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SELECT xx FROM Orders o
INNER JOIN OrdersDetails od ON
0d.OrderID = 0.0OrderlD

WHERE o0.CustomerID = 10900

Query 1: Query cost (relative to the batch): 96.45%
Query text: 3ELECT od.OrderID, od.oOrderItemlID, od.ProductID
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SELECT Merge JDiannnE...Orders.IX_Order...
Cost: 35% | Cost: 1%

Cost: 0%

— o

Ordershetails.I...
Cost: 64%

Query 2: Query cost (relative to the batch): 3.55%
Query text: SELECT od.QOrderID, od.OrderlItemlIDl, od.ProductID

e o 533
SELECT MNested LDDpstn..ﬂrders.IX_Order...
Cost: 0% Cost: 1% Cost: Z3%

Query 1: Query cozt (relative to the batch): 47.95%

Cuery text: SELECT * FROM MEN WHERE IDZ EETWEEN 1 AND 59 6€ﬁ§

SELECT Takhle 3Zcan
Cost: 0% Cost: 100%

OrdersDetails.I...
Cost: 75%

Query 2: Query cost (relative to the batch): 52.05%
Query text: SELECT * FROM MZN WHERE ID: BEETWEEN 1 AND S5

SELECT xx

—— s —— iy

SELECT Bookmark Lookup MiN.IX MZN IDZ

Cost: 0% Cost: 99% Cost: 1%

FROM M2N
WHERE ID2 BETWEEN 1 AND 88

CONNE CT'IO!HS




Query 1: Query cost (relative to the batch): 96.45%

Query text: 3JIELECT od.Or ™ ~ [ od.ProductID
Estimated row count: 150 ‘

Estimated row size: 33
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SELECT Merge Join/Inne...Qrders. IX order...
Cost: 0% Cost: 35% Cost: 1%

Clustered Index Scan
Scanning a clustered index, entirely of only a range.

Physical operation: Clustered Index Scan
Logical operation: Clustered Index Scan

Estimated row count: 125,000 | %
Estimated row size: >

Estimated I/0 cosk: ; Ordershetails.I...
Estimated CPU cost: ; Cost: 64%

Estimated number of executes:

Estimated k: 0,492935 64";’.
E:t:m:tzdzﬂztree CheE (0.4;2} Query 2: Query cost (relative to the batch): 3.55%

Query text: SELECT od.QOrderID, od.OrderlItemlIDl, od.ProductID

Argument:
CBIECT:([Mile].[dba].[OrdersDetails].[Tx_0D_Orderld] 45 [ad]), ORD
ERED FORMARD

e o 533
SELECT Mested Loops/In...Orders. I¥ Order...
Cost: 0% Cost: 1% Cost: Z3%

Query 1: Query cozt (relative to the batch): 47.95%
Query text: IELECT * FROM M:N WHERE IDZ BETWEEN 1 AND 59

OrdersDetails.I...
Cost: 75%

Index Seek
Scanning a particular range of rows from a non-clustered indesx,

SELECT Takhle 3Zcan
Cost: 0% Cost: 100% Physical operation: Index Seek
Logical operation: Index Seek
Estimated row count:
Query 2: Query cost (relative to the batch): 52.05% Estimated row size:
Query text: SJELECT * FROM M:2N WHERE IDZ EETWEEN 1 AND S5 Estimated I/0 cost:
Estimated CPU cost:
Estimated number of executes: ;
Estimated cost: 0.006504(156)

I'.‘l-% ﬁ Estimated subtree cost: 0,00650
— +— <

Argument:
SELECT: hptimark Logkuy,  GHeloTE MeRalDe OBIECT:{[pubs] [dba]. [M2M].[I%_MZM_ID2]1, SEEK:([M2M].[ID

Cost: 0O% Cost: 29% Cost: 1% 2] == Convert{[@1]) AMD [M2M].[ID2] <= Convert{[@2]3) OR
DERED FORWARD
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Objective

 Why SQL Server uses a given
execution plan for a specific query

o Cost Model & Statistics
* When the execution plan changes

* Performance testing

e How to get same results in test as
actual use

ye Size and cardinality
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Topics

