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What do these pictures have in common?
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Agenda

Overview of monitoring in Amazon RDS
SQL performance analysis demo using Amazon RDS Performance Insights
ML-powered diagnostics with Amazon DevOps Guru for Amazon RDS

Autodesk success story

Q&A
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Amazon Relational Database Service (RDS)

A FULLY MANAGED RELATIONAL DATABASE SERVICE

. Amazon

=5 Aurora
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J::{/MoriODB @PC}StQFESQL

icrosof
SQLServer ~ ORACLE

Spend time innovating and building new apps,
not managing infrastructure
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Schema design
Query construction
Query optimization
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— Automatic failover

Backup and recovery
Isolation and security
Industry compliance
Push-button scaling

Automated patching
and upgrades

Advanced monitoring

Routine maintenance



Overview of monitoring in Amazon RDS

B B

Instance Operating system Database engine
Amazon Amazon RDS Amazon RDS DevOps Guru
CloudWatch Enhanced Monitoring | Performance Insights for Amazon RDS
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Monitoring Amazon RDS metrics
with CloudWatch

Metrics retention and resolution

RDS
B— :
Amazon RDS <1 mlnute, fOI’ 3 hOUrS
nstance ' Amazon Simple Notification

Amazon Service (Amazon SNS)

RDS SR
@ oc— _ .
Amazon RDS = . jj 1 minute, for 15 days
instance FreeableMemory WriteLatency L
= Statistics —
AR

o] B§ [ — & o— | [ & s—
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AWS Management
Console
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CloudWatch alarms

Create alarm

Specify metric and conditions

Specify metric and
conditions

Can perform actions

Metric

Graph

Simple and intuitive wizard

Threshold types g

ReadlOPS

1 3157 EngineName
Statl C 05 4:15 4:2 oracle-se2

Statistic

Dynamic (machine learning) e B C

Period

5 minutes

A Prediction band preview

This is a preview of the anomaly detection band. The anomaly detection model will be created after you

finish ereating this alarm.

Conditions

Threshold type

Static
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Monitoring the Amazon RDS OS
with Enhanced Monitoring

Granular OS monitoring (e.qg., process list, physical devices, swap activity)
Gathers data via a local agent on the DB instance

Default retention period: 30 days

Process List

Huge Pages Free Huge Pages Rsvd Physical Devices Read 10/s

¥ postgres [3181]
Physical Devices Write 10/s
postgres:
rdsadmin

rdsadmin

lnralhnct(ANT8A)
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Amazon RDS Performance Insights
increases productivity

aws
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Database Load

Average

Sessions

Waits

Active Sessions (AAS)

Total
Slice by Waits

® CPU
10:XactSync
Lock:transactionid
@® LWLock:ProcArrayLock
® Lock:tuple
Unknown
LWLock:buffer_content

12V

Max CPU: 2

SQL Hosts Users

select minute_rollups(?)

WITH cte AS ( SELECT id FROM authors LIMIT ? ) UPDATE authors s SET email = ? FROM ct...

INSERT INTO authors (id,name,email) VALUES ( nextval(?) ,?,?)

delete from authors where id < ( select max(id) - ? from authors) and id > ( select max(id) - ...
select count(*) from authors where id < ( select max(id) - ? from authors) and id > ( select ...

select count(*) from authors where id < ( select max(id) - ? from authors) and id > ( select ...

select id from authors where mod(id,?)=? for update;

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Measures database load
over time

Easy to identify
database bottlenecks

Available for all Amazon RDS
database engines

Integrated and fully managed



What is database load?

Exposed as average active sessions

We sample every second; for each active session, we collect:
SQL
State: CPU, 1/0, lock, commit log wait, and more

Additional dimensions (e.g., hosts, users)

Central metric for Performance Insights

aws
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Performance Insights sampling is like a film
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Performance Insights sampling

User 1

User 2

User 3

Fast query, runs rarely (May miss sample) I

Queries running often (Likely sampled) I

Slow query (Very likely sampled) _
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Average active sessions load graph

User 1

User 2

User 3

User 4

Average active sessions
4

— N W
] ] Il

dws
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Active sessions state

“

Query 1 Query 2 Query 3

Bcru BI/O [ Lock
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Interpreting average active sessions

Average active sessions ~= 0
Database idle

Average active sessions < 1
No major blocks

Average active sessions < # of CPUs
CPU available

Average active sessions > # of CPUs
Possible bottlenecks

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Database Load

Average Active Sessions (AAS)

Waits SQL Hosts Users

Total
Slice by Waits v

® CPU
10:XactSync
Lock:transactionid
® LWLock:ProcArrayLock
@® Lock:tuple
Unknown
LWLock:buffer_content

1/2V

select minute_rollups(?)

