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duamnyeckas opraHmsaymsa JaHHbIX

e Pannbl AaHHbIX
* MoXxHO pacnpenenaTtb No pasHbiM AUckam (B
3aBUCMMOCTM OT cueHapus padoThbl)
« Gann XypHarna TpaH3aKuunm
 [locnepoBaTenbHas (sequential) 3anncb

* Pannbl pe3epBHbLIX KOMUK
* Full backup
* Incremental backup
* Log backup (anga point-in-time restore)



dunanyeckasa opraHmsaumns gaHHbIX B
SQL Server

* BI1 SQL Server XxpaHUTCA B OOHOM UMK
HecKonbknx dannax (.mdf, .ndf)

« Kpome dpannoB gaHHbIX eCTb doann XXypHana
TpaH3akyuu (.1df)

« ®ann gaHHbIX pa3dbuT Ha cTpaHunLbl o 8K

» CTpaHuua — MUMHUManbHaa eanHuua
YyTeHuna/3anncum gaHHbIX

« CTpaHuLubl crpynnupoBaHbl B 64K 9KCTEHTbI

* [locTpaHn4vHas (nobrovHasa) opraHM3auns
OAHHbIX XapaKkTepHa anst 0onbLUMHCTBA
pendaunoHHbix CYb[



OpraHu3auus gaHHbIX Ha CTPaHULE

» CTpaHuLua ¢ AaHHbIMWU XpaHUT 3anucu Tabnuubl

« OgHa 3anncb XpaHUTCA Ha CTpaHuLE LLEeNTMKOM
(Kpome LOB ¥ var-TUNoB, KOTOPpble He BEe3nun Ha
CTpaHuuy)

* Takum obpas3om, Npu YTEHUM BCErO OOHOIO
aTpubyTa, C gMCcKa CHYNTbIBAETCA 3anunchb
Llenukom (He cynTaga LOB)

* [locTpaHn4yHaa opraHmsaumna gaHHbIX

XapakTepHa ans 6onbLUNHCTBA PENALMOHHbIX
Ccyb



[lnckoBble onepaumnm

e KonMmn4yecTBO YTEHUW/3anncen — 3TO KONMNYeCcTBO
AMNCKOBbIX CTpaHuL

* Onepaunm MoryT BbITb NTOrMYECKNE U
donsundeckume

> > >
set statistics time on

select * from SeriesValues

100% ~

7] Results | 3 Messages

(63@ row(s) affected)
Table 'SeriesValues'. Scan count 1, logical reads 7, physical reads @, read-ahead reads @, lob logical reads @, lob physical reads 8, lob read-ahead reads @.
SQL Server Execution Times:

CPU time = @ ms, elapsed time = 1 ms.



OpraHu3auus gaHHbIX Ha CTPaHULE

Page Header

Data Record

Data Record

Data Record

Data Record

Free Space

Row Offset

Pa3mep ctpaHuubl — 8K

CTpaHuua XpaHUT 3annucu TornbKo
OaHOM Tabnuupbl

Bce aTpmbyThl 3anucu, kpome LOB-
nonewu, XpaHATCcA Ha 0gHOW CTpaHuue
(UCKNtoYeHne — ANNHHbIE 3HAYEeHUS
TUNOB NEepPeMEHHON ANNHbI)

Takum obpasom, npu YTEHNN BCETO-
NnWb ogHoro aTpmnbyTa, ¢ Ancka
CYMTbIBAETCHA 3anuUCb LENNKOM
MO>XHO NOCMOTpPETb AaMn CTPaHULIbI
DBCC PAGE



NCKOBbIE Olepaunin

create table demol declare {@in int

a int, set @n = @

b int
) while @n < 1000

begin
te table d 2 . . ’ . —

frea T insert into democl(a, b) values (@n, 10*@n)
: F Ik insert into demo2(a, b) values ({@n, 10%@n)

b intj set @ = @n + 1

c char(100) end

set statistics io on
select a from demol where b
| select a from demc2 where b

]

50ee
5ee

] Resutts | 13 Messages
(1 row(s) affected)
Table 'demol'. Scan count 1, logical reads 3, physical reads @, read-ahead reads @, lob logical reads @, lob physical reads @, lob read-ahead reads @.

(1 row(s) affected)
Table 'demo2'. Scan count 1, logical reads 16, physical reads @, read-ahead reads @, lob logical reads @, lob physical reads @, lob read-ahead reads @.



Norapndpmmnyeckmnm nonck

* YTOOBLI HANTK AaHHbIE B TAbNuMLUeE rno ycnosutio,
Heobxo0aNMO BbINONMHUTb CKAHMPOBAHME
Tabnuubl — 310 O(N)

* ECcnn paHHble OTCOPTUPOBAaHbI, TO 3TO MOXKHO
coenaTtb nonckom 3a Oflog(N))



CbanaHcunpoBaHHble ePEBBS

KpacHo-yépHoe AVL-
nepeBo aepeBo

He nooxogart ons xpaHeHus
BO BHELLHen namatu!



