Online ongemand Project Support £

SQL Server Performance

Opt|m|erung fur Entwickler

t=l_=i(.—-—

llll%

3 . —
_x =
\ :\q._; 2 -\ \ o ‘c-‘_‘—\;:‘-_v\ e = ==

e

Thorsten Kansy (tkansy@dotnetconsulting.eu)



Thorsten Kansy

1 1 17 &S YiaBRHEEn

Freier Consultant, Software Architekt,
Entwickler, Trainer & Fachautor

cenet @ net

ASPnet. - g N .wﬁ
% Microsoft”
st L E’% SQL Server
SQL Server Analysis Services

Microsoft

% §C3°f Server i :’f@ §(§° L Server

Integration Services Reporting Services

£J Windows Azure

(7

DOTrner CONSULTING

Iy Thesian Kary



Motivation

* Ubersicht
* Grundlagen
* Wichtiges

e Spald
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Zeitliche Planung

9:00 Uhr bis 17:00 Uhr

Mittagessen
12:00 Uhr bis 13:00 Uhr
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Agenda

* Praktische Tipps
* Tabellendesign
* Versteckte Bremsen

e Ad hoc vs. Procedures & Co.

 Tabellen und deren Indizes

e Tools
e Hilfreiche Helferlein

S
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Datenbankdimensionierung

GroRe (voraus-)planen
Automatische VergrolRerung

Aufteilung auf mehrere Dateien =7

Faachy
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Tabellendesign — die grolsten Stinden

* Datentypen

* Unicode oder nicht Unicode?
* Berechnete Spalten

* BLOBs

 NULLable

* Redundante Daten

Weniger Arbeit fir CPU und 1/O System
plus effizientere RAM-Ausnutzung!

S

DOOTrer CONSULTING



Der richtige Datentyp

 DATE/ TIME statt DATETIME etc.

e BIT statt CHAR(1)

 TINYINT, SMALLINT, INT, BIGINT statt DECIMAL(n,0)
* CHAR statt VARCHAR(1)

@

https://docs.microsoft.com/en-us/sql/t-sgl/data-types/data-types—-transact-
sql?view=sqgl-server-2017
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Unicode oder nicht Unicode?

* Erhohter Speicherbedarf
* Besonders Sortierung aufwendiger

@

https://technet.microsoft.com/de-de/library/msl189617 (v=sgl.105) .aspx
3
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Berechnete Spalten

e Sparen Speicherplatz, kosten Performancen
e Kbnnen persistiert werden
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NULLable

e Leere Felder” als NULLable markieren
* Effizientere Verarbeitung und Speicherung
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Blobs (Big large Objects)

- (N) VARCHAR (MAX) , TEXT @@
e Out-of-Row-Storage mittels Pointer
e Jede NOT NULL-Spalte min. 24 Bytes

* Komplize von ,,SELECT *“

S
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Versteckte Bremsen

* Trigger

* Check Constraints

* Unnotiges Lesen von (statischen) Inhalten
e SELECT N+1

S
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hoc vs. Prozeduren & Co.

Ad-hoc-Abfragen
flexibel
oftmals langsamer

Prozeduren & Co.
starrer
Ausfihrungsplane

5]

Selecta page

2 General

| 1A Memory

%A Processors

127 Security

27 Connections

7 Database Settings
|48 Advanced

7 Permissions

| Connection

Server:

| Connection:
DESKTOP-MLE5SEFH theans

| & View connection properties

Progress
Ready

DOOTrer CONSULTING

Ere THews Ky

;g Script U Help
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+ FILESTREAM
FILESTREAM Access Level
FILESTREAM Share Name

v Miscellaneous
Allow Triggers to Fire Others
Blocked Process Threshold
Cursor Threshold
Default Full-Text Language
Default Language
Full-Text Upgrade Option
Max Text Replication Size

Full access enabled
MSSQLSERVER

Scan for Startup Procs
Two Digit Year Cutoff

v  Network
Network Packet Size
Remote Login Timeout

v Parallelism
Cost Threshold for Parallelism
Locks
Max Degree of Parallelism
Query Wait

Optimize for Ad hoc Workloads

When this option is set, plan cache size is further reduced for single-use adhoc OLTP workload.

