA-STORAGE 2 64 4 4 3 1 96 2] 36,527,567 12,436 100.00 0.00 173

11 DA-STORAGE 2 80 4 4 3 1 96 2] 36,640,231 12,474 100.00 0.00 174

13 DA-STORAGE 2 96 4 4 3 1 96 2] 36,765,045 12,516 100.00 0.00 174
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Workload DA-OFFLOAD - Data scan using a offload storage technology

CPU CPU CPU CPU CPU Scan rate Scan rate FlCache BuCache Elapsed

busy user sys idle iow total total read read time

Run Test Workload Nodes Jobs DOP [%] [%] [%] [%] [%] [rps] [MBps] [%] [%] [s]
8 33 DA-OFFLOAD 1 1 1 1 0 0 99 2] 51,028,896 17,363 100.00 0.00 171
35 DA-OFFLOAD 1 8 1 1 1 0 99 2] 113,256,101 38,535 100.00 0.00 171

37 DA-OFFLOAD 1 16 1 2 1 1 98 2] 126,550,960 43,059 100.00 0.00 171

39 DA-OFFLOAD 1 24 1 2 1 1 98 2] 156,881,791 53,379 100.00 0.00 172

41 DA-OFFLOAD 1 32 1 2 1 1 98 2] 166,308,748 56,587 100.00 0.00 172

43 DA-OFFLOAD 1 40 1 3 1 1 98 2] 169,935,247 57,820 100.00 0.00 172

CPU CPU CPU CPU CPU Scan rate Scan rate FlCache BuCache Elapsed

busy user sys idle iow total total read read time

Run Test Workload Nodes Jobs DOP [%] [%] [%] [%] [%] [rps] [MBps] [%] [%] [s]
15 33 DA-OFFLOAD 2 2 1 1 1 ] 99 (] 58,173,231 19,819 100.00 0.00 171
35 DA-OFFLOAD 2 16 1 2 1 1 98 2] 164,581,594 56,070 100.00 0.00 171

37 DA-OFFLOAD 2 32 1 2 1 1 98 2] 187,076,316 63,733 100.00 0.00 171

39 DA-OFFLOAD 2 48 1 2 1 1 98 2] 195,758,609 66,691 100.00 0.00 171

41 DA-OFFLOAD 2 64 1 2 1 1 98 2] 196,795,769 67,044 100.00 0.00 172

43 DA-OFFLOAD 2 80 1 2 1 1 98 2] 199, 305,704 67,899 100.00 0.00 172

45 DA-OFFLOAD 2 96 1 2 1 1 98 2] 201,142,122 68,525 100.00 0.00 172
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Workload DA-ROWSTORE - Data scan using buffer cache row store

CPU CPU CPU CPU CPU Scan rate Scan rate FlCache BuCache Elapsed

busy user sys idle iow total total read read time

Run Test Workload Nodes Jobs DOP [%] [%] [%] [%] [%] [rps] [MBps] [%] [%] [s]
8 65 DA-ROWSTORE 1 1 1 2 1 0 98 ] 7,548,718 2,281 0.00 99.73 180
66 DA-ROWSTORE 1 24 1 26 25 0 74 0 180,623,599 54,565 0.00 100.00 182

67 DA-ROWSTORE 1 48 1 51 50 0 49 0 308,723,162 93,263 0.00 100.00 183

68 DA-ROWSTORE 1 72 1 75 74 e 25 0 376,972,319 113,881 0.00 100.00 183

69 DA-ROWSTORE 1 96 1 97 96 0 3 0 417,263,505 126,052 0.00 100.00 182

CPU CPU CPU CPU CPU Scan rate Scan rate FlCache BuCache Elapsed

busy user sys idle iow total total read read time

Run Test Workload Nodes 3Jobs DOP [%] [%] [%] [%] [%] [rps] [MBps] [%] [%] [s]
15 65 DA-ROWSTORE 2 2 1 2 1 0 98 0 15,223,603 4,600 0.00 99.74 181
66 DA-ROWSTORE 2 48 1 25 25 e 75 ) 362,635,020 109,529 0.00 100.00 183

67 DA-ROWSTORE 2 96 1 50 49 0 50 0 617,217,180 186,421 0.00 100.00 183

68 DA-ROWSTORE 2 144 1 75 73 1 25 0 754,465,316 227,875 0.00 100.00 183

69 DA-ROWSTORE 2 192 1 96 94 1 4 0 845,157,690 255,266 0.00 100.00 183
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Workload DA-COLSTORE - Data scan using column store

