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“Who am I? \

Lead for Oracle database performance team at Fidelity Investments

Worked with Oracle Consulting and got exposure to many different
companies' database performance challenges

Speaker at DOUG, Hostos, ECO, Enkitec Expo, IOUG and AIOUG
Published articles for DOUG and IOUG SELECT magazine

Certified OCP DBA 8i to ug



-Agenda -

Some industry stats on Cloud Adoption

Know your Exadata resource utilization

Introduction to OEM Metrics

How to extract data from OEM Views

Single View across all Exadata

Introduction to AWR Warehouse

How to stack rank databases

Which Oracle databases are right fit for cloud(public/private)



Respondents Adopting Cloud 2016 vs. 2015

88% 89% 93% 99%

% 71%
i i

w2015
m2016

Public Cloud  Private Cloud Hybrid Cloud Any Cloud

Source: RightScale 2016 State of the Cloud Report



irtualization adoption trend

Virtualization Adoption Trend

2016 84%
2015 80%
2014

2013

2012

m Percentage of Installed
Virtualzable x86
Workloads Running in a
VM

2011
2010
2009
2008

0% 50% 100%

Sovrce Gt Forecats 2012



~—Cloud Adoption

SaaS (63%, up one point) remains the most popular type of cloud
computing in use
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Achieving Business Goal:
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What is capacity planning?

“Capacity Planning is the process of predicting when
future load levels will saturate the system and
determining the most cost- effecting way of delaying
system saturation as much as possible”

- by Daniel A. Menasce and Virgilo A.F. Almeida
(Authors of Capacity Planning for Web Services: Metrics, Models & Methods)
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“Thinking clearly about performance

“If you have performance problems, then you don’t need
to be spending your time with mathematical models; you
need to be spending your time fixing those problems by
either{rescheduling load, eliminating load)) or
increasing capacity.”

-Cary Millsap (Thinking clearly about performance)



hiestion =

How many of you have a dedicated capacity team?

Or a performance team?
At Fidelity we have a end-to-end capacity/performance
team

e Database

e OS

e SAN

e Network



~—Capacity Planning

* Exadata
e Standard Oracle databases



Do you know:

e Current resource utilization?

e If you are hitting the HDD IO limit?

e If you are hitting the FLASH IO limit or not?
e Compute Node CPU utilization?

e Cell Node CPU utilization?



"Problem Statement —

Bought x2-2 full rack 6 years ago

Need to do hardware refresh, should we upgrade to x5-2
full rack or go to Exadata cloud offering?
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Common mistakes for Exadata hardware upgrade

We have seen proposals to upgrade in same class (e.g.
x2-2 half rack ->x5-2 half rack or x2-2 Full->x5-2 Full)

without looking into current utilization or future
needs

Keep in mind, X5-2 is much more powerful than x2-2



Just compare data

Metric X2-2 Full X5-2
Rack (HC) Full Rack (HC)
Flash bandwidth - GB/s 68 140
Flash read IOPS 1,500,000 4,144,000
Flash write IOPS 2,688,000
Flash data capacity (raw) -
e 5.3 89.6
Effecti.ve Flasll'l cache Up to 672 TB
capacity - TB
HC Disk bandwidth - GB/s 18 20
HC Disk IOPS 28,000 33,000
HC Disk data capacity (raw) -
504
TB 672
HC Disk data capacity 204
(usable) -TB 300
HC Data load rate - TB/hr 12 21.5
DB Compute Nodes 8 8
DB CPU Cores 96 288
DB Memory - GB 768 2048
DB Memory Expandable - GB 1152 6144
Storage Cell Nodes 14 14
Cell CPU Cores 168 224

1 Effective Flash Capacity is larger than the physical flash capacity and takes into account the high flash hit ratios due to Exadata’s intelligent flash caching algorithms, and the size of the underlying disk
storage. It is the size of the data files that can often be stored in Exadata and be accessed at the speed of flash memory

Source -


http://www.oracle.com/technetwork/database/exadata/dbmachine-x2-2-datasheet-175280.pdf
http://www.oracle.com/technetwork/database/exadata/exadata-x5-2-ds-2406241.pdf

——

~Try to reduce load

At Fidelity, we have implemented hugepages and
reduced 8-12% compute node CPU (in lab we reduced
~17% for a 2 node RAC)

Also in some cases pagetable size grew to 60 GB
without hugepages and with hugepages under ~1 GB

*Enabled write back flash cache and reduce HDD disk
IOPS

Evaluate Exachk recommendations

Control parallelism (pxhcdr.sql from Carlos Sierra)
Enable IORM

* |f database is write intensive
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~ Where to find Exadata resource utilization trend?

Data is available in EMi2c

e Exadata plugin is required



| 2¢ Snapshot(1)

rget Navigation % exadata Grid o™ ©
fiew ﬁ Exadata Storage Server Grid =
B DB Machine o/
I= [0 Compute Nodes | Overview x| Performance
b= D Databases Status ﬁ ( 7 ﬁ ) 12 Average [0 Load . Average Response Time 100 Average CPU Utilization 1764 Total Network
/§ Heslth @ (7 @) 10 85 80 1,512
: 8 52 1,260
IORM. IStaFus Enabled . 23 . B0 #1008
Release Version 11.2.3.2.1 ) 26 40 g 755
13 . < 504
N 2 0 — < 252
x| Capacity 0 [ 0 [ 0
CellDisk Size (GE) 236780 100% M Hard Disk Read [WHard Disk Write
. . : R A -
HardDisk Size (GB) 234218 100% WFlazh Disk 10 Load [WHard Disk 10 Load Flash Disk Read lFlash Disk Write W CPU Ltilization W Tctal Received
FlashDisk Size (GB) 2562 100%
FlzshCache Size (GE) 2553 100%
~| ASM Diskgroup Summary
~| Workload Distribution by Databases ASM |Disk Grou Free Space (GB)| Size (GB)| No. of Griddisks| Mo. of Offline Disks‘Database Names
+ASM uster DATA 29060.035 187238 84 0L
% +ASM uster DBFS, 372,453 2385 70 0 F
C""'__ +ASM uster  RECOM 34641.98 44513 84 0
J FSCE
|
~| Incidents
View v | Target |Local target and related targets[v | Category [Al [v] @0 @0 Ac| Pro
_OTHER_DAT.. I Summary ‘ Target ‘ Severity ‘Stab.ls
Mo matching incidents or problems found.
1) 20 40 &0 a0 100
kN
10 Utilization