(® Corfigured values

(7 Running values

0K

Cancel
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Primary Key?

Jeder Primary Key ist ein Index
Jedoch:

Ein Index ist nicht zwangslaufig ein Primary Key

S
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Wichtige Arten von Indizes

 Kein Index (Heap)

* Clustered Index

* Non Clustered Index

* Clustered ColumnStore Index
* Hash Index (Range Index)

S
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Heap

* Tabelle, die keinen Clustered Index besitzt
 Kann Non Clustered Index besitzen
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Clustered Index

* Legt die physikalische Reihenfolge der Zeilen fest
(,Der Cl ist die Tabelle, die Tabelle ist der CI*)

* Es kann nur einen Cl geben
* Max. Grof3e 900 Bytes

S
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Non Clustered Index

e Standard“-Index

* Max. 999 pro Tabelle

* Max. Grolse pro Index 1.700 Bytes
* Benotigtzusatzlichen Speicher

S
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Clustered Columnstore Index

* Hohe Kompression
 Ab 2016: sekundare Indizes moglich

S

DOOTrer CONSULTING

23



Hash Index (Range Index)

* Nur fur Memoy Optimized Tables

* Tabelle wird beim Start der Datenbank ins RAM geladen
* Hash Index/Range Index

 Abweichendes Transaktionsverhalten (!)

S
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Sonstige Arten von Indizes

e XML-Index
e Volltext-Index

* Raumlicher Index
* Geometry und Geography

S
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Mengengerust

* 10 Mio. Zeilen (dbo.ProduktverzeichnisQuelle)
e Recovery Mode Simple

 Datenbank ausreichend dimensioniert (~¥80% frei)

* Importieren (alle Zeilen)

S
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» Demo O

02 Indizes\01 IndexSetup.sql

(7
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» Demo O

02 Indizes\02 Insert.sql
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INSERT-Performance

S
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Insert-Performance (10 Mio Zeilen)

Werte in Sekunden
60

50 49

40 39

31 33 34 32

30

21 og 22
20

10

Clustered Columnstore
Index

Heap Non clustered Index Clustered Index

m 8 Kerne = MaxDop 1
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29 30

Memory Optimzed (Nur
Schema)
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Speicherbedarf auf I/O System

2500

2000

1500

1000

500

2026

Heap

2026

Non clustered Index

Werte in MB
2053
1190
Cluster Index Clustered Columnstore
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2315

0

Memory Optimized Memory Optimized (Nur

Schema)
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Speicherbedarf im RAM

2500

2000

1500

1000

500

2315

Memory Optimized

Werte in MB

(7

DOTrner CONSULTING

oy Thorstan Kansy

2315

Memory Optimized (Nur Schema)
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SELECT-Performance

S
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) Demo O

02 Indizes\03a Select.sql
02 Indizes\03b Select MaxDop.sq|
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Warum ohne Heap?

e Schon 10.000 Selects dauern 1.504 Sekunden
(ca. 25 Minuten)

* Wie lange dauern dann 100.000?

S
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SELECT-Performance (100.000 Zeilen zufallig)

100
90
80
70
60
50
40
30
20
10

125 11,7

Non clustered Index

Werte in Sekunden

93

74
11,6 10,3
I
Clustered Index Clustered Columnstore Index Memory Optimized

m 8 Kerne = MaxDop 1
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0,7 0,7

Memory Optimized (nur
Schema)
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Was beeinflusst das Ergebnis?

* Parallelisierung (MAXDOP)

* Breite der Zeilen (Bytes)
/O System

* Netzwerk (Bei Ruckgabe)

S
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UPDATE-Performance

S
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) Demo O

02 Indizes\04a Update.sql
02 Indizes\04b Update MaxDop.sq!
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Update-Performance (100.000 Zeilen zufallig)
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Werte in Sekunden
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Clustered Index Clustered Columnstore Index Memory Optimized

m 8 Kerne = MaxDop 1
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Clustered Columnstore Index

Deltastore ist angewachsen (B-Tree)
SELECT * FROM sys.column store row groups WHERE OBJECT ID =