CPU CPU CPU CPU CPU Scan rate Scan rate FlCache BuCache Elapsed

e busy user sys idle iow total total read read time
g § Run Test Workload Nodes Jobs DOP [%] [%] [%] [%] [%] [rps] [MBps] [%] [%] [s]
X @0 | mmm= mmmm mmmmmmmmmmm= mmmm= mmmm= mmm= mm=m= mmm= mmm= mmm= mmm= EmmmmmmmEmEmmmmmmm= mmmmmmmmmmm= mmmmmm= mmmmmm= mm————--
g = 8 70 DA-COLSTORE 1 1 1 2 1 0 98 ] 4,820,827,589 1,460,407 0.00 70.46 181
§ %’, 71 DA-COLSTORE 1 24 1 26 25 0 74 ©® 65,379,202,103 19,816,074 0.00 100.00 181
e s 72 DA-COLSTORE 1 48 1 52 50 1 48 e 58,633,796,758 17,787,953 0.00 100.00 181
e 73 DA-COLSTORE 1 72 1 76 74 1 24 9 60,924,913,364 18,495,364 0.00 100.00 181
74 DA-COLSTORE 1 96 1 97 95 1 3 @ 62,339,614,528 18,936,557 0.00 100.00 181

CPU CPU CPU CPU CPU Scan rate Scan rate FlCache BuCache Elapsed

busy user sys idle iow total total read read time

Run Test Workload Nodes Jobs DOP [%] [%] [%] [%] [%] [rps] [MBps] [%] [%] [s]

DA-COLSTORE 2 1 0 o 10,861,614,976 3,287,494 0

71 DA-COLSTORE 2 1 0 0 141,771,840,591 42,916,756 0

72 DA-COLSTORE 2 96 1 52 50 1 48 0 116,215,766,166 35,198,349 0.00 100.00 181
2 1 1 2} 0
2 1 1 2} 0

Reference System
2-node Cluster
(=Y
v
N
IS)

73 DA-COLSTORE 125,054,889,772 37,885,745
74 DA-COLSTORE 131,717,969,993 39,916,054

Note
The scan rate in MBps corresponds to the amount of data in the scanned table. This value depends on the data model. In our data model, the row length is approx. 300 bytes.
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Transaction Processing Workloads

Motivation

For capacity planning reasons, it is necessary to know the performance characteristics of a platform
for transactions of varying complexity. Transaction Processing is the most complex database
operation.

The goal is to
= Optimize the transaction throughput and fransaction response time
= Validate the impact of several factors on transaction throughput and response time:
» ratio of database size and buffer cache size
» transaction size
» 1/O random read service time
» log writer latency

= Identify the limiting resource
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Transaction Processing Workloads

Key Performance Metrics

= SQL transaction throughput in transactions per second [tps]

= SQL transaction response time in milliseconds [ms]
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Transaction Processing Workloads

Description
Workload Measurement  Action
Unit
TP-REPORT [tps] Online report of transaction processing application.
[ms] SELECT @ 25 rows via index.
TP-LOOKUP [tps] Fast lookup query.
[ms] SELECT single row via index, e.g., SELECT an accounft, product.

If configured, this workload uses tables in the memory-optfimized row store introduced in 18c for fast look-up.
Otherwise, it uses conventional tables.

Notes:
*  These transaction processing workloads are generic to all applications in all industries.
*  The technology used for workload TP-LOOKUP (memory-optimized tables) is generally available in Oracle Enterprise Edition starting with 19.12.
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Transaction Processing Workloads

Action

Description
Workload Measurement
Unit
TP-LIGHT [tps]
[ms]
TP-MEDIUM [tps]
[ms]
TP-HEAVY [tps]
[ms]
Note

Light transaction type.

SELECT/UPDATE single row via index, e.g., SELECT/UPDATE an account, product, or order with different
SELECT/UPDATE ratios using SELECT FOR UPDATE locking. The workload parameter specifies the update ratio in %;
the following values are supported {0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100}.

This workload shows maximum transaction throughput and minimum transaction response fime.

Medium transaction type.
SELECT/UPDATE @ 25 rows via index, e.g., SELECT/UPDATE last month's bank account bookings with different

SELECT/UPDATE ratios using SELECT FOR UPDATE locking. The workload parameter specifies the update ratio in %;
the following values are supported {0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100}.