~ Snapshot(2)

E Database Machinge + Page Refreshed Feb 10, 2015 5:45:45 PM

3
i
>

Lege
Up

Down

Blackout

Exadata Cell
Compute Node

Infiniband Switch
Ethernet Switch

Keyboard-Video-Mouse

Unallocated

Table View
| Incidents
View * | Category |Al Ou @12 A4 FU
Summary ‘ Taget ‘ Severity ‘smms Escalation level ‘Type L—Ipm since lzst ‘
CPU Utlization for 4is 88. 148%, crossed warning (35) or aritical (30) threstfold. ﬂ New - Inddent 0 day® 0 hours
CPU Utlization for 16 is 93.05%, crossed warning (85) or critical (30) threshold. E @ New - Incident 0 days 0 hours
CPU Utlization for 2is 87,435%, crossed warning (85) or critical (30) threshold. E A New - Incident 0 days 0 hours
Metric error deared, The current status of the target is Status Pending a 4‘7 New - Incident 0 days 8 hours
Power supply sensor(s) at level - CRITICAL ﬁ] @ New - Incident 8days 1haurs
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Target Navigation

7 B 0B Machine | com
> 23 Compute Nodes
L~ [ Databases

7 &5 [Exadata Grid [ com

ol

cel01
celD2]
cel03

"5
"5
s celn4|
“5
"5
"5

cel0s

cel0g
cel07|

B Network_ com

apshot(3)

Max IOPS it can perform

4 Exadata Grid | com @

% Exadata Storage Server Grid -

Oracle Exadata Storage Server Grid: Exadata Grid _ om >
Past day
| Health Overview
(® Total |Hard Disks | v | (C) Average Per Disk || [#]5how Maximum Cell Disk Limit

~| Total Load for All Hard Disks

Current utilization

5] —
Page Refreshed Feb 3, 2015 10:00:51 PM EST

Al Year Month ‘\Week Day 2 hours

30K
25K Hardbisk; Total
20K CellDisk Read IOFS
L 45k m Hardbisk: Total
o CellDisk Write I0PS
10K m Total Maximum
5K . p— HardDisk Read 10PS
0K
15.0K HardDisk: Total
12.5K CellDisk Read
100K Throughput
o = HardDisk: Total
.ig 7.5K B CellDisk Write
= S0l Throughput
25K Total Maximum
DlDK M HardDisk Read

Throughput



~ But OEM data gets rolled up

Most useful but retention is less
EM$METRIC_VALUES Detailed raw data for 7 days (highest granularity)

EM$METRIC_VALUES_HOURLY |Aggregated into hourly average for 32 days  |Decent useful

Daily average of hourly aggregated - 24 _
EM$METRIC_VALUES_DAILY |months sort of meaning less ©

» Retention can be changed but it gets changed for all the data collection - Doc
ID 1405036.1

* We pull Exadata specific data from gc$metric_values to our own repository




Table 13-3 Core EM Metric Data Tables and Default Data Retention in the Management Repository

Table Name Partitions Retained Partition Size
EM_METRIC _VALUES 7 DAY
EM_METRIC_VALUES HOURLY 32 DAY
EM_METRIC_VALUES _DAILY 24 MONTH

Check the current value of the retention periods:

SQL> select takle name, partitions retained

from em int partitioned tabkbles

where takle name in ('EM METRIC VALUES', 'EM METRIC VALUES HOURLY', 'EM METRIC VALUES DATLY');

TABLE MAME PARTITICNS RETAINED
EM METRIC VALUES T
EM METRIC VALUES HOURLY 32

EM METRIC VALUES DAILY 24
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data rolled up

s View Data |Last 31 Days Auto Refresh [OFf
CPU Utilization (%)
Statistics 1 data point for a day Thresholds Modify Thres
Last Known Value 3.28 Warning Threshold 80
Collection Timestamp Feb 10, 2015 9:50:03 AM EST Critical Threshold 95 m aym

Average Value 14.83 Comparison Operator > mm

Low Value 1.34 Occurrences Before Alert 2
High Value 100 Corrective Actions None
Thresholds last modified by Apply template history is purged or 5
Metric Value History
1

MPM 1AM 11PM 11AM ' 11PM
i 102015 12 14 16 20 2 05

M CPU Utilization (%

Percent(%})
- 88888

-

Daily average says CPU utilization% <40



Monthly 5 minutes average CPU

In reality everyday 90+% spike

DOUG Computenode CPU Utilization
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“Compute Node CPU Utilization-for one day

ComputeNode CPU Utilization

CompNodeoidbo1
CompNodeoidboz2
CompNodeo1dbo3
CompNodeoidbog
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CompNodeoidbos
CompNodeoidbo6
CompNodeoidbo7y
=»CompNodeoidbo8




~—How to get trend of ny OEM Metric?



