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Reminder: Intersect with Speakers and Attendees

= Tweet tips and tricks that you learn and follow tweets posted by your
peers!

o Follow: #SQLintersection and/or #DEVintersection
= Join us — Wednesday Evening — for SQLafterDark I-aruer
o Doors open at 7:00 pm
o Trivia game starts at 7:30 pm
Winning team receives something fun! D arH
o Raffle at the end of the night

Lots of great items to win including a seat in a five-day SQLskills Immersion Event!
o The first round of drinks is sponsored by SentryOne and SQLskills

O
RISQL  SQLSKills - SentryOne.
4 © SQLintersection. All rights reserved.
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Overview

= A brief history of SQL Server query performance

= Diagnostics enhancements
o Forinstance/workload level signals — tools
o For query performance analysis — plan properties
o For performance troubleshooting investigations — xEvents + LEP
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Query Performance Journey

- Diagnostics and Tools

- Query Execution



Query Performance Journey
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Diagnostics Enhancements

For instance/workload level signals
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Performance Dashboard in SSMS

Microsoft SQL Server Performance Dashboard

Report Local Time: 5/31/2017 3:31:04 PM

Starting with SSMS v17.2
No extra downloads!
No new schema to deploy!

[

() Overall performance may be degraded because the system shows signs of being
CPU-bound. This SQL Server instance is consuming the majarity of the CPU. Click on
any of the SQL data peints in the chart below to investigate further,

System CPU Utilization Current Waiting Requests
[0 Other
B sqL
2 —
5 g,
5 £
=
z
L)
Parallelism
Wait Category Categorized Wait
— — : stats page
Current Activity Historical Information
[user Requests [user Sessions | Waits 10 Statistics
Count 27 32 Latches P o
Elepsed Time (ms) 4573004 741318 Expensive Queries New categori zed
CPU Time {ms) 2043203(44. 68 %) 101108(13.63%) By CPU By Duration Latches page
Wait Time (ms) 2529301(55.32%) 840710(86.,379%) By Logical Reads By Physical Reads
Cache Hit Ratio 100.000% 98.313% By Logical Writes By CLR Time
Miscellaneous Information g
Scoring added to
Active Traces 1 . .
. . Missing Index Report
Active Xevent Sessions 4
Databases 16

Missing Indexes 11



Query Store

Comprehensive query-performance information when you need it most!

- @ QueryStoreTest

T Tables

+ Views

+ External Resources
x Synonyms

+ Programrmability
= Cuery Store
&) Regressed Cueries
&, Owerall Resource Consumption
&, Top Resource Consuming Cueries
& Cueries With Forced Plans
&) Cueries With High Variation
) Query Wait Statistics
& Tracked Queries
+ Service Broker
¥ Storage
¥ Security



4 Configure Top Resource Consu... — O

Query Store — Top Consumers e

Check for top consumers of: Based on:
Top 25 resource consumers for database QueryStoreTest. Time period: Last 5 minutes ending at 10/29/2018 8:36 AM ) Execution Count O Avg
. . i (® Durati OM
Metric  Duration (ms) S Statistic  Total s ‘ |£=| _  Plan surmmary for query 1 ‘ E | 33 Eu% Ef ‘ = _ # Duration (ms] - e
% e = () CPU Time [ms) ) Min
> >
5000 40000 O Logical Reads (KB) ) Std Dev
4500 . . . ) Logical Writes (KB) ® Total
() Physical Reads (KB)
0 so0| @ 2
() CLR Time (ms)
33 . ) DOP
e 30000
s ) Memory Consumption (KB)
g (@) Plan Id
c | 2300- 5 ) Row Count
S s E| 250004 )
2 L=} ) Log Memory Used (KB)
: : @ o o: _
1500~ () Temp DB Memory Used (KB)
20000 ® @ o
1000~ ) Wait Time (ms)
500- 15000 0 Time Intarval
g : : } ' 1 : : : : : : : Last 5 minutes | From
1 2 5 2 4 8:33 AMB:34 AM 8:35 AM8:36 AMS:37 AM 8:38 AM8:39 AM
To
query id -
Ao o Time Format;  ® Local O Ut
Plan 1 [not forced] 42 Force Plan | 30 Unfopfe Plan | _
= Return
Query 1l: Query cost (relative to the batch): 100%
select top 10000 * from tl where cl=@pl and ciZ=@p2 O Al
Missing Index (Impact 99.711): CREALATE NONCLUSTERED INDEXE [<Name of Missing Index, sysname,>] [dbo] .. ® Top |25
Q . . . Filters
— = 1apie sean Includes waits in
SELECT Tep [£1] Minimum number of query plans: |1
Cost: 0 % Cost: 1 % e SQL Server 2017
ost: 5% %
| 0K | | Cancel | | Apply