 Component Operation Cost Model
o Cost Formulas for basic operations

* Dependencies
e Rows & Pages involved - yes

e Index depth — no, Locks level — no
« WHERE conditions — yes/no
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Execution Plan

* Query

e One or more possible execution plans

* Plan component operations:
e index seek, table scan, join, sort, aggregate

 Component operation cost formula
e Depends on # of pages and rows involved

» Distribution statistics on tables & indexes
=~ e Estimate number of pages and rows involved
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Component Operation Costs

» Basic Component Operations
e Index Seek, Table/Index Scan, Joins,
EER E OE Do
o Aggregates Compute Scalar Sort, etc
 Each component operation has a cost
formula
o Function of number of row or pages involved
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Execution Plan Information

* Query Analyzer
e Display Estimated Execution Plan
o Show Execution Plan

« SET Options

e« SHOWPLAN_ALL, SHOWPLAN_TEXT
o« STATISTICS PROFILE

* Profiler
o Events-Performance, Data Col-Binary Data
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Display Estimated Execution Plan

Clustered Index Seek
Scanning a particular range of rows From a clustered indesx,

Physical operation: Cluskered Inde

=4
=4

Logical operation: Zlustered Inde
Estimated row count: row count
Estimated row size: :

Estimated I/0 cost: I/O Cost
Estimated CPU cost: CPU Cost
Estimated number of executes: , # of executes
Estimated cosk: cost
Estimated subktree cosk:

Argument:
QEIECT:([pubs].[dbo].[M1C].[PE_MN1C]), SEEK:([M1C].[ID]=Convert]
[@1]) ORDERED FORMWARD

CONNECTIONS

T SOUETE




Show Execution Plan

Clustered Index Seek
Scanning a particular range of rows from a clustered inde:x,

Physical operation: Clustered Ind
Logical operation: Cluskered Inde
Row countk:

Estimated row size:

I,/0 cost:

CPU cosk:

Mumber of executes:

Cosk:

Subtree cost:

Estimated row count: 1

=
=

Argument:
OBIECT:([pubs].[dbo].[N1C].[PE_M1CT), SEEK:([M1C].[ID

e |=Converti[@1])) ORDERED FORWARD

SO

CONNECTIONS




Index Seek -1 row — &3

AELECT N1C.PE N1C

Cost:s O% Costs 100%

SELECT xx Clustered Index Seek
FROM N1C Scanning a particular range of rows from a clustered index,
g ERE GILL Physical operation: Cluskered Index
Logical operation: iCluskered Index
Estimated row count:
Estimated row size:
Estimated I,0 cost:
Estimated CPU cosk:
Estimated number of executes:
Estimated cost: 0, 006408 100%:)
Estimated subtree cost:

Argument:
CEIECT:([pubs]. [dba]. [M1C]L[PE_M1CT), SEEE:([M1C].[ID]=Converk]
[@1 ] ORDERED FORMW ARD

L I/0 CPU Total
o < 1GB 0.006328500 0.0000796 0.006408100

=)
2

h = > 1GB 0.003203425 0.0000796 0.003283025@1!53:{\;53’
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Index Seek Cost Formula

—— 50 rows/pages
—— 100 rows/page
—— 500 rows/pages
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(72,
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Multiple rows, < 1GB
I/0: 0.00632850 + 0.00074074 per additional page (leaf level)
CPU: 0.00007960 + 0.00000110 per additional row

T”tah 0.00640810 + 0.00074074 /add. page + 0.0000011 add. row

Ay B E'I!msnegﬁv.enn
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B O O k m a r k L O O k u p SELECT Bookar ]: Lookunp HN1M.F P_II 1M

Cost: 0% Cast: 49% Cost: 51%

SELECT xXx Bookmark Lookup
FROM N1N Use a Bookmark (RID or Clustering Key) ba look up the
WHERE ID = Q@ID corresponding row in the Table or Cluskered Inde:x,
Physical operation: Bookmark Lookup
Logical operation: Bookmark Lookup
Same cost for Estimated row count: 1
Estimated row size: 21
lelel (UET QL OB Fotimated 1/0 cost: 0.00625
on Heap and Estimated CPU cost:
Clustered Index Estimated number of executes:

Estimated cost: 0.006251{49%:)
Estimated subtree cosk: 0.0126

Argumentk:
EOOKMAREK: ([Brak1000]), OBIECT:([pubs].[dbo].[M1M])

I/0 CPU Total
_ < 1GB 0.0062500 0.0000011 0.0062511
. > 1GB 0.0031249 0.0000011 0.0031260

T HellSenven
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Bookmark Lookup Cost Formula

100 1000 10000 100000
rows

I/0: multiple 0f 0.0062500 (<1GB), 0.0031249 (>1GB)
CPU: 0.0000011 per row

2 Total: multiple of I/O + (# of rows) x 0.0000011

e

i s Example: 500,000 rows, 99 rows / page  EXPA SERVER
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Table Scan

SELECT Tahle Soan
Cost: 0% Cost: 100%

SELECT xx Table Scan

FROM N1H Scan rows fram a table,

WHERE ID = (@ID
Physical operation: Table Scan
Logical operation: Table Scan
Estimated row count: 1
Estimated row size: 21
Estimated I,0 cost: 0,0375
Estimated CPU cosk: 0,000450
Estimated number of executes: 1.0
Estimated cost: 0, 0330090 100%:)
Estimated subktree cost: 0.0330

Argumentk:
CBIECT:[pubs].[dba].[M1H]), WHERE:([M1H].[ID]=Corvvert([@1

n

I/0: 0.0375785 + 0.0007407/page
CPU: 0.0000785 + 0.0000011/row PLSERVER
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Index Scan

%

SELECT N1C.PEK N1C
Zost: 0% -ost: 100%

Clustered Index Scan
Scanning a clusktered index, entirely or only a range.,

Physical operation: Cluskered Index Scan
Logical operation: Cluskered Index Scan
Estimated row count: i
Estimated row size: 21
Estimated I,/0 cosk: 0,0375
Estimated CPU cost: 0.0004.30
Estimated number of executes: 1.0
Estimated cost: 0, 033009 1 00%: )
Estimated subtree cost: 0,0380

Argument:
CBIECT:([pubs].[dbao] [M1C].[PK_M1C]), WHERE:([M1C].[Walue]=[ @

1]
SO

CONNECTIONS




Bookmark versus Scan

- = = =Bookmark Lookup
Table Scan
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L Table scan cost for 50,000 row, 506 pages < 1GB
#  |Index Seek and Bookmark Lookup cost for < 1GB
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Bookmark-Table Scan Crossover
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200 300 400
rows per page

Rows ~ 5+ Pages + (CFx(Pages-to-rows ratio)) (< 1GB)
> ~ 11 + Pages + (CFx(Pages-to-rows ratio)) (> 1GB)

ASr L‘El 1 Bookmark Lookup costs ~7 (S1GB) or 3.5(> 1GB)
~ % times more than a scan of 1 page

CONNECTIONS



Bookmark & Table Scan Costs

1000.000

- = = =Bookmark (<1GB)
100.000 + — — Bookmark (>1GB)

(Table Scan)
Clustered Index

10.000 -
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100 1000 10000 100000
rows (pages)

- L
D Ta‘BXIe scan: cost per page, others: cost per row
" CONNECTIONS



Aggregates

Aggregate:
MIN & MAX

SELECT MIN (x)
FROM M2C
WHERE
GroupID = 1

% o
an  cX

I OMEC Grou. . .

Cost: 0% Cost o % Cost: 99%

Stream Aggregate,/Aggregate
Compuking summary values for groups of rows in a suikably sorted
sLream,

Physical operation:
Logical operation:
Estimated row count:
Estimated row size:

Estimated I/0 cost:

Estimated CPU cost:

Estimated number of executes:

Estimated cost: 0, 000050 1 %)

Estimated subktree cost: 0.00700

Argumentk:
[Expr1012]=Count(*), [Expr1013]=5UrM{[M2C]. [randDecimal])