B-Tree

* ONTUMMN3NPOBAHO NOA CTPAHNYHYIO
opraHu3auuio AaHHbIX BO BHELLHEN NAaMATU
(0OOWH y3en —oaHa CTpaHuua)

« CHbanaHcupoBaHHoOe (OJSIMHa NMyTy OT KOPHSA 0
noboro nucTa ogMHakosa A9 BCEX NMUCTOB)

* Jlorapnpmmnyecknim nonck (No KonmyecTay
ONCKOBbIX YTEHUN)

* Jlorapudommnyeckasa 3annchb
* CUnbHasa BETBUCTOCTL (COTHWM MOTOMKOB Y y3ria)



B-Tree

23
85
67
37
94
17
49
44
72
82
80

Cat
Dog
Frog
Hen
Cow
Pig
Wolf
Rat
Duck
Ant
Bat

o mm O L m U O O m > >
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B_Tre e 23 Cat A
85 Dog A
67 Frog B
37 Hen C

0ns npumepa AoNyCTUM: Ha OAHY U —

CTpaHuLy nomeLlaeTcs 3 3anucu TR

[aHHbIX UNW 4 Knova nHaekca

(Ha caMoM gene — HaMHoro 6orbLue) R R
44  Rat B
72 Duck C
82 At F
80 Bat B

23 Cat A
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B _Tr ee 23 Cat A
85 Dog A
67 Frog B
37 Hen C
94 Cow D
17 Pig D
49 Wolf E
44 Rat B
72 Duck C
82 Ant F
80 Bat B
CHDDE

23 Cat A
85 Dog A
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B _Tr ee 23 Cat A
85 Dog A
67 Frog B
37 Hen C
94 Cow D
17 Pig D
49 Wolf E
44 Rat B
72 Duck C
82 Ant F
80 Bat B
CHNDE

23 Cat A
67 Frog B
85 Dog A

14



Cat

23
85

B-Tree

Dog

B

Frog

67

Hen

37
94

Cow

Pig

17
49

E

Wolf

Rat

44
72

C

Duck

Ant

82

Bat

80

oL e

B

Frog

67

Cat A

23

Dog

85

Hen

37
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B_Tree 23 Cat A
85 Dog A

HeknacTtepHbin 67 Frog B

37 Hen C

yTR\ 94 Cow D

17 Pig D

i-“ i-“ ﬂ“ E“ 49  Wolf E
L N NS EEE KnacTepHblii S R
S E 8 72 Duck C

% 82  Ant F

80 Bat B
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B-Tree

« KnacTtepHbI MHOEKC
 JlnctoBble y3J51bl — CTpaHWUbl C JaHHbIMA
* MoxeT ObITb TONMbKO OAUH ANSA Tadnuubl

* HeknactepHbI NHOEKC

* JluctoBble y3I51bl — CTPaHWLbIl C KIto4aMum, Mnitoc
CCblJ1Ka Ha 3aluncb C AaHHbIMNA

e Cchblnka:

e 3Ha4YeHKe KIoYa KrnactepHoro MHOekKca (ecnm oH ecTb)

* afpec CTpaHuubl C JaHHBIMWU + UOEHTUUKATOP BHYTPU
CTpaHuLbl (eCnu KnacTepHbIN NHOEKC OTCYTCTBYET)



Koroa ncnonb3oBaTtb?

CENEKTBHOCT
b!

CENNEKTUBHOCT
b!



B*-Tree

* /IHOeKCbl NOBbLILAKT 3PPEKTUBHOCTL

*Onepaunmn nomcka 3anncemn c

XOpOLUenN cenekTUBHOCTLIO

* [lopgaepkka YHUKarbHOCTW 3Ha4YeHN aTpmnbyTOB

« Onepauuu, Tpebyroume yrnopsaaoumBaHus no K4y
(JOIN, DISTINCT)

* [1lpoekumnsi no HebOsbLLOMY KONMYECTBY aTpUbyTOB



B-Tree

« KnacTtepHbI MHOEKC Ny4Llle BbIOMpaTh A5
aTpubyTOB:
» KOpoTKoe 3HayeHue Knoya (T.K. KN4u K.n.
NCIMOJ1b3YKOTCA KaK CCbIJTIKN B HeKJ'IaCTeprIX)

* [laHHble YacTo BbIOMpalOTCA Anana3oHamu
3HaYeHWUI KIoYa (T.K. MO K4y K.U. CrpynnupoBaHb|
3anmcu B CTpaHuLax gaHHbIX)

