One Ring to rule them all, One Ring to find them,
One Ring to bring them all, and in the darkness bind them ...

s
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How is database performance
doing today?
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How is database performance
doing today?

 Cache buffer chains

e Latch contention

e |t's going really good ... :-)
e How to answer with a single number?

Abakyy
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2022 I

The Ultimate Answer to Life,

The Universe, and Everything.
(Douglas Adams)
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How is database performance
doing today?

 Cache buffer chains

e Latch contention

e |t's going really good ... :-)
e How to answer with a single number?

e The Ultimate Answer to Life, The Universe,
and Everything?

e Possible?
e Meaningful?

v
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2022

Boris Oblak

One indicator to rule them all

"lﬂ"'lll"
Am'” dejavu



Abakus Plus d.o.o.

e History e Services
e From 1992 e OS & Network admin
e ~20 employees « DBA, Programming
« DBA Applications e Infrastructure
 DejaVu « > 20 years of experience
. ARBITER LV_'”; R
. igh Availability on
APPM GNU/Linux

e Enterprise Applications
e Document Management
« Newspaper Distribution
e Flight Information System

v

/'Iﬂ.lllf

e Hardware

e Servers, SAN, ceph,
e Firewalls,
e« Backup Server

dejavu



Abakus and Oracle

e Oracle database on linux

e Abakus: 1995
(Oracle /1.5, Forms 3.0)

e Oracle: 1997/

e Parallel execution

e Abakus: 2004

(SIOUG 2004: Vzporedno Izvajanje operacij s
PL/SQL - Boris Oblak)

e Oracle: 2007/

dboms parallel execute
AS

Abakyy
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FRaANYYy

A ] M For Oracle Database Standard Edition
Abakus Plus Made by DBAs for DBAS
Performance

: Temporal performance comparison
Monitor

Resource allocation optimization
Database performance tracking

Performance bottleneck optimization

E@ www.abakus.si~




Backup |

e B/ C

supports Oracle

Databases and
OLVM VMs

/"Iﬂ'lll.f
B caANYy
Backup

takes no time

Recovery

data recovery is almost instant

Disk space

backed up data takes up minimal amount of disk
space

Availibility
data is always available and always in view

Security

backed up data can not be deleted without support
personnel intervention

Alternative uses

Bl analysis / reporting / DB upgrade verification /
R&D testing / seamless business continuation

www.abak u;S""’:'S'fi 7

g
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Database performance

e sgl id: elapsed time,
e |OD: elapsed time,
e entire Instance?

e Without measuring wall time and elapsed
time?

Abakyy
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e How is DB behaving today?
e By how much will new HW speed up a DB?

e \What kind of HW will make DB run twice
as fast?

e Change HW or hire a DBA?

Abakyy
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At Any Point in Time

 YOU are doing:
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At Any Point in Time

 YOU are doing:
e something:

- shopping, exercising, feeding your
oets, preparing a meal, driving to a
destination, working, talking, studying,
.. YOu are doing something.

Abakyy
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Nothing

/ﬁnlrllr
T T A

e



At Any Point in Time

e YOu are doing:
e something:

- shopping, exercising, feeding your pets,
oreparing a meal, driving to a destination,
working, talking, studying, ... you are doing
something.

e nothing:
- waiting on something:
e sleeping, waiting for the pizza delivery,
waiting in the market, waiting for coffe

to brew, waiting for inspiration to write a
& code, waiting in line at the post office, ...

/'lﬂ.lllf
T T A
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At Any Point in Time

e \Working.
« Walting.
« Does Not Necessarily Correlate With
Inefficiency.

e Your life is going to naturally have some
walt time build into it (and that’s ok).

Abakyy
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Oracle Server Process

e Something (Executing Code - Burning
CPU)

« Nothing (Waiting - NOT Burning CPU)

Abakyy
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Oracle Server Process

Executing Code

ON CPU

Abakyy
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Oracle Server Process

Walting
Wait Event

Waiting to read block into the buffer

cache
Waiting on DBRW to write dirty
blocks
Waiting on a row - lock
AS
/ﬂ'anl.r P
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Oracle Server Process

« ON CPU
* Waliting

- Waiting to read block into the buffer cache

- Waiting on DBRW to write dirty blocks
- Waiting on a row - lock

.Idle

- Waiting for some work to be assigned
e SQL*Net message from client?

v ...

feaky;
e dejavu



Most Healthy Queries

e Spends Some Time Waiting and
e SOome time on CPU.
e Having some wait time is not bad.
e Your »regular life« has some wait time too.

Abakyy
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Most Healthy Queries

5
. Other
14
Cluster
13 Queueing
12 MNetwork

Administrative
Configuration
Commit
Application
Lancurréncy
System [/0
User 1O

Scheduler
CPU Background
CPU Foreground
CPU Count

e
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User Experience

Response time
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Response Time #0

e Unit of work (LIO)
e Time = »Working Time« + »Walit Time«

e Response time =
»lime« / »Units« (Time per one Unit -
ms/LI1O)

Abakyy
TN dejavu


https://method-r.com/wp-content/uploads/2017/07/Why-You-Should-Focus-on-LIOs-Instead-of-PIOs.pdf
https://blog.pythian.com/do-you-know-if-your-database-slow/
https://blog.orapub.com/20181204/do-direct-path-reads-count-as-logical-reads.html

Response Time #0

e Time to complete operation
e »Units to be done« * »Response Time«

Abakyy
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Response time #1

e In a perfect world - most ON CPU: min Rt

Abakyy
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|deal Response time

9
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Other

Cluster
Queueing
Metwork
Administrative
Configuration
Commit
Application
Concurrency
Systemn [/0
User I/O

Idle

Scheduler

CPU Background
CPU Foreground
CPU Count



Real Response time

Other

Cluster
Queueing
Metwork
Administrative
Configuration
Commit
Application
Concurrency
System [/0

User I/O

Idle

Scheduler

CPU Background
CPU Foreground
CPU Count

OO0 000000600060

A'Iﬂ."llf
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Response time #1

e In a perfect world - most ON CPU: min Rt,

e Average - unreal, in more than 50% SQL will
run longer,

e Real:
e snapshot of an »acceptable« case,
e paseline (e.g. Rt covering 95% of all cases),
e standard deviation.