For single row result I/0: None CPU: 0.0000001/row

SO

CONNECTIONS




Compute Scalar

SELECT Cowpute Jocalar Stresm Aggregat. . MaCc,IX MZC Grou...
Cost: O% Cost: 0% Cast: 1% Cast: 99%

Compute Scalar
Compuking new walues From exiskting walues in a row,

Physical operation: Zompuke Scalar
Logical operation: Compuke Scalar
Estimated row count: 1
Estimated row size: 11
Estimated I,/0 cosk: 0, 000000
Estimated CPU cost: 0, 000050
Estimated number of executes: 1.0
Estimated subtree cost: 0.00774

Argument:
DEFIME:{[Expr100z J=Convert[Expr 1003])

SO

CONNECTIONS




Loop, Hash and Merge Joins

« SQL Server supports 3 types ofJoms
e Loop I, Hash { Merge I@

* Hash join subtypes

e In memory, Grace, Recursive
« Different settings for SQL Batch & RPC

* Merge join
e ONe-to-many
e Many-to-many
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Loop Joins

Outer Source (Top Input)

SELECT M2C 01.ID, N1C.Value
FROM M2C 01 INNER JOIN M2D 01 Lidesse

Scanning a parkicular range of rows From a non-clustered inde:x.

ON M2 D O :I_ ° I D = M2 C O 1 ° _I—_ D2 Ph"rsical Dperatiun:
e o Logical operation:

WHERE M2 C O 1. Group I = @ Group 1 Estimated row count:

™ Estimated row size:
Estimated I/0 cost:
Estimated CPU cost:
Estimated number of executes:
Estimated cosk:
Estimated subtree cost:

Argument:
T:i[pubs].[dba].[
[GroupIh]=1)

Clustered Index Seek
Scanning a parkicular range of rows from a clustered inde:x,
Hesl:ed Luups fInner Join
Faor each row in the top { nput, scan khe botkom (inner)
input, and output mat

Physical operation:

Logical operation:

Estimated row count:
Estimated row size:

Estimated I/0 cost:

Estimated CPU cost:

Estimated number of erecutes:
Estimated cosk:

Estimated subtree cost:

Physical operation: Mested Lo
Logical operation: ¢
Estimated row count:

Estimated row size:

Estimated I,/0 cost:

Estimated CPU cosk:

Estimated number of executes:

Estimated cosk:

Estimated subtree cost:

L I ".. D :_

Argumentk:
OUTER. REFEREMCES 011.[10; s ]
HeliSenver

% CONNECTIONS

Argument
_0173, SEEK:(




Loop Join with Scan, Spool

—

SELECT Nested Loopa/In... MaC.PE HMaC

Cost: 0% Cost: 5% ‘ Cost: 87%

NlC.PK_NlC
Cost: 9%

&) .
+—
SELECT Nested LDDpSHIn..HEA_D%.PK_HEA_D...

Cost: 0% Co=st: 58% Cost: 9%

//’/’—::_—5\\\\\

T - 53

(akhle Spoolif/Lacz../MZE 04.PE MZE 0O...
Cost: 24%  Cost: 9%

SO

CONNECTIONS




Loop Joins with Bookmark Lookups
B o

SELECT Nested

-

Cost: 0% Last:

MzC 01.FK

L Ma2C 01.PE 1

3 > E i T 3
5 B E»I!Senven
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Joins with 2 Bookmark Lookups

& &
SELECT Bookmark Lookup Nested Loops/ In .. Bookmark Lookup MaC 01.IX 1
Cost: 0% Cost: 24% Cost: 0% Cost: 24%

MzD D1.IZ
Cost:

SELECT Nested LEH:lI:l .. Bookmark Lookup M=D 01.IX II?II 0...
Cost: 0% Co=st: 0% CosStr S32% Cost: F33%

B —— oy

Bookmwark Lookup MaC 01,1 MZC O
I_ ast s - .