Heavy transaction type.

SELECT/UPDATE @ 125 rows via index, e.g., SELECT/UPDATE last month’s cell phone call records with different
SELECT/UPDATE ratios using SELECT FOR UPDATE locking. The workload parameter specifies the update ratio in %;
the following values are supported {0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100}.

These fransaction processing workloads are generic to all applications in all industries.
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Action

Description
Workload Measurement
Unit
TP-MIXED1 [tps]
[ms]
TP-MIXED2 [tps]
[ms]
TP-CUSTOM [tps]
[ms]
Notes

A read-intensive mix of different transaction types.

Logical reads: 83% read, 17% write; avg 256-byte REDO per fransaction.

This workload is a complex workload that is composed of the equally weighted simple workloads TP-REPORT and
TP-LOOKUP, TP-MEDIUM (with 40% UPDATE) and DL-BUFFER (with 2 rpt).

A write-intensive mix of different tfransaction types.

Logical reads: 65% read, 35% write; avg 1,725-byte REDO per transaction.

This workload is a complex workload that is composed of the equally weighted simple workloads TP-LIGHT (with 40%
UPDATE), TP-MEDIUM (with 30% UPDATE), TP-HEAVY (with 20% UPDATE), and DL-BUFFER (with 3 rpt).

A configurable and customized mix of different fransaction types.

Default configuration compatible to peakmarks Version 9 TP-MIXED.

TP-MIXED1and TP-MIXED2 are the most representative peakmarks® workloads for determining Oracle transaction processing performance capabilities on a specific platform.
TP-MIXED1 achieves much higher transaction rates and CPU utilization than TP-MIXED2.

These kinds of transaction processing workloads are generic to all industry applications.

Peakmarks provides several performance reports for TP workloads: kpm_tp.sql (used in this presentation) shows overall transaction performance, kpm_tpplus.sgl provides more detailed

information, and kpm_tpio.sql provides logical and physical I/O information.
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Workload TP-REPORT - online report, avg 25 rows per query

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

£ Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [tps] [ms] [ms] [kBpt] [ms] [%] [%] [s]
RN - ——c ccoc coooooooocooo coo cosoo coooo Cooo COSO CODG COOO COOS COSCCCCOCOSS CoSOTOOD COOOOOOS COSODOOD COCCoCSD COSOSOD COCDO0 COOoO0
:>§ é 9 2 TP-REPORT N/A 1 1 1 1 (2] 99 (2] 748 1.337 0.207 1.802 1.279 18.68 100.00 181
§ % 10 TP-REPORT N/A 1 32 24 13 7 76 (2] 18,797 1.698 0.262 0.581 1.192 22.71 100.00 182
g E& 14 TP-REPORT N/A 1 48 34 19 10 66 (2] 24,563 1.944 0.296 1.022 1.179 23.53 100.00 183
‘g‘{) n 18 TP-REPORT N/A 1 64 43 25 12 57 (2] 28,264 2.249 0.343 0.739 1.167 24.32 100.00 182
22 TP-REPORT N/A 1 80 49 29 13 51 (2] 30,795 2.584 0.400 0.573 1.157 25.01 100.00 182

26 TP-REPORT N/A 1 96 54 32 14 46 2] 31,923 2.990 0.474 0.701 1.159 24.92 100.00 183

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

£ . Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [tps] [ms] [ms] [kBpt] [ms] [%] [%] [s]
(% 5 16 2 TP-REPORT N/A 2 2 2 1 1 98 ] 1,293 1.541 0.218 1.279 1.113 29.46 100.00 181
§ E 6 TP-REPORT N/A 2 32 15 8 5 85 %) 17,836 1.784 0.250 0.934 1.030 34.60 100.00 182
e 10 TP-REPORT N/A 2 64 25 13 8 75 2] 30,408 2.092 0.281 0.778 0.939 39.99 100.00 182
E & 14 TP-REPORT N/A 2 96 32 17 10 68 [2) 38,278 2.494 0.314 0.556 0.920 41.09 100.00 182
18 TP-REPORT N/A 2 128 38 21 11 62 [2) 44,761 2.840 0.355 0.557 0.925 40.80 100.00 183

22 TP-REPORT N/A 2 160 43 24 13 57 o 51,247 3.101 0.394 0.498 0.886 43.45 100.00 183
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Workload TP-LOOKUP - look-up query with minimum response time

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

£, Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [tps] [ms] [ms] [kBpt] [ms] [%] [%] [s]