Query Store — Wait Categories

Query wait statistics for database QueryStoreTest. Time period: Last 15 minutes ending at 10/29/2018 8:45 AM = Portrait View

BRSO otol woit time | 2 ® [l ]L Pren summary SEFE B EICE
B

And now waits-based
troubleshooting is also available |
in Ul...
1500~
: 1000~
i Cl
o

Memory

total wait time

wait category

NeW for Plan Es Farce Plan 25 Unforce Plan | _

SSMS 18




Query Store - Configurations

E Database Properties - AdventureWorks2016_EXT

Select a page

& General

& Files

# Filegroups

& Options

& Change Tracking
& Pemissions

& Extended Properties
& Mimoring

# Transaction Log Shipping
& Query Store

IT Scipt ~ @ Hep

New in SSMSv18.4
(supported since
SQL Server 2017)

Operation Mode (Actual)

Operation Mode (Requested)
v  Monitoring

Data Flush Interval (Minutes)

Statistics Collection Interval

v Query Store Retention
Max Plans Per Gueny
/ Max Size (ME)
CQuery Store Capture Mode
Size Based Cleanup Made
Stale Guery Threshold (Days)
Wait Statistics Capture Mode
* Query Store Capture Policy
Execution Count
Stale Threshold
Total Compile CPLU Time ims)
Tatal Execution CPU Time {ms)

Fead write
Read write

15
5 Minutes

200
1024
Auto
Auto
3
On

Operation Mode (Actual)
The cumently active query store operation mode.




Query Store - Configurations

W Database Properties - AdventureWaorks2016_EXT — O b
Selecta page .
» Gen:ral I Scrpt - @ Hep
K Files
& Flegroups %EE 41 | =
& Options —
J Change Tracking v m : :
J Permissions Operation Mode (Actual) Read write
& Extended Properties Operation Mode (Requested) Read write
& Mimroring ~ Monitoring :
& Transaction Log Shipping Data Flush Interval (Minutes) 15
& Query Store Statistics Collection Interval 5 Minutes

v Query Store Retention
Max Plans Per Query

Max Size (MB)
Query Store Capture Mode
Size Based Cleanup Mode

Stale Queny Threshold (Days)
Wait Statistics Capture Mode Mone @ N )
w in SQL Server
» Query Store Capture Policy Custom 3 SQL Serve
Execution Count 2019
Stale Threshold

Total Compile CPLU Time ims)
Total Execution CPU Time (ms)

Query Store Capture Mode

Select Al to capture all queries.

Select Auto to capture quernies based on resource consumption.