« Hawe ncnonbayrotca Ans noucka (T.K. HeT
OOMNONHUTENBHOIo obpaLleHns K CTpaHuuam
OAHHbIX, K.1. ObICTpEE)

*[1lo ymonyaHuo MHOEKC NepBUYHOrO Kroya
AenaeTcy KnacrtepHbIM, HO 3TO He Bceraa
onTMMarbHbIN BbIOOP



[Tpumep

select * from demo3
where a = 1234

select * from demo3
where b = 123

select * from demo3
where b > 123

create table demo3

(

a int primary key,

b int,

c char(1ee)

)

create nonclustered index ix_demo3_b on deme3 (b)

declare {@n int

set @n =

while @n
begin
insert
set @n
end

= ]
SELECT e Clustered Index Seek (Clustered)
[demo3] . [PK__demo3_ 3BDO158E44CESF2Z..
= Cost: 100 %
E I

Nested Loops -

(Inner Join)
Cost: 0 %

SELECT
Cost: 0 %

e
< leeee

into demc3(a, b) values (@n, @n % 500)
=@n + 1

5%

Index Seek (NonClustered)
[demo3] . [ix_demo3 b]
Cost: 5 %

Key Lockup (Clustered)
[demo3] . [PK__demo3 3BD01SSE44CESF2Z..

Cost: S5 %

= k2

SELECT ———3 Clustered Index Scan (Clustered)
[demo3] . [PK__demo3 3BD0O1S8E44CESF2..
st:

Cost: 100 %

27



B-Tree

Why IIB”?

The origin of "B-tree" has never been
explained by the authors. ...
"balanced,"” "broad," or "bushy" might
apply. Others suggest that the "B"
stands for Boeing. [Bayer and
McCreight were at Boeing Scientific
Research Labs in 1972.] Because of
his contributions, however, it seems
appropriate to think of B-trees as
"Bayer"-trees.

- Douglas Comer, The
Ubiquitous B-Tree, Computing
Surveys, 11(2):123, June 1979.



B*-Tree

* Included columns

* MOXXHO NOCTPOUTL NHOEKC NO HECKOSTbKUM
aTpudyTtam,

* 2 MOXHO BKJTHOUUTb aTpndyThl nocpeactsom INCLUDE

* (M 3TO HE OOHO U TO Xe)

* INCLUDED anI/I6yTbI HE BXOOAT B COCTaB KJ1ko4a, HO
COXPaHAKTCA B JINCTbAX

« Ecnu 3anpoc TpebyeT TornbKo atpmbyThl, BXOOsALME
B MHAEKC, nMnbo B INCLUDED aTpubyTbl UHOEKCA, TO
obpallaTbCs K CTpaHuLE C AaHHbIMU He NMPUAETCS —
HY>XHbl€ JaHHblEe yXXe eCTb B UHOEKCe



B*-Tree

* FILLFACTOR

« 3aa€T 0O6BEM 3aHATOro NPOCTPAaHCTBA Ha
NMNCTOBbIX CTPaHuLax, KoTopoe Bblaenaet CYB/ npu
co3gaHuun/nepecTpomnke nHagekca

* [lo ymon4yaHuto — 100%

* Heobxoaum anst cokpalleHnst BpeMEHU
BCTaBOK/OOHOBNEHUM

* HeckonbKo CHMXaeT CKOPOCTb YTEHUA



B*-Tree

* DparmMeHTauUna gaHHbIX
 External fragmentation
* Internal fragmentation

« Criocobbl gedparmeHTaunm:
* INDEX REORGANIZE
« INDEX REBUILD
« CREATE WITH DROP EXISTING

» PparmeHTauua — nocnegHee, 0 YEM CTOUT
0ecrnoKkonTbCcs
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OnTnMmmsaumus 3anpocos
B pendaynoHHbIX b1

UacTb |

Hukonan AnekcaHgpoBud LLlectakos

Tomckumn lNonntexHmndyecknm YHMBepcuTeT
Rubius



OnTuMmnsaums 1 BbiNorHeEHNE
3anpoca

* ANFOPUTMBI BbIMNONMHEHUSA COEANHEHNU

e DTanbl XXKN3HEHHOIO LMKIa 3anpoca

* [1naH BLINONMHEHNSA N BbINONHEHME 3anpoca
» KelLnpoBaHMe nNnaHoB BbIMOMHEHUS



Join algorithms

Nested loop join
* Inner join
e for each row R1 in outer table
for each row R2 in inner table //or index lookup!

if R1 joins with R2

return join (R1, R2)
* Quter join
e for each row R1 in outer table
for each row R2 in inner table //or index lookup!

if R1 joins with R2
return join (R1, R2)

else
return join (R1, NULL)