— g -----------------------------------------------------------------------------------------------

:>§ g 9 34 TP-LOOKUP N/A 1 1 1 1 2] 99 (2] 3,357 0.298 0.244 0.841 0.080 74.93 99.99 181

§ ?C) 38 TP-LOOKUP N/A 1 16 17 17 2] 83 (2] 1,257,350 0.013 0.571 0.396 0.000 100.00 97.75 182

g ? 42 TP-LOOKUP N/A 1 32 34 33 2] 66 (2] 2,031,891 0.016 0.540 0.355 0.000 100.00 97.86 181

‘?&') a 46 TP-LOOKUP N/A 1 48 50 49 1 50 (2] 2,487,948 0.019 0.391 0.307 0.000 100.00 99.05 181

50 TP-LOOKUP N/A 1 64 66 65 1 34 (2] 2,594,656 0.025 0.862 0.329 0.000 100.00 99.10 182

54 TP-LOOKUP N/A 1 80 82 81 1 18 ] 2,727,060 0.029 0.823 0.324 0.000 100.00 97.90 181

58 TP-LOOKUP N/A 1 96 97 95 1 3 0 2,846,073 0.034 3.771 0.336 0.000 100.00 97.84 181

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

£, Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [tps] [ms] [ms] [kBpt] [ms] [%] [%] [s]

L
2L

2 é 16 34 TP-LOOKUP N/A 2 2 1 1 1 99 (7] 5,452 0.366 0.240 1.155 0.086 73.48 100.00 182

§ 3 38 TP-LOOKUP N/A 2 32 17 17 o 83 0 2,480,910 0.013 0.516 0.380 0.000 100.00 98.67 182

g e 42 TP-LOOKUP N/A 2 64 33 33 7] 67 (7] 4,035,779 0.016 0.639 0.412 0.000 100.00 98.22 182

EJ & 46 TP-LOOKUP N/A 2 96 50 49 1 50 (7] 4,936,726 0.019 0.593 0.345 0.000 100.00 99.10 181

50 TP-LOOKUP N/A 2 128 66 65 1 34 (7] 5,218,022 0.024 0.864 0.431 0.000 100.00 98.26 182

54 TP-LOOKUP N/A 2 160 83 81 1 17 (7] 5,407,780 0.029 0.865 0.359 0.000 100.00 99.10 182

58 TP-LOOKUP N/A 2 192 96 94 1 4 (7] 5,703,844 0.033 1.045 0.376 0.000 100.00 98.34 182
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Workload TP-LIGHT - maximum transaction throughput and minimum response time (20% update)

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [tps] [ms] [ms] [kBpt] [ms] [%] [%] [s]

5 3 9 66 TP-LIGHT 20 1 1 1 1 0 99 0 1,903 0.525 0.241 0.511 0.313 67.61 100.00 181
£~§ 70 TP-LIGHT 20 1 16 13 8 3 88 0 42,182 0.378 0.235 0.185 0.298 77.82 100.00 182
g < 74 TP-LIGHT 20 1 32 25 17 5 75 0 98,024 0.325 0.257 0.184 0.266 83.47 100.00 182
@-% 78 TP-LIGHT 20 1 48 34 24 7 66 0 138,530 0.345 0.278 0.226 0.261 83.81 100.00 182
e s 82 TP-LIGHT 20 1 64 42 29 9 58 0 174,940 0.364 0.294 0.285 0.258 83.88 100.00 182
e 86 TP-LIGHT 20 1 80 51 35 10 49 0 206,960 0.384 0.308 0.281 0.254 83.93 100.00 182
90 TP-LIGHT 20 1 96 58 40 12 42 0 236,484 0.404 0.323 0.258 0.247 83.91 100.00 182

94 TP-LIGHT 20 1 112 64 45 13 36 0 258,264 0.431 0.350 0.255 0.245 83.92 100.00 182

97 TP-LIGHT 20 1 124 68 47 14 32 0 270,624 0.456 0.374 0.306 0.244 83.94 100.00 182

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [tps] [ms] [ms] [kBpt] [ms] [%] [%] [s]