e Calculate response time baseline when
database performs »acceptable«.

e Carve it In stone.
A5
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Baseline

Carve Response
Time In stone.
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Baseline

From 2022-04-28 07:00 ] Compare From
To 2022-04-28 18:00 ] Compare To
backward | forward | interval backward | forward | interval | offset
Submit ™ -1 hour ~ +1 hour ™ interval 1h ™
Response Time B l
(:} response time percentile (ps/lio): 95 response time (ps/lio)
16
14
12
w10
E
2
. 8
2
W
<+ B
4
2
0t .
_n_;a o & o o o & % > 9
& it o P S & o o P o
‘b@ %@ ‘b@ f«'bh 'br{\ %{l« ‘br\h ‘b@ %rf“‘ ‘br\
o Y i Y v Y i Y o Y
A A S A A A e
A" 3" N - Al 3" N - A" 3"
® ® ® ® P ® ® ® $ P
Name From To Percentile Value Default Opts

@ Mo records found.
Create Baseline
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Baseline

From '2022-04-28 07:00 | [ Compare From
To 2022-04-28 18:00 ] Compare To
backward | forward | interval backward | forward | interval | offset
Submit T =1 hour ™ +1 hour ™ interval 1h

Abak

16—

14
Response Time Baseline x

Baseline name 'BASELINE_95
4]
E Baseline value
g | From 2022-04-28 07:00:00 /\/\/\/\/
_g To 2022-04-28 18:00:00
Percentile 95.0
Save as baseline
T —
& » i 5 » & & 3y i o
& & & & S & > & & &
P P ® ® & @ ® ® ® P
"l-ﬁ; "L-s? "LF? "L-'@l q?'b( "L-S:Pl "LF? "L-'@ "L-'&l "L-s?
Ak ok ik ok v ok ik I Ak ok
+ + + + 5 + + + + ®
MName From To Percentile Value Default Opts

| Mo records found.

Response Time e

O response time percentile (ps/lio): 95 O response time (ps/lic)

Create Baseline

dejavu Data at your service.



Baseline

From 2022-04-28 07:00 ] Compare From
Te 2022-04-28 18:00 ] Compare To
backward | forward | interval backward | forward | interval | offset
Submit ™ =1 hour ~ +1 hour ™ interval 1h ™
Response Time E |
O response time baseling (ps/lio): BASELINE_95 O response time percentile (ps/lio): 95 response time (ps/lic)
16
14
12
m 10
E
2
- a
=
T
2 &
4
2
0! . .
& = Fiy o5 » & & 2 a4 o
& & & S & & A & & &
2 2 2 W e 2 2 i ' 2
& & & 5 5 & & & & i~
e e e e v I e e e I
® ® ® & P + ® ® ® +
Name From To Percentile Value Default Opts
@ BASELINE_95 2022-04-28 07:00:00 2022-04-28 18:00:00 95.00 9.08 YES Delete | Edit | Default
Create Baseline

/.'.':::a"
aejavu Data at your:



Work and Time

e Oracle Work:

« ON CPU.
e \Walt.

Abakyy
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Work and Time

e Oracle Work:

« ON CPU.
e \Walt.

DB time

Abakyy
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Unit of Work: LIO (logical 10)

e LIO processing is the number-one
oottleneck for many busieness processes.

e LIO consumes two of system’s most
expensive resources: CPU and latches.

Abakyy
TN dejavu


https://method-r.com/wp-content/uploads/2017/07/Why-You-Should-Focus-on-LIOs-Instead-of-PIOs.pdf
https://blog.pythian.com/do-you-know-if-your-database-slow/
https://blog.orapub.com/20181204/do-direct-path-reads-count-as-logical-reads.html

Work and Time

e Oracle Work:

e 9 min ON CPU.

e I min Walt.
e time = DB time =10 min.
« work = 3.000.000 LIO

« (10 * 60 *1000) / 3.000.000 =
0,02 ms/LIO.

» Time to process single LIO = 0,02 ms!

 This will be our indicator.
D
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e dejavu




How can we use it

e When number of LIO Iincreases, DB time
iNncreases (more work = more LIO & more
DB time).

e Relationship between LIO and DB time is
inear.

e Indicator (ms/LIO) remains more or less
the same.

e Until system get'’s too busy!

e |f Indicator increases ... may have a
oroblem!

v
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Get the data

« AWR (EEB), statspack, Abakus APPM, ...
e DB time
e statistic: »session logical reads«

e Running system:

e DB time: sELECT value FROM
vSsys time model WHERE stat name =
'DR time';

e | |[OS: SELECT value FROM vSsysstat WHERE
name = 'session logical reads';

Abakyy
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¢ Take sample.

« Run load.

e Take sample.

e Calculace deltas.

bl ssr

l"“ia:{.’

Tests
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Calculation

e Samples (convert all time to milliseconds):

e wall time: delta wall time (ms).
e DB time: delta DB time (ms).
e LIO: delta LIO.

« workload = DB time / wall time.
« response time = DB time / LIO.
e throughput = LIO / wall time.

Abakyy
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DIY sampler

e vPsys time model.
e vPsysstat.
e (vPsystem event).
o drill down:
e v$sess time model.

e v$sesstat.
e (vFsession event).
e vPsysmetric.

v

bl ssr

l““iﬁ oy
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e server (vm hypervisor): 12-CPU

Tests #1

e 4-CPU virtual machine

e Oracle 19c (19.14.0) database

e tests:

bl ssr

l““iﬁ:’:’

para
para
para
para

® ® D O
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Tests #2

e Java, parallel threads.

e (DBMS SCHEDULER, bash, ...).
e Test SQL:

e prepare:

- CREATE TABLE t samples AS SELECT *
FROM dba objects: -- source data

e {est:

- in endless loop:

o INSERT INTO global temporary table
SELECT * FROM t _samples;

PAS) « COMMIT; -- clear inserted data

/'lﬂ.lllf
T T A

TN dejavu



Tests #3

e Jestcase 1: empty machine - only database
(test name = NORMAL).

e [estcase 2: overloaded VM:
stress --cpu 4

(testname LOCAL LOAD)

e Jestcase 3: overloaded server (vm
NYPEervisor)
stress --cpu 12

(testhname HOST LOAD)

v
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Test: NORMAL (data)

Threads Wall
Time(ms)
1 300000
2 300000
4 300000
A!:?’:;{

DB time(ms) Workload Throughput

304468,34

603450,95

1204773,67

0,9719

1,9131

3,8307

(LIO/ms)

56,00671

109,91091

210,24094

Response Time
(ms/LIO)

0,018121

0,018301

0,019101

dejavu



Response Time

e rate of work_done and work_time is linear.

e 3s Work done increases so does the
work time.

e Response Time Is constant.