Select None to stoo the process to canture new oueries Select Custom to caoture aueries based on custom ¢




Query Store - Configurations

a Database Properties - AdventureWorks2016_EXT

Select a page

& General

& Files

& Flegroups

& Options

# Change Tracking
F Pemissions

& Extended Properties
& Mimoring

# Transaction Log Shipping
& CQuery Store

New in SQL Server
2019

IT Script « 9 Help

=41 |
~ General
Operation Mode (Actual)
Operation Mode (Requested)
w Monitoring
Data Flush Interval (Minutes)
Statistics Collection Interval
v Query Store Retention
Max Plans Per Query
Max Size (MB)
Query Store Capture Mode
Size Based Cleanup Mode
Stale Query Threshold (Days)
Wait Statistics Capture Mode
* Query Store Capture Policy
Execution Count
Stale Threshold
Tatal Compile CPU Time {ms)
Tatal Execution CPU Time (ms)

Query Store Capture Mode

Select Allto capture all queries.

Read write
Read write

15
5 Minutes

30

1 Hour
1000
100

Select Auto to capture queries based on resource consumption.

Select None to stoo the orocess to caoture new aueries Select Custom to cabture aueries based on custom ¢




Diagnostics Improvements

For query performance analysis
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Query plans: fundamental diagnostic map

How data is accessed

How data is joined

Sequence of operations

Use of temporary worktables and sorts
Estimated rowcounts, iterations, and costs from each step
Actual rowcounts and iterations
How data is aggregated

Use of parallelism

Query execution warnings
Query execution stats
Hardware/Resource stats

) SQl

Intersection
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Faster identification of heavy nodes

SSMS v18 showplan surfaces information on:
o Elapsed time per operator that consumes data
o <actual rows> of <estimated rows> (percent of estimate)

Query 1: Query cost (relative to the batch): 100%
SELECT e.[BusinessEntityID], p.[Title], p.[FirstHame], p.[MiddleName], p.[LastName], p.[3uffix], e.[JobTitle]

g s

Hash Match r Index Scan (NonClustered)
[Right Outer Join) [Emailkddress] . [IX EmailRddress Ema..

Compute Scaler

0.181s Cost: 0 % 0.00&s
290 of 13572 of
505 (57%) 13372 (100%)
- |
L H A
= e
Hash Match Clustered Index Scan (Clustered)
{Right Outer Jein) [FhoneNumberType] . [PK_PhoneRumberTy.
- T Compute Scalar - T
0.15&s Cost: 0O % 0.000s
250 of 3 of
505 (57%) 3 (100%)

Note: even on an Actual execution plan, the Cost Pct is based on estimations. This is
not an accurate measure of true operator cost.



Getting all context info in Showplan: Trace Flags

Shows list of active trace flags:

o Query

o Session

o Global
Useful to understand if active Trace Flags
influence execution context
IsCompileTime = True

o Were present when plan was created and
cached

IsCompileTime = False
o Where not present at plan execution time

B TraceFlags
B [
sCompileTime
B iraceriag
SR

Jalue
B [2]

Value
8 [3]

B [2
sCompileTime
B iraceriag

B (1]

Jalue
8 [2]



Getting all context info in Showplan: Times

Persisting information on elapsed and CPU times

B QueryTimeStats

CpuTime 91903 \ Is all the elapsed time
spent on CPU? Look

ElapsedTime 92330 '
for waits

And Scalar UDF elapsed and CPU times

Bl QueryTimeStats
How much elapsed

CpuTime 628
) time is spent on UDF?
ElapsedTime 1174
UdfCpuTime 443
UdfElapsedTime 445




Getting all context info in Showplan: Waits

B WaitStats
B [1]
= Shows top 10 waits from WaitCount
. . WaitTimebs 3
sys.dm_exec_session_wait_stats WaitType LATCH _SH
= [2]
e WaitCount 50
Cached plan size 160 KB WaitTimeMe 761
. CardinalityEstimationModely 130 A : .
Correlate waits CompileCPU - WaitType PAGEIOLATCH_SH
g . - B [3]
, 778
Wlth Overa” CompileMemory 728 WaitCount 67
. CompileTime 136 Wit Timel 1o
q Uery tlmes DatabazeContextSettingsld 3 lll'_aft ImEtvis 3 - -
Degree of Parallelism 12 WaitType LATCH_EX
Estimated Mumber of Rows 121308 = 4 -
O Estimated Operator Cost 0 (0%) WaitCount 129
Estimated Subtree Cost 4,43002 WaitTimeMs 2509
(% Memory Grant anasn WaitType ASYNC_NETWORK_IO
. = [3
B QueryTimeStats MemeryGrantinfo (3] - )
. e Optimization Level FULL WaitCount 2220
CpuTime 1045 - e
. o ) 3t Timelis 30622
ElapsedTime #010 WaitType CAPACKET

