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Wake-up questions



Join is the compositional operator



Join is the compositional operator
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00% of run time

10,000’s of papers



A Tale of Two Joins

Binary Join Worst-Case Optimal Join
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A Tale of Two Joins

Binary
N?/10°

Hybrid (Umbra, Graphflow, EH)
min(N, N°/10°)

run time

Unified (Can we have this?)
N/10°

data size



Problem

Can we unify WCOJ & binary join
into a new algorithm

w/ the best of both worlds?



Free Join=WCO)J + Binary Join
SIGMOD25, WWS
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Key idea: joins any # of relations & attributes

all relations | | @ WCOJ Free Join

| ® Hash Team @ GHT

2 relations

1 attribute all attributes
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Step 1: partition schema into subatoms

R(x,y,2)
S(y,z,w)
T(z,w,Xx)

U(w, X,y)

R(z)
S(z,w)

T(x)

U(x,y)



12

Step 1: partition schema into subatoms

R(x,y,z) R(x,y) R(z) R(x)R(y)R(z)
X y y4 :
[ 1 2 1
1 1 2 3 3
1 1 3 1
1 2 1
1 5 5 1 2 2
3 3
1 2 3

1 subatom =1 trie level
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Step 1: partition schema into subatoms

R(x,y,2)
S(y,z,w)
T(z,w,Xx)

U(w, X,y)

R(z)
S(z,w)

T(x)

U(x,y)
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Step 1: partition schema into subatoms

Step 2: organize subatoms into groups

R(x,y,z)
S(y,z,w)
T(z,w,X)

U(w, x,y)

R(z)
S(z,w)

T(x)

U(x,y)
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Step 2: organize subatoms into groups

1 R(x,y) U(x,y) T(x) S(y)
2 S(z,w) T(z,w) R(z) U(w)
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Step 2: organize subatoms into groups

Step 3: compile to nested loops

1 R(x,y) U(x,y) T(x) S(y)
2 S(z,w) T(z,w) R(z) U(w)
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Step 3: compile to nested loops

continue

for (X,y) in R: on failure
u=Ul(x,y)1?; t=TI[x]?; s=Slyl?
for (z,w) 1n s:

t{(z,w)]l?; rlz]l?; ulw]?

1 R(x,y) U(x,y) T(x) S(y)
2 S(z,w) T(z,w) R(z) U(w)
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Step 3: compile to nested loops

continue

;Y) in R: on failure
u=Ul(x,y)]?; t=TI[x]?; s=Slyl?
for (z,w) in s:

|
| t{(z,w)]l?; rlz]l?; ulw]?

Binary @ |

1 R(x,y) U(x,y) T(x) S(y)
2 S(z,w) T(z,w) R(z) U(w)
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° greedily optimize |

X 'a\binaryplan |

How to pick the “sweet spot”?
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g.sql —

(8§ UMBRA

Already pretty fast!
PostgreSQL o Binary plan
@~ DuckDB loptimize

As fast, or faster  Free Join plan

l run

result
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SELECT x
FROM R(x,a),S(x,b),T(x,c)
WHERE R.x = S.x = T.X

for (x,a) in R

<
s = S[x]?
Sg/ \}_ for b in s
N\ t = T[x]?

S for c 1n t



22

SELECT x
FROM R(x,a),S(x,b),T(x,c)
WHERE R.x = S.x = T.X

for (x,a) in R

>
s = S[x]?
Sg/ \}_ for b in s
// \\ t = T[x]?

S for c 1n t
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SELECT x
FROM R(x,a),S(x,b),T(x,c)
WHERE R.x = S.x = T.X

for (x,a) in R
s = S[x]?

// \\ t = T[x]?

7\ for b in s

S for c 1n t
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Greedily pull out lookups
w/o reordering

or building extra hash levels
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Best of Both Worlds

wCOJ

Asymptotic Complexity

Adaptive Planning

Binary Join
Constant Factor
Column-wise Layout
Vectorization

Query optimization



I'ree Joinv.s. Binary Join
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Free Join time (s)
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Free Joinv.s. WCO)J
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Next: how to Free your DB