WITH cte AS ( SELECT id FROM authors LIMIT ? ) UPDATE authors s SET email = ? FROM ct...
INSERT INTO authors (id,name,email) VALUES ( nextval(?) ,?,?)

delete from authors where id < ( select max(id) - ? from authors) and id > ( select max(id) - ...
select count(*) from authors where id < ( select max(id) - ? from authors) and id > ( select ...
select count(*) from authors where id < ( select max(id) - ? from authors) and id > ( select ...

select id from authors where mod(id,?)=? for update;




Also useful for rightsizing

If CPU load < # of vCPUs— probably oversized

DB Load: Average Active Sessions (AAS)
Slice by Waita -~
@ CPU
Max CPU: 16 @ 10:XactSync
LWLock:buffer...

Lock:transacti...
@ Lock:tuple
& 10:-WALWrite
1/12'W

5esslons

12:00

. If CPU load > # of vCPUs — probably undersized
@ G  Total

vCPU Slice by Waits v
® CPU
synch/mutex,/sql/TH...
Unknown
iofaurora_respond_to...
Other

.2
o
i}
gl
al

L

Max CPU: 2
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Multi-dimensional analysis

Database load

Chart type  gar w  Sliceby | waits
Current activity measured in average active sessions (AAS]  Info

Application

Show max vCPU Database

Host

Average active sessions (AAS) Session type

L
10:Reont SQL

W 10:Aurar
10:Reorn,

User

Timeaut| Waits

1Z:SnapbuildSync
1WA LRzad
12:ReplicalionSlolSync
Clisnt:WalSanderWritaData
10 ¥actSync

W CcRU
Max vCPUs

u al I I 111 l I | I I l 0 | s Oracle ~ SQLServer  PostgresQL
= e E - | 1| =l

13:35 1340 1345 1850 1355 14:00 14.05

Time (UTC) Host Yes Yes Yes

SQL Yes Yes Yes

Top waits Top SQL Top hosts Top users Top session types Top applications Top databases User Yes Yes Yes

Waits Yes Yes Yes
Top SQL Learn more [
a Plans Yes No No

Application No No

Load by waits (AAS) SQL statements

Database No No

. . do $% <<first_block>> begin FOR i IN 1..1000000 LOOP INSERT INTO test2...
Session type No No

START_REPLICATION SLOT "72hpx65btf4exc7o_00016400_120392d4_b141_44b8_92e6_ab,
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Demo steps

Precreated

Employees table with 1 million rows

Benchmark #1

Randomly select employees by “name” column and update salaries

Benchmark #2

Randomly select employees by “id"” column and update salaries

Final step

Investigate database load in Performance Insights

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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N mmuen Grogpes & Tag Eoter

Try the uw Amazon RDS Multi-AZ deployment option for MySQL and PostgreSQL X
For vour Amazat RDS [hr MyS0L and PostgreSQL workloads, inprove transactional commit latencies by 2x, experience faster failover typically less than 35 seconds and, get read scalability with two readable standby DB instances by deploying the Multi-AZ DB cluster Learmn more [4

Or, Resto \hAZ DB Cluster from Snapshot [A

Resources Recommended for you

‘'ou are usi he f T re n Implementing Cross-Region DR
Y ing the following Amazon RDS resources in the US East (Ohio) region (used/quota) 9 9
Learn how to set up Cross-Region disaster recovery (DR) for Aurora PostgreSQL using an Aurora global database

DB Instanc /40)
Allocated stofage (0 TB/100 T8)

= DB htarmree s dhvitt [

Reserved insrances (0/40)

Parameter groups (4)
Default (2)
Custom (2/100)

Optian groups (1)
Default (1)

spanning multiple Regions. Learn more

Migrate SSRS to RDS for SQL Server

Leamn how you can migrate existing SSRS content to an Amazon RDS for SQL Server instance using a PowerShell
module. Learn more

Snapshots {1) Custom (0/20)
Manual Subnet giuups (1/50) Test Your DR Strategy in Minutes
DB Cluster (0/100) Supported platfarms VPC Amazon Aurora Global Database now supports planned managed failover, making disaster recovery drills a breeze.
DB Instance (0/100) Defaull iievsrn s vje-0717f231b115f089a Eeam more
Autonmrad J .
Time-Series Tables in PostgreSQL
DB Cluster (1)

Step-by«step guide 1o design biah:perfarmance time series data tables on Amazon RDS for PostgreSQL. Learn more
DB Instance (0)

Recent events{12)

Event sub 1ons (0/20)
Additional information

Create database Getting started with RDS

Overview and features

Dacumsntatio

Amazon Relational Database Service (RDS) makes it easy to set up, operate, and scale a relational database in the cloud. "
Articimem futonals

Restarn from 53 I H.'w ! ! . Data onpor uiide for

Note: your D& jnstances will lnuncie mans US East (Ohio) region Data onnorg uiide f

1" n Jni

New RDS feature announcements

. Pricing
Service health View service health dashboard S
ums
Current status Details
Database Preview Environment
(© Amazon Relational Database Service (Ohio) Service is operating normally

Get early access to new DB engine versions, before they're generally available. The RDS database preview environment
lets you work with upcoming beta, reiease candidate, and early production versions of PostgreSQL engines. Preview,

o 3 arn o o vn o . i pcap og 0 an
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Demo summary — What have we learned?

