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Overview

= Selectivity and estimates
= Query complexity
= Estimates from statistics
o Sampling
o The histogram
o Filtered statistics
o Uneven distribution
= Changes to cardinality estimation in SQL Server 2014
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It Starts with Selectivity

= Not just based on the number of rows returned

= Always relative to the number of rows possible (based on input)
= Determined by your predicates:
o Asingle predicate is relatively easy (but, still has potential problems)
o Sampling
o Existence
o Accuracy (in larger and / or skewed sets)
o Multiple predicates — quickly complicates the problem

o Formulas exists in each of the models with optional trace flags to use different
estimates

= Determined by your joins:
o What is the likelihood of a match?

= PROBLEM: Lots of things to consider, lots of choices for SQL to make
and NONE of those decisions work ALL the time

Selectivity Makes or Breaks Your Plan

The more complicated the predicates, the joins, etc. the harder it is to

calculate how those translate up the chain of operations
%

Clustered Index Scan (Clustered)
0in) (Product) . [PK_Product_ProductID] (p)
< s

Calculation Direction

A

In complicated plans, each individual operator estimates its cost
based on the estimate passed as input

= Each estimate is a major factor in deciding:
o Physical operator algorithms
o Plan shapes (such as join orders)

If the estimates are wrong then the entire plan can be a mess...
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Legacy CE Model Assumptions (1of2)

= Avalue queried is expected to exist (inclusion)
o Ifthere's a step = yes, it exists and the step’s value will be used
o If the value falls within a step then the average (uniformity) will be used
o For values that don't exist — this average might be WAY off
o Imagine that a step covers the values from 101 to 200
o There are 250K rows in that range
o Thereare 5 actual values = 115, 135,167,172, 195
o The average will be 250K/ 5 = 50K

o The “estimated” number of rows for EVERY value possible (102, 103, 104, etc.) will
be 50K even though there are only 5 values (they expect that you're querying a
EXISTING value)

Legacy CE Model Assumptions (20f2)

= Statistics from separate columns are not correlated (independence)
o Column city and column state are NOT related
o 1/3 of your data is for IL and 1/4 of your data is for Chicago
o How much of your data is for Chicago, IL?
o We think %

a Minimum (1/4) must be correct because we know ALL of the Chicago rows
areinl|L

o The CE thinks 1/12
o .33x.25=.0825
o 1/5 of your data is for KS and 1/8 of your data is for Kansas City
o How much of your data is for Kansas City, KS?
o This is more interesting though, right? Harder to estimate...

NOTE: Multi-column statistics or a composite index would solve these
problems. And, there is a trace flag that can handle the first situation:
4137 (use the minimum and not the calculation / independence).
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Estimates from Statistics

Impossible to estimate correctly — ALL of the time

Assumptions may work for some scenarios and are AWFUL for others
Don’t worry as much about the precise calculation

Things to think about when you have “statistics” problems:

o Are they current?

o Are they being updated automatically with AUTO_UPDATE_STATS or manually
with an automated script?

o Should we increase the frequency for updating these statistics?

o Were they created using sampling?
o Doesitimprove the estimation if | use FULLSCAN instead of sampling?
o Which CE model are you using?
o Does using the other CE model fix the problem?
o Can you rewrite the query and get a better estimate / plan?
o Can you create a new index (or better [maybe filtered] statistics) to help
improve the estimate / plan?

Sampling: Always Good?

Using *actual* showplan tooltip — estimate v. actual rows

If query performance is poor AND the actual is significantly OFF from
the estimate then you might want to verify the statistics creation
(rows v. rows scanned)

If statistics were based on a sampling and performance is improved
after statistics have been updated with FULLSCAN, then you might
want to turn off auto updating for this index (using
STATISTICS_NORECOMPUTE at the index-level or NORECOMPUTE at
the statistics-level) and schedule an UPDATE STATISTICS WITH
FULLSCAN instead

UPDATE STATISTICS
WITH FULLSCAN
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Concerns Around the Histogram

= Stores ACTUAL values from the FIRST (and only first)y column of the key
o Sometimes referred to as the leading column of the index
o Sometimes referred to as the high-order element of the index
= Never stores more than 201 steps (up to 200 distinct/actual values
plus 1 NULL values row - if the column allows NULLSs)
= Even when your table has more than 200 distinct values, you may
have fewer than 200 steps
= Values chosen aren’t evenly distributed

o Internally, during statistics creation, SQL compresses steps to make room for
more. They try to track “interesting” values/anomalies but the more
compression that occurs, the more they lose outliers

= Has the best information - but how good is it?

o This is really the issue. And, unfortunately, it depends — mostly on how
skewed the data distribution is...
Important: Describes the entire table... even when partitioned

Data Distribution Matters

= Evendistribution is easy
o Think about “line items per sales order”
o That's probably fairly consistent at 2 or 3
= Un-even distribution is HARDER
o Think about sales per product
o This is all over the place - and varies over time as well...
o Think about sales per customers
o Again, all over the place - and, again, varies over time...

