
Think Like the 
Cardinality Estimator

Taiob M Ali



• 11 years as DBA

• MCSA SQL Server 2012/2014

• 10 years in Merchant Marine

Work

• Running—One 26.2 and Many 13.1

• Shuttling 3 kids

Outside Work

• Frequent speaker local user groups & SQL Saturdays

• Answering question at #sqlhelp & dba.stackexchange

• Blog at sqlworldwide.com

Giving Back



Agenda

Predicate, Density, Predicate Selectivity

What is Cardinality

Why Cardinality Matters

DBCC SHOW_STATISTICS 

Magic Numbers



Predicate

Is an expression that evaluates to 

TRUE, FALSE, or UNKNOWN

 Join

 Filter

 Where

 Having



Predicate

Join Predicate

Filter Predicate
Where/Having



Density

How often duplicate values occur in a column.
1__________________________________

[# of distinct values in a column]

Density
663 distinct customerID
1/663=0.00150830



Predicate Selectivity

Most commonly used to describe a predicate.
[ # rows that pass the predicate  ]__________________________________

[total number of rows]

75 rows for 
customerID 577
73595 total number 
of rows.
75/73595=.0010



Cardinality

• Number of rows returned by a query operator.

For Us

• Uniqueness of data values contained in a particular 
column (attribute) of a database table.

Structured Query Language

• Cardinality of a set is a measure of the “number 
of elements of the set”.

Math

https://en.wikipedia.org/wiki/Uniqueness_quantification
https://en.wikipedia.org/wiki/Relational_database
https://en.wikipedia.org/wiki/Database_table
https://en.wikipedia.org/wiki/Set_(mathematics)
https://en.wikipedia.org/wiki/Element_(mathematics)


Cardinality

Estimated

Actual



Why Cardinality Matters

Before 

Parse

+

Normalize

Cardinality 
Estimation

Derive 
Cardinality

+

Create 
Many Plans

Downstream

Optimization

Downstream

Execute 
Plan



Why Cardinality Matters

Cost 

Parallel

Serial

Memory 
Grant

In Memory

Spill to Disk

Access 
Method

Seek

Scan

Seek + Scan

Algorithm

Join

Aggregate

Sort



DBCC SHOW_STATISTICS 

• Meta data about the statistics.

Header

• How many unique values are present within a 
column or columns?

Density Vector

• Frequency of data within the first key column 
of the statistics.

Histogram



DBCC SHOW_STATISTICS 

STAT_HEADER

DENSITY_VECTOR

HISTOGRAM



STAT_HEADER

Deprecated



DENSITY_VECTOR

1/Number of 
distinct values in 

column

Names of columns 
in the prefix



Histogram



Histogram

RANGE_HI_KEY RANGE
_ROWS 

EQ_ROWS DISTINCT_RANGE
_ROWS

AVG_RANGE
_ROWS

1055 126

Between 
1056 and 1062

356 3 118.6667

1063 139



Magic Numbers

Single Predicate

 Histogram direct hit

 Histogram intra step

 Scaling 

 Distinct



Magic Numbers

Multiple Predicates
Conjunction

Disjunction

Parameter Sniffing
Unknown
Ascending Key





Adaptive Query Processing

Announced on April  19, 2017

Joe Sack (Microsoft Program Manager)

Blog

Video



Resource

▪ Query Tuning Fundamentals

▪ DBCC SHOW_STATISTICS (Transact-SQL)

▪ 13 Things You Should Know About Statistics and the Query 
Optimizer

▪ Cardinality Estimation for Multiple Predicates

▪ New Trace Flag to Fix Table Variable Performance

▪ Ascending key Issue TF 2389 and 2390

▪ Optimizing Query Plans with the SQL Server 2014 
Cardinality Estimator

https://blogs.msdn.microsoft.com/bartd/2011/01/25/query-tuning-fundamentals-density-predicates-selectivity-and-cardinality/
https://docs.microsoft.com/en-us/sql/t-sql/database-console-commands/dbcc-show-statistics-transact-sql
https://www.simple-talk.com/sql/t-sql-programming/13-things-you-should-know-about-statistics-and-the-query-optimizer/
https://sqlperformance.com/2014/01/sql-plan/cardinality-estimation-for-multiple-predicates
https://sqlperformance.com/2014/06/t-sql-queries/table-variable-perf-fix
https://blogs.msdn.microsoft.com/ianjo/2006/04/24/ascending-keys-and-auto-quick-corrected-statistics/
https://msdn.microsoft.com/en-us/library/dn673537.aspx


Resource-Adaptive Query Processing

▪ Blog-Introducing Batch Mode Adaptive Joins

▪ Video-SQL Server 2017: Adaptive Query Processing

https://blogs.msdn.microsoft.com/sqlserverstorageengine/2017/04/19/introducing-batch-mode-adaptive-joins/?utm_source=Brent+Ozar+Unlimited%C2%AE+List&utm_campaign=7fb58ce1c7-Weekly_Links_2017_04_09&utm_medium=email&utm_term=0_8e3e861dd9-7fb58ce1c7-296162629&goal=0_8e3e861dd9-7fb58ce1c7-296162629&mc_cid=7fb58ce1c7&mc_eid=c8c18545bc
https://www.youtube.com/watch?v=szTmo6rTUjM


@SqlWorldWide

linkedin.com/in/taiobali

sqlworldwide.com

taiob@sqlworldwide.com

http://sqlworldwide.com/
mailto:taiob@sqlworldwide.com
https://twitter.com/SqlWorldWide
https://www.linkedin.com/in/taiobali



