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Make SQL Server apps go faster

* How to Think Like the Engine (Brent)

» Wait Stats: Focusing Your Tuning (Brent)

» “What’s Happening in My SQL Server?” (Jeremiah)

* How to Identify Indexing Problems (Kendra)

= When to Use Filtered Indexes and Indexed Views (Kendra)
= Developer’s Guide to Dangerous Queries (Jeremiah)

= Your Action Plan and How to Get Help

(3 SQL
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FAQ, LOL

= We're at level 200 today
= But ask your questions no matter what!
= Look for your “Montel”

= These chairs get old!

= Get up and walk around the back/sides of the room

= We will take frequent breaks (not just the scheduled ones)
= Watch the timer to know when to get back in your seat

We love questions.
= Asking questions can win you a prize.

(3 SQL
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Your top-secret page for the scripts
you’ll see today (and more):
http://BrentOzar.com/go/zoom

Password: notslower

(3)SQL

intersection

0
v
Please evaluate BRENT OZAR

Don’t forget to complete an online evaluation on EventBoard!
Session: POSTCONO1

Make SQL Server Apps Go Faster
Your evaluation helps organizers build better conferences,
and helps speakers improve their sessions.

@ SQL Thank you!
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How to Think Like the Engine

intersection ¢

SQLintersection
Session POSTCONO1

Brent Ozar
Help@BrentOzar.com

O’

http://BrentOzar.com/go/engine

= ] dbo.Users

SR

intersection

Columns

¢ Id(PK, int, not null

=] Reputation (int, null)

=] CreationDate {datetime, null)

=] DisplayName (nvarchar(40), null)
=] LastaccessDate (datetime, null)

=] websiteUrl (nvarchar(200), null)
=] Location {nvarchar(100), null)

=] Age (int, null)

- ..

=] AboutMe (nvarchar(max), null)

SQL
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Rep

2406
126
101
767
386
101
120

90
167
101
647

5921
490
101
985
101
404
501

CreationDate

http://BrentOzar.com/go/engine

dbo.Users - Clustered Index

DisplayName
7/12/09 10:51 PM Jeff Atwood
7/12/09 10:51 PM Geoff Dalgas
7/12/09 10:51 PM Jarrod Dixon
7/12/09 10:51 PM Joel Spolsky
7/15/09 9:33 AM izb
7/15/09 9:34 AM second
7/15/09 9:35 AM staffan
7/15/09 9:35 AM cgreeno
7/15/09 9:37 AM Arcturus
7/15/09 9:37 AM DanSingerman
7/15/09 9:37 AM Alexis Hirst
7/15/09 9:38 AM hyperslug
7/15/09 9:38 AM DavidWhitney
7/15/09 9:39 AM Ben Laan
7/15/09 9:40 AM redacted
7/15/09 9:41 AM hitec
7/15/09 9:41 AM Ant
7/15/09 9:41 AM Jeremy French
7/15/09 9:42 AM Joshua
7/15/09 9:42 AM hopsasa
7/15/09 9:43 AM Tom
7/15/09 9:44 AM Exodus
7/15/09 9:44 AM moff
7/15/09 9:44 AM becomingGuru
7/15/09 9:45 AM MiffTheFox
7/15/09 9:45 AM Russ Cam
7/15/09 9:45 AM Beto
7/15/09 9:46 AM marco.ragogna
7/15/09 9:46 AM moobaa
7/15/09 9:46 AM rjstelling
7/15/09 9:47 AM balpha
7/15/09 9:47 AM Mike McClelland
7/15/09 9:48 AM arturh
7/15/09 9:49 AM sliff
7/15/09 9:49 AM Franci Penov

LastAccessDate

Location
4/1/10 10:35 AM El Cerrito, CA
3/31/10 4:35 AM Corvallis, OR
3/31/10 3:48 PM Morganton, NC
3/30/10 2:30 PM New York, NY
2/18/10 9:27 PM Scotland
3/10/10 9:56 PM NULL
1/25/10 7:10 PM Sweden

1/19/10 10:54 PM London
3/12/10 9:44 AM NL
12/1/09 4:37 PM NULL

4/1/10 6:37 AM England
4/1/10 10:49 PM NULL
12/12/09 5:12 PM London, UK

3/28/10 11:12 PM Adelaide, Australia

4/1/10 3:34 PM NaN
8/26/09 9:59 AM Bombay
4/1/10 8:24 AM England
1/28/10 5:18 PM UK
2/26/10 5:53 PM Orlando, FL
3/16/10 4:42 PM NULL
4/1/10 10:39 AM Worcester, UK

11/29/09 7:20 AM Maracaibo, Venezuela

2/7/10 10:28 AM Sweden

4/1/10 8:43 PM Bangalore / Hyderabad

4/1/10 6:11 PM Huntsville, AL
11/8/09 6:10 PM UK
2/13/10 11:01 AM NULL
4/1/10 7:41 AM IT
2/18/10 7:14 AM AU
3/4/10 6:47 PM United Kingdom
4/1/10 4:00 PM NULL
3/16/10 8:45 AM London

10/29/09 2:11 PM Bremen, Germany

4/1/10 6:59 AM UK
3/5/10 12:13 AM Kirkland, WA

From http://StackOverflow.com's Creative Commons Data Dump

Age AboutMe
39 <img src="http://img377.in
32 Developer on the StackOver
31 Developer on the Stack Ove
NULL Co-founder of Stack Overflo
33 Twittage:  http://twitter.co
NULL NULL
36 I work on the JRockit JVM d:
NULL A Canadian living in London
27 1 work as a software develo|
NULL <p>Sufficiently advanced st
21 NULL
NULL <img src="http://www.hype
25 Primarily C# .NET developei
34 C#, Delphi, T-SQL : Architec
23 NaN
27 System.StackOverflowExcer
27 C# developer since 2005.
33 Seasoned web developer. W
28 Software Engineer. Have wif
NULL NULL
NULL NULL
25 NULL
NULL NULL
25 curious learner!
NULL <p><a href="http://forums
NULL Interested in C#, ASP.NET, ¢
NULL NULL
29 <h2>Software Developer</
39 Hey, at least I know 6502!
30 <h3>Tech geek and hopeles
NULL NULL
NULL NULL
24 NULL
30 <p>I'm a Software Enginee
37 <p>Father, SDE@Microsoft
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SQLintersection
Orlando, Florida — April 2014
www.SQLintersection.com

Page Header N\

Index OR Data
8 KB Rows

Slot Array

(3)SQL

intersection 25 ) o) sq:ti?t'ers;ﬁlm ALI‘I rights ri-

DBCC IND lists a table’s pages.

/%

To find the pages used by a table, use DBCC IND wiht 3 parameters:
the database name, the table name, and -1 for all indexes

s

/

DBCC IND('StackOverflow', Users, -1);

0% - <
[ Results T,‘__q Messages |
PageFID  PagePID IAMFID IAMPID  ObjectID Index/D  PartionNumber  Partition|D iam_chain_type  PageType Indexlevel NextPageFID NextPagePID
1231457  NULL NULL 434624805 1 1 72057534050707456  Infow data 10 NULL 1 1022487
i 511269 1 1231497 494624805 1 1 72057534050707456  Infow data 1 i 1] 0

511270 1 1231497 434624805 1 1 72057534050707456  Infow data 1 0 1 511269
1022430 1 1231497 434624805 1 1 72057594050707456  In-ow data 1 0 1 511270
1022481 1 1231497 434624805 1 1 72057594050707456  In-ow data 1 0 1 1022480
1022482 1 1231497 434624805 1 1 72057594050707456  In-ow data 1 0 1 1022481
1022483 1 1231497 494624805 1 1 72057534050707456  Infow data 1 0 1 1022482
1022485 1 1231497 494624805 1 1 72057534060707456  Infow data 1 0 1 1022483
1022486 1 1231497 494624805 1 1 72057534050707456  Infow data 1 o 1 1022485
1022487 NULL NULL 494624805 1 1 72057534050707456  Infow data 10 NULL 1] 0
883656 1 1022487 494624805 1 1 72057534050707456  Infow data 1 0 1 1022486
883657 1 1022487 494624805 1 1 72057534050707456  Infow data 1 o 1 883696
883698 1 1022487 494624805 1 1 72057534050707456  Infow data 1 0 1 883697
383699 1 1022487 434624805 1 1 72057594050707456  In-ow data 1 0 1 883698
883700 1 1022487 434624805 1 1 72057594050707456  In-ow data 1 0 1 883699
883701 1 1022487 434624805 1 1 72057594050707456  In-ow data 3 0 1 883700
883702 1 1022487 434624805 1 1 72057594050707456  In-ow data 1 0 1 883701
883703 1 1022487 434624805 1 1 72057534060707456  Infow data 1 0 1 883702

(3 SQL

intersection

H . . ®
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=TT
To see the contents of a page, enable trace flag 3604 for your session,
and then call DBCC PAGE with 4 parameters:

the database name, file name, page number, and 3 to see the details.

i

DBCC TRACEON(3604);

DBCC PAGE('StackOverflow', 1, 1022481,
DBCC TRACEOFF (3684

0% <

[y Messages

DBCC execution completed. If DBCC printed error messages, contact your system administrator.

PAGE: (1:1822481)

BUFFER:

BUF @0x0000000181167080

bpage = @x@@@0PPR16E23A000 bhash = ©xPPEEEEAEEAEEEEEA bpageno = (1:1822481)
bdbid = 7 breferences = @ bcputicks =
bsampleCount = 8 bUsel = 543 bstat = @x9

blog = @x15a bnext = 8x0800000000000000

PAGE HEADER:

Page @9X@2A800016E234000

m_pageld = (1:1822481) n_headerVersion = 1 m_type = 1
m_typeFlagBits = @xae n_level = @ m_flagBits = exs2e@
m_objId (AllocUnitId.idObj) = 362 m_indexId (AllocUnitId.idInd) = 256

Metadata: AllocUnitId = 72857594057719888

Metadata: PartitionId = 72857534858787456 Metadata: IndexId = 1
Metadata: ObjectId = 494524805 n_prevPage = (1:1822482) m_nextPage = (1:182245@)
pminlen = 9 n_slotCnt = 88 n_freeCnt = 55
n_freeData = 7961 n_reservednt m_lsn = (294:22646:41)

m_xactReserved = B n_xdesId = (8 m_ghostRecCnt = B

m_tornBits = -1554435873 DB Frag ID = 1
Allocation Status
GAM (1:1822464) = ALLOCATED SGAM (1:1822465) = NOT ALLOCATED

PFS (1:1019888) = Bx6@ MIXED_EXT ALLOCATED  @_PCT_FULL DIFF (1:1822478) = CHANGED
ML_(1:1922471) = NOT MIN 10GGED

© sQLinterse All rights re
http://www.SQLint

Slot 1 Column 1 Offset 0Ox4 Length 4 Length (physical) 4
Id = 39257

Slot 1 Column Z Offset 0x8 Length 4 Length (physical) 4
Reputation = 1

Slot 1 Column 3 Offset Oxc Length 8 Length (physical) 8
CreationDate = 2010-03-30 19:09:35.540

Slot 1 Column 4 Offset Ox3a Length 10 Length (physical) 10
DisplayName = AndyN

Slot 1 Column § Offset Oxld Length 8 Length (physical) 8
LastAccessDate = 2010-04-01 02:20:09.317

Slot 1 Column 6 Offset 0x0 Length 0 Length (physical) 0
WebsiteUrl = [NULL]

Slot 1 Column 7 Offset 0Ox44 Length 34 Length (physical) 34
Location = Bay Area, CA, USA

Slot 1 Column 8 Offset Oxlc Length 4 Length (physical) 4
Age = 37

AboutMe = [BLOB Inline Data] Slot 1 Column 9 Offset Ox66 Length 84 Length (physical) 84

627612E0: S§7006100 74006300 68006300 6e006700 tW.a.t.c.h.i.n.g.
627612F0: 20007000 72006£00 67006500 73007300 t .p.r.o.g.e.s.s.

62761300 20006200 61007200 73002000 €6006£f00 t .b.a.r.s. .f.o.
62761310: 72002000 6d4006£00 6e006500 79002000 tr. .m.o.n.e.y. .
62761320 730063900 6e006300 65002000 31003900 ts.i.n.c.e. .1.9.

62761330: 39003400 t+tttttttttttttttttttttttt+49.4.

(3 SQL

intersection
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B

You: SQL Server.
Me: end user.

Tarzan write query good. j S I
L‘]

intersection

First query:

SELECT *
FROM dbo.Users

(3)SQL

intersection

mtersec;ton
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Your Execution Plan

1. Read all the Users records

(3 SQL

intersection 31 - © sa:ti:t:ers;ﬁg ALIiI"rights ri-
SQL Server’s Execution Plan
-ISELECT
FROM dbo.Users;
100% ~ <
" =] 1 Be s ]
] Results ] 3 Messages | 5 Executionplan |
Query 1: Query cost (relative to the batch): 100%
SELECT * FROM dbo.Users
l L"ﬁ"gx
-SEIECI Clustered Index Scan (Clustered)
- [(Users]. [PK Users]
L Cost: 100 %
U intersection 32 - @sa;:tfrm.ns.wgmsi-

ERRAS

Page 16
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Next up

SELECT Id
FROM dbo.Users

WHERE LastAccessDate > ¢7/1/2010°

(3)SQL

intersection 33

© sQLintersection. All rights r
http://www.SQLint

Your Execution Plan

1. Read all the Users records,
only “saying” the Ids for
the ones with LastAccessDate > ‘7/1/2010’

(3)SQL

intersection N :

© sQlintersection. All rights r
http://www.SQLinte

(5 2QL

Page 17
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SQL Server’s Execution Plan

-ISELECT Id
FROM dbo.Users

WHERE LastAccessDate > '7/1/2010';

100% ~ <

& Results[ _‘J Messages J 2"” Execution plan

Query 1: Query cost (relative to the batch): 100%
SELECT [Id] FROM [dbo].[Users] WHERE [LastAccessDate]>@1l

E )
SELECT y Clustere[dj Index ;c(ag (Clustered)
Cost: 0 & [(Users] . [PK_Users]

(3 SQL

intersection

- © sQLintersection. All rights
. hitp://www.SQLi

-SELECT Id
FISELECT * FROM dbo.Users
FROM dbo.Users; WHERE LastAccessDate > '7/1/2010';
00 % ~ <
] Results | 1) Messages | 3" Execution plan l B2 Resulsrli_'_} Messages rgm Execution D’Bn]
Query 1: Query cost (relative to the batch): 100%

Query 1: Query cost (relative to the batch): 100%
SELECT * FROM dbo.Users SELECT [Id] FROM [dbo].[Users] WHERE [LastAccessDate

= & = 2
Clustered Index Scan (Clustered) SELECT - Clustered Index Scan (Clustered)
ﬂ [Users]. [PK_Users]

100% ~ <

[Users] . [PK_Users]
Cost: 100 % e
SELECT
Cached plan size 24K8 Cached plan size _ ol
= Degree of Parallelism
Degree of Parallelism Etknsted Oberator Cost
Estimated Operator Cost OT0 = pe

T T : Eoimeiod Number of ows
Estimated Number of Rows

Stat. t Statement

T emfn SELECT [Id) FROM [dbo).[Users] WHERE
pELECY [LastAccessDate]>@1
FROM dbo.Users

(3 SQL

intersection

. © sQLintersection. All rights
r’ http://www.SQLi

ERRAS

1 . . ®
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SET STATISTICS IO ON;
-SELECT *
FROM dbo.Users;

0% ~ <

& Resultsj 23 Messages \2“ Execution plan |

(2332403 row(s) affected)
Table 'Users'. Scan count 1, logical rea @ ysical reads ©

SET STATISTICS IO ON;
-ISELECT Id
FROM dbo.Users
WHERE LastAccessDate > '7/1/2010°';

% ~ <

i Results 3 Messages 75, Execution plan

(2275167 row(s) affected)
Table 'Users'. Scan count 1, logical read @ ysical reads @

Intersection 3z — o sa:ti:t:ers;ﬁ; ALIiI rights ri-

Filters aren’t necessarily more ive.
y : A_al.lll

y) SQL

intersection

mtersec::on
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Next query

SELECT Id
FROM dbo.Users
WHERE LastAccessDate > ¢7/1/2010°
ORDER BY LastAccessDate

© sQLintersection. All rights rese

Intersection 39 http://www.SQLint

The Execution Plan

1. Read all the Users records, only keeping the ones with LastAccessDate
>‘7/1/2010’
2. As we work, write those records down somewhere, then return ‘em

But when do we sort?
As we write them to our staging, or
After we’ve written them down?