= The histogram does a MUCH better job having steps and average
distribution per step but what if there are well over 200 distinct values
(tens of thousands) and millions of rows with heavy skew between
steps?
o Simply put, the averages just aren’t going to cut it anymore...
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Understanding the histogram
What information is stored in the histogram?
How does SQL Server use it?

Demo: Key Points

= Very useful to help the optimizer assess the usefulness of an existing
index (whose histogram is not as accurate due to skew [and probably
table size])

= Take a slightly skewed example: sales by customer
o Sales: 30,923,776
o Customers: 18,484
o Average = 30,923,776 /18,484 = 1,673
o All density (from density_vector of statistics) = 5.410084E-05 multiplied by rows =
1,673
o Skew = high: 30,000+ (only ~6), Low: ~500 (thousands)
o Not every value can possibly be represented in 200 steps (for histogram)

o Occasionally, they’'ll be wrong - average might not be good enough... enter =
filtered statistics

= Not an index, just a statistics blob... (smaller, easier to maintain, more
accurate over that set)
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Assessing Level Of Data Skew

Can we access the histogram - programmatically?
INSERT TemporaryWorktable
EXEC (“DBCC SHOW_STATISTICS .. WITH HISTOGRAM”)
o Should be easy enough? (er, famous last words)

o RANGE_HI_KEY (if you want to analyze it against the base table, needs to be the
same data type as the base table)

o LOTS of dynamic string execution and different lookups to reconstruct data types
(including collations)

o Which, by the way - has a slightly different syntax when in a CAST clause vs. in a
column definition

End result: [sp_SQLskills AnalyzeColumnSkew]
o Plus, [sp_SQLskills_AnalyzeAllleadingIndexColumnSkew]

Both need to be added to master and marked as system objects:
EXEC [sys].[sp_MS_marksystemobject]
'sp_SQLskills_AnalyzeAlllLeadingIndexColumnSkew"'

Assessing Level of Data Skew

Parameters and uses for this:
[sp_SQLskills_AnalyzeColumnSkew]

@schemaname sysname = NULL
, @objectname sysname = NULL
, @columnname sysname = NULL
, @difference int = 1000
-- Min diff between average and largest difference in that step
, @factor decimal(5, 2) = 2.5
-- Min factor of the difference against the average
, @numofsteps tinyint = 10

-- Min number of steps that have to meet this/these
, @percentofsteps tinyint = 10
-- Minimum PERCENT of steps that have to meet this/these

, @keeptable char(5) = 'FALSE'
-- If TRUE keeps ALL of the worktables
, @tablename nvarchar(520) = NULL OUTPUT

-- Fully delimited name of the worktable in tempdb

Lots of options and relatively low impact (requires an index that has
the column specified [@columnname] as the leading column)
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Scripts: Key Points

Not everyone will have skewed data

Might already suspect you have a problem
o Poor estimates where you've tried:
o Updating statistics more frequently
o Updating statistics with FULLSCAN more frequently
o Adding OPTION (RECOMPILE) to your code
o But... it still didn't work - the estimates were still off

NOTE: There are still other things it could be. But, here’s where this proc can really help you to
understand what your data really looks like!

Target only specific (probably large [over 50-60GB]) tables
NOTE: It's not the size of the table that’s important here — even a small table
that's 100-200MB can show signs of skew. But, the performance problems
that result from a small table just aren’t as noticeable.
Don't forget to clean up the worktables in tempdb:

EXEC [sp_SQLskills HistogramTempTables] @management = 'DROP'

o

Filtered Statistics For The Entire Table? (1)

We've determined there’s skew — now what?
o Manually create a whole bunch of filtered stats?
o How do we break down the data?
o How do we account for new rows?

o How do we maintain this?