5 e EeliSeaven
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Loop Join Cost

B ——1ff o0

SELECT 'Dp“-In..nEC O1. I: HL? O. ..
Cost: O Cost: O Coste 451

533

HED_DI.PH_HED_D...
o=t bhdx

Complete Loop Join Cost

o = Quter Source Cost + Inner Source Cost + Join Cost

5 e EeliSeaven
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Loop Join — Outer Source

Index Seek
Scanning a parkicular range af rows From a non-clustered inde:,

Physical operation:

Logical operation: Iru:IH

Estinmmated row count: ——1 or more rows
Estimated row size: :

Estimated I/0 cosk:

Estimated CPU cost:

Estimated number of executes: il —1 execute
Estimated cost: 0, 0064 180 45%%: )

Estimated subtree cost: 0.00641

Argument:
CBEIECT:([pubs].[dba].[M2C_01].[Tx M2 01 GroupID]), SEEE:
|::[r-.-'|2|:: 01 ] ] [|:3 Foid |:.I|::|]= 1 ::| ORDERED FORW AR D

SO

CONNECTIONS




Loop Join — Inner Source row count is

expected
matches per
i | | EIusI:E_rEd II'!['EH Seek | row for each
Scanning a parkicular range of rows from a clustered inde:x,
row from outer
Physical operation: 15 source
Logical operation: (rounded down)
Estimated row count:
Estimated row size: 45
Estimated I/0 cost: 70 a,ndfCF;U
Estimated CPU cost: cost is for
Estimated number of executes: ; execute
Estimated cost:
Estimated subtree cosk: Number of
executes is row
Argument: count from

CBIECT:([pubs].[dbo].[Mz20_01].[PE_MzD _01T), SEEE:([MzD_01].ND
J=[M2C_01].[ID]) ORDERED FORWARD

outer source

Cost is for all
1‘_‘ ; executes

i B SOUETE
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Loop Join, cont

Mested Loops,/Inner Join
For each row in the top (ouker) input, s
input, and oukpuk maktching rows,

Physical operation:

Logical operation:

Estimated row count:
Estimated row size:

Estimated I,/0 cosk:

Estimated CPU cost:

Estimated number of executes:
Estimated cost:

Estimated subtree cost:

Argument:
CUTER REFEREMCES:([M2C_01].[I0])

Rilge

an the botkom (innet)

MNesked Loops
Inner Join

0, 000042

1.0
0, 000042(0%:)

0.0141

/O Cost: 0
CPU Cost
0.00000418
per row

SO

CONNECTIONS




Loop Join Cost Formula

Total cost = Outer Input + Inner Input + Nested Loops cost

Outer input costs: Same as index seek (+ bookmark loop)
or table scan costs

Inner input costs: Same for first execute only,
more complex formula for multiple executes

Nested Loop/Inner Join costs:0.00000418 per row

T HeliServen

CONNECTIONS




Loop Join Examples

SARG on Outer Source Only

SELECT ..

FROM M2C

INNER JOIN N1C ON N1C.ID = M2C.CodeID
WHERE M2C.GroupID = @GroupID

OS Index on SARG
IS Index on join condition

SARG on both sources

SELECT ..

FROM M2C

INNER JOIN M2D ON M2D.ID = M2C.ID2

WHERE M2C.GroupID = @GroupID AND M2D.GroupID = @GroupID

OS Index on SARG
IS Index on SARG followed by join condition _
SOUT

=4\
7
e

CONNECTIONS




Loop Join Costs

e
0
o]

&
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L

o

(1) or SARG
on both

sources

and IS
(1) SARG on OS, IS small table effectively

- (2) SARG on OS, IS not small small
% (3) SARG on OS & IS and IS not small

CONNECTIONS



Hash Join

EDE : r.%g
+—
Hash Match/Inne.. .HEC_DI.PE_HEC_EI. 2
oSt 0% oSt 583 —cost: 21%

3

HED_DI.PE_HED_D...
Cost: 21%

SELECT * FROM M2C m INNER HASH JOIN M2D n ON n.ID = m.ID
WHERE m.GroupID = @Group1 AND n.GroupID = @Group2

Hash Join Cost = Outer Source + Inner Source + Hash Match

SO

CONNECTIONS




Hash Join Cost

Quter Source & Inner Source
are index seek or scan

1 execute, 1 or more rows

1:1 match
CPU: 0.01777000
+ ~0.00001885 per row

1:n match

+0.00000523

to 0.00000531 per row in
|.S.

