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Columnstore indexes

Columnstore index
Also called “columnstore”
Special index type

Optimized for large scale analytic work
Recommended reading:

Microsoft documentation: https://docs.microsoft.com/en-us/sql/relational-
databases/indexes/columnstore-indexes-overview

Stairway to columnstore indexes: https://www.sqlservercentral.com/stairways/stairway-to-
columnstore-indexes

Niko Neugebauer’s 131-part blog series: https://www.nikoport.com/columnstore/

https://docs.microsoft.com/en-us/sql/relational-databases/indexes/columnstore-indexes-overview
https://docs.microsoft.com/en-us/sql/relational-databases/indexes/columnstore-indexes-overview
https://www.sqlservercentral.com/stairways/stairway-to-columnstore-indexes
https://www.sqlservercentral.com/stairways/stairway-to-columnstore-indexes
https://www.nikoport.com/columnstore/


Columnstore indexes

Columnstore index
Also called “columnstore”
Special index type
Storage structure
Effect on scan, seek, and lookup operators



Columnstore indexes

Storage structure
Saledate    ProductName  Amt  GrossPrice  SalesTax  NetPrice  TotalPrice  SalesPerson  ...

2021-03-08  Candy bar     50        1.50      0.32      1.82       91.00  John         ...

2021-03-10  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-11  Apple (bag)    7        4.51      0.95      5.46       38.22  Angie        ...

2021-03-12  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-19  Chair          1      599.50    125.90    725.40      725.40  John         ...

2021-03-20  Toy car        3       29.97      6.29     36.26      108.78  Caroline     ...

2021-03-20  Chair          3      599.50    125.90    725.40    2,176.20  Angie        ...

2021-03-21  Laptop         2    2,860.00    600.60  3,460.60    6,921.20  John         ...

2021-03-21  Apple (bag)   14        4.51      0.95      5.46       76.44  Caroline     ...

2021-03-27  Apple (bag)    2        4.51      0.95      5.46       10.92  Angie        ...

2021-03-27  Chair          5      599.50    125.90    725.40    3,627.00  John         ...

2021-03-28  Pocket knife   1       12.95      2.72     15.67       15.67  Caroline     ...

2021-04-02  Smart phone    1      349.50     73.40    422.90      422.90  Caroline     ...

    ...         ...      ...         ...       ...       ...         ...     ...       ...



Columnstore indexes

Storage structure (row based)
Saledate    ProductName  Amt  GrossPrice  SalesTax  NetPrice  TotalPrice  SalesPerson  ...

2021-03-08  Candy bar     50        1.50      0.32      1.82       91.00  John         ...

2021-03-10  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-11  Apple (bag)    7        4.51      0.95      5.46       38.22  Angie        ...

2021-03-12  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-19  Chair          1      599.50    125.90    725.40      725.40  John         ...

2021-03-20  Toy car        3       29.97      6.29     36.26      108.78  Caroline     ...

2021-03-20  Chair          3      599.50    125.90    725.40    2,176.20  Angie        ...

2021-03-21  Laptop         2    2,860.00    600.60  3,460.60    6,921.20  John         ...

2021-03-21  Apple (bag)   14        4.51      0.95      5.46       76.44  Caroline     ...

2021-03-27  Apple (bag)    2        4.51      0.95      5.46       10.92  Angie        ...

2021-03-27  Chair          5      599.50    125.90    725.40    3,627.00  John         ...

2021-03-28  Pocket knife   1       12.95      2.72     15.67       15.67  Caroline     ...

2021-04-02  Smart phone    1      349.50     73.40    422.90      422.90  Caroline     ...

    ...         ...      ...         ...       ...       ...         ...     ...       ...



Columnstore indexes

Storage structure (row based)
Saledate    ProductName  Amt  GrossPrice  SalesTax  NetPrice  TotalPrice  SalesPerson  ...

2021-03-08  Candy bar     50        1.50      0.32      1.82       91.00  John         ...

2021-03-10  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-11  Apple (bag)    7        4.51      0.95      5.46       38.22  Angie        ...

