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Objectives

Estimate DB performance early in development
What design/architecture decisions impact performance?
Is the project/architecture feasible?

Production database performance tuning
Reduces guess work, but there are easier ways

Server Performance Characteristics
Processor Architecture: Plll — Xeon — ltanium 2 — Opteron
System Architecture: 2, 4, 8, 16-way etc
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Topics

Overview
Predict performance in design phase — can it be done?
Interpreting performance benchmarks

Execution Plan Cost Formulas
Cost formulas for common SQL operations
Statistics on data distribution to estimate rows & pages

Quantitative Performance Analysis
Actual query cost structure same as optimizer formulas?

Platform specific processor & system architecture
Memory & Disk
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Development Project Challenges

Database application fails to meet
performance objectives

Discovered in test?
Discovered by live users?

Resolution?
Massive redesign effort?
Redefine performance objectives?
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Development Life Cycle

requirements

S§2
Table &
relationships

B
Queries ‘

S§2

Test data ‘

Add indexes & ) L

repeat process m

No methods for predicting
performance in design &
code phase.

Performance testing cannot be
started until a functional
database is available.

At this stage it may be too late
for redesign.

How to test for performance?
Will production perform
similarly?
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Designing to Requirements

How to design to a specific performance target?

Normalization?
To avoid update anomalies
Not directly related to performance

Objects?
For code reuse,
Not related to performance

Other Performance Methodologies
No way to estimate performance early in design

Need to test completed application with actual data
Test environment performance may differ from production?

ooooooooooooooooooooooooooooooooooo



Database Performance Factors

Code

Tables, Indexes, Queries
Does not completely determine performance

Data

Rows involved, statistical distribution
Still don’t know performance

Execution Plan

Depends on Code and data distribution statistics
Now we can estimate performance!
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Model Assumptions

No excessive contention
Locking contention is minimal

Component operation costs are:

Predictable & consistent
Good disk & memory configuration

Costs independent of other operations
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Code - Design for Performance

E Include data cardinality
In specification
&
&
Test with same cardinality as
‘ expected in production. Scale
memory, data size & disks

Inefficient Design Indicators:
1. Excessive use of SELECT DISTINCT
2. Excessive use of TEMP tables

3. Excessive logic in query
4. Expensive Table scans or bookmark lookups

Tables, queries and
indexes In parallel

e
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Data & Distribution Statistics

Overall database size
Should be a non-issue for transactional applications
Small queries should never require a large table scan

Index B-tree organization
Ex. index key is 80Bytes wide, 100 rows per 8K page
100X increase in rows for each index level

Estimated rows & pages involved versus Actual
Look for wide variations, data skew, correlation

Testing — Data population

Cardinality is more important than size
1 Customer — 10 Orders — 10 Line ltems per order

Scale: Data Size / Memory / Disks )

P
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Execution Plan

Query Plan

One or more component operations

Component operations
Index Seek, Table Scan, Bookmark Lookup, Loop, Hash
& Merge Joins, etc
Cost Structure
Rows & Pages involved
Scalar Operations — not really zero cost

Is optimizer cost model same as actual cost?
Model assumptions
System architecture changes over time

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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Performance Strategy

Know how optimizer determines execution plan

True cost structure of SQL operations
Derive strategies for database architecture

Design Tables, Indexes & SQL code
Minimize row & page count
Enable most efficient operations
Avoid contention

ooooooooooooooooooooooooooooooooooo



Performance Benchmarks

SPEC CPU Integer Base (www.spec.org)
Pros: Available for most processors, frequency, etc
Cons: Single CPU, Intel Compilers”®

TPC-C OLTP workload (www.tpc.org)

Pros: Multi-Processor platforms, Database specific,
reasonable range of published results

Cons: more disk and memory intensive than most actual
OLTP apps? (12.5tx/warehouse, 84MB/Wh)

TPC-H (DSS)

Very limited publications

Others: SAP, Siebel, PeopleSoft N
HP WORLD 2004
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SPEC CPU 2000 Integer

3000
@ Pentium M2.0GHz2M
W Xeon 3.2GHz2M
2500 +—
O Opteron 2.2GHz/1M
O ltanium 2 1.5GHz/6M
2000 +— mPowerd+ 1.7GHz ]
1500 H me —|
1000 -
500 -
o U
base gzip vpr gcc mcf crafty  parser eon perlomk  gap vortex  bzip2 tw olf
Pentium M 2.0GHz 90nm, all others 130nm
Xeon 2.4GHz/512K base: 913 (used later in this presentation) p
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Scaling .| e / %
m S=1.6 /
20 =

——1S=1.7 — —
—15S=1.8 /
16

——Linear

0
2 4 32 64
Processors
Pn / P1 - S i |ng(n)
P, Performance with n processors P, Perf. with 1 processor
S Scale Factor n Number of processors
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Published Performance — SQL Server

Xeon MP 3.0GHz/4M

# CPUs System tpm-C $/tpm-C | Mem(GB) | # Disks
4 IBM x365 102,667 $3.52 32 266
8 IBM x445 156,486 $4.31 64 616
16 Unisys ES7000 237,869 $5.08 64 700+10
32 Unisys ES7000 304,148 $6.18 64 1092+12
ltanium 2 1.5GHz/6M
# CPUs System tpm-C $/tpm-C | Mem(GB) | # Disks
4 HP rx5670 121,065 $4.49 64 448+20
8 Bull 175,366 $4.54 128 225
16 Unisys ES7000 309,037 $4.49 128 770+24
32 NEC Express 577,531 $7.74 512 1150
64 HP Superdome 786,646 $6.49 512 1792+60
|A-32 limited max memory (64GB),
AWE overhead , R\/(’ .

bus architecture



Published Performance 2

IBM Power 4+/5 1.9GHz

# CPUs System tpm-C $/tpm-C | Mem(GB) | # Disks
4 Pwr5 570 / Oracle 194,391 $5.62 128 432+16
8 Pwr5 570/ Oracle 371,044 $5.26 256 720430
16 Pwr5 570 / DB2 809,144 $4.95 512 1600+40
32 Pwrd+ 690 / DB2 1,025,486 $5.43 1024 1950+40

ltanium 2 1.5GHz/6M

# CPUs System tpm-C $/tpm-C | Mem(GB) | # Disks
4 HP rx5670 121,065 $4.49 64 448+20
8 Bull 175,366 $4.54 128 225
16 Unisys ES7000 309,037 $4.49 128 770+24
32 NEC Express 577,531 $7.74 512 1150
64 HP Superdome 786,646 $6.49 512 1792+60

No SPEC integer benchmark published for Power5
Compared to Power4+: Integrated memory controller, more/shorter

|O paths, simultaneous multi-threading

—
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Benchmark Limitations

Many benchmarks are well designed

It really does take ~ 2X faster system to get 2X faster
results

Difficult to generate ridiculous results

Not representative of actual applications and usage

No method for translating benchmark results to actual
application characteristics
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Moore's Law

Shouldn’t we have all the CPU power we want?