Abakyy
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Work done and work time

db time (m) () lio (x10"6)

910 1034
819 940
728 846
63T 'ﬁl 752
| A 658
546 |] AN =
' B (A 564
455 || | f \ n =
| | | \ N | |l 470 i
364 | | A 2
i} | [ V| 378
273 | A\ LA P VR A
| | 2 IJ. ~J \/ “‘-—/\"\ '/ \1\; \V/ - V. \ ,,-"ﬂ\—j\\ .'Iﬂ"\/f\"- A VA | 282
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Response Time

e rate of work_done and work_time is linear.

e 3s Work done increases so does the
work time.

e Response Time Is constant.
o until ...

Abakyy
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Response Time

e rate of work_done and work_time is linear.

e 3s Work done increases so does the
work time.

e Response Time Is constant.
o until ...
e the system get’s too busy.
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Test: NORMAL (data)

Threads Wall DB time(ms) Workload Throughput Response Time
Time(ms) (LIO/ms) (ms/LIO)
1 300000 304468,34 0,9719 56,00671 0,018121
2 300000 603450,95 1,9131 109,91091 0,018301
4 300000 1204773,67 3,8307 210,24094 0,019101
8 300000 2392955,59 7,6253 196,23527 0,040648
A!:?’:;{
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Test: NORMAL (graph)

Normal
9 9
8 8
7 7
. b 6
o]
J 5 5 ©
"g T == \Workload
é 4 4 g e RE
o 3 3 =
i
2 2
1 1
0 0
1 2 4 8
Sessions
(
/"lnlrllr
Foras wr
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Test: NORMAL (ash)

(e T e T ven T e I

Database: lio_test From: 2022-02-13 05:39:00

Instance: all To: 2022-02-13 06:01:00
10
. Other
g Cluster
@ Queusing
B . Network
. Administrative
7 . Configuration
. Commit
8 . Application
. Concurrency
5
. System IO
@ user o
4
@ e
3 Scheduler
. CPU Background
2 . CPU Foreground
(O cpu count
1
0
P

A'Iﬂ."llf
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LOCAL_LOAD (top)

$ for i in $(seq $(getconf _NPROCESSORS_ONLN)); do yes > /dev/null & done

top - 85:27:44 up 1:85, 2 users, load average: 5,69, 5,92, 4,32

Tasks: 206 total. 8 runnina. 198 sleepina. @ stopped, @ zombie

“Cpu(s): 35,0 us, 64,9 sy, 0,0 ni, 0,1 id, : @, hi, 9,9 si, 0,0 st
M1B Mem : 24040,9 total, 6667,1 Tree, e 16413,7 buff/cache

MiB Swap: 16384,0 total, 16384,0 free, ed. 14631,7 avalil Mem

PID USER PR NI VIRT RES % COMMAND
2176 oracle 20 0 7304 824 752 0:40.73 yes
2173 oracle 20 (0] 7304 872 804 0:41.93 yes
2174 oracle 20 0 7304 816 752 0:41.65 yes
2175 oracle 20 o 7304 824 752 0:40.96 yes
2181 oracle 20 0 8862916 405304 400652 0:17.30 oracle_2181 lio
2187 oracle 20 0 8861884 85004 80912 0:00.05 oracle 2187 lio
816 root ) 568432 29556 15424 ! - - 0:03.60 tuned
1151 - ) 8858952 61936 58168 ! 0,7 - 0:57.40
= 6 . L= 27} a8 Al ; B - v

=]

'
o G}

A'Iﬂ.lllf
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Test: LOCAL LOAD (data)

Threads Wall DB time(ms) Workload Throughput Response Time
Time(ms) (LIO/ms) (ms/LIO)
1 300000 306109,6 1,02037 36,11619 0,028252
2 300000 604716,22 2,01572 64,5119 0,031246
4 300000 1199513,86 3,99838 104,62531 0,038216
8 300000 2410920,08 8,0364 99,94473 0,080408
A!:?’:;{
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Test: LOCAL_LOAD (graph)

Local load

=== \\orkload
e [t

Rt(100xms/LIO)
O Bk N W A 0O N O WO
O B N W A U1 OO N O O
Workload

Sessions

/"Iﬂ.lllf
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Test: LOCAL_LOAD (ash)

(o T o T T I

Database: lio_test From: 2022-02-13 06:01:00

Instance: all To: 2022-02-13 06:22:00
10
. Other
g9 Cluster
/-a:: Queueing
8 . Network
. Administrative
7 . Configuration
. Commit
& . Application
. Concurrency
8 . System I/O
@ uvsero
4
@ e
3 Scheduler
’ CPU Background
3 . CPU Foreground
(O cpu count
1
0

WJQ?""’JQED Q?:@ o ’.‘-*’_‘u@)"\‘h@ﬁ‘\
PP B o PSP S S P S O

Work Done (LIO): 10.834.856

Allﬂ."llf
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HOST LOAD (top)

top - 05:52:45 up 8:13, 4 users, load average: 12.42, 9.32, 6.38

Tasks: 309 total. 13 running. 296 sleepinag. 0 stopped, @ zombie
*Cpu(s): 39.8 us, 60.1 sy, 0.0 ni, 0.0 id, ! 0.0 hi, 0.1 si, 0.0
MiB Mem : 64410.4 total, 43575.7 fr" - 847.8 buff/cache
MiB Swap: 32256.0 total, 32256.0 fre ed. 43803.0 avail Mem

PID USER PR NI VIRT RES SHR
158947 root 20 7828 512 452
158946 root 20 7828 580 516
158954 root 20 7828 568 504
158953 root 20 7828 520 452
158952 root 20 7828 584 516
158948 root 20 7828 572 504
158949 root 20 7828 216 452
158951 root 20 7828 580 512
158955 root 20 7828 516 452
158944 root 20 7828 516 452
158945 root 20 7828 516 452
158950 root 20 7828 580 516
130796 root 20 24.9g 17.7g 12172 !