‘Host level CPU utilization% raw data

METRIC_DATE CompNodeoidbor CompNodeoidboz CompNodeoidbo3 CompNodeoidbog

02/05/2015 0:00 4.3 2.4 12.8
02/05/2015 0:05 4.5 3.6 10.1
02/05/2015 0:10 4.6 3.7 9.9
02/05/2015 0:15 9.9 7.1 8.2
02/05/2015 0:20 5.3 10.5 2.5
02/05/2015 0:25 7.5 4.6 3.1
02/05/2015 0:30 33.7 6.4 17.6
02/05/2015 0:35 21.3 18.4 17.5
02/05/2015 0:40 35.3 12.7 2

Raw Data from
It is same data on following OEM Page: gc$metric_values, same source

as OEM chart



How to write SQL to get any metric’s detailed
data?



select
Brungi(colTecEionrtimel,Athh 24 (Eruneitorchan(colliectionutime A hmisa)/ ) o) 2 /.6 O AS SMETRECSDATE

max (case WHEN entity name ='CompNodeOldbOl.abc.com' then round(value,l

max (case WHEN entity name ='CompNodeOldbOZ2.abc.com' then round(value,l

( )
( )
'CompNode01db03.abc.com' then round(value,l)
( )

max (case WHEN entity name

max (case WHEN entity name
FROM METRIC VATUES o

'CompNode01db04.abc.com' then round(value,l

whefe metric group name inf ('Load' )
ANDJ metric column name inf'cpuUtil')
AND
and ( entity name like 'CompNode0ldbO0%')

group by trunc(collection time, 'hh24') + (trunc(to_char (collection time, 'mi')/5)*5)/24/60

ORDER BY 1

Base Script - Kapil Goyal (Fidelity Investments), Greg O’'Hearn (Fidelity Investments) and Kalyan Maddali (Oracle)

else
else
else

else

null end)
null end)
null end)
null end)

"CompNode01ldb0O1l",
"CompNode01ldb02",
"CompNode01db03",
"CompNode01ldb04™"



~—Query against any metric

Just identify metric_group_name and metric_column_name

olumn_label, metric_group hame, metric_column name, entity type

All Metrics
Search ﬂ Cl
View | = 1= 18 5
[= Host Storage Support
W Loa _ _ o select me
Ayve Logical Memory, Kilob from sys
Acting Memory, Kilobytes —_—_
‘CPU Xilization (S¢) : i
CPU in I\ Wait (&) > Query Readlt X
CPU in Sy=¥em Mode (3G
CPU in User Node (% FE@@msa

All Rows Fetched: 30in 0,105 seconds

Free Memory

MI:‘I'R.IC_GF‘.DUP_LA...| METRIC_COLUMM_LABEL

@ ™e.. |l METRIC_COLUMN_NAME [

Logical Free Me

Memary Page Sca

Memaory Utilization

Run Queue Length (1

Run Queue Length {15 mgu

Run Queue Length (5 minu

Swap Utilization (%)

Total Processes

Total Users

Used Logical Memary (6]
[= Log File Manitoring

[ SRR Y P e PR Y Y <Ep—

1 Load

CEU
CEU
CEU

Run

Active Logical Memory, Kilobytes
Aetive Memory, Kilobytes

in I/0 Wait (%)

Interrupt Time (%)

in Syatem Mode (%)

Queue Length (5 minute average,per core)
Cueue Length (15 minute average,per CoOre)
Queue Length (1 minute awverage,per core)
Cueue Length

in User Mode (%)

Utilizatiocn (%)

Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load

activelogicalMem
activeMem
cpullWait
cpulntr
cpukernel
cpuload

cpuload 15min
cpuload_lmin
cpulLen

cpullaer

cpultil

T



* Another Example

All Metrics

Search |
view- | = 1= T2
= FOSL STOrage SOpport
b Load

[ Log File Manitoring
% Metwgrk Interfaces

Metwork InterfacqJotal [0 Rate MR
Network Interface Ngite (v S€lect ne
Metwork Interface W

TF ‘ma o T

c$metriu:_u:u:ulumns|
‘where metric 8goup label='Network Interfaces!

ic_group label, metric_column label, metric_group_hame, metric_columh hname, entity type

" BN BR sqL | allRows

tched: 37in 0. 116 seconds

@ mETRIC_GROUP_NAME (] METRIC_COLUMN N

rk Interfaces
Interfaces
3 Network \\nterfaces
4 Hetwork rfaces

5 Hetwork Interfaces

Interface Collisions (%)
Hetwo Interface Input Errors (%)
terface Name

face Output Errocra (%)
lNetwork Interface Bead (MB/3)

Hetwork
Hetwork
Hetwork
Hetwork

Hetwork

collisions
inpErrors
interface
outErrors

readRate



“Cell Node Statistics

HDD IOPS/Throughput

Flash IOPS/Throughput
HDD/Flash read/write latency
CPU Utilization



group lahbel

from sysman. gofmetric columns
wradat:

fhere netric group label 1ike ': or metric group label 1ike '%Cell%' orfer by 1

alter session set nls_date_ form

BQuery... X

select

--SUBSTR (entity name,1, INSTR(r I.Eil Ejlﬂ % SQL
trunc(collection time, 'hh24"'") METRIC GROUP LABEL