Join algorithms

Merge join

/* Prerequirements: Inputs I1 and I2 are sorted */
get first row R1 from input I1
get first row R2 from input I2
while not end of either input

begin
if R1 joins with R2
begin
return join (R1, R2)
get next row R2 from I2
end

else if R1 < R2
get next row R1 from I1

else /* R1 » R2 */
get next row R2 from I2

end

36



Join algorithms

Hash join

/* Build Phase */
for each row R1 in input I1
begin
calculate hash value on R1 join key
insert hash value to appropriate bucket in hash table
end
/* Probe Phase */
for each row R2 in input I2
begin
calculate hash value on R2 join key
for each row R1 in hash table bucket
if R1 joins with R2
return join (R1, R2)
end

37



Join algorithms

Nested Loop Join

Merge Join

Hash Join

Best use-case

Requires sorted input

Requires equality
predicate

Blocking operator
Uses memory

Uses tempdb

Preserves order

Small inputs. Preferable with index
on join key in inner table.

No
No

No
No
No

Yes (outer input)

Medium to large inputs
sorted on index key.

Yes
Yes

No
No

No (with exception of
many-to-many joins)

Yes

Medium to large
inputs.

No
Yes

Yes (Build phase only)
Yes

Yes in case of spills

No
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Query optimization and execution

e Query Life Cycle
Sep |oescrpton |resut

Parse

Bind

Optimize

Execute

Syntax validation
and initial
transformation

Binding to objects.

Loading metadata
properties

Execution plan
generation

Query execution

Logical query tree

Bound tree

Execution plan

Result

39



Query optimization and execution

* Optimization
* Goal — to find a good enough execution plan, quickly
enough

* Phases
 Simplification
* Trivial plan search
e Statistics update
 Cost-based optimization (several stages here)
e Execution plan generation



Query optimization and execution

° nOCMOTpeTb rNjiaH BbINOJIHEHUA:

* MoXXHO B Management Studio, BKIHO4YMB OMNLMUIO
“Show execution plan”

* B TekcToBOM/TabnmnyHom/xml Bnae,
npegBapuTenbHO BbINOMMHUB 3anpocC SET
SHOWPLAN_TEXT ON vnun SET SHOWPLAN_ALL ON
nnm SET SHOWPLAN_XML ON

* /Ilcnonb3oBaTb CUCTEMHYO (OYHKLNIO
sys.dm_exec_query_stats. B aTOM crny4yae He
HY>XHO OTAENbHO 3arnycKkaTb 3anpoc, nnaH
OyneTt nokasaH 13 Kkewa



[1naH BbINONMHEHUS

 Estimated execution plan

U SQLQuery15.sgl - DPI
File Edit View Query Project Debug Tools Window Help

P il (S | G NewQuery [y 4 @9 - -85 (& » -
Q&N E 2 |E=|45-

SQLQuery14.s4

i 4 47| IDemo -|| ¥ Execute » Debug = \/g:ﬂ gl :=j|g"’“§

Object Explorer MIERR Display Estimated Execution Plan (Ctrl+L) )* X

Connect~ 3 3 m 7 2] .5

= | DP02 (SQL Server 11.0.2100 - DP\shestakovna)
= [ Databases

Eselect * from
PrimaryTable p join
ForeignKeyTable f on p.Id = f.IdPrimary

 Actual execution plan

L2 SQLQuery15.5ql - DP
File Edit View Query Project Debug Tools Window Help

P S e @ | S NewQuery [y by vf | & 53 B

9 -0 -E-5 ||

i 34 12| [Demo <|[ ? Becute hDebug B I3 5/ | T |G| E 2 |[EE(4
Object Explorer

Connect~ 3 3J m 7 2] .5

= [ DPO2 (SQL Server 11.0.2100 - DP\shestakovna) e o~

PrimaryTable p join|

S (@R Databases ForeignKeyTable f on p.Id = f.IdPrimary

. £~ ~ .
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[1naH BbINONMHEHUS

e Actual execution plan NOKa3bIBaeT He TOJbKO
oueHMBaeMble nokasaTternm, HO U pearbHble

select * from
PrimaryTable p join
ForeignKeyTable f on p.Id = f.IdPrimary

where
f.N = 3456 -- change selectivity here
—
3 i ] .
seLect M Nested Loops & - Nested Loops = 5 Index Seek (NonClustered)
o S (Inner Join) (Inner Join) [ForeignKeyTable] . [IX ForeignKeyTab..
= Cost: 0 % Cost: 0 % Cost: 1 %

Key Lookup (Clustered)
[ForeignKeyTable] . [PK__ ForeignK 32..