AT : 'O T O =3

COMMADM
4:32.51
4:32.96
4:33.59
4:32.63
4:33.95
4:33.14
4:33.37
4:34.38
4:32.76
4:35.18
4:32.51
4:31.32
201:27.66

=R -R-R-R-R-R-R-R=R=] =

D D o 0 0 0 0 00 0o ood
N Do o oD 00000 0 0 E

[sd
e e v

AI.FII wwy
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HOST_LOAD (VM)

85:53:32 up 1:31, 2 users, Lload average: 0,31, 3,66, 5,73
| 5: 201 total. 2 runnina. 199 sleepinag. @ stopped, 0 zombie
%*Cpu(s): 6,2 us, 0,7 sy, 0,0 ni, 97,6 id wa, 0,0 hi, o,0 si, 1,2 st

0,2
IM1B Mem : Z4w4w,Y ToTal, b/iB,b Tree, 833,3 used, 16479,1 buff/cache
IMiB Swap: 16384,0 total, 16384,0 free, 0,0

used. 14758,5 avail Mem

TIME+ COMMAND

i ora_vktm lioc
kworker/u8:1-flusl
kworker/u8:0-event
ora lgwr lioc
ora tmon lioc
ora mee4 lioc
top
ora lgel lioc
oracle 1756 lio
oracle 1760 lio
systemd
kthreadd

1151 oracle - 8858952 61936 58168
1931 root - - (3] (4]
2290 root 2€ - 0] (4] e
1193 oracle - ) 8859988 77412 73028
1235 oracle 8858948 64112 60348
2195 oracle - ) 8861044 87912 82640
2289 oracle 65576 4916 4020
1287 oracle - ) 8858708 70896 67336
1756 oracle 8863248 116112 110448
1760 oracle - ) 88860540 168228 161428
1 root 2E d 175096 13636 9856
2 root - : 0] (3] e

W W W=l =~~~ 22 W

-

Do =] N W@ W W E

D O @
D ©

=
=

=
=
=
=
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Test: HOST LOAD (data)

Threads Wall DB time(ms) Workload Throughput Response Time
Time(ms) (LIO/ms) (ms/LIO)
1 300000 315294,26 1,05098 37,46018 0,028056
2 300000 619339,74 2,06447 76,47778 0,026994
4 300000 1206753,46 4,02251 156,00989 0,025784
8 300000 2412776,96 8,04259 170,87222 0,047068
A!:?’:;{
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Test: HOST _LOAD (ash)

(e e T ren T e I

Database: lio_test From: 2022-02-13 06:22:00

Instance: all To: 2022-02-13 06:44:00
10
. Other
[+ Cluster
@ Queusing
8 @ network
. Administrative
I . Configuration
. Commit
& @ ~pplication
. Concurrency
° @ system /O
5 @ user o
@ e
3 Scheduler
’ CPU Background
2 . CPU Foreground
(O cpu count
1
0
W A P o AP oy P s A i e o

ig:‘ig:@‘l?:‘tg:i?@@‘gj@@%@@@@#@@@@@@@@

Work Done (LIO): 13.860.714

Allﬂ."llf
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Database: lio_test From: 2022-02-13 05:38:00

Instance: all To: 2022-02-13 06:46:00
10
@8 other
o ) Cluster
@ Queusing
& - Mebwork
@ Administrative
e - Configuration
@ commit
& - Application
@ Concurrency
£
@ sSystem L/O
User I/O
o - o
@ idie
= Scheduler
@ c<PU Background
= @ crPuU Foreground
) ©PU Count
1
o

ST & ET S F G E S B B S S S P

A'Iﬂ"'l’ll"’
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! ASH Undo | PGA | Temp B S— = . = =
1 | 1

Database: lio_test From: 2022-02-13 05:38:00

Instance: all To: 2022-02-13 06:46:00
10
@8 other
o Cluster
Queusing
& - MNebwork
@ Administrative
e - Configuration
@ commit
& - Application
@ concurrency
> - System L/O
o @8 uvser Lo
@ idie
= Scheduler
@ CPU Background
= @ crPuU Foreground
() ©PU Count
1
o
AP w5 e P P SV P P e D P AP AR P A AP AP =
F F FE F P EF FE FE I FEEFFESSEESEE S
18000000
16000000
14000000
12000000
10000000
o
- 8000000
6000000
4000000
2000000
o]

NORMAL LOCAL_LOAD HOST_LOAD
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Load tests - compare

Response times

89,0000
8,0000
7,0000
65,0000

5,0000 B NORMAL

mLOCAL_LOAD
HOST_LOAD

Ri(100*ms/LIO)

4,0000

3,0000
2,0000
1,0000
0,0000
1 2 4 8

Sessions
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Production samples

e Exadata, Oracle 11.2.0.4 EE
e CPpU_count = 12.