All Rows Fetche

ﬂ'-celﬂl.-nm @

¥ Exadata Storage Server

Target Navigation

--metric_group_ name, View

--entity name, 1 Exadata Svatem Celll® .
sum(case WHEN metric_column_nam J0_ _-Y — - i E DB IlI"'1'5'":'-'"-“3-lTI Orade Exadata Storage Server: _
sum(case WHEN metric_column_nam 2 Aggregated Exadata Capg [= r_—l Compute Modes ~ All Metri
sum (case WHEN metricicolumninam 3 ~ ..-" I:l Datal:.ases eLrics ut",
sum (case WHEN metricicolumninam AggrEgatEd Exadata "‘Ell . ) SEEFII"I iput",
sum(case WHEN metric_column_nam 4 Aggregated Exadata :'lS]'i W % E}(EIEIEItEI Grld :
round (avg (case WHEN metric_colu ﬁ 1celdl View - R,
rour:d(avg;q;;;e WZEN metiicicolu 5 Lhggregated Exadata Flas wy m 7 -m__ ...... 1iillicom
sum (case metric column nam . —~ s v e s .
AT A A T T 6 CELL CellDisk Configurg o — b Aggregated Exadata Capa.n:tg.rlﬂ
sum (case WHEN metricicolumninam ]" EELL Flash Eal:'.hE :Ell : ﬁ m -"* AggrEgatEd Exadata C?"DISkM bt
sum(case WHEN metric_column_nam . ) ﬁ -"* AggrEgatEd Exadata DISngIIILIFI iput",
sum(case WHEN metric_column_nam 8 Cell Configuraticon = [= Agaregated Exadata FlashDisk
round (avg (case WHEN metric_colu q rell Confi ration Patd ﬁ m [= Cell Generated Alert 'y
round (avg (case WHEN metric colu = ~ontigu ﬁ m [= CellSrv Status Metric o
round (avg (case WHEN metric_colu 10 Cell Generated Rlert ﬁ m = Exadata Cell Metric
FROM sysman.go$metric VALUES 11 rellSrv Status Metric e . b+ Exadata CellDisk Load Imbalanc
Wh‘f;e metrff;“iéj‘“eh;? o - I Exadata CellDisk Metric
Z:ND ggrigé 2 ’1ar % vls< —° 12 Exadata Capacity Metrig 5 L [> Exadata Digk Status Metric
metric column name in -
'sum_cd_read iops', 13 Exadata Cell Metric ﬁ . "'} Exadata Flash Cache Metric E
s e ~ o | m [> Exadata IDRM Consumer Groug
'sum_cd_read throughput', L1 EXadata CellDisk Load I wry o I> Exadata IORM DB Metric
'sum_cd_write_throughput'  I5 Fxadata CellDisk Metrid w m ,-* Filesystem Utilization
'sum_cd_io_load', ) [= HCA Port Configuration Monitor
'avg_cd read latency', 16 Exadata Disk Status Meg ﬁ [= HCA Port Errors
5 d ite lat 1
?Z;acuiizzgizn?my 17 Exadata Flash Cache Met] s & 1celadm0 - HCA Port State
v " — — = e1celadmi [= HCA Port State {(For Alerts)
xadata ICBM Consumer § et
AND entity type= 'oracle exadat ﬁ e 1celadm "{J- Hest Interconnect Statistics
and ( entity name like ‘DOUGce 19 Exadata ICEM LCE Metric [ —— L1 o
group by trunc(collection time, 'hh24') + (trunc(to_ char(collection time, 'mi')/15)*15)/24/60

ORDER BY 1,2

Base Script - Kapil Goyal (Fidelity Investments), Greg O’Hearn (Fidelity Investments) and Kalyan Maddali (Oracle)
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All Metrics

Search

group_name and column_name

metric_column_label

metric_group_label

m >

Exadata Capacdty Mefric
Exadata CellDisk Metric

e Pe———

In OEM, look for group_label and column_label then map with gc$metric_column’s

select metric_group label, metric_column label metric_group hame,metric_column hame
from s¥sman.gofmetric_columns
where metric_group label='Aggregated Exadata FlashDisk and HardDisk Metric' order by 1

b

g

B Query Result =

E W & sa

All Rows Fetched: 17in 0, 106 seconds

roup Capadty Metric

Aggregated Exadata FlashDisk and HardDisk Metric

fAverage CellDisk Read TOPS
Average CellDisk Read Response Time
Average CellDisk Read Throughput
Average CellDisk Small Read Response Time
Average CellDisk Small Write Response Time
Average CellDisk Write IOPS

Average CellDisk Write Response Time
Average CellDisk Write Throughput
Maximum CellDisk Small Read Response Time
Maximum CellDisk Small Write Response Time
Total CellDisk IO Load

Total CellDisk Read IOPS

Total CellDisk Read Throughput
Total CellDisk Write IOPS
\h Cellnick wicie | ,’

METRIC_GROUP_LABEL

| METRIC_COLUMN_LABEL

1 hggregated
2 Lggregated
3 Lggregated
4 hggregated
5 Lggregated
& Rggregated
7 Lggregated
& hggregated
9 Rggregated
10 Lhggregated
11 hggregated
12 Lggregated
13 Lggregated
14 Lggregated
15 Lggregated
16 Lggregated
17 Lggregated

Exadata
Exadata
Exadata
Exadata
Exadata
Exadata
Exadata
Exadata
Exadata
Exadata
Exadata
Exadata
Exadata
Exadata
Exadata
Exadata

Exadata

FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk
FlashDisk

and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and

and

HardDisk
HardDisk
HardDisk
HardDisk
HardDisk
HardDisk
HardDisk
HardDisk
HardDisk
HardDisk
HardDisk
HardDisk
HardDisk
HardDisk
HardDisk
HardDisk
HardDisk

Metric Average
Metric Average
Metric Average
Metric Average
Metric Average
Metric Average
Metric Average
Metric Average

Metric Average

CellDisk
CellDisk
CellDisk
CellDisk
CellDisk
CellDisk
CellDisk
CellDisk
CellDisk

Metric CellDisk Type

Metric Maximum
Metric Maximum
Metric Total
Metric Total
Metric Total
Metric Total
Metric Total

CellDisk
CellDisk

IO Load
Bead IOPS

Bead Response Time

Bead Throughput

Small
Small
Write
Write

Write

Small
Small

CellDisk IO Load
CellDisk Read IOFS
CellDisk Bead Throughput
CellDisk Write IOFS
CellDisk Write Throughput

Eead Responae
Write Responas
I0PS

Eesponse Time

Throughput

Eead Responae

Write Responas
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“Why Cell Statistics are important?

e [f you enable/change IORM, enable/disable
write back flash cache etc. you want to how it is
impacting

e IO is not distributed properly across all cells
(very unlikely)

e Workload is not distributed across different
racks/expansions
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-xample(1) — HDD IOPS reduction after enabling writeback flash cache

16000
X2-2 Half Rack High capacity HDD Max IOPS 14K
14000 i i e il il il
was avg 12K 10PS
WRITEBACK Nov 22
12000 |- — - —— —— s
.l
4
-
7
-
I RN !
10000 s
.I e HD D-Total Ce IDisk Read
IOPS
-~
U
IQ
8000 — -
] ¢ -
= HD D-Total Ce lIDisk Write
now avg 6K IOPS IOPS
' |
4000
2000
WIOH.'MCO - 1300/3024000 23/07/20140.00 AL 00 L/37/2034000 IL3VIE0W0 INIANIL0 0 1L030140:00 3207/2004000



mh from Database perspective

* Log writes- (LGWR) * Direct path writes -- (Oracle Shadow and PQ)
e Upon every transaction “commit” * Bandwidth is typically #1 priority
* Latency is #1 priority * Typically LARGE IO sizes
e Exadata cell behavior: Flash logging P e SRR
e Write to DISK and Flash .. Ack on first o cell_flash_cache determines the path
Completion » Keep -> writes to FLASH
Default -> writes to DISK
* Flushing the Buffer Cache - (DBWR) * TEMP writes - spills out of PGA
e (Clean dirty buffers in SGA * Sort, Hash Join, etc.
o IOPS bandwidth is key e Exadata cell behavior