»
-\

Hash Match,/Inner Join
Use each row From the top input bo build a hash
table, and each row From the bokkom inpuk to probe
into the hash table, outputting all matching rows,

Physical operation:
Logical operation:
Row count:
Estimated row size:
I,/0 cost:

CPU cosk:

Mumber of executes:
Cosk:

Subtree cost:
Estimated row count:

Argument:
HASH: {[m].[I0T3=([n].[1CT)

Hash Makch
Inner Join

0.0179
1

0.017942(58%:)

CONNECTIONS




Merge Join

ER O 532

SELECT Merge Joind Inne. . N2 01.FE M2 O...
Cost: 0% Cost: 303 oSt 35%

3

HED_DI.PE_HED_D...
oSt 35%

SELECT xx FROM M2C m INNER MERGE JOIN M2D n ON n.ID = m.ID
WHERE m.GrouplID = @Group1 AND n.GroupID = @Group?2

Merge Join Cost = Outer Source + Inner Source + Merge cost

SO

CONNECTIONS




Merge Join Cost

Cost
CPU: 0.0056046
+ 0.00000446/row

Discrepancy:
0.0000030

1:n
additional rows:
+0.000002370 / row

Merge Join,/Inner Join

Makching rows From bwo suitably sorked inpuk bables

exploiting their sort arder,

Physical operation:
Logical operation:
Row count:
Estimated row size:
I1,/0 cosk:

CPU costk:

Mumber of executes:
Cosk:

Subtree cost:
Estinmated row count:

Argument:

Merge Jain
Inner Join

0.0154

=

MERGE: ([r].[ID]i=([n].[ID]), RESIDUAL:([m].[ID]=[

n].[ID];

SO

CONNECTIONS




Joins — Base cost
0.0320

0.0256
0.0192 -

0.0128 -

0.0064 H H

00000 Loop Hash Merge

O Join 0.000000000 0.017770000 0.005604600

| Inner 0.006407000 0.006407000 0.006407000
@ Outer  0.006407000 0.006407000 0.006407000

whd
/)]
o]
(&
Q.
-
t
©
wid
(/3]
c
L
(a

Base cost excludes cost per row

CONNECTIONS



Loop, Hash and Merge Join Costs

it
2]
o
o
c
L
a

Case 2 Loop join

CONNECTIONS




Normalized Plan Cost

Normalized Plan Cost

CONNECTIONS




Many-to-Many Merge

Merge Join/Inner Join
Makching rows From bwo suikably sarted input kables exploiting
their sork arder.

Physical operation: Merge Join
Logical operation: Inner Join
Estimated row count: 3
Estimated row size: 51

Estimated I/0 cost: 0,00125
Estimated CPU cost: 0,00552
Estimated number of executes: 1.0

Estimated cost: 0.007079( 36%:)
Estimated subtree cosk: 0.0199

Argument:
PARY-TO-MANY MERGE:([m].[IDZ])=([n].[ID]), RESIDUAL:([m].
[102]=[n].[ID']}

I/0: 0.000310471 per row

CPU: 0.0056046 + 0.00004908 per row

2 HeliSenven
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Merge with Sort

Sorking the inpuk,

Physical operation: Sork
Logical operation: Sork
Estimated row count: 10
Estimated row size: 16
Estimated I,/0 cosk: 0,011z
Estimated CPU cosk: 0.00015:
Estimated number of executes: 1.0
Estimated cost: 0.011413038%:)
Estimated subktree cosk: 0,0175

Argument:
QRDER BY:([n].[ID] &5C)

SELECT Merge Joind Inne. . M2C 01,18 MaC 0. ..
Ccost: 0% cost: 193 Cost: 21%

HED_Dl.IE_HED_D...
Cost: 21%

CONNECTIONS




Sort Cost cont.