Cost: 435 %

( '34’1!:1
Clustered Index Seek (Clustered)

[PrimaryTable] . [PK_ PrimaryT 3214E.
Cost: 45 %

43



[1naH BbINONMHEHUS

Query 1:

Query cost

(relative to the batch):

select * from PrimaryTable p join ForeignKeyT:

=

SELECT
Cost: 0 %

$————— Nested Loops =

tcl

"

(Inner Join)
Cost: 0 %

(@ Query executed successfully.

Nestec

(Innes
Cost

5

[

Clustered Index

[PrimaryTable] . [P

Cost:

Nested Loops

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

Physical Operation

Nested Loops

Logical Operation Inner Join
Actual Execution Mode Row
Estimated Execution Mode Row
Actual Number of Rows 54
Actual Number of Batches 0
Estimated 1/0 Cost 0
Estimated Operator Cost 0,0001671 (0%
Estimated Subtree Cost 0,131222
Estimated CPU Cost 0,0001669
Estimated Number of Executions 1
Number of Executions 1
Estimated Number of Rows 39,0393
Estimated Row Size 169 B
Actual Rebinds 0
Actual Rewinds 0
Node ID 2
Output List

[Demo].[dbo].[ForeignKeyTable].ld; [Demo].[dbo].
[ForeignKeyTable].ldPrimary; [Demo].[dbo].

[ForeignKeyTable].N; [Demo].[dbo].

[ForeignKeyTable].S
Outer References

[Demo].[dbo].[ForeignKeyTable].ld; Expr1004
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[1naH BbINONMHEHUS

[1naHbl MOXXHO BbIBOOUTL B BUIE:

* [ padomnyeckumn

* XML

e TAbnnyHbIN (4epes SET STATISTICS PROFILE ON)
* TekcTOBbIN



Query optimization and execution

* Query execution

select top 10 c.CustomerId, c.Name, a.Street, a.City, a.State, a.ZipCode
from

Customers c join

Addresses a on c.PrimaryAddressId
order by c.Name

a.AddressId

09. Sort data
after all rows 08. Return row

15. Return row 14. Return row 13. Return row were read \
\ \ \ 10. Return row \
j j @ “ E 06. Return row L b
Nested Loops — Clustered Index Scan (Clus
(Inner Join) conts B % [Customers]. [PK_Customers])

Cost: 0 % ’ ’ Cost: 18 %
T I T 04. GetRow() 0S. GetRow() f
1?#& 07. GetRow()

01. GetRow() 02. GetRow() 03. GetRow() L Clustered Index Seek (Cluster..
(Addresses). [PK_Addresses] [a)

’ Cost: 18 %
12. Retumn row ’

11. GetRow()

SELECT Top
Cost: 0 % Cost: 0 %
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Query optimization and execution

* Query execution

select top 10 c.CustomerId, c.Name, a.Street, a.City, a.State, a.ZipCode

from
Customers c join
Addresses a on c.PrimaryAddressId = a.AddressId

order by c.Name

25. Return row 24. Return row 23. Return row

16. GetRow() 17. GetRow()

b

j j \ @ 20. Retur;ow E ﬁdj

Clustered Index Scan (Clus

. P Nested Loops .
SELECT Top I Join) ’ ] sort [Cust ]. [PK Cust ]
nner o1ln ustomers) . ustomers
Cogt: 0 % Cost: 0 % Cost: 63 % S
Cost: 0 % ’ Cost: 18 %

19. GetRow()
(33

18. GetRow() L Clustered Index Seek (Cluster..
(Addresses]. [PK_Addresses] [a)

’ Cost: 18 %
22. Return row ’

21. GetRow()
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CtaTucTukmn

/*

drop table ForeignKeyTable
drop table PrimaryTable

*/

create table PrimaryTable (Id int identity primary key, N int, S char(150))

go
create table ForeignKeyTable (Id int identity primary key, IdPrimary int references PrimaryTable, N int, S char(150))

g0

insert into PrimaryTable (N, S) values (CAST(RAND() * 10000 as int), CAST(NEWID() as char(150)))
go 100000

insert into ForeignKeyTable (IdPrimary, N, S) values (CAST(RAND() * 100000 as int), CAST(RAND() * 1000 as int),
CAST(NEWID() as char(150)))

g0 200000

insert into ForeignKeyTable (IdPrimary, N, S) values (CAST(RAND() * 100000 as int), CAST(RAND() * 1000 + 1000 as int),
CAST(NEWID() as char(158)))

go 100000

insert into ForeignKeyTable (IdPrimary, N, S) values (CAST(RAND() * 100000 as int), CAST(RAND() * 1000 + 2000 as int),
CAST(NEWID() as char(150)))

go 150000

create nonclustered index IX_ForeignKeyTable ON dbo.ForeignKeyTable(N)
go

select * from
PrimaryTable p join
ForeignKeyTable f on p.Id = f.IdPrimary
where
f.N = 1234 -- change selectivity here and see how execution plan is changing