© sQLintersection. All rights resei

Intersection 40 http://www.SQLint

' 2QL

H . . ®
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SQL Server’s Execution Plan

-ISELECT Id

FROM dbo.Users

WHERE LastAccessDate >
ORDER BY LastAccessDate

'7/1/2010"

100% ~ <

= Results | 3 Messages | 3 Execution plan

Query 1: Query cost (relative to the batch):
SELECT [Id] FROM [dbo]

Missing Index (Impact 10.2921):

100%
. [Users] WHERE [LastAccessDate]>@1l OR
CREATE NONCLUSTERED INDEX [

= - B 5

SELECT [Id] FROM [dbo].[Users] WHERE [LastAccessDate

= k&

m. SHFE ! Clustered Index Scan (Clustered)
[Usexrs] . [PK_Users]
Cost: S0 % -
oF Cost: 10 %
U l'n tersectl'on - © SQlintersection. All rights
e b i |
SSELECT Id
FROM dbo.Users
WHERE LastAccessDate > '7/1/2010';
00% ~/<
=1 Results ] Ea MessagecJ 3" Execution plan l
Query 1: Query cost (relative to the batch): 100%

¢ Clustered Index Scan (Clustered) ZSELECT Id
m [Usacs] . [PK Dsars) FROM dbo.Users
SELECT WHERE LastAccessDate > '7/1/2010'
Cached plansize 16 KB ORDER BY LastAccessDate
Degree of Parallelism 1
Esti d Operator Cost one 100% ~ <
5 d Subtree Cost w' T bl -
Estimated Number of Row: (5 Resuts | 13 Messages | & Execution plan
Query 1: Query cost (relative to the batch): 100%
Statement SELECT [Id] FROM [dbo].[Users] WHERE [LastAccessDate]>@1
SELECT [Id] FROM [dbol.[Users] WHERE Missing Index (Impact 10.2921): CREATE NONCLUSTERED INDEX|
[LastAccessDate]>@1

=l i3

SELECT N Sort
Cost: 0 % Cost: 50 %
SELECT

Cached plan size

Clustered Index Scan (Clustered)

k%

[Users] . [PK_Users]
Cost: 10 &

Degree of Paralleli

Estimated Operator Cost
Memory Grant

o 5 d Subtree Cost
intersection T

v’

of Rows

243.059 ]

mtersec :on
Page 21
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-ISELECT Id
FROM dbo.Users

WHERE LastAccessDate > '7/1/2010' Para"elism might help.
ORDER BY LastAccessDate

100% ~ <

3 Resuts | 13 Messages | 3 Execution plan \
Query 1: Query cost (relative to the batch): 100%

SELECT [Id] FROM [dbo].[Users] WHERE [LastAccessDate]>@1 ORDER BY [LastAccessDaf
Missing Index (Impact 15.7403): CREATE NONCLUSTERED INDEX [<Name of Missing Ind{

~ : &
& M!L =
m : Parallelism Sort § Clustered Index Scan (Clustered)
(Gather Streams) . [Usexrs] . [PK_Users]
Coar- 10 & Cost: 74 % Cost: 16 %

SELECT

Cached plan size

Degree of Parallelism
Estimated Operator Cost
Estimated Subtree Cost
Memory Grant

Estimated Number of Rows

(3 SQL

intersection 13 - © SQ}I;ti;\tAersenionA ALIiI rights i-

2278840

[/* Add in a sort, but don't parallelize: */
-SELECT Id

FROM dbo.Users

WHERE LastAccessDate > '7/1/2010°'

ORDER BY LastAccessDate OPTION (MAXDOP 1);

/* Go parallel by default: */
-ISELECT Id

FROM dbo.Users

WHERE LastAccessDate > '7/1/2010'
ORDER BY LastAccessDate;

100% ~ <

] Results 3 Messages ‘2*’ Execution plan

(2275167 row
Table 'Users| @ ogical reads 31714, physical reads @,

(1 row(s) affected)

(2275167 row
Table 'Users! w bgical reads 31936, physical reads ©,

(1 row(s) affected)

(5 SQL

intersection 14 . ©Saunterectin. Al ighis i-

mtersec :on
Page 22
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Next query

SELECT *
FROM dbo.Users
WHERE LastAccessDate > ¢7/1/2010°
ORDER BY LastAccessDate

(3 SQL

intersection a5

That query sucks.

' 2QL

H . . ®
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Why does it suck?

= Does it take more time to read?

= Does it take more time to write?

= Does it take more time to sort?

= Does it take more time to output?

(3)SQL

intersection 47 . © sa:ti:t:ers;ﬁg ALIiI"rights ri-

-ISELECT Id

FROM dbo.Users

WHERE LastAccessDate > '7/1/2010'
ORDER BY LastAccessDate;

/* Compare adding all the fields: */
SSELECT

FROM dbo.Users

WHERE LastAccessDate > '7/1/2010'
ORDER BY LastAccessDate;

% v <

] Resuts | 13 Messages |3 Execution plan |

(2275167 row(s) affected)
Table 'Users'. Scan count 5, logical @ sical reads @, read-ahead reads @, lob logical reads ©,

(1 row(s) affected)

count 5, logical

tical reads @, read-ahead reads @, lob logical @
Scan count @, logicd sical reads @, read-ahead reads @, lob logical r 2

intersection 48 - © SCLitaeioy ALIiI"rights i-

ERRAS

H - . ®
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ccessDate > '7/1/2010"
ORDER BY LastAccessDate;

100% <~ <

5=z Resulls[ By MessagesJ ETG Execution plan
Query 1: Query cost (relative to the batch): 100%

SELECT [Id] FROM [dbo].[Users] WHERE [LastAccessDate]>@l ORDER BY [LastAccessDat
Missing Index (Impact 15.7403): CREATE NONCLUSTERED INDEX [<Name of Missing Inde

= :
¢ Parallelism

Cost: 10 &

=
Clustered Index Scan (Clustered)
[Users] . [PK_Users]
Cost: 16 &

EISE

FROM sosers

WHERE LastAccessDate > '7/1/2010°'

ORDER BY LastAccessDate;
00% ~ <
B Resuhsl Ea MessaguJ 2 Execution plan [
Query 1: Query cost (relative to the batch): 100%
SELECT * FROM [dbo].[Users] WHERE [LastAccessDate]>@l ORDER BY [LastAccessDate]

= £ ks

Parallelism Clustered Index Scan (Clustered)
(Gather Streams) [Users] . [PK_Users]
Cost: 3 &

Beey

intersection

© sQLintersection. All rights
http://www.

=ISELECT Id

FROM dbo.Users

WHERE LastAccessDate > '7/1/2010°'
ORDER BY LastAccessDate;

00% ~

3 Resuts | (1) Messages | 3~ Execution plan

Query 1: Query cost (relative to the batch): 100%

[SELECT [Id] FROM [dbo].[Users] WHERE [LastAccessDate]>@l ORDER BY [LastAccessD
[Missing Index (Impact 15.7403): CREATE NONCLUSTERED INDEX [<Name of Missing In¢

- &
= 3 2
Parallelism Clustered Index Scan (Clustered)

SELECT

Cached plan size

Degree of Parallelism
Estimated Operator Cost
Estimated Subtree Cost

=ISELECT

FROM dbo.Users

WHERE LastAccessDate > '7/1/2010"
ORDER BY LastAccessDate;[

00% ~[<

7

[ Resuts | ) Messages| 3~ Execution plan
Query 1: Query cost (relative to the batch): 100%
SELECT * FROM [dbo].[Users] WHERE [LastAccessDate]>@1 ORDER BY [LastAccessDate

= < m o &

Parallelism Sort Clustered Index Scan (Clustered)
m (Gather Streams) Coss: 97 & [Users] . [PK_Users]

Cost: 0 %
SELECT

Cached plan size
Degree of Parallelism
Estimated Operator Cost
Memory Grant
Estimated Subtree Cost

intersection

- -

© sQLintersection. All rights
http://www.

SQL

intersection
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SELECT ID SELECT *

No ORDER BY 26 26

With ORDER BY 150 13,265

0]

SQL

intersection 51

&

Avoid sorting in the
database if you can,

but if you must do it, minimize
the fields involved.

SQL

intersection

mtersec;ton

H . . ®
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We need relief.

= Indexes: copies of the table
= Stored in the order we want
= [Include the fields we want

= The index in your hands (black background):

CREATE INDEX
IX_LastAccessDate_Id
ON (LastAccessDate, Id)

41 SQL

intersection 53

© SQLintersection. All rights reserved:
http://www.S

dbo.Users - IX_LastAccessDate

LastAccessDate LastAccessDate LastAccessDate LastAccessDate

7/31/08 12: 7/15/09 8:53 AM 7/15/09 9:10 PM
7/15/09 7: 7/15/09 8:58 AM 7/16/09 6:22 AM
7/15/09 7: 7/15/09 7/17/09 2:30 AM
7/15/09 7: 7/15/09 7/17/09 9:30 AM
7/15/09 7: 7/15/09 9: 7/17/09 8:43 PM
7/15/09 7: 7/15/09 7/18/09 12:38 PM
7/15/09 7: 7/15/09 7/18/09
7/15/09 7: 7/15/09 7/19/09 1
7/15/09 7: 7/15/09 10: 7/20/09 1:
7/15/09 7: 7/15/09
7/15/09 7: 7/15/09
7/15/09 7: 7/15/09 10: 7/23/09 12:56 PM
7/15/09 7/15/09 7/24/09 12:15 AM
7/15/09 7/15/09 7/24/09 12:08 PM
7/15/09 7: 7/15/09 10: 7/24/09 3:17 PM
7/15/09 7: 7/15/09 7/26/09 8:48 AM
7/15/09 7: 7/15/09 7/27/09 2:27 PM
7/15/09 7: 7/15/09 11: 7/28/09 3:17 AM
7/15/09 7: 7/15/09 34 PM
7/15/09 7:58 AM 7/15/09
7/15/09 8:03 AM 7/15/09
7/15/09 8:06 AM 7/15/09
7/15/09 8:12 AM 7/15/09 7/30/09 12:26 PM
7/15/09 8:13 AM 7/15/09 7/31/09 6:36 PM
7/15/09 8:14 AM 7/15/09 12: 8/1/09 12:09 PM
7/15/09 8:16 AM 7/15/09 1 8/1/09 7:29 PM
7/15/09 8:25 AM 7/15/09 1 8/1/09 11:
7/15/09 8:26 AM 7/15/09 12: 8/3/09 10:
7/15/09 8:27 AM 7/15/09 1 8/5/09 1
7/15/09 8:27 AM 7/15/09 1 8/6/09
7/15/09 8:33 AM 7/15/09 1: 8/6/09 10:42 AM
7/15/09 8:37 AM 8/6/09 12:37 PM
7/15/09 8:47 AM 8/9/09 5:28 AM
7/15/09 8:52 AM 7/15/09 4: 8/10/09 12:25 AM

From http://StackOverflow.com's Creative Commons Data Dump

8/11/09 7:17 PM
8/12/09 2:54 PM
8/13/09 4:26 PM
8/15/09 5:03 PM
8/17/09 8:42 AM
8/17/09 10:11 AM
8/17/09 10:33 AM
8/17/09 4:24 PM
8/18/09 8:06 AM
8/18/09 9:00 AM
8/18/09 9:43 AM
8/18/09 10:22 AM
8/18/09 1:05 PM
8/18/09 1:14 PM
8/18/09 1:32 PM
8/18/09 1
8/18/09 2
8/19/09 9:
8/19/09 2:
8/20/09 3:
8/20/09 8:
8/20/09 10:
8/20/09 12
8/20/09 3
8/21/09 7:29 PM
8/22/09 11:58 AM
8/24/09 11:22 AM
8/24/09 11:33 PM
8/25/09 8:57 PM
8/26/09 2:43 AM
8/26/09 2:53 AM
8/26/09 9:59 AM
8/27/09 3:54 AM
8/27/09 2:10 PM

Page 27
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Next query, now with the index

SELECT Id
FROM dbo.Users
WHERE LastAccessDate > ¢7/1/2010°
ORDER BY LastAccessDate

(3 SQL

intersection T —

The Execution Plan

1. Seek to 7/1/2010 on IX_LastAccessDate
2. Read them out in order

(3 SQL

intersection 56

' 2QL

H . . ®
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SQL Server’s Execution Plan

SELECT Id

FROM dbo.Users

WHERE LastAccessDate >
ORDER BY LastAccessDate

'7/1/2010"

100% ~ <

7] Results l E3 Messages} 2“m

Query 1: Query cost (relative to the batch):

SELECT [Id] FROM [dbo].[Users] WHERE [LastAccessDate]>@1l OR

100%

= R
SELECT . Index Seek (NonClustered)
Cost: 0 %

[Users] . [IX_LastAccessDate_Id]

Cost: 100 %
intersection

© sQLintersection. All rights re
http://www.SQLi

=ISELECT Id

FROM dbo.Users

WHERE LastAccessDate > '7/1/2010°'
ORDER BY LastAccessDate;

00% ~ <

] Resuts | ) Messages | 3 Execution plan

Query 1: Query cost (relative to the batch): 100%

[SELECT [Id] FROM [dbo].[Users] WHERE [LastAccessDate]>@l ORDER BY [LastAccessDi
[Missing Index (Impact 15.7403): CREATE NONCLUSTERED INDEX [<Name of Missing In¢

- : %
T ) 2
Parallelism sort Clustered Index Scan (Clustered)
m (Gather Streams) Cost: 7 % (Users) . [PK_Users]
SELECT

Cached plan size 24K8
Degree of Parallelism r

Estimated Operator Cost
Estimated Subtree Cost

SELECT Id

FROM dbo.Users

WHERE LastAccessDate > '7/1/2010"'
ORDER BY LastAccessDate

00% ~ <

; =
[ Results | (13 Messages| 3~ Execution plan \

Query 1: Query cost (relative to the batch): 100%

SELECT [Id] FROM [dbo].[Users] WHERE [LastAccessDate]>@l

= R
— Index Seek (NonClustered)
m [Users] . [IX_LastAccessDate_Id]
%

Cost: 100

SELECT

Cached plan size
Degree of Parallelism

Subtree Cost
Hmitcrocet

. —

© SQlintersection. All rights
http://www.SQLi
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-SELECT Id

FROM dbo.Users

WHERE LastAccessDate '7/1/2010"
ORDER BY LastAccessDate

% v <

Results | 2 Messages :’1 Execution plan

(2275167 row(s) affected)
Table 'Users'. Scan count 5, logical read @ hysical reads @,

-ISELECT Id
FROM dbo.Users
WHERE LastAccessDate > '7/1/2010'
ORDER BY LastAccessDate

% ~ <

H Results 3 Messages |17 Execution plan

(@ row(s) affected)
Table 'Users'. Scan count 1, logical rd @ sical reads @, r

(3)SQL

intersection 59 o) SQ}I;ti?l:ers;;tli:;; ALIiInrights riﬁ

The index covers the fields
needed by the query,
so we call it a covering index.*

*But covering isn’t really a special kind of index —
it’s only covering when we’re talking in terms of a query.

(3)SQL

intersection 60 © SQrI;ti?t:ers;gi\:g. ALIjI "rtights riii-

mtersec;lon

H . . ®
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RARENAERRS
S
N/

(3 SQL

intersection G

Next query

SELECT Id, DisplayName, Age
FROM dbo.Users
WHERE LastAccessDate > ¢7/1/2010°
ORDER BY LastAccessDate

(3 SQL

intersection prS—

(5 2QL

H . . ®
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1.