Note: Parallelism waits available in SQL Server 2017 CU3 and 2016 SP2;
In ASC order up to SQL Server 2017; DESC order in SQL Server 2019



Getting all context info in Showplan: memory

= Showplan extended to include grant usage per thread and
iterator

Memuory Grant 703240

=l MemonyGrantinfo
DesiredMemory 28592000
GrantedMemony 783288 Is the used memory close to
e B ranted?
GrantWaitTime 0 8
MaxUsedMemory 0 —
: ’ J Is the memory above granted?
t+edh ; 783248 .
RequestedMemory  78328C Look for grant warnings
RequiredMemory 4064
SerialDesiredMermory 28588448
SerialRequiredMemory 512

= Also found in sys.dm_exec_query_stats



Insights into every query plan node

Properties

Clustered Index Scan (Clustered)
oS T4 | F
B Misc
Actual Execution Mode
E Actual |70 Statistics
Actual Lob Logical Reads
Actual Lob Physical Reads
Actual Lob Read Aheads
MActual Logical Reads
Actual Physical Reads
Actual Read fheads
Actual Scans
Actual Mumber of Batches
E Actual Mumber of Rows
Thread 0
Thread 1
Thread 2
Thread 3
Thread 4
Actual Rebinds
Actual Rewinds
E Actual Time Statistics
Actual Elapsed CPU Time (ms)
Actual Elapsed Time (ms)

HEHEEHEEHHA

SET STATISTICS 10 not
needed

1345

1376

5

0
121317

40604
17684
TN T
[ VT
36002

0
0

SET STATISTICS TIME
not needed

74
456



Diagnostics Enhancements

For performance troubleshooting investigations

l ‘ | © SQlintersection. All rights reserved.
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Problem #1 — “It’s slow”




Defining the problem

Reasonable hypothesis: a long running query...
Query completion is a prerequisite for an actual query plan

Actual query plans unsuitable for troubleshooting complex performance
issues:

= Long running queries
= Queries that run indefinitely and never finish execution.



What if | could do live query troubleshooting?

E Besults leia Messages E“:: Live Query Statistics

Estimated guery|Query 1: Query cost (relative to the batch): 100%
progress:0% CREATE FROCEDURE [S5ales].[SalesFromDate] E@StartOrderdate datetime AS SELECT * FROM Sales.SalesCOrderHeader

N

SELECT
0.657s

s

Merge Join
(Innexr Join)
0_&e57s

0 of
4771820 (0%}

Compute Scalar
0.857=

3501 of
176237 (1%)

g

Compute Scalar
0._657s
42 of
ale5850 (0%)

B

Compute Scalar
0.8587s
3501 of

176237 (1%)

-

Compute Scalar
0_657s
42 of
60ESBE0D (0%)

Clustered Index Scan (Clustered)
[SalesOrderHeaderBulk] . [PE_SalesOrd.

0_e57s
3501 of
176237 (1%)

m

Clustered Index Scan [(Clustered)
[SalesOrderDetailBulk] . [PK SalesOrd.

0.e57s
42 of
6065850 (0%])



What if | could do live query troubleshooting?