OBJECT ID('dbo. ProduktverzeichnisClusteredColumnstoreIndex' )
] Resuits _'_1 Messages '
object_id index_id  partition_number row_group_id  delta_store_hobt_id gtate  state_description total_rows deleted_rows  size_in_bytes
1 1301579675 | 1 1 ) 72057504044416000 1 OPEN 50352 NULL NULL
2 1301579675 1 1 51 NULL 1 COMPRESSED 42849 380 795162
3 1301579675 1 1 50 NULL 1 COMPRESSED 200916 1745 1579710
4 1301579675 1 1 59 NULL 1 COMPRESSED 243875 2115 4830004
5 1301579675 1 1 58 NULL 1 COMPRESSED 29186 218 £44470
§ 1301579675 1 1 7 NULL 1 COMPRESSED 214725 1818 4252916
7 1301579675 1 1 56 NULL 1 COMPRESSED 243308 2134 4830272
8 1301579675 1 1 55 NULL 1 COMPRESSED 15350 121 289444
5 1301579675 1 1 54 NULL 1 COMPRESSED 228461 2040 4524576
10 1301579675 1 1 53 NULL 1 COMPRESSED 243812 2081 48223280
11 1301579675 1 1 52 NULL 1 COMPRESSED 1638 17 1714
12 1301579675 1 1 51 NULL 3 COMPRESSED 242015 2121 4793684
13 1301579675 1 1 50 NULL 1 COMPRESSED 231971 2063 4594512

DOOTrer CONSULTING
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DELETE-Performance

S
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) Demo O

02 Indizes\05a Delete.sql
02 Indizes\05b Delete MaxDop.sq|!
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Delete-Performance (100.000 Zeilen zufallig)
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Werte in Sekunden
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[ —
Clustered Index Clustered Columnstore Index Memory Optimized

m 8 Kerne = MaxDop 1
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Best Practices

*  C(Clustered Index

Haufigster Zugriff (Primary Key)
. Non Clustered Index

Haufige Zugriffe (Suchen)

*  (Clustered Columnstore Index
Grol3e Zeilenanzahl und statische Daten (historische Daten)

e  Memory Optimized (Schema Only)
Schnelle Erfassung/Zwischenergebnisse
Bei viel RAM eine Option

S
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Natively Compiled Procedures

*  Nur fir Memory Optimized Tables
e T-SQL wird in C Ubersetzt
 Viele Funktionalitaten fehlen (noch), d.h. viele Einschrankungen

Summierung (Werte in ms)

Ad Hoc [ 1734
Stored Proc I 1 786
Natively Compiled Proc | NN -/°

0 200 400 600 800 1000 1200 1400 1600 1800 2000
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) Demo O

02 Indizes\ 06 Sum Natively Comp Proc.sql

(7
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Indizes anlegen

* Non Clustered Index

. Filtered
. Included
* Unique

e Clustered Index
* Unique

e Clustered ColumnStore Index

DOOTrer CONSULTING
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Index-Wartung

* ALTER INDEX..REORGANIZE
* ALTER INDEX..REBUILD
* CREATE INDEX WITH DROP EXISTING

* Fragmentierung < 10% oder < 1000 Seiten: Nichts!
* Fragmentierung 10%-30%: REORGANIZE
* Fragmentierung >30%: REBUILD

S
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Index-Verwendung

*sys.dm db index usage stats
e Seek => Suche mittels Index
e Scan => Durchlaufen des Index
* Lookup =>i.d.R. Joins

*sys.dm db missing i1ndex details

DOOTrer CONSULTING
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) Demo O

04 Tools\Ola DMV Indizes.sq|
04 Tools\O1b DMV Indizes.sq|

DOOTrer CONSULTING



Automatic Tuning

-- Einschalten

ALTER DATABASE CURRENT SET AUTOMATIC_TUNING =
AUTO | INHERIT | CUSTOM;

-- Einschalten

ALTER DATABASE CURRENT SET AUTOMATIC_TUNING

(
FORCE_LAST GOOD PLAN = ON,

CREATE_INDEX = DEFAULT,
DROP_INDEX = OFF

I

i'Ehttps://docs.microsoft.com/em—us/azure/sql—database/Sql—
database-automatic-tuning-enable
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Statistics Time/ 10