2021-03-12  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-19  Chair          1      599.50    125.90    725.40      725.40  John         ...

2021-03-20  Toy car        3       29.97      6.29     36.26      108.78  Caroline     ...

2021-03-20  Chair          3      599.50    125.90    725.40    2,176.20  Angie        ...

2021-03-21  Laptop         2    2,860.00    600.60  3,460.60    6,921.20  John         ...

2021-03-21  Apple (bag)   14        4.51      0.95      5.46       76.44  Caroline     ...

2021-03-27  Apple (bag)    2        4.51      0.95      5.46       10.92  Angie        ...

2021-03-27  Chair          5      599.50    125.90    725.40    3,627.00  John         ...

2021-03-28  Pocket knife   1       12.95      2.72     15.67       15.67  Caroline     ...

2021-04-02  Smart phone    1      349.50     73.40    422.90      422.90  Caroline     ...

    ...         ...      ...         ...       ...       ...         ...     ...       ...



Columnstore indexes

Storage structure (row based)
Saledate    ProductName  Amt  GrossPrice  SalesTax  NetPrice  TotalPrice  SalesPerson  ...

2021-03-08  Candy bar     50        1.50      0.32      1.82       91.00  John         ...

2021-03-10  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-11  Apple (bag)    7        4.51      0.95      5.46       38.22  Angie        ...

2021-03-12  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-19  Chair          1      599.50    125.90    725.40      725.40  John         ...

2021-03-20  Toy car        3       29.97      6.29     36.26      108.78  Caroline     ...

2021-03-20  Chair          3      599.50    125.90    725.40    2,176.20  Angie        ...

2021-03-21  Laptop         2    2,860.00    600.60  3,460.60    6,921.20  John         ...

2021-03-21  Apple (bag)   14        4.51      0.95      5.46       76.44  Caroline     ...

2021-03-27  Apple (bag)    2        4.51      0.95      5.46       10.92  Angie        ...

2021-03-27  Chair          5      599.50    125.90    725.40    3,627.00  John         ...

2021-03-28  Pocket knife   1       12.95      2.72     15.67       15.67  Caroline     ...

2021-04-02  Smart phone    1      349.50     73.40    422.90      422.90  Caroline     ...

    ...         ...      ...         ...       ...       ...         ...     ...       ...



Columnstore indexes

Storage structure (row based)
Saledate    ProductName  Amt  GrossPrice  SalesTax  NetPrice  TotalPrice  SalesPerson  ...

2021-03-08  Candy bar     50        1.50      0.32      1.82       91.00  John         ...

2021-03-10  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-11  Apple (bag)    7        4.51      0.95      5.46       38.22  Angie        ...

2021-03-12  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-19  Chair          1      599.50    125.90    725.40      725.40  John         ...

2021-03-20  Toy car        3       29.97      6.29     36.26      108.78  Caroline     ...

2021-03-20  Chair          3      599.50    125.90    725.40    2,176.20  Angie        ...

2021-03-21  Laptop         2    2,860.00    600.60  3,460.60    6,921.20  John         ...

2021-03-21  Apple (bag)   14        4.51      0.95      5.46       76.44  Caroline     ...

2021-03-27  Apple (bag)    2        4.51      0.95      5.46       10.92  Angie        ...

2021-03-27  Chair          5      599.50    125.90    725.40    3,627.00  John         ...

2021-03-28  Pocket knife   1       12.95      2.72     15.67       15.67  Caroline     ...

2021-04-02  Smart phone    1      349.50     73.40    422.90      422.90  Caroline     ...

    ...         ...      ...         ...       ...       ...         ...     ...       ...



Columnstore indexes

Storage structure (row based)
Saledate    ProductName  Amt  GrossPrice  SalesTax  NetPrice  TotalPrice  SalesPerson  ...

2021-03-08  Candy bar     50        1.50      0.32      1.82       91.00  John         ...

2021-03-10  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-11  Apple (bag)    7        4.51      0.95      5.46       38.22  Angie        ...

2021-03-12  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-19  Chair          1      599.50    125.90    725.40      725.40  John         ...

2021-03-20  Toy car        3       29.97      6.29     36.26      108.78  Caroline     ...

