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Applications

Databases

=Enums
= Updatable retrieval

Bioinformatics

= Index data
= Union-Find

4/25 October 24, 2024 Hans-Peter Lehmann: Fast and Space-Efficient Perfect Hashing

Ui

Karlsruhe Institute of Technology

Text indexing

= Alphabet reduction
= Trie navigation

Representatives
= Handle large objects
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® n/mis the load factor
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® Bijection between keys and [n]
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Function hash(x, seed)
X =Xx " seed
X = (x " (x >> 30)) « 0xbf58476d1ced4e5b9
X = (X " (X >> 27)) « 0x94d049bb133111eb
return (x * (x >> 31)) mod n
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seed =3
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Function hash(x, seed)
X =Xx " seed
X = (X" (x >> 30)) » 0xbf58476d1ce4e5b9 ® E(seed) = %T ~ e
X = (X" (x>>27)) « 0x94d049bb133111eb )

~ 1) ~ i
return (x  (x >> 31)) mod n ® [E(space) ~ log,(€") ~ 1.44n bits
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® Store static function f : S — {0, 1}", arbitrary for x ¢ S
a BuRR close to rn bits
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@ Store hash function index for each key in a retrieval data structure

10/25 October 24, 2024 Hans-Peter Lehmann: Fast and Space-Efficient Perfect Hashing Institute of Theoretical Informatics, Algorithm Engineering



KIT

Perfect Hashing Through Retrieval

Dave Mary
1-bit retrieval:

Dave 0
Mary 1

® Store hash function index for each key in a retrieval data structure

10/25 October 24, 2024 Hans-Peter Lehmann: Fast and Space-Efficient Perfect Hashing Institute of Theoretical Informatics, Algorithm Engineering



KIT

Perfect Hashing Through Retrieval

Dave Mary
1-bit retrieval:

ho hy Dave | ©
Mary 1

“

S PHF(Mary) = h{(Mary) =

—
N
w
N

® Store hash function index for each key in a retrieval data structure

10/25 October 24, 2024 Hans-Peter Lehmann: Fast and Space-Efficient Perfect Hashing Institute of Theoretical Informatics, Algorithm Engineering



KIT

Perfect Hashing Through Retrieval
Dave Lisa Mary
1 2 X 3 4 5

@ Store hash function index for each key in a retrieval data structure

10/25 October 24, 2024 Hans-Peter Lehmann: Fast and Space-Efficient Perfect Hashing Institute of Theoretical Informatics, Algorithm Engineering



KIT

Perfect Hashing Through Retrieval

Dave Mary
2-bit retrieval:

Dave 01
Mary | 11

@ Store hash function index for each key in a retrieval data structure

10/25 October 24, 2024 Hans-Peter Lehmann: Fast and Space-Efficient Perfect Hashing Institute of Theoretical Informatics, Algorithm Engineering



KIT

Perfect Hashing Through Retrieval
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@ Store hash function index for each key in a retrieval data structure
® Remap to make minimal perfect
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@ Before (100% 2-bit): remapping takes 0.18 bits/key
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5 seed =3
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® Retry ~ (e/2)" seeds
® ~ 2" times faster than brute-force
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4 milliseconds

\— Bipartite ShockHash:
Pool of \/(e/2)" ~ 1.165" seeds

6 hours Practice:
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l Base-case: Brute-Force
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@ Retain natural order of the input keys
@ Rank queries
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Monotone MPHF: Experiments
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Future Work

Faster Queries —— Even Smaller »—— Revive

Perfect Hashing k-Perfect
Hashing
Minimal
Perfect Hashing

Monotone Minimal Perfect Hashing
Perfect Hashing for Variable Size
Objects

Add to real-world applications

24/25 October 24, 2024 Hans-Peter Lehmann: Fast and Space-Efficient Perfect Hashing Institute of Theoretical Informatics, Algorithm Engineering



Ui

Summary

k-Perfect

) Perfect Hashing
SicHash

[ALENEX 23b]

Hashing

. Minimal
FiPS Perfect Hashing

Threshold-based PaCHash*

ShockHash Monotone Perfect Hashing
[ALENEX'24] Perfect Has for Variable Size
Objects

Bip. ShockHash LeMonHash GPU/SIMDRecSplit PaCHash

[invited to ALGORITHMICA] [ESA [ESA'23b] [ALENEX'23a]

® Fast and space-efficient perfect hashing
® More than 2" asymptotic speedup
® Implementation up to 76 000 times faster than previous state of the art
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