3.

The Execution Plan

Seek to 7/1/2010 on IX_LastAccessDate
Read them out in order, make list

Look up the matching rows in the clustered index (table)

(3)SQL

intersection

© sQLintersection. All rights re
http://www.SQLint

j00% ~ <

-ISELECT Id, DisplayName, Age
FROM dbo.Users

WHERE LastAccessDate > '7/1/2010'
ORDER BY LastAccessDate;

g2z | Resultsl 2 Messagesj 2™ Execution plan

Query 1:

Query cost (relative to the batch): 100%
SELECT [Id], [DisplayName], [Age] FROM [dbo].[Users] WHERE [L

=

SELECT |
Cost: 0 %

tc] 59
Nested Loops

(Inner Join)
Cost: 0 %

Index Seek (NonClustered)
[Users] . [IX_LastAccessDate_Id]
Cost: 50 %

Key Lookup (Clustered)
[(Users] . [PK_Users]
Cost: S0 &

(3)SQL

intersection

“ -

© SQlintersection. All rights
http://www.SQLinf
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elative to the batch):
e, [(Age] FROM [dbo].[ ) Key qukup (Clustered)
Uses a supplied clustering key to lookup on a table that |
j‘ﬁ has a clustered index.
ps Index Seek (Nc
L) [Users] . (IX_Last: Physical Operation Key Lookup
Cost: - Logical Operation Key Lookup
Estimated Execution Mode Row
- ' Storage RowStore
—— Actual Number of Rows 0
n{u:::?’[ 4 Actual Number of Batches 0
- | Estimated Operator Cost 0.0032831(50%)
Estimated 1/0 Cost 0.003125
Estimated CPU Cost 0.0001581
Estimated Subtree Cost 0.0032831
Estimated Number of Executions 1
Number of Executions 0
Estimated Number of Rows 1
Estimated Row Size 558
Actual Rebinds 0
Actual Rewinds 0
Ordered True
Node ID 3
Object
[StackOverflow].[dbo].[Users).[PK_Users]
Output List
[StackOverflow].[dbo).[Users).Age, [StackOverflow].
[dbo).[Users].DisplayName
Seek Predicates h
Seek Keys[1]: Prefix: [StackOverflow].[dbo).[Users].Id =
_ Scalar Operator([StackOverflow].[dbo].[Users].[Id])

= Key lookup is required
when the index doesn’t have
all of the fields our query needs.

= Hover your mouse over the
key lookup and look for the
OUTPUT fields.

= Are they small and frequently used?
Add them to the INCLUDE of the index,
and see if the key lookup goes away.

SQL

intersection

0

Classic index tuning problem

Index Seek (NonClustered)
[Users] . [IX LasticcessDate]

Key Lookwp (Clustered)

e
Cost: S0 %

[Users]. [PK_Users]
Cost: SO %

© sQlintersection. All rights r
http://www.SQLinf

mtersec ton
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= CREATE INDEX
IX_LastAccessDate_Id_DisplayName_Age
ON dbo.Users (LastAccessDate, Id, DisplayName,
Age)

= Or:

= CREATE INDEX
IX_LastAccessDate_Id_DisplayName_Age
ON dbo.Users (LastAccessDate, Id)
INCLUDE (DisplayName, Age)

dbo.Users - IX_LastAccessDate_ID_DisplayName_Age

LastAccessDate 1d DisplayName Age LastAccessDate 1d DisplayName Age
7/31/08 12:00 AM -1 Community 1 8/18/09 10:22 AM 673 NULL
7/15/09 9:58 AM 587 NULL 8/18/09 1:14 PM 643 Sarcastic 30
7/15/09 10:00 AM 594 Louis HauBknecht NULL 8/18/09 2:28 PM 690 msh 31
7/15/09 10:02 AM 597 elo80ka 29 8/19/09 9:22 AM 750 Cyphus 30
7/15/09 10:21 AM 618 Marien 30 8/20/09 3:45 AM 749 NULL
7/15/09 10:26 AM 623 Fionn NULL 8/20/09 12:05 PM 752 Sean Taylor 27
7/15/09 10:28 AM 629 Zoomzoom83 26 8/22/09 11:58 AM 580 n0O0ki3 22
7/15/09 10:32 AM 638 NULL 8/26/09 2:43 AM 851 Tim Howland 41
7/15/09 10:36 AM 642 aherrick 23 8/26/09 9:59 AM 546 hitec 27
7/15/09 10:46 AM 661 NULL 8/28/09 7:51 PM 668 mtruesdell 34
7/15/09 10:59 AM 686 urini 38 9/1/09 1:39 AM 595 Salaryman NULL
7/15/09 11:14 AM 722 NULL 9/6/09 9:24 PM 669 Tim Saunders 34
7/15/09 11:26 AM 756 suhair 29 9/8/09 2:56 AM 869 Malke NULL
7/15/09 11:48 AM 803 Mike H NULL 9/9/09 2:16 PM 644 spaetzel 27
Z/15/09 11:50 AM 681 Foom NUILL 9/14/092:19PM 707 17 of 26 38 |

Same query again

SELECT Id, DisplayName, Age
FROM dbo.Users
WHERE LastAccessDate > ¢7/1/2010°
ORDER BY LastAccessDate

(3 SQL

Intersection 68 0 sauin=recion Alugi resewi-

' 2QL
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-SELECT Id, DisplayName, Age

FROM dbo.Users

WHERE LastAccessDate > '7/1/2010'
ORDER BY LastAccessDate;

100% ~ <

7] Results ] 3 Messages 5 Execution plan
Query 1: Query cost (relative to the batch): 100%
SELECT [Id], [DisplayName], [Age] FROM [dbo].[Users] WHERE

= 9

- ] Index Seek (NonClustered)
m [Users] [IX LastAccessDate_Id Displ..
100 %

Cost:

()SQL

intersection ey ———

© sQLintersection. Al rights|
http://www.SQLi

-SELECT Id, DisplayName, Age

FROM dbo.Users

WHERE LastAccessDate > '7/1/2010'
ORDER BY LastAccessDate;

100% ~ <

7] Results ] 3 Messages 5 Execution plan
Query 1: Query cost (relative to the batch): 100%
SELECT [Id], [DisplayName], [Age] FROM [dbo].[Users] WHERE

= %
Index Seek (NonClustered)
e - sers] . [IX LastAccessDate_Id Displ..

Cost: 100 %

()SQL

intersection ~gp—

mtersec::on
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=ISELECT Id, DisplayName, Age
FROM dbo.Users
WHERE LastAccessDate > '7/1/2010°'
ORDER BY LastAccessDate; Index Seek (NonClustered)
100% <[< §can a particular range of rows from a nonclustered
index.
[ =] Results] Ha Messagecl 2™ Execution plan L
Query 1: Query cost (relative tc Physical Operation Index Seek ||
SELECT [Id], [DisplayName], [Age] Logical Operation Index Seek H
Y Actual Execution Mode Row ]
j 434  Estimated Execution Mode Row
sELECT : [R e Storage RowStore
Cost: 0 & P B LR Actual Number of Rows 2275167
SN Actual Number of Batches 0
Estimated Operator Cost 11.9546 (100%)
Estimated 1/0 Cost 9.45201
Estimated CPU Cost 2.50259
Estimated Subtree Cost 11.9546
Number of Executions 1
Estimated Number of Executions 1
Estimated Number of Rows 2274940
U l n te’gctio n — ) satztfm::tv:lm Al rights “

-ISELECT Id, DisplayName, Age
FROM dbo.Users
WHERE LastAccessDate > '1/1/1800'

'ORDER BY LastAccessDate;

100% ~ <

2] Results _:] Messages S'c' Execution plan

Query 1l: Query cost (relative to the batch): 10C
SELECT [Id], [DisplayName], [Age] FROM [dbo].[Userx

B
Index Seek (NonClustered)

[Users] [IX LastAccessDate_Id Displ..
100 %

j -
==
(3 SQL

intersection

Cost:

- © salintersection. All rights
e e—— a5
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“seek” 1= “awesome”

‘ j S L
=
© sQintersection. Al rights r

intersection T http://www.SQLin

+ 2 dbo.Posts
+ ] dbo.PostTypes
Sll=] dbo.Users
+ [ Columns
+ 1 Keys
# [ Constraints
1 Triggers
1 Indexes
sh IX_LastAccessDate_ld (Non-Unique, Non-Clustered)
sh IX_LastAccessDate_ld_DisplayName_Age (Non-Unique, Non-Clustered)
¢ PK_Users (Clustered)
¥ [ Statistics
+ ] dbo.Votes
# 1 dhoVateTvnes

+

‘ j S L
=
© sQLintersection. Al rights r

intersection Uy http://www.SQLin
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More indexes mean

= Larger database

= Longer maintenance job times
(backups, DBCCs, index defrags)

= More work to do on inserts, updates, deletes
= More data to send to our replicas

Today, we’ll teach you how to:
= |dentify your app’s problem

= Find the right solution
(which isn’t always indexes)

(3)SQL

intersection e

© sQLintersection. All rights re
http://www.SQLint

SQLintersection
Session POSTCONO1

Wait Stats: Focusing Your Tuning

Brent Ozar
Help@BrentOzar.com

0’29k

< 4

mtersec::on
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Agenda

= The big picture of query processing
= Wait stats: what’s the holdup?

= How to check a server’s wait stats
= Common wait types

(3 SQL

intersection 7 -

© sQLintersection. All rights re
http://www.SQLint

st .
15t query: SELECT . g
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SQL Server Architecture Basics

MEMORY

NETWORK
(End User)

CPU STORAGE

1. End user sends in a query
(this isn’t a bottleneck)

MEMORY

NETWORK
(End User)

CPU STORAGE

mtersec:ton
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2. CPU tries to get the data from cache

MEMORY

3

NETWORK

(End User) CPU STORAGE

3. Ifit's not in cache, we get it from disk

MEMORY

NETWORK
(End User) CPU _ STORAGE

mtersec:ton

H . . ®
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4. We slice & dice the data,
and may do sorts in TempDB

MEMORY

4

STORAGE

NETWORK CPU _
—y

(End User)

5. We send the data back to the user

MEMORY

NETWORK
(End User) _ CPU STORAGE

mtersec::on
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2"d query: DELETE, UPDATE, INSERT (DUI) operations

B" SQL

intersection

1. User sends in the query
(again, not a bottleneck)

MEMORY

NETWORK

(End User) CPU STORAGE

mtersec:ton
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2. We try to get related data into cache
(indexes, trigger tables)

NETWORK
(End User)

MEMORY

4

CPU

STORAGE

3. If it’s not in cache, we fetch from disk

NETWORK
(End User)

MEMORY

CPU 4

STORAGE

mtersec:ton
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4. \We take locks on the data

(This happens in selects too, but we skipped that)

MEMORY

\ 4

NETWORK

(End User) CPU STORAGE

5. We write the data to the log file
synchronously (before commit)

MEMORY

NETWORK
(End User) CPU M)  STORAGE

mtersec::on
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6. We write the data file changes
asynchronously

MEMORY

NETWORK
(End User) CPU M)  STORAGE

7. We return the results to the user

MEMORY

NETWORK
(End User) _ CPU STORAGE

mtersec:ton

H . . ®
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Wait stats:
how SQL Server
tracks all these arrows.

How SQL Server Schedules CPU

What’s Running Now What’s Waiting (Queue)

' 2QL

H . . ®
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How SQL Server Schedules CPU

What’s Running Now What’s Waiting (Queue)

= SELECT * FROM
dbo.Restaurants
(By Brent)

How SQL Server Schedules CPU

What’s Running Now What’s Waiting (Queue)
= SELECT * FROM = SELECT * FROM
dbo.Restaurants dbo.Tattoos
(By Brent) (By Jeremiah)
= SELECT * FROM
dbo.Rabbits
(By Kendra)

' 2QL

H . . ®
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How SQL Server Schedules CPU

What’s Running Now What’s Waiting (Queue)
= SELECT * FROM = SELECT * FROM
dbo.Restaurants dbo.Tattoos
(By Bren (By Jeremiah)
= SELECT * FROM
dbo.Rabbits
(By Kendra)

How SQL Server Schedules CPU

What’s Running Now What’s Waiting (Queue)

{——— = SELECT * FROM
dbo.Tattoos
(By Jeremiah)
= SELECT * FROM
dbo.Rabbits
(By Kendra)

= SELECT * FROM
dbo.Restaurants
(By Brent)

' 2QL

H . . ®
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That’s the Simple Version

What’s Running Now What’s Waiting (Queue)
= SELECT * FROM = SELECT * FROM
dbo.Tattoos dbo.Rabbits
(By Jeremiah) (By Kendra)

= SELECT * FROM
dbo.Restaurants
(By Brent)

Slightly More Complicated

Running Runnable Waiting (Queued)
= SELECT* SELECT * = SELECT*
FROM dbo.Tattoos FROM dbo.Rabbits FROM
(By Jeremiah) (By Kendra) dbo.Restaurants
(By Brent)
= SELECT*
FROM dbo.Races
(By Jes)

' 2QL

H . . ®
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SQL Server Waits For:

= Resources:
CPU, memory, storage, network, latches, locks
(the same stuff we showed in the life of a query!)

= Stuff Outside SQL Server (Preemptive):
COM, OLEDB, CLR

= System Tasks:
Lazywriter, trace, full text search

(3 SQL

Intersection 101 sliersecion Sl reﬁ,

Tracking the bottleneck

= Old way:

* Measure every choke point (CPU % busy, disk queue lengths, memory
usage, etc).

* Compare our metrics against Microsoft’s guidelines

* Improve anything that seemed to be slow
(and hope queries get faster)

= New way:
* AskSQL Server, “What have you been waiting on?”

(3 SQL

Intersection 102 0 sauin=recion Alugi resewi-

' 2QL

H . . ®
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How to check
wait stats ~——— i

L.].l SQL

intersection

Option #1: over time
BrentOzar.com/go/waitsnow

id
m BRENT OZAR HOME  PROBLEMS SERVICES FIRST AID

UNLIMITED We Solve We Provide

Firsthespensit s Triage Wait Stats in SQL Server

Get Top Resource-Consuming
Queries

My SQL Server is online, but it's incredibly slow.

L Barved What have my queries in SQL Server been walting on? And more importantly, what are they

sp_whoisactive walting on now?

This query helps you find out just what you've been waiting on. First it returns the overall waits on
the instance since SQL Server startup (or since the last time the wait data was manually cleared).
Then it takes a 30 second sample of what your system is waiting on right now.