SET STATISTICS TIME ON/ OFF;
CPU Time => verbrauchte CPU-Zeit
Elapsed Time => gemessene Zeit

SET STATISTICS 10 ON/ OFF;

Physical Read => Zugriff auf I/O System
Logical Read => Zugriff auf |/O System oder Buffer

S
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» Demo O

04 Tools\02 Set Statistics.sql

(7
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Client Statistics

Ausfihrungsstatistiken im SSMS anzeigen

fkl\ 02 Set Statistics.sql - (local).Video2Brain (DESKTOP-ML55EFH\tkans (63))* - Microsoft SOL Server Management Studio

File Edit View Query Project Debug Tools SQOLPrompt Window Help
P@-o (8@ 0L M| D NewQuey BBBB( XTI - &
%32 | Video2Brain ~ | ¥ Execute Debug vicHE 8|3 “Ié J g51e] |

h

-- Jedoch wird keine Garantie ibernommen§

:ObjectEprorer M Sl 02 Set Statistics.s...-ML55EFH\tkans (63))* + X ‘

Connect~ 37 =9

PR

7 Resuts |3 Messages U3 Client Statistics

 Client Execution Time

Query Profile Statistics
Mumber of INSERT, DELETE and UPDATE statements

Rows affected by INSERT, DELETE. or UPDATE statem. ..

Mumber of SELECT statements
Rows retumed by SELECT statements
Mumber of transactions
MNetwork Statistics
MNumber of server roundtrips
TODS packets sent from client
TD'S packets received from server
Bytes sent from client
Bytes received from server
Time Statistics
Client processing time
Total execution time

Wait time on server replies

DOOTrer CONSULTING
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Trial 2

i 12:38:47

(=T S I L=~

Ped

323
1669

152
145

= =1 1} + 441l

-« 1

Trial 1
12:38:39

[=TR S T I =]

Pl

324
1666

3
173
170

Average

0.0000
0.0000
4.0000
2.0000
0.0000

+ 4+ 444

2.0000
2.0000
2.0000
326.0000
1667.5000

+ 4444

+

3.0000
162 5000
159.5000

+ 4
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Austuhrungsplane & Live Statistics

Grafische Anzeige im SSMS

Geschatzter AP => wahrscheinlicher AP bei der nachsten

Ausfuhrung

Tatsachlicher AP => der verwendete AP nach Ausflihrung

237 | Video2Brain ~ | ¥ Execute Debug

"Object Explorer it X’

{5{: 02 Set Statistics.sql - (local).Video2Brain (DESKTOP-ML55EFH\tkans (63))* - Microsoft SQL Server Ma

n
View Query Project Debug Tools SQOLPrompt Window Help 'i

|8~ -2 M ¥ D NewQuery [0y 05 08 DY - |

om i
3 Messages 4 Execution plan

02 Set Statistics.s...-ML35EFH\tkans (63))* & X

Query 1:

4 -- Jedoch wird keine Gara| Missing Index (Impact 99.9835):

Query cost (relative to the batch): 100%

SELECT * FROM [dbc].[ProduktverzeichnisHeap] WHERE IDENTITYCOL = 23423
CREATE NONCLUSTERED INDEX [<Name of Missing Index,

sysname,>] ON [dbo]l.[

)
]
3

a "
’-3\‘5)\ ot St s DA A 'lf.;‘rw-‘kw‘\",%»«*\»r""\ =841

SELECT
Cost: 0 %

b

=
Parallelism
(Gather Streams]
Cost: 1 %

DOOTrer CONSULTING
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Table Scan
[ProduktverzeichnisHeap]
Cost: 55 %

o e s - _‘*A—-MM#-\“-“xﬂqm,_,\*“'ﬂ“\ﬂ,_‘#,‘ ...____ur___‘,.-bq..__\'

Mo m man



Demo &




Live Query

Echtzeit-Ausfihrungsplan wahrend der Ausfihrung

Alternativer Start via Activity Monitor
Trace Flag 7412

f;\; 02 Set Statistics.sql - (local).Video2Brain (DESKTOP-ML55EFH\tkans (63))* - Microsoft SQL Server Manageme’
File Edit View Query Project Debug Tools SQLPrompt Window Help