Ok, but to have in-flight query execution visibility, the query execution
statistics profile infrastructure must be enabled on demand

...its overhead goes up to 75% with TPC-C like workload

It can make bad performance issues worse, so we don’t run it all the time...

zzzzzz

nnnnnn

6065850 (0%) €0esas0 (0%)




Query progress — anytime, anywhere

Starting with SQL Server 2016 SP1* and 2017, the new lightweight query
execution statistics profile infrastructure (LWP) allows continuous
collection of per-operator query execution statistics

o Using global TF 7412

o Enabling query thread profile and query _plan_profile extended event
o Or query post_execution plan_profile extended event in SQL Server 2019

o Using query hint USE HINT(‘query_plan_profile’) in SQL Server 2017 CU11 and
2016 SP2 CU3 (KB 4458593)

Lightweight profiling is ON by default in SQL Server 2019 and no TF
needed



Using SSMS Resource Monitor for live troubleshooting

Without Profiling With Profiling

Processes Processes
S.kl UL legin [ Dat.. [ Tas.. [] Com.. L] Appl. [ Wat Tim.. | Wat.. [ 5.kl U.E] Login [o| Dat.. [ Tas.. [ Com.. || Appl. [ Wait Tim.. [ Wai. . o
51 1 rm master Microsoft .. 0 57 1 - Adventur... RUNMNA... SELECT  SQLCMD o
53 1 FERET, tempdb RUNNING SELECT  Microseft... 0 57 1 WEF=. Advertur.. RUNNA.. SELECT  SQLCMD 0
54 1 “py®  Advertur.. SUSPEN.. SELECT SQLCMD 25 CHPACK... 57 1 - Advertur.. RUNMNA.. SELECT  SQLCMD 0
54 1 88T Adventur.. SUSPEM.. SELECT  SQLCMD 25 CHPACK.. 57 1 EEES Advertur.. RUNNA.. SELECT  SQLCMD 0
R 1 ' CHXPACK. .
Details
M 1 - 25 57 1 M = = 328 CXPACK..
Show Live Execution Plan
54 1 e Adve 25 CHPACK.. 57 1 - 328 CHPACK..
54 1 EERET . Adve Kill Process 0 57 1 wgm  KillProcess 328 CXPACK...
hd 1 LY ol Adve Trace Process in SQL Server Profiler 0 57 1 e g Trace Process in SOL Server Profiler 328 CXPACK. .
Rd 1 2l Advertr  BUNNING T ] [1] LY 1 EEEE Advertyr  BIUINKNA SEIECT SO CMn 0
Resource Waits Resource Waits
Data File /O Data File /O
Recent Expensive Queries Recent Expensive Queries

Active Expensive Queries Active Expensive Queries



Demo

Troubleshooting Long running queries

I l © SQlintersection. All rights reserved.
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What infra is enabled and when?

Standard Profiling
Globally

XEvent session with query_post_execution_showplan XE;
Starting with SQL Server 2012

Showplan XML trace event in SQL Trace and SQL Server
Profiler;

Starting with SQL Server 2000




Globally

What infra is enabled and when?

Standard Profiling

XEvent session with query_post_execution_showplan XE;
Starting with SQL Server 2012

Lightweight Profiling

Trace Flag 7412;
Starting with SQL Server 2016 SP1

Showplan XML trace event in SQL Trace and SQL Server
Profiler;

Starting with SQL Server 2000

XEvent session with query_thread_profile XE;
Starting with SQL Server 2014 SP2

XEvent session with query_post_execution_plan_profile XE;
Starting with SQL Server 2019




Globally

What infra is enabled and when?

Standard Profiling

XEvent session with query_post_execution_showplan XE;
Starting with SQL Server 2012

Lightweight Profiling

Trace Flag 7412;
Starting with SQL Server 2016 SP1

Showplan XML trace event in SQL Trace and SQL Server
Profiler;
Starting with SQL Server 2000

XEvent session with query_thread_profile XE;
Starting with SQL Server 2014 SP2

XEvent session with query_post_execution_plan_profile XE;
Starting with SQL Server 2019

Single session

Use SET STATISTICS XML ON;
Starting with SQL Server 2000

Use SET STATISTICS PROFILE ON;
Starting with SQL Server 2000

Click LQS button in SSMS;
Starting with SQL Server 2014 SP2




What infra is enabled and when?