: Writes go to DISK
e [Exadata cell behavior 5

e  Writes to Flash
e  Write to Disk - > 128k
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Write path from Database perspective... cont

* Archive Log writes -- (ARCH) * FLASHBACK database - (RVWR)

» - After REDO logs are switched, they * - Usesit’s own format, but volume is
* are written to the “RECO” space by similar to “redo” writes

e ARCH * Typically written to RECO

Exadata cell behavior:
e  Write to DISK only

o These are “LARGE” writes

e Exadata cell behavior:
e Write to DISK only
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Example(2) —abnormal HDD IOPS

/

/’

across Full/Half/Expansion

* DOUG1cel01
* DOUG1cel02
®DOUG1cel03
*DOUG1cel04
»DOUG1cel05
¥ DOUG1cel06
» DOUG1cel07
* DOUG1cel08
®DOUG1cel09

*DOUG1cel10

Expansion E2- HDD Read IOPS

DOUG1e2celadm07
DOUG1e2celadm04
DOUG1e2celadm0l

* DOUG1e2celadm01

¥ DOUG1e2celadmD2

® DOUG1e2celadm03

* DOUG1e2celadmD4

® DOUG1&2celadm0s

® DOUG1e2celadm06

® DOUG1e2celadm07

® DOUG1e2celadm0g

®DOUG1e2celadm09




%am/ple Charts of Exadata Review-snapshot(1)

FLASH IOPS

X4-2 Qtr HC - 950,000
1,000,000

900,000

750,000

800,000
700,000

600,000 .
» Capacity

500,000 » Utiization

400,000
300,000
200,000
100,000

0

The x2-2 half rack can perform 750K Flash IOPS
* XYZ prod and standby database uses 6K Flash IOPS (~.8%) — 98 percentile
* X4-2 Otr HC can perform 99oK Flash IOPS

Current — x2-2 Half
Rack HP

Utilization

Proposed Exadata
x4-2 qtr Rack HC



~ Snapshot(2)

FLASH Throughput (MBPS)

25,000

X4-2 Qtr HC - 21,500

» Capacity

» Utdization

The x2-2 half rack can perform 25K Flash MBPS Throughput
XYZ prod database uses 150 Flash MBPS (~.6%) and siandby uses 250 Flash MBPS (1%)- 98
percentile

X4-2 Qtr HC can perform 21.5K Flash MBPS throughput



Brapshots)

9

HDD IOPS

» Capacity

» Utdlization

X4-2 Qtr HC - 7000

2,000

The x2-2 HP half rack can perform 25K HDD IOPS
XYZ prod database uses 2K (~8%) and standby uses1.5K (~6%) — 98 percentile
This can be further reduced by leveraging more Flash



“Snapshot(4)

HDD Throughput (MBPS)

» Capacity
» Utdizaion

X4-2 Qtr HC - 4500

The x2-2 half rack can perform 12.5K Hard disk MBPS Throughput
XYZ prod database uses 1.5K HDD MBPS (~12%) and standby uses 1.4K HDD MBPS (-11%) - 98

percentile

X4-2 Otr HC performs 4.5K HDD
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~ Snapshot(5) *

Storage (TB)

X4-2 Qtr HC - 6378




~Shapshot(6)

ComputeNode CPU Utilization%

Processors -2.7 GHz)



~Snapshot(7)

CellNode CPU Utilization%

CPU Utilization across all the 7 cell nodes is ~3% and at times peaks ~7%
# of cores in x4-2 Otris 36
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~—Single View across all Exadata

Press below to*:

Ml  update Filter

Business Unit: Site: Models: Machine:
( *] [iwn =] [an ] [0
Exadata Inventory on All for
Business Units: All, Locations: All, Machines: All
13

100%
- - .
|| - —— ﬂ'!-

This graph captures 80 day Bfth percentile averaged across all the cell nodes.

CellCPU

10K

100
d
3
Legend @
| Bl
[l usedTs
0
| B
g CompCPU
100%
| -]
W 0%
| B =
= 2 This graph captures 80 day B5th percentile averaged across all the compute nodes.
2
1™ Disklops
[ L 18K —

Flashlops

£

000K - 4K

60 days 98th percentile data

2K

m - @

DiskMbps

— —
- w
1] 11 M
i N i )

FlashMbps




ingle View across all Exadata

Exadata Data Table
BuSns®  Machims  Location  EnvType Rack Mods! MX Replace Con ol cm owkiops  D'5I0F% Dikmeps DUEMEPS  piaenioes PHYIOPY e
seutme  S8%ime
- PR - oR X3-2 HC HALF 20008 a 85 14,000 8,168 9,000 743 750000 219599 47,000
- - DR Xi&-2 HC HALF X 02 L] 10 15,000 10,619 10,000 84800 1,330,000 52 866 S50.000
— - oR X&2 HC HALF 200t 5 5 16,000 9977 10,000 7774 13300 2290& 50000
- - 2ROD X2-2 HC HALF 20003 5 ' 14,000 5439 2,000 1823 78000 2459 34000
- - NONSROD X2-2HC QTR X203 5 21 6.000 454 4000 374 375,000 6.450 15.000
- - NONPROD  X32 HC HALF 20008 & s 14,000 2%3 9,000 s72 7000 8 E2&79 47,000
B - PROD Xi&-2 HC HALF X 04 k-] 7% 15,000 10,483 10,000 578 1330000 194 547 S50.000
- - NONPROD X2 HC HALF 200t . 15 16.000 9982 10,000 9899 1320000 M8 somo
- - PROD X&2 HC HALF 208 & 7 %000 13381 10.000 93% 133000 233884 50000
Grand Total 200 k-] 125,000 70,908 81,000 5177 8275000 835284 333.000