DBCC SHOW_STATISTICS ("dbo.ForeignKeyTable", "IX ForeignKeyTable")
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CtaTucTukmn

W O ~ Hh ;W N =

N NN (2] [ G S G Sy e Gy S G G Y

RANGE_HI_KEY
0
43
52
61
71
91
115
137
143
157
177
195

215
225
234
273
297

314
327
345
356

378

0
8492
1632
1630
1820
3847
4548
4095
939

3806
3344
1621
1948
1734
1647
7629
4580
1276
1868
2420
3439

1794
2169

200
176
230
221
225
217
232
210
169
223
177
185
176
205
168
184
214
179
180
224
187
21
176
216
219

'RANGE_ROWS EQ_ROWS  DISTINCT_RANGE_ROWS

0
42
8
8
9
19
23
21
5
13
19
17
8
10
9

(==}

AVG_RANGE_ROWS
1
2021905
204
203.75
2022222
2024737
197.7391
195
187.8
203.2308
2003158
1967059
202,625
194,8
192,667
205,875
2007632
199,1304
2126667
2075556
2016667
2022941
2003
199,3333
197.1818
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CtaTucTukmn

52
53

55

57

59

61

S88343FRA

71

73
74
75
76

78

915

939

957

995

1002
1075
1313
1488
1510
1521
1747
1795
1850
1889
1951
1993
2016
2053
2081
2108
2137
2179

2264
2307
2366
2415

5080
4576
3423

1005
7162
23505
17381
2025
1026
22416
4634
5358
3976
6164
4046

5374
4005
3938
4162
6163

6209
6333
8870
7141

216
192
23
210

105
19
30
103
78
82
121

BBNg

171
162
160
155
143
145
155
165
135
169
137

25
23
17
37

237
174
21
10
225

28y

41

36
27
27
27
41
42
41

&E 88

203.2
198,9565
201,3525
194,7838
167.5
9947222
100.865
99.89081
96.42857
102.6
99.62666
9859574
9922222
104,6316
101,0482
98.68293
132
1492778
148,3333
145,8519
1541481
150.3171
148,119
151,439
150,7857
152,931
148,7708
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RANGE_HI_KEY

RANGE_ROWS

EQ_ROWS

DISTINCT_RANGE_ROWS

AVG_RANGE_ROWS

This is the top value of the step represented by
this row within the histogram.

This number shows the number of rows within the
step that are greater than the previous top value
and the current top value, but not equal to either.

This number shows the number of rows within the
step that are greater than the previous top value
and the current top value, but not equal to either.

These are the distinct count of rows within a step.
If all the rows are unique, then the
RANGE_ROWS and the
DISTINCT_RANGE_ROWS will be equal.

This represents the average number of rows equal
to a key value within the step.



CtaTucTukmn

e« CTaTUCTUKN ODHOBNAKTCHA aBTOMAaTUYEeCKU

* /lHOrga 9BPUCTUKN aBTOOOHOBMNEHUS HE
cpabaTbIBalOT

 Torga Hy>kHO OOHOBUTb BPYYHYIO

 Ecnun Actual Rows = Estimated Rows — cTaTUCTUKNA
HU NPU YEM



KeLLII/IpOBaHI/Ie MNJ1aHOB BbITNTOJTHEHUA

* [1NaHbl KeLnpyroTCS

* PagHble 3Ha4YeHns napamMeTpoB —> OAUNH KeLl
* Parameter Sniffing

* OPTIMIZE FOR UNKNOWN hint



Query optimization and execution

* [IpoCcMOTpP KelunpoBaHHLIX N1AaHOB

1
:bi‘iBBllﬁQﬂ(H @HMg_sta rt_offset/2)+1,
((

case gs.statement_end_offset

when -1 then datalength(qt.text)

else gs.statement_end_offset

end - gs.statement_start offset)/2)+1) as [Sql]
,gqs.execution_count as [Exec Cnt]
,(gs.total_logical reads + gs.total_logical writes)
/ gs.execution_count as [Avg IO]

,gqp.query_plan as [Plan]

,gqs.total logical reads as [Total Reads]
,gqs.last_logical reads as [Last Reads]

,gqs.total logical writes as [Total Writes]
,gqs.last_logical writes as [Last Writes]

,gqs.total worker_time as [Total Worker Time]
,gqs.last_worker_time as [Last Worker Time]
,gqs.total elapsed_time/1000 as [Total Elps Time]
,gqs.last_elapsed_time/1000 as [Last Elps Time]
,gqs.creation_time as [Compile Time]
,gqs.last_execution_time as [Last Exec Time]

from

sys.dm_exec_query_stats gs with (nolock)

cross apply sys.dm_exec_sql_text(gs.sql_handle) qt
cross apply sys.dm_exec_query_plan(gs.plan_handle) qp
order by

gs.last_execution_time desc

--[Avg I0] desc

option (recompile)
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TpaH3akuunmu