2021-03-20  Chair          3      599.50    125.90    725.40    2,176.20  Angie        ...

2021-03-21  Laptop         2    2,860.00    600.60  3,460.60    6,921.20  John         ...

2021-03-21  Apple (bag)   14        4.51      0.95      5.46       76.44  Caroline     ...

2021-03-27  Apple (bag)    2        4.51      0.95      5.46       10.92  Angie        ...

2021-03-27  Chair          5      599.50    125.90    725.40    3,627.00  John         ...

2021-03-28  Pocket knife   1       12.95      2.72     15.67       15.67  Caroline     ...

2021-04-02  Smart phone    1      349.50     73.40    422.90      422.90  Caroline     ...

    ...         ...      ...         ...       ...       ...         ...     ...       ...



Columnstore indexes

Storage structure (row based)
Saledate    ProductName  Amt  GrossPrice  SalesTax  NetPrice  TotalPrice  SalesPerson  ...

2021-03-08  Candy bar     50        1.50      0.32      1.82       91.00  John         ...

2021-03-10  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-11  Apple (bag)    7        4.51      0.95      5.46       38.22  Angie        ...

2021-03-12  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-19  Chair          1      599.50    125.90    725.40      725.40  John         ...

2021-03-20  Toy car        3       29.97      6.29     36.26      108.78  Caroline     ...

2021-03-20  Chair          3      599.50    125.90    725.40    2,176.20  Angie        ...

2021-03-21  Laptop         2    2,860.00    600.60  3,460.60    6,921.20  John         ...

2021-03-21  Apple (bag)   14        4.51      0.95      5.46       76.44  Caroline     ...

2021-03-27  Apple (bag)    2        4.51      0.95      5.46       10.92  Angie        ...

2021-03-27  Chair          5      599.50    125.90    725.40    3,627.00  John         ...

2021-03-28  Pocket knife   1       12.95      2.72     15.67       15.67  Caroline     ...

2021-04-02  Smart phone    1      349.50     73.40    422.90      422.90  Caroline     ...

    ...         ...      ...         ...       ...       ...         ...     ...       ...



Columnstore indexes

Storage structure (column based)
Saledate    ProductName  Amt  GrossPrice  SalesTax  NetPrice  TotalPrice  SalesPerson  ...

2021-03-08  Candy bar     50        1.50      0.32      1.82       91.00  John         ...

2021-03-10  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-11  Apple (bag)    7        4.51      0.95      5.46       38.22  Angie        ...

2021-03-12  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-19  Chair          1      599.50    125.90    725.40      725.40  John         ...

2021-03-20  Toy car        3       29.97      6.29     36.26      108.78  Caroline     ...

2021-03-20  Chair          3      599.50    125.90    725.40    2,176.20  Angie        ...

2021-03-21  Laptop         2    2,860.00    600.60  3,460.60    6,921.20  John         ...

2021-03-21  Apple (bag)   14        4.51      0.95      5.46       76.44  Caroline     ...

2021-03-27  Apple (bag)    2        4.51      0.95      5.46       10.92  Angie        ...

2021-03-27  Chair          5      599.50    125.90    725.40    3,627.00  John         ...

2021-03-28  Pocket knife   1       12.95      2.72     15.67       15.67  Caroline     ...

2021-04-02  Smart phone    1      349.50     73.40    422.90      422.90  Caroline     ...

    ...         ...      ...         ...       ...       ...         ...     ...       ...



Columnstore indexes

Storage structure (column based)
Saledate    ProductName  Amt  GrossPrice  SalesTax  NetPrice  TotalPrice  SalesPerson  ...

2021-03-08  Candy bar     50        1.50      0.32      1.82       91.00  John         ...

2021-03-10  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-11  Apple (bag)    7        4.51      0.95      5.46       38.22  Angie        ...

2021-03-12  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-19  Chair          1      599.50    125.90    725.40      725.40  John         ...

2021-03-20  Toy car        3       29.97      6.29     36.26      108.78  Caroline     ...

2021-03-20  Chair          3      599.50    125.90    725.40    2,176.20  Angie        ...