/* Copyright Brent Ozar Unlimited, 2e:
SQL Server Wait Information sys.dm_os_wait_stats

http://msdn.microsoft. com/en-
chive/2609/11/03/the-sql-server-wait-type-

Explained:
1_service_brok

tempdb. .#ignorable_wa

53) SQL

intersection

H . . ®
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What the script does

1. Instantly returns one set of results with cumulative updates since the
last server restart, or since waits were cleared manually
2. Then:
o Waits 30 seconds (don’t panic)
o Returns another set of results with wait stats over that last 30 seconds

(3)SQL

Interseclion i oo

The results: two cryptic lists of waits

[ Resuits |L‘_q Messages

1
wait_type sum_wait_time_ms | pct_wait_time | sum_waiting tasks | ava_wait_time_ms | sample_time |
1 LCK_M_X 45946 69.3 3 153153 20130227 13:08:33.427 1
12| MsQL_xpP 4451 67 109 408 2013-02-27 13:08:33.427 1
|3 | ASYNC_NETWORK_IO 2790 42 1914 15 2013-02-27 13:08:33.427 1
|4 | PREEMPTIVE_OS_WAITFORSINGLEOBJECT 272 41 613 44 2013-02-27 13:08:33.427 |
15 | LCKMS 1151 17 15 76.7 2013-02-27 13:08:33.427
| 6 | PREEMPTIVE_OS_FLUSHFILEBUFFERS 1120 17 38 295 2013-02-27 13:08:33.427 !
| 7__| PREEMPTIVE_OS_AUTHENTICATIONOPS 830 13 6345 01 2013-02-27 13:08:33.427 |
= = == = === = 1
|| Second Sample Time Sample Duration in Seconds | wait_type | Walt Time (Seconds) Numberof Waits Avg ms Per Wait i
1_ 201302-271 30903 7 ' 30 ASYNC_NETWORK_IO 1
12| 20130227 130903517 30 PREEMPTIVE_OS_AUTHENTICATIONOPS OvO 152 0 1 |
|3 | 2013-02-2713:08:03.517 | 30 PREEMPTIVE_OS_AUTHORIZATIONOPS 00 25 0.1
14| 20130227 13.08:03517 | 30 PREEMPTIVE_OS_DECRYPTMESSAGE 00 25 0.0 1
|5 | 2013-02-2713:08:03.517 | 30 PREEMPTIVE_OS_DELETESECURITYCONTEXT 00 26 02 1
| 6| 2013-02-2713:09:03517 | 30 PREEMPTIVE_OS_DISCONNECTNAMEDPIPE 00 26 0.0 1
| 7| 2013-02-2713:08:03.517 | 30 PREEMPTIVE_OS_QUERYCONTEXTATTRIBUTES | 0.0 26 00 |
| 8 | 2013-02-2713:09:03517 | 30 PREEMPTIVE_OS_REVERTTOSELF 00 26 00 |
19 | 2013-02-27 13:03:03.517 | 30 PREEMPTIVE_OS_WRITEFILE 0.0 1 30 1
10 | 2013-02-27 13:09:03.517 | 30 SOS_SCHEDULER_YIELD 0.0 5 0.0 |

= Top: over time. Bottom: last 30 seconds.

(3)SQL

Intersection 1 “ﬁ. — © SQfl;ti:‘:ers\«e/x.r‘S- ALIiI"rights ri-
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Option #2: now, 5-second sample:
BrentOzar.com/askbrent

1

a BRENT OZAR HOME  PROBLEMS
UNLIMITED We Solve

Blog

+ Older Posts

SQL Server database administrators need to be able to quickly find out what queries and stored
procedures are running slow. Microsoft includes sp_who and sp_who2 in SQL Server 2005 and 2008,
but there’s a much better tool, and it's completely free.

Newer Posts —

SQL Server DBA Scripts: How to Find Slow SQL
Server Queries

byBrentozar () September9,2010 () 40 comments

In this five minute tutorial video, | explain how to use sp_WholsActive from Adam Machanic (Elog —
@AdamMachanic). Sorry about the audio ~ I've ordered a new microphone and It hasn't arrived yet.

How to Find Slow SQL Server Queries

login name cpU
B

per. SQLNEXUS\ sveSqL| B IU | 43,
8]
ex SQLNEXUS\ sveSQL nIU a5

SERVICES
We Provide

FIRST AID

Subscribe

Need Help?

Contact the Brent Ozar
team online or call:

(773) 420-9626

It won't hurt.
We Promise.

Popular Topics
SQL Server Clusters
Table Partitioning
SQL Server Training
SQL Server 2012 AlwaysOn
SGL Server Indexing
Performance Tuning
SQL Server on SANs
Ql o0 Vihyar

Common wait types

SQL

intersection

mtersec IOH
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Show me on the chart
where the bad query touched you

MEMORY

4

NETWORK o cPU ‘
(End User) mmm) | STORAGE

Let’s start with storage.

MEMORY

U

NETWORK <: CPU |
(End User) ‘ STORAGE

mtersec::on
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.
R

User Database
Data File (MDF)

v

P
S

Writes: WRITELOG User Database
Log File (LDF)
v

Reads: PAGEIOLATCH*

Writes: ASYNC_IO_COMPLETION

CPU

.
S

TempDB Data
File (MDF)

v

Y
S

Writes: WRITELOG TempDB Log
File (LDF)
v

Reads: PAGEIOLATCH*

Writes: ASYNC_IO_COMPLETION

1 1]

Perfmon counters for more info

= Performance Monitor counters:

* Physical Disk: Avg Sec/Read

* Physical Disk: Avg Sec/Write

= Reported in whole seconds — use 3 decimal places for MS
= Reported at the whole-drive level

= SAN equivalent term: latency

= Good for both physical and virtual servers

= Related counters: Physical Disk: Reads/sec, Writes/sec
(shows how much we’re asking storage to work)

= The more we ask storage to work, the slower it'll get.

(3 SQL

intersection ”! s— @sqﬁ‘m_ers;m.ns. ALIilnrigms ri-
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File-by-file details

= To get at the database or file level,
query sys.dm_io_virtual_file_stats
= Great query: BrentOzar.com/go/dmvs
= Easier way: sp_AskBrent @ExpertMode =1

-~ Calculates average stalls per read, per write, and per total input/output for each database file
SELECT DB_NAME(fs.database_id) AS [Database Name], mf.physical_name, io_stall_read_ms, num_of_reads,
CAST(io_stall_read_ms/(1.@ + num_of_reads) AS NUMERIC(10,1)) AS [avg_read_stall_ms],io_stall_write_ms,
num_of_writes,CAST(io_stall_write_ms/(1.0+num_of_writes) AS NUMERIC(10,1)) AS [avg_write_stall_ms],
io_stall_read_ms + io_stall_write_ms AS [io_stalls], num_of_reads + num_of_writes AS [total_io],
CAST((io_stall_read_ms + io_stall_write_ms)/(1.0 + num_of_reads + num_of_writes) AS NUMERIC(10,1))
AS [avg_io_stall_ms]

FROM sys.dm_io_virtual_file_stats(null,null) AS fs

INNER JOIN sys.master_files AS mf

ON fs.database_id = mf.database_id

AND fs.[file_id] = mf.[file_id]

ORDER BY avg_io_stall_ms DESC OPTION (RECOMPILE);

(3)SQL

intersection 1 i o) SQ}I;ti?l:ers‘:;t:;; ALIjInrights ri“

Related memory counters

= Perfmon counter —
SQL Server Buffer Manager: Page Life Expectancy

= Number of seconds SQL can keep data cached
after reading it from storage

= Longer = better (should be at least 300, aka 5min)

= |f PLE is low, then storage may be being forced to work too hard. Better
solution — add memory.

(3)SQL

intersection 114 © SQrttT‘:erS\:m."s- ALIjI "rtights rii“
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Fixing PAGEIOLATCH waits

= Make storage faster
= Add more memory
= Tune indexes

= Tune queries

(3 SQL

Intersection 1 i — o) SQ}I;ti:l:ers;;:iV(;g. ALIiInrtights reiI-

Fixing WRITELOG waits

= Write less data:

* Move processing tables into their own DB

* Question code that writes data, like triggers
* Move low-value databases to other servers
= Make storage faster

(3 SQL

Intersection us 5 saunaecior resii-

(5 2QL
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Fixing ASYNC_IO_COMPLETION

= Make sure your users actually care first.

(3)SQL

intersection 1 z- o) SQ}I;im:ers‘:;t,:;; ALIjInrights i

Next, memory.

MEMORY

NETWORK <: CPU ]
(End User) :> STORAGE

mtersec;ton
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How memory shows up as a wait

= Table: dbo.CustomerConfigValues
* Has no indexes. None.
* Has 50,000 rows for configurations for all of our customers

= Our app constantly runs this query:
SELECT *
FROM dbo.Customers
WHERE CustomerID = 123
AND ConfigParameter = ‘LoginTimeout’

= Result: we’re constantly scanning the table.

(3 SQL

Intersection 1y sliersecion Sl reiﬁ

PAGELATCH* waits

= Before SQL Server can read a page, it needs to take a quick look to see if
anyone has a lock on that page.

= Latch: like a lightweight lock for a quick look.

= Normally, latches wouldn’t show up as a significant overall wait. Each
latch is blazing fast.

= However, if we're constantly reading pages,
we end up taking a lot of latches.

(3 SQL

Intersection 120 sliersecion Sl reiﬁ

' 2QL
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Fixing PAGELATCH* waits

= Make-memonryfaster
= Find the queries doing tons of reads,
and put the right index on it.

(3)SQL

intersection 121 — ©salin l-rsel AII ghlsr

Next up, network.

MEMORY

NETWORK - CPU ]
(End User) :> STORAGE

mtersec;ton
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When does SQL wait on network?

= Slow networks (WANs)

= Small shares of network (25 chatty VMs on one host)
= Slow client computers

= Slow applications that process data row-by-row

= Applications that ask for too much data

(3 SQL
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When does SQL wait on network?

= Slow networks (WANs)

= Small shares of network (25 chatty VMs on one host)
= Slow client computers

= Slow applications that process data row-by-row

= Applications that ask for too much data

= All of this looks the same to SQL Server:
ASYNC_NETWORK_IO waits show up.

= Good news: it’s not our problem!

(3 SQL

Intersection 124 0 sauin=recion Alugi resewi-
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Finally, CPU itself.

MEMORY

NETWORK <: CPU :> STORAGE

(End User)

CPU is different.

= When queries are runnable, but not running,
that means we’re waiting on CPU.

= Surfaces as SIGNAL waits, which are calculated differently and are beyond
what we’ll show here.

= |nstead, Perfmon counters are the easy button:

* Processor/ % Used
Measure all cores individually, not just total

* System/Processor Queue Length

(3 SQL
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Recap

= The life of a query: selects and insert/update/delete
= Wait stats: SQL Server tracks what we’re waiting on
= How to check a server’s wait stats

= Defined common wait types

(3 SQL
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What’s Happening in my SQL Server?

Jeremiah Peschka
jeremiah@brentozar.com
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BrentOzar.com/responder

BRENT OZAR HOME PROBLEMS SQL SERVER  TRAINING FIRST AID
UNLIMITED™ We Solve Critical Care™

FlcslEEsponcamy SQL Server First Responder Kit

Get Top Resource-Consuming

Queries Disaster strikes your SQL Server: queries are stalled, Epp”ﬂﬂl\'ﬂﬂs are down, customers are:

calling in like crazy, and your boss is In a panic. What do you do?
Triage Wait Stats in SQL Server 4 e » 5 »

Log Activity with sp_whoisactive What if the same thing happens, but you're on vacatien? (Can you
hear your cell phone ringing now?)

The SQL Server First Responder Kit helps you create a repeatable
process to triage problems with your SQL Server. This kit helps you
build a team who can respond to an injured server like skilled
EMTs.

Get the SQL Server First Responder Kit
Checklist

Why start from scratch? @) Download our free SQL Server First
Responder Kit Checklist (pdf) here.

Build a Triage Process

(3)SQL

Intersection i oo

BrentOzar.com/responder

Tools for Triaging SQL Server
FIND SLOW QUERIES WITH SP_ASKBRENT", SP_WHOISACTIVE, AND MORE

Need to find out what gueries are killing your server right now? Here’s some of our favorites:

sp_AskBrent” takes a 10-second sample of your SQL Server’s vital statistics and reports
back what the wait stat bottlenecks are, which queries ran the most often, and more.

Adam Machanic's sp_whoisactive stored procedure also shows what's running, and what it's
waiting on. For longer-term diagnostics, here's how to run sp_wholsactive in a loop and
store data to a table for later review.

ClearTrace is a slice-and-dice Bl-style interface for your Profiler trace files.

Extended Events can help you catch failing queries that error out.

SP_

SERVER_DIAGNOSTICS

* Read Bob Dorr's post about SQL Server 2012's sp_server_diagnostics
* Check out the sp_server_diagnostics Books Online page

THE DEDICATED ADMIN CONNECTION

(3 SQL
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(3 SQL

SQL Server is helpful

Every step of the way, an incredible amount of information is collected.
o Wait stats.
o Hardware metrics (as SQL Server sees it).
o Query execution statistics.

We can use this information to diagnose SQL Server performance
problems.

Intersection 1 3]. — o) SQ}I;ti:l:ers;;:iV(;g. ALIiInrtights reiI-

(3 SQL

We’re going to cover 4 tools

sp_WholsActive
sp_AskBrent®
sp_BlitzCache™

SQL Server Extended Events

Intersection - 5 saunaecior resii-

(5 2QL
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sp_WholsActive -

.

L.].l SQL

intersection

sp_WholsActive
answers the question:
“What stinks... right
now?”

(5 2QL
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SQLQuery8.sql - WIN-MP3KEBL8ASC.master (WIN-MP3KEBL8ASC\Administrator (56))* - Microsoft SQL Server Management Studio (Administrator) A |

File Edit View Query Project Debug Tools Window Help
Pl il G | ANewQuey RS K D@9 - -85 |28 simpte | QA [ -
E 2 | [master o|| ¥ Becute b Debug ® v ID 9 o | 378 |DET | =
L R - T IR CEV R SCOL QuieryBsql - W Administrator (56)* X 1y7.sql - ministrator (54))*
2 sp_WhoIsActive @get_task_info = 1 Es
100% ~[< >
1 Resuts | [y Messages
ddhhmmssmss  session_id  sal_text login_name wail_info Py tempdb_alocaions  tempdb_curent  blocking_sessionid |~
1 00000028146 | 55 Dauery - use tpee 2> sa NULL 0 0 NULL
2 00000001340 103 Pauery - UPDATE cbo ORDER_LINE SET OL DEUVERY D .. sa UmsWRITELOG 1 0 0 UL
3 00000001330 93 <2query - UPDATE dbo ORDERS SET 0 CARRIER ID=@d .. sa (13msWRITELOG 8 0 0 N
4 00 00:00:01.270 18 <?query - DELETE dbo.NEW ORDER WHERE NEW ORDER. sa (BmsWRITELOG 4 0 0 NULL
5 00000001228 59 Pauery - UPDATE dbo CUSTOMER SET C BALANCE = CUS..  sa (5msWRITELOG 5 0 0 UL
6 00000001150 99 <Pquery - INSERT INTO HAskBreniResuls (CheckID, Priorty. Fi..  WIN-MPIKEBLBASC\Adminisiator  NULL 1107 E3 % NULL
7 00 00:00:01.143 63 <?query -- UPDATE dbo.ORDERS SET 0 CARRIER 1D = @d sa (13ms]WRITELOG 2 0 0 NULL
8 00000001113 80 auery - DELETE dboNEW ORDER WHERE NEW ORDER... sa (19msWRITELOG 2 0 0 UL =
3 00000001103 51 <2query - UPDATE dbo ORDERS SET 0 CARRIER ID=@d .. sa (13msWRITELOG 6 0 0 N
10 0000:00:01.056 76 <?query - UPDATE dbo.CUSTOMER SET C BALANCE = CUS, sa (18ms]WRITELOG 4 0 0 NULL
1 0000000103 1M1 Pauery - UPDATE cbo CUSTOMER SET C BALANCE = CUS..  sa (16msWRITELOG 3 0 0 UL
12 00000000870 113 <2auery - UPDATE dbo ORDER LINE SET 0L DELVERY D..  sa (16msWRITELOG 0 0 0 N
13 0000:00:00.363 109 <?query - UPDATE dbo.ORDER LINE SET OL DELIVERY D sa (BmsWRITELOG 1 0 0 NULL
14 00000000346 87 Pauery - UPDATE cbo ORDERS SETO CARRIER ID=@d . sa (15msWRITELOG 2 0 0 N
15 00000000830 105 <2auery - DELETE dboNEW ORDER WHERE NEW ORDER... sa (ImsWRITELOG 0 0 0 N
16 0000:00:00.866 65 <?query - UPDATE dbo CUSTOMER SET C BALANCE = CUS. sa (SmsWRITELOG 3 0 0 NULL
17 00000000880 96 Pauery - UPDATE dbo CUSTOMER SET C BALANC s (13msWRITELOG 0 0 0 UL
18 00000000843 88 <2query - UPDATE dbo CUSTOMER SET C BALANC s GmsWRITELOG 3 0 0 N
19 0000:00:00.840 78 <?query - UPDATE dbo.CUSTOMER SET C BALANCE = CUS, sa NULL 3 0 0 NULL
2 00000000823 101 Pauery - UPDATE cbo ORDER_LINE SET OL DELVERY D..  sa (14msWRITELOG 2 0 0 UL
21 00000000783 117 <2query - UPDATE dbo ORDERS SET 0 CARRIER ID=@d ..  sa (14msWRITELOG 3 0 0 N
22 0000:00:00.763 110 <?query -- UPDATE dbo.ORDERS SET 0 CARRIER 1D = @d sa (1ms]WRITELOG 0 0 0 NULL
23 00000000700 104 Pauery - DELETE dboNEW ORDER WHERE NEW ORDER... sa (22msWRITELOG 0 0 0 UL
2% 00000000700 90 <2auery - DELETE choNEW ORDER WHERE NEW ORDER... sa (ImsWRITELOG 4 0 0 N
% 00000000620 64 auery - UPDATE dbo ORDER LINE SET OL DELVERY D . sa (TmsWRITELOG 0 0 0 N
2% 000000005% %2 Pauery - UPDATE cbo ORDERS SETO CARRIER ID=@d . sa (SmsWRITELOG 3 0 0 N
27 0000000483 113 <2auery - UPDATE dbo ORDER LINE SET 0L DELVERY D ..  sa (5msWRITELOG 0 0 0 N
28 0000:00:00.470 n <?query -- UPDATE dbo.ORDERS SET 0 CARRIER 1D = @d sa (14ms]WRITELOG 1 o 0 NULL
29 00000000425 91 Pauery - DELETE dboNEW ORDER WHERE NEW ORDER... sa (16msWRITELOG 2 0 0 UL
30 00000000423 60 <2auery - DELETE dhoNEW ORDER WHERE NEW ORDER... sa (13msWRITELOG 0 0 0 N
31 0000:00:00.330 75 <?query - UPDATE dbo.CUSTOMER SET C BALANCE = CUS, sa (18ms]WRITELOG 2 0 0 NULL
2 00000000346 114 Pauery - UPDATE dbo ORDER_LINE SET OL DELVERY D ..  sa (18msWRITELOG 0 0 0 NuL v
< i >
(@ Query executed successhully. WIN-MP3KEBLBASC (12.0RTM) | WIN-MP3KEBLBASC\Admini... | master  00:00:00 | €5 rows