/ Share  ® Remembermy changes ™ 200 C

Host

100

90

80

70

&0

50

40

30

20

Entity

Dashboard || CPU Utiization

Entity Start Date End Date
v| [an v | [sn72015 120000 AM | [sm0r2015 120000 AM

CPU Utilization %

Aug 31 Sep1 Sep 2 Sep3 Sep4 Sep S Sepb Sep 7 Sep 8 Sep 9 Sep 10 Sep 11 Sep 12 Sep 13 Sep 14 Sep 15 Sep 16 Sep 17 Sep 18 Sep 18 Sep 20 Sep 21 Sep 22 Sep 23 Sep 24 Sep 25 Sep 2
Date {September 2016

M M L[ W=
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etail level HDD data

Home » B3 default » [#] Exadata HD-FL v2.3 » [li] HDD 17

~ Share @ Remember my changes~ I'_’I 0 (!J 0

v | € | HDD || Flash | HDIOPs | HD Total IOPs | HD Throughput | HD Total Throughput | HD Total Cell 1O Load | HD Avg Cell Response Time | FLIOPs || FL Total IOPs || FL Throughput | FL Total Throughj

Host Start Date End Date
@- ~ | [102412016 12:00:00 AM | [103122016 12:00:00 AW
HD Total IOPs - . . HDIOPs -
15K
10K 5K
5K
0K
o Oct 24 Oct25 Oct 26 Oct 27
METRIC_DATE [Ocio
Oct 24 Oct 25 Oct 26 Oct 27 Oct 28 Oct 29 Oct 30 Oct 31
METRIC_DATE [October 2016] Legend [ nd_avg rd_iops [l hd_ava_wrt_iops
HD Total Throughput (mMeps) - . HD Throughput (MBPS
6K
4K
2K
oK Oct 24 Oct25 Oct 26 Oct 27
METRIC_DATE [Ocio
Oct 24 Oct 25 Oct 26 Oct 27 Oct 28 Oct 29 Oct 30 Oct 31
METRIC_DATE [October 2016] Legend . hd_avg_rd_throug.. . hd_avg_wrt_throu..
Cell CPU Util% - . HD Total Cell IO Load - ortp14 HD Avg Cell Response Timr
30
20
10
" Oct 24 Oct25 Oct 26 Oct 27
METRIC_DATE [Ocio
Oct24  Oct25 Oct26 Oct27 Oct28 Oct29 Oct30  Oct31 Oct24  Oct25 Oct26 Oct27 Oct28 Oct29 Oct30  Oct31

Hour of METRIC_DATE [October 2016] METRIC_DATE [October 2016] Legend Il Avo.hd_avg_rd_I. [l Avg. hd_avg_wri 1.
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etail level Flash Data

Home > B3 default » [#] Exadata HD-FL v2.3 » [} Flash 17

~ Share ® Remember my changes«

%O 0O

v | € | HDD | Flash | HDIOPs | HD Total IOPs | HD Throughput | HD Total Throughput | HD Total Cell IO Load = HD Avg Cell Response Time | FLIOPs | FL Total IOPs | FL Throughput | FL Total Throughpu

Host Metric X4-2 Half Rack (HC) End Date
[ | [10/31/2016 12:00:00 A
Flash bandwidth - GB/s 50
Totz FLIOPs- .
Flash read IOPS 1,330,000
150k Flash write IOPS 980,000
Flash data capacity (raw) - TB 22.4
100K
Effective Flash cache capacity - TB! upto 224 TB
20K HC Disk bandwidth - GB/s -
. Oct 24 Oct25 Oct26 oct 27 (
0K HC Disk IOPS 16,000 METRIC_DATE [Octobe
Oct 24 et 25 Oct26 Mg?;:; HC Disk data capacity (raw) -TB 336 M favardiops [l Aavg wrtiops
HC Disk i le) -TB
FL Total Throi 1 Disk data capacity (usable) 150 FL Throughput (MEPs) -
HC Data load rate - TB/hr 1
10K
DB Compute Nodes 4
DB CPU Cores 96
5K DB Memory - GB 1024
DB Memory Exandable - GB 2048
et 24 Oct 25 Oct 26 Oct 27 C
0K o Storage Cell Nodes 7 METRIC_DATE [Octobe
Oct 24 Oct 25 oct26 oct 27
meTricCell CPU Cores 84 M 7_avo_rd_through.. [l i_avg_wri_throug..
Cell CPU Util % - ¢ FL Total Cell 10 Load - ortp14 FL Avg Cell Reponse Time
10.00
30
20 5.00
10 0.00 cevtr = ‘ = :
0 Oct 24 oct25 0Oct 26 oct27
Oct24  Oct25 Oct26 Oct27 Oct28 Oct20 Oct30  Oct31 Oct24  Oct25 Oct26 Oct27  Oct28  Oct29  Oct30  Oct3d VIETRIC_DATE [Octor
Hour of METRIC_DATE [October 2016] METRIC_DATE [October 2016] Legend Bl Avo. _avg_rd_tat. [l Avg. T_avg_wrt la.