* ACID
* Atomicity
* Consistency
* |solation
* Durability



TpaH3akuunmu

Atomicity — BCe N HU4Yero



TpaH3akuunmu

Durability — ecnu TpaH3akuua BbINOSIHEHA, OHa
8bIMNoJsIHeHa (pe3ynbTaTt YCTOUYUB K CUCTEMHBLIM
cbosm)



TpaH3akuunmu

Consistency

« [laHHbIE cornacoBaHbl B Ha4yane TpaH3akuum 1
Nocne OKOHYaHUS TpaH3aKLUumM (HO He
00s13aTenbHO BHYTPU TpaH3aKLum)

« CornacoBaHHble JaHHble — yOBNETBOPAOLLINE
OorpaHNYeHnsaM LEeNOCTHOCTU U Bn3Hec-
npasunam

* lHOroa cBOMCTBO NOHUMAKOT B TOM CMbICIIE, YTO
pe3ynbraThl 3aBEPLUEHHbLIX TPAaH3aKLUUA
OOIMKHbI ObITb BUAHbLI NOCNEAYOLLIUM
TpaH3aKyunam



Transactions

Isolation

* BbinonHsawowmecs MapanneribHoO TPaH3aKLUNHA
JTOrM4YeCKu He BITUAKT Apyr Ha Apyra

* [lpyHUMN cepmnanusauun: TpaHsakumu,
BbINONHAKOLWMECA NapannenbHOo, A0SMKHbI
NTOrM4YEeCKM BbINONMHATBLCA TaK, Kak 0y4TO OHU
3anyLleHbl No ovepean

« Ha npakTuke cepuanusaumns ooxoanTcs Ooporo,
NMO3TOMY NnoaaepKka N3onsaumm CBoOaNTCS K
noaaepKke BbIMOMNHEeHNS YCNOBUA 3a4aHHOIO
YPOBHSI U307114UU mpaH3aKkyuu



YPOBHU N30NALUN TPaH3aKLUN

e Read Uncommitted
 PaspelleHbl rpsi3Hble YTeHUs

* Read Committed
 YTeHuns TonbKo 3ahnKCUPOBaHHbIX JAaHHbIX, HO MOBTOPHOE
YTeHUE MOXET BEPHYTb N3MEHEHHbIE AaHHble
* Repeatable Read
* [OBTOPHOE YTEHME BHYTPU TpaH3aKLMM BCerga BO3BpaLlaeT
OJVHAaKOBble JaHHble NS NPoYnTaHHbIX paHee 3anucen. Ho
MOTYT NMOSABUTLCS HOBbIE 3aMnncu, KOTOPbIX paHbLLe He Oblo
 Serializable
 [lonHaga cepmnanusayms!

* Snapshot

* icnonb3yeTcs MynbTUBEPCUOHHOCTL 3anncen, Kaxxaas
TpaH3akunsa Buant coctosdHue bll, kotopoe Obino Ha MOMEHT
eeé Havyana



YPOBHU N30NALUN TPaH3aKLUN

e Read Uncommitted
* bbICTp
* HMKoro He XXaeT

« HanbonbLuas BEPOATHOCTb MNOMNYy4YUTh
HeCornacoBaHHble JaHHble

* [1pn YTEHUM HMYEro He BnokupyeT



YPOBHU N30NALUN TPaH3aKLUN

e Read Committed
« XKneTt ocBoboxneHusa exclusive lock

* ECTb BEPOATHOCTb NOMNY4YNTb NUBMEHEHHbIE JaHHbIEe
NPV NOBTOPHbIX YTEHUSIX

* [1pn YTEHNN HNYEro He BrioknpyeT



YPOBHU N30NALUN TPaH3aKLUN

* Repeatable Read
« XKOet ocBoboxxaeHust exclusive lock
* [lpn yTeHnn ctaBuT Shared lock

* [1py NOBTOPHbIX YTEHMNAX MOTYT NOABMNATLCA
doaHTOMHbIE 3anncu



YPOBHU N30NALUN TPaH3aKLUN

* Serializable
« ObecneynBaeT 100% nsonauuto
« )Knet ocBoboxaneHus exclusive lock

* [1pn uTeHnn ctaBuT Shared lock Ha ananasoH
3Ha4YeHnn aTpmbyTOB (gManal3oH bepeTcsa n3a
yCnoBu4a 3anpoca)



Locks

* Shared Lock

* bnokupyet nsameHeHue (nonbiTkn Update U Exclusive),
NO3BOSIAET YTEeHNE. HeCKOSIbKO TpaH3akunm MoryT
YCTaHOBWUTb O4HOBPEMEHHO Ha OOVH pecypc.