é g 16 66 TP-LIGHT 20 2 2 1 1 1 99 0 3,922 0.508 0.243 0.368 0.297 72.21 99.99 182
a5 70 TP-LIGHT 20 2 32 15 9 3 85 0 109,183 0.291 0.265 0.188 0.254 86.33 100.00 182
3] % 74 TP-LIGHT 20 2 64 25 17 6 75 0 204,611 0.311 0.291 0.290 0.248 86.62 100.00 182
@ -§ 78 TP-LIGHT 20 2 96 34 23 7 66 0 288,283 0.331 0.322 0.278 0.241 87.17 100.00 182
‘% & 82 TP-LIGHT 20 2 128 41 28 9 59 0 354,492 0.359 0.355 0.350 0.236 87.23 100.00 182
e« 86 TP-LIGHT 20 2 160 47 32 10 53 0 404,681 0.393 0.389 0.294 0.234 87.22 100.00 182
90 TP-LIGHT 20 2 192 52 35 11 48 0 440,736 0.432 0.432 0.444 0.232 87.22 100.00 183

94 TP-LIGHT 20 2 224 56 38 12 44 0 471,001 0.465 0.469 0.415 0.231 87.23 100.00 185

97 TP-LIGHT 20 2 248 59 40 13 41 0 490,885 0.490 0.494 0.357 0.230 87.26 100.00 186
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Workload TP-MEDIUM - maximum fransaction throughput and minimum response time (20% update)

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [tps] [ms] [ms] [kBpt] [ms] [%] [%] [s]

é § 9 98 TP-MEDIUM 20 1 1 2 1 1 98 0 701 1.427 0.217 0.415 4.637 46.68 100.00 182
& 2 102 TP-MEDIUM 20 1 16 20 11 6 80 0 7,828 2.036 0.271 0.179 4.949 41.24 100.00 182
g % 106 TP-MEDIUM 20 1 32 32 18 9 68 0 12,867 2.478 0.335 0.260 4.891 42.44 100.00 182
o5 110 TP-MEDIUM 20 1 48 42 23 12 58 0 16,438 2.908 0.399 0.260 4.843 42.53 100.00 182
% (,E, 114 TP-MEDIUM 20 1 64 49 28 14 51 0 19,174 3.324 0.476 0.314 4.774 43.82 100.00 182
« 118 TP-MEDIUM 20 1 80 56 32 15 44 0 20,853 3.821 0.564 0.357 4.741 44.83 100.00 181
122 TP-MEDIUM 20 1 96 60 36 16 40 0 21,953 4.357 0.668 0.325 4.717 45.19 100.00 182

126 TP-MEDIUM 20 1 112 64 38 17 36 0 22,621 4.935 0.780 0.331 4.709 45.08 100.00 182

129 TP-MEDIUM 20 1 124 66 40 17 34 0 22,914 5.391 0.872 0.770 4.704 45.06 100.00 182

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [tps] [ms] [ms] [kBpt] [ms] [%] [%] [s]

é g 16 98 TP-MEDIUM 20 2 2 2 1 1 98 0 1,328 1.504 0.225 0.398 4,393 59.51 100.00 182
& 3 102 TP-MEDIUM 20 2 32 19 10 6 81 0 13,275 2.399 0.327 0.258 4,799 49.90 100.00 182
§ E 106 TP-MEDIUM 20 2 64 28 15 8 72 0 20,211 3.148 0.465 0.366 4.682 53.37 100.00 182
g e 110 TP-MEDIUM 20 2 96 34 18 10 66 0 25,088 3.811 0.599 0.390 4,598 55.41 100.00 182
E) ~ 114 TP-MEDIUM 20 2 128 38 21 11 62 0 28,319 4.499 0.721 0.377 4.566 55.36 100.00 182
118 TP-MEDIUM 20 2 160 42 23 12 58 0 30,829 5.170 0.841 0.352 4.547 55.05 100.00 182

122 TP-MEDIUM 20 2 192 44 25 13 56 0 32,644 5.853 0.989 0.416 4.534 55.26 100.00 182

126 TP-MEDIUM 20 2 224 45 25 13 55 0 33,527 6.550 1.130 0.480 4.526 55.23 100.00 185

129 TP-MEDIUM 20 2 248 45 26 13 55 0 33,979 7.085 1.243 0.573 4,519 55.37 100.00 186
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Workload TP-HEAVY - maximum transaction throughput and minimum response time (20% update)