Here’s the idea - imagine 20,000 customers (1 to 20,000),

i : Sales table (or{e large [hot parfitioned] table) : :

L M | i H [ T | Il o [ Hi
12001 to 14001 to 16001 to 18001 to 110001 to 112001 to 114001 to 116001 to 118001 to
| 4000 1 6000 | 8000 ! 10000 ! 12000 ! 14000 ! 16000 ! 18000 ! 20000
! 1 1 1 1 1 1 1 1

CREATE STATISTICS FilteredStat

ON [schemaname].[tablename] ([columnname])
WHERE [columnname] >= 1

AND [columnname] < 2000

Lskills
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Filtered Statistics For The Entire Table? (2)

= So, that seemed simple
o Notall data is as simple as an ever-increasing integer
o Most data actually changes... (what happens with new rows over 20,000)
o How would we automate this process?
= End result:
[sp_SQLskills_CreateFilteredStats]

= Needs to be added to master and marked a system object:
EXEC [sys].[sp_MS_marksystemobject] 'sp_SQLskills_CreateFilteredStats"'

= Requires a couple of other procedures:
o [sp_SQLskills CreateFilteredStatsString]
o [sp_SQLskills DropAllColumnStats]

Automating Filtered Statistics Creation

= Parameters and uses for this:
[sp_SQLskills CreateFilteredStats]

@schemaname sysname = NULL
, @objectname sysname = NULL
, @columnname sysname = NULL
, @filteredstats tinyint = 10

-- Number of filter chunks to define
, @everincreasing bit =0
-- depending on whether or not your table is ever increasing

, @maxforfs sql_variant = NULL
-- Projected value to extend out until the next redistribution
, @fullscan varchar(8) = NULL

-- Generate the statistic using a FULLSCAN or SAMPLE
, @samplepercent  tinyint = NULL
-- If @fullscan = SAMPLE, do you want to override SQL’s sample
= Lots of options and relatively low impact to create (will leverage an
existing index; fullscan might require that index to end up in cache)

= Might not give you any benefits and it will need to be maintained!
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Scripts: Key Points

= Must supply values, cannot use only the defaults

= You'll need to estimate a new max value based on:
o How long you want these filtered statistics to live
o How much data churn/change you see in these values
= When this is FIRST run, All column-level statistics on the column
you’'re about to create filtered statistics on - are deleted. This
shouldn’t be a problem because:

o We're only targeting leading index columns (so, SQL can use the index stats; the
column-level were redundant already)

= If you want to clean up the newly created filtered stats:
EXEC [sp_SQLskills DropAllColumnStats]
@schemaname = N'dbo’
, @objectname = N'factinternetsales’
, @columnname = N'customerkey'
, @dropall = N'TRUE'

hidden slide
w/extra details

How Many Filtered Indexes/Stats?
Per Table

= SQL Server 2000

o Columns: 1,024

o Nonclustered indexes: 249

o Statistics: 249 (shared with nonclustered)
= SQL Server 2005

o Columns: 1,024

o Nonclustered indexes: 249

o Statistics: 2,000 (referenced in sys.stats)
= SQL Server 2008/R2

o Columns: 30,000

o Nonclustered indexes: 999

o Statistics: 10,000 (30,000 in R2)
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hidden slide
w/extra details

Valid Index IDs

= Table always has at least one index id
o Fora heap the index id is always 0
o Fora clustered table the index id is always 1
o Nonclustered indexes can start at 2
= 999 nonclustered indexes per table
o Indexids start with 2 but statistics use the same counter range

o Indexids 251 through 255 are reserved (from prior use cases)

o NOTE: 255 was used in earlier releases but 251-254 have never been used (at least
not that | know of ©)

= 30,000 statistics per table (SQL Server 2008 R2+)
= |ndex and statistics ids run from 2 to 250 and from 256 to 31005

o NOTE: The datatype used is int (sys.indexes.index_id and sys.stats.stats_id).
Technically they could support more...

_ S@Lskills

This Is So Cool...
But, It Won’t Always Work... Sigh

= Session setting requirements for filtered indexes do NOT apply to the
creation OR usage of filtered statistics
= Interval subsumption problems
o Might be able to do a query rewrite but this is kind of a nightmare
=  Might be able to add recompile
=  Might be able to add a plan guide

* To be honest, there are better - architectural ways - to handle very
large tables with skew problems
o Don't have very large tables

o Create multiple tables and union them together as a view
o Partitioned Views (UNION ALL and constraints)
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hidden slide
w/extra details

Session Settings Requirements
APPLY Only to Filtered Indexes (NOT Filtered Statistics)

= See BOL topic: Set Options that Affect Results

= Session settings control behavior - and the result of some
computations

= Datain these persisted structures must be consistent (which is why
these apply to filtered indexes)

= Session settings that must be on: Msg 1934, Level 16,
State 1, Line 1

o ANSI_NULLS CREATE INDEX failed because the
o ANSI_WARNINGS following SET options have
incorrect settings:
B QUOTED—lDENTlFlER 'QUOTED_IDENTIFIER'. Verify that
o CONCAT NULL YIELDS NULL SET options are correct for use
- - - with indexed views and/or indexes
o ANSI_PADDING on computed columns and/or
o ARITHABORT filtered indexes and/or query
notifications and/or XML data
= Session setting that must be off: type methods and/or spatial index
o NUMERIC_ROUNDABORT s

hidden slide
Client conSistency Requirements w/extra details

APPLY Only to Filtered Indexes (NOT Filtered Statistics)