OO0 (B oMM D NewQuey YBBWBE (X A2 | B

3 I 3 ko

& 8]

: - @ Ij

Hexted Loocpx Sazted Locpa - . Cluztarsd Indax Scac (Cluzteoed)
Coxgrates Scelar B ——— © 3 TFiltss Compute Scalar

SELXCT @:z01:97

[ay=scholrja] - [clat]
1 | =R . " = D:ga:o? B201:ET zOLzaT graLaeT ozoa:eT
ﬁi ‘ Video2Brain ~ ¥ Execute Debug v 23 il ﬁ | g’u g‘g “fi &‘:5] @ Somm s w43 cane 373 dooe R memm Rl 0% dooa
s=a———— 13262802300 e srnzomn 2387 2387 e
‘ Object Explorer * o X ‘ 02 Set Statistics.s...-ML35EFH\tkans (63))* + X
Connect~ 3 43 2 4 -- Jedoch wird keine Garantie lber i = -—ﬁ Iib
.. = 3 v R = . it e S = 3 = Table Spacl — - _ Clustared Index Scon [Clustmzed)
st BT o cn R tonss, *_.w MJ&WQJB‘I _M\Wg&hﬁqf: r_:.;:,:n::;au :!:‘:1:;:1 Etnwtﬂ:suz:_u_ |,,—..¢:ﬁg:1u; l=lasl
!T‘H:o;ﬂl ]j.s::ﬂll !!al::ﬂ. 3"'::“
2387 387 2287 2367

W = 3 ke

Tokls Spoal

Cluztazsd Index Scen [Cluataced]
riltar Comgrmts Scalar
[Lazy Speall [ayaachabial. [clak]
. o:ea:07 o:pL:07 R
N §43 Saonm EFE donm N
T e e
- 2z87 z3ET -
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QL Server Profiler

Aufzeichnung aller SQL-Server-Abfragen

5;;" Solution1 - Microsoft SQL Server Management Studio

File Edit View

SQL Server Profiler
Database Engine Tuning Advisor

Code Snippets Manager... Ctrl+K, Ctrl+B
Choose Toolbox tems...

External Tools...

Check for Updates...

Import and Export Settings...

Customize...
£ Options...

2] }j ReportServer
ket o, BemnrtSegalen

Project Debug [ Tools | SQL Prompt

M S Server Prefiler
File Edit View Repley

Teok

Windew

Help

|

<

dUSEfaz v RANITE P

TS

047 -02-03

3017-02-03

2017-02-03

2017-02-0%

2017-02-08

| Tasbets [ Apicatontione | Nitsetiome | Lopntowe | CPU | Resds | Vétes | Dumion | CetProcessiD | SPID | S
-= fwtwork protecol: LPC  set quote,., Wicroseft 5Q... tharny®. .. Migros,., 15832 F4 2047-03-07 11:
Mgt Login -= metwark protocel: LPC  set gquote.., Migrosoft SQ.,, tksmy®... Nicros.., 18832 7 2047-03-07 23:34:34,,
SO :BatchStarting SELECT SYSTEM_USER Microsoft 5..., tEamy®,... Micros,,. 15832 §7 2047-03-03
atcniompleted SELECT SYSTEM_ VS Wigrosocfs tkaay?, .. Micros... 2 o 9 15832 57 2047-03-03
QL iRatchStarting SELECT SERVERPROFEATY('Engimefdisio,,, Wigrosofs tearsy?, . Nigros, ., 15832 57 2047-02-03
SELECT SERVERFROFEATY( ‘Engime€ditio,., Microsoft S tansy?, N1CrOS. .. 9 ° o 15432 §7 201 2-03
| ] SEY ROWCOUNT O SET TEXTSIQE J147483.., wWigcrosoft 5Q.,, tEkamsy®... Micros.., 15832 57 2007-02-03 1311413
SQLisatchConpleted SEY ROWCOUNT O SET TEXTSIZE 2147483.., Wicrosoft 50... tkensyd. N1CTOs. .. o (-] 0 15832 §F 2047-02-03 13:14704...
S0 BatchStarting select Mspidr  select SERVERPROPER, ., MWicrosoft 5Q.,, thansys, NICrO%, .y 15882 5y 13
SqL s atchonpleted select #ospidi  select SERVERPROPER,., WICrosoft Q... tkansyd, M1Cros, .y ° ° © 15832 5 13
AgdtT Login -= network Protocoll LAC 58T QUOTE.., WICrosoft S4.., tkansy®,.. MN1Cros. ., 15382 a3 13:
SquisatchStarting DECLARE gedition sysname; SET gedit... MWiTrosoft 59 tharsy®. .. MNicros... 15852 63 13:
s isatcncompleted DECLARE @edi1Tion Sysnawe; S2Y sedit.., MWIcrosoft 59... thansy®... WNICros.., 2 ° ° 15852 63 2017-02-03 13
AT LODOWT MICros0fT ... TKANSYS. MICros. ., 2 ° L 15832 €3 2017-02-0% 137141231,