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

E, g Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [tps] [ms] [ms] [kBpt] [ms] [%] [%] [s]
N € | mmme; m;meme mem s s s s s s s e ms mm e m e m e Mo e o e Mo e o e M e e e e e e e M e e e e M e e e e M e e e e e e e
‘5% 9 130 TP-HEAVY 20 1 1 3 1 1 97 0 312 3.207 0.221 0.359 21.771 51.87 100.00 181
§ e 134 TP-HEAVY 20 1 16 25 14 7 75 0 3,013 5.298 0.359 0.384 22.687 44.65 100.00 182
k3l E 138 TP-HEAVY 20 1 32 41 23 12 59 0 4,369 7.298 0.584 0.430 22.791 42.40 100.00 182
K 142 TP-HEAVY 20 1 48 51 29 14 49 0 4,797 9.975 0.947 0.542 22.886 41.14 100.00 182
146 TP-HEAVY 20 1 64 56 33 15 44 0 4,908 12.996 1.372 0.379 22.951 40.27 100.00 181

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

e Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [tps] [ms] [ms] [kBpt] [ms] [%] [%] [s]
L @ | mmmm mmmm mmmmmmmmmsms mmm mmmmm mmmm mmmo mmms mmms SmS SSms mmmmSSmSSSoS SomSmoS SSSSSSoo SSmmSSos SmmmSms mmmmmss mmmmmms mmmeee
25 16 130 TP-HEAVY 20 2 2 3 1 1 97 0 702 2.848 0.228 0.560 20.356 66.94 100.00 182
g g 132 TP-HEAVY 20 2 16 14 7 4 86 0 3,675 4.337 0.350 0.331 21.683 57.34 100.00 182
@ B3 134 TP-HEAVY 20 2 32 21 11 7 79 0 5,600 5.693 0.547 0.866 21.702 55.56 100.00 181
% &c‘ 136 TP-HEAVY 20 2 48 26 14 8 74 0 6,504 7.350 0.780 0.579 21.763 54.44 100.00 181
e 138 TP-HEAVY 20 2 64 29 15 9 71 0 6,863 9.300 1.068 0.730 21.962 52.10 100.00 181
140 TP-HEAVY 20 2 80 30 16 9 70 0 6,984 11.410 1.390 0.497 22.063 50.89 100.00 181

142 TP-HEAVY 20 2 96 31 16 9 69 0 7,012 13.635 1.692 0.885 22.085 50.61 100.00 182
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Workload TP-MIXED1 - Read-intensive mix of different transaction types

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

gy (Bl st s O s s s O e N v O OO
%é 10 2 TP-MIXED1 N/A 1 4 4 2 1 96 (2] 7,864 0.507 0.218 0.239 1.854 65.26 100.00 182
§ ?C) 3 TP-MIXED1 N/A 1 8 7 4 2 93 (2] 37,713 0.211 0.225 0.246 0.746 77.72 100.00 183
g Ea 5 TP-MIXED1 N/A 1 16 16 11 3 84 (2] 271,708 0.058 0.246 0.350 0.162 92.51 100.00 183
‘?&') n 7 TP-MIXED1 N/A 1 24 27 18 6 73 ] 414,529 0.058 0.281 0.466 0.128 93.52 100.00 182
9 TP-MIXED1 N/A 1 32 33 22 7 67 0 548,974 0.058 0.298 0.582 0.113 93.71 100.00 182

11 TP-MIXED1 N/A 1 40 38 26 8 62 0 610,997 0.065 0.314 0.692 0.113 93.28 100.00 182

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [tps] [ms] [ms] [kBpt] [ms] [%] [%] [s]

E | [ mmee mmme memmmmeeeee eee mmeee mmeen meee eeen mee mme meee meeeeeemee memmmmee mmmmmeee mmmmmeee mmmmmmme mmmmmee memmeee —me—---
‘ami % 17 2 TP-MIXED1 N/A 2 8 4 2 1 96 0 13,979 0.570 0.240 0.228 2.152 70.11 100.00 181
ﬁ 8 5 TP-MIXED1 N/A 2 32 17 11 4 83 0 573,264 0.055 0.292 0.483 0.131 94.14 100.00 182
5 3 9 TP-MIXED1 N/A 2 64 28 19 6 72 0 1,062,532 0.060 0.359 0.800 0.100 94.46 100.00 182
@‘_; I@ 13 TP-MIXED1 N/A 2 96 37 26 7 63 0 1,512,411 0.063 0.429 1.067 0.083 95.06 100.00 182
g« 17 TP-MIXED1 N/A 2 128 45 32 8 55 0 1,875,286 0.068 0.496 1.315 0.074 95.35 100.00 182
21 TP-MIXED1 N/A 2 160 53 39 9 47 0 2,098,252 0.076 0.561 1.559 0.071 95.41 100.00 182