= Consistency with table(s), view and the clustered index (on the view)
creation OR table and the filtered index
o All tables on which the view is based, the view itself and the index must be
created with the correct session settings set or the index cannot be created
on the view
= Consistency with base table access
o All INSERT, UPDATE and DELETE statements must be executed with correct
session settings or the insert, update or delete will fail
= Consistency with query access

o All queries that SELECT against views with indexes (or tables with filtered
indexes) must access them with the correct session settings set otherwise
the data will need to be recalculated, rejoined or recomputed

immerse yourself in sql server

12

SQLskills



Interval Subsumption (1 of 2)
Filter use (per query)

Filters (indexes/statistics) cannot be used when the query’s predicate
is not a subset of a SINGLE filter interval:
o Filtered index: January data
o WHERE [date] >= '20110101' AND [date] < '20110201'
o Filtered index: February data
o WHERE [date] >= '20110201' AND [date] < '20110301'
o Predicates and their usage:
o WHERE [date] = '20110115' YES
o WHERE [date] BETWEEN '20110105' AND '20110115' YES
o WHERE [date] BETWEEN '20110115' AND ‘20110215’
NO, cannot use multiple filtered objects
BAD NEWS: This is why there’s no such thing as partition-level
statistics. SQL Server cannot combine the filtered indexes and use
them individually. So, you need a table-level index (that’s partition-
aligned) but the statistics are less accurate.

Interval Subsumption (2 of 2)
Filter use (per query)

Filtered statistics examples:

o Filtered statistic over a range:
o WHERE ([CustomerKey]>= 11000 AND [CustomerKey] < 11566 )

o Filtered statistic over a range:
o WHERE ([CustomerKey]>= 11566 AND [CustomerKey] < 12363)

o Predicates and their usage:
o WHERE [c].[CustomerKey] IN (11509, 11503, 11123) YES
YES, all values are in only ONE filtered statistic
o WHERE [c].[CustomerKey] IN (11509, 12345)
NO, cannot use multiple filtered objects
WORKAROUND: Use dynamic string execution to UNION ALL the
individual values
o Predicates and their usage:
o WHERE [c].[CustomerKey] BETWEEN 11500 AND 11600
NO, cannot use multiple filtered objects

GOOD NEWS: The larger the range, the less you need to use the more accurate
H values (averages are fine when they're over larger ranges)

immerse yourselfin sal server
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Interval subsumption
When won’t SQL Server use a filtered object?
Is there a workaround?

The Bad News...

» Filtered indexes/filtered stats: stats may get HORRIBLY out of date:

o SQL Server ONLY tracks a colmodctr NOT related to the filtered set or size. As a
result, the stats (even filtered stats) are only updated when 20% of the table has
been modified...

o For better performance, you need to automate and control their updates (do
NOT rely on “auto update statistics”)

o Good news is that they're relatively small and creating a job to automated them
is relatively easy!

o See this blog post: http://www.sqlskills.com/BLOGS/KIMBERLY/post/Filtered-

indexes-and-filtered-stats-might-become-seriously-out-of-date.aspx
(http://bit.ly/TknEE2)

= Stored procedures and sp_executesql will not use filtered objects unless
you recompile the statement [ add OPTION (RECOMPILE) ]

= Forced parameterization (the database option) will generalize statements
and many filters won’t be eligible during optimization

= Similar summary, don’t go wild with this feature; it has powerful — but
specific - uses!
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Evenly Distributed Data?

Scenario
o You have 90 rows in a table
o 10 rows have a value of x for column 6
o Where (physically) in this table are these 10 rows?
They could be evenly distributed throughout the table...

il
il
il
I
il
Il
il
il
il
Il
il
il
il
il
il
il
il
il

But, what if they're not?

Scenario: Unevenly Distributed Data

Scenario
o AdventureWorksDW2012: FactinternetSales has 60,398
o 2,541 rows have a null for ShipDateKey
o 60,398/2,541 =23.7 (1in 23.7 rows is NULL)
o Nonclustered index on ShipDateKey
o Nonclustered index on OrderDateKey

What does SQL Server do?

SELECT MIN(fis.orderbateKkey)
FROM dbo.FactInternetSales2 AS fis
WHERE fis.Shipbatekey IS NULL

immerse yourself in sql server
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Even Distribution: Always Even??