2021-03-21  Laptop         2    2,860.00    600.60  3,460.60    6,921.20  John         ...

2021-03-21  Apple (bag)   14        4.51      0.95      5.46       76.44  Caroline     ...

2021-03-27  Apple (bag)    2        4.51      0.95      5.46       10.92  Angie        ...

2021-03-27  Chair          5      599.50    125.90    725.40    3,627.00  John         ...

2021-03-28  Pocket knife   1       12.95      2.72     15.67       15.67  Caroline     ...

2021-04-02  Smart phone    1      349.50     73.40    422.90      422.90  Caroline     ...

    ...         ...      ...         ...       ...       ...         ...     ...       ...



Columnstore indexes

Storage structure (column based)
Saledate    ProductName  Amt  GrossPrice  SalesTax  NetPrice  TotalPrice  SalesPerson  ...

2021-03-08  Candy bar     50        1.50      0.32      1.82       91.00  John         ...

2021-03-10  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-11  Apple (bag)    7        4.51      0.95      5.46       38.22  Angie        ...

2021-03-12  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-19  Chair          1      599.50    125.90    725.40      725.40  John         ...

2021-03-20  Toy car        3       29.97      6.29     36.26      108.78  Caroline     ...

2021-03-20  Chair          3      599.50    125.90    725.40    2,176.20  Angie        ...

2021-03-21  Laptop         2    2,860.00    600.60  3,460.60    6,921.20  John         ...

2021-03-21  Apple (bag)   14        4.51      0.95      5.46       76.44  Caroline     ...

2021-03-27  Apple (bag)    2        4.51      0.95      5.46       10.92  Angie        ...

2021-03-27  Chair          5      599.50    125.90    725.40    3,627.00  John         ...

2021-03-28  Pocket knife   1       12.95      2.72     15.67       15.67  Caroline     ...

2021-04-02  Smart phone    1      349.50     73.40    422.90      422.90  Caroline     ...

    ...         ...      ...         ...       ...       ...         ...     ...       ...



Columnstore indexes

Storage structure (column based)
Saledate    ProductName  Amt  GrossPrice  SalesTax  NetPrice  TotalPrice  SalesPerson  ...

2021-03-08  Candy bar     50        1.50      0.32      1.82       91.00  John         ...

2021-03-10  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-11  Apple (bag)    7        4.51      0.95      5.46       38.22  Angie        ...

2021-03-12  Smart phone    1      349.50     73.40    422.90      422.90  Angie        ...

2021-03-19  Chair          1      599.50    125.90    725.40      725.40  John         ...

2021-03-20  Toy car        3       29.97      6.29     36.26      108.78  Caroline     ...

2021-03-20  Chair          3      599.50    125.90    725.40    2,176.20  Angie        ...

2021-03-21  Laptop         2    2,860.00    600.60  3,460.60    6,921.20  John         ...

2021-03-21  Apple (bag)   14        4.51      0.95      5.46       76.44  Caroline     ...

2021-03-27  Apple (bag)    2        4.51      0.95      5.46       10.92  Angie        ...

2021-03-27  Chair          5      599.50    125.90    725.40    3,627.00  John         ...

2021-03-28  Pocket knife   1       12.95      2.72     15.67       15.67  Caroline     ...

2021-04-02  Smart phone    1      349.50     73.40    422.90      422.90  Caroline     ...

    ...         ...      ...         ...       ...       ...         ...     ...       ...



Columnstore indexes

Columnstore indexes in SQL Server

Table



Columnstore indexes

Columnstore indexes in SQL Server

Partition 1 Partition 2
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Columnstore indexes in SQL Server
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Columnstore indexes

Columnstore indexes in SQL Server
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Columnstore indexes in SQL Server
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(metadata in system table)
Minimum: 2011-06-21 00:00:00.000
Maximum: 2014-06-01 00:00:00.000

Deltastore DeltastoreDeleted “bitmap” Deleted “bitmap”



