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Adaptive Join
Join types supported

Adaptive Join
Inner Join

Left / Right / Full Outer Join

Left / Right Semi Join

Left / Right Anti Semi Join

Left Semi Join (probed)

Concatenation

Union

Hash Match
  Inner Join

  Left / Right / Full Outer Join

  Left / Right Semi Join

  Left / Right Anti Semi Join

  Left Semi Join (probed) 

  Concatenation

  Union

Nested Loops
  Inner Join

  Left / Right / Full Outer Join

  Left / Right Semi Join

  Left / Right Anti Semi Join

  Left Semi Join (probed) 

  Concatenation

  Union



Adaptive Join
Join types supported

Adaptive Join
  Inner Join

  Left Outer Join

  Left Semi Join

  Left Anti Semi Join

Same changes to flowcharts
For these operations only

Build phase and probe phase in batch mode

Modified Nested Loops phase reads from hash table



High level logic

Actual #Rows 
> Threshold?

Adaptive Join

Build phase

No

Probe phase Modified 
Nested LoopsYes



End of
batch?

Adaptive Join (inner join, no spill)

Build phase
Optimized for batch mode processing

Build: GetNext() End of
data?

Build: Init()

No

Yes
Build: Close()

Compute bucket # Add row to bucket

No

Yes



End of
batch?

Adaptive Join (all operations, no spill)

Build phase
Optimized for batch mode processing

Build: GetNext() End of
data?

Build: Init()

No

Yes
Build: Close()

Compute bucket # Add row to bucket
(mark as unmatched)

No

Yes



Adaptive Join (all operations, no spill)

Build phase
Optimized for batch mode processing
Heavily optimized

Handle standard cases first, handle all exceptions later

Many other optimizations
Special versions for different CPU architectures

(Mostly) undocumented

https://sqlbits.com/sessions/event2023/Why_is_Batch_Mode_Fast



Match 
found?

Adaptive Join (inner join, no spill)

Probe phase

Return combined data

End of
data?

Probe: GetNext()Probe: Init()

No

Yes Probe: Close()
Remove hash table

Compute bucket #

Search bucket

YesNo

Reads full batch at once
Processes row by row in fast loop

Buffered until full batch



Match 
found?

Adaptive Join (all operations, no spill)

Probe phase

Return combined data

End of
data?

Probe: GetNext()Probe: Init()

No

Yes Probe: Close()
Remove hash table

Compute bucket #

Search bucket

YesNo

Reads full batch at once
Processes row by row in fast loop

Buffered until full batch

Update row in bucket
(mark as matched)



Match 
found?

Adaptive Join (all operations, no spill)

Probe phase

Return combined data

End of
data?

Probe: GetNext()Probe: Init()

No

Yes

Compute bucket #

Search bucket

YesNo

Reads full batch at once
Processes row by row in fast loop

Buffered until full batch

Update row in bucket
(mark as matched)

Probe: Close()
Run final phase
Remove hash table



Match 
found?

Adaptive Join (all operations, no spill)

Probe phase

Return combined data

End of
data?

Probe: GetNext()Probe: Init()

No

Yes

Compute bucket #

Search bucket

YesNo

Reads full batch at once
Processes row by row in fast loop

Buffered until full batch

Update row in bucket
(mark as matched)

Probe: Close()
Run final phase
Remove hash table



Return 
row?

Adaptive Join (all operations, no spill)

Final phase

End of
data?

No

Yes

Yes

No

Read row from 
hash table

Remove hash table

Return build data

Buffered until full batch

Yes for:
• Left Outer Join: Unmatched rows
• Left Semi Join: Matched rows
• Left Anti Semi Join: Unmatched rows



Match?

Adaptive Join (inner join, no spill)

Modified Nested Loops phase

Return combined dataEnd?

No

Read from hash table End? Yes

Inner: GetNext()

Inner: Init()

No

Yes

Inner: Close()
Return “End”

Yes No



Match?

Adaptive Join (all operations, no spill)

Modified Nested Loops phase

End?

No

End? Yes

Inner: GetNext()

Inner: Init()

No

Yes

Inner: Close()
Return “End”

Yes No

Read from hash table
(mark as unmatched)

Return combined data
(mark as matched)



Outer 
matched?

Match?

Adaptive Join (all operations, no spill)

Modified Nested Loops phase

End?

No

End? Yes

Inner: GetNext()

Inner: Init()

No

Yes

Inner: Close()
Return “End”

Yes No

Read from hash table
(mark as unmatched)

Return combined data
(mark as matched)

Yes

No



Outer 
matched?

Match?

Adaptive Join (all operations, no spill)

Modified Nested Loops phase

End?

No

End? Yes

Inner: GetNext()

Inner: Init()

No

Yes

Inner: Close()
Return “End”

Yes No

Read from hash table
(mark as unmatched)

Return combined data
(mark as matched)

Yes

No

Handle unmatched outer



Outer 
matched?