Table scan is always an option
Use an index on ShipDateKey to look up the actual date for all orders
where ShipDateKey is NULL

o This means a bookmark lookup must be run for EVERY NULL so that we can
get the OrderDateKey

o The worktable then needs to be sorted to find the lowest order date
Use an index on OrderDateKey as only 1 on 23.7 sales have a NULL for
ShipDateKey

o SQL Server estimates that they'll find a NULL within 23.7 rows and they
won't need a worktable

o This sounds better...
But the rows are not evenly distributed!

Evenly Distributed Data??

3] Edior | (5 Resuts [ (13 essages | 5~ Execution plan | P
Query 1: Query cost (relative to the batgh): 21%
SELECT MIN(OrderDateKey) FROM FactInterndgfSales2 WJIH (INDEX (0)) WHERE ShipDateK:

T
= i £
Stream Aggregate Table Scan _
(nasrogare (Faceinsermereatess] =1.3131/0s
== cost: 3 % cost: 97 %
=21ms
Query 2: Query cost (relative to the batgh): 2%
SELECT MIN(OrderDateKey) FROM FactInterne&gales2 RE ShipDateKey IS NULL —- 528
Missing Index (Impact 95.4001): CREATE NONCL RED INDEX [<Name of Missing Index
T = N
= 3 = el %
Stream Aggregate Nested Loops Index Scan (NonClustersd)
e (nasrogare LT G i (Facetnsermessatoss] . [ond-
os= cost: 0 % os= cost: 0 % cost: 4 %
g
=52,6961/0s

RID Lookup (Heap)

[FactInternetSales2] =119 ms

Cost: 96 %

Query 3: Query cost (relative to the batg¢h): 77%

SELECT MIN(OrderDateKey) FROM FactInterne®gales2 H (INDEX(ShipDateInd)) WHERE !
Missing Index (Impact 99.863): CREATE NONCLUSTERED INDEX [<Name of Missing Index,
™
= B ] ]
serecn stream Aggregate Nested Loops Index Seek (NonClustered)
oo e (aggregate) (Inner Join) [FactInternstsales2].[Shi..
asE cost: 0 % Cost: 0 % cost: 0 %
. =2,5491/0s
]
RID Lookup (Heap) = 9 ms

[FactInternetsales2]
Cost: 99 %
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Evenly Distributed Data??

31 Edtor [ E5) Resuls [ [y Messages| § ~ Becution plan |
Query 1: Query cost (relative to the batch): 21%
SELECT MIN(OrderDateKey) FROM FactInternetSales2 WITH (INDEX (0)) ¥

Index Scan (NonClustered)
Scan a nanclustered index, entirely or only a range.

= i E ) Physical Operation Index Scan
SELECT stream Aggregate Table scan Logical Operation Index Scan
(Aggresate) (Facttnternersales2] e e =
cost: 3 % Cost: 97 %

Estimated Execution Mode Row
Storage BowStage
Actual Number of Rows ( sam73

Query 2: Query cost (relative to the batch): 2% ‘Actual Number of Batches
SELECT MIN(OrderDateKey) FROM FactInternetSales2 WHERE ShipDateKey Estimated /0 Cost 0.104606
Missing Index (Impact 95.4001): CREATE NONCLUSTERED INDEX [)Na-mﬂu—m Estimated Operator Cost 00033464 (4%)
= i = fdl Estimated Subtree Cost 0.0033464
srrecn Stream Aggregate on Nested Loops Tndex Scan  Estimated CPU Cost 0.0665948
Cost: 0 % (hogresace) Cost: 0% (Trnex Joim) [FactInte ne Eotimated Number of Executions 1

Number of Executions
Estimated Mumber of Rows 237694
RID Loo Estimated Row Size

[FactInte Actual Rebinds 0
€°%% Actual Rewinds 0
Ordered True
Node ID 4

Query 3: Query cost (relative to the batch): 77%
SELECT MIN(OrderDateKey) FROM FactInternetSales2 WITH (INDEX(ShipD: Object
Missing Index (Impact 99.863): CREATE NONCLUSTERED INDEX [<Name of [AdventureWorksDW2012].[dbo].[FactInternetSales2].

= i {5l & [OrdeDateln]
srzer Stream Aggregate Nested Loops Index Seek (NomClustered) OUtput List
Cost: 0 % (2ggregace) (Inner Join) [FactInternstSales2].[shi.. Bmk1000, [AdventureWorksDW2012].[dbo].
om0 ot 0% Cost: 0% [FactinternetSales2]. OrderDatekey

e
21D Zoskup (Reap)

[FactInternetsales2]
Cost: 99 %
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Always Better: Indexes

= Statistics cannot be used to directly access data but:
o They can only HELP the optimizer determine the best plan
o They can help determine best join order
= Statistics are just estimates: they help MOST of the time but:
o There are limitations
o They take time to create, update, store...
» Indexing can often be A LOT better...