80%
virtual

. amem

High End
Physical

High End
Virtual

Virtual

On-Prem
As-A-Service

Off-Prem
As-A-Service

ORAprod
ORAprod 2 1.4M 47
DB2prod 3 1.3M 46
ORAprod
DB2prod
SQLprod
ORAprod
DB2prod
SQLprod
ORAtest
DBaztest
SQLtest
ORAdev
SQLprod
SQLtest
SQLdev

3000+ 100 1

S

<1ms 100TB
<1ms 128 75TB
<1ms 128 751B
>10ms 2 20GB



“AWR Warehouse -

Centralized warehouse for long term AWR data retention

All AWR features available on long term AWR data

Seamless integration with OEM

Comparative Analysis of workload, no impact on target database

Performance Analysis of DBs on Shared Infrastructure



Pbata

arehouse

AWR Snapshot ETL

Job in EM Job Service that
pulls file from Source
Target and then pushes to
AWR Warehouse Target
Directory

Enterprise Manager
BMS Job on Source pri &
Database to directory

AWR snapshot export

-
+*

AWR snapshot export, .«*

\Sou rce Target

\

AWR Warehouse




nterprise wide 95", 98th and 99" database level stats

E create or replace PROCEDURE capacity awr metric

Home » P default » [¥] Exadata AWR 1.1b » [Ii] AWR9S

~* Share Remember my

AWRES || AWR

Business Unit:

(Al

0P 5 $8%tile
488

[ P

ecapdblab

GOO0K

AD0K

200K

crapitiab

ecapd|

150

100

ecapdblab ecapdbl

&00

=]

AS

startdt date;
enddt date;
count number (20} ;

BEGIN

Gets executed daily

select sysdate into startdt from dual;
insert into capacity awr_tab a
WITH PGR AS
{SELECT target_name,
SYSDATE collection date,
ROUND (percentile cont(.953) within GROUP {

ORDER BY PGR ME),0)

PGA_MB_95Ptile,

ROUND (percentile cont(.98) within GROUP {
OBDER BY PGA MB),0) PGA MB_9EFPtile,

ROUND (percentile cont(.99) within GROUP (
OEDER BY PGA MBE),0) PGA MB_99Ftile
FROM

{SELECT target_name,

etime,
snap_id,
SUM({PGAR MB) PGR MB

FROM

(SELECT m.target name target_name,
TO_CHAR (s.end_interval_ time, 'DD-MON-YY HH24:MI') etime ,
h.snap_id snap_id ,
h.instance number inst_number ,I
ROUND {5UM {(h.value) /1024/1024,0) PGA MB
FROM dba_hist pgastat h,
dba_hist_snapshot 3,
dbanmp.caw_dbid mapping m
WHERE name ="total PGL allocated'
AND TRUNC (s.begin_interval time) >=TRUNC (sysdate)- 35
AND h.dbid a.dbid
AND s.dbid =m.new_dbid
AND h.instance_number 3.instance_number
AND h.snap_id 3.3nap_id
GROUF BY m.target_name,
TO CHRR(s.end interval time, 'DD-MON-YY HH24:MI') ,
h.gnap_id ,
h.instance_number
ORDER BY h.instance_number
)

GEOUP BY target name,

etime,
snap_id

NRDER BY etime



B Private cloud
B Fractional

W Physical with AFA

# of Oracle Databases's rightFit based onstack ranking

(02/01/17)

Public Cloud 3000
Private Cloud 5000

High end VM ?
Physical+AFA Any

Appliance

r. Management level view

# of Oracle Databases's rightFit based onstack ranking

(02/01/17)

B Private cloud
M Fractional

W Physical with AFA

put(MB DB Size (GB Max # of Cores/CPUs
50 30+ <50 4

100
?

>5000

20+
?

<2

<100
<6000

Any

8

14
Any




~—Capacity analysis at DB level

* A big thanks to Carlos and Mauro for great help in google charts

Mauro’s SQLD360 Code ©

Host name(s): EXAECON, EXAECO02Z, EXAECOD3, EXAECODS
Database name: ORCL1

Cracle Database version: 11.2.0.4.0
Database block size: 8 KB

Database size: 57183 TB

Datafiles: 71 (on 44 tablespaces)

Database configuration: 4-node RAC cluster

Database memaory: SEA 64.0 GB, PGA 144.0 GB, ASMM

Hardware: Engineered System with 7 storage servers

Processor:

Physical CPUs: 96 cores, on 4-node RAC cluster

Oracle CPUs: 182 CPUs (threads), on 4-nede RAC cluster

F’hysica..l RaM: 1:[I-[I-E.[I- =B, u::-n. 4-node RAC cluster Tanel’s SCI'ipt
Operating system: Linux %86 64-bit

Show Exadata cell versions from VECELL_CONFIG.... /

CELL_NAME CELL_PATH CELLSRV VERSION FLASH CACHE MODE CPU_COUNT  UPTIME KERNEL_VER MAKE_MODEL
EXAECOceladm01 192.168.14.9;192.168.14.10 |12.1.1.1.1 WriteBack 24 274 days, 8:18(2.6.39-400.128.17 el5uek Oracle Corporation SUM SERVER X4-2L
EXAECOceladm02 192.168.14.11;192.168.14.1212.1.1.1.1 WriteBack 24 274 days, 8:34(2.6.39-400.128.17 elsuek Oracle Corporation SUM SERVER X4-2L
EXAECOceladm03 192.168.14.13;192.168.14.14/12.1.1.1.1 WriteBack 24 274 days, 8:33(2.6.39-400.128.17 elsuek Oracle Corporation SUM SERVER X4-2L
EXAECOceladm04 192.168.14.15,192.168.14.16/12.1.1.1.1 WrriteBack 24 274 days, 8:27|2.6.39-400.128.17 elsuek Oracle Corporation SUN SERVER X4-2L
EXAECOceladm03 192.168.14.17;192.168.14.18 12.1.1.1.1 WriteBack 24 274 days, 7:51|2.6.39-400.128.17 el5uek Cracle Corperation SUN SERVER X4-2L
EXAECOceladm06 192.168.14.19;192.168.14.20012.1.1.1.1 WriteBack 24 274 days, 8:13(2.6.39-400.128.17 el5uek Cracle Corperation SUN SERVER X4-2L

EXAECOceladm07 192.168.14.21;192.168.14.22/12.1.1.1.1 WriteBack 24 274 days, 7:42 2.6.39-400.128.17 el5uek|Oracle Corporation SUM SERVER ¥4-2L



abase Profile

DB CPU and User I/0 Wait (Foreground only) Time Percentage of DBTime

(%)