sp_WholsActive has a lot of options

= My favorites are:
o @get_task info=2
Displays additional wait information.
o @get_locks=1
Collects locking information. Really helpful troubleshooting blocking storms.
o @get_avg_time=1
Displays average times based on previous runs of the same query.
o @delta_interval =5
Record metrics at a regular interval.

() SQL
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Want to find out more?

= Check out “What’s Going On in My SQL Server?”:

= http://www.brentozar.com/archive/2011/12/whats-going-on-my-sql-
server-video/

= Kendra covers dumping sp_WholsActive results to a table for later
analysis.

(3)SQL
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sp_AskBrent®

@ SQL
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h

Hey Brent, which queries are causing problems right now?
And, could you let me know what waits looked like?
And maybe give me some guidance about what to do?

SQL

intersection

sp_AskBrent™

File Edit View Query Project Debug Tools Window Help
Pl Cdd | ANewuey (ERED S| & D@9 - -2-5g]» |3 [simple SIS
| ¥ Execute b Debug ® « 33 &l |37 AL
SQLQuery.sql - Wi...Administrator (99)* X
sp_AskBrent @Expertiode = 1
% -[< >
0 Results | [ Messages | ) ) ) ) ]
Priotity  FindingsGroup Finding URL Details HowToStoplt i
0 sp_AskBrent (TM) v10 as of Jan 22 2014 12004M  From Brent Ozar Unlimited hitp://www. BrentOzar.com/askbrent/ <?Thanks -- Thanks from the Brent Ozar Unlimit. NULL
200 ‘Wait Stats CXPACKET HCXPACKET <2ClickT+ Details --_For 186 seconds over <2ClickT. Commmand
200 ‘Wait Stats CXROWSET_SYNC ht HCXROWSE. <2ChickT Details - For 16 seconds over th <2ClickT. C d
200 ‘Wait Stats | LATCH_EX 'sql/wait-stats/#LATCH_EX <2ChickT Details - For 6 seconds over the | <2ClickT Commmand -
200 ‘Wait Stats WRITELOG 0G <2ChickT. Details - For 295 seconds over & <2ClickT. C d
210 Query Stats M i ht /B <2ClickT Details - Query stats during the s. <2ClickT. :Commmand
210 Query Stats <ChickT Details - Query stats during the s. <2ClickT oSeeComn d
210 Query Stats ht Brent0; <2ChickT. Details - Query stats during the s. <2ClickT. L d- v
[0 >
Pattemn Sample Ended Seconds Sample  wait_type ‘Wait Time (Seconds)  Signal Wait Time (Seconds)  Percent Signal Waits ~ Number of Waits  Avg ms Per Wait ~
[WAIT STATS | 20140603224237.463 5 WRITELOG 2950 15 04 6775 435
WAITSTATS  20140403224237.463 5 CXPACKET 1862 28 122 61472 30
‘WAIT STATS  2014-04-032242:37.463 5 CXROWSET_SYNC 166 10 60 2334 7 -
‘WAIT STATS ~ 2014-04032242:37.463 5 LATCH_EX 66 07 108 nz 18
WAIT STATS ~ 2014-0403224237.463 5 LCK_M_S 23 00 00 61 376
‘WAIT STATS ~ 2014-04-032242:37.463 5 LCK_M_X 23 0o 0o 65 354
‘WAIT STATS ~ 2014-0403224237.463 5 CMEMTHREAD 06 06 100.0 944 07 =
WAITSTATS  20140403224237.463 5 505_SCHEDULE.. 02 02 1000 433 05 v
Pattemn Sample Time Sample (seconds)  File Name Diive  #ReadsAWiites MB Read/Wiitten Avg Stall (ms)  file physical name
HYSICAL WRITES | 20140403224237.430 5 tpec_log[LOG] E: 5843 10 2 EALOGpee_logldf
Pattem ‘object_name counter_name. instance_name  Fir i L ¥ ValueDeka ~
ERFMON | SOLSeverhcoess Methods  Forwarded Records/sec 14040322422547 0 2140403224237500 0 0 0000000000000 =
PERFMON  SQLS P: ttempts./ 201404-0322:4232547 0 2014-04032242.37.500 0 o 0000000000000
PERFMON  SQLServerAccess Methods  Page Splits/sec 2014-04-03 224232547 6283 2014-0403224237.500 6793 504 100.80000000.
PERFMON  SQLServerAccess Methods  Skipped Ghosted Records/sec 2014-04-0322:42:32547 5678 2014-040322:42.37.500 8130 2452 490.40000000.
PERFMON ~ SQLS Table Lock 2014.04-0322:4232547 352 2014-040322.4237.500 352 o 0000000000000
PERFMON  SQLServerAccess Methods  Worktables Created/sec 2014-04-03 22:42:32547 18943 2014-04032242.37.500 22964 4021 804.20000000.
PERFMON  SQLServerBuffer Manager  Page life expectancy 2014-04-0322:42:32547 79541 2014-040322:42.37.500 79546 5 1.000000000000
PERFMON  SQLServerBuffer Manager  Page reads/sec 2014-04-0322:4232547 5734 2014-040322.4237.500 5734 0 0000000000000 v
Pass  SampleTime sql_handle statement_start_offset  statement_end_offset  plan_generation_num  plan_handle ~
] 2014-04-03 22:42:37.530 7C0DC
2 2014040322423750 7C2BA6001024 21 %42 1 7000C
2 2014-04-03 22:42:37.530 2646 2986 1 17C0DC
2 2014-04-03 22:42:37.530 2330 3152 1 7C00C
2 2014-04-03 22:42:37.530 7C2BAB001024 4558 4814 1 7C00C
2 2014-04-03 22:42:37.530 4818 5782 1 C0DC b
Query executed successfully. WIN-MP3KEBLEASC (12.0RTM) | WIN-MP3KEBLBASC\Admini...  master | 00:00:05 | 116 rows

1
2
3
s
5
5

)

87 7| [master

SQLQuery9.sql - WIN-MP3KEBLBASC.master (WIN-MP3KEBL8ASC\Administrator (99))* - Microsoft SQL Server Management Studio (Administrator)

(3 SQL
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TETx
Ele Edit View Project Debug XML Tools Window Community Help
ERNERC BRba|EE(=2 08 "B Es R
Sewouery | [y | ER D 5|3 |5 W I [ o
.| Details1.xml| " ExecutionPlant.salplan* | SQLQueryl.sal* |~ Object Explorer Detais | v X
I3 1[F]<?ClickToSeeDetails I~
E‘ 2 lerv stat uring t —
m
B
2 4
= 5
6
9
10
11
12
13
14
15
16;
17
18
19 ]
20 | 23], I
-
< | >
Ready n20 Col7 ch7 INS
4 start| | 1[4 Microsoft sqL server ... % @ 12:33pM

sp_AskBrent® Parameters

= @ExpertMode =1

=  @OutputDatabaseName = ‘mydb’,
@OutputSchemaName = ‘dbo’,
@OutputTableName = ‘AskBrentResults’

= @AsOf = ‘20140214 14:00’,
@OutputDatabaseName = ‘mydb’,
@OutputSchemaName = ‘dbo’,
@OutputTableName = ‘AskBrentResults’

(3)SQL
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These tools analyze
right now.
What if we can’t catch
the problem?

sp_BlitzCache™ -

(3 SQL

intersection
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sp_BlitzCache™

= Analyzes historical SQL Server performance:
o Finds problem trends.
o Finds queries with specific problems.
o Displays a prioritized list of things to investigate.

= Show worst queries, sorted by reads, writes, CPU, etc.

(3 SQL
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Why analyze the plan cache?

= Some queries may be too fast to catch any other way.
o A query that takes 40 microseconds is hard to catch no matter what.
o A query with large run time variance is also difficult to spot.
= Other query problems can be difficult to find without directly investigating
plans.
o Working by hand is too slow.
o Software solves the problem nicely.

(3 SQL
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DEMO!

There’s one problem...

= The plan cache holds data since (pick multiple):

a

a

a

a

a

a

Last SQL Server restart

The last RECONFIGURE WITH OVERRIDE

The last recompile of a plan

Stats rebuild

(which should recompile all plans for a single object)
Memory pressure forced plans to expire

The last solar flare

= |n other words:
We may not have a record of what happened.

0

SQL

intersection us
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Extended Events P

() SQL

intersection

Extended Events

= Introduced with SQL Server 2008
= Allows lightweight monitoring of SQL Server
o This can start out lighter weight than Profiler
o Allows many additional events to be added in.
= Far more customizable than Profiler
= More important:
o Sophisticated filtering
o Easyto collect and analyze multiple events as one workload.

(3)SQL
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The downside

= There’s no built-in GUI prior to SQL Server 2012.

o A plugin exists for SQL Server 2008 & R2.

o Otherwise, you're writing the collection on your own.
= It’s not that hard, seriously.

(3 SQL

intersection

© sQLintersection. All rights r
http://www.SQLint

What We’'ll Set Up

= An Extended Events trace.
= Capture the following events:
o sp_statement_completed
o sqgl_statement_completed
o wait_info
= And some extra info:
o Client app name
o Client host name
o Database name
o Plan and query information

(3 SQL
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DEMO!

http://www.brentozar.com/go/

collect-xevents/

' 2QL
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0

Just in case...

You can do something similar with ClearTrace.
ClearTrace works with server side traces

o Set up a specific trace.

o Process the trace when you’re done.

o Review results in the Ul

SQL

intersection

© sQLintersection. All rights r
http://www.SQLint

0

Why use one over the other?

Profiler
o Works anywhere
o Allows limited data collection
o Deprecated in 2012
Extended Events
o Can correlate many server side events
o Allows sampling
o Works on 2008 and newer

SQL

intersection
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What we covered P

L.].l SQL

intersection

Four Ways to Find Problem Queries

= Right now:
o sp_WholsActive
o sp_AskBrent®
= Over all time:
o sp_BlitzCache™
= On a specific workload:
o SQL Server Extended Events
= Collect them all at http://brentozar.com/responder

(3)SQL
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SQLintersection
Session POSTCONO1

Fix Your Worst Index Problems

Kendra Little
Kendra@BrentOzar.com

j5QL
U intersection t

Meet Stanley

Stanley is a Senior Software Developer at Adventure Works, a bicycle
dealer.

(3 SQL
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Stanley hasn’t been tuning
indexes regularly

(3)SQL

intersection 161 .

| heard SQL
Server’s indexes
were self-tuning?

SQL

intersection
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Not so much

= Stanley probably has some index problems
= But how can he find them?
=  We'll show him!
= You'll learn:
o Free tools to make things easier
o Top 3 index problems to fix first
o Gotchas to look out for

(3)SQL
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A refresher from what you learned in “How to
Think Like the Engine”

Quick recap

(5 2QL
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Basic indexes

= Clustered
o One per table

o This is the data itself (this IS the table)
o Is ordered by the defined key
o Also contains all columns in the table

* NonClustered
o Many per table
o “Helper” copies of PART of the table
o Could be a “covering” index or could be used for lookups

(3)SQL
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| don’t drive, | just
bicycle.

Meet the DMVs
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Index DMV reference

= “What are the index properties?” (Name, ID, Fillfactor, Hypothetical,
disabled, filters)

o sys.indexes

= “What’s the index definition?” (key and included columns)
o sys.index_columns
o sys.columns

= “How often is the index used, and in what ways?”

o sys.dm_db_index_usage_stats
o sys.dm_db_index_operational_stats

= “How big is the index?” (Rows, size, compression)
o sys.partitions
o sys.dm_db_partition_stats

(3 SQL

Intersection 1 ﬁ‘-f o) SQ}I;::l:ers;;::;.r; ALIiInrtights resewi.

“Usage Stats”

= sys.dm_db_index_usage_stats

= Shows the number of executions where a plan included an operator
o Does NOT show if the operator was used (or how often it was accessed)

= Number and last date of reads
o Seeks
o Scans
o Lookups

= Number and last date of last write
o Insert/update/deletes all called “updates”

= Data is since startup OR since the last time the index was modified

(3 SQL
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“Operational Stats”

= sys.dm_db_index_operational_stats
= Lower level, more transitory
= Lock waits
o Page and row
= Access counts

o Doesn’t distinguish between full scans/range scans, or even range scans and
seeks

= Data is only persisted while an object’s metadata is in memory
= No good way when to tell it was last cleared

(3 SQL
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“Missing index” DMVs

= sys.dm_db_missing_index_details

= sys.dm_db_missing_index_columns

= sys.dm_db_missing_index_groups

= sys.dm_db_missing_index_group_stats

They tell you:
How many time an index would have been used
Estimated improvement the index would give
Estimated cost of queries that wanted it

This is incredibly useful information...

But it’s just raw information

(3 SQL
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Advice is complicated

= Missing index DMV “requests”
o Recommend super wide indexes
o Don’t de-duplicate requests
o Don’t get thrown for all types of queries
o Get cleared at tricky times
= Database Tuning Advisor
o Needs a firm hand
o Shouldn’t be run against production
o Can recommend truly kooky things (including for clustered indexes)

(3)SQL

Intersection p— oo

sp_BlitzZIndex® shows lots of
information in one place

u.l SQL

Intersection 174 © saunersecton, Al ri“
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BrentOzar.com/Blitzindex

0066 sp_Blitzindex - SQL Server's Index Sanity Test | Brent Ozar Unlimited
(1> ) (O] (2] [A][+]E www.brentozar.com

Search BLOG TEAM CONTACT

I% BRENT OZAR
UNLIMITED™

HOME SQL SERVER

Critical Care

PROBLEMS TRAINING  FIRST AID
W

e Solve

sp_Blitzindex

sp_Blitzindex™ — SQL Server’s Index

Sanity Test

Your SQL Server indexes may be less sane than you think. Download sp_Blitzindex™ to find out—
or scroll on down and watch a video to see how it help you find out:

sp_Blitz Column Definitions

p_Blitzindex Duplicate Indexes
sp_Blitzindex Aggressive Indexes
sp_Blitzindex Index Hoarding

Do you have duplicate indexes wasting your storage and memory?
« Have wide clustering keys snuck into your schema, inflating your indexes?

sp_Blitzindex Feature Phobia

p_Blitzindex Self Loathing Indexes.

p_Blitzindex Missing Indexes

p_Blitzindex Abnormal Psych
sp_Blitzindex Security
sp_Blitzindex FAQ

Need Help?