Year Processor Freq. Bus BW | SPEC CPU 2000

MHz (GB/sec) int_base

1994 Pentium 100 0.5

1996 Pentium Pro 200 0.5

1998 Pentium III 500 0.8 231
2000/1 Pentium 4(Xeon) 1600 3.2 552

2004 | Xeon/Itanium 2/Opteron | 3.0/1.5/2.4 | 3.2/6.4/+ | 1455/1380/1346

RV(’ RLD 2004



Facts that didn't make the spec sheet

Total Memory Latency:

Processor initiates a request, memory controller, DRAM access time,
return trip

10 years ago ~180ns?

Today ~140ns?

Similar for disk drives, Random Disk Access
10 years ago 15ms

Today ms

Build to applications to favor sequential access instead of
random access

=\
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I Topics

Component Operation Cost Model
Cost formulas for basic operations

Dependencies

Rows & Pages involved -
ndex depth —

_ocks level —

WHERE conditions — no cost for logic
only if row count affected

/ ,
HP, WORLD2004
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233

SELECT NlC.PK_NlC
Cost: 0% Cost: 100%

i
1 1
i
5

Index Seek - 1 row

|

Clustered Index Seek
Scanning a particular range of rows from a clustered index,

Physical operation: Cluskered Index Seek

SELECT xx Logical operation: Clustered Index Seelk,

FROM N1C Estimated row count: 1
Estimated row size: 21

WHERE ID = @ID Egrimated I/0 cost: 0.00632
Estimated CPU cosk: 0. 0000s0
Estimated number of executes: 1.0
Estimated cost: 0, 006408 100%:)
Estimated subtree cost: 0, 006A<40
Argument:

QBIECT:([pubs].[dba].[N1C][PE_M1CT), SEEE:([M1C].[ID]=Conwverk]
[@17] ORDERED FORWARD

I/0 CPU Total
< 1GB 0.006328500 0.0000796 0.006408100 |
> 1GB 0.003203425 0.0000796 0.003283025 HRV(’ R-92004

Conference & Expo
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Index Seek Cost Formula

Plan Cost

0.0256

0.0192

0.0128

0.0064

0.0000

——50 rows/pages

—— 100 rows/page ,_F“'_

——500 rows/ paief
I

P

200 400 600 800 1000
rows

Multiple rows, < 1GB

I/0:
CPU:

Total:

0.00632850 + O.
0.00007960 + O.

0.00640810 + O.

00074074 per additional page (leaf level)
00000110 per additional row

00074074 /add. page + 0.0000011 / add. row-w

/
HP, WORLD 2004
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BOOkmark LOOkup SEi;E_CT | BDD}-‘.IH:,]?%_.DD:}{up NlNi‘%NlN

Ccost: 0% Cost: 49% Cost: 51%

SELECT xx Bookmark Lookup
FROM N1N Use a Bookmark (RID ar Clustering Key) to look up the
WHERE 1D = @ID Corresponding row in the Table or Clustered Index,
Physical operation: Bookmark, Lookup
Logical operation: Bookmark, Lookup
Estimated row count: 1
Estimated row size: 21
Same cost for Estimated I/0 cost: 0.00625
bookmark lookup  gstimated CPU cost: 0.000001
on Heap and Estimated number of executes: 1.0
Clustered Index Estimated cost: 0, 00625 1149%:)
Estimated subtree cost: 0,0126
Argumentk:

BOOKMARK  ([Brk10007]), OBIECT:([pubs].[dba].[M1M])

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



Bookmark Lookup Cost Formula

100% e
, 90% /

80°/ . \ /
70%

Example: 60%

500,000 rows,
99 rows / page 90% ‘ ‘ |

10 100 1000 10000 100000
FrOws

% Multiple

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

Total: multiple of I/O + (# of rows) x 0.0000011 j
HPWORLD2004
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Table Scan

SELECT Takble Scan
o=t 0% Cost: 100%
Table Scan
Scan raws From a table,
Physical operation: Table Scan
Logical operation: Table Scan
SELECT xx Estimated row count: 1
FROM N1H Estimated row size: 21
Estimated I;/0 cosk: 0,0375
WHERE ID = QID
@ Estimated CPU cosk: 0, 000450
Estimated number of executes: 1.0
Estimated cosk: 0, 0330090 100%:)
Estimated subtree cost: 0.0380
Argument:
OBIECT:([pubs].[dbal.[M1H]), WHERE:([M1H].[ID]=Corvert[@1
1

I/0: 0.03757850 + 0.00074074/page p ‘\
CPU: 0.00007850 + 0.00000110/row HEWORLD 2004

Solutions and Technology Conference & Expo
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Plan Cost Unit of Measure

Time? CPU-usage? time, in seconds

Too fast for 7200RPM disk

0.0062500sec —> 160/sec 4 random I/Os.

0.000740741 ->1350/sec (8KB)

->169/sec (64K)-> 10.8MB/sec
About right for 1997

sequential disk
transfer rate?

S2K BOL: Administering SQL Server, Managing Servers,

Setting Configuration Options: cost threshold for parallelism Opt
Query cost refers to the estimated elapsed time, in seconds, required
to execute a query on a specific hardware configuration. H[var RD

Solytions and Technology Conference & Expo




Disk Drive Performance

Access time = rotational latency + seek time
7200RPM = 4.17ms Rotational Latency

10000RPM = 3ms, 15000RPM = 2ms
Rot. Avg. Sequential

Year Model RPM Seek Transfer

1994 ST12550 7.2K 8.0 3.5-6.0 MB/sec
1996 ST34371 7.2K 9.4 7.1-11.7

1997 ST34572 7.2K 9.4 7.9-12.5

1998 §ST39102 10K 5.4 19.0-28.9%*
1999 §ST39103 10K 5.4 22.7-36.2%*

2000 ST318451 15K 37.4-48.9%*
2002 ST373453 15K 3.8 49-75

(1~
=

/
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Bookmark versus Scan

100.0
- = = =Bookmark Lookup -
‘g’ 10.0 Table Scan _
o _ o’ g
5 e
o 1.0 S <
_ -
0.1 == \ \
10 100 1000 10000
rows
Table scan cost for 50,000 row, 506 pages <1GB

Index Seek and Bookmark Lookup cost for < 1GB

Technology Conferenc

1 nsan‘-/

a
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Bookmark-Table Scan Crossover

Rows

1 Bookmark Lookup costs ~7 (<1GB)

9
~
8 ~
%7 ~“"~ - - - =(s1GB)
@ — — (>1GB)
;6 .5~
2 ...-‘h
&5
I
93 §.Ns_
o T T = —
2 I \ \ \ \ =
0 100 200 300 400 500 600

rows per page

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

/
21743 000 2L

or 3.5(> 1GB) times a scan of 1 page S and iy G &

I
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Bookmark & Table Scan Costs

1000.000
- = = =Bookmark (<1GB) R

s 100.000 || — — Bookmark (>1GB) T
S (Table Scan) L ‘///
c 10.000 | Clustered Index —¢'7,/
o 1.000 ’
c
L)
£ 0.100 -
3]
2
w 0.010 -

0.001 | | | |

1 10 100 1000 10000 100000
rows (pages)

' )
PWORLD'200
Solutions and Technology Conference & Expo
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Aggregates

SELECT MIN (x)
FROM M2C

SELECT stream Aggregat.. MaCloIX M2C Grou...
Cost: 0% Ccost: 1% Cost: 99%

e

Stream Aggregate/Aggregate
iZormpuking summary walues For groups of rows in a suikably sorked

WHERE GroupID = 1 skream.
Aggregate: Physical operation: Skrearm Aggregate
MIN & MAX Logical operation: Aggreqgate
Estimated row count: 1
Aggregate & Compute Estimated row size: 28
Scalar Estimated I/0 cost: 0, 000000
AVG & SUM Estimated CPU cost: 0.000050
Estimated number of executes: 1.0
Estimated cost: 0, 00005061 %)
Estimated subtree cost: 0.00700
Argumentk:
[Expr1012]=Count(*), [Expr1013]=5UM{[M2:].[randDecimal])
For single row result I/O: None CPU: 0.0000001/row

~

P
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I Loop, Hash and Merge Joins

SQL Server supports 3 types of joins

Loop {B] , Hash & , Merge
Hash join subtypes

In memory, Grace, Recursive

Different settings for SQL Batch & RPC

Merge join

one-to-many

many-to-many

/ ,
HP, WORLD2004
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Loop Joins

SELECT M2C_01.ID, NI1C.Value
FROM M2C_01 INNER JOIN M2D_O01

ON M2D 01.ID =
WHERE M2C_01.Groupl =

M2C_0O1.

fo] & &

IDZ2
@Groupl

15%

533

M2D 01.FPE_M2D O...

4%

SELECT Nested Loops/In.. .HZC_DI . IX_HZC_D e
Cost: 0% Cost: 0% Cost:
Cost:
Join Mested Loops,/Inner Join

inpuk, and output matching rows,

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:

Argumentk:
CQIJTER REFEREMCES:([M2C_01].[I0T)

For each row in the top {outer) input, scan the botkom {inner)

Mesked Loops
Inner Join

9

72

0, 000000
0.000042

1.0

0. 000042(0%:)
0.0141

/

Outer Source (Top Input)

Index Seek

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

Physical operation: Index Seek
Logical operation: Index Seek,
Estimated row count: 10
Estimated row size: 33
Estimated I/0 cost: 0.00832
Estimated CPU cost: 0.000020
Estimated number of executes: 1.0

0,006418(45%)
0,00641

Estimated cosk:
Estimated subtree cost:

Argumentk:
QBIECT:([pubs].[dba].[M2C_01].[T%_M2C_01_GroupID]), SEEK:
{[M2¢_01].[GroupID]=1) ORDERED FORWARD

Inner Source (Bottom Input)

Clustered Index Seek
Scanning a parkicular range of rows from a clustered inde:.

Physical operation:
Logical operation:
Estimated row count:

Clustered Index Seek
Clustered Index Sesk

1

Estimated row size: 4z
Estimated I/0 cost: 0.00632
Estimated CPU cost: 0,00a0s0
Estimated number of executes: 10.0
Estimated cosk: 0.007697(54%6)
Estimated subtree cost: 0.00769

Argumentk:

OBJECT:([pubs].[dbo].[M2D_01].[PK_M2D_0113, SEEK:([M2D_01].[ID

J=[M2C_01].[ID]) ORDERED FORWARD

-
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Loop Join Cost

* o] & oo

SELECT Nested LDDpSHIn..ﬂEC_Dl.IE_HE;_D...
oSt 0% oSt 0% oSt 45%

32

HED_Dl.PH_HED_D...
oSt S54%

Complete Loop Join Cost

= Quter Source Cost + Inner Source Cost + Join Cost
y )
HP,WORLD 200
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Loop Join, cont

/O Cost: O

Mested Loops,/Inner Join CPU Cost
For each row in the top {(ouker) input, scan the bokkam (inner) 0.00000418
input, and oukpuk matching rows, per row
Physical operation: MNesked Loops
Logical operation: Inner Join
Estimated row count: 9
Estimated row size: 7e
Estimated I/0 cosk: 0, 000000
Estimated CPU cosk: 0. 00004
Estimated number of executes: 1.0
Estimated cost: 0, 0000420 0%:)
Estimated subtree cost: 0,0141
Argument:
CUTER REFEREMCES:([M2C_01].[IDT)

PWORLD 2004



Loop Join, Inner Source

Clustered Index Seek
Scanning a parkicular range of rows From a cluskered inde:x,

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:

Argument:

CBIECT:([pubs].[dba].[M2D_01].[FK_M2D_ 0173, SEEK:([MZD_01].[I

1=[M2C_01].[I0]) OROERED FORWARD

row count is
expected
matches per row

Clustered Index Seek for each row from
Clustered Index Seek, / outer source

1 (rounded down)
4.2
0.00632 7 1/O and CPU
D'DD':{%BE cost is for 1
0,007697(54%: ) \execute
LA Number of

executes is row
count from outer
source

Cost is for all

executes
HP, WORLD’2004
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Loop Join Examples

SARG on Outer Source Only

SELECT ..

FROM M2C

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

a
HP, W R—92004

Solutions and Technology Conference & Expo
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Loop Join Costs

100
—Loop (1)
10 — Loop (2)
‘g’ Loop (3) —
(&)
.
s
o
0.1 -
(1) or SARG
D on both
0.01 ——— ‘ ‘ sources and
10 100 1,000 10,000( IS is
owe effectively
small

(1) SARG on OS, IS small table
(2) SARG on OS, IS not small
(3) SARG on OS & IS and IS not small gng/vhR Do

tions and Technology Conference &

_/
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Hash Join

* - I 533

SELECT Hash Match/Inne.. M2 C_IIIl g PI{_HE |:_|:| bk
o3t 0% o=t B8 oSt 21%

532

HED_Dl.PH_HED_D...
oSt 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 |
HP W RDgom

Solutions and Technology Conference & Expo
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Hash Join Cost

Quter Source & Inner Source Oeastlis

are index seek or scan

1 execute, 1 or more rows

Hash Match,/Inner Join
w From the top input ko build a hash

table, and each row From the bottom inpuk to probe
into the hash table, oukputting 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].[ID]}={[n].[ID])

Hash Makch
Inner Jain

10

25

0, 000000
0,0179

1

0,01 7942(58%:)
0,0507

a3

HPWORLD 2004
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45



Hash Join Cost

SELECT
Retrieves rows from the database, Allows selection of
ane ar many rows of columns From one or many tables,

Physical operation: SELECT
Logical operation: SELECT
Estimated row count: 500,000
Estimated cost: 0, 0499990 0%5)
Estimated subtree cost: 16.2

Clustered Index Seek
Scanning a particular range of raws Fram a clustered indesx,

Physical operation: Clustered Index Seck
Logical operation: Clustered Index Seek
Estimated row count: 500,000
Estimated row size: 35
Estimated I,/0 cost: 3.74
Estimated CPU cost: 0.551
Estimated number of executes: 1.0
Estimated cost: 4, 2955232 7%0)
Estimated subtree cost: 4,30
Argument:

OBJECT:([Test2].[dba].[M34_0S].[PK_M34_0S] AS [a]), SEEK:([a].[S
roupID]=1) ORDERED FORWARD

Query 1: Ouery cost (relative to the batch): 33.33%
Query text: SELECT 1 FROM M3hL 05 s INMEE HALSH JOIN M3

— % &—
N “—1

SELECT Hash Match/Inne.. M34 05.PE M3IL O...
Cost: 0% Cost: 47% Cast: 27%

L

M3E O5.PE M3E 0O...
Cast: 27%

Query 2: Query cost ([(relative to the batch): 33.33%
uery text: SELECT &.ID FROM M3h 05 a INMNER HASH JOI

= ]
—_— éﬁEI b
N =
SELECT Hash Match/Inne.. M3 OS5.PE M3A O...

Cost: 0% Cost: 47% Cost: 27%

e

M3E 0O5.PE M3E 0O...
Cost: 27%

Hash join cost independent of
IS column count or size

Query 3@ Query cost (relative to the batchl: 33.33%
guery text: SELECT kb.* FROM M3A 05 & INKMER HASH JOIN

— g &
~—1

SELECT Hash Match/Inne.. M3h O05.PK M34 O...
Cost: 0% Cost: 47% Cost: 27%

e

M3E 0O5.PE M3E 0O...
Cost: 27%

4b



Ouery 1: OQuery cost (relative to the bhatchl: 24.73%
uery text: 3ELECT a&.ID FROM M34 05 a INKMNEER HASH JOIN

— ] &—
=1

Hash Join Cost

SELECT Hash HatchfInnE...HSA_DS.PK_HSA_D...
Q‘I SELECT Cost: 0% Cost: 47% Cost: 27%
Retrieves rows from the database. allows selection of
one of many rows of columns From one or many tables.
]
Physical operation: SELECT
Logical operation: SELECT M3E O5.PE M3BE 0O...
Estimated row count: 500,000 Cost: 27%
Estimated cost: 0.049999(0%:)
Estimated subtrec;:cost: be Query 2@ Query cost (relative to the batchl: 26.16%
Query text: SELECT &.ID, =.IDZ FROM M3A 05 a INNER HA
Q 2 SELECT
Retrieves rows from the database, Allows selection of o
one of many rows or columns From one or many tables, 4 i "épa —
. . ~—1
Lth_snzlal nper:l_tmn: ggtgg SELECT Hash Matech/Inne.. M3L O5.PE M3A O...
ogical operation: . M . . T i L
Estimated row count: 500,000 faREr e FESER =ls 2l e
Estimated cost: 0, 050002(0%:)
Estimated subtree cost: 17.1 ﬁ@
M3B 05.FK M3E O...
Cost: 2Z5%
Q3 SELECT
Retrieves rows From the database. Allows selection of Cuery 3: Query cost (relative to the batch): 49.11%
EESE G eR R il RH{E UR 0 B e 1) Teblea: Query text: SELECT a.* FROM N34 05 a INMNER HASH JOIN
Physical operation: SELECT
Logical operation: SELECT
Estimated row count: 500,000
= —_—
Estimated cost: 0,049929(0%:) e LE% ™
Estimated subtree cost: 3z2.2 ~—1
SELECT Hash HatChfInnE...HSA_DS.PK_HSA_D...
Cast: 0% Cast: V3% Cost: 13%
join cost dep Lo
OS select size

Cost: 13%



Q2

Hash Join Cost

Q1

Hash Match/Inner Join
Use each row from the top input ko build a hash table, and each
rowe From the bottom inpuk o probe inko the hash table,
oukputting all matching rows,

Physical operation: Hash Match
Logical operation: Inmet Jain
Estimated row count: 500,
Estimated row size: %
Estimated I,/0 cost: 0.0000
Estimated CPU cost: 7.56
Estimated number of executes: 1.0
Estimated cost: 7563254 47%)
Estimated subtree cost: 16.2
Argument:

HASH: ([a].[ID])=([b].[ID]}

Hash Match,/Inner Join
Use each row From the top input to build a hash kable, and each
row From the boktom input to probe into the hash table,
oukputting all matching rows,

Physical operation: Haszh Match
Logical operation: Inner Jain
Estimated row count: 500, D00
Estimated row size:

Estimated I,/0 costk: 0, 000000
Estimated CPU cost: 8.50
Estimated number of executes: 1.0
Estimated cost: 8.503252(50%:)
Estimated subtree cost: 17:1
Argument:

HASH:([a].[IDTi=([b].[ID )

Q3

Hash Match/Inner Join
Use each row from the top input to build a hash table, and each
tow From the bottam input ko probe inko the hash kable,
outputking all matching rows,

Physical operation: Hash Match
Logical operation: Inner Join
Estimated row count: 500,000
Estimated row size; *@
Estimated I,/0 cost: 0, 00000
Estimated CPU cosk: 23.5
Estimated number of executes: 1.0
Estimated cost: 23.543255(73%:)
Estimated subtree cost: 32,1
Argument:

HasH:{[a].[ID])=({[b].[ID]}

48




Hash Join Cost Formula

Hash Join

Base CPU Cost = 0.017750000 base

Fudge factors + 0.0000001749 (2-30 rows)
+ 0.0000000720 (100 rows)

Cost per row 0.000015091 per row (1:1 join)

0.000015857 (parallel)

+ 0.000001880 per row per 4 bytes in OS
+ 0.000005320 per additional row in IS

I/0 Cost = 0.0000421000 per row over >64-102MB?

0.0000036609 per row per 4 byte

Hash join spills to tempdb at 64-102MB in 32-bit 1-2GB memory /
: G HP, W RLD 2004
700MB+ in 64-bit with 32GB memory Sk s Cyieine 1

49



Merge Join

I 5%
4 1_|

SELECT Merge Joind Inne. . Mz C 01.FPE MaC 0. ..
Cost: 0% Cost: 30% Cost: 35%

533

HED_DI.PH_HED_D...
Cost: 35%

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

Merge Join Cost = Outer Source + Inner Source + Merge cost j
HP,WORLD’200

utions and Technology Conference & Expo

‘_/
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Merge Join Cost

Cost
CPU: 0.0056046
+ 0.00000446/row

Discrepancy:
0.0000030

l1:n
additional rows:
+0.000002370 / row

Merge Join/Inner Join
Makching rows From bwo suitably sorted input tables
exploiting their sork order,

Physical operation: Merge Join
Logical operation: Inner Jain
Row count: 10
Estimated row size: 47
I,/0 cosk: 0, 000000
CPU costk: 0, 00564
Mumber of executes: 1
Cosk: 0, 0056458031 %% )
Subtree cost: 0.0154
Estimated row count: 3
Argument:

MERGE: ([m].[IDT}={[n].[ID']), RESIDUAL:{[m].[ID]=[
n].[I0])



Joins — Base cost

0.0320

0.0256 -
0.0192 -
0.0128

0.0064 -

Plan Startup Cost

0.0000

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

HP WORLD 2004
Base cost excludes cost per row N e
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Loop, Hash and Merge Join Costs

10.00
— — Loop (1) /
Loop (2

1.00 P 2)
: Hash — -~
O
c
S
o

0.10

0.01

10 100 1,000 10,000
rows
HP, WORLD’200

and Technology Conference & Expo
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Normalized Plan Cost

<1GB
0 50 100 150 200
rows
>1GB
7]
Q
(&)
c
8
o
©
(]
N
©
g hash e merge
Z
0 50 100 150 200
Loop(1) FOWS




1 to Many Joins

Each row from OS [oins to n rows in IS
\ e = 1 A

SELECT Nested Loops/In.. Nested Loops/In... MEZL.PE Mzd

Cost: 0% Cost: 1% Cost: 1% Cost: 10%
: B s 533
‘—
b |

e M2E.PE MZE
3ELECT Hash Matchi/Inne.. M2C. IX M2C Grou... Cost: —44%
Cost: 0% Cost: 41% Cost: 7% ’
e = 53y 2
M2C.PE HMZC
Nested Loops/In... MZL.PE M2A k.

LE@B Join Cost per additional IS row
Y Loop  0.00004180
Hash ~0.00000523-531
Merge ~0.00000237
IS Index Seek cost:
0.0000011/row + IO costs

/
HP W R-IDZOQg

Solutions and Technology Conference &

‘_/
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Many-to-Many Merge

Merge Join/Inner Join
Makching rows From bwo suikably sorked input tables exploiting
their sort order,

Physical operation: Merge Join
Logical operation: Inner Jain
Estimated row count: 3
Estimated row size: 51
Estimated I/0 cost: 0,00125
Estimated CPU cosk: 0.00582
Estimated number of executes: 1.0
Estimated cosk: 0, 0070790 36%: )
Estimated subtree cost: 0.01949
Argument:

MANY-TO-MANY MERGE:{[m].[ID2]}=({[n].[ID]}, RESIDUAL:{[m].
(102 ]=[n].[ID])

I/0: 0.000310471 per row
CPU: 0.0056046 + 0.00004908 per row



Merge with Sort

==

SELECT Merge Joind In
Cost: 0% Cost: 19%

4

Sort
Sorking the input.

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:

Argument:
QRDER BY:([n].[I0] ASC)

+—

533

ne..ﬂEC_Dl.IE_HEC_D...
Cost: 21%

Sork

Sork

10

16

00112
0.000152

1.0
0,011413(38%:)
0.01738

MzD 01.I% M2D O...

Ccost: 21%

/
IiR\N(HiI;;EOO4

Solutions and Technology Conference & Expo
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Sort Cost cont.

100.0000

10.0000

Sort CPU
Formula

1.0000

0.1000

CPU Cost

0.0100 -

0.0010 -

0.0001

10

100

1000 10000 100000 1000000
FrOws

I/O0: 0.011261261
CPU: 0.000100079 + 0.00000305849* (rows-1)"1.26 p ﬁ
Probably depends on size per row HRV}’@QZQ\Q?
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Join Costs Compared

1000 <
- —|oop
é’ ——hash
c 100 merge
S —e— merge + sort
o —a— Mmerge m-t-m
3
S 10 -
1)
= _
o
Z
1 | ‘
10 100 1,000 10,000
rows

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

HP WORLD 2004

and Technology Conference & Expo
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Index Intersection

S |

Table M2X, b e
Index on Group|D SELECT Merge Join/Inne.. M2C.IX M2ZC Grou...
COStr O35 oGSt 333 Cost: 283
Index on CodelD - "" I A
= : o E 4 . \ﬁ-% ng
SELECT Hash Match/Inne.. MZN.IX MZN Grou... Mai.Ix MaC tode...

Cost: 0% CosSt: A% I Cost: 1A% Cost: Z38%

MzI. I:-:_HEI'J_CCH:!_E ..
Cost: lei

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

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

Merge Join cost formula different than previously discussed P j
W 2004



Execution Plan Costs Recap

Index Seek

< 1GB

> 1GB
Additional page
Additional rows

Bookmark Lookup
< 1GB
> 1GB

Table Scan

Base

Additional page
Additional row

I/0 CPU Total
0.006328500 0.0000796 0.006408100
0.003203425 0.0000796 0.003283025
0.00074074/p

0.00000110/r

I/0 CPU Total
0.0062500 0.0000011 0.0062511
0.0031249 0.0000011 0.0031260

I/0 CPU Total
0.0375785 0.0000785
0.00074074/p

0.0000011/r

/
HP WORLD 2004

Solutions and Technology Conference & Expo

J
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Logical 10 count

Example: Index Depth 2, rows per page: 100

|/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 comparisons more
relevant for similar operations

I/0O per addition 100 rows
Index Seek 1
Hash & Merge join 2



I 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

Statistics could be accurate but actual queries favors
different distribution

/
51 VX%@%Q&%

Solutions an

_/
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Aggregates — multiple output rows

SELECT Stream Aggregat.. M2C 03.TIX MaC 0O...
Cost: 0% Cost: Lo Cost: 44%

Stream Aggregate/Aggregate
Compuking summary values for groups of rows in a suitably sorked
strean.

Physical operation: Skream Aggregate
Logical operation: Aggregate
Estimated row count: 2,000
Estimated row size: 28
Estimated I,/0 cost: 0,000000
Estimated CPU cost: 0.0149
Estimated number of executes: 1.0

0,014900056%:)
0,0264

Estimated cost:
Estimated subtree cost:

Argument:
GROUP BY:([M2C_08].[ID2]) [Expr1002]=3UM{[M2C_0&].[randDe
cimal ]}

CPU
Cost per result row: 0.000007450/row

SELECT Hash Match/Aggr.. M2C 05.IX M2C O...
-ost: 0% Cost: 83% Cost: 17%
Hash Match/Aggregate

Insert each inpuk row inka a hash table, grouping on the GROLUP
BY columns and computing aggregate expressions,

Physical operation: Hash Matich
Logical operation: Aggreqate
Estimated row count: 2,000
Estimated row size: 28
Estimated I,/0 cost: 0.000000
Estimated CPU cost: 0.0554
Estimated number of executes: 1.0

Estimated cost:
Estimated subtree cost:

0, 055452{83%:)
0.0670

Argument:
HASH:([M2C_0a].[I02]) [Expr1002]=5UmMi[M2C_0a]. [randDecim

all)

CPU Cost per result row:
0.01777 + 0.0000188

~

P
HP WORLD’2004

Solutions and Technology Conference & Expo
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I Execution Plan Cost 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 organization
Logic by itself does not influence cost

Costs are not influenced by lock hints

Populate test DB with accurate cardinality

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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I Subjects

Cost measurement
Test procedure, Unit of measure

Query Costs

Single row, table scan, multi-row, joins
Discrepancies with plan costs
Logical I/O, Lock Hints, Conditions

Database design implications
Design, coding and indexes

/ ,
HP, WORLD2004
Solutions an d Technology Conference & Expo
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Test Procedure

Load generator

Drive DB server CPU utilization as high as possible (>85%)

Multiple load generators running same query

Single thread will not fully load DB server
Network propagation time is significant
Most queries run on single processor

Server may have more than one processor

Component operation cost derived
Comparing two queries differing in one op

RD%OM

onference & Expo
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Unit of Measure — CPU-Cycles

Query costs measured in CPU-cycles
Alternative: CPU-sec

Cost = Runtime (sec) x CPU Util. x Available CPU-cycles = Iterations

Available CPU-cycles = Number of CPUs x Frequency
Example 4 x 700MHz = 2.8B cycles/sec

CPU-cycles does not imply CPU instructions,
Unit of time same as CPU clock

1GHz CPU: time unit = 1ns

2GHz CPU: time unit = 0.5ns

/
21743 000 2L

ions and Technology Conferenc
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CPU-Cycles dependencies

CPU-cycles on one processor architecture has no relation to
another — ex. Pentium lll, Pentium 4, ltanium, Opteron

Some platform dependencies — cache size, bus speed, SMP

Processor | System/Cache/Mem | Performance Cost / trans.
ltanium 2 4 x 1.5GHz/6M /64G 121,065 2.974M
Xeon 4 x 3.0GHz/4M /32G 102,667 7.013M
Opteron 4 x 2.2GHz/1M /32G 105,687 4.996M
Notes:

Some platform dependencies — cache size, bus speed, SMP HPWOR;DZOM

Technology Confere

71



I Scaling dependencies

2 CPUs does not imply 2X performance compared to 1
CPU. This implies that costs are higher for more CPUs.
Example:
1 CPU/1GHz — 1000 ops/sec — 1.00M CPU-cycles/op
2 CPU/1GHz — 1800 ops/sec — 1.11M CPU-cycles/op

Scaling Expectation

1.8X from 1 to 2 CPUs, 1.7X from 2 to 4CPUs, 1.6X for
each additional doubling

ltanium2 1.5GHz/6M TPC-C performance, W2K3, S2K

CPU tpm-C tom/CPU Scale factor
4 121,065 30,266
32 577,531 18,048 1.68X
64 786,646 12,291 1.59X Y

Solutions an

LA 2L,
_/
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Cost Structure - Model

Stored Procedure Call Cost =
RPC cost (once per procedure)
+ Type cost (once per procedure?)
+ Query costs (one or more per procedure)

Query — one or more components
Component Cost =

Cost for component operation base
+ Cost per additional row or page

Only stored procedures are examined = -



PC Cost

Cost of RPC to SQL Server includes:

1) Network roundtrip
2) SQL Server handling costs

Calls to SQL Server are made with RPC (not SQL Batch)
Profiler -> Event Class: RPC

ADO.NET Command Type Stored Procedure or Text with parameters
Command Text without parameters: SQL Batch

/ ,
HP, WORLD2004
Solutions and Technology Conference & Expo

_/
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Type Cost?

Blank Procedure: ~250,000 CPU-cycles
CREATE PROC p_ProcBlank AS
RETURN

Proc with Single Query ~320K CPU-cycles

CREATE PROC p_ProcSingleQuery AS
SELECT ... FROM TableA WHERE ID = @ID

Proc with Two Queries ~360K CPU-cycles

CREATE PROC p_ProcTwoQueries AS
SELECT ... FROM TableA WHERE ID = @ID
SELECT ... FROM TableB WHERE ID = @ID

RPC Cost  ~250K CPU-cycles,
Type Cost  ~30K CPU-cycles,
Query Cost ~40K CPU-cycles

ooooooooooooooooooooooooooooooooooo



RPC Cost

Costs in CPU-Cycles

Processor Plil Pl X Xeon Opteron ltanium 2* It2
CPUs 2 4 2 2 2 4 8
RPC cost 140K 200K 250 140K 155K 290K 350K
270K (2.xx driver)
Type Cost
Select 20-30K ~5K 35-55K ~20K ~8K
Systems:
Pentium Il 2x 600MHz/256K, 2x 733MHz/256K,
Plll Xeon 2x 500MHz/2M, 4x 700MHz/2M, 4x900/2M
Xeon (P4) 2x 2.0GHz/512K 2x 2.4GHz/512K
Opteron 2x 2.2GHz/1M
ltanium 2 2x 900MHz/1.5M 8x1.5GHz/6M

OS: W2K, W2K3, various sp
SQL Server 2000, various sp
Plll: Intel PRO/100+, Others: Broadcom Gigabit Ethernet driver 5.xx+

*Itanium 2 system booted with 2, 4 or 8 processors RV<’ Rﬁzoo y
(4P config may have had procs from more than 1 cell) R e et



RPC Cost — Fiber versus Threads

Costs in CPU-Cycles

Plll Xeon - TCP 1P 2P 4P
FE-Thread 105K 150K 200K
FE-Fiber 95K 120K 170K

Xeon - TCP

GE-Thread 210K 250K

GE-Fiber 200K 230K

Xeon - VI

VI Thread 190K

VI Fiber 160K 180K

Itanium 2 - TCP 1P 2P 4P 8P
Thread 105K 155K 290K 350K
Fiber 95K 145K 260K 300K

Broadcom Gigabit Ethernet driver 5.xx, 6.xx, 7.XX (270K for 2P 2.xx driver)

VI: QLogic QLA2350, drivers: gla2300 8.2.2.10, glvika 1.1.3 p
HP, WORLD 2004

Solutions and Technology Conference &
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RPC Cost TCP vs Named Pipes

Costs in CPU-Cycles

Plll Xeon 4P TCP named pipes
FE-Thread 200K 315K
FE-Fiber 170K 370K

Xeon, Thread 1P 2P

GE, TCP 210K 250K

GE, Named Pipes 320K 360K

Broadcom Gigabit Ethernet driver 5.xx, 6.xX, 7.XX (270K for 2P 2.xx driver)
VI: QLogic QLA2350, drivers: gla2300 8.2.2.10, glvika 1.1.3

/
HP,WOR DZOQ:I

Solutions and Technology Conference & Expo
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PC Costs — owner, case

Pl Plll X P4/Xeon
RPC cost 140K 140K? 250K
sp_executesql 210K

Costs in CPU-Cycles

Unspecified owner, Ex: useri calls procedure owned by dbo
+100K on 4P PIll, +100K on 2P Xeon, 300K on 8P Itanium2

Case mismatch:

Actual procedure: p_Get Rows
Called procedure: p_get rows

+100K on 4P PIll, +150K on 2P Xeon, +300K on 8P Itanium2

=\

RLD’200

nology Conference & Expo

P

Solutions and Ted!

<
0

79



I Single Row Select Costs

Clustered Index Seek
Does cost depend on index depth?
Role of I/O count in cost

Index Seek with Bookmark Lookup

Does cost depend on table type?
Heap versus clustered index

Table Scan

/ ,
HP, WORLD2004
Solutions an d Technology Conference & Expo
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Single Row Logical 10 Count

SELECT Value FROM N1x WHERE ID = 1

SELECT I'-IlC.PK_P-IlC SELECT Eookmark Lookup I'-IlN.PK_I'-IlN
Ccost: 0% Cozst: 100% Caost: 0% Cost: 49% Cost: 51%
Clustered Index Nonclustered Index

== No index
SELECT Takhle Scan
CDSt: I:IES CDSt: 1I:”:IES _
Clustered 2 0 2
fo‘" data fits Covered 1 0 1
in 1 page
Nonclustered 1 1 2
Table Scan 0 1 1




Single Row Index Seek Cost per Query

110,000
100,000 {4
90,000 |
80,000 -
70,000
60,000 -
50,000
40,000

30,000 -
—— Cl 50K ---o--- Cl 200K Cl 500K

20,000 NH50K — ---@--- NH200K — -2 —NH500K

10,000 | 4 NC50K  ---a--- NC200K NC 500K |
O I I I I

0 2 4 6 8 10
SELECT's per Stored Procedure

CPU-cycles per SELECT

Index depth: 50K rows -2 both, 200K 3 CI, 2 NC, 500K 3 HP W RIDZOM

Solutions and Technology Conference & Expo
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I Single Row Cost Summary

Index depth
Plan — no, True cost -yes
Cost versus index depth not fully examined
Fill factor dependence not tested

Bookmark Lookup — Table type
Plan cost -no
True cost higher for clustered index than heap

/ ,
HP, WORLD2004
Solutions an d Technology Conference & Expo
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Multi-row Select Queries

Queries return single decimal aggregate
- Not a test of network bandwidth

Single Table Example
SELECT @Count = count(*), @Value1 = AVG(randDecimal)
FROM M3C_01 WHERE GroupID = @ID

1 Count, 1 AVG on 5 byte decimal

Join Example

SELECT count(*), AVG(m.randDecimal), min(n.randDecimal)
FROM M2A_02 m

INNER LOOP JOIN M2B_02 n ON n.ID = m.ID

WHERE m.GroupID = @ID AND n.GroupID = @ID

1 Count, 2 AVG on 5 byte decimal

Table Scan tests return either
- a single row
- 1 Count, 1 aggregate on 5 byte decimal B

Solutions and
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Multi-row Bookmark Lookups

30,000

25.000 -/.\'\4

20,000

15,000 M 3

10,000 F’\—’\

—e— Clust. Seq —=— Clust. Dist.
5,000 | CS Page Lock CD Page Lock
—x— Heap Seq. —e— Heap Dist.

—+— HS Page Lock HD Page Lock
0 ‘

10 100 FOWS 1000 10000

CPU-Cycles per row

2x2.4GHz/512KB Xeon
Table lock shift at 5K rows ? "



Table Scan — Component Cost

Total cost = RPC + Type + Base + per page costs
Plll (X) P4/Xeon Opteron It22P 8P

Type + Base cost 60K/40K 145K 35K 90K
Cost per page:

NOLOCK: 24K - 16K  23-35K
TABLOCK: 24K 25K 16K
PAGLOCK: 26K 26K 20K 17K 23-35K
ROWLOCK: 140K 250K 110K 100K 150K

Measured Table Scan cost formulas for 99 rows per page
Costs in CPU-Cycles per page
Table Scan or Index Scan — Plan Formula

I/0: 0.0375785 + 0.0007407 per page
CPU: 0.0000785 + 0.0000011 per row

=\

Y
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Table Scan Cost per Page

V4
o \ —e— Default —a— Row Lock
> 6 - —a—Page Lock Table Lock |
Q. y —%—No Lock  ------- Plan
g ° |
_— . -
o) "
O \
@ "
N "
: =
2 1 — SRS ‘:T_ P
0 \ B -
1 10 100 1000

Table size (pages)

2x733MHz/256KB Pentium llI T i
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Bookmark — Table Scan Cross-over

1,000
A A
g 100
& T
D
N —e— Bk on Cluster
© ’ —a—Bkon Heap
£ 10 ket —a— Table Scan
<zD Clust. Index
------- Plan Cost, Bk
------- Plan Cost, Scan
Plan, Clust. IX
1 ‘ ‘
10 100 1000 10000
rows
Plan Costs: <1GB 2x733MHz/256K Pentium Il P Wi RDZOM
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I Loop, Hash and Merge Join Costs

Loop joins: Case 1, 2, 3 etc

Hash joins: in-memory versus others
Merge: regular versus many-to-many
Merge join with sort operations
Locks — page lock

ooooooooooooooooooooooooooooooooooo



Loop Joins

10000

—
-
o
o

100

Normalized query cost
S

10

100 FOWS 1000

10000

2x600MHz/256K Pentium I

HPWORLD 2004
Solutions and Technology Conference & Expo
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Loop, Hash & Merge Joins

10000

2x600MHz/256K Pentium |

o 1000
o
-
D)
S
o5 100
)
N
©
=

10

1 I I
10 100 1000 10000
rows
HP,WORLD200
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Joins — Locking Granularity

40,000 i
35.000 *® \\ —e— Loop —o— L Page Lock |
—s— Hash —e— H Page Lock
% 30,000 - —a— Merge —A— MPage Lock —
8.25’000 . . . — o
8 20,000 ‘\ oo
O
& 15,000
- .o
E—) 10,000 - - }7 - A A A
5,000 - A A £ £ A A
O I I I I
10 100 1000 10000 100000 1000000
rows

Xeon 2x2.0GHz/512K

Hash join spools to tempdb at much lower HP Wi 32004
point in RPC calls versus SQL Batch
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1:n Loop, Hash, Merge Joins

CPU-cycles per row

40,000
—e—loop1:1 —o—1L1:2 ---o---L13
35,000 - - = Hash1:1 —8—H1:2 ---B---H1:3
o. —A&—NMergell —aA—M12  ---A--- M1:3
30,000 4.
' o -O- - & -0
2 1
5,000 | % SN
20,000 - s ————0— O - e
15,000 Be@e® /
10,000 < ~ ':' """""
5,000 N ‘\‘\‘\‘; A A - A
O I I I I
10 100 1000 10000 100000 1000000
FroOws

Xeon 2x2.0GHz/512K

/
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Type + Component Base Cost
Costs in CPU-Cycles

Processor | Plil Plll X | Xeon [Opt |Itanium 2

# of CPUs | 2 4 2 2 2 4 8

Frequency | ~733 |700 |2-24 |2.2 900M [1.5G |1.5G

Cache | 256K | 2M 512K | 1M 1.5M | 6M 6M
Aggregate 100K | 40K| 135K| 45K | 45K| 35K| 66K
Table Scan 60K | 40K| 145K| 50K| 35K| 40K| 90K
Loop Join 110K | 24K| 130K | 50K| 45K| 10K| 15K
Hash Join 500K | 250K | 620K | 250K | 225K | 210K | 320K
Merge Join 150K | 54K| 170K| 80K | 75K| 55K| 110K
Merge + Sort 145K | 320K 140K 230K
Many-to-Many 250K | 550K 200K 320K
Big cache lowers base cost? PWORLD 200

Solutions and Ted!
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Cost per Row

Costs in CPU-Cycles

Processor | PlII Xeon | Opt ltanium 2 2P, 4P, 8P
Index Seek 1.3K| 1.8K| 1.1K| 1.0K| 1.0K| 1.0K
Bookmark LU (CL) 16K 20K 12K 11K 16K 27K
BL (CL) page lock 11K 15K 8K 8K 13K 18K
Bookmark LU (Heap) 11K 14K oK 10K 11K 16K
BL (Heap) page lock 7K 9K 5K 6K 8K 8K
Loop Join 16K 25K 13K 11K 16K 23K
Loop Join, page lock 13K 20K | 11.5K oK 14K 21K
Hash Join 8.5K 11K | 7.5K 7K 7K 7K
Hash Join, page lock 6.5K 8K| 6.0K oK oK oK
Merge Join 6.5K 10K | 5.0K 6K 6K 6K
Merge Join, page lock 3.0K 4K | 2.5K 3K 3K 3K
Merge+Sort 7.5K 9K 6K| 7K
Many-To-Many PL 32K| 40K 18K “"@32%_




Peak Theoretical Performance

Rows or Pages/sec

Processor | PlII Xeon | Opt ltanium 2 2P, 4P, 8P

RPC 9K 19K 31K 19K 21K 34K
Index Seek 1 row 46K 120K | 200K 120K| 200K | 300K
Table Scan (pages) 61K 192K 200K 176K 352K 521K
Index Seek 1,100K | 2,600K | 4,000K | 3,000K | 6,000K 12M
Bookmark LU (CL) 91K | 240K| 366K| 250K| 375K | 444K
BL (CL) page lock 133K | 320K | 550K | 333K| 461K| 666K
Bookmark LU (Heap) 133K | 342K | 488K| 300K| 545K| 750K
BL (Heap) page lock 209K | 554K| 880K| 500K| 750K| 1,500K
Loop Join 92K | 225K | 338K| 230K| 375K | 521K
Loop Join, page lock 113K 257K 382K 272K 428K 571K
Hash Join 172K | 436K | 586K | 375K| 857K | 1,700K
Hash Join, page lock 225K 600K 733K 500K | 1,200K | 2,400K
Merge Join 225K 480K 880K 500K

Merge Join, page lock 489K | 1,200K | 1,700K | 1,000K




Index Seek by Aggregates

0.8
0.7 @1of10OM  m Count o
m O Sum O Convert
% 0.6 m Max o Money | |
% 0.5 m Decimal —
§ 0.4 1
S 0.3 - I
©
£ 0.2 _
a
il [J[I[[
0 n I I
Xeon 1P Opt 1P t2 1P  Xeon 2P  Opt 2P It 2P
SELECT COUNT(*) SELECT COUNT("), CONVERT int to bigint, etc ~
SELECT COUNT(*), SUM(int) HPWORLD2004

SELECT COUNT(*), SUM(Money) s

97



Aggregates — Itanium 2
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Hash Join Linearity on 32-bit
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Hash Join Linearity on ltanium 2

6 - -
5 —e— Index Seek
—s— Merge Join
4 Hash Join
Loop Join

\o}

Duration/1K rows (ms)
w

—

100 1000 10000
rows (000's)
Loop & Merge join cost per row independent of row count P Wi -92004

v
a
—
=

2

chnology Conference & Expo

Hash join cost per row is not (no spooling to temp)

100



Hash Join — row size
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Optimizer cost: depends on OS size, not IS size
Actual cost: depends on # of columns and OS/IS




IUD Cost Structure

*Use Windows NT fibers on

2xXeon* Notes

RPC cost 240,000 Higher for threads,
owner m/m

Type Cost 130,000 once per procedure
IUD Base 170,000 once per IUD statement
Single row IUD 300,000 Range: 200,000-400,000
Multi-row Insert
Cost per row 90,000 cost per additional row

INSERT, UPDATE & DELETE cost structure very similar
Multi-row UPDATE & DELETE not fully investigated
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INSERT Cost Structure

Index and Foreign Key not fully explored
Early measurements:

50-70,000 per additional index
50-70,000 per foreign key

Assumes inserts into “sequential” segments
Cluster on Identity or Cluster Key + Identity
Cluster on row GUID can cause substantial disk loading!
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I Database Design for Performance

Round-trip minimization — RPC cost

Row count management — Cost per row

Indexes — isolate queried rows to a limited number of
adjacent pages quickly, not most selective columns 1st

Design for low cost operations
Covered index instead of bookmark lookups
Merge joins, Indexed views
Avoid excessive logic

NOLOCK on non-transactional data
)
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Statistics

Accuracy & Relevance
More than keeping statistics up to date
Data queried needs to reflect data in table

Avoid populating database with test data having different
distribution than live data

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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I Performance Issues

Index + Bookmark Lookup vs. Table Scan

Query optimizer switches to table scan too soon for in-
memory, too late for disk bound data

Row count plan versus actual cost issues
May be related to WHERE clause conditions

Lock hints
Merge and Hash joins vs. Loop joins

Fixed costs favor consolidation
Both in RPC and queries
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I Summary

Query cost structure

Fixed costs identified
Costs applied once per RPC

Component operations examined
Base cost and cost per row or page

Lock hints — Row, Page, Table, No Lock

/ ,
HP, WORLD2004
Solutions an d Technology Conference & Expo

‘_/

107



Additional Information

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

SQL Server Quantitative Performance Analysis

Server System Architecture

Processor Performance

Direct Connect Gigabit Networking

Parallel Execution Plans

Large Data Operations

Transferring Statistics

Backup Performance Analysis with SQL LiteSpeed (soon)

Ichangb@yahoo.com

ooooooooooooooooooooooooooooooooooo
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