Abakyy
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Production samples - #1

Workload/Response Times

0,18
0,16
0,14
0,12

0,1

L
0,08 . — )
L]

LA
l.',. L

L]
0,06 L B
L ]
0,04

0,02

Workload
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Rt over time

(timeline)

Production samples - #1

T 8 ¥ 8§ 2 8 8
(=1 [=] o (=1 [=] o
(oIrswiny

0,04

0,02

Time
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Production samples - #1 (ash)

(T e T T oo I

Database[ N From: 2022-02-19 07:22:00
Instance: all To: 2022-02-19 10:22:00

-
%E @ Other
33 Cluster
%? @ Queueing
%g @ Network
%g @ Administrative
%g @ Configuration
%31 @ Commit
34;' . Application
:"28 . Concurrency
:l?; . Svystem 10
[; @ User /O
.r% . Idie
‘H Scheduler
‘ng @ CPU Background
§ @ CPU Foreground
8 (© cPu Count
4
3
2
1
0
¥
&

A"lﬂ.fllf
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Production samples - #1 (ash)

SQLID / Plan

Session ID Hash
1.1559.20220215050413
1.1559.20220215050413
Specdhrh7pamty /
1.1057.15900101000000 5734993473
Spcdhrh7pamty f
1.1057.15900101000000 3734993473

1.1318.20220219050412
1,1318,20220219050412
1.1303.20220219050411
1.1303.20220215050411
1.575.20220219050412
1.579.20220219050412

1.365.20220219050411

A'Iﬂ'i’llf

vy

Plan Hash

3042617540

3042617540

2734593473

2734593473

2734993473

3042617540

3042617540

3999773203

2536565161

2337398646

Start Time

2022-02-19 08:21:33

2022-02-19 08:21:33

2022-02-19 08:21:17

2022-02-19 08:20:46

2022-02-19 08:19:17

2022-02-19 08:19:17

2022-02-19 08:19:17

2022-02-19 08:19:17

2022-02-19 08:17:51

2022-02-19 08:17:51

2022-02-19 08:17:16

Finish Time

2022-02-1% 08:36:10

2022-02-19 08:23:13

2022-02-19 08:23:13

2022-02-19 08:23:13

2022-02-19 08:23:13

2022-02-19 08:33:10

2022-02-19 08:23:13

2022-02-19 08:42:47

2022-02-1908:23:13

2022-02-19 08:31:53

2022-02-19 08:33:43

Last Update

2022-02-19 08:23:03

2022-02-19 08:23:03

2022-02-19 08:22:48

2022-02-19 08:21:17

2022-02-19 08:23:03

2022-02-19 08:23:03

2022-02-19 08:23:03

2022-02-19 08:23:03

2022-02-19 08:23:03

2022-02-19 08:23:03

2022-02-19 08:23:03

Operation

RMAN: incremental
datafile backup (Set
Count)

RMAMN: incremental
datafile backup (Set
Count)

Sart Output

Table Scan

RMAN: incremental
datafile backup (Set
Count)

RMAN: incremental
datafile backup (Set
Count)

RMAMN: incremental
datafile backup (Set
Count)

RMAN: incremental
datafile backup (Set
Count)

RMAN: incremental
datafile backup (Set
Count)

RMAMN: incremental
datafile backup (Set
Count)

RMAN: incremental

datafile backup (Set
Cannty

Elapsed

00d 00:01:30

00d 00:01:30

00d 00:01:31

004 00:00:31

00d 00:03:46

00d 00:03:46

00d 00:03:46

00d 00:03:46

00d 00:05:12

00d 00:05:12

00d 00:05:47

Remaining

00d 00:12:57

00d 00:00:00

00d 00:00:00

004 00:00:00

004 00:00:00

00d 00:09:57

00d 00:00:00

00d 00:19:34

00d 00:00:00

00d 00:08:40

00d 00:10:30

Progress

40B062/3%32160 Blocks

408064/1 Blocks

141856/141856 Blocks

97264/97264 Blocks

1080320/1 Blocks

1080318/3932160 Blocks

634880/1 Blocks

634878/3%932160 Blocks

1474048/1 Blocks

1474046/3532160 Blocks

1396222/3952160 Blocks

dejavu

Percent

1 1000

40806400.00

[T 100.00

T 100.00

108032000.00

B 7 2700

63488000.00

7 1600

147404800.00

B 37.00

B ] 3600



Production samples - #1 (ash)

SQLID / Plan

Session ID Hash
1.1559.20220215050413
1.1559.20220215050413
Specdhrh7pamty /
1.1057.15900101000000 5734993473
Spcdhrh7pamty f
1.1057.15900101000000 3734993473

1.1318.20220219050412
1,1318,20220219050412
1.1303.20220219050411
1.1303.20220215050411
1.575.20220219050412
1.579.20220219050412

1.365.20220219050411

A'Iﬂ'i’llf

vy

Plan Hash

3042617540

3042617540

2734593473

2734593473

2734993473

3042617540

3042617540

3999773203

2536565161

2337398646

Start Time

2022-02-19 08:21:33

2022-02-19 08:

2022-02-19 08:

2022-02-19 08:

2022-02-19 08:

2022-02-19 08:

2022-02-19 08:

2022-02-19 08:

2022-02-19 08:

2022-02-19 08:

2022-02-19 08:

iy
Lo

iy
]

-y
Lo

ey
]

oy
]

[
]

133

17

46

117

Hllry

117

Hill

51

H

116

Finish Time

2022-02-1% 08:36:10

2022-02-19 08:23:13

2022-02-19 08:23:13

2022-02-19 08:23:13

2022-02-19 08:23:13

2022-02-19 08:33:10

2022-02-19 08:23:13

2022-02-19 08:42:47

2022-02-1908:23:13

2022-02-19 08:31:53

2022-02-19 08:33:43

Last Update

2022-02-19 08:23:03

RMAN: incremental
datafile backup [Set

Operation

RMAN: incremental
datafile backup (Set
Count)

LT VP ———

Count)

EAULL-UEL-LY UBILIIUS

2022-02-19 08:23:03

2022-02-19 08:23:03

2022-02-19 08:23:03

2022-02-19 08:23:03

2022-02-19 08:23:03

aatanie Dackup (et
Count)

RMAMN: incremental
datafile backup (Set
Count)

RMAN: incremental
datafile backup (Set
Count)

RMAN: incremental
datafile backup (Set
Count)

RMAMN: incremental
datafile backup (Set
Count)