Database Profile

100 —— DBTIME
—— DB CPU%

m —— Userlo Wait Time®%
80 | i

40 | | \
A W
“ ) 1

Oct 27 Oct 28 Oct 29 Oct 30 Oct 31

Date Time



Waft Time(sec)

ait event — Direct path read temp

120,000

100,000

80,000

50,000

40,000

20,000

direct path read temp

|USE.‘F 1o
|User 11O
|User 11O
|Configuration
|system 1O
|User 11O
|system 1O
|system 1O

Oct 29, 2016, T:00:00

AM

® Wait Time(Sec) 70,619.638

m Ayg Wait(ms): 39872
i

Top Timed Events

Instance ™ - cluster wide summary

* Waits, % Timeouts, Wait Time Total(s)
= Wait Time Awg (ms)'
* Summary "Awg Wait Time (ms)’

DB CPU

direct path read temp
flashback log file sync

direct path read

flashback buf free by RVWR
Leg archive 11O

cell single block physical read
flashback log file write

lzg file sequential read

Cluster-wide total for the wait event

1 T71.137
312,801
941,167

86,320
312,652
11,532,751
1,058,019
194,367
170,547

|85, 788.43
0.00|70,619.64
0.71(31,820.25
0.00|19,606.97
1.94 15,240 81
0.00|11,907 60
0.00|11,342.93
0.00| 6876.40
0.00| 3,955.25
0.00| 3.256.19

. Cluster-wide average computed as (Wait Time Total / Event Waits) in ms

. Per-instance "Wait Time &vg (ms)' used to compute the following statistics
* [Avg/Min/Max'3td Dev] . average/minimum/maximumdstandard deviation of per-instance "Wait Time Avgims)'
*Cnt : count of instances with wait times for the event

L w T e [ wetm |

987
101.95
20.83
176.56
33.09
0.98
§.49
20.35
19.09

40

34.79|

28.64| 40.82 3827 45.00
12.93| 90.92 62.84 122.08
795| 21.34 1655 25.24
6.18[249.70 168.93 315.29
483| 3712 3394 38.91
460 112 067 164
279| 660 522 4882
1.60| 20.50 19.76 21.21
132| 2272 1503 34.16

Summary Avg Wait Time {ms)

B e e e e e

3.00
72T
359
74.35
224
0.43
1.59
0.61
8.17

4|
4

|User 11O

direct path write temp



IOPSThroughput

PS/Throughput

50,000

40,000

30,000

20,000

10,000

IOPS/Throughput

— IOPS
— MBPS
— MNETW_MEFS

Oct 27

Oct 28

Date Time

Oct 31



~—#of CPU/core used

# of CPUSs

100

a0

60

40

20

# of CPUs used

— # 0f CPUs

U

|

Oct 27

Oct 28

Oct 29

Date Time

4MM

Oct 30

—

Oct 31



~—Single block read Iateny

TR Tk n i Sk

V

"db file sequential read” or "cell single block physical read” VWait event

#lVals

40,000,000

30,000,000

20,000,000

10,000,000

# of Single Block Reads and latency

3
25
q 5
15
| . | ‘ 3
I 0.5

A MW MN

b LA Ny
Oct 27 COct 28 Cct 29 Cct 30 COct 31

Date Time

Avg Wait Time



Storage Index Saving %

a0

40

30

20

10

orage Index Savings

Storage Index Savings®o

LA

Oct 27

Oct 28

Oct 29

Date Time

Oct 30

Oct 31

— Storage Index
Savings%



~—Smart Scan Savings

Smart Scan Savings%

100

a0

Smart Scan Savings®

Oct 27

Oct 28

Oct 29

Date Time

Oct 30

Oct 31

— SmartScan Saved
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Next Session

FEBRUARY 2, Capacity Planning at Scale [838821]
2017 12:00 pm-12:30 pm

FEBRUARY 2, Trace File Analyzer - Faster Time To Resolution Through Intelligent First
2017 2:30 pm-3:20 pm Failure Diagnostics [834300]

Room 102



- OEM Plugin Refer

8.1 Oracle Exadata Storage Server

nual

The Oracle Exadata target monitors the software and hardware performance of an individual Oracle Exadata Storage Server in the database.

8.1.1 Aggregated Exadata Capacity

This metric category contains the aggregated metrics of the Exadata Capacity metric category and it collects every 60 minutes.

8.1.1.1 Disk Size (GB)

This metric gives an indication of the size of the status in GB.

Target Version Collection Frequency

All Versions Every 60 Minutes
5.1.2 2 Average CellDisk Read 10PS

This metric gives an indication of the average number of read input/output operations per second.

Target Version Collection Frequency

All Versions Every 15 Minutes

5.1.2 3 Average CellDisk Read Response Time

This metric gives an indication of the average read response time to the cell disk.

Target Version Collection Frequency

All Versions Every 15 Minutes



Appendix - A -
Db _capacity.sgl will generate a .html file.
db_capacityV2.8.sql capacity.sql
DEF conf _days=7 Report will run SYSDATE-conf _days, running it for

longer period may take some time.

DEF conf_day_ptile=7 This is to call capacity.sql for 95th, 98th and 99th Ptile
calculation
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eferences:

Thinking clearly about performance

Maintaining and Troubleshooting the Management Repository

Enterprise Manager Oracle Database Plug-in Metric Reference Manual

Enterprise Manager Framework, Host, and Services Metric Reference Manual- Host

Oracle® Enterprise Manager Oracle Database and Database-Related Metric Reference Manual

12¢ Cloud Control Repository: How to Modify the Default Retention and Purging Policies for Metric
Data? (Doc ID 1405036.1)


https://carlos-sierra.net/
https://mauro-pagano.com/
http://dbakevlar.com/category/awr-warehouse/
http://method-r.com/papers/file/44-thinking-clearly-about-performance
http://docs.oracle.com/cd/E24628_01/doc.121/e24473/repository.htm#EMADM12672
https://docs.oracle.com/cd/E24628_01/em.121/e25160/oracle_exadata.htm#CIACDFFI
https://docs.oracle.com/cd/B19306_01/em.102/b16230/host.htm
http://www.slideshare.net/MaazAnjum/maaz-anjum-ioug-em12c-capacity-planning-with-oem-metrics