Contact the Brent Ozar
team online or call:

(773) 420-9626

It won't hurt.

* Are there active heaps lurking in your database, causing strange fragmentation?
 Is blocking creeping up behind you before you can realize it?

Our free sp_Blitzindex™ stored procedure quickly does a sanity check on your database and
diagnoses your indexes major disorders, then reports back to you. Each disorder has a URL that
eexplains what to look for and how to handle the issue.

sp_Blitzindex™ also saves YOUR sanity when index tuning, by giving you the option to see both
the “missing” and existing indexes for a table in a single view— when prevents you from going
crazy and adding duplicate indexes.

If you've ever struggled with index tuning, this may sound crazy good. We think it really is.
Get sp_BlitzIndex™ and Check Your Index Sanity

Download sp_Blitzindex™ here!

/ntersect/on

© sQLintersection. All rights r
http://www.SQLint

Get details on a table

Examine individual tables with commands from the ‘More Info’ column:
EXEC dbo.sp_BlitzIndex @DatabaseName='AdventureWorks',
@SchemaName="'Person’,

@TableName='Person’;

This gives you:

o Index size, use, recent locking info
o Missing index requests

o Foreign key info

o Column list (and data types)

(3) SOL

intersection

SQlintersection. All rights re
%—" http://vwwiw.SQlint
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Demo 1:
Meet the Index DMVs

0

Index DMVs

This data is useful, just don't jump to conclusions about seeks and scans
Remember:

o Scans aren't always bad

o Index usage stats stays around longer— but is less granular/precise

o Operational stats aren’t perfect either. And ...
Look at the big picture!

SQL

[lersection p— |

' 2QL

H . . ®
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Let’s find out what’s
wrong.

How we diagnose

= sp_BlitzIndex (reads those DMVs!)
http://www.brentozar.com/blitzindex

= Syntax to run in “diagnose” mode
EXEC dbo.sp_BlitzIndex @DatabaseName='AdventureWorks';

(3 SQL

intersection 80

SQLintersection. All rights re:
2/ /. SQLinty

htty
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DEMO 2:

Diaghose!

we go

Use the worksheet
on the next slide as

Category Basic Your notes as we work through the
description demo
Duplicates Waste memory,
extra IO, extra
storage
Fill Factor Waste memory,
extra IO, extra
storage
Unread Slower writes,
Indexes Storass

Active Heap

Extra random IO,
weird bloat, not

seek-able
Missing Extra 10
Indexes
Workaholics Pointer to where

the action is

mtersec:lon
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Can indexes make things faster?

Top 3 Waits Trans Per
Workload (30 second AskBrent® sample in Minute
Expert Mode)
CXPACKET 161.2
Original Workload SOS_SCHEDULER_YIELD 29.6 16,865
LATCH_EX 2.2
+ Unique CX on CXPACKET 143.9
dque . SOS_SCHEDULER_YIELD 241 17,790
TransactionHistory LATCH EX 28
+ Coverine NC on SOS_SCHEDULER_YIELD 3.3
18 WRITELOG 0.7 29,900
TransactionHistory PAGELATCH EX 00

SQL

intersection

&

‘ 2 - © sQLintersection. i _

File Help

Another view

EEENE AL

Clustered Index

created

Index created

3:40:00 PM

3:40:30 PM 3:41:00 PM

3:41:29 PMB:41:38 PM

Last|

3.641 Average | 49742 Minimum |

1911 Maximum |

97.313

Duration 1:40

'

Show  Color Scale  Counter

[

Instance  Parent  Object

Batch Requests/sec  ---

Computer

SQLServer:SQL Stati... \\CHAIRMAN...
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Wait, it gets more
complicated?

Indexing
Gotchas

Missing index requests ain’t always there

= Not every query generates a missing index request
o “Trivial” execution plans don’t generate requests
o Some “FULL” optimizations don’t either
= If they are run very frequently, an index may be worthwhile
o You won’t see this in missing index recommendations!
= To find these:
o Use the execution plan cache
o Not perfect—memory pressure and RECOMPILE hints impact what you will see

o Run traces for frequently run queries

(3)SQL

intersection 1 ﬁﬁ. © SQrttT‘:erS\:m."s- ALIjI "rtights rii“

(5 2QL
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Missing Index Data Disappears Sometimes

= You can't clear this manually (no command for it)
= Like usage data, this clears at SQL Server restart
= Also cleared for an individual table when you make index changes, such
as:
o Creating a NC index
o Dropping a NC index
= Always capture usage and missing index info BEFORE each change!

(3 SQL

Intersection 187 sliersecion Sl reﬁ,

Indexing Gotchas in SQL Server 2012+

= Index usage is really important, but make sure you understand when it
was last cleared
o InSQL Server 2012, this is currently cleared by any ALTER INDEX REBUILD
commands
o This was not fixed in SP1
o There's no good way to tell when the usage was last cleared from DMVs, you
can just see
o When any metadata on the object was changed (sys.objects)
o When SQL Server was restarted

(3 SQL

Intersection 168 sliersecion Sl reﬁ,

' 2QL
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2012+ gotchas continued

= Readable secondaries in Availability Groups make indexes tricky to
manage
o Reads are tracked on each instance
o Not aggregated centrally

= Example problem: Is that index really unused?

(3 SQL

interseciion pL — |

Reducing change impact

= If you have Enterprise Edition

o Use ONLINE keyword when creating nonclustered indexes (unless you want to
cause blocking)

o Dropping indexes still involves blocking locks
= Also plan how you will handle the rollback if needed
o Talk about this as part of the change process

(3 SQL

interseciian g — |

(5 2QL
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Fix the top 3
problems first

Missing indexes > 1 million

A ALT P

A+-B
(3 SQL

intersection T

(5 2QL
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Duplicate indexes > 500MB with reads

| shouldn’t keep a
spare index handy?

v’

Heaps > 500MB that are being written to

SQL

intersection ca——

B'20L

Page 97

Copyright Brent Ozar Unlimited ® 2014



SQLintersection
Orlando, Florida — April 2014
www.SQLintersection.com

Top 3

1. Missing indexes > 1 million (“magic number”)
2. Large duplicate indexes (“multiple personality”)
3. Large, active heaps

(3 SQL

intersection T —

Keep an eye out for weird patterns

1. Super low fillfactor (“self loathing”)

2. Wide clustering keys with lots of nonclustered
indexes (“self loathing”)

3. Identity keys that may run out of integers
(“Abnormal Psychology”)

= These are also performance killers.

(3 SQL

intersection T —

(5 2QL

H . . ®
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Index tuning is a
lot like riding a
bike.

SQLintersection
Session POSTCONO1

Artisanal Indexes: Filters, Views, and
Computed Columns

Kendra Little
Kendra@BrentOzar.com

\

(3 SQL

intersection

&0k

1 . . ®
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I’'m from Portland, OR

= We love things that are handcrafted
=  One-of-a-kind
= Made by a highly trained artisan

(3 SQL

Iintersection 1 “- — o SQI::‘nl_ersve"c;t:.ns. ALIiI o ri-

Indexes can benefit from hand-crafting, too

Here’s the top three scenarios:

= Application frequently queries a small subset of values in a columnin a
large table

= Application frequently queries aggregations

= Application frequently queries computations (and you can’t make the
application just write the computed value in the first place)

(3 SQL

intersection 200 - ©saumersectn, Al g i-

mtersec::on
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A big gotcha

= All three of these “special indexes” features share a requirement
= They won’t work with clients who are using different “SET” options in their
connect string
o Can’t use it for reads
o Writes will fail

= This can break your application

_________________________________________________________________

! Msg 1934, Level 16, State 1, Line 1
t INSERT failed because the following SET options have incorrect settings:

(3 SQL

Intersection ZQ]l — o) SQ}I;ti:l:ers;;:iV(;g. ALIiInrtights reiI-

Settings that impact filtered indexes
SET options Required value
ANSI_NULLS ON
ANSI_PADDING ON
ANSI_WARNINGS ON
ARITHABORT ON
CONCAT_NULL_YIELDS_NULL ON
NUMERIC_ROUNDABORT OFF
QUOTED_IDENTIFIER ON
1SQL
H intersection 02 T

mtersec;ton

H . . ®
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Don’t let this stop you

= Just test before you implement these indexes
o Validate application activity
= Hey, that’s not so bad, is it?

= Just make sure you include validating that WRITES can occur as part of the
testing

(3)SQL

intersection 203 — © sq:ti:t:ers;ﬁg ALIiI"rights ri-

create index ix_macaron_pink
on dbo.macaron (color)
where color = ‘pink’

1. Filtered indexes

mtersec::on

H . . ®
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Nonclustered index

CREATE NONCLUSTERED INDEX
[TransactionHistory ActualCost]
ON [Production].[TransactionHistory]
([ActualCost],[TransactionID]);

GO

(3 SQL

Intersection 2ﬂ§ — o) SQ}I;ti:l:ers;;:iV(;g. ALIiInrtights reiI-

Filtered index

CREATE NONCLUSTERED INDEX
[TransactionHistory_ActualCost_Filtered]
ON [Production].[TransactionHistory]
([ActualCost], [TransactionID])
WHERE [ActualCost] >= 10;
GO

(3 SQL

Intersection 205 5 saunaecior resii-

(5 2QL
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Filtered index with includes

CREATE NONCLUSTERED INDEX

d]

ON [Production].[TransactionHistory]
([ActualCost],[TransactionID])
INCLUDE ([ProductID],

[ReferenceOrderiD],
[ReferenceOrderLineID],

[Quantity], [ModifiedDate])
WHERE [ActualCost] >= 10;
GO

[TransactionHistory ActualCost_Includes_Filtere

[TransactionDate], [TransactionType],

(3 SQL

intersection e —

© sQLintersection. All rights resei
http://www.SQLint

Demo:
Filtered Indexes

(3 SQL

intersection 208

© sQLintersection. All rights resel
http://www.SQLints
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Filtered limitations

= SQL Server 2008+
= Filter can only contain string literals:
o No functions
o Frustrating with “ascending date” type columns
= Statistics automatically update at the same rate as the base table (~ 20% of
rows updated)
= Tricky to get SQL Server to use them

o Parameterized queries won’t consider them “safe” without trickery (stored
procedures, forced parameterization)

(3)SQL

Intersection na- — © sq:ti:t:ersvelﬁg ALIiInrights ri-

Filtered index perks

=  Works in Standard Edition

= |deal case: very selective column
o Example: IsActive = 1 in a table with a lot of inactive rows
o This index will be much smaller than it would be otherwise

o Fast to read
o Takes up less space in memory

(3)SQL

intersection 210 _— ©50interseton. Al gits rh

mtersec IOH
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(WHERE Bugs=1);

DBCC PAGE incorrect output with filtered indexes by Luciano Moreira

“At the moment, there are no plans to enhance this command
Status: Closed as it is undocumented.”

BrentOzar.com/go/DBCCPageBug

Paul White: Page Free Space

A technical SQL Server blog from New Zealand.

MERGE Bug with Filtered Indexes

A MERGE statement can fail, and incorrectly report a unique key violation when:
« The target table uses a unique filtered index; and
« No key column of the filtered index is updated; and

« A column from the filtering condition is updated; and
« Transient key violations are possible

BrentOzar.com/go/FilterMergeBug

(3 SQL

intersection 21 | - © SQ}I;ti;\tAersenionA ALIiI rights i-
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0

Create the view

CREATE VIEW dbo.IndexedViewTest

WITH SCHEMABINDING

AS

SELECT
YEAR(TransactionDate) as TransactionYear,
MONTH(TransactionDate) as TransactionMonth,
pr.Name as ProductName,
SUM(Quantity) as TotalQuantity,
SUM(ActualCost) as TotalActualCost,
COUNT_BIG(*) as RequiredColumn

FROM Production.TransactionHistory AS th

JOIN Production.Product AS pr on
th.ProductID=pr.ProductID

GROUP BY YEAR(TransactionDate),
MONTH(TransactionDate),
pr.Name

GO

SQL

intersection

© sQLintersection. All rights resei
http://www.SQLint

0

Create an index

CREATE UNIQUE CLUSTERED INDEX
cx_IndexedViewTest ON
IndexedViewTest (TransactionYear,
TransactionMonth, ProductName);

GO

SQL

intersection

e

© sQLintersection. All rights resei
http://www.SQLinte
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Demo:
Indexed Views

Indexed view fine print

= View must be created with schemabinding
o References only tables in the same database
o No outer joins, self joins, or subqueries
o No OVER clause (or ranking/windowing functions)
o No OUTER or CROSS APPLY
= If you’re grouping (most common use)
o The view must contain a COUNT_BIG column
o No HAVING
o No MIN, MAX, TOP, or ORDER BY
= The clustered index on the view must be unique
= Lots more rules — Books Online has a full list:

BrentOzar.com/go/viewrules

(3 SQL

intersection 26

© SQlintersection. All rights resenve
http://www.SQLinte
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Indexed view limitations

= “Why isn’t SQL using my indexed view?” € asks everyone who tries this
feature

= There’s an Enterprise Edition feature to match queries with the view
automatically
o Watch your query plans closely— it may not use the view as often as you want
o Evenin EE, you may often need to reference the view by name and add a
NOEXPAND hint
= Every indexed view (and nonclustered index you add to an indexed view)
adds overhead:
o More writes for each insert/update/delete
o More to check for corruption

(3)SQL

intersection 217 . © sa:ti:t:ers;ﬁg ALIiI"rights ri-

Indexed view p

= Works in Standard Edition (with N
* Works in SQL Server, 2005+

= Dramatically reduces 10 when used cc

ERRAS

1 . . ®
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3. Computed columns

Example

CREATE TABLE [Sales].[SalesOrderHeader]
([SalesOrderID] [int] IDENTITY(1,1),
[SubTotal] [money],
[TaxAmt] [money],
[Freight] [money],
[TotalDue] AS
(isnull

(([SubTotal]+[TaxAmt])+[Freight]
,(0)))

GO

()SQL

intersection ~—————

© sQLintersection. All rights
http:; 5
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You can “persist”

CREATE TABLE [Sales].[SalesOrderHeader]
([SalesOrderID] [int] IDENTITY(1,1),
[SubTotal] [money],
[TaxAmt] [money],
[Freight] [money],
[TotalDue] AS
(isnull

(([SubTotal]+[TaxAmt])+[Freight]
,(0))) PERSISTED

GO

(3 SQL

Intersection 22]. — o) SQ}I;ti:l:ers;;:iV(;g. ALIiInrtights reiI-

You can index

CREATE TABLE [Sales].[SalesOrderHeader]
([SalesOrderID] [int] IDENTITY(1,1),
[SubTotal] [money],
[TaxAmt] [money],
[Freight] [money],
[TotalDue] AS
(isnull
(([SubTotal]+[TaxAmt])+[Freight]
,(9)))
)
GO

CREATE INDEX kl_SalesOrderHeader_TotalDue
on [Sales]T.[SalesOrderHeader](TotalDue)
INCLUDE (SalesOrderId);

GO

Note: This also makes the column PERSISTED

(3 SQL

Intersection - 5 saunaecior resii-

mtersec;ton
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Demo:
Indexed Computed Columns

Here’s the magic

= Queries can pick up the indexed computed column without directly
referring to it by name

o SQL Server matches the computation in the query to the computation in the
computed column

o Thenit can use the index on it

= Computed columns can also generate statistics that improve estimates and
get better plans

= This allow you to optimize some queries without changing their syntax!

(3 SQL

Intersection 224 0 sauin=recion Alugi resewi!