Run #1 - 100% CPU utilization, 7 transactions per second
Run #2 — 90% CPU utilization, 800+ transactions per second

Wait events — could indicate root cause of performance bottleneck

Run #1
HR.Update_By_Name

Run #2
HR.Update_By_ID

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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DevOps Guru for RDS

A machine learning (ML)-powered capability for Amazon RDS that
automatically detects and diagnoses database performance and operational
iIssues so you can resolve bottlenecks in minutes rather than days

RO -

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
N7



Example: Table contention

UPDATE 1inventory
SET available_items = available_items-1

WHERE item_1d = :item;

When looking at CPU utilization in CloudWatch, everything looks fine ...

Time (UTC)

Percent
15
12 i os.cpuUtilization.total.avg

17:35 17:40 17:45 1750 17:556 18:00 18:056 18:10 18:156 18:20 18:256 18:30 18:35 18:40 18:45 18:50 18:65 19:00

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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DevOps Guru for RDS looks at the bigger picture

Amazon DevOps Guru

Dashboard

Settings

Analyzed resourc

Cost estimator

Provide feedback an

customer panel [

Primary metric

DevOps Guru for RDS detectad an znoemaly In your dat: < database activity ir

DB load (db.load.avg)

9 5 1 (951x spike) info

Typically: DB load up to 0 AAS

Average active sessions (AAS)

d join our

Slice DB Load by = Wait event ¥ View as | Bar ¥ [F 2022-10-07T15:53:00+00:00 — 2022-10-07T20:17:00+00:00

N

= Anomalous DB Load [l CPU
ts [4

10X actsyne Lock:transactionid Lockituple ==wCPUs

View in Performance Insigh

Related metrics (3)

When your DB Load ks high, other metrics often show anamalies. Use these metrics t help dizgnose your performanca

ssue

Q, Search metrics by

Metric name

[ul

Oct 7
18:00
Time (UTC)

[ High severity anomaly

Timeline (UTC)

Oct?
18:00

Qct?
20:00

Current db connections

Current db connections

Currently: 959 (& 137x)
Typically: 7

Contributing to:

Database connections spiked

Current db connections

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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DevOps Guru for RDS -
Analysis and recommendations

Analysis and recommendations (2}

What was detected Analysis

High-load wait events

The DB load for the LOCK wait types was over 950 average active sessions (AAS). This was 99% of the total DB
load.

Why is this a problem?

Current database connections exceeded 950.

Database connections spiked

aws

N1

Why is this a problem?

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

What we recommend

Investigate the following high-load wait events:
+ Lock:ituple

View troubleshooting doc [

Investigate the following SQL digest IDs:

« 347753C5D4AADSBBSATABADOOBZ4CB6ASBLEAS53 SQL digest
update inventory set

View Top SQL in Performance Insights [2 items_available=itermns_available-? where
itemn_id=?

Why do we recommend this?

Consider tuning application pool settings to avoid frequent dynamic allocation of new database
connections.

Why do we recommend this?




4 AUTODESK
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»#74 AUTODESK

designed and made for all
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Our industries

Architecture, engineering, and construction
Manufacturing

Media and entertainment

aws © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. 4 A To D ESK
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Greener buildings
Cleaner cars

Smarter factories

Bigger blockbusters
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2 AUTODESK Construction Cloud
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»2d AUTODESK Construction Cloud

Py
AN
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1

Design Plan Build Operate
Shared data Models - Drawings - Issues - Specifications - RFIs - Cost - Assets - As-Builts
Photos - Video
Insight Dashboards - Reports - Construction IQ - Data Connector
Network Builders Network
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AWS services used (20+)

Amazon VPC . Amazon 5QS '@
Elastic Load Amazon SNS ‘

Amazon RDS Amazon S3

Amazon

Balancing (ELB) ElastiCache

Amazon ECS .

aw% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. 4 AU TODESK



»2d AUTODESK Construction Cloud

Application N

dws
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Amazon RDS
Submittals Amazon Aurora
Real-time replication
RFls using AWS DMS
Schedule

Reports

Data connector

IQ and insights

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Amazon S3
data lake

Amazon
Athena
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Digital transformation timeline