Match?

Adaptive Join (all operations, no spill)

Modified Nested Loops phase

End?

No

End? Yes

Inner: GetNext()

Inner: Init()

No

Yes

Inner: Close()
Return “End”

Yes No

Read from hash table
(mark as unmatched)

Handle matching data
(mark as matched)

Yes

No

Handle unmatched outer



(Anti) Semi 
join?

Outer 
matched?

Match?

Adaptive Join (all operations, no spill)

Modified Nested Loops phase

End?

No

End? Yes

Inner: GetNext()

Inner: Init()

No

Yes

Inner: Close()
Return “End”

Yes No

Read from hash table
(mark as unmatched)

Handle matching data
(mark as matched)

Yes

No

Handle unmatched outer
No



(Anti) Semi 
join?

Outer 
matched?

Match?

Adaptive Join (all operations, no spill)

Modified Nested Loops phase

End?

No

End? Yes

Inner: GetNext()

Inner: Init()

No

Yes

Inner: Close()
Return “End”

Yes No

Read from hash table
(mark as unmatched)

Handle matching data
(mark as matched)

Yes

No

Handle unmatched outer
YesNo



Adaptive Join

Properties
Optimized Nested Loops

Optimized Nested Loops optimization
(when #rows < Adaptive Threshold Rows)



Adaptive Join

Properties
Optimized Nested Loops
Prefetching

(Ordered or Unordered)

BitmapCreator

https://schemas.microsoft.com/sqlserver/2004/07/showplan/sql2022/showplanxml.xsd



Out of memory
Batch mode

May request additional memory during execution

Will eventually fail → hash spill

Same process as spilling Hash Match
Hybrid / grace hash join

Recursive hash join

Bit-vector filtering

Dynamic role reversal

Bail-out

Adaptive Join

Data stored in tempdb!



Out of memory
Batch mode

May request additional memory during execution

Will eventually fail → hash spill

Same process as spilling Hash Match

What if #rows < Adaptive Threshold Rows?
  Change modified Nested Loops algorithm
  Repeat for each partition

  Read from spill files directly

Adaptive Join



Out of memory
Batch mode

May request additional memory during execution

Will eventually fail → hash spill

Same process as spilling Hash Match

What if #rows < Adaptive Threshold Rows?
  Change modified Nested Loops algorithm
  Repeat for each partition

  Read from spill files directly

  Continue with Hash Match algorithm (regardless of #rows)

Adaptive Join



Role in the execution plan
Batch mode execution plans only

Columnstore index

Batch Mode on Rowstore

Top input with unreliable estimate
Two strategies

Hash Match

Nested Loops

Adaptive Join



Role in the execution plan
Batch mode execution plans only

Columnstore index

Batch Mode on Rowstore

Top input with unreliable estimate
Two strategies

Hash Match, efficient for “many” rows

Nested Loops, efficient for “few” rows

Adaptive Join



Role in the execution plan
Two strategies

Hash Match, efficient for “many” rows
Single pass

All required rows

Some “extra” rows acceptable

Nested Loops, efficient for “few” rows
Multiple executions

Low cost per execution

Return only relevant rows for current top rows
Based on Outer References property

Adaptive Join



Role in the execution plan
Two strategies

Hash Match, efficient for “many” rows
(Clustered) Index Scan

Nested Loops, efficient for “few” rows
(Clustered) Index Seek

Adaptive Join



Role in the execution plan
Two strategies

Adaptive Join
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Role in the execution plan
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Adaptive Join



Role in the execution plan
Two strategies

Adaptive Join



Role in the execution plan
Two strategies

Hash Match, efficient for “many” rows
(Clustered) Index Scan (+ Filter)

Hash Match / Merge Join

Regular aggregations

Nested Loops, efficient for “few” rows
(Clustered) Index Seek

Nested Loops

Global aggregation with Stream Aggregate

Table Spool / Index Spool

Adaptive Join

Only relevant rows
Based on Outer References
Cheap per execution

All potential matches
Single pass
More expensive



Summary

Adaptive Join (advanced)
Logic for all supported join types
Nested Loops

Optimized Nested Loops

Prefetching

Hash spills
Use cases

(Currently?) limited to simple use cases only



Summary

Block 3, basic level
Logical join types
Nested Loops
Merge Join
Hash Match
Adaptive Join
Other combining operators

Concatenation, Sequence, Switch

Block 3, advanced level
Nested Loops (advanced)
Merge Join (advanced)
Hash Match (advanced)
Adaptive Join (advanced)



Next chapters

Block 4: Sorting and grouping – basic level
Sorting

Sort

Top N Sort

Distinct Sort

Aggregation
Stream Aggregate

Hash Match

Segmenting
Window Spool



Next chapters

Block 4: Sorting and grouping – basic level

Block 4: Sorting and grouping – advanced level
Local/global aggregation
Advanced Hash Match aggregation
Sort algorithms
Window Spool performance
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