25 TP-MIXED1 N/A 2 192 60 44 10 40 0 2,233,273 0.085 0.614 1.786 0.071 95.32 100.00 183

29 TP-MIXED1 N/A 2 224 66 49 11 34 0 2,317,660 0.094 0.668 1.968 0.070 95.25 100.00 186
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Workload TP-MIXED2 - Write-intensive mix of different transaction types

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

gy (bl s O s O e v O O O
%é 11 2 TP-MIXED2 N/A 1 4 6 3 2 94 (2] 5,335 0.744 0.224 0.239 2.722 57.81 100.00 183
§ ?C) 5 TP-MIXED2 N/A 1 16 18 10 5 82 (2] 15,428 1.030 0.271 0.400 2.793 54.65 100.00 182
g Ea 9 TP-MIXED2 N/A 1 32 29 17 8 71 (2] 23,148 1.376 0.324 0.647 2.822 51.32 100.00 182
‘?&') n 13 TP-MIXED2 N/A 1 48 37 22 10 63 ] 29,660 1.610 0.366 0.884 2.761 49.69 100.00 182
17 TP-MIXED2 N/A 1 64 45 27 12 55 0 32,958 1.931 0.427 1.109 2.841 48.29 100.00 182

21 TP-MIXED2 N/A 1 80 52 32 13 48 0 35,374 2.249 0.498 1.400 2.881 47.98 100.00 182

24 TP-MIXED2 N/A 1 92 57 35 14 43 0 36,508 2.506 0.561 1.596 2.901 47.56 100.00 182

CPU CPU CPU CPU CPU Transactions Response IO time REDO LogFile BuCache FlCache Elapsed

Upd busy user sys idle iow total time read data sync read read time

Run Test Workload [%] Nodes 3Jobs [%] [%] [%] [%] [%] [tps] [ms] [ms] [kBpt] [ms] [%] [%] [s]

e T et LT T T T L ST
% EJ 18 2 TP-MIXED2 N/A 2 8 6 3 2 94 0 10,444 0.762 0.250 0.267 2.827 65.73 100.00 183
Z 3 3 TP-MIXED2 N/A 2 16 10 5 3 90 0 17,037 0.933 0.274 0.387 2.917 63.63 100.00 182
§ E 5 TP-MIXED2 N/A 2 32 16 9 4 84 0 26,667 1.192 0.327 0.594 2.932 62.20 100.00 182
g e 7 TP-MIXED2 N/A 2 48 20 11 6 80 0 32,956 1.450 0.382 0.810 2.895 59.73 100.00 182
E) & 9 TP-MIXED2 N/A 2 64 23 13 7 77 0 37,798 1.685 0.437 1.021 2.880 58.63 100.00 182
11 TP-MIXED2 N/A 2 80 26 14 7 74 0 41,402 1.922 0.496 1.223 2.942 58.27 100.00 182

13 TP-MIXED2 N/A 2 96 28 16 8 72 0 45,473 2.098 0.550 1.414 2.908 58.41 100.00 182

15 TP-MIXED2 N/A 2 112 30 17 8 70 0 49,139 2.266 0.605 1.605 2.865 58.46 100.00 182

17 TP-MIXED2 N/A 2 128 32 18 9 68 0 51,392 2.478 0.660 1.770 2.854 57.81 100.00 182

Copyright © 2024 peakmarks.com 89



A\ peakmarks

Swiss precision in performance measurement.



A\ peakmarks

Workloads to determine the

PL/SQL Application Performance



PL/SQL Application Workloads

Motivation

Mission-critical systems use PL/SQL to encapsulate essential functions for efficient execution as
close to the data as possible. This aspect is critical in cloud environments with separate databases
and application servers to reduce traffic between both environments.

The goal is to
= Validate processor performance capabilities to execute PL/SQL code

Note
Separating applications and data may cause performance problems. For example, each roundtrip between the Microsoft Azure data center (application) and the Oracle Cloud Infrastructure data

center (data) takes around 2 ms. Starting in 2023, both vendors will provide their infrastructure in a single data center to reduce roundtrip fime.
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PL/SQL Application Workloads

Key Performance Metrics

= PL/SQL operation throughput in a million operations per second [Mops]

= PL/SQL computing time to process algorithms in seconds [s]
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PL/SQL Application Workloads

Description

Workload Measurement  Action

Unit

PLS-ADD [Mops] Addition of numbers using different numeric data types. The workload parameter specifies the data type; the following
values are supported {SI, SF, PI, NU, DA}

This workload shows the impact of the PL/SQL data type on the performance of simple arithmetic operations.