RMAN: incremental

datafile backup (Set
Cannty

Elapsed

00d 00:01:30

UUg DU d g

00d 00:03:46

00d 00:03:46

00d 00:05:12

00d 00:05:12

00d 00:05:47

Remaining

00d 00:12:57

WD DU ias

00d 00:00:00

00d 00:19:34

00d 00:00:00

00d 00:08:40

00d 00:10:30

Progress

40B062/3%32160 Blocks

408064/1 Blocks

141856/141856 Blocks

97264/97264 Blocks

1080320/1 Blocks

1080318/3932160 Blocks

634880/1 Blocks

634878/3%932160 Blocks

1474048/1 Blocks

1474046/3532160 Blocks

1396222/3952160 Blocks

dejavu

Percent

1 1000

40806400.00

[T 100.00
[T 100.00

108032000.00

B 7 2700

63488000.00

7 1600

147404800.00

B 37.00

B ] 3600



Production samples - #2

Workload/Response Time

0,09
0,08
0,07
0,06 =
o e
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005 B
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mE
0,03 -
n
0,02 . I TELE S
[] L ---.' .
] L]
0,01 o
L] mm g o
. " LT
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0
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/"lnlrllr
Fwrsanury

dejavu



Production samples - #2

Response Time over Time

0,09
0.08
0.07
0,06
0,08
0.04
0.03
0,02

......,||||“|||‘|.....||||||u...mu||||||M‘ ‘I ‘I\Hﬂ“lull“ “ ‘“ HI‘I “‘ ‘H “ HH |

0,01
0

Time
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Production samples - #2

(= T T T I

Da‘t,abas- From: 2022-02-19 06:40:00

Instance: all To:  2022-02-189 10:20:00
10
. Other
] Cluster
@ Cueusing

Metwork
Administrative
Configuration
Commit
Application
Concurrancy
Svatem 1D
User 110

Telli

Scheduler

CPU Background

CPU Foreground

OO0 000000000

CPU Count
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Production samples - #2

(o T T T I

Da'babas- From: 2022-02-18 06:40:00
Instance: all To:  2022-02-18 10:20:00

Other

Clustar
CQueusing
Network
Administrative
Configuration
Commait
Application
LOncurrency
Syatem 10

Usar 110

Icklas

Schediler

CPU Background
CPU Foreground

CPU Count

Ce® 0000O0OCGOGOOOGONTS

A'Iﬂ"'l’ll"’
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Production samples - #3

0,03
0,025
0,02

T

0,015
0,01
0,005
0
i
53
)
>

(O17/sw) awn asuodsay
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Production samples - #3

Database: lio_test From: 2022-03-18 05:26:00
Instance: all To: 2022-03-18 06:06:00

vy



Production samples - #3

top - 086:03:34 up 34 days, 1:41, e load average: 3.51, 4.13,

Tasns. Zz£4 LuLnl, ning, Z1> :1ccping, 0] StﬂppEd, 0 zombie

6 0.0 ni, 41.1 id, 5 W 6.0 hi, 0.4 si, 12.3 st
ta 27 rri—free e 22271.7 buff/cache

t

MiB Swap: 16384.0 total, 16284.2 free c ed. 14192.0 avail Mem

*Cpu(s): 38.1 us, 5.
A4 LY. e - - A AR " .

COMMAND

192518 oracle 8881360 5.4q 5:12.84 ora dbw® lioc

220368 oracle 8865392 267704 259240 c 2:25.01 ora_me0l_lioc

220526 oracle 8860856 149608 145416 c 0:03.05 oraclelioc (LOCAL=NO)
220522 oracle 8861872 149696 145512 c 0:03.54 oraclelioc (LOCAL=NO)
220524 oracle ) 8861872 149524 145352 ! 4. . 0:03.04 oraclelioc (LOCAL=NO)
192530 oracle ) 8858704 71392 67828 ! : iy :20.16 ora lgee lioc

192480 oracle J 8858952 61200 57428 E b 73:20.71 ora vktm lioc

192809 oracle ) 8863284 119876 118268 ! : 12:39.32 oraclelioc (LOCAL=NO)
219819 root 65580 5048 4080 0:12.78 top

192504 oracle ) 888084« 88 209372 ) . .o 4:25.65 ora dbrm lioc

192813 oracle ) BBB4276 212276 2092008 ! I . 7:30.34 oraclelioc (LOCAL=NO)

JA!“&II.III"

i ey
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Production samples - #3

--procs- -
r swpd ree cache ' ' ' bo

4859488 : 175836 10 3 44 23401 18951

4918988 IBBE 175836 : i 25725 47962 82707

4951644 38 175996 8 2¢ 3 20759 42971 72195

5004304 : b 176056 8 26454 26473 39626 59167

5052240 3 68 176136 ] 24000 41075 64462

L kb E
]

=W

4
2
5
2

MR L
o

Bd Pd

= b D w0 W
L

P

<Y

Server (vm hypervisor) swap
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Production samples - #4

Workload - Response Time

18
16
14

12

o
E
5]
£
E 1
8
=
o LY
2 0,8 .
o .
0,6
0,4 .
1 ]
; - . T H P . -
02 = : T

L T R L T I . - L. .
. . C "-—“é:.. .‘I";'i.l-: Do L, T D L v
kg LA L [R— " "
0 w .

Workload
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Production samples - Sample #5

Workload - Response Time(ms)

1,8
1,6

1.4

1,2

Response Time(ms)

0,8 . . .

0,6

Workload

A'Iﬂ.lllf
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Collecting Samples

« AWR - Enterprise Edition.

e DIY sampler.

e Abakus APPM.

e 1h frequency (too infreguent).

10 min freguency (best experience - own
tests).

Abakyy
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Interpreting Response Time

e Rt depends on hardware.
¢« Baseline (when database performs well).

Abakyy
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Baseline

Normal

0,045

0,04

0,035

0,03

0,025

0,02

(onyswny

0,015

0,01

0,005

0

Time

dejavu
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Monitoring

e Monitoring database activity.
e React when Rt is over baseline.

e drill down Iinto session:

- vPsess time model, v$sessstat

e NOt IN AWR.
- DIY samplers (on logoff triggers).

- Abakus APPM.

