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UDF Optimization is Hard!
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Talk Overview

We observe that inlining leads to sub-optimal performance

Fundamentally, inlining entire UDFs creates complex queries

Instead, we inline only the important pieces of a UDF

We achieve this through our new technique: UDF outlining

Our approach outperforms inlining by up to 1000x
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UDF Inlining (FROID)

UDF Inlining

Chain together translated UDF 
statements with LATERAL joins

21



UDF SQL

UDF Inlining (FROID)

UDF Inlining

Chain together translated UDF 
statements with LATERAL joins

22



The Problem with Inlining
SQL

SQL

23



The Problem with Inlining

SQL

Complex subqueries!
24

SQL



The Problem with Inlining

SQL

Complex subqueries!
25

SQL



The Problem with Inlining

SQL

Subquery Unnesting

SQL

26

SQL



The Problem with Inlining

SQL

Subquery Unnesting

SQL

Inlining generates complex subqueries 
that database systems can't unnest! 

27

SQL



The Problem with Inlining

Inlining: 4/15

Inlining generates complex subqueries 
that database systems can't unnest! 
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Why Inline the Entire UDF?
UDF

29



Why Inline the Entire UDF?

Can we "outline" irrelevant UDF code?

UDF
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PRISM: A UDF Optimizing Compiler
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Predicate Hoisting

Region-Based UDF Outlining

Instruction Elimination

Subquery Elision

Query Motion

PRISM: A UDF Optimizing Compiler

32



Region-Based UDF Outlining

Identify regions of irrelevant UDF code
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Region-Based UDF Outlining

Outline regions into separate functions
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Region-Based UDF Outlining

Replace regions with function calls 
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Instruction Elimination

Eliminate redundant instructions
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Subquery Elision

Directly inject the UDF's return value
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Inlining vs PRISM
SQL

SQL

SQL

PRISM generates simpler, faster queries
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Evaluation
Ran PRISM-optimized UDFs in DuckDB & SQL Server

Ran the ProcBench @ 10GB Scale Factor (TPC-DS + UDFs)

20-Core Intel Xeon Gold 5218R CPU

192GB DDR4 RAM, 960GB NVMe SSD

Built Column-Store Indexes on SQL Server

2x Cold Runs and 5x Hot Runs
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Evaluation (Unnesting)

Inlining: 4/15
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Evaluation (Overall Speedup)

Unnesting
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Evaluation (Overall Speedup)

Fewer LATERAL Joins
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Evaluation (Overall Speedup)

Compiled Loop vs Recursive SQL
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Conclusion

We observe that inlining leads to sub-optimal performance

Fundamentally, inlining entire UDFs creates complex queries

Instead, we inline only the important pieces of a UDF

We achieve this through our new technique: UDF outlining

Our approach outperforms inlining by up to 1000x
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Future Work

Python UDFs.
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