BET ROWMCOONT 0 SET TRNTSIIE Z347483647

55T MOCOUNT OFF SBT COACAT_NULL_YISLDS _NuiL

(7
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OA SET ARTTAARORT OFF 58T LOCK_TIVEOUT

< 1 ST QUERY_GOAVSRNOR_COST_LINIT 8 557 DEAOLOCE_PRIORITY ACRMAL 587
KOMMITTED  SET AMEI_MALS OX SET ARST MAL DFLT ON ON SET AKSI_FADDING ON SET ANSI_WARNINGS On S8T CIRSOR_CLOGE_ON_COMMIT OFF SET IMPLICIT_TRANSACTIONS OFF 58T QUOTEO_IDENTIFIER ON

2037 +-02-08

Adhad

231

13

j
B

TRANSACTION 150

67

O T "D r“"—‘*"‘“‘"‘“"‘Wrw‘w”““w"“\r’\



Demo &




Database Engine Tuning Advisor

(Schlechte?) Tipps fir Indizies

ﬁ@ Solution1 - Microsoft SQL Server Management Studio
File Edit View Project Debug | Tools | Window Help

§* SQL Server Profiler
i, patabase Engine Tuning Advisor G
[l Ctrl+K, Ctrd:

...... Code Snippets Manager...
Choose Toolbox Items...
External Tools...

Check for Updates...
Import and Export Settings...

Customize...
£} Options...

& ahagement
I Integration Services Catalogs

s S ot S,

"‘u ) *‘M

W Database Engine Turng Advesor

Eile Edt  Yiew Acbons Jook Window Help

M =2 3 Stant Acalysis

A% P

v.lli

#{Connec ¥ 3
= B 127001433 Geraral Tusing Optora
B e 19.08.2018 132017
|
Yiokload
. O Talgle Pan Cache ) Guery Slooe
| & W
Database for wordoas analys: raser v
Select gatabases and taties 1o tune
[ Meme Selected Tables
i Qick to select vl lables  ~
[] 13 model Qick 10 saiecs nddusl tailes
[l 1) me ik 10 sedect exbonhial libles &
1 14 terpds (g 10 askect Indbeduallakies |
e 2 |
:4 c"_‘ nersl 21 5vm tunng bog
Parre . w
W RO Tl Prowde & cew sesmon nieme. I S Workioad secton. select 4 detabase to which Dalatase Engne Tunng Advisor wil connect for snalying the worddoad. | your wokloed ncludes
- pe everts or Transect-STUL statermants thet change the dalabase cortest for acamgie. the USE cdatabane > talement], Detabase Engne Tunng Advasor will shes change P database
" o cirtndd whie srulvirg Bw markdond Frully, sefect orw or o dalabases o spectic: Lables 10 Lrw
Ready, Connections 2
i
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Query Store

Historische Query-Performance-Daten zur Analyse
e SQL Server (Re-)Start Gbergreifend
* Kumulierte Daten

DOOTrer CONSULTING 7 1
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Links
http://dotnetconsulting.eu/blog/

@Tkansy
tkansy@dotnetconsulting.eu

www.dotnetconsulting.eu
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