Standard Profiling Lightweight Profiling

Globally
XEvent session with query_post_execution_showplan XE;  Trace Flag 7412;
Starting with SQL Server 2012 Starting with SQL Server 2016 SP1

Showplan XML trace event in SQL Trace and SQL Server
Profiler;
Starting with SQL Server 2000

XEvent session with query_thread_profile XE;
Starting with SQL Server 2014 SP2

XEvent session with query_post_execution_plan_profile XE;
Starting with SQL Server 2019

Single session

QUERY_PLAN_PROFILE query hint + XEvent session with
query_plan_profile XE;

Starting with SQL Server 2016 SP2 CU3 and 2017 CU11

Use SET STATISTICS XML ON;
Starting with SQL Server 2000

Use SET STATISTICS PROFILE ON;
Starting with SQL Server 2000

Click LQS button in SSMS;
Starting with SQL Server 2014 SP2




Problem #2 - “It’s fine on my end”




Defining the problem

Reasonable hypothesis: a problem query that | cannot repro in “my SSMS”
Getting the actual plan for the production server query plan is needed. But
how?
Could | use Query Store? Perhaps, but it collects time aggregates. For some
critical scenarios it may not be optimal when you need the singleton plan
What if | could always access the equivalent of last actual execution plan for
any query?
In SQL Server 2019 (CTP 2.4), | can!
= Uses LWP and access the plan through sys.dm_exec_query_plan_stats
= It's opt-in:

o Trace flag 2451

o LAST _QUERY_PLAN_STATS database scoped configuration (CTP 2.5)



Demo

Using new query plan xEvents + Last Execution Query Profile

I l © SQlintersection. All rights reserved.
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Review

= We've covered
o  What tools we can use to understand the types of workload problems we may
face
o Scenarios that are made easier with lightweight profiling

o Forlong-running queries
o For critical volatile queries that run fine in my test, but slow for the app

o Just a few of the query plan properties that can reveal insights into query
performance, helping us understand the root cause of issues

I l © SQlintersection. All rights reserved.
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Learn more

Download and try
SQL Server 2019

https://aka.ms/ss19

UTF-8 documentation

https://aka.ms/sqlutf8

Check out these great
data-related demos

https://aka.ms/DataSamples

https://aka.ms/IQPDemos

https://aka.ms/SQL2019Notebooks

Continue learning
with our new book

https://aka.ms/LearnTSQLQuerying

https://aka.ms/LearnTSQLQuerying errata

One shortcut to rule
them all!

https://aka.ms/SQLShortcuts

T-SQL
Querying

A guide to developing efficient and elegant T-SQL code

Pedro Lopes and Pam Lahoud



https://aka.ms/ss19
https://aka.ms/sqlutf8
https://aka.ms/DataSamples
https://aka.ms/IQPDemos
https://aka.ms/SQL2019Notebooks
https://aka.ms/LearnTSQLQuerying
https://aka.ms/LearnTSQLQuerying_errata
https://aka.ms/SQLShortcuts

Questions? B® Microsoft

Don’t forget to complete an online evaluation!

Query Performance Insights

What’s new?

Your evaluation helps organizers build better conferences
and helps speakers improve their sessions.

L'.'lj SQL . Thank you!
(ntersection




Save the Date! www.SQLintersection.com

'WALT DISNEY WORLD

2020

e Week of April 6

s We're back in Orlando!

G SaL

intersection

Leave the every day behind and enter a world of wonder and enchantment at the Walt Disney World® Resort.
Located in the heart of the most magical place on earth, the Walt Disney World Swan and Dolphin Resort
provides a truly extraordinary backdrop for our event! Beautiful tropical landscaping, tranquil waterways,
and classic art and architecture work together to create a stunning landmark!