PLS-BUILTIN [Mops] Data type-specific operations, including SQL built-in functions, based on core banking and telco billing applications. The
workload parameter specifies the data type; the following values are supported {SI, SF, PI, NU, VC}.

This workload shows the impact of the PL/SQL data type on the performance of typical operations.

Note
The following abbreviations for PL/SQL data types are used: S| = SIMPLE_INTEGER, SF = SIMPLE_FLOAT, Pl = PLS_INTEGER, NU = NUMBER, DA = DATE, VC = VARCHAR?2.
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PL/SQL Application Workloads

Description

Workload Measurement  Action

Unit

PLS-MIXED [Mops] Mixed data type-specific operations, including SQL built-in functions.

This complex workload is composed of the equally weighted simple workloads PLS-ADD (NUMBER), PLS-ADD
(PLS_INTEGER), PLS_BUILTIN (NUMBER), and PLS_BUILTIN (VARCHAR?2).

PLS-MIXED is the most representative peakmarks® workload to determine an Oracle database server's PL/SQL
performance capabilities.

PLS-FIBO [s] Calculation of Fibonacci number N. The workload parameter specifies N; the following values are supported {39, 40, 41,
42, 43, 44},

This workload shows the single-thread performance of a simple recursive algorithm implemented in PL/SQL.

PLS-PRIME [s] Calculation of first N prime numbers. The workload parameter specifies N; the following values are supported {1000,
100003}

This workload shows the single-thread performance of a simple algorithm implemented in PL/SQL.
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PL/SQL Application Pe

Workload PLS-MIXED - complex workload with most used PL/SQL operations and data types

CPU CPU CPU CPU Operations Operations Elapsed

Para busy user sys idle total per cpu time

£ o Run Test Workload meter Nodes Jobs [%] [%] [%] [%] [Mops] [Mops] [s]

B E | mmmm mmmm mmmmmmmmmmmn mmmmmm mmmmm mmmme mmmm mmmm mmmm mmmm mmmmmmmmmmm mmmmmmmmmmm mmmm——-
> @©

ﬁ Z’ 14 1 PLS-MIXED N/A 1 4 5 4 (2] 95 366.51 91.63 182

§ ) 2 PLS-MIXED N/A 1 24 25 25 (2] 75 1,997.48 83.23 182

o 8 3 PLS-MIXED N/A 1 48 50 50 2] 50 3,226.36 67.22 182

¢ 4 PLS-MIXED N/A 1 72 75 74 2] 25 3,118.72 43.32 182

5 PLS-MIXED N/A 1 96 98 97 2] 2 3,298.58 34.36 182

CPU CPU CPU CPU Operations Operations Elapsed

Para busy user sys idle total per cpu time

5 5 Run Test Workload meter Nodes 3Jobs [%] [%] [%] [%] [Mops] [Mops] [s]

Q G | mmmm mmmm mmmmmmmmmee men e oo oo een mn e oo eeeemen eeee-

23 20 1 PLS-MIXED N/A 2 8 5 4 @ 95 737.47 92.18 182

c 38 2 PLS-MIXED N/A 2 48 25 25 @ 75  4,004.28 83.42 182

:u‘_J < 3 PLS-MIXED N/A 2 96 50 49 0 50 6,447.20 67.16 182

g 4 PLS-MIXED N/A 2 144 74 73 0 26 6,937.48 48.18 183

5 PLS-MIXED N/A 2 192 95 94 0 5 6,572.97 34.23 183
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PL/SQL Application Performance

Workload PLS-FIBO and PLS-PRIME - single thread computing fime of algorithms

€ CPU CPU CPU CPU Operations Operations Elapsed
L § Para busy user sys idle total per cpu time
38 Run Test Workload meter Nodes Jobs [%] [%] [%] [%] [Mops] [Mops] [s]
-S| -—-c ccoo coocoooooooo coocooo coooo coooo Cooo CoCO COCO COCO COOCOSOOOOC COCOOOOoOoS CoOOoOo
§ %, 13 31 PLS-FIBO 42 1 1 2 1 0 98 0.00 0.00 71
‘;3 f,E, 32 PLS-PRIME 8000 1 1 2 1 0 98 0.00 0.00 80
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