100.0000

Sort CPU
Formula

10.0000

1.0000 -

0.1000 -

CPU Cost

0.0100 -

0.0010 -

0.0001

1000 10000 100000 1000000
rows

I/0: 0.011261261
CPU: 0.000100079 + 0.00000305849* (rows-1)"1.26

CONNECTIONS




Join Costs Compared

loop

hash

merge
—e— merge + sort
—a— merge m-t-m

RN
o

it
7]
O
(&)
c
L
(a
©
Q
N
‘©
=
| S
O
Z

;;Merge + Sort slightly less expensive than hash join at lower row counts

CONNECTIONS



More Hash & Merge Joins
~ =

SELECT Hash Hatchflnne..ﬂzc_ﬂﬁ

- - -
. & .
o=t = . ]

DinHInnE..Hlﬂ_Dl.Ph

Cost: T1%

SELECT ash Match . 4 N1 - SELECT

Tl —r
0 1E o=t d=%
Cost: 0% O3t U=

M2C

Cost: 54%

5 e EeliSeaven
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IndeXx Intersection

SELECT xx FROM M2C WHERE GroupID = @Group AND CodelD = @Code

Table M2x, "—1

) IG Merge Join/Inne.. M2C.IX M2C Grou...
Index on GrouplD Al e R v
Index on CodelD

% o

SELECT Hazh Match/Inne.. M2N. IE-i_I-IEI'-I_I:}rn:n.l. .

Cost: 0% Cost: 68%

=t 1a%

MZN. IX MZN Code...

Cost: la%

SELECT xx FROM M2C a INNER JOIN M2C b ON b.ID = a.ID
#* . WHERE a.GrouplD = @Group AND b.CodelD = @Code

\ ;
« Merge Join cost formula different than previously discussed E’I!SEBVGR
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Execution Plan Costs

Index Seek

< 1GB

> 1GB
Additional page
Additional rows

Bookmark Lookup
< 1GB
> 1GB

Table Scan

Base

Additional page
Additional row

I/0

0.
0.
0.

o

o

006328500 O.
003203425 0.

00074074 /p

0.

.0062500 0.
.0031249 0.

.0375785 0
.00074074/p
0.

CPU Total

0000796 0.006408100
0000796 0.003283025

00000110/r

0000011 0.0062511
0000011 0.0031260

.0000785

0000011/r

SO

CONNECTIONS




Logical 10 count

Example: Index Depth 2, rows per page: 100

I/O per additional row

Bookmark Lookup (Heap) 1 Very little relation between 10
Bookmark Lookup (Clustered) 2 count and plan cost for different
Loop Join (IS) 2 component operations
|O count comparisions more
relevent for similar operations
I/O per addition 100 rows
Index Seek 1
Hash & Merge join 2
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Accurate Performance Testing

 Execution Plan - match

* Raw size of DB not as important:
— 1M customers actual, 10K test

 Cardinality more important

—1 Customer — 10 orders — 10 order items per
order

» Statistics & actual data queried

o Statistics could be accurate but actual
queries favors different distribution

msﬁgﬁ\!ﬁﬁ

ECTIONS




.";w
<

Plan Cost Formula Summary

* Plan costs do not include RPC cost

* Plan costs are a model

* Index seek independent of index depth

« Bookmark L/U independent of table org.

» Conditions do not influence cost

» Costs are not influenced by lock hints

* Populate test DB with accurate cardinality

_+ No claims made about actual query costs
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Links

www.sql-server-performance.com/joe chang.asp
www.perftuning.com

SQL Server Quantitative Performance Analysis
Server System Architecture

Processor Performance

Direct Connect Gigabit Networking

ichang@perftuning.com, jchangb@yahoo.com
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Aggregates

Stream Aggregate;/Aggregate
mputing summary values Far groups of rows in a suitably sorted
strean.

Physical operation: Skream Aggregate
Logical operation:

Estimated row count:

Estimated row size:

Estimated I/0 cosk:

Estimated CPU cost:

Estimated number of executes:

Estimated cost:

Estimated subtree cost:

[Exprio0z

CPU

b
.  ER

Hash Match/Aggregate
inta a hash & i

Physical operation:
Logical operation:
Estimated row count:
Estimated row size:

Estimated I,/0 cost:

Estimated CPU cost:

Estimated number of executes:
Estimated cost:

Estimated subtree cost:

CPU Cost per result row:
0.01777 + 0.0000188

SO
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