e Exclusive Lock

* briokupyet nsmeHeHue (nonbiTkN Update u Exclusive) n YTeHune.
TonbKo ogHa TpaH3aKuMa MOXET YCTaHOBUTb O4HOBPEMEHHO
Ha oauH pecypc. 3anpalimBaeTcd Ans U3MEeHEHNA JaHHbIX.
* Key-Range

« 3anpewyaeT INSERT N0 3HaYEHUSIM AnanasoHa Knoden

* Update Lock

» bnoknpyet nsmeHeHune (nonbiTkn Update n Exclusive), no3songaer
YTeHue. ToNbKo 0gHa TpaH3aKuMa MOXeET YCTaHOBUTb O4HOBPEMEHHO

Ha IO,EI,VIH pecypc. [loTom gnga ooHoBNeHUsa 3an1ucu 3anpallinBaeTCcs
Exclusive.

* Intent Lock, Schema Lock, Bulk Update Lock



Deadlocks

* BeposaTHOCTb B3aUMHbLIX DNOKMPOBOK
NOBbLILLAETCS, ECIN:

» bonbLoe Konn4ecTBO NapanmnenbHbIX TPaH3aKuun,
KOTOpble MEHAIOT OaHHbIE

* ilcnonb3yloTca Oonrue CroXHble TpaH3akuun,
COCTOSILLME U3 HECKOMNbKUX onepaLunin

* icnonb3yloTca onepauumn, briokmpytowine 6orbLuoe
KONMMYeCTBO 3annceu (arperatHele, Tnna SUM)

* lcnonb3yeTca BbICOKMU YPOBEHLb N30M1ALUN
* He ncnonbayetca MVCC (Snapshot Isolation)



Snapshot Isolation

* Multiversion Concurrency Control

* VicnonbayeTcs timestamp Anst 0003Ha4YeHUs1 BEpcum
3anuncu

« TpaH3aKkUMn YNTAIOT BEPCUM 3aNUCEN,
COOTBETCTBYOLLIME MOMEHTY Ha4ana TpaH3akLum

* [1pn N3MeHeHUN AaHHbIX, CTapble 3anmcu
nepemMeLllarTcd B XpaHunuile Version Store (B tempdb)

* B SQL Server Bkntovaetca ana bl uennkom:
« SET READ_COMMITTED_SNAPSHOT ON unu
« SET ALLOW_SNAPSHOT_ISOLATION ON

* Snapshot Isolation nckno4yaeT aHoManumm rpsasHbIX,
NOBTOPHbLIX N PAHTOMHbIX YTEHUW

* OTCYTCTBYIOT ONTOKMPOBKU NPU YTEHUU
* Snapshot Isolation He obecne4vnBaeT Serializable
* «Serializable» B Oracle — Ha camom gene Snapshot!



Snaps

*Snaps

not Isolation

not Isolation MCKOYaeT aHoMalnmnu

rPA3HbIX, MOBTOPHbIX M PAHTOMHbIX YTEHUN

* OTCYTCTBYIOT ONTOKMPOBKM NPU YTEHUU
* Snapshot Isolation He obecne4vunBaeT Serializable

 «Serializable» B Oracle — Ha caMomMm aene
Snapshot!

e (@aHanorn4yHo B PostgreSQL < 9.1)

* MVCC pexxunm BbIrofieH npu 0onbLIOoM
KONMYecTBe napannenbHbIX TPaH3aKLUI, HO
TpebyeT pecypcoB Ha yrnpaBrieHne BeEpCUAMM
OaHHbIX



Snapshot Isolation write-skew anomaly

T T

x < SELECT

COUNT(*)
FROM doctors x+ SELECT
WHERE on—call = true COUNT (%)

FROM doctors
WHERE on—call = true

IF x > 2 THEN

UPDATE doctors
SET on—call = false
WHERE name = Alice IF x > 2 THEN
UPDATE doctors
COMMIT SET on—call = false

WHERE name = Bob

COMMIT

Y
time

Figure 1: A simple write-skew anomaly

Serializable Snapshot Isolation in PostgreSQL (2012)
http://drkp.net/papers/ssi-vidb12.pdf



Monitoring locks and deadlocks

* SSMS Activity Monitor
* Performance Monitor SQL Server Lock counters

* Dynamic Management Views
* sys.dm_exec_requests
e sys.dm_tran_locks
e sys.dm_os_waiting_tasks

e SQL Server Profiler

e SQL Server Extended Events (since 2012)

http://www.brentozar.com/archive/2014/04/introduction-extend
ed-events/

http://www.mssqltips.com/salservertip/2732/different-techniques-to-ide
ntify-blocking-in-sql-server/

http://www.brentozar.com/archive/2014/06/capturing-deadlock-informa

tion/

71