' 2QL
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Clustered index:
[PK_SalesOrderHeader_SalesOrderID]

Key

Column(s) Other Columns (some removed for display purposes)...

Revision Order Due . ((ls . . ModifiedDat
SalesOrderID SubtTotal TaxAmt Freight rowguid
Number Date Date t e
43659 3 2005-07-01  2005-07-13 205656206 19715149 616.0984 23153.2339 NULL Gupval 20050708
00:00:00.000
43660 3 2005-07-01  2005-07-13  1294.2529 124.2483 388276 1457.3288 NULL Gupval 20050708
- o @ 00:00:00.000
43661 3 2005-07-01  2005-07-13 327264786  3153.7696 985.553 36865.8012 NULL  GUDval 20050708
00:00:00.000

NonClustered Index on computed column:
SalesOrderHeader_TotalDue

TotalDue = — ”
isnull{([SubTotal]+[Tax  SalesOrderID Secret” column
Amt])+[Freight],(0))
1457.3288 43660
23153.2339 43659
368658012 43661 ,— Index statistics created on persisted values
This query is covered
SELECT

SalesOrderID
FROM Sales.SalesOrderHeader

WHERE (isnull(([SubTotal]+[TaxAmt])+[Freight],(0))) >
100;

SalesOrderID
1457.3288 43660
23153.2339 43659
36865.8012 43661
H1SQL
intersection 226 © SQ&;e/rsection. r:l! righs resenvdt

mtersec lon
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Indexed computed column perks

= Works in Standard Edition
= Works in SQL Server 2005+

= Can optimize code without requiring code changes in the client
application

(SQL

intersection L — e ©saintesecton. Aungms“
Summing up
Artisanal Indexes

mtersec::on
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Hand crafted indexes

Here’s how to recognize when to use these:

1. Application frequently queries a small subset of values in a columnin a
large table: Filtered indexes

2. Application frequently queries an aggregation on low or moderate write
tables: Indexed views

3. Application frequently queries computations (and you can’t make the
application just write the computed value in the first place): Indexed
computed columns

(3 SQL

Intersection 222_ — o) SQ}I;ti;»l:ers;ﬁg ALIiInrtights reseii

Remember to test first

= These features persist filtered/computed/aggregated values
= SQL Server needs to make sure that the values are computed in a way that
matches the client

= That’s why ‘SET’ options are so important!

_________________________________________________________________

| Msg 1934, Level 16, State 1, Line 1
t INSERT failed because the following SET options have incorrect settings:

(3 SQL

Intersection 230 0 sauin=recion Alugi reseﬁ
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Don’t overuse special indexes

= 99% of the time, you need plain old Clustered and NonClustered
indexes

* Don’t overload on indexes — adding indexed views (and then indexes on
the indexed view) piles up fast

* Don’t force yourself into using ‘recompile’ for lots of your queries to get
a filtered index to be used

* Don’t use indexed computed columns if you could just make the app
compute and write the value into a column itself

(3 SQL

intersection CEp—

SQlintersection. All rights
http://www.SQLint

When you find the right place to
implement a perfectly hand
crafted index, it’s delicious.

© SQLintersection. All rights rese
o .SQLint

intersection 232 hittp://wwwS
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SQLintersection
Session POSTCONO1

Developer’s Guide to Dangerous Queries

Jeremiah Peschka
jeremiah@BrentOzar.com

3SOL .
U intersection t

What bad patterns have we covered?

= Using built-in functions in the WHERE clause
® Full wildcards with LIKE

= Implicit Conversions

= Locking and blocking

= Residual predicates

= Plan compilation time out

(3 SQL

intersection gy ———

© sQlintersection. All rights
1 .SQLint
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We’ve already shown you why

= Indexes matter

= Everything can ruin SARGability
o Functions can mask data
o LIKE statements can require scans
o Implicit conversions are bad

= Locking and blocking can ruin your day

(3 SQL

intersection [ —

© sQLintersection. All rights resei
http://www.SQLint

Where to now?

Page 118
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Our Agenda

= Low Functioning Functions
= Nesting Habits of the Wild Query
= Blueprint Blunders

(3 SQL

intersection 237 -

© sQLintersection. All rights re
http://www.SQLint

Low Functioning Functions - . ‘

(3 SQL

intersection
mtersec:ton
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Scalar Functions

A function
that returns
a single value

' 2QL
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What could go wrong?

SELECT h.SalesOrderID,
SUM(d.UnitPrice) AS SumUnitPrice
FROM Sales.Customer c
INNER JOIN Sales.SalesOrderHeader h
ON c.CustomerID = h.CustomerID
INNER JOIN Sales.SalesOrderDetail d
ON h.SalesOrderID = d.SalesOrderID
WHERE  dbo.CheckPermissions(c.CustomerID) =
GROUP BY h.SalesOrderID;

(3)SQL

intersection

© sQLintersection. All rights r
*zb— http://www.SQLint

What could go wrong?

Query 1: Query cost (relative to the batch): 2%
SELECT h.SalesOrderID, SUM(d.UnitPrice) AS SumUnitPrice FROM Sales.Customer c INNER JOIN Sales.SalesOrderHeader h ON c.CustomerID = h.(|

= E & @ - i

e Stream Aggregate Nested Loops Nested Loops Filcer cCarn Z5E [Szxsncu()i: onC:
o (2ggregate) (Inner Join) (Inner Join) Cost: 17 % ustomer ome:
2 Cost: 0 % Cost: 0 % Cost: 0 % : Cost: 72 %

A

Index Seek (NonClustered)
1sal 1. [IX_

Cost: 5 %

559

Clustered Index Seek (Clustered)
t 11 [PK

Cost: € %

(3)SQL

intersection

© sQlintersection. All rights r
%‘ http://www.SQLints
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What could go wrong?

= Table 'SalesOrderDetail'.

Scan count 861, logical reads 2765
= Table 'SalesOrderHeader"'.

Scan count 121, logical reads 243
= Table 'Customer'.

Scan count 1, logical reads 37

(3 SQL

intersection

© sQLintersection. All rights reserved
Z& http://www.SQLint

What could go wrong?

= Table 'SalesOrderDetail'.

Scan count 861, logical reads 2765
= Table 'SalesOrderHeader'.

Scan count 121, logical reads 243
= Table 'Customer'.

Scan count 1, logical reads 37

(3 SQL

intersection 244 © SQlintersection. All rights reserved.
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Wait, what?

= CheckPermissions forces row by row execution.
o Increases access to underlying tables.
o No easy way to tell without in-depth investigation.
= This is going to be hard to find
o Average CPU per execution is 75 microseconds.
o 6 reads per execution.

(3 SQL

intersection 2 li_ am— o) SQ}I;ti:l:ers;ﬁ.r; ALIiInrights rii-

Identifying the Problem: Interactive Means

= Service Side Trace

o Requires the problem to be observed.

o This issue won’t show up in most traces: short duration, low reads.
= Extended Events

o Finer grained control.

o Same problems as a trace.

(3 SQL

intersection 2 ‘ﬁ. — © SQfll-ti:t:ers\:x."S- ALlll "rtights riii‘
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Identifying the Problem:
Historical Means

Plan Cache

o Historical information.

o Lightweight querying.

o We don’t have to prepare in advance to capture problems.
| like this approach

o It's lightweight.

o It lets me find problems | didn’t think to watch for.

(3 SQL

intersection w

© sQLintersection. All rights re:
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Demo!

(5 2QL
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What about TVFs?

A function
that returns
a tabular value

' 2QL

H . . ®
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v’

SQL

intersection

A TVF in Action!

|
EISELECT

‘ FROM  dbo.GetSalesByState(null);
100% =~ <

[ Resuts | [ Messages | 3 Execution plan |

Query 1: Query cost (relative to the batch): 100%
SELECT * FROM dbo.GetSalesByState (null)

= I =

SELECT “ Sequence Tah: Zaiue: ;um::;\.on
Cost: 0 & Cost: 5 % [GetSalesByState]

Cost: 3 %

m

Table Scan
[GetSalesByState]
Cost: 32 %

- © sQtintersection. Al rights r¢
. —— http://www.SQLi

A TVF in Actio 1] ! Physical Operation Table Scan

O’

SQL

intersection

Table Scan
Scan rows from a table.

Logical Operation Table Scan
Actual Execution Mode Row
Estimated Execution Mode Row
Actual Number of Rows 6669 '
umber ches
Estimated 1/O Cost 0.003125
Estimated Operator Cost 0.003392 (923%)
Estimated CPU Cost 0.000267
Estimated Subtree Cost 0.003392

EISELECT * Numberof Executions 1
FROM  dbo.GetSalesByState(null); =

100% ~ <

[ 50 Resus | [y Messages | & Execution plan |

Query 1: Query cost (relative to the b Actual“ bind: 0
SELECT * FROM dbo.GetSalesByState (null ActualRewinds 0
j : : Ordered False
SELECT | Sequence Table varu Node ID 3
Cost: 0 & Cost: 5 & “*‘i:ﬁ:'f
Object
[AdventureWorks2012_CS].[dbo].[GetSalesByState]
~ OQutput List
Table
[Getsale: [AdventureWorks2012_CS].[dbo].
Cost:

GetSalesByState]. MonthFirstDate,

AdventureWorks2012_CS].[dbe].
GetSalesByState].StateProvinceName,
AdventureWorks2012_CS].[dbe].
GetSalesByState]. TotalSales

s © sQlintersection. Al rights

mtersec::on
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Table Scan
Scan rows from a table.

A TVF in Actio n ! Physical Operation Table Scan

Logical Operation Table Scan

: H Actual Execution Mode Row

Now Wlth dlffe rent Estimated Execution Mode Row
pa ra meters Actual Number of Rows 37 '

jumber es

Estimated I/0 Cost 0.003125

Estimated Operator Cost 0.003392 (923%)

Estimated CPU Cost 0.000267

Estimated Subtree Cost 0.003392

[ISELECT *

Number of Executions
FROM  dbo.GetSalesByState(null); 7

100 %

= Resuts | 13 Messages | 3 Execution plan

~<

Query 1: Query cost (relative to the b Actual" bind: 0
SELECT * FROM dbo.GetSalesByState (null ac4 5] Rewinds 0
j ; _i; Ordered False
- k Table value Node ID 3

Sequence

[GetSales
Cost:

Object

B o
rap1e Output List
[Getsale: [AdventureWorks2012_CS].[dbo].
Gest: [GetSalesByState].MonthFirstDate,
[AdventureWorks2012_CS].[dbo].
[GetSalesByState].StateProvinceName,
[AdventureWorks2012_CS].[dbo].
[GetSalesByState]. TotalSales

[AdventureWorks2012_CS].[dbo].[GetSalesByState]

1 SQL

intersection

253 —

© sQLintersection. All rights re
http://www.SQLint

TVFs Give Bad Estimates

= Regardless of parameter, we get the same estimate.
= If you only have a few rows, don’t worry.
= If you have a lot of rows:

o Dump rows into temporary tables

o Re-write the TVF to inline

1 SQL

intersection

© SQlintersection. All rights
http://www.SQLinf
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An Inline TVF

= Asingle statement TVF can be inlined by the optimizer.
= When inlined:

o The body of the TVF is re-written into the query.

o We get good estimates.

o Things can run faster.

o Everyone wins, yay!

(3)SQL

Intersection 2“. — © sq:ti:t:ersvelﬁg ALIiInrights ri-

An Inlined TVF

=ISELECT
|FROM  dbo.GetMonthlySalesByState( California’);
00% - <

5
[ =1 Resuts | 3 Messages | & Execution plan

Query 1: Query cost (relative to the batch): 100%

SELECT * FROM dbo.GetMonthlySalesByState('California')

Missing Index (Impact 90.5046): CREATE NONCLUSTERED INDEX [<Name of Missing Index, sysname,>] ON [

= 23 c] ¢l =)

¢ Hash Match ¢ ' Nested Loops Nested Loops & Index Seek (NonClustered)
m (Aggregate) (Inner Join) (Inner Join) r 1. [RK S : ]
H % Cost: 15 % Cost: 0 % Cost: 0 %

Key Lookup (Clustered)
1. [PK_

Cost: 0 %

q 5y

Compute Scalar - [gClusceIed Index]s?g: {Clustered)

Cost: 0 %

Cost: 73 &

(3)SQL

Intersection ziﬁ. — © SQfl;ti:‘:ers\«e/x.r‘S- ALIiI"rights ri-

mtersec IOH
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Nested Loops
For each row in the top (outer) input, scan the bottom
(inner) input, and output matching rows.

That’s better!

Physical Op Nested Loops
Logical Op Inner Join
A(tual Execution Mode Row

FISELECT
| FROM dbo.GetMonthlySalesByState('Calif ‘Operator Cost 01409626 (19%)
0% -l — d1/0 Cost 0
| (3 Resuts | [y Messages | 2 Execution plan Estimated CPU Cost 0.131524
Query 1: Query cost (relative to the b¢ Subtree Cost 0.69524
SELECT * FROM dbo.GetMonthlySalesByStai Esti 1

d Numberof Executions

Missing Index (Impact 90.5046): CREATE

| sysname,>] ON [£

Output List
[AdventureWorks2012_CS].[Sales].
[SalesOrderHeader].SubTotal,
[AdventureWorks2012_CS].[Persen].
[StateProvince].Name, Expr1003

= ] ic] ;
#———— Hash Match ©  Nested Loo z nClustered)
m (Aggregate) (Inner Joi Actual Rebinds 0 !
Cost: 7 % Cost: 15 Actual Rewinds 0fos
Node ID 1
Predicate Fluscered)
[AdventureWorks2012_CS].[Person].[StateProvince]. | ScateProvince S..
[TerritorylD] as [sp].[TerritoryID]= 0 %
[AdventureWorks2012_CS].[Sales].[SalesOrderHeader].
[TerritorylD] as [soh].[TerritoryID] ﬂ:‘,

[scan (Clustered)
- [PK_SalesOrderHe..

73 %

(31 SQL

intersection 257 i
Functions in SQL Server
Pros:
o Encapsulate logic
o Re-usable
Cons:

o Provide inaccurate estimates
o Hide I/O requirements
o Obscure the cost of operations

SQL

U intersection

258 -

© SQlintersection. All rights
http://www.SQLinf

3)SQL
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Nesting Habits of the Wild Query 7 e

L.].l SQL

intersection

Correlated Subqueries

mtersec;ton

H . . ®
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A subquery tha

(3)SQL

intersection

What is a correlated subquery?

t uses values from an outer query.

© sQLintersection. All rights r
http://www.SQLint

Problems?

Extra reads and CPU time

o SQL Server may run the subquery once per row in the outer query.

Sudden offset

o Great in development, terrible in production.

o Difficult to identify without careful observation.

(3)SQL

intersection

"

© sQlintersection. All rights r
http://www.SQLinte
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Our awful query

SELECT SalesOrderID, SubTotal,
OrderYear, OrderMonth
FROM ( SELECT SalesOrderID, SubTotal,
YEAR(OrderDate) AS OrderYear,
MONTH(OrderDate) AS OrderMonth
FROM Sales.SalesOrderHeader
) AS x
WHERE x.SubTotal >
(  SELECT AVG(soh.SubTotal)
FROM Sales.SalesOrderHeader soh
WHERE  YEAR(soh.OrderDate) =
x.0rderYear
AND MONTH(soh.OrderDate) =
x.0rderMonth
)
U'I SQ L
intersection 63 9 Sclinterzecioy A&'ﬂ”ﬂhmf

What’s going on here?

Query 1: Query cost (relative to the batch): 100%

SELECT SalesOrderID, SubTotal, OrderYear, OrderMonth FROM ( SELECT SalesOrderID, SubTotal, YEAR(OrderDate) AS OrderYear, MONTH (Orderl]

= r Ezﬂ 3 Ejf}
Filter Nested Loops Compute Scalar Clustered Index s:;; (Clustered)
Cost: 0 % (Inner Join) T 0 8 L 1. [PK S
: Cost: 0 % : Cost: 1%
oz
o 3 i
Index Spool * Stream Aggregate
(Lazy Spool) Compuve Se = (ggregate)
Cost: 8 % osts Cost: 51 %

SQL

intersection

0

)

Clustered Index Scan (Clustere: d)
tsal 1. [PK_Sal

Cost: 40 &

© sQlintersection. All rights r
http://www.SQLinte
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Scan SalesOrderHeader

Clustered Index Scan (Clustered)
Scanning a clustered index, entirely or only a range.