Multiple Fully DevOps and  Dev teams Dev teams
acquisitions onboarded  DBA teams infra DB
since to AWS ownership ownership ownership

aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. 4 AU TODESK



mazon RDS for PostgreSQL incident

Storage

Critical

Metric Statistic Time Range Period

Free Stora... ¥ Average Last 1 Week W 1 Minute

Legend: | bim360-workflows-prod-db

120,000
100,000
80,000
60,000
40,000

20,000

1 07/27

00:00 00:00 00:00 00:00 00:00

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Created ~ 7

on Jul 28, 2022 at poieces
yUDITHRR
9:15 AM g :

v

07/31 08/01

00:00 00:00
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Potential business impact

 Service degradation
- APl outage

- Offline jobs failures

aWS} © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. 4 AU To D ES K



Issue confirmed with additional data points

health - Latency B ed lth
endpoint latency

8s
6s

4s :

\
2s ‘ |

0 ms P T T T— e
07/29 07/30 07/31 08/01 08/02

— average — p50 — p90 — p95 p99 Threshold

System notes

The gp2 burst balance credits for the RDS database instance are low. To resolve this issue, reduce IOPS usage or modify your
storage settings to enable higher performance.

aws, © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. 4 AU To D ES K



Remediation with Performance Insights

Average active sessions (AAS)

174
DataFileRead

B WALWriteLock
B WALSync
ClientRead
BufFileRead
ClientWrite
BufFileWrite
B cPu
Max vCPUs

01:35 01:40
Time (UTC)

Top waits Top hosts Top users Top session types Top applications Top databases

TOp SQL Learn more [}
Q &

Load by waits (AAS) SQL statements Calls/sec Rows/sec Avg latency (ms)/call

I SELECT submittals_build_task.id FROM "submittals_uild_task" INNER JOIN "...
] SELECT submittals_build_attachment.id FROM "submittals_build_attachment"” WHER...
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AWS documentation to the rescue!

Context

I10:BufFileRead and I0:BufFileWrite relate to the work memory area and maintenance work memory
area. For more information about these local memory areas, see Work memory area and Maintenance work

memory area. l

The default value for work_mem is 4 MB. If one session performs operations in parallel, each worker handling the
parallelism uses 4 MB of memory. For this reason, set work_mem carefully. If you increase the value too much, a
database running many sessions might consume too much memory. If you set the value too low, Aurora
PostgreSQL creates temporary files in local storage. The disk 1/O for these temporary files can reduce
performance.

aws, © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. 4 AU TOD ESK



work_mem parameter

Default size: 4 MB

Specifies the amount of memory that the PostgreSQL engine uses for internal
sort operations and hash tables before it writes to temporary disk files

In cases where we have large JOIN statements with DISTINCT and/or ORDER
BY, consider modifying its value

Dynamic parameter; instance reboot is not required

We decided to set its value to 50 MB

aWS} © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. 4 AU To D ES K



Remediation using Performance Insights

SET work_mem = ‘50MB’ (via the Amazon RDS parameter group)

Storage drop stopped

Metrics

Metric Statistic Time Range Period

Free Stora... ¥ Average v Last 12 Ho... ¥ 1 Minute

Refresh H Zoom out
Legend: | bim360-workflows-prod-db

90,000

80,000

70,000
60,000
50,000
40,000
30,000
20,000
10,000

0

08/01 08/01 08/01 08/01 08/01 08/01 08/01 08/01 08/01 08/01 08/01 08/01
11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00
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Impact on key Amazon RDS metrics

Storage freed

Metrics

Metric statistic Time Range Period

Free Stora... ¥ Average Last 6 Hours ¥ 1 Minute

Legend: | bim360-workflows-prod-db

100,000
80,000
60,000
40,000

20,000

08/14 0B/14 08/14 08/14 0B/14
10:00 1030 11:00 11:30 12:00

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Write IOPS decreased

Metrics

Metric Statistic Time Range Period

Write IOPS... ¥ Average Last 2 Weeks ¥ 1 Minute

Legend: | bim360-workflows-prod-db

4,000

1,000

500

07/22 07/24

00:00 00:00 00:00 00:00 00:00 00:00 00:00
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Alternative options

* Increase storage, which results in more IOPS
- Move to provisioned IOPS

- SQL optimization/code changes

aWS} © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. 4 AU To D ES K



Conclusions and key takeaways

- Ownership changes
 You build it, you own it

« Business impact
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Summary

 You can't fix a performance problem that you can't see
« Use the right tool for the right job

- Be proactive rather than reactive

aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. 4 AU TODESK



Thank you!

Pini Dibask Gal Cohen
pinidi@amazon.com gal.cohen@autodesk.com
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

N7

frerereeey]
ety

Please complete the session
survey in the mobile app