Abakyy
e dejavu
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Example #1 (APPM)

:-_-:I response time 95% percentile (ps/lio response time (ps/To O workload (paralle throughput (lio/ms)
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Example #1 (APPM)

Database el From: 2022-03-09 13:30:00
Instance: all To: 2022-03-09 14:30:00

Other

Cluster
Queueing
MNetwork
Administrative
Configuration
Commit
Application
Concurrency
System [/O
User 1/O

Scheduler

-
1

@ CPU Background
@ CPU Foreground

() cPu Count

|
|
|
|
|

A

0
& ._.cj‘p o A nfi-‘h N _gf - _g_a e 1}_’;, ._"'.;' & & ;c ‘;}J \::" w.::C \Q{- ‘1\0 ‘;f‘, ;':- N\c ';'SJ ;‘9 h.l:p _;t- ;ﬁa 1;32 ::E"\}
“:b L LY LY Py ’-:L" e L ’:" P P L Bt By LS B . B By By L . " W s B L . By Lo
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Example #2 (APPM)

(") response time 95% percentile (ps/lic response time (ps/lio) () workioad (paralle throughput (lio/ms)

w [ 5 . . i . o, - N o i
= i i = B o e, C - e

L
o
L~

-

A'Iﬂ.’llf
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dejavu



Example #2 (APPM)

Database:
Instance: all

From: 2022-03-10 01:30:00
To:

2022-03-10 03:30:00

Ce® 0000000O0OMKD

A'Iﬂ."llf

dejavu oo ¢

Other

Cluster
Queueing
Metwork
Administrative
Configuration
Commit
Application
Concur FEncy
System [/O
User 1/0

Idle

acheduler

CPU Background
CPU Foreground
CPU Count



I'm not interested in LIO, I'm
interested in the duration of
an SQL statement.
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Calculate execution time

e Calculate minimal execution time based on
Response time:

e clone production database.
- (see Abakus DejaVu)
e execute new SQL with autotrace enable.

- (LIO = consistent gets + db block
gets)

e Min_elapsed = LIO * Rt.
- be aware of parallelism!

Abakyy
TN dejavu



Calculate execution time

set timing on
set autotrace traceonly

select count(*) from <TABRLE> ...

Elapsed: 00:00:00.51

Statistics

0 db block gets
28313 consistent gets
1 rows processed

A'Iﬂ.lllf

i ey
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Calculate execution time

« BASELINE 95: Rt = 0,020 ms/LIO
e LIO = 28313
e Execution time = LIO * Rt /1000

« Execution time(95): 0,56626 sec

Abakyy
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Hardware changes

e Hardware changes (CPU, RAM, ..),
e Run tests on new HW,

e Calculate (sample) Response Time,
e Compare Response Time with production.

e Abakus APPM.

Abakyy
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Hardware changes

Response Time E

response time baseline {ps/flio): BASELINE_95_2 O response time percentile (ps/lio): 95 response time (ps/lio)
220

1938
176
154
132
110

88

usllio, lio'ms

66

44

22

Mame From To Inst ID Percentile Value Default Opts
BASELINE_95_1 2022-04-22 14:23:00 2022-04-29 15:23:00 all 95.00 92.09 NO Delete | Edit | Default
BASELINE_95_2 2022-04-29 14:23:00 2022-05-29 15:23:00 all 95.00 40.31 YES Delete | Edit | Default

Create Baseline

s

Allﬂ."llf

vy
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Database - il Compare Database -_ S Refresh Interval | Disabled il
Instance | -- all -- S Compare Instance -- all -- =

From 2022-04-23 16:00 o] Compare From 2022-05-02 16:00 o]

To 2022-04-24 16:00 o] Compare To 2022-05-03 16:00 o]

backward | forward | interval

Submit -

=1 hour :

+1 hour

backward | forward | interval | offset

i interval 1h ~

Response Time

o response time baseline (ps/lio): BASELINE_95_2 o response time percentile (ps/lio): 95 O response time (ps/lio)

o response time baseline (ps/lio): BASELINE_95_2 O response time percentile (ps/lic): 95 O response time (ps/lio)

160 160
144 144
128
1124
g g2 96
E s
= = 80
g g
A ﬂ 48 . 2 i a
UU U LA 32 v
16
0
® 2 o K & 3 & R & & $
& & 5 & £ & & & & o
st & T i g & & & v i
5 o & R & & & P P $ & $
i ¥ i & & & & &
& & & $ $ $ : s
" i v i3 i3 g g v v i i v
& K K & K K J Y e J 3 &
+ m m m & + P + L3 o
Name From To Inst ID Percentile Value Default Opts Mame From To Inst ID Percentile Value Default Opts
BASELINE 95_1 2022-04-22 14:23:00 2022-04-29 15:23:00 | all 95.00 92.09 NO Delete | Edit | Default BASELINE 95 1 2022-04-22 14:23:00 2022-04-29 15:23:00 | all 95.00 92.09 NO Delete | Edit | Default
BASELINE_95_2 2022-04-29 14:23:00 2022-05-29 15:23:00 all 95.00 40.31 YES Delete | Edit | Default BASELINE_95_2 2022-04-29 14:23:00 2022-05-29 15:23:00 all 95.00 40.31 YES Delete | Edit | Default

Create Baseline

DBTime & LIO

8536
7760 |

© dbtime (m) ) tio (x10°6)

580
| 622
464
| 406
| 348

290

(9,01%) o1

232
| 174
116
58

0

DBTime & LIO [CMP]

Create Baseline

) db time (m) () tio (x10°6)

8536 580
7760 | 522
6984 | 464
6208 | S

5432 !
E 38 3
— 4656 | | Ll
200 X
3880 | 5]
232 2
3104 |
2328 | i f I fi fatia
1552 \J\[U\J\NV\[\ ; 116
776 1 v U 58
0
AT T I I I Y e
r ; s : : o
& o a & & & S &
3 & ﬁp“' & & & & & &
l‘bg" "Iﬁ” ’l? 'I? r|?°5 "I?g:‘ '\r'és "Vés W&
& v & v g & ¥ v v
b L L L L' P L g

de_]avu Data at your service.



Threats

e Can be fooled?