Columnstore indexes

Clustered vs nonclustered
Same structure
Maximum one columnstore index per table

Clustered columnstore index 
All columns included

No other clustered index allowed

Nonclustered columnstore index
Specify columns to include

Best practice: include all columns

Table may have clustered index, or may be a heap



Columnstore indexes

Columnstore Index Scan
Shown as distinct operator
Actually just an Index Scan or Clustered Index Scan in the XML

Property Storage = ColumnStore



Columnstore indexes

Columnstore Index Scan
Properties (popup)

Rowgroup elimination
Also (incorrectly) called segment elimination
Uses Predicate property
Checked against min/max in metadata
Entire rowgroup may be skipped



Columnstore indexes

Columnstore Index Scan
Properties (popup)

Column elimination
Read segments for columns in Output List
Read segments for columns in Predicate
Segments for all other columns are not read



Columnstore indexes

Columnstore Index Scan
Properties (popup)

Data stored unordered
Property Ordered is always false

No “free” ordered data
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Columnstore Index Scan
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Deltastore DeltastoreDeleted “bitmap” Deleted “bitmap”

Predicate: ShipMethodID = 6

Output List: TerritoryID, SubTotal

Minimum: 1
Maximum: 5
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Columnstore Index Scan
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Columnstore Index Scan
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Output List: TerritoryID, SubTotal



Columnstore indexes

Columnstore Index Scan
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Columnstore Index Scan
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Columnstore Index Scan
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Columnstore indexes

Columnstore Index Scan
Processes one rowgroup at a time

Columnstore compressed rowgroups:
Read metadata, try rowgroup elimination

Read only segments for required columns in memory

Decompress segment data

Read, in sync, data from all segments



Columnstore indexes

Columnstore Index Scan
Processes one rowgroup at a time

Columnstore compressed rowgroups:
Read metadata, try rowgroup elimination

Read only segments for required columns in memory

Decompress segment data

Read, in sync, data from all segments and deleted bitmap

Deltastore rowgroups:
Effectively a B-tree

Regular index scan process



Columnstore indexes

Columnstore Index Scan
Batch mode execution

Very common for columnstore operations

Returns batches of several hundred rows at a time
Format somewhat similar to columnstore storage on disk

Conceptually, read and process rows until batch full
Actual implementation probably optimized

This is not documented



Columnstore indexes

Columnstore Index Scan
Functionally the same as index scans on a rowstore index
Differences based on other storage format



Columnstore indexes

Columnstore Index Seek
Does not exist
Data structure not related to data

Rowgroups based on order of data in the existing table / order of inserts

Data within rowgroup reordered to optimize compression

Can’t be used to pinpoint specific rows



Columnstore indexes

Key Lookup
Supports columnstore indexes since SQL Server 2016
Based on Columnstore Locator column

Similar to RID on heap tables

Stores rowgroup number and ordinal position within rowgroup



Columnstore indexes

Key Lookup
Supports columnstore indexes since SQL Server 2016
Based on Columnstore Locator column
Steps to read data:

Access rowgroup

Attempt rowgroup elimination

Read required segments

Decompress segments

Process from row 1 until specified row

Combine values and return row



Columnstore indexes

Key Lookup
Supports columnstore indexes since SQL Server 2016
Based on Columnstore Locator column
Steps to read data
Special case: data in deltastore rowgroup

Stored as clustered index on position

Effectively a seek on the position



Columnstore indexes

Key Lookup
Supports columnstore indexes since SQL Server 2016
Based on Columnstore Locator column
Steps to read data
Special case: data in deltastore rowgroup
Dangerous when estimates are wrong!
No support for batch mode execution



Summary

Columnstore indexes
Structure

Per rowgroups

Per column

Deltastore rowgroups

Deleted bitmap



Summary

Columnstore indexes
Structure
Columnstore Index Scan

Rowgroup elimination

Decompress and read in sync, start to finish

Key Lookup on columnstore index
Very high cost per execution

Sensitive to estimation errors



Next chapters

Chapter 2: Memory-optimized indexes
Storage structure
Scans, seeks, and lookups

Chapter 3: Special index types

Chapter 4: Reading data in parallel or batch mode

Chapter 5: Assorted read optimizations
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