Physical Operation
Logical Operation

Clustered Index Scan
Clustered Index Scan

intersection

Actual Execution Mode Row
Estimated Execution Mode Row
Storage RowStore
Query 1: Query cost (relative to the batch): 100%
SELECT SalesOrderID, SubTotal, OrderYear, OrderMonth FROM ( SELECT SalesOrde: Actual Number of Rows 31465
Actual Number of Batches 0
{55
= ) &= . “Hﬁgwps c 3 . , Estimated 1/0 Cost 0.509792
s (G doia) Compute Scalar (seiesoraecte Estimated Operator Cost 0.54456 (1%)
Estimated CPU Cost 0.0347685
Inde; Spool . E s umber of Executions 1
u:;z;_sp:ili s 08 atll’stim:mted Number of Executions 1
‘ ‘Estimated Number of Rows 31465}

r48:]
Actual Rebinds 0
Actual Rewinds 0
Ordered False
Node ID 2|

Object

() SQL

[AdventureWorks2012_CS].[Sales].[SalesOrderHeader].
[PK_SalesOrderHeader_SalesOrderlD]

Output List

[AdventureWorks2012_CS].[Sales].
[SalesOrderHeader].SalesOrderlD,
[AdventureWorks2012_CS].[Sales].
[SalesOrderHeader].OrderDate, [AdventureWorks2012_CS].
[Sales].[SalesOrderHeader].SubTotal

D://WWW.ST

TTer

What’s wrong here?

Index Spool
Reformats the data from the input into a
temporary index, which is then used for seeking
with the supplied seek predicate.

Query 1: Query cost (relative to
SELECT SalesOrderID,

SubTotal, OrderYear, O

the batch): 100%

= &3]
SELECT Filter
Cost: 0 &

Cost: 0 %

() SQL

intersection

== Nested Loops

rrou Physical Operation Index Spool ) A5 ordervear, MONTH (order]
@ Logical Operation Lazy Spool
! Actual Execution Mode Row
(Tnner Join) c"“’;::: s;?‘ Estimated Execution Mode Row
Gose 0% Actual Number of Rows 31465
i Actual Number of Batches 0
Inde; Spool Estimated Operator Cost 8.1379 (8%) [Clustered Index Scan (Clustered)
(Lazy spool) Estimated 1/0 Cost 0.003125 1.[PK_Sa
@ ©* Estimated Subtree Cost 97.4089 commr Ao
Estimated CPU Cost 0.0002581

l Estimated Number of Executions 31465.0039

Estimated Number of Rows 1
Actual Rebind: 1124
Actual Rewinds 30341
Node ID 9
Output List

Expr1005

Seek Predicate

Seek Keys[1]: Prefix: [AdventureWorks2012_CS].
[Sales].[SalesCrderHeader].OrderDate = Scalar
Operator([AdventureWorks2012_CS].[Sales].
[SalesOrderHeader].[OrderDate])

© sQlintersection. All rights r
http://www.SQLINt

SQL
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What’s wrong here?

= Table 'Worktable'.
Scan count 32589, logical reads 69792

= Table 'SalesOrderHeader'.
Scan count 1125, logical reads 775125

= We read 6,759,336KB to perform this query

(3 SQL

Intersection . 2ﬁZ_ - o) SQ}I;ti;»l:ers;;:Lc:; ALIiInrtights reseii-

A re-write!

SELECT SalesOrderID, SubTotal,
OrderYear, OrderMonth
FROM (
SELECT SalesOrderID,
SubTotal,
YEAR(soh.OrderDate) OrderYear,
MONTH(soh.OrderDate) OrderMonth,
AVG(SubTotal) OVER
(PARTITION BY YEAR(soh.OrderDate),
MONTH(soh.OrderDate)
) AS AverageSale
FROM Sales.SalesOrderHeader soh
) AS x
WHERE SubTotal > AverageSale ;

(3 SQL

Intersection 268 0 sauin=recion Alugi resewﬁ

' 2QL
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What happens now?

sELECT

Qaexy 1 Quesy cost (zelacive co che bacen):
1

100%

FROM ( SELECT SalesOrderID,

SubTotal, YEAR(soh.

, MONTH (soh AVG (Su)

=

=

Filver
Cost: 0 %

3

Cost: 0 %

() SQL

intersection

Compute Scalar

gl
Sescad oops
(Gaoat soit
e

] m 3

Table Spoot sequan: sort
Lazy Speol) cose: 2 % Cose: €5 %

@ 3 i

Nested Loops Strean Aggregate
Compute Scalar
(Inner Join) pvtyy (aggregate)
Cost: 0 % Cosz: 0 %

]
S ot

(Lazy Spool)
Cosz: 0 %

Compute Scalar

5]
Crassesed odex Soan (Clussazes)
[ b

Cost: 0 %

F]

Table Spool
(Lazy Spool)
Cosz: 0 %

© sQLintersection. Al rights r
- http://www.SQLi

What happens now?

Physical Operation

Clustered Index Scan (Clustered)
Scanning a clustered index, entirely or only a range.

Clustered Index Scan

Logical Operation

Clustered Index Scan

() SQL

intersection

[AdventureWorks2012_CS].[Sales].[SalesOrderHeader].
[PK_SalesOrderHeader_SalesOrderlD] [sch]

Output List

[AdventureWorks2012_CS].[Sales].
[SalesOrderHeader].SalesOrderlD,
[AdventureWorks2012_CS].[Sales].
[SalesOrderHeader].OrderDate, [AdventureWorks2012_CS].

[Sales].[SalesOrderH

Actual Execution Mode Row
Esti d Execution Mode Row
Storage RowStore |——]
Query 1: Query cost (relative to the batch): 100%
SELECT Sal . FROM ( SELECT SalesOrderID, SubTotal, YEAR( Actual Number of Rows 31465 |vo (suy)
@ E - Actual Number of Batches 0
= = 3 Nested Loops Table Spool m Esti d 1/0 Cost 0.509792 |ea)
Filzer Compuse Scaler (Inner Join) (Lazy Spool) Segment, Esti o 9) [de=e
m Cose: 0 8 Cose 0 8 Jota basy fpocd Cost: 2 8 Operator Cost 0.54456 (16%)
Estimated CPU Cost 0.0347685
el 3 i
termed Looee cempuze scater i Number of Executions 1
Cose: 0 % oo i d Number of Executions 1
E Estimated Number of Rows 31465
Table Spool
(tazy speel)  Actual Rebinds 0
Cost: 0 %
Actual Rewinds 0
Ordered False
Node ID 7
Object

eader].SubTotal

10 ;

© SQlintersection. All rights
http://www.SQLi
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Everything runs once!
Segment
Segment.
Physical Operation Segment
e i, Bt e amevebes biaasusasiit e (| sEizcr sixesosassaD,, susrol LOGHC OBSTItIon Segment _—
Actual Execution Mode Row
(51 o ]
2" 3 7 Etmateabxecution Mode = Ry -
SELECT Filter Compute Scalar o Seq
Cosz: 08 Cost: 0% Cosz: 0% ot “Q;’j"“” cos: Actual Number of Rows 31465 [t 3
Actual Number of Batches 0
o] Estimated I/O Cost 0
inmar Socmy ce= Estimated Operator Cost 0.05939 (2%)
cosr 0% Estimated CPU Cost 0.0593869
Estimated Number of Executions 1
‘B Number of Executions 1
Estimated Number of Rows 31465
Actual Rebinds 0
Actual Rewinds 0
Segment Column Segment1006
Node ID 4
Output List
[AdventureWorks2012_CS].[Sales].
[SalesOrderHeader].SalesOrderlD,
[AdventureWorks2012_CS].[Sales].
[SalesOrderHeader].OrderDate,
@ [AdventureWorks2012_CS].[Sales].
‘ j S [SalesOrderHeader].SubTotal, Expr1001, Expr1002,
- L éegmenstw[)ﬁ
. . roup By —
U intersection 2y Expr1001, Exprion? iR

What’s going on here?

= Table 'Worktable'.
Scan count 3, logical reads 64141

= Table 'SalesOrderHeader'.
Scan count 1, logical reads 689

= We’ve reduced the amount of 1/0 to 518,640KB

(3)SQL

Intersection zﬂl - © SQ:::‘:ers:/x."s' ALIiI"rights ri-
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Simple Rewrites Save Time

By re-writing the query slightly differently:
o SQL Server produces a better plan.
o We read the table only once.
o The code is, arguably, more maintainable.
Most importantly:
o We eliminate multiple executions of one code fragment.

(3 SQL

intersection g

© sQLintersection. All rights re:
http://www.SQLint

Nested
Views

(5 2QL
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It’s so simple!

SELECT TOP 10 *
FROM [dbo].[ILookReallySimple]
WHERE  Columnle = @Columnl@Value
OR Columnll = @ColumnllValue
ORDER BY ADateColumn DESC

(3 SQL

intersection 215_ o) SQ}I;ti?l:ers‘:;t:;; ALIjInrights ri“

.. What?

(3 SQL

intersection qu © SQrttT‘:erS\:m."s- ALIjI "rtights rii“
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The problem with nested views

= |It’s not directly a problem with nested views.

= |t’s a problem of query complexity.
This is just the total number of

o 2 tables —2 ways to join possible join combinations and
o 3tables—9 ways to join doesn’tinclude optimizer smarts

o 4 tables — 64 ways to join

o ..

o 10 tables — 1,000,000,000 ways to join
= At some point the optimizer will give up and return the best plan it has

right now.

(3)SQL

Intersection 21‘_ — © sq:ti:t:ersvelﬁg ALIiInrights ri-

Finding Exhausted Optimizers

[ Optimization Level FULL l
Parameter List Columnl4, Columni3

Physical Operaticn
AABS149FC515
241222867

[ Reason For Early Termination € Time Cut

n

QueryHash OxF71A

QueryPlanHash

(3)SQL

Intersection ZZEI — © SQfl;ti:‘:ers\«e/x.r‘S- ALIiI"rights ri-
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Getting Rid of Nested Views

= Break out the query.
= Re-write using temp tables.
o Insertinto temp table from view.
o Join between temp tables.
o May appear more complex, almost always faster.
=  Only use the tables you need.
o Track down the columns you need.
o Re-write your query to avoid views.
o May not always be possible, depending on permissions.

(3 SQL

Intersection 21‘.j — o) SQ}I;ti;»l:ers;ﬁg ALIiInrtights reseii

Why no working example?

= We didn’t produce an example in AdventureWorks that did the wrong
thing.
= |n fact, in trying to “do the wrong thing” we made our queries faster.
= Want to prove it out for yourself?
o Open up SSMS and get cracking!
o Look in your own code base.
o This is really time consuming if you’re starting from scratch.

(3 SQL

Intersection 250 0 sauin=recion Alugi reseﬁ

' 2QL
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Database Design Anti-Patterns - -

L‘]" SQL

intersection

Why Database Design?

= Bad design choices
o Last forever.
o Cause strange querying decisions.
o Make you cringe in 6 months.

(3 SQL

intersection 282 -

© sQLintersection. Al rights r
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Entity
Attribute
Value

Oh the horror!

(3 SQL

intersection

mtersec::on
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What’s in an attribute?

ThinglID
AttributeName
AttributeValue

= Guess which columns are VARCHAR

(3 SQL

Intersection 255_ — o) SQ}I;ti:l:ers;;:iV(;g. ALIiInrtights reiI-

Problems with basic EAV

= There’s minimal integrity.

= Can you ensure that
o There are no Status attributes with a value of ‘QDASLKFAJSF’?
o Number of Children is numeric?

= Almost every query requires a PIVOT.

= Complex predicates are very difficult

(3 SQL

Intersection 285 5 saunaecior resii-

(5 2QL
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A mildly better approach

ThinglID

AttributeName
AttributeStringValue
AttributeDateValue
AttributeNumericValue
AttributeLobValue

(3 SQL

Intersection 251_ — o) SQ}I;ti:l:ers;;:iV(;g. ALIiInrtights reiI-

A mildly better approach

ThingID

AttributeName
AttributeStringValue
AttributeDateValue
AttributeNumericValue
AttributeLobValue

At least we can index it...

(3 SQL

Intersection 28 5 saunaecior resii-

(5 2QL
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This is not an easy problem

= Salesforce went so far as to publish a whitepaper on how they make things
work:
The Force.com Multitenant Architecture

= |t boils down to:

o Indexable structures | [ma (i
o Rich metadata o e froa ko
1 ] Sl ]
o Materialized views T [lamaesn)
s (=3
T
T
[NameDenom|
Jcoioct mtance
EE
objects. | Pivot table

for Name
field index

others

(3)SQL

intersection 253_ o) SQ}I;ti?l:ers;;tli:;; ALIiInrights riﬁ

This is not an easy problem

= Salesforce went so far as to publish a whitepaper on how they make things
work:
The Force.com Multitenant Architecture
= |t boils down to:
o Indexable structures

o Rich metadata
o Materialized views

[sistonsnps]|
] ot tabe for
D E— foren keys
[ NameDenom|

| Pwot table for
wml stance

o Excessive query hinting

(3)SQL

intersection zsq © SQrI;ti?t:ers;gi\:g. ALIjI "rtights riii-
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Solving the problem - 1

Semi-structured data

o Materialize the most common columns

o Store unknowns in a single column (NVARCHAR or XML)
This prevents many of the problems of an EAV model.
This leaves you with unindexable blob data.

You can mitigate the indexing with FTS or a third party FTS tool (like

Lucene or SOLR).

(3 SQL

intersection Y

© sQLintersection. All rights resei
http://www.SQLint

Solving the problem - 2

Post processing
o Stick with EAV for storing raw data.
o Create additional processes to materialize data.
This can be accomplished with:
o Materialized views.
o Async triggers.
o Moving logic into the application tier.
This will almost certainly require scaling with hardware.

(3 SQL

intersection 252

© sQLintersection. All rights resei
http://www.SQLinte
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What Can We Do? g

L‘]" SQL

intersection

Patterns and Anti-Patterns

= Understand the data access patterns of your code.
= Write code for convenience.
= Tune for performance.

(3 SQL
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Session POSTCONO1

Make SQL Server Apps Go Faster

Brent Ozar, Jeremiah Peschka, and Kendra Little
Help@BrentOzar.com
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Question:
What is the #1 best
thing you learned this
week?
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Your top-secret page for the scripts
we showed today (and more):
http://BrentOzar.com/go/zoom

Password: notslower

When you get home

= Analyze wait stats
= Find the queries & tables
causing the problem

o Sp_WholsActive

o Top queries in plan cache

o Extended Events
® Tune, test, and deploy

o Weed out the common T-SQL antipatterns

o Improve the indexes and the data design antipatterns
= Start the process again with wait stat analysis

(3 SQL
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How to Get Help

= Wait stat worries? Execution plan oddities? Post it:
o Developers: http://StackOverflow.com

o DBAs: http://DBA.StackExchange.com,
or http://SQLServerCentral.com

= No answers in an hour?
o Tweet the link with #SQLhelp.
= No answers after a day?
o Email the link to Help@BrentOzar.com.

o Mention that you were in this workshop!

1
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Please evaluate BRENT OZAR

Don’t forget to complete an online evaluation on EventBoard!

Session: POSTCONO1

Make SQL Server Apps Go Faster
Your evaluation helps organizers build better conferences,
and helps speakers improve their sessions.

L'lj SQL Thank you!

intersection

ERRAS

1 . . ®
Page 150 Copyright Brent Ozar Unlimited ® 2014



	2a - How to Think Like the Engine - Demo Pages.pdf
	p1
	p2
	p3