CREATE INDEX ShipbDateOrderDateInd_SeekableForMin
ON FactInternetSales2 (Shipbatekey, OrderDateKey)

SQLskills
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AIways Better: Indexes

3] Edtor | [ Resus [ [T Messages| A" Bxecution pian |
Query 1: Query cost (relative to the bat| h) 21%
SELECT MIN(OrderDateRey) FROM FactInternd(Sales2 wipd (INDEX(0)) WHERE ShipDateKey IS NU

= ¥
e Stream Aggregate Table Scan =1,3131/0s
< Cost: 3 % Cost: 97 3 -=19ms

Query 2: Query cost (relative to the bat
SELECT MIN (OrderDateKey) FROM FactIntern SElESA WI' (INDEX (OrderDateInd)) WHERE ShipD:
=
= £ = | kg
sszzcr sy o Cones socmy e romaaessases) tosansoa
Cosui 0 % (Bggregate) cosei 0 (Tonez Join) Tnternecsalesz] . [

Coser 0 % cost: 0 % costi 4% =52,8961/0s
=112 ms

Query 3: Query cost (relative to the batfh): 77%
SELECT MIN (OrderDateKey) FROM FactInterndtSales2 WI (INDEX (ShipDateInd)) WHERE ShipDat¢

= —
= 3 i} ]
- seresm Agsregace — Nescea Loops fnex sesk (enCisscezes)
o a s (Aggregate) (Inner Join) FactInternetSalesz). [ShipDat.
N Cost: 0 % Cost: 0 % Cost: 0 % -
=2,5491/0s

=6ms

Query 4: Query cost (relative to the b ch
SELECT MIN (OrderDateKey) FROM FactInterngtSales2 W, (INDEX (ShipDateOrderDatelInd_Seekal
—a
=21/0s
=1ms

Always Better: The RIGHT Indexes

= Every SINGLE QUERY can be indexed to make THAT SINGLE query fast

* You can’tindex EVERY query unless you're read-only/decision
support, and even then you're limited by disk space (but that’s about
t...lots of indexes - yeah!)

= Buta better choice is prioritizing and determining which queries
really need indexes!
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Changes to Cardinality Estimation (CE) in SQL 2014

= CE model assumptions

= Correlation for multiple predicates - legacy CE model
= Correlation for multiple predicates - new CE model

* Modified out-of-range value estimation (both models)
= Join estimate algorithm changes

= Simple containment

= Base containment

= Estimates from Join-Containment Queries (both models)
= Cardinality Estimation Models

=  Minimum Estimate (Eliminate CE Calculation)

= Migrations / Upgrades / Regressions

CE Model Assumptions

= Independence
o Filters are uncorrelated in absence of statistics indicating otherwise

= Uniformity
o Values in a histogram step are evenly distributed (spread) and have the same
frequency
= Inclusion

o When using a column-equal-constant predicate, it is assumed the value
actually exists

= Containment

o When estimating an equality join, it is assumed that there is a maximum
overlap of distinct values (think “PK-to-FK" relationship”)

immerse yourself in sql server
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Correlation for Multiple Predicates
(Legacy CE model)

= “Independence” assumption at work...

= Selectivity of conjunctive predicates are computed as the
multiplication of individual selectivities

PO *pl *p2 *p3

Correlation for Multiple Predicates
(New CE model)

= Predicates are sorted by selectivity, keeping only the four most
selective predicates for use in the calculation

= Successive predicate is then “softened” by taking square roots of next
three most selective predicates (at most - four values are used)

pO = sqrt(pl) xsqrt(sqrt(p2)) = sqrt(sqrt(sqrt(p3)))

= p0=most-selective predicate
= pl=second most-selective predicate
= ..p3 etc...

NOTE: Also known as exponential back-off.