SELECT
FROM
JOIN

ON
JOIN
ON
JOIN
ON
WHERE,

A'Iﬂ.lllf

i ey

COUNT (*)
Sys.obj$s
Sys.obj$s
a.owner#
Sys.obj$s
b.owner#
Sys.obj$s
c.owner# d.owner#
rownum <= &1;

I o

b.owner#

c.owner#

Q11 Q

dejavu



One indicator to rule them all

e DB performance tracking.

e« External DB and VM load awareness.
« HW change impact testing.

« Database upgrade.

« New application installed.

e More users.

e Cannot be tricked unlike “buffer cache hit
ratio”.

v
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ORA-03113: end-of-file on communication channel

?

Qttp:// www.abakus.si/

/"lnlrllr
T T A

" dejavu


http://www.abakus.si/

New query execution time

e POC:

e deploy test DB as production clone
(Abakus DejaVu, Snapshot Standby, ...),

e run the query and get number of LIO
(Units),

e caluculate run time in production
environment:

- »Prod Time« = »Units« * »Response
Time(PROD )«.

Abakyy
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HW changes

e CPU boung,
e |/O bound,
e POC:

e calculate response time,
e calculate new execution time:

- »New Time« = »Units(PROD)« * »New
Response Timex.

Abakyy
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Bad, normal or good?

Response Time m

O response time 95% percentile [ps/lio) response time (ps/lio) 0 workload (parallel) :i:i throughput (lio/ms)
54 950
48 B35
42 . - N 760
665
36
570
30
475
24
80
18 — |
I M 285
180
B85
0

Allﬂ."llf
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Real Response time

AAS By Wait Class [ 5] AAS By Service [ ]
10
@ Other @ CPU Foreground
b ) Cluster © cPU Caunt 9
i @ Queueing 5
@ Network
7 R 7
@ Administrative
& @ Configuration & @ SYSSEACKGROUND
. @ commi . @ SYSSUSERS
. Application
4 @ Concurrency 4 © CPU Count
) @ System /0 )
@ User 1jo i
2 @ ide 2
. Scheduler .
@ CPU Background
0 0
$ & & & & © & > © ®
o o o o o o o S & o
55 § 55 55 57 s § . 55 55 55 5 55 55 n ¥ 5
W Q g g g g ud Z id g g g
L o » L4 + & L & L ¥ P
AAS By Machine [ 5] AAS By Type [ ]
10 10
5 BACKGROUND
2 8 USER
8 8 \ © cpu Count
7 7
6 &
5 5
4 4 |
3 aig
2 2.4
|
1 1
0 0
3 Cd Cd G & > 2 P
3 & ~ & = = ~ ~ ~
& & ,9:@ & '99"’ o5 5 5 5 o
o & # & + & & g

A'Iﬂ"'l’ll"’
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WITH snapshots AS
(SELECT snap_id
,sample time
,extract (hour FROM(sample time - sample time prev)) * 60 * 60 +
extract (minute FROM(sample time - sample time prev)) * 60 +
extract (SECOND FROM (sample time - sample time prev)) wall time s
FROM (SELECT snap_id
,end _interval time sample time
,lag(end interval time, 1) over (ORDER BY end interval time) sample time prev
FROM dba_hist snapshot s)
WHERE sample time prev IS NOT NULL),
gtt_stats AS
(SELECT snap_id
;stat_name
,VALUE / 1000 AS stat value ms
,lag(VALUE, 1, 0) over (ORDER BY snap id) / 1000 AS stat value ms_prev
FROM dba hist sys time model tm
WHERE stat name = 'DB time'
UNION ALL
SELECT s.snap id
;S.stat_name
;s.value stat value ms
,lag (VALUE, 1, 0) over (ORDER BY snap_id) AS stat value ms prev
FROM dba hist sysstat s
WHERE s.stat name LIKE 'session logical reads')
SELECT snap_id
,sample time
,;wall time s
,delta db time ms / (wall time s * 1000) workload
,delta_db time ms / 1000 delta db_time_s
,delta_lio / (wall time_s * 1000) throughput_ lio per ms
,delta db time ms / delta lio response time ms per lio
FROM (SELECT s.snap id
,s.sample_time
,s.wall time s
,dbt.stat value ms - dbt.stat value ms prev delta db time ms
,dbl.stat value ms - dbl.stat value ms prev delta lio
FROM snapshots s
JOIN gtt stats dbt
ON dbt.snap id = s.snap id
AND dbt.stat name = 'DB time'
AND dbt.stat value ms prev != 0
JOIN gtt stats dbl
ON dbl.snap id = s.snap_ id
AND dbl.stat name = 'session logical reads'
AND dbl.stat value ms prev != 0);
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SQL

gtt stats AS
(SELECT snap 1d
, Stat name
, VALUE / 1000 AS stat wvalue ms
, lag (VALUE, 1, 0) over(ORDER BY snap id) / 1000
AS stat value ms prev
FROM dba ~hist sys time model tm
WHERE Stat_name — 'DB time'
UNION ALL
SELECT s.snap 1d
yS.stat name
yS.value stat value ms
, 1lag (VALUE, 1, 0) over (ORDER BY snap 1d) AS
stat value ms prev
FROM dba hist sysstat s
WHERE s.stat name LIKE 'session logical reads')

v
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SQL

SELECT snap_ 1id
, sample time
ywall time s
,delta db tlme ms / (wall time s * 1000) workload
delta db time ms / 1000 delta db time s
delta lio / (wall time s * 1000) throughput_lio_per_ms
delta db time ms / delta_llo response time ms per lio
FROM (SELECT s.snap_ 1d
,S.sample time
yS.wall time s

,dbt.stat value ms - dbt.stat value ms prev
delta db time ms
ydbl.stat value ms - dbl.stat value ms prev delta lio

FROM snapshots s
JOIN gtt stats dbt
ON dbt.snap id = s.snap id
AND dbt.stat name = 'DB time'
AND dbt.stat value ms prev != 0
JOIN gtt stats dbl
ON dbl.snap id = s.snap id
AND dbl.stat name = 'session logical reads'
@ AND dbl.stat value ms prev != 0);
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