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Joins: Large Intermediate Results
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Yannakakis

Acyclic queries

Instance-optimal: O(|IN|+|OUT|)

Faster when many dangling tuples, constant-factor slow down otherwise
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BINARY JOIN

YANNAKAKIS

    Slow when blowup of intermediate, dangling tuples
    Fast otherwise

    Fast when many dangling tuples
    Slow otherwise

BEST OF BOTH WORLDS

Fast when:
    Many dangling tuples
    No dangling tuples 
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Split hash join into lookup & expand

[1] A. Birler, A. Kemper, and T. Neumann. 2024. Robust Join Processing with Diamond Hardened Joins.  Proc. VLDB Endow. 17, 11 (July 2024), 3215–3228.



Data Science Institute www.UHasselt.be/DSI 7

INSTANCE-OPTIMAL

2-PHASE

O(|IN|+|OUT|)

shrinking

growing
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Nested Semijoin Algebra (NSA): logical model
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Nested Semijoin Algebra (NSA): logical model
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Nested Semijoin Algebra (NSA): logical model

NSA = relational algebra + L&E
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Query Shredding: physical model

- Nested relation is represented by 

a collection of flat relations

- Physical implementation of NSA 

operators work on the shredded 

representation
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Instance-optimal NSA

ASYMPTOTIC COMPLEXITY
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Includes probe cost, build cost, input data accesses

Detailed cost model

well-behaved 
binary join plan

2-phase NSA plan

ill-behaved 
binary join plan

cost  ≥

- Cost of well-behaved binary join plan ≥ cost of equivalent 2-phase NSA plan

- Rewrite ill-behaved into well-behaved while minimizing additional costs

Reoptimize existing query plans, while guaranteeing instance-optimality 



Experimental Evaluation

Baseline Max. speedup Max. slowdown

Datafusion
(binary join)

188x (37s) 5.8x (0.65s)

DuckDB 
(binary join)

801x (196s) 6x (5.4s)

Faster than Datafusion on 88.7% of all queries

Faster than DuckDB on 84.4% of all queries

3 benchmarks

1849 acyclic queries

Baseline: binary plan in Datafusion/DuckDB

JOB

STATS-CEB

CE

DUCKDBDATAFUSION
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ARXIV
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Joins: Large Intermediate Results
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Nested Semijoin Algebra (NSA)

Standard relational operators: 

- filter (σ)

- projection (π)

- renaming (ρ)

- bag-union (U)

- bag-difference (ー) 

New operators:

- Group-by (ɣ)

- Nested semijoin (↣)

- Unnest (μ)
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Nested Semijoin Algebra (NSA)
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Query Shredding

- Nested relation is represented by 

a collection of flat relations

- Physical implementation of NSA 

operators work on the shredded 

representation
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WELL-BEHAVED ILL-BEHAVED
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