SQLskills
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Modified Out-of-Range Value Estimation

= Legacy CE Model

o “Ascending key problem” - query predicates reference newly inserted data
that falls out of the range of a statistic object histogram

o Can result in under-estimates

o Trace flags 2389 and 2390 to enable automatic generation of statistics for
ascending keys

= New CE Model

o Assumption that histogram out-of-range rows DO exist

o Uses the density vector to get the average frequency (calculated by
multiplying the number of rows by the all density )

Modified Out-of-Range Value Estimation
(Legacy CE model)

DBCC SHOW_STATISTICS('sales.salesoOrderHeader’',
_WA_Sys_00000003_4B7734FF) ;

RANGE_HI_KEY RANGE_ROWS EG_ROWS  DISTINCT_RANGE_ROWS  AVG_RANGE_ROWS
182 2008-06-07 00:00:00.000 &7 a2 1 a7
183 2008-06-09 00:00:00.000 74 68 1 74
184 2008-06-1100:00:00.000 59 86 1 55
185 2006-06-14 00:00:00000 123 102 2 615
186 2008-06-16 00:00:00000 81 65 1 a1
187  2008-06-18 00:00:00.000 86 72 1 2
188 2008-06-20 00:00:00.000 82 75 1 82
189  2006-06-22 00:00:00.000 91 76 1 g1
190 2008-06-24 00:00:00000 62 74 1 62
191 2008-06-26 00:00:00.000 72 79 1 72
192 2008-06-28 00:00:00.000 73 ] 1 73
193 2008-07-07100:00:00000 119 37 2 595
134  2008-07-08 00:00:00.000 180 51 6 30
195 2008-07-13 00:00:00.000 117 15 4 29.25
196 2008-07-17 00:00: 99 35 3 Ex)
157 2008-07-24 DD.*1 83 40 6 305
158 2008-07-30 00:00: 148 23 5 256
185  2008-07-2100:00:00000 O 40 o 1
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Modified Out-of-Range Value Estimation
(Legacy CE model)

SELECT [SalesOrderID], [OrderDate]

FROM [Sales].[SalesorderHeader]

WHERE [OrderDate] = '2014-02-02 00:00:00.000"'

OPTION (QUERYTRACEON 9481); -- CardinalityEstimationModelversion 70

Properties * 0
Clustered Index Scan (Clustered)

oz 2l | =l

I IActuaI Mumber of Rows 50 I

I> Actual Rebinds 0

I» Actual Rewinds 0

I- Defined Values [AdventureWorks2012].[Sales].[SalesOrdert
Description Scanning a clustered index, entirely or only
Estimated CPU Cost 0.0348235
Estimated Execution Mode Row
Estimated |/0 Cost 0510532
Estimated Number of Executions 1
Estimated Number of Rows 1

_ SgiLskills
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Modified Out-of-Range Value Estimation
(New CE model)

Name Updated Rows  Rows Sampled  Steps
E_Wﬁ_Sys_DDDDDDD&_-iB??S-iFF Mar 15 2014 10:53AM 31465 31465 199

Al density Average Length  Columns

OrderDate

Properties -

Clustered Index Scan (Clustered)

==

El
Actual Execution Mode Row

B Actual Mumber of Batches 0
Actual Mumber of Rows 50

I Actual Rebinds ]

I Actual Rewinds 0

- Defined Values [AdventureWorks2012].[Sales].[SalesOrder
Description Scanning a clustered index, entirely or onl
Estimated CPU Cost 0.0348235
Estimated Execution Mode Row
Estimated |/0 Cost 0.510332
Estimated Mumber of Executions 1

O °
S@Lskills
o

22



Join Estimates

= Simplified join estimation algorithms
o Various changes to how joins are estimated - for example -aligning
histograms on minimum and maximum boundaries instead of step-by-step
alignment

= Legacy CE model: “simple containment” assumption
o Inthe presence of a non-join filter predicate against a join table, some
correlation is assumed

= New CE model: “base containment”
o Filter predicates on separate tables are NOT assumed to be correlated with
each other

Understanding Join-Containment

SELECT [od].[salesorderibp], [od].[salesorderbetailiD]
FROM [sales].[salesorderpetail] AS [od]
INNER JOIN [Production].[Product] As [p]

oN [od].[Productip] = [p].[ProductiD]

WHERE [p].[color] = 'Red'
AND [od].[ModifiedDate] = '2008-06-29 00:00:00.000";

Are red products correlated with orders placed on
6/29/20087?

SQLskills, All rights r

http://www.SQLs
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“Simple Containment” Assumptions
(Legacy CE model)

Histogram of the Product table’s [ProductID] column is
loaded

Histogram is scaled down by applying the selectivity of the
[p].[Color] =‘Red’ filter predicate

Histogram of the SalesOrderDetail’s [ProductID] column is
loaded

Histogram is scaled down by applying the selectivity of the
[od].[ModifiedDate] = '2008-06-29 00:00:00.000’ filter

predicate '
|/

The two histograms are merged together, assuming
containment

_ S@Lskills

“Base Containment” Assumptions
(New CE model)

Histogram of the Product table’s [ProductID] column is
loaded without scaling down via filter predicates

Histogram of the SalesOrderDetail’s [ProductID] column is
loaded without scaling down via filter predicates

Join selectivity is computed with the two histograms,
assuming containment

CE computes selectivity of the filter predicates on
[p].[Color] and [od].[ModifiedDate] respectively

Join selectivity, [p].[Color] selectivity and
[od].[ModifiedDate] selectivities are multiplied in order to
calculate the final result

immerse yourself in sql server
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Estimates from Join-Containment Queries

SELECT [od].[salesorderID], [od].[SalesOrderDetailID]
FROM [sales]. [SsalesOrderDetail] AS [od]

INNER JOIN [Production].[Product] As [p]

ON [od].[ProductID] = [p].[ProductiID]

WHERE [p]. [color] = 'Red' AND

[od]. [ModifiedDate] = '2008-06-29 00:00:00.000';

= =3 >

SELECT Hash Match Clustered Index Scan (Clustered)
Cost- O & [Inner Join) [Product] - [PE_Product_ProductID] [pl
Cost: 7 % Cost: 1 %
k5
Clustered Index Scan (Clustered)
[SalasOrderDetail] . [PK SalesOrderDe..
Cost: 92 %
Legacy CE New CE
51.5437 rows 24.5913

Cardinality Estimation Models (1 of 2)

and used through SQL Server 2012

not 120 (120 = SQL Server 2014)
o 80 =SQL Server 2000
o 90 =SQL Server 2005
o 100 = SQL Server 2008 and SQL Server 2008 R2
o 110 =SQL Server 2012
o 120 =SQL Server 2014

= Legacy CE model: refers to the model introduced with SQL Server 7.0

o Will be used in SQL Server 2014 for databases whose compatibility mode is

o If the database compatibility mode is 120 then you can access the Legacy CE
when trace flag 9481 has been supplied
o Add this to a single query to revert to the Legacy CE for only a specific query
o OPTION (QUERYTRACEON 9481)
o Run this in a script or a session to test multiple queries more easily
o DBCC TRACEON (9481);

immerse yourself in sql server
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Cardinality Estimation Models (2 of 2)

New CE model: refers to the model introduced in SQL Server 2014

o Used when the compatibility mode of the database is 120 (SQL Server 2014)
o Used when the compatibility mode of the database is NOT 120 but trace flag
2312 has been supplied
o Add this to a single query to test the impact for only a specific query
o OPTION (QUERYTRACEON 2312)
o Run this in a script or a session to test multiple queries more easily
o DBCC TRACEON (2312);

Minimum Estimate (Eliminate CE Calculation)

Trace Flag 4137 introduced in SQL Server 2008 and available through
SQL Server 2012
o See KB: 2658214
FIX: Poor performance when you run a query that contains correlated AND
predicates in SQL Server 2008 or in SQL Server 2008 R2 or in SQL Server 2012
o Not really a “fix” per se but an alternative to how estimates are handled with
multiple conjunctive predicates (ANDs not ORs)
o Instead of letting the CE do the estimation, this TF causes SQL Server to use
the minimum number (from the two tables) as the estimate (instead of the
CE model’s calculation)
In SQL Server 2014, trace flag 4137 cannot be used unless you'rein a
compatibility mode less than 120

In SQL Server 2014, if you want to use the minimum estimate (for
conjunctive predicates) you can use trace flag 9471

immerse yourself in sql server
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Migrations / Upgrades / Regressions

Option 1 - low impact
o Upgrade existing databases (through backup / restore)
o Leave their existing compatibility level intact
o Restoring / attaching does not “upgrade” the compatibility level

o When troubleshooting, test trace flag 2312 against queries whose estimates
are inaccurate (see if they benefit from the new CE model)

o If so, leave the QUERYOPTION hint in the specific query that benefits
Option 2 - low impact
o Change to compatibility level 120
o Enable trace flag 9481 server-wide
Option 3 - high impact
o Change to compatibility level 120

o When troubleshooting, test trace flag 9481 against queries that have
regressed

o Use trace flag 9481 for queries that regressed

SQL Server 2014 RTM: Things That Are Broken

Auto pilot doesn’t work
Multi-column, column statistics are not used
Filtered statistics are not used

Most frustratingly - QUERYTRACEON requires sa permissions... sigh.
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Review

Selectivity and estimates
Query complexity
Estimates from statistics
o Sampling
o The histogram
o Filtered statistics
o Uneven distribution
Changes to cardinality estimation in SQL Server 2014

Resource: Optimizing Your Query Plans with the SQL Server 2014
Cardinality Estimator by Joe Sack http://bit.ly/1mFDB2t

Questions!

! ; immerse